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Chapter 1

WEST AFRICA RURAL WATER SUPPLY

AND

SANITATION PRE-PROJECT ANALYSIS

INTRODUCTION AND OVERVIEW -

GUIDELINES AND RECOMMENDATIONS

Charles Pinec et al
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This project was carried out by Pacific Consultants
under its AID contract AFR-C-1197. The team consisted

of the following four members:

Charles S. Pineo: Sanitary Engineer
Lester Maupin: Well-drilling expert
Harvel Sebastian: Social Anthiopologist

George C. Taylor: Hydrogeologist
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Rural Water Supply Pre-Project Analysis

This report is the result of studies of rural water
supply and sanitation activities carried out in three
countries in West Africa, namely in Chad, Upper Volta,

and Togo by a tcam fielded by Pacific Consultants that included a

well drilling expert, a geohydrologist, a social anthropologist and
a sanitary engincer during the period from November 4 through
December 15, 1977. The field study followed the same
methodology in cach country consisting of (a) preliminary
briefing with USAID representatives (b) discussions with
representatives of the various national, international,
bilaterial and PVO's carrying out the more extensive water
supply and sanitation programs in those countries, (c)
litevrature rescarch wherever pertinent publications were
available; and (d) ficld trips to obscerve water supply
and sanitation activities in operation or underway and
to consult with the bhencficiaries ol those facilities.

The study has been undertaken as a preliminary step
to the preparation of project papers by USAID in response
to requests received from various countries in West Africa
for assistance in developing and financing rural water supply
and sanitation projects,

At present, assistance for rural water supply programs
is being provided to many of the countries in West Africa
by intcernational and bilatevial aqgencics, an well an pPVO'n
uning different approaches and techniquesn, some well adapted

to the needs of the people and othern which have led to
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early failure because of non-acceptance by the prospective
beneficiaries or because of high recurrent costs and inade-
quate operation and maintenance procedures or organizations.

2.0 Objectives of the Analysis

The specific objectives of this analysis are to consider:
(a) ongoing rural water supply/sanitation programs in certain
areas of West Africa to determine, among other things, their
present scope; techniques being used in carrying them out;
national, regional, and local organizations responsible for
them; international bilateral and PVO's supporting them and
extent of that support:; lessons that can be drawn from the
results; capital and O and M (Operation-and-Maintenance) r-~sts
involved in the various types of programs; participation by
the beneficiaries and their acceptance of the facilities pro-
vided; provision for operation and maintenance and for re-
currcent costs; manpower necds, and training planned to meet
the nceds; and rescarch related to rural water supply and
sanitation problems; (b) sociocultural patterns of these se-
lected rural populations including factors, such as beliefs
related to health, discase, drinking water, and cicreta dig-
posal, which may have marked bearing on project success;
customs related to cooperative community asction, willingness
and ability of communitics to bear cost (all or portion) of
water supply and sanitation, tacilitien exintence of mechaniomgs

to promote community action and experfence with name; (c¢)

xi



methods presently being used *o drill or dig wells, their
efficiency, the type of equipment being used, problems being
encounteredi, availability of experienced drilling and digging
operators, and associated costs; (d) the experience

with various types of hand pumping equi smeat, performance,
local maintenance and repair capability, and spare part
availability; and (e) to gather information related to water-
bearing strata to indicate types of wells and degree and

complexity in drilling or digging; (f) based on the findings,

to suggest project guidelines and cost data for use in

devcloping speciiic projects to meet water supply and

sanitation needs of rural poor with existing culturul and

technical constraints and avoiding pitfalls which have beset

such projecics in the past.

The water supply portion of the study is focused
specifically on programs developed to provide water for
humans, domestic use with some consideration being given
to providing water for small family gardens and for a few
livestock. Water for agricultural purposes, including
livestock raising is being provided under agriculturally
oriented proagrams which may be benefited by training and
experience gained through the health oriented programs.
1.3. betatled Analyses

Whereoas resume's of the specific aspects of (a) social
analy.in; (b) water resources and well construction consider-

ations; and (c) well drilling in Went hfrica are contained in

xil



-4~
Chapter I, the detailed analyseu of these aspects is contained
respectively in Chapters II, III and 1V of this report.

1.4 Country Reports

Observations made in Chad, Upper Volta and Togo are
reported in Attachements I, II, and III to this report and
summarized very briefly in Table I for rural water
supply and Table II for extreta dispcsal. Suggestions for
an ideal situation are contained in the same tables. These
suggestions are expanded in this report to serve as the
guidelinns for developing specific projects to meet water
supply and sanitation needs as indicated in the objectives

above.
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CHAPTER I:

RURAL WATER SUPPLY:
DIMENSIONS OF THE PROBLEM
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DIMENSIONS OF THE PROBLEM

The Questions:

What kind : © assistance should the U.S. offer West/Central
African countries in developing rural water supplies?

what are the elements of the total system whose end
product is an adequate water supply?

Wwhich of these elements exist alrcady, and which need
to be created?

what level of technology will the existing systems
support now?

What level of technology is desirable and how can host countries
be brought to support it?

What element. of the whole should USAID foster?






Water Plan: -3-

A coherent national water-plan is needed for each partici-

pating state. Ideally it should be related to regional (supra-
state) planning, and based on sound knowledge of hydro-geologic
resources, as well as local area needs. This water-plan should
give full consideration to differing local life-styles with
their variable patterns of water use. It should relate and
respond to competing human, animal and crop-water requirements
in these zones where water and development means are both limited.
The water-plan should be based on the use of simple designs,
intensive in the use of local labor and materials, stimulating
the in-country manufacture of desirable hand pumps and well-
drilling equipment.

Mangower

An adequate pool of trained rural water supply technicians
should be created. Equally designated local-community members will
need training in well and pump maintenance.

Maintenance and Supply

A logqistics system encompassing supply of spare parts
and cquipment, transportation warchouse facilities and
personncel is essential.  Shop and ficld mainterance capability
to gervice water installationa should be developed and maintained.

Community Participation and Accens

At the local level, the necessary elements of social
organiration must exint and be adapted or developed to Jnsure
reaquisfte supervision of water installations, including day-to-
day maintenance,

Community-wide and e¢quitable acconan to water should be
dogigned into the syntem,

fanitation and Mealth Education

A well pnoviding potable water, by itself, will not

guarantee health,



Health problems posed by various water-sources, kinds of water
use (washing clothes, dishes, bathing, watering animals,
irrigation practices, play and leisure use), as well as

by sanitary practices including waste and excreta disposal,
must come to be fully understood in their practical effects
by local communities. Health education must be a continuing

process, not a one-short campaign.

Decentralization and Local Autonomy

An effective balance should be achieved between local and
state control-and-support for vital water resources. Programs
should be designed to give local communities necessary
autonomy in defining their water problems, which they best

understand. It is essential that projects be designed to

permit water planning to be tailored to the individual

community's perceived needs. Where a standard plan is simply

imposed from above there will be minimal local support -
either for maintenance or financing - because of limited
involvement and irrelevance to felt needs and local social-
structure and mores. Local people know better than any out-
gider the competing necds of pecople, crops and animals in
the face of climactic and scasional water deficits.

A village should =--itself--decide where wells should be
located, water resources permitting. They should decide how
the water supply is to be regulated. They will nced to
designate a village member(n) to learn to handle daily

maintenance.






1.3

Elements of the Larger Health Picture:

Any rural development health oriented program planned
to conform with the congressionally mandated areas of
increased food production and nutrition, health and popu-
lation planning and human resources development should
include provision for the following elements:

Health Education

Potahble Water Supply

Sanitary Excreta Disposal

Continuing Operation & Maintenance of Physical
Facilities

Community Participation
1f one or more of the elements is missing, the expected

health benefits will not result or will be seriously diminished.

Water supply alone 15 not cnough. Yet many of the projects
proposcd for AlD assistance to rural arcas provide only for
water supply with no mention of tnhe supporting health education
and community participation nceded to assure the continuing

guccess of the S6E supply programs,

optional Program Goals and low They Translate:

The necessity to recounize the sine qua non back-up

aystan taces AlD policy=mancon with the problem of defining
precine goals and determining the limitations for an AID
iﬂpu( Whiteh cati realnt i(?étl)‘,’ hulp f'n‘lV-‘Hllli‘lh/f;ﬂhf}1 countrios

mect thely water npeedd,



Should USAID aim for broad open-ended, or limited goals?
To illustrate: Option II, (Limited Wells Program)

AID might choose "To assist hos .-countries to increase
existing rural-water infra-structure to a determined level,
providing water sources (wells and other) with minimum gross
contam.nation."

Such a goal could translate into a program to provide
7,000 new wells in Upper Volta, in 2,000 community wells in
Chad's Tandjile Province.

If such a limited goal were to be set, the AID should
proposec to:

1. Flag to the host government the necessity to Jleok to
other donars and sources for the means to build the other

essential back-up elements in an operational water system.

2. Plan a projcect which would:
a) Dig larqe-diamceter wells, which could be capped and
fitted with hand pumpss,
In the event of pump break-down, and ¢ absence
of spare ports, villa re s 1 still hove acce : to
"improved" water - though no ionger necossarily pure §f
buckets, skins, and gourds are dropped in tor hauling, Such
wells could = at best - offer potable water.  Minimally
they would still assure accens and conventence, Such wells
could uncfully be fitted with pullevs and proimary minimal
cquipment .,
b) Deepen a given pumber of wells, or all the welly in a

given arca. Thin could return to production exiuting wells



which, dug by hand or inadequate machinery, penetrate
into shallow and vulnerable aquifers which dry up
as the water table falls at the end of the rainy season.

Advant.ages:

1. This limited program would vastly ease life for those
affected. For women, the presence of water close at hand in
sufficient quantity would free them from much wasteful
drudgery, and give them time they might learn to use in other
ways to improve life.

2. If this program were designed to incorporate village
responsibility from the start, local labor during part of

the digging could offset some of th. cost of what is essentially
an expensive well for reasons of materials cost.

3. This is a well at a level of technology which is largely
supportable by the existing knowledcqe, technology and resource
levels in the arca: It improves upon traditional wells

where they have existed, and is a quantum jump from practices
of ncolithic water gathering* It fits into the existing
schemes for administration and maintenance**in the three

countries vis ted. It is the well most likely to be useful

for the longest period, given the current context.

4. Health benefits s.ould be much improved as long as the
pump is intact and the well stays scaled. Equally, if it
has become necessary - due to extended mechanical breakdown -~

to revert to opening the well and hand-drawing water - it

*Commodity-gathering economices of the late-menolithic and carly-
ncolithic periods imnediately preceded the developmental stago
of commodity production.

** (pdequate or inadequate)
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will still be possible to repurify and seal a well once
the higher-technology pump has been returned to order.

Disadvantages:

1. In this schema the emphasis is on acquiring water and
health benefits are incidental. It vould likely be unprofit-
able to make a gesture toward a latrines program, for which
in most instances neither the conditions nor the perception
of needs would provide a receptive climate, and therefore
little interest felt by local pcople.
2. This is intrinsically a paternalistic system, in which
the authority (read: donor, then Central government agency)
provides. It is an input which - when no longer put in -
with a bit of lag-time may cease to be functional - at least
at the level desired, because there is an insufficient back-up
system to carry it.

In our book, development significs building the capacity

to raise and maintain oneself at a4 higher level, 1t I8 not

development when the sustaining capacity 16 left out.

3. This is a high cost well in = time: (often many months)

- materialu: o large amount o! concrete 38 used in casings,
curbs, ctc. = construction cquipment:  through seemingly

the simplost form, this Well requizes adequate machines to

get through hard jock and penctoate to suffycient depth within
an adequate agquiter,

4. A further caveat suggesths that such wide, open-shafted
wells arce more vulnerable to climate hazards such ag the drought

Of 69-720
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Option #2. Integrated Water, Health, Community
Development Goal

As the polar strategy, AID could seek, through an
integrated and phased program, " to assist host governments
to ultimately produce self-sustaining systems yielding
adequate potable water on a year-round basis in rural areas
throughout the country."

This is a broad and open-ended goal, which could never-
theless be approached in manageable fashion, as long as the
emphasis is clearly understood to be "to assist" a government
in point "to producc (a) self-sustaining system."

Such a goal will gencrate a very different type of

program typically embodied in a sct of correlated projects.
These should, in their sum, provide for the necessary
organizational and resource increment, plus changes in moti-
vation and perception which would serve to "naturalize”" a
higher level of service and technology within the subject
gocicty,
Advantagesn:
Fnd of Program status would be achieved when:
1. a given number of wells in a given arca had been dug-and-
capped, or drilled;
2. affected comnunitices had come to understaad and act upon
(Wore tn a posttion to act upon) the caune/effect relationaship

batwoen potable water/Zuanitation and hea 1th rewards,
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3. the specified communities had developed the organizational
and financial autonomy/resources to maintain water installa-
tions in continuous operation, calling upon higher admini-
strative level resources only in case of major breakdown.
But equally -

4. a national level infrastructure presenting administrative
mechanisms, trained manpower, research/operation correlation,
and installation/supply-and-maintenance adequacy had come
into being.

5. AID might choose to conceive this as an integrated rural
development program within a limited region of the host
country; a pilot program could then be repeated in other
arcas if successful. It should be recognized, however, that
regional/local levels will not function adequately without
the requisite infrastructure (C.F. #4 above) developed at
the national level,

Evidently the above represents the ideal situation, and
ultimatce goal.

The overall question then becomen:  Viewed againnt the
optimum model, and with full understanding of the necesiary

and sufficient conditions that must exint, how much of thia

package is it desirable for ATh to undertake?

Aand the quentions for any given courtry will be:

Which picces of the puszle already exist in the count ry?

What needs to be modified, extended, o reoriented? What

oxtant agencichs or programs nhould become the veehiielon?

What munt be created new?  What denors apart fiom AlD can

fit into the pleture?
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pisadvantage:

These methods are not feasible for most West African
"crystalline-shield rock" formations, nor for zones where

effective aquifers lie at depths over circa 80 meters.

Recommendation

pProject designers - for suitable areas -~ might develop
a dual technical—manpower-training program, producing:

1. Official Water Board Technicians. Their craft

would prepare them to construct and maintain "import tech-
nology" wells: i.e.

a) modernized large-diarmeter cement-cased and .curbed and
aproned wells, to be capped with removable manhole
cover and fitted with hand or foot pump.

b) Drilled, narrov pore wells, most likely produced
with sophisticated drill rigs. These wells and hand
pumps would have to be, of course, back-stopped with
full panoply of maintenance shops, logistics, etc.

2. A Complcmcntary_Private Sector Artisanal Industry.

This training would produce ljocal specialists equipped
to use alternative and simpler methods, as auquring
gludger procedures, ctc.* in appropriate districts.

1f officially trained, then licensed and controlled

through a Water-Board, such entreprencurs  could well be

. .
Refer to Chap. 1V, Sec. 7.0 and subsequent pages.
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operate satisfactorily hand or motor-driven punps must be
maintained. Effective maintenance demands trained service
crews provided with adequate parts, gsupplies and transport
for pumo repair and/or replacement as well as effective
gupport from national and regional organizations concerned
with administration of maintcnance proqrams. If any of of
{ts essential components fails to function properly, a main-
tenance program rapidly becames incffective. There are today
virtually no hand or power pump maintenance programs in the
West African countries which are 100¢ effective. There are,
however, a number of promi:uing programs underway notably in
Ivory Coast, Ghana, and Nigeria. They are badly nceded clse-

where.

a/

Information on Hand Pumps
The central water agency should be informed of the (a)

different types of hand pumps available; (b) advantages and

digadvantages 0f each type] (c) firast costns and {requency

of costs of maintenance wWith the objective of sclecting the

pusp rost advantaqeous tor the conditions in the country.

It §& desirable to melect one atandard pump for all of the

country, thus assuring the ready availability of aparc parts.
The typesn 0f Land pumps presently in ude in west Africa

and their relative characteristice and costs are shown in

the tollowing table. With the exception of the Vergnet pump

all otlicte ate Of the reciprocating 1ifu type. The Vergnet

pusp, which cperates with a foot pedal instead of a hand lover,

a/ ror fuller d.scunsion see Chaptar 111






$1,500 installed. The maintenance is estimated at $100
per year,

Information is available on the advantages of the AID/
Battelle pump and on the possibility of making it in a
developing country for use in that country or to supply a
regional market. DSB/Eng/H/Wash can furnish details of
tests made on the pump in Bangladesh, Costa Rica, Nicaragua,
and other places as well as information about the possibility
of obtaining technical assistance in setting up local manu-
facture to produce the pumps using existing in-country simple
foundry facilities.

Different pumps are suitable for different sub-soil conditions.
A national Water-Plan must therefore designate the pumps which will
be used in different regions of the country.

AID might wish to join or augment current CIDA research on
pumps for West Africa.

To be noted:
1.) VITA/Ouagadougu is developing a simple hand-pump which employs
a new principle to raise water from greater depths.
2.) CIEH/Ouagadongon has established a fund of information on
local performance of a variety of pumps.
3.) French-installed decp-wells for livestock are successfully

employing solar pumps in the Sahel.

4.) DSB/Eng/H/Wash has extensive information on the adventages
and disadvantages of other hand pumps as well, and should be
consulted before final decision is made ou the hand pump to

be used in a specific program. preference should be given to

hand pumps which may bec manufactured in the country or region.



prilled vs. Dug Wells

Thus, in summary, there are many reasons to prefer drilled,
narrow-bore, sealed wells utilizing a simple pump such as,
for example, the Tysen or the impressive Vergnet model.
Drilled wells are less expensive, and offer uncontaminated
water as long as proper care is given to provide a sealirg well

skirt ring, and appropriate drainage. They are less

vulnerable to climate contingencies, and scasonally dependable,

important matters in a drought-pronc area.

They are however, totally dependent on a pump which must
be adequately maintained to function, and they offer no fall-
back recourse. I1f the machinery breaks down, the vater-supply

does not exist. Therefore the back-up system must be adeqguate

if this level of technology is to be established. »

A possible alternative - in a model program - might
be to drill one well (small bore) and gig one well (large diameter)
for each arca scrviced. At a planned distance apart, they
could be scheduled and fitted out for differential and complementary
use. The drilled well! would offer potable water for food and
drinking uses. The dug/capped well could serve a complex
of uses: clothes washing, bathing (shower-laundry installation)
animal watering, and ultimately gardening with drainage water.
The large diamecter capped well would also sierve at fall back
system in cace of alow repair to the drilled well.

Funds cemployed in such a program would, perhaps not
of{rr an cxtensive a geographical coverage, but would provide
an intensive, quality installation within the zone that AID
docides to amnist.

* Soo Soct. 1.2, chap. 1, "Systemic pimonsions”
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Machine and Drilling Technology

Chapter IV of this report considers in detail alternative
methods of constructing wells. Both wide and small bore
well manufacture are discussed. Comparative costs in time,
personnel, tools and machinery, productivity, and support systems
are presented. As this chapter is brief and concise, the
reader is referred to it directly for discussion and cost
penefit comparison. We summarize conclusions in the following
paragraphs.

1. Viewed from the standpoint of "best available technology”
for the region, and the job to be accomplished, the optimum
water well drilling rig for West Africa should be of rotary
mud-and-air circulation type. with down-the-hole capability.
1t should be back-stopped with a full range of machine and
maintenance equipment. Specifications for all rig and support
equipment, operations and costs, in Chapter 1V.

A high-technology machine-intensive approach will best
be served by this combination.

1f AID opts for an Open Dug-Wells Program, skilled
labor, dewatering pumps, jack hammers and air compressors
will ntill be required for hard rock terrainn. Dug wells
must be taken to a depth which will provide a minimum of
five metern of water in-the-well, as the water tables drop
as much an fifteen meters in the dry scanon in some places.

AID would find it advantageous to purchause all drilling
support cquipment from a company which would provide nigqnificant

to drilling persommel an well,
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If AID projects a labor-intensive, simpler technology
program, alternative well construction methods are presented
in Chapter IV. Techniques discussed include:

1) Hand-auguring

2) Well-point driving

3) Jetting

4) Hydraulic Percussion

5) Sludger percussion
Discussion of cach indicates skills, costs, and equipment needed.
It should be noted that cach of these methods produces a
shallow depth well, and all are suitable only for light
soils of sand and non-compacted clays. The deepest well of
this group would not ecxceed 250 feet, (Sludger method) in
fine formations.

The point is made that a major and fully adequate
program should expect to use a small rotary-rig, and full
shop, maintenance, logintics, and training support.

An artisanal, small industry fostering program of
well production could usefully cmploy the lower cost alter-
native methods,  The reader in referred to discunsicon of

optiuns un page six and following pages of this chapter.
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Elements of the System: DISCUSSION

Water Supply Resources

Alteornative Methods for Providing Water to Rural populations

Wwater supply for rural communities in the range of
100 to 5,000 population should be approached from the point
of view of low cost technology using as much local labor
and materials as possible, which does not require costly
complicated installation, operation nor maintenance procedures
and which can supply satisfactory water at 41l times, conveniently
to the majority of the villagers. These criteria may D met
in a number of ways using ground water and water from surface

gsources.

Gravity fSupply
A ‘,’,‘f:;‘.,"f..i3)"_.,"1‘31’1),117 from a nearby pratected spring is
the simplest to maintain and probably the least expensive to
construct and operate,

Ganltaty protected spring captat fans ate teportedly
installed tor rural wated supply o the Gutniea Highlands,
the Atavovian Hilles of ‘fugo and benls, atnd the Uatarooh High=
lands,

Such gravity-fed supplios are not widely used in West
Arica at |1!’c?:it‘h!,, bt coldd duubit less e developed in well-
watered hilly areas such as the wesntern Guitiea Lighlands,

gouth-western Mali and southeasntein Voltar dn the Atacovian
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2.1.24 The disadvantages of open storage can be overcome by

storing water in the sand and gravel which generally form the

bed of a river. A cut-off wall, sheet piling or masonry,

across the stream, reaching to a solid foundation could store
the water which usually drains away. The water would be
retained in the gravel of the river bed and could be drawn

off through an infiltration gallery or well. The water would
be naturally filtered and would not be subject to evaporation.
The water might be drawn from the infiltration gallery by
gravity, or, if necessary, it could be pumped from an infil-

tration gallery and well.*

2.1.3 Rainwater Harvesting

In some arcas it may be necessary to resort to the
collection of rain water from roof surfaces or paved ground
surfaces. The former can serve individual homes while the
latter may be developed for community supplies. In either
casce extensive storage space is required to storc water cnough
to last during the dry scason. These systems are comparatively

expensive, but do lend themselves to community partic1pation.**

2.1.4 Wells
Ground water is widely available in some terrains in

West Africa in sufficient quantities for domestic village use, ***

s*Gee Chap. 101, o. 7.0 and following for discussion.
$2Goe Chap I11, s, 7.0 for further discussion and alternatives.
sd%Goe Chap, 111, 5. 1.0 - 4.0 for a discussion of water resources

in West Africa.
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Steps In Selecting/Creating An Agency

1. Look for the most likely euisting agency on which to
base the needed crganization.

a) It should have som:
- similarity of gcals
- experience in the area of activity
- necessary structural basis.

2. If no adequate agency exists on which to base what is
needed, then look for the most suitable pecople (Training
and skills, experience, effective political/or administrative
status etc.) around whom to build the new agency.

2a) Determine the administrative level at which the agency must
be incorporated 1nto the system If it is to have nccessary
clout to function effectively.

3. valurize the "new" agency by designing into its administrative
Tevel, and modes of liaison the requisite recognition,
support, and docision-making power. This recessitates an
adequatce understanding of the structurc, personncl, and
actual opcrating-modes of the government at hand.

For the above recasons, it would be advisable in Togo to
suggest creation of a new organization, a Watcer-v~ard apart
from, but drawing necessary support scconded from cach of the
involved ministries. This Board should plug in ﬂﬁwﬁhﬁwﬂiﬂﬂgﬂﬁ
level, depending directly from the Secreotariat of the Presidence,

president Eyadema has given first precedence to ameliaration
of water shortage in water supply scervices in Todgo in the new
Development Plan., Tt i velieved that the devics shetohed above
could ao a lona wav toward cotabliahing a workable frame,

While a number of agencics may e carrying out rural water
supply and excreta dinpotal aetivities in a country, thene
activitics should be with the knowledge and quidance ol the central
agency which 1n denignated an the focal point renponsible for

those activities, and coordinated within a National Watey Plan,
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Development of Long Range Plans, Standards, Guidelines

The c-ntral agency should develop long range plans for ths
rural water supply program geared to reach certain specific
goals by certain deadlines, such as suggested by WHO (the WHO
goals are guides only for the several WHO regions, with the
suggestion that ecach country set its own goals in accordance
with its own situations and possibilities). The central agency
should develop standards for different types of water supply,
installations and quidelines for building, operating and main-
taining those facilities, All agqencies should be required

to follow the national standards and guidelines.

Survey of Watir bupply and fanitation firtuation

One 0f the first activities of the central rural water supply
agency should Le to carry out a nurvey of all the rural popu-
lations tor which the adgency e responnible, Results of this
gurvey should be renhied Wi (Y ntoree loh acquired trom the
reCcotsetided pytrolonie Darveyt to provide a arid ot the country
from whicl jlantiern ol the water-board could allocate resources
pragmatically.

It 15 sdggested that a population survey could bent be

accosjplishie! Ly villagers themselves, Working with Social

Deve loprent Teamu®*local community members could develop a
map showing

sa tull-~ticld Hyditologie Luprvey 18 something which might best be
aecorplished thiough Fiench assintance, ag they ho e experts
aAlready highly knuwledqgeable on the area, and have accomplinhed
many mtudien I thehe tegiant,

sapylly describied 3n Chiap, 11,
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0.2.2 Decentralization; Effective Management

The ultimate product of a rural-water-program is a water-
supply system which must be effective at village base-level. Unless
it has been planned by local people to meet local needs the suffi-
cient conditions will not exist to @Qintain local support.

Thus, an avenue of decision and activity must perforce
be sited at community level.

National Government however, must offer the infrastructure
and certain resources which provide the necessary overall frame-

work.

pecentralization to Regional offices

For the most officient operation, the national agency should
work through regional or state of fices which are located as
close as possible to the villages to be served. Implcmcntation
of the operational programs should be delcgated toO these decen-
tralized offices.* In large countrics it may be necessary to
have a third level even closer to the villages. The shorter
the line of contact from the village to the government agency
office, the hetter chance there ig for d successful program.

The hominican Republic 18 cited as an example of decentralization
where a small country in divided into 6 zones with individual
zonce offices, cach regponsible for the rural water supply
activitien oo the surrounding villages.

Upper Volta hat already ¢ntablished throug the ORDa
(Regional Deve JTopment Otfilcen), o dvuvntrnlizntinn plan although
Vit le decentralisat 1on of peenponnibility for watel supply and
ganitation act fufticon in ntill at an carly ntaqe of evolution,

Wi Volta, the ORbi. In Chad, Canton '“1“"«?\?{:1'“'”i'"i'i'”l"i“')’?."f?l“?,?m(:'?fi{J‘i’"(ﬁc(’::
in Togo, the crreunned iption,
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The problem now becomes how to decentralize maintaining
effective management.

We feel that one part of the answer is an adequate system
design. The other part ~f this equation is obviously the socio-
policical ficld in wh:ch the system will operate. If the
design is to be offectual, it must be bascd on a canny asSesS-
ment of social mobiles operating within the local scene.

For many couvatries a delicate distinction should be made
between the concepts of a "burcaucracy of competencies”,
and a "burcaucracy of statuses."

1) Game-Plan for the former assumes a dynamic flow of

tasking and supervision downward, met with a responseé

of task-oriented production.

2) Game Plan for the latter defines a static set of

hierarchical relationships.

The development problem then is how to design the rules
which will permit the status-sct to operate on the competencies
pattern.

Questions:

1) How will the differcnt levels communicate, liasc, and

synchronize?

2) wWhat will be the effective strategy for supcrvision?
Inqredicents:

Competent decentralization requiresn:

1) Clear determination of what responsibilitien, decinions,

and operationt are handled at which level,

2) Organization machinery at cach level puf{ficient to copo

with the jurindictional Lurden.
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3) Horizontal communication and integrating mechanisms
designed for each level.

4) Vertical communication pathways for instruction,
supervision, and materiel.

§) A supervisory system where rewards are based on

meeting required production.

6) A well trained, motivated staff with sufficient mobility

and support to carry out the assigned responsibilities.

To accurately assess production:

- Written goals should be posited at outset;

- Reviews and cvaluations at set points should document
progress.

- Rewards should be generated through cffectiveness at
rural base-level.

N.B. - AID's continuing participat.on (disbursements, next

phases, ctc.) should be contingent upon satisfactory counterpart

accomplishment.

Maintenance of Water Supply IFacilities

peR e

As has been mentioned in several places in the report and
is commonly understood, the succens of any rural water supply
program depends on (a) a continuing maintenance program
with a strong preventive-maintenance component locally applied,
(b) the capability of responding rapidly to a breakdown; (c)

a local capability to make minor tepairs; (d) an adequate stock
of npare parts nt ored at strateqice locationn (e¢) at leeant one

workehop where routine ropair work may be carriced out; and
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(f) the assurance of continual financing to guarantee the necessary
maintenance of pumping equipment and drilled wells.

Such a maintenance program is absolutely essential where
hand pumps are installed on drilled wells. The minute the
handpump breaks down and cannot be repaired immediately,
the villages are obliged to resort to some other source,
probably grossly contaminated, or often located several miles
from the village.

A maintenance system such as that detailed above is operated
in Chad by the Peace Corps and could be used as an example in
setting up similar programs in other countries. Financing
of the maintenance operations are included as part of the AID
financed project for the life of the pro’ect plus leaving the
project with fully equipped workshops, vehicles and spare parts
for five yecars maintenance with the continuation of the mainten-
ance program quaranteced by GOC . Unless such a comprehensive
system can be developed, the use of small-bore drilled wells with
hand pumps should not be considered, for the pumps will soon be
onoperative and the capital investineat will be wasted.

Payment for Cost of Ma.ntenance

while not a requirement for the installation of water
supply facilities in a given village, it would be denirable to
establish some form of local financing for the cost of operation
and maintenance of the local fecility, even 1 1t bLee cnly @
simple hand pump.  For exomple:s A minimal monthly charge could
be entablished in accordance with the w inhen of the viliragers,
to be collected and held inoa village account to be utieed only

for maintenance of the pump and wello When the account han
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reached a sum sufficient to make any major repairs that might

be necessary, then the excess over that amount could be used

for other village projects as the villagers might agree.*

This gives the villagers a true sense of ownership of the

facility and responsibility for its operation and maintenance.
An arrangement should be made with the local water supply

or development committee for the payment of an adequate salary

for the community watcer supply techniclian (probably a part uime

worker) who has taken the training coursce.  Payment would

be made from the monthly contributions made by the villagers

for the operation and maintenance of their water supply facility.

sgome Buch program 18 now in progreess in a few cotton-producing-
villages in Sara-Chad, mostly villages where missionaries
are an animating factor,
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2.5 Training

Training Component

Each program should contain provision for a strong
training component for professionals, sub-professionals
and technicians, as well as for village level water supply
technicians, and community health workers. Training for
each element should be provided as close as possible to the
arca where the trainee is to work and should be specific
to the task he is to perform in the environment where he is
to work. A definite need for task and performance oriented
training exists. Each training program should emphasize the
health aspects of the work and should instill in each trainee
the responsibility that he has to serve as a health educator
in addition to his basic responsibilities. Supervision
responsibilities should be clearly defined and training should
be provided for thosc who are assigned these responsibilities.
All too often adequate supervision from one level to the next
lower level is lax or non-cxistent and performance suffers

accordingly.*

Training for Professionals and Others

A fow carcfully scelected candidates should be sent
out=of-country for professional training in appropriate
fic)dn such as sanitary engineering, planning, water resources

management , and administ ration and management of prograng, in pre-

spefer to Chap. 1, pp. 35-37, "supervisory Management Iffectivoncns"”
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Training should be basically task and performance oriented,
and coupled with ongoing operational programs for digging/drilling
wells as appropriate, Picld worsk should be carried out in areas
where resulting welln will feet the need of local villages; thus

the training will also renult 1o produciag wells,

Location of Trarning Center

A I'L‘illuhal tacility could bie bhfit,‘.d on the CERFOR RUl’al'ROi‘d
Maintenance Yralning Institute i Togo, which already operated
with BhTbnsh fands,

Another §onuibilyvy is that the locatioh of the tyaining
facility voula be Changed from tite to tite as the need for
wells i oa particualar aryea are pet,  Thus training Ccosts could
pe absorbed into well prodyction operational progran costs
simyltanccusly., It might bLe advantageoOus 1o avald placing this
training institute in OY very cvlose to the hatiohial capital,
Perhaps a sccufndaty 1LOWNR gervicing a Vety watet ~needy area
wouly Le a Lettlof Yocatich, in Togo this vould translate to
Dapango in the d1y pogftheth Sarannal, In volta thiz would he
west of the hlack Valra, i the fegiuh wlicte Al has Leeh asked
10 {irﬂ‘-!iiic wells, pethaps at fobo-liibulasso, ol ftaifatra, 16 Chad,
until tie dust settles {nict froxm fedent folitival effurts 0

restofe peave, it s difficult 1o hatasd an TR gt loeatian®™ at
this tire,

for Graduates from Tradni fq Cefitef

biplomas

D;;;lur’-q:’ Gf proficiehiy should be awarded to the Lrajpces
at the cnd vf eavh Cuytse atd an atterpt should be made 1O
establish a pay scale that Fecognizes the added skills whieh

eael, trainec has acquired,
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Plant for Manufacture of Concrete Privy Slabs

In some countries the concrete slabs are manufactured by
employees of EH/MPH in plants located stratecgically throughout
the country for ecasc of distribution of the concrete slabs.

With proper supervision and control at a regional plant a better

slab is assured and it is possible to carry out the program of

latrine installations more rapidly than when the concrete slabs are

made by the peneficiaries. A full time project or program manager

is absolutely necessary to have a successful program.

public Latrines

Although community latrines ha c been tried in some countries,
installed as an clement of shower, laundry, latrine, and public
faucet complex they have generally failed because of lack of
proper, continuous maintenance and have soon become public
nuisance instead ot furnishing the hygicnic corvices for which
they were denigned. public facilities should be furnished only
for public markets, sehools and hospitalsg responsibilivy for
keepina them clean should be assigned and enforced.

Latrine:s tor (..,‘(;xnp}uvl’x,nu_t1~

Where family aroups bave together inside one compound as is
the case 1n some parts of Chad, Toqo, and upper volta, it ig pout}iblc te
install o sargle latrine with several openings for communal une,

A Peace Corpe Volunteern in rogo has o developed an Praenuous design
locating 4 lat1ine holen, each i ]»1«-*3-!3.’\1»«-(1 cubicle, over A
common round pity, thus decteaning the hor prontal arca of the pit

to a minttum, Where Heennary, the pitoan lined with a thin

coment Fuand layet plantered over a et of horisontal reeintforcing
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rings slightly smaller in diameter than the diameter of the
privy pit. In Togo this installation is being used for schools,

but not for individual homes.

Latrines in High Ground Water Areas

Where the groundwater table rises close to the ground surface
during the rainy scason, it is possible to raise the latrine
above general ground level and use a water tight holding tank
which must be pumped out when it gets full. This is an expensive
but effective method of being used in some of the urban arcas
of the Maritime Region of Togo.* * Bucket privies with frequent
emptying services are also uscd in the same urban arca of Togo,
gimilar to the bucket privies used in parts of Asia. AS far
as is known the collected matcerial is not uscd for fertilizer
but is dumped in a convenient water coursce Or ficld.

Alte 'nativ.uy, a type of bucket privy could be built and raised

above ground in areas where the ground becomet sodden duriag the

rains.

9-; &vk

FIn Boveral Sahclian arcan (examplest Dagari Houses in Southwent
Volta, and North-cantern Toqo) people build multi-level houseo.
Local forms of architecture could be adapted.

aaPhin mothod in complicated for use in mont rural arean at the tino.
More supportable nyntemn would be the bucket privy, or a componting
toilot which would have to be developod inoa water-tight version.
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Health Education

Every water supply and sanitation program should be accompanied
by a continuous health education program rather than by a sporadic
health education campaign. The responsibility for the health
education program should be assigned to the Health Education Depart-
ment of the Ministry of Hlecalth with the authorization to work with,
stimulate and coordinate the health education component of all
development activities whicn might be underway in a village. The
program should be directed to school children and parents with
emphasis on individual and family hygiene plus food sanitation.
Fullest advantage should be taken of a CHW and gocial Development
teams to carry all aspects of health education to the villagers.

Financina for Health pducation Programs

pProvision should be made in the project to finance an
adequate health cducation program throughout the life of Lhe
project to assure that the water supply and excreta disposal
faciliticesn provided by the project arc understood, properly used
and maintained, provision should be made in other health oriented
projects Lo reinforee this ceffort.

In Chad health programs arce larqgely at the drawing hoard
gtagce, but a decision has been taren not to teach nealth in the
schooli.

Project designers should therefore plan to work through
village Health workers (AID Project), clinics and MCH coentert,
and noctial and aqric. eytonsion centers au discunned in attachment
1, ppn. 54 and 6. Social development Leams at proposed in

Chﬁ])‘,‘?r 1 ] ' "(‘(:o ‘1':’-:’ (:(n‘](l t)(‘, (12 t‘(i(:t_i\h'-]y u”('n(l'
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2.7 community Level Motivation and participation

The ultimate goal of a clean water and ganitation
program is to ameliorate life-quality by improving health.
But how, at the community base-level will you bring people
to change their patterns of living in order to improve

health and life quality?

Motivation

The following tiiings can trigger a community to

develop and maintain new ways:

1) A pressing unmet need which they themselves feel.

2) Understanding of a new idea, tool, process;
and the sensc that it is both applicable and
available to thelr own problem.

3) A way to set it fitting in sensibly with cverything
they alrcady now and understand about the practical
world.

Constraints

Many qroups, however, operate within a relatively
closecd perceptual universce. For them, the system for
ur\dc:r{:t;ln(iixu: the world 1o 8o integrated, complete, and
gel f-reinforeing that what may soech urgent needs tooouts
giders will not, for them, qenerate the next nteps 1 €4y
taking the meanure Lo ueet thee needs 1t 1s outside their
frame of reference.

Whe-1e the uniyversne 1o not connidered an “ipdifterent
pystem” people will (eeee] that every chanae matr qenerate
ftp moral connequence. Chiange activity mmay e Vit ted
by thin, ang people's vpinion of the tuture will reproduce
the fmmediate pant e

YL Redt e bt ‘The 11 imitive Wor ld and Tt Transton mat 1OnA
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Change-Process

"Every change in men's lives is prefigured by a change
in their i fas."*

What rcally generates change is conflict between
jdeas and bchaviors. In Emerson's words,

"rhe history of reform is always identical - it is the
comparison of the idea with the fact.”

It is necessary, therefore, that idecas be changed to
contrast possibilities with surrounding facts. This is why
health-education must surround people with information about
what kinds of sanitary and water-usc behavior lead to health
or discasc. Such ideas, reinforced from as many scctors

as possible, will necd to become part of a local world-view.

A sporadic lecture from the passina Grands Endemies team

will not change the idea-snet.

Relationship Between Health-Education and Sanitary Excreta
DIisposal

Around cvery activity, every tool people use, they

weave a web of adeas that give it its place, ute, and relation
to other things., For new practices like building latrinen,
or maintaining o well it will be necennary Lo inntall
not only the facility, bout o requinite acconpanying rdea-set,
In mont partn of Atrica vintted, people did o not fee]
a necd for laty inesn ftor noge Oof the tollowing reantohhi
1. NMany rutal communi tie: are either o aall, or dispersed,

1t in theretore unnally possible to qo outnide the village for
one 't necdn,

T Hedfielar ibid,


http:idea,-.et
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2. Since facilities for clean latrines don't currently
exist, a private bush, and nature to efface the evidence, are
preferrable to *dirtying" the living quarters. A "latrine
techn logy" just hasn't been produced.

3. Where ideas about sickness and health of fer
moral or soclal reasons for discase and misfortune, there ia
no incentive to build latrines to protect health.

Therefore if an environmental ganitation jrogram is
felt necessary, the idea=-connectlions:s will need to be made,
This can be accomplished through health=cducation.

It can also be accornlished through adoption of such
ideas by key local people who are the role-models and
opinion-setters in group. Por thin redasob tnformation
gshould b aimed at clders an Wwell an o at sohool-children,

We teconmend a social Geeve Loprent approach that funnels
Health intormation to all gqrouptn.  elders, Carlher s, wWolieh,
youth—r‘:lllv:., children, clhnae visitors, «ud, She 1deas
need to Le prenented that protected we 115, sanltary-excreta
dipponal, ane Lealthtul water —une Lehaviors® are a packages
all of which 1 teuulred to ket weell,

Inut allation of tarmily latsinen Cab Le- dune almost
completely Ly the farilien thernelven with nome techinical

aggliatance rom reqgional ofticen, soucial developrent tiamd,

and a G, Por fuller dizncusuion, refer to Chap. 1, bect, 2.6.1.

¢ {.,0, "If you swim 3n the Mareqot, the resulting gchistosomiasie
will cause hlood in the urine.” ...


http:diaponi.al
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assistance of a representative from the regional office

village participation can play a major role in the
manufacture of a hand dug well such as those being installed
in many parts of West Africa. Usually labor and local materials
are supplied by the village. Sometimes the villagers provide
lodging and mcals for the mason, supervisor and/or skilled
worimen furnished by the regional office to assist with the
project. 1In Upper Volta the villagers dig the open well
down to the water level or solid rock, then are assisted in
deepening the well by a brigade from the national office supplied
with the necessary cqguipment and expertisc to deepen the well.

on the other hand, very little local participation is
involved in the installation ot a drilled well.,

Community participation should not stop as soon af
the facility i installed.,  The community should organize
for the operatior and maintenance of the facility, even for
a simple hand punmp instellation.  An operator should be
gelected and tralned. Arrangement s should be made for the
villagoers to acquive sufficient cash funds to pay the operator,
and for the cost ol maintaining the facility?®

These activities should be followed up hy the CHW and

gupervised by a competoent prernon from the reqional level,

Community Organisataoals Village Health tdonmpttecs
Fey olerent dnoany fprograty dn A loeal community

orgm”zatu.h U1 coranitteo through whilch 1egional dnv«:lopmc}nt

3Bee Chap. 11, nec, 4,2.1 and subrequont paraqraphs,
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as the representative of distaff interests. Often the
committees exist in name only, and the task will be to
foster their cffective development.

only sporadic organization of this sort exists in
CHAD. 1In rice and cotton cash-crop producing areas,
marketing cooperatives have often been formed. In some instances
these serve as the nuclei to promote health-cfforts. Such
groups may put money into the purchase of a community
medicine-chent. Similar eftorts are found in villages where
missionary intlucnce cpimulates interest in health, clean-
wells and sanptatlion, There s however, no national level
infrastructute for health extention work.

In cach country, o number ol sodalities , i.e. 4-H
Clubs, Youna Parmets, Women 's Unions, Cooperatives, ctc -
could be cuployed an vehicles for health-oriented orgqanization,
and shuuld be looked toward (Where they are lur:svnt.) asn

vehiclen which project-designers might cmploy.
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to be carried out by the ChW and should be as short as
possible, reinforced by freguent refresher courses, seminars
and workshops,  The CcHt shuould be provided with manuals to
cover hils Vvarious respontibiiitien, The CHW nhould be
provxdvd Wwitl, the wateglaln, supplies, drugs, ere, nece88ary
tO carry oul the asstabed dutlen, and these should e vem
plenished petrudicatly, pretesabily every thiee tonths, and
op tire su that the otk of the CHWOwillonot be limited by
lack of supplies. Jegular woth and vonitact with sotal
development teahs will reinforce copdunity health worker
training.

The effectiveness of a CHl wil) depend not only on the
perscnal 1ntoetest and traifniing of the CHY but on tle type
of Bupurvisioh whiioch he/she 18 glivetn. Thiis supefvzsian
from the fegtunal jevel 318 80totifes provided through an
auxilliary nurysde, sumcetites by a8 health edyratol Who 18 1P
turn Bupcf?iﬁcd from the nativhal level, or pc(hays Lhraugh
develophent tealn M 1(4::»5.1.('1 .

All teoo GEfrted CHw'n ate trathed and retyrped 1o thelr
reppertive villages witl.out adeyuyate BU VIS ION and with-=
out adequate supplics, Ag a result the CHW loses his/hef
epthusiasm and the village fails to gecelVe the betefils
expected,

Ferhnical asslstance cah be provided the CHNW from the

regional office and by development L2ame for carrying out


http:i~~Jd:.ut
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pata generated could be utilized by ORD's Bureau for

Economic Analysis and planning, which should correlate with

Social Developmert Teams and Villagers to define village

and design specific plane and goals.

options,
h recommendations proposed

Such a plan would dovetail wit

in the recent ORD Cvaluation.
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2.9 Alternative Implementation Agencies

Cooperation of Prace Corps Volunteers (PCVs)

Pcace Corps Volunteers (PCVs) participate in rural
water supply and sanitation activities to a greater Or lesser
extent in the three countries covered by the study. They
were most actively involved in a programmed basis in Chad
where they were actually carrying out the rural water
supply programs being financed by AID through both FDAR and
SERAHRY (Sce Chad report for details of the PC involvement) .
Their participation started with doing the work while training
chadians who later carried on the work under the supervision
of the PCVs. The program includes not only the drilling and
installing of wells and hand pumps (including the manufacture
of the above-ground components of the pump) but also the
maintenance of the pumps and wells installed as part of the
program. Maintenance shops arce included for both the well
drilling cquipment and for the well installations.  Ware-
houses are stocked with spare parts gufficient to maintain
the pumps and wells for five years after the programs are
completed. A maintenance program hat been developed and is
being carricd out by Chadian maintenance brigadea,  HO
maintenance work in done Ly the villagers themaelven,

Phe present program dnoin the progeit 0f being extended
for anouther {ive years and the COC in quarantecing Lo
cont inue the maintenance program after the programn aro

complotad,
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PCV Participation in AID/Chad Rural Water Supply Program

It is suggested that the possibility of using a similar
modus operandi in other countries in West Africa be explored
with Peace Corps/Washington and, if agreeable to PC/Washington,
AID/Washington and USAIDs, be considered as a method for
strengthening manpower and carrying out rural water supply
and sanitation programs in thosc countries, it being understood
that AID would finance all costs beyond usual PC obligations.

The on-going rural water supply program in Chad could
be used as an in-service training ground for PCVs being

assign.d to similar programs in other countries.

Implementation of Programs through Contract Arrangement

An alternative to using the PC modus operandi discussed
above 15 the system being financed by CIDA on the Ghana
Upper Region Water Supply Project, headquartered in
Bolgatanga, Ghana. This project 1s being carried out by
W.L. Wardrop and Associates, Ld. of Winnepeg, Manitoba,
Canada throuch a contract with the GURWSP. Invitations for
bid were issueed and the W.ol.o Wardrop and Associates presented
the acceptable bid,  The contract includes the drilling of
2,500 welln, installation of hand pumps plus the design and
construct ion of some urban systems, and includes malntenance
of pumps and wells, plus a strong training component to pre-
pare Ghantann to carry on the program after the contract
ia completed,

Artinanal Production

Pages 11, 14, and 15 of this Chapter discuss the
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possibility of developing and strengthening an artisan-
eatreprencur level in the private sector which might be
integrated into water-production-planning. Such a small
business approach to wells-production could opcrate in
complement with large high-capital contractors, or

equally with governmental efforts. The former would develop
water-resources which could be produced through simple
mechanical or labor-intensive means. The latter would
approach projects where geologic factors necessitate a

machinery -intensive technology.

Private Voluntary Organizations, National and International

Agencies

Other aqgencies involved in water production are speci-
fically discussed in individual country rewnorts, to which the
reader is referred.*  Among these are private voluntary org-
anizations, religious aroups, BRD, ULDY, and various national
development assistance asencies.  An clemental function of an
adequate Vater Plan would be to establish chherence and

coordination of mulii-donor efforts.**

Phaning
A major water program should unfold in neveral phages.
Phane I would involve four major activitien, at least
gome of which would be handled through awiilliary or correlated
projectsn, verhapt even through integrated oftorts of othes donors.
SCHAD: Attachment 1, pagew 6, 1w 14
VOLTA: Attachiment 11, pages 2, 6 bW 1

TOGO: Attachment 111, pagen 2, 1, b, & 6

#2566 Chapter 11, foe, 4,1 and nabrequent paragraphs,
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Application of Basic Concepts in Developing Country Programs

While the above basic concepts are all considered essential
for the development of a successful rural water supply and
sanitat n program, it may be necessary to modify some of them
in view of circumstances in a particular country, or even lecave
out some of the considerations during the first phases of a

particular program.
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3. General Recommendations

3.1 Decision/Action Levels

To promote self help and local level autonomy
and for best coordination of efforts, ye recommend the
following distribution of decision and action responsibility
be built into water-systems designs,

3.1.1 At the Village Level

a) First decisions should be made about what
the community needs and is prepared to do.

b) Base level social data must be acquired,

c) Hydro-geologic survey, including explora-
tion -~ drilling, needs to be conducted.
Methods to organise these eftorts are
discussed 1n Chap 1T, e, 4,200
and following scctions, C.1, also Chap T,
p. 52 and tcllowing, and Chap 1, pgs, 33 & 34,

3.1.2 At _the fteaional Level

a) A Water-hoard leaional Researceh and Planning

Office (Docwmentation Center) cho 1d be able
to plan and initiate both nocial and ceologac
ropearch, Information and dat o flowing from
refearch must then be integrated to plan area
water=developsment activity,

b) Plans should then move - the Regional
Tochnical and Supply Ottice to be put into
product ton,  Thin office should control

technieal manpower, fnplementation, and supply.


http:IM111,-.el
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b) Manpower training must be organized and
administ.red from this level. (Discussion
is in Chapter 1, p.3, and p.42 through 47
and Chapter 11, Scc. 4.2.1.

¢) Supply and logistic planning and procurcment
arce national level preoccupations. (Discus-

gsions is in Chapters IT,s.4.1.2and Chapter 1V,

d) Provisions should be made in these water-
scarce Sahelian countries for National
water -board planners to depend administra-
vively from the highest government level,
This would sugqqest a reporting liaison with
the Interministerial cabinet or its

secroetariat.

Phasing

A major water program should unfold in several phases.

Phase 1

Phase 1 would involve four mejor activitien, at leoant
gome of which would be handled through auxilliary or correlated
projectu, perhaps even through inteqrated efforts of warious

donors.
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3.3 Specific Country Recommendations

. 3.3.1 CHAD

The currently proposed AID/PC program in Chad is limited,

but self-contained and sound because Peace Corps is training
manpower and establishing maintenance and repair capability.

put this program is revertheless only a bandaid effort.
The ultimate develcpment question that must be answered is:
When Peace Corps leave, will the existing system be able to
indefinitely sustain these wells?

We suggest that elements of the necessary total system
are lacking and must be created for optimw. water and health

results,
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4) AID might plan to enlarge upon the Peace
Corps Training efforts for vell drilling technicians, as these
are proving quite successful to date, Perhaps additional
training could be oftfered these technicians in a brief
adjunct course; or selected people could be sent to a
regional training center (as proposcd based on Togo's CERFER,)
CAVEAT: There have been problems with regional training in
other technical categories, where participating countries
have failed to pay their share of costs,  Cost oand payment
feasibility should be caretfully examined before choosing a
regional training option,

%) Al could propose to help Chad develop
the information and planning component of a prospective
Water Board.

This would mean building the "Documentation

Center® core of hydro-qeologic and social information, and
the National and begional offtces to utilize this anformation
for water plannilag.,  We exprensiy sugge:st that recieatreh be
scheduled to docutent the une and need patterns ol porth-
Chaddian ‘Iranshumant and nomad populations. This could
cleld dntormation of onne thysoughout the Sahel and Jdensert
bolt, an well an bhonetiting Chaddians, It might he quite
{l(’,‘f‘up!nhl-' to Chad goverstent to promulgats water-repaurce

planning efforts in the way of current peace initiatives,
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1) USAID might wish to help Upper Volta
prepare to take the next step.

At this stage, many open, dug wells exist.
Since, however, they only penetrate to lesser acquifers,
yields are often limited, and many wells go dry ycarly.

It is frequently necessary to deepen existing wells.

There are, however, in a number of Volta's
regions* ith excellent water producinc Strata (Sandstones
and cavenous limestones) which can be penetrated to a depth
of about 150 to 200 meters. Tube wells and power pumps are
required as hand pumps will generally lift wate:r to only
about 40 meters; the Vergnet pump raising water from about
a 64 m. depth.

Deep tube wells of this category require:

a) Skilled technicians to construct and

maintain them.

b) Adequate machinery (which must be main-

tained) to drill them;

c) A reliable power source to fuel tlam;

d) A sufficient management organization to

plan and control them; and

e) An cffective logistical system to supply

repair parts in a timely fashion.

All of this is in short supply in Volta.

*Gee attachment II, pgs. 11-16,
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But if Volta could develop a scientifically
distributed grid of generous deep-wells - perhaps powered
by solar energy - she should be able to withstand bad years
without disaster.

2) In Volta, AID should give serious thought

to real infra-structure development, perhaps leaving
major production of wells themselves to other donors in the
field.

Peace Corps might be funded to continue
a program of deepening existing wells, perhaps to dig a
certain increment of new ones yearly. The major thrust of
AID intervention, however, could usefully lie in the
direction of:

a) training water technologists and well
technicians (i.e. Training Institute);

b) outfitting and developing the logistical
and maintenance service (i.e. HAER has
only 2 well-and-pump maintenance tecams for
the whole country.);

c) training of villages in water-systems
management sample goals--every locale with
a hand-pump maintenance mon.

d) perhaps developing an artisanal/private

scctor watcer-supply competence, *

*Bec Jhapter I, "Options™ - pgn. 13 and 14.
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3) AID could help research and develop
alternative systems, such as:

a) gravity water supply for feasible areas

like Southwestern Volta hills~-country;
b) rainwater harvesting and stroage (see
Attach II, pgs. 28-30.)

4) Health Education delivery through the
series of rural development agencies within the Ministry
of Rural Development (see attach II, p. 40) could be the
focus of a project. As discussed in Chapter I, p. 51, and
Chapter II (S. 4.2.1) massive health/sanitation indoctrination -
coming from multiple sources - will be necessary tc change
behavior in this area. Special emphasis on health and water-use
could be built into AID projects now being programmed.

5) AID might cooperate with CIDA to develop
a chart of adequate hand/foot powered pumps to service each
geological terrain. Attention should be paid to research
now in hand by VITA, in Ouagadougou.

6) Possible IRD development in the Volta
Valley Authorit'' arca would offer the limited frameways
to try for the whole water/health/sanitation package in

new gettlements.,
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3.3.3 Togo

A sizable-body of hydro resource data from
recent studies is available in Togo, where an inventory has
also been initiated. But Togo badly needs a unified
national water-aacncy, and a unified Water-Plan.

1) Togo has an apparatus for decentralization
based on its five administrative regions. All planning,
however is carried out at the national level. In effect,
it is difficult to decentralize because the rewards system
favors, people at the center, in Lom¢ Administration,
liason and supply are all problematic up country. It will
be necessary for project planners either to design a system
where process and rewards favor competence at the regional
level, or to adapt all planning to accomodate intense
ceuntralization at the Capital.

Emphasis should be put on processes of
liason, supply, and parts-stocking at regional/local levels.
Where maintenance and supply programs arc now cffective,
they are in the hands of private agencies such as 1'Eglise

Evangelique and etc. Project designes might explore with

Togolese authorities the advisability of planning to use
agencies from the private sector in centablishing, maintaining
and supplying water-installations in accordance with a

National Plan.
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2) Because Togo has very limited water-
supplies, she will need to exploit all possible alternatives;
Rain-water harvesting systems, (as discussed in Chapter 1
Pg. 27 and Chapter 3, might provide the
focus for a special project. A well-engineered design for
appropriate catchment and storage cisterns for a community,
which might connect in some sort of fall-back grid, could

present very real utility.

Togo is envisaging construction of small
dams and reservoirs. This team, concerned with Africa's
increasing schistosomiasis hazard, would strongly urge

acquifer recharge and unlerground storage as described in

Cnhapter 1, . 4 Chapter 3.

3) Togo urgently needs more wells, and the
thrust of secveral, active programs (example, CIDA's current
efforts) is to provide deep-wells of intermediate diameter
(8-10")fitted with power-pumps, and designed to supply
a cluster of villages. This approach is prevalent in the
denscly inhabited coastal plain.

Deep wells are often necessary to penetrate
an aquifer sufficiently to yiceld throughout the dry scason.

This tceam beliceves greater advantage might be offered:
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a) By aiming for a ratio of one well per 300
people;
b) By deepening and capping susceptible
existing dug wells which no longer yield
adequately. (i.e. wells previously dug
by AID or IBRD);
¢) By developing a design utilizing hand-or-
foot pumps in preference to expensive
imported gas-pcwered pumps. Employment of
hand- foot-developed energy is less
liable to seriously deplecte limited vw.ater
stocks which are often slow to rechirge.
Togo has scveral densely populated areas.
AID might consider a program to develop (replicable) model
sectors, with plans gencrated in cooperation with local
people, adapted to specific local nceds.

If an arca within the hcavily settled
coast werc choscen, then health education and sanitary
excreta disposal for homes (in addition to schools, markets

hospitals ctc.) should be-a program sinc-qua-non.

Many acquifers in this arca suffer extensive pollution because

of unhecalthy waste=disposal practices. Lome itself badly nceds

adequate sanitary infrastructurce to substitute for ics very

trammeled beach.,
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4) AID may be asked to construct wells in

the area now being freed from onchocerciasis. This
currently unpeopled riverine land could offer the basis
for integrated rural-development packages, where water-use
planning will be a primary concern. Preliminary social
analysis of group goals for settlers would be essential,
given Togo's mixed ethnicities and cultures.

A water quality control program might best
be undertaken, to begin, in such a limited framework.
Successful, it could then be extended and repeated. (See
Chapter 1, page 40.)

5) We find local-level decision and autonomy
an unierdeveloped resource in Togo, where most efforts
move from top to bottom. AID might wish to assess Togolese
interest in community development approaches to health
and walcr construction, education, and financing, such as
those presented in this paper, and based on a self-help
philosophy.

The first step in such an approach is to
be quitc sure that wells and/or alternative water-supply
systems arc fully discussed with and explained to people whom
they are to serve. Frequently people do not know basic

things about how wells function and their technical operation.
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6) AID should explore the possible advantage
of combining a regional well-technician training institute
with the Togo-based CERFER regional road-maintenance training
center. CERFER is funded through the ENTENTE plan, and
this could be a pragmatic way to train water technicians
as well. Technicians should be trained, however, on types
of terrain and equipment which they will later handle.

7) As a final point, we recommend that the
Resource -Person /Social~-Development Team approach* could offer
special advantage to rural Toto. The current system for
health-education and social "animation" offer respectively
"caretaker", and "recreational" approaches, but could perhaps

be modified to good advantage.

*Chapter 2, pg. 54 for presentation.,
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PROJECT DESIGNERS CHECK-LIST #2:

{pairing)

Type of lnstallation

Necessary Back-stop-syr.tem

Necessary Correlating Programs

Botss & Comments

1.
2.

Gravity Supply

Surface Water

. a) Stream w/infiltration Gallery

b) Direct Stream or Pond
Off take (pg. 136)
c) Reservolir
Surface
Sob—-soil Storage

Rainwater-Harvest

a) Roof Catchment
w/cisterns (pg. 135)
b) Eastern Dams
c) Hillside collection (pg. 136)
d) Hafir(impluvium)

Vells

a) Dug, wide-mouth well
open
Capped, in Hand-pump
b) Drilled, narrow-bone well
a. Hand or Foot pump
b. Gasoline pump




84-c

PROJECT DESIGNERS CHECK-LIST

#3

Threshold Conditions

If A, B, C,...N, Exist:

Then the System can Carry:

Notes & Comments,

CAVEATS
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PROJECT DESIGNER'S CHECK LIST #1:
Country Rural-Water-Supply Assesnent & Analysis

COUNTRY HAS -- DOES NOT HAVE NEEDS TO ACHIEVE

I. National Level:

1. Adequate. unified Administrative
Agency

Decentralized Decision making/
Implementation

2. Water Plan

a) Data on: Regional, Hydro-
geological

Local life-styles. desjires,
competing water necds.

b) Integrative planning
Mechanism

3. Trained Manpower; to
Manpower Training Facilities

4. Maintenance and Supply System

II.Wells and Alternative-wWater-
Supply Construction & Development

1. Existing Infrastructure
(Breakdown regionally)

2. Is requesting from USAID

3. 1Is requesting from other
donors

4. Level of Need
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COUNTRY HAS

DCES NOT HAVE

NEFDS TO ACHIEVE

5. Desirable Level of Response

6. USAID-Policy Envisaged

IIT.Correlated Development Programs
at Regional ard Local Levels

l. Organizations with which to
deal such as Health and Water
Committees.

2. Provision to assure equitable
access and adequate maintenance.

3. Provision for Health and
Sanitation Education and
Construction.

4. Capacity to engender cash
to meet costs.
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PROJECT DESIGNERS CHECK-LIST #2:

o~
32

b
&

{pair

Type of Installation

Necaessary Back-stop-systen

Necessary Correlating frograms

Notes & Coexrents

1. Gravity Supply

2. sSurface Water

a) Stream w/infiltration Gallery

b) Direct Stream or Pond
0off take (pg. 136)
c) Reservoilr
Sur face
Sob-so1il Storage

3. Rainwater-Harvest

a) Roof Catchment
w/cisterns (pg. 135)
b) Eastern Dams
c) Hillside collection (pg. 136)
d) Hafir (impluviumj

4. Wells

a) Dug, wide-mouth well
Open
Capped, in Hand-pump
b) Drilled, narrow-bone well
a. Hand or Foot pump
b. Gasoline pump
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2. Maps

Ethnic areas and population distribution are indicated.
Where available, vegetation maps have also been included
to give some indications of rainfall zones with accompanying
catchinent and recharge possibilities. Latter information
must be viewed in connection with scasonal cycles. The
presence or absence of the "little rains" - as in Togo -
will often push food and water marginality into the famine
and drought range; and several meaqger rainfall years in dry
savanna, sahel, and sudanic regions, where great variation
in quantity and distribution of rains mark the climates,
can be ~atastrophic, vis. the case of the 1968 to 1973 period.
seasons
Chad: Rains begin in the south in March, and around
N'Djamena by April or May. They are heavy in July, August,
September, slackening from Mid September till the end of
October when they finish.,  They are of course heavy in the
south, and dimintsh reqgularly an one goes to the north, until
one reaches the 200 milliteter precipitation line which
marks the beginning of true denert at roughly the l8th parallel.
Upper Volta: Volta has what in characterszed an a
Sudanic climate, whteh s dry from about mind November to
mid Apral. In the south, the jains begin around the 25th of
April, and thesde arean have a range of 00 to 9% ra.ny days

during the season.



The central part of the country, with approximately 60/70
days of rainy scason, sces the debut of the wet season
about the 25th of May. In the north, in the region of
Goram-Goram, rains begin between the 15th and 30th of June,
and the wet period ~uns for about 40 to 50 days yearly.
Togo: In the Maritime region of Togo, the major rains
fall from March through July, and the little "Corn" rains
come for scveral weeks in September/October. Central Togo
and the northern savannas have one rainy scason between
April and October. Where they exist, the small rains come
at the necessary interval after planting to ensure the
ripening of the staple grains. When they fail for even one
year, hunger and rising food-prices stalk the avcrage
houst-hold. Famine is never far away in these regions

of little water.,
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3. Discussion

To attain a viable rural water supply and adequate
rural community sanitation in Sahel and West African countries,
AID should undertake technical efforts only within an integrated
socio-economic framework such as that presented in this paper.
There is no single magic solution to these many stranded
problems. Instead, it will be necessary to slowly build into
the social fabric-with the effective collaboration of affected
peoples-the combination of information and institutional
capability that these folk societies have not yet developed.

3.1 Traditional Technology

People in the regions surveyed have always needed to
get water, to take care of their health, and to dispose of
their refuse, including excreta. The techniques they have
adopted have related to:

e their environment
® their ideas
® their means
The state of underdevelopment signifies poverty of means,

and often marginality of environment.,

>
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Traditional Problem-Solving Techniques

Customary local water technoleogies have included
surface-water gathering, and rain-water harvesting in some
places. People have carried it, dug for it, or learned
how to do with minimum quantities of it. In line with
their outlouk on ultimare and universal things, people have
arranged their health problems by attempting to placate or
manipulate the causative factors in the universe through
religion or magic. Or they have just died, Excreta has
been handled Ly getting it out of the way “hecause it is
dirty”, as in defecating well outnide the village edge,
in the fields or scrub-bush, A well-brought-up person would
not defecate Within the living compound in many places,
Sometimes during the ratny scason people dig a hole in a
remote cornher 0f the canpound, and £11)1 10 1 with dare
ag 1t s uned,

In a fow places, women will dig a hole within the dirt-floor
of the living Qquarters abd use 1t to deferate, then build

a fire within the hole to puarify, Often peaple feal it
pecessnary to hide excreta, becaune leaving 1t cats take Onge
vulnerable to sotcery, Occasionally, people use hinan
excreta as they would anttal dung to fertilize a fleld
which 18 ctoppe!l continually, but sore people do not have
the concept of using fertidizer, and tany people would £ind

it distastefu) to use 1t foy food=-crops,


http:delt-0.1e




2-19

communities are not prepared to meet. Further,
local labor investment could reduce costs and
increase community involvement and responsibility.
Option 2: AID can provide equipment and drill
wells. It should then further assist host governments
to develop the institutional capability necessary
to ensure a permanent maintenance.
To remain viable for the long term, however this
well-digging effort will minimally require that
there be established at the national level:

l. An effective water control mechanism;

2. A logistical system offering supply,

transport, and maintenance, and
3. That provision be made for technical
manpower training.

This option should offer affected populations access
to potable water. It has, uowever, the fundamental
flaw of consolidating existing paternalistic
methods which strip rural people of autonomy,
and incrcasc financial and implemctary load upon
limited national resources. This is poor long-

range development strategy.
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Option 3: AID can adopt a unified strategy such
as that proposed for the Club des Amis du Sahel

Health/Water/Nutrition commiuaion.2 This proposal
aims first "to provide an adequate quantity of

water with minimum gross contamination.® It
proposes community involvement in the design and
implementation of rural water programs. 1t sub-
sequently calls for health education as well as
training, logistical and technical support for
environmental health activities. It specifies ai
urgent nced for adaptive field research to determine
water and sanitation technology suitable to local
needs. In this connection, fnvaluable advice is
prooffered by the African WHO physician in OGuagadougou
(L. . Pie Masumbuku) (sic)! To succeed in developing
viable rural water supply systems, that can and

wili be able to achieve the goals of pure water -
and better subsequert health - it will be necessary
to tailor-male your plans to the region and to the
comnunity.

Augmenting the Club proponals, this Report
recommends a threc-tier approach as set forth in

the following asection.

!AID Contract Study #AID/AYR C-1110

e






b)

c)

d)

e)

f)
q)

Standardize Requirements and norms for

rural water development projects in all
parts of the country. This should take
into account, and correlate competing
human, animal, and crop needs. Advise,
license and control all water-seeking
agencies,

Serve as a center to exchange information

on problems and methods,
Establish and Supervise an adequate logistics
supply, 1ncluding warchouses at the reqgional

(O.R.1,, sub-prefecture, or circumscription)

level, workshops, and maintenance capability

at all levels, (Described under section 4.1.2.)

’il}_’}f atud Cautie to be ‘!rn‘l_l_lwupd‘ hydroaeolograts,
watcer prospectors, and other high-level
Water technicians,

Establish and monitor water-quality control,
Eatablisl a local water-documentation center
which would clousely coordinate with the
yegtonal Col L H, 30 uagadougou,  ‘this
center would sponsor tescarch, (‘thiin

center described under pection 4.4.3)



2-23

4.1.2 Establish a Logistics Systems (Water-Systems
Implementary Network)

a) This component should formulate a logistics

design, and develop it into a concrete
system at national, regyional and local levels.

b) It should assure purchase of drilling equipment,

repair cquipment, and spare parts. If a
Water Board has been able to standardize
wells-format, this should vastly simplify
and lower costs in the logistics picture.

c) Maintenance Shops at national and regional

level should be set up.
d) The logistics system would incorporate
as a function of the Water Board.

4.1.3 Establish a Documentation Center with Rescarch
Capability

This would be a qgood arca for multi-donor
inputs of money, technical assistance,
rescarch, and expertise. This center would:

a) Build a competent Hydrologique Survey.,

b) Develop standardization requirements,

c) Determine what s appropriate technology,
including nponnorine renscarch on such
offorts an nolar water-purification
pgyntems, otc,

d) Determine rol s of different private

and international donors,
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e) The Documentation Center would
incorporate as a function of the
Water Board.

4.2 Regional Level

A mid-level technician training institute,
a social development program, and a village-resources
research project should be established at the regional
level. 1In Volta this would logically be handled at the
O.R.D. administrat.ve point. In other countries this
might logically fall at the prefectural, or at the cir-
scription grade.

4.2.1 Water Technicial Training Institute

This school should train well-digging,
drilling, and repair crews, and teach well-management,
Preventive maintenance, and water-resources management
generally to selected villagers, Students should drill both
teat and water wells as part of their training, and have
competence for installing/maintaining dug wells equally.
Such an institute might be placed in one country to scrvice
trained manpower needs for a multi-national region. 1In this
case it ahould be phasced first as a local training institution,
then to be expanded, It sheala give practicum training to
crows for well inntallation and maintenance for various

toerraing, and under varied national conditions.
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4.2.2 Develop Programs and Training for Two Categories
of Social Development Teams

a) Mortivation ("fnimation") Teams: These

would be trained to inspire local-level
communities to action for community health/
water/sanitation/nutrition improvement.

They might consist of Peace Corps Volunteers,
and Host Country counterparts from Health
and Social Affairs services. They would
develop a Seminar program to present in
local communities over a one to scveral week
period. Pcace Corps personnel should
definitely be involved in the design of
Seminar program materials and methods, *

The Semicar would demonstrate to villagers
the advantages of clean wells, latrines,

and other improved health and nutrition
practices.  They would offer extensive
health education to all pousnible groups

in the community, and nuqggent that the
community designate a Village Health Worker,
They would alno sugqent the advantaqges of
forming a (women's) cooperative with, among
ftn goala, the improvement of health,

nervicen, and life-quality for the community.

* Programs miqght be developed in collaboration with the
newly entablinhed Sahel Institute,



b)

This cooperative would also help women to
develop financial resources which could be
employed to lighten their physical burdens
of farming snd water-carrying.

Training and Resource Teams: These would consist

of Pecace Corps Voluntecerc and appropriate
counterparts provided by host Government
agencies; and would proffer a multi-faceted
program. ‘They would expect to work closely
with, and help train the locally designated
Village Health Worker.,

Program Components: (1) Health, Sanitation and

to village nceeds.  With local people's participation,
local health problems should be defined, and

the appropriate actions determined.  Health

and nutrition education should be emphasized and
constantly reinforced for all groups, 1.,

council membersn, farmers, womenh, youth and

student groups, ete.  This informat ’“",5’”)U1£i

be tendered as people ate given the teans to

fmprove thetr situation, A nelf-help latrine
contitruction, and qgeneral manttation project

ghould be part of this component, () Training

and Jesource Teattn wonld also dt".’«'lnp, 16
conjunction with commanity tembers, e (w)nluvxdt.iVi“Q
mant foned above, and ta be described Lelow under

“Local Level™ prograng,


http:aliIpropri.it
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4.2.4
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Research to Identify Village Financial Resources:

This would be the preliminary phase to permit
establishment of the Cooperatives on the
basis of clear understanding of local economic
conditions, needs, and possibilities. The
product of this research would be to increase
market entry for villagers - in particular
for village women, in order to generate
finances in the village to permit it to
maintain and develop autonomous control over
vital resources. This research project will
be described below under the "Local Level"
rubric.

Discussion: If rural people are to be able

continuously to cope with closed wells and
to gain the full health benefits that should
derive from them, they will have the following
requirements:
a) An understanding of water-relaced
health problems, and what they can
do about them. This includes for
example the hazards of washing clothes
in the (schistosomiasis-bearing?)

waters of standing ponds.



b)

c)

d)
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They need to have the poesibility

to do something about their problems.
Knowledge without the ability to act
upon it is only frustration.

They need a maintenance capability
within their own hands for things
which vitally concern them - such as
water resources. This also involves
access to spare parts, perhaps locally
produced. Government or foreign
paternalism - however will-meaning -

doesn't work a la longue. People will

reject innovations which cannot be

made relevant to their own scheme of
things.

They neced to have the ability to pay

for their water and health needs
themselves. 1In the long run, a government
paternalistic approach is so open-ended
that no government can afford it, and
definitely not those whose minimal budgets
don't cover the basic range of their needs.
What pcople tannot maintain with their

own nkills, they nced the money or
exchange ability to commandeer from others.
for thias rcason, the herein described

gystemic model offers resource- information-

ot
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gathering-research, and a project
based on it for generating cash income
at the village level. With wider
resources thus secured, villagers
should be able to do much to assure

their own autonomy.
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4.3 Local Level: Discussion

In Africs women bear the burden of providing
water for domestic use, be it bathing, washing, cooking or
drinking. Whether the source is a well, a river, a maregot-
pond, or the reservoir of a more fortunate neighbor, it is
the women and children who draw and carry the water. Some
women must walk ten kilometers cach way for their daily
ration; there are others who repecat a four-kilometer round
trip five times a day - when they are well enough - to
provide the nceds of their households. This time and drudgery
spent in fetching water is a social waste, and could be
better economized. We therefore suggest the following
two-phased project which should:

a) Augment and strengthen activity at
the local ﬁ[{iggqamqﬁkqgi_level,
bolstering traditional exchange patterns
_ and helping to monetize them.
* We spcak here of traditional markets and cxchange patterns

rather than the newer exchanye circuits of foreign traders
and imported goods. 2

"...0ngoing cxperiments in certain countries have shown and
continue to show that, psychological and scientific factors
aside, self-financing can be adequate at the level of
"test-villages" which have enthusiastically participated
in the start-up of activities; on the other hand when these
activities must be continued and must resist the phenomenon
of "fatigue" and especially when the project must be imple-
mented on a more general scale, village resources are no
longer adeguate to ensure the continucd succens of siuch
projects.” This points up the necd to develop simnltancously
the economic resources within the village trading patterns,

Club du Sahel document, 1977; Elcements of A Strategy for
Health, Water, and Nutrition - pp. 29-30.


http:succe.ss
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In the local community, the recommended program should
help to establish a women's cooperative. Motivation teams
should present the idea for a cooperative to village
women during the Seminar period. Only if they are really
receptive should these local projects be undertaken.

Phase 1: Research Project

An economic/social scientist should be engaged te¢ do
an in-depth survey of regional micro-economic patterns and
trade goods. Where traditional African markets exist, they
have usually exchanged the specialties of artisan productien
of one region or village with that of another, Perhaps
one arca produced smoked fish, and another clarified-butter
and hidecs. Another village may make such excellent baskets
that water can be carried in them.  Another produces the

very large clay jars used to store water.  Somconhe else
makes charcoal; in one village they weave, and in another
they do indigo-dyeing., West African trades have been
numcrous and highly akilled 1n the past, and now risk
being lout as markets are flooded with cheap imported jtema,
The rescarch project should be scheduled for a minimum
of 9 to 12 monthu f{or adequate coverage, and should study
the whole region where AID envisagen establishing a pilot
watcer/health/nanitation program, The Yesecaroher nhould

dotermine ukills and trades that exist and the Yatems,

moethods, and extent of trade patterns,  Ha/she should also


http:Itenv.11:4.1h
http:plroj.ct
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determine other goods or services, for which there is a need,
which could be offered by the small producer. Among these
could be production of simple water-filtrage and safe

storage containers, latrine-slabs, spare parts for basic

well maintenance, light-weight water carrying containers, and
water trailers for home delivery, cement, and plastic pipe.
On the basts of data obtained, he/she should propose a
schema of small enterprises which could be village based

and which should have real utility and development potential
within the region, as well as marketability to service need
or demand.

Phase 2: Development of Village Industries and Services
Cooperatives

The Cooperative should have four elements aimed
at women's participation in development:
a) Water Delivery Service. A form of water-

delivery nervice should be entablished,
The sirplest and rmost practical means
would Le provision o! a wagon, a mule,
and sote wates drums, and the setting up
of a delivery nchedule,  The delivery person
should bLe paid from a cooperative central

fund.,
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b) The Cooperalive should purchase a set of

basic tools, such as a mill to grind grain

or corn, and agricultural tools such
as seeders, threshers, hiuders, etc.

c) The Cooperative should establish training
programs. These programs should be
initiated and taught by AID - sponsored
technical assistants who on the basis
of data obtained through Phase 1 research,
would help local women develop small
enterprises to service and increase local
markets. The women would be trained to
improve skills, and to develop sound
business management. This program should
be managed and implemented jointly by the
women and the Community Development Team.

d) Last plank of this project would be the
employment of funds -available in the Entente
Program African Development Loans Pruject

to provide a soft line of credit to launch

village business(es). This effort would

be given full assistance by the Community
Development Team., Small business assistance
has usually been directed toward men, and

often in urban arcas.

¥ Who could be Poace Corps porsonnol.
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But in Africa, it is the women who
provide both food and water for people,
They also care for sicx children and buy
the medicine when possible. Helping women
to enter the cash-levels of the economy
wlli certainly give them more autonomy
in some ways, but should promote useful
change in arcas that are basic to sucial
needs.* In this context, water-programs
could thus be organized through, and at
least partially costed by the women's
cooperatives.  Since women are now
responsible for family nutrition and
water provisioning it is a logical

correlation.,

* Such a program {s expreasly supported by suggestions made
in the CILSS5/Club document - fKahel Strntegr Poessnent
for Health, Water and Nutrition (see pga, H34%4)
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4.5 Recommendation: Appropriate Alternative Technology

AID should research and develop alternative
strategies to provide pure water by focussing on additional
points in the water supply process. Standard western
strategies, (i.e., drilling and maintenance of clean,
closed wells, aeration and chemical purification plants
etc.) are relatively high technology approaches. These
have generally proved, in the near to mid-term, to be
beyond the maintenance capability of people they are intended
to serve 1 LDhO's, for both technical and financial reasons.
Lacking ¢lean welln, or when existing modern installations
ceasc to function, rural people have recourse to polluted
and contaminated open wellu, or various sources of surface water.

AlD should theretore develop projects focussed
on alrternative techholugtes to render existing water supplies
fit for human use, bPor example: Water could be purified
at points Uf stoutage rather than at the source,

1. Poalluted, brackish, or cuntaminated water

could be made potable throuqgh solar distillation,
UsINg tnexpensive locally avatlable materiala,
Constructlion, maintenance and operation do

Aot teqguire Nigh leveln o!f skill, and

the ohly Ited not irsediately avaslable

locally would be glass, which could, perhaps

Le tanufactured in country or within the reqgion,

fﬂg;;gnal hé’aﬁdnh?“ uf e detites Dacgthe it g ’:h‘nri‘!)‘v fn»x' Wl{\l}l‘q_&’_@}q
Pevelopment, 1976 « ppa, 14=TH,  Also appendices for
information on eupplicrs,
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2. Using sand, charcoal, or materials
to be determined, and clay vessels, storage/
filvrage systems could be devised to

present clean water at the point of use,

thus avoiding contamination possibility
during transportation, even from clean
sources.

Research money would be well spent in

devising these new intervention - point

approaches.
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5. Social Parameters

5.1 Eco-Base: Three basic life-styles

Three major kinds of economic production characterize
the regions we are discussing, and should be seen as adap-
tation to available resources.

Sedentary Subsistance Farming®*

Sedentary farming is typical of the southern savannas
of Chad, all of Volta save the Fulani region which roughly
corresponds to the Sahel sector north of the l4th parallel,
and essentially all of Togo. Sedentary agriculture is the
economic base for :ost of the populations of all three
countries visited.

Generally people live and work with their close kinfolk.
The pattern is usually onc of exploitation by an extended
family consisting of a man, his wives (usually two or
three if possible), and their children. Often grown sons,
their wives and children, or a man's brothers and their
familics, may augment the co-residence group. There is,
however, a large range of varjation in family composition
from arca to arca. Kinship is most commonly counted in
the paternal line, though matrilincal familie (kinship
counted through the mother to the males of the mother's
family) reside and work together in such groups as the Ewe

and Mina of Toqgo, and Bunansi pceople of the nouth of Volta.

*Scdontary farmors live in and farm a fixed locale.



Groups who live and work together range in size from
the very extended families of the Dagara in Lobi country
of southwest Volta, to a single man with one wife and
her children such as one frequently finds now in urban
areas. Dagara live in family groups which may include
50 to 90 pecople, who all farm the family lands and share
in the harvests. Their house, described as a pluricase
(French), is really a village in a single branching household,
Such houscholds cluster into densely populated nebulous
villages, where 1t is difficult to tell where one house
ends and another begins,

Transhumance

As the wooded savanna grows dryer to the north, pastoral
lifestylens begin to appear.  Transhumance is a functional
lifestyle adapted to verw marginal lands.  Transhumant
nomad:s usually travel on a seanonal basis between two
largely fixed arecas, In Chad and the Voltaie Sahel, they
keep their herds and ratse amall gavden crops in scasonal
ptream-beds (Wwadis) during one seanon, and, of necensity,
travel to other grading ateas as the pantures dry up,. The
fragile and limited ccology will not support permanent
rosidence of men and animaly in one place year-round, Trans-
humants have learned to busld a delicate subs tance -
economy balance between gatden~cropping and stock-ralusing
for thetir livithood, but they usually nomadize on a back

and forth baniy between twao o thiee fixed reqgiong,
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In better watered regions their herds will include cattle,
sheep and goats. As one moves closer to th2 200mm.
percipitation isohyet which defines the desert's edge,
cattle give way to sheep, which progressively give way to
goats. In the 200 to 50mm. zone, (true desert), domestic
herds are essentially camel-based, and true nomadism becomes
the usual life-style.

Pastoral Nomadism

Nomadism is the economic adaptation which permits
people to live in lands where life-support resources are
minimal. MNomads move continually, because in so doing they
use existing slender resources of water and fodder without
the overuse which would destroy what these harsh lands offer.
True nomads are the Toubou, and the black Arab tribes found
p-oples who move from Mali and Niger into the north and
eastern sections of Upper Volta, and the Lﬂkg{g{g:ﬁglﬁgi
who have remained pagan, and are the true gypsics of these
regions. The latter are found in conntant transit, scattered
from Senegal and Guinea into Chad,

The first mentioned tribes bane their economiesn on
cameln, keeping incidental herds of sheep, goatn, and in
some places excellent hornen,  The Fulani guard and move

with mixed herds baned on cattle, the Mbororo Freping

casaentially their own herds,
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Elsewhere the Fulbe, or Peul-Fulani have usually established
symbiotic relationships with the Sedentary populations
whose lands their herding corriders traverse: The Fulbe
charged with herding the peasants' animals collects payment
in either money or kind for his expert services. These
Peul, unlike the "Mbororo, cfien establish transhumant
patterns. If true nomads, their migration circuits are
limited in range.

It should be noted that even true nomads like the
Teda (Toubou) of the Tibesti, or the desert Toureg base
their movements on some oasis-camp where vassal-tribes
such as Bella, or older people, women and children care
for gardens and maintain constant liaison with the roving
herding camps. Further, each tribal fraction has a roughly
fixed area of circuits for any scasonal period, based on

known wells and grazing arcas and the sense of first-rights

ownership of these resources. Scarcit_ of resource very

often leads to conflict when non-related groups compete
for water at the same well,

From the traditional ncolithic-farming or herding
production base, development-projects here and there
attempt to raisc the level of return. Thus in Chad, cotton
production is the major export item; and rice, pugarcane,
groundnuts wnd tobacco are grown in the experimental

polders* in Lake Chad, or the riverine flood arcans of the gouth.

* Tracts of low land reclaimed from Lake Chad by means
of high embankments. Now being exploited to raise
agricultural products.
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In Volta, the extensive modern farms of sugar-cane at

Banfora have displaced many subsistance farming villages

in a not totally successful bootstrap effort. AID offers

a different devel:-ment approach with seed-multiplication,

and animal-traction projects. 1In Togo, copra, coffee and
cocoa-beans are the beginnings of commercialized agriculture -
mostly found in the maritime region.

But it must be emphasized that each of these countries

has at least 90% of its population living in rural areas

within the traditional social and economic frames of reference,

and only with the most tenous connection to the money
economy. Barter of various ranges of commodities is the
nature of most economic exchange, and access to cash -
especially for women outside urban arcas - is only after

the big harvest, and then marginally, if at all. If, in the
rural water development programs it is envisaged to find
payment of costs at the participating village level, then

it is cssential to plan for accessory and integrated projects

which will e¢nable rural communities to earn the neccssary cash.

Recommendation

Because there are three different types of major life-
styles found in rural arcas of Sahelian and Savannah West
Africa, AID will need to diversify in programming for well -
types, locations, and community organization efforts to
achfeve continuounly viable rural water-supplies. To be
guccessful, thene should be tatlored to the given area. It
is further suyyented that partfcular attention be pald to

the water-needs of nomadic people, who have frequently
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been left out of planning efforts because they present
special problems. This is unfortunate, as they are often
the neediest of the "rural poor."

5.2 Religions and Traditional Perceptions

In the Sahel/Savannah regions, many traditional
Africans regard the universe as an unchanging and sacred
order. Within this frame, living men are part of an unbroken
line tying together the dead, the living and the unborn.
For the animist African, mystical powers of the ancestors
are the major force which regulates social life: protecting,
rewarding, punishing. Social authority derives from and is
enforced by the ancestors who symbolize social relations
and obligations. All life and all existance are intertwined,
and scemingly unrelated parts can symbolize or affect each
other powerfully. No minimal object is unrelated: every
hoe or calabash is tied into man's life with a tissue of
ideas which definc its relation to everything conceivable.
Thus, to the Dogon of northwestern Volta and Mali,
water is considered the divine semen of God, which fertilizes
earth. In the times of origin, this divine seed conceived
Vegetation and Termination. The Nummo, born perfect, are

represcented by the number eight, which is also the symbol

for apooch. Their essence {s motion and life-force (vitalism.)

O
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They are present in all water, and in fact, they are

water. But they also produce copper, and excrete light!
Because of the Nummo, twins are sacred and represent the
ideal unit. Twin-birth - through many parts of Africa, is
considered a divine, not a human event, and twins themselves
(as well as their families often) are held throughout life
to be very special.

The Nummo clothed the earth with plant fibers, which
was the First Act in putting the Universe to order. But
the fibers are whirlwinds, torrents, and eddies of water,
and also reptiles. They are also the .atering of plants,
and all wavy and undulating lines.

Water-vapour is speech. (which is magical), and also
spiritual revelation and all technical instruction. It is
present in the plant-fibers, which are thus "full of
water and words."*

This is only onec sct of examples of the layering and
nesting of levels of mcaning, symbols, identies and rela-
tionships characteristic of traditional African thought.
Poctic and philosophical, this perceptive scet is not reserved
for Sundays and Scholars, but is built into the languago

and thought of everyday people,

*Griaule: Convarsations with Ogotomali - c.f. Volta Bibliography
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Communal religious celebration in turn defines social
support groups based on common perceived kinship, marking
off those who should expect to live or work together.

These are lines along which community organization and
cooperation can expect to be founded.

Among these animists of the savannah Belt Catholic
and Protestant missionaries have made their most successful
efforts. It should be understood, however, that the
acceptance of Christianity's offers of salvation does little
to change this basic conceptuality of social/universal
relations and f{irst causecs.

Animism is the religious belief that all natural
Phenomena are animated by spirit or soul. There are
variations in animist beliefs from region to reqgion, althouah
gome themes hold comemon,  Thus: o Chaddian locales such
as Guera's mountain reqgion, there is a cult of tutelary
spirits who inhabit trees and rocks and belong to tndividual
perasons among the Hadjarast-group peoples. Yor others, like
the Koroko and Baguirmi of Chad's Begulrsi-Chary prrovince,
the most ancient Gads: spirits of earth and water and
fertility - influence the nominal adherence to Telas,

In patrician Mousal soclety, religion fanctiohs Loth
ag a table 0f organization and as jJustification for the
hierarchical and highly stiuctured Cutiquet $hg gt op
whiclh, coming out 0f Ghata, proavided the uvetlords of the
Voltaic pilateau. ¥Yor the Mosal, the persoh uf thely

Emperor, the Moy'Naba, is sacreds he §8 the represeptative
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on earth of the eternal powers, and as such is linguistically
identified with both the sun, and Mossi society as a whole.
He is permitted no fallibility, and traditionally was
murdered ritually when incable of performing his
functions.®* This symbolic king reigned, but even he was
governcd by cusitom, which in Africa has so often taken the
pPlace of administrative structures. As divine king, the
Mog'Naba held the Nam, or mystic right to command others.
This had passed from King to King from the founders of the
Mogsi Otate; and Ly assoClation with the Mog'Naba, lesser
Princes, GCoverncrs and Chiefs to the amallest village level
held the Jivine right to rule,  Stnce this Sun among the
Princes of earth hat intiurerablle wives, 1t han always been
possible te dute the whole Country with rulers of the royal
blousd lines,  only tlese chiefs held the right to perform
the religicus sactifices that served Lo protect and maine
Laln Messi nolety,

The Lelief content of Mossl pagan religion combines
aolar and agrasian cults with the generalited African
pantheut 6! Atcestors, atd assaited gpirits, whotke Visible
MUpPoLrts Fay be Ttee<ttunks, tooks, fountalng, slohes,
Fivers, o1 atiirals., %he ubivesse Itself in a Vant force-field,
vith coxjder atad incustelhetsible enititien which act

Ut preople and geallty In obscute ways,

*lite the Hounilang ¥ing at Lere in Chad, \6
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The different networks of forces are associated with
dangerous or beneficial effects upon men.

Sahel

Across the Sahel throughout the region of the ancient
sultanates and Kingdoms and throughout the desert, Islam
is the prevailing religion. But this Islam is strongly
influenced by the animist base over which it washed
historically.

Here and there submerged groups - despised castes
such as Chaddian Haddad (fcund in Kanem, and above the
13th parallel), by virtue of their special skills in
mystically dangerous occupations such as butchery, leather
tanning, and dying - although nominal Muslims—are known to
manipulate magic and special supernatural forces.

1slam means "submission to God's Will", and Islam as
a religion broadens men's sense of social-group partici-
pation. From the narrow view of tribe or residential group
as community, the horizon is cnlarged to cncompass the
Community of the Faithful as an - at least for some purposes -
related group. Thusn, across the flank of Islam, always
strong in desert and sahel regions, the Sufi brotherhoods
join men of different tribe or lincage who identify through
reliqious co-participation in groups which may have
pletintic, or political, or economic, or community wolfare

goala - or the sot of these together.
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In Chad, the Senoussi brotherhood coming from the Libyan
oases is strong in the desert areas of Bornou, Ennedi,

and Tibesti. Throughout the Sahel the Tidjanniyah cult

is widely subscribed. Other brotherhoods such as Kadiriyah,

Mirganniyah, etc. have small numbers of adherents, travelers

across the classic desert-edge highway which the Sahel has
for centuries offered to the Muslim Pilgrims bound for
Mecca. As cross-cutting institutions the brotherhoods
have historically offered a basis for varying sorts of
community goal-oriented action, and might well serve as
vehicle to incorporate new ideas of health-oriented action
into communities. Walis, and Sheikhs who lead the
brotherhoods are traditional teachers and magnetvic leaders
of Islam.

5.3 Traditional Concepts of NHealth aud Diseage

Savannah
Throughout the Savannah reqion, as in many other folk
gocieties of the world, disecase and general misfortune are
understood Lo have one of Lwo oF Lhree biasic ¢auses, Thesge
may be:
1. supernaturally direcred malice, such as sGrcery
cauvsed by living men, oy,
2, anger 0f ancestors and/ol uthet splirits who

create havoo from the unscen wurld, or
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In general, the ideas of sorcery which burden the
Savannah belt are not much evident in the Sahel and desert
zones, though there is a frequent belief in the dangerous
power of the Evil Eye. It is never wise to admire peoples’
things or their children too extravagantly. Magic of the
classic Arab brand is the purveyance of the Muslim feki,
and offers cures for misfortune and disease throughout the
desert belt.

5.4 Traditional Patterns of Cooperation

Work Parties

There are few places in Africa where the institution of
the cooperative work-group does not exist. In the Mina

vernacular of coastal Togo called lolonudo'y 1In Chaddian

Arabic shuula; the work-party is usually based on co-residence,
sometimes on a kinship principle, and somet’mes on the

affinal relationship of inter-marrying groups. Whatever

the basis of recruitment, work-partieus group together to
perform tasks that necd many hands, like cleaning fieldn,
butlding houses, digging wells,  They work on a volunteer

and reciprocal basis, and are usually ";aid”™ by receiving

beer and food from the wives of the family for whom they

are working,
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Specialized Well-Diggers

In Niger it is usually Hausa people who perform
this task. Aronsen states that they are paid in cash and
food while digging, and that a six-man team of these
specialists from the south will receive upwards of 50,000
CFA for the finished well.*

In Volta, among the Dogon, there are reported to be
specialists who dig wells to depths of 100 meters. The
process is described: "They sit on the ground and take a
hoe (universal type of agricultural and defense tool),
draw a circle, and begin to dig down. As they get deeper
they pass the dirt up in a gourd. When they get very deep,
they must take "medecines” and prepare specially to go
down, because they will become very dizzy from the darkness
at the bottom."™ (It should be noted, that there is danger

from carbon monoxide at the base of such a ahuft.)2

Age Grade Work Obligations

Age-Classes ("Age-Grades™) exist, and in some places, all
men, and sometimes women arce grouped into defined scctors
within the camwmunity on the basis of the period of their birth.
Thus all boys born within a (4) (7) (10) (specific to the
society) year interval will be classed together, and will go
through 1life as a yroup, franchising each stage of life, with

ite attendant social obligatfons and privileges together.

SAronsen, op.cit,

’ JJ z.
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Thus in Togolese Lamda, or Kabre tribes (LamaKara and Plateau
regions), corvee labor could be expected to fall to the

lot of men in the youth or warrior classes. This is an
organizing principle which is notable for producing task-
oriented labor, and societies demonstrating this character-
istic have always produced powerful armies. Perhaps because
it fits into this institutional slot, modern organizations
such as Boy Scouts (often 20 to 28 years old in Africa!l),
Four C's (Chad's equivalent of U.S. 4H) Clubs, and other
"Jeunesse" groups are often very active. These usually,
however, need the continual organizing talent of a community
or religious or development agent.

Kinship Groups

The overwhelming principle of support-group recruitment
in Africa is that of the claim to common kinship. Further,
in rural arcas it is rarc that people who live together are
not also "bloced” kin in some way. Thus a man will usually
live and work with his brothers and father, with his
father's brothers and their sons, and with his grandfather's
brothers' sons' nonu. Frequently these ties yield
corporate groups that own property together, Land may be
conceived an communally owned, and welln would belong equally
to the group, unlens the fruit of one man'a specific

work or purchase,
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eye-diseases, often viral pneumonia are seen; but the
people are essentially subject to fewer diseases than in
wetter tropical regions. Measles and meningitis are
seasonal scourages.

In Chad before there were doctors, and still, people
used the natron which is a local trade item mined in the
desert, for diarrhea and stomach disorder. Put in water
and drunk, it has a sovereign reputation as a cure.

Certain clays found in the desert are also drunk in water

for stomach sickness. People believe that the des rt wind,
which brings sand across the desert, gets into the ears,
eyes, nose, and will make you sick. They also believe that
people who work too hard especially at night, or where the
wind blows, will get weak and tired and therefore will get
sick. 1f a person 1s sick, they may say he has caten or
drunk somcthing which is not clean. Perhaps it is poisoned,
but more likely the wind put something in it. A supcernatural
cause of discasc (particularly mental dicorders) is felt to
be affliction by a djinn. Djinn are a special cateqgory of
beings, as men, and angels are.  In the Sahel they like to
git in trees, especially at wells and oases, and in cool
places where the wind blows through. Djinn also like

clean places where people pray. After a person has prayed
the five prayers of the day and gone home, tho djinn who han
been aitting there will go to hin houne and say to him angrily

"But you didn't grect me.” and ho may afflict the person,
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This principle of kin-gcoups usually defines the
boundaries of a village, or co-resident community - even in
nebulous settlement-pattern areas like the densely populated
Mossi Plateau of Volta. These important sentiments about
in-and-out-group boundaries are a factor that should always
be taken into account where possible it determining the
site for a weil, as they form natural lines of schism.

5.5.1 Traditional Administration

Types of authority and socio-political organization in
the Savannah/Sahel regions run the gumut of styles from the
centralized divine-kingship states of the Voltaic Mossi,*
and the Moundang at Lere in Chad, to the highly indivi-
dualistic Arab bedu, whose autonomy is only limited by the
pre-legal institution of the blood-feud, which promises
him trouble when he oversteps too far the "rights” of others.

In the middle range fall the Chiefdoms, where family
seniority, and the priority claims of the "senior” local
lincage intersect to designate authority figures. This
Bystem, to be sure, is continually modified by magnetic
personalities, and the personal power of individuals., 1In
practice, it is scldom the oldest man in a family line, but
perhaps the oldest man of forceful character who amorges

as the nucleus of the primary political unit,

*S00 Uppor Volta country profile.
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Habitual ways and public opinion, but above all the
sense of "correct behaviour" to which a child is socialized -
are the real forces of social control in these small
communities where the sense of social inclusion goes
little further than the borders of the village or immediate
co-habiting group, and there are few "political"” offices.

5.5.2 MNModern Administration

Throughout the area we are discussing, and super-
imposed on whatever traditional mold of authority and
political system existed, is the administrative structure
left from th: French colonial system.* Chad is, for example,
divided into 14 prefectures, 51 sup-prefectures (circon-
scriptions), and 24 administrative posts. At an inferior
administrative level, communities are grouped into a canton
often based on the habitat of an ethnic group, or a major
tribal fraction. A canton is headed by a traditional,
often hereditary chie!, with little administrative power
but considerable moral authority. The circumscription,
however, is administered by the Chef-Cir who is an adminis-
trative and appotnted, rather than an heredity fiqure.

In some instances, cantons are called village groupments,
and are run by an elected council, These canton chiefs
or councilt report to the Chef de Circonncription (Chef
Cir), or aous-prefect. Their responsibilities include
public order, public works, health, taxes, and other local

Affaira. In Chad since 1969 a major effort has been made

Sthia does not equate with American Administrative
Organization on a one~to~one basis, but follows its own
structure logic.
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to use traditional authority figures - Chiefs and Sultans -
in modern administrative posts.

The same general administrative apparatus retained
from the colonial period, and shored up in present time
by French technical assistance and education, marks the
whole of the French ex-colonial area. It is of course
modified by local indigenous ethnic and political patterns.
Thus, in Volta one expects to find modern state administrative
posts filled by descendents of the royal and ministerial
chiefly lines, the Nam which they posses by birthright
being, after all, the right to rule.

In Togo the art of administration consists in balancing,
accommodating, and integrating the divergent interests of
the numerous ethnic groups, the two centers of dense popu-
lation and of power being the Ewe/Mina group of the Maritime
Province, and the Kabre people with related groups in lLamaKara.
Perhaps this need for larqge-scale access to positions
within the modern sector is a cause of the Toqgolese npabit
of gencrating five competing agencies instead of one
functioning one to deal with a problem. Thus water-servicos
are administered {n different (or sometimes the same)
phases by minfstrien of Plan, of Hural Development, of
Rural "lFitting-Out” (Amenagement-Nurale), and of Mines.
While adminintrative flow-charte indicate planned coordination,

in fact frequently the necessary actions fall bhetween atools.

a,
«h.
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5.6 Competing Water Needs

This survey essentially addresses the problems of human
water consumption in rural areas of sahel and dry savannah,
but we must briefly consider pastoral)l and agricultural
water usec, because the populations involved do not make
these rigid distinctions, and because they are forced to
spread their meager water resources to cover all needs.,

When temporary surface water is available at the
beginning of the rainy season, animals are watered there.
When (and where) no surface water exists animals must be
watered from the wells, or driven to permanent water points
of lake, river, or year-round pond. In the transhumant
zones a combination of seasonal wadi-flow, rain-water pond
and run-off puddles are employed as the herds move north
with the greening from the rains.  In the dry season the
trails lead south; encampment is often around - but not
too close - to the large wells, Herds must be mobile to
scarch for pasture; and large accumulation of animals
epreads diticane from herd to herd.  Transhumance is a very
delicate adjustment to available resource and the ecolo=-
gical balance in marginsl lands.

When water is short, and where accomodation is not
worked out on lines of kinship or by payment for drawing
rights, competition for use of wells may lead to bloody

conflict,

144
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There is much labor involved in drawing for and
watering the herds, and all hands must pitch in. A precise
vignette by Aronsen® describes well-use in the Niger Range
and Livestock area, demonstrating the massive contaminatien
of the well used to aliment both humans and animals. He
concludes that devices such as improved pulleys, ropes
and troughs designed for private ownership might increase
efficiency in use of traditional dug wells, and find ready
acceprtance; butl innovations costly to private owners of
“"investment wells” would not likely be viewed as worthwhile.
Further, he questions the value of an attempt to avoid
animal contamination of such wells, since animals and
humans share life so closely in al) other ways that contagion
is unavoildable,

Governments are now developing chains of deep wells
along recognized ptock-trails. In the drought of 1968-7),
disastrous animal-loss was caused by lack of mobility to
geek pasturage where it ntill extsted, Although surface
water sourcens had disagtveared, there was alwayns water in
the deep wells; bhut shallow wells along the tratls dryed,
And no water was avallable for the trek to avatlable food
supplies.  Animals died of starvation because they were
trapped around existing water pointe, and could not travel

the parched trafls.

R = g s e [

*Aronsen, D, Nedao/keat Doc., 1977. Bee Nibliography
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Where possible, surface water should be left for
animal and crop use, bringing people to use clean
well-water for all personal use, including

bathing and washing of clothes, thus reducing risk
of exposure to schistosomiasis, malaria, oncho-
cerciasis, and trypanosomiasis. It will not be
easy to do this, because it will require change

in usual habits of bathing, washing, and amusement.
It might be accomplished through the combination
of health-cducation (over time), and the provisinn
of a complex of facilities designed around the
well which would offer place and water for
laundry-basin, showers, and a waste-water catchment
to be used for watering “"sauce" gardens.

Where necensary to water animals from welln, it
might be possible to dig wells in dual units -
separate) by an appropriate distance. Each well
would be devoted to a different usage: one for
humans, one for animals, and each equipped with a
different constellation of facilities. The anima)l
well would provide channel and trough facilities,
and could use animal traction power to raise water,

Total water-p.lanning should provide drouqght-period

fall-back plaus, and give consideration to population

growth trends, and projection of ecological change.



_ CHAD Map Showing
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3.7 Modern Regional Mealth Planning

Diseases related to contaminated water are anong the primary

causes of fatal {llness throughout the African S8ahel and Eavannah,

Following the useful classification of Dravers of Water White,
Bradley & White 1972, theése fall into three categories;

1. Diseases borne in and transmitted by water,
such as dysenteries, typhoid/paratyphoid,
cholera, guinea-wore (dranonculosis)

2. Diseases where water 1s the vector-supporting
element for at least part of its life-cycle,
i.e. Malaria, (anopheles momquita), yellow
fever (Aedes Acyypti eosquito), Gehistoso=iasis®
(fluke and anail), Onchocerciasis®® (black-fly),
Kala-Azar (gand-fly), and Trypanosomianin®ee
whose taetse fly vectour lives in the dang
banks of thickets along streams;

J. Dieecases caunred by Insufficlency of water fof
either internal or external (washing) use.
These Snclude nutritional deficlenclen, and
sore ekln, eye, and parasitic maladjes.

African water-getting stratejies, usecl and proponed,
fnclude dug arnt drilled wells, 1npluviues, seservolre such
86 slarage dems, and catchtentes wit)h a corpanying cistern-
Mtorage. Fach of these hae & sel of 1elated advantages

and faoble~s which 1t fs usetul 1o explors.

() hilharzia
s Kiver hlindnensa
%% fleeplng filckunosa
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6. Research Methods Used

6.1 Chad

It is currently dlfficult for foreigners to travel
in much of Chad. The team did not receive permission to
travel to the countryside until over half the allotted in-
country timc had run out. Then transportation was not
available. On-site rural observation was therefor. largely
impossible.

The following alternative data-gathering methods were
therecfore used:

An intensive documentary survey was followed by a
series of interviews with knowledgeable expatriate observers
such as Peace Corps Volunteers, Jesuit priests, Embassy
and AlID officers, University and Research Institute,
expatriate statf{ members, and management personnel from the
Lutte contre les Grandes Endemics medical pervice who know
the country intimately.  Every attempt was made to see and
talk with Host Government officiale in the Ministry of
Social Afftairn, Miniustry of Aqgriculture DEFPA agency
(Direction d'Enseignement et de la Formation Professionelle
Agricole), the University and Regearch Institutes.  Thia
met with 1tndifferent nuccess because key figures were out
of the country or not available despite promines,

Hesearcher Wwas able from above sourcen to establish
a frare of reference,  Then, aince N'Djarena, as capital, e
full of people from all areas of the country, Chaddian

respondents were sought fn towWh who, pative to a given



2-69

rural regica, could intimately describe its lifestyle,
problems and techniques. Questions designed to elicit a
picture of general institutions were followed by direct
questions on water use and sanitation practices. Conver-
sation on each topic was pointed toward ideas and attitudes
about the why and how of things. 1In this fashion both
general and specific data were obtained.

Weaknesses of this method include: (1) the non-random
nature of the sample, (2) a skew toward regional generali-
zation which may not closely fit a specific locale becausc
of Chad's great echnic fragmentation and diversity, and
(3) the fact that documentary information may be outdated,
too gencral, biased or a repetition of accepted but
erroncous information. On-site data collection in the
field could clininate much of this margin for error, bhut
the team operated within the constraints described.

These methods should neverthelens provide the
following useful resultn: (1) an acceptable degree of
underatandirng of the chara.teristicas of different regional
lifentyles, (2) an appreciation of the frames of reference
from which local peoples make decisionn and on which
they bane behaviour and reactionn,  This should permit
denign teams to see people operating within the framework
of their own logic inntead of as "{ncomprechensible strangors®,
(3) a plcture of local communities as interaction systems

in which avery eloment haw multiplier influencen, and
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(4) a set of recommendations to AID based on knowledge of

elements in the field of action.
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6.2 Upper Volta

In Volta information was sought from the following
sources: Local Government officials, international
development agencies, Peace Corps Volunteers, private
voluntary agency staff, anthropologists working locally,
and U.N. and CILSS program people. In addition trips
were made to the Eastern O.R.D. and the Banfora O.R.D.
where interviews were hecld. Documentation centers at the
C.I.E.H. (Centre Inter-ctatic des etudes hydrauliques)

and S.A.E.D. (Societe ? des Etudes du

Development) were consulted; an interview was carried on
with rescarchers at the 0.R.5.7.0.M. (Office des Recherches

Scientifique et Techniques de 1'Outre Mer.)
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Upper Volta Biblipgraphy
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CNRS - Paris/Cuaga - CVRS (Centre Voltaique des

Recherches Scientifiques.)

“tinner, Ekkiot P. - The Mossi of the Upper Volta
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introduction to bogon religious ideas Oxford univeraity,
press 1965,
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6.3 Togo

0.R.S.T.0.M. Personnel were particularly cooperative
and informative in Togo, as was Professor Tettekpoe of the
Family Welfare Association, who has long first hand
experience developing community organization and partici-
pation to define local problems., Useful interviews were
conducted at the Ministry of Plan, and the Ministry of
Social Affairs. Mme. Addaba, sociologist at the National
Scientific Research Institute was particularly informative,
The tecam anthropologist and geolegist travelled by car through
the Maritime Region with Togolese counterparts. buring
this trip, local people were interviewed, and wate:
installations and catchment and storage methods surveyed

and discussecd.
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Vic Wehman

John Blumgart

Anne Tinker

B. Lane - Togo Desk Off‘cer
T. Damer - Chad Desk Officer
Jim Kelly

iefings and Poeple secn in Abidjan

REDSO Asst. Director - Donald Miller
Anthropologist - Dan Aronsen

Team Control Officer - Jack Morgan
Chie! Fagineer - Richard budley
Canadian bmbassy - Jacques l.a Vigne

In plateau market - Hammedu - who duag wells in Mali
and Upper Volta Dogin country

Jlobi rman

ORSTOM - M, Verdeaux

SHEDY - Director, Dr. Prench

CIRES - Asst. arector - M. Chatatgner

L:8t of Appointments and Poeple Seen in Chad

AlD:  Team Contral Gfficer - K. rontaine

Health Officer - Sude MoGehey

Cho = John lundgren

WY Ufficer - Inge Hvasloff

Econ, Orficer - BEd Costello

Angt., CbhO -

Amb Williasm Uratford

P.C. Director = 11111 Booth

Annit. Director - hillip Infelise
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Father Yournier - Sara Country
Btove Reyna - Anthropologist
Grandes Yndemios - Dy, Favier
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From Ati Region(Batha Province): Meran Abdellahi
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Chief: Al Hadj Abu Ranee
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Asst. Director: Jean Romnelngar

Embasay DCM: T, Dalgimer
Village: Medege: Moniteur: M.M. Courrta
Village Mogroum;Director: Mutamba Lumpungu
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(In Abidjan) discussion with REDSG Upper Volta
Dentgn Ofticer: E. Morgan Gilbert

Ouaga and U,.G.AID:  CGary Coulter - visit control
Martin Gilcrent - ex. UV,

Tom luche ~ FEastern Ord Projects

SALRD Mus. Marilyn Hoskins - Anthropologist

AlD Aust. Director - Atweld

c.l.E.H., - Documentation Center

SAGED. Mresling for documents
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ORSTOM = M. (Claude

WHO and CILES - Dr. ', Martin/Samos

Dr. I'ie Manumbuko

M. Maretto

Min. of Flan - M.M. Laure

Onchocerclasins FRADIC Campaign - Father Palrault
Peaze Corps Director Fiske

Kiaya Village = Lastern Ord Director - M, Kahore
"Ponter Parents” Director T 3

Service Hydraulique - Dir. AL}, = M. FHanqo
Miniutry of Mines - M, Victor Ouande-Ouedraoyo
Banfora O.R.D. Director - M. Mamadou Couliholy
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In the Sahelian zone most streams cease to flow within a

few months after the end of the wet season, and the only
available water is that accumulated in perinanent natural
depressions (mares or marigots) along stream chanaels or in
artifically constructed tanks and reservoirs. In the

Guinea savanna and tropical forest regions, where the wet
season is longer than the dry season, sufficient ground-water
storage accumulates to sustain important spring discharge

and the base flows of larger streams tlirough most if not all
of the relatively short dry season.

Ground Water

Ground water is widely available in sufficient
quantity for rural water supply in virtually all the impor-
tant rock terrains that occur in West Africa. (References
B, F, and G) Nevertheless, because of geologic discontinuities
and/or poor well drilling and construction techniques, local
failures to obtain adequate water for village supply may
and do occur. In such cases alternative sources of ' ater
supply may necessarily have been considered. Precambrian a/
igneous and metamorphic rocks, which are the most extensive
of all the important rock groups, directly underlie the land
surface of large parts of most of the West African countries
with approximate arecal extent in terms of the percent of the

total national territorial extent of each country, chown in

a/ See "Glossary" for definition
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Table B-1

Areal Extent Areal Extent
Country (8 of Total) Country (8 of Total
Guinea 60 Toyo 90
Sierra Leone 95 Benin 86
Liberia 95 Nigeria 52
Ivory Coast 95 Niger 20
Mali 12 Chad 36
Ghana 55 Cameroon 84
Upper Volta 84

a/

Paleozoic sedimentary rocks which include consolidated sand-
stone and shales with some limestones and dolomites also
directly underlie the surface of important parts of several

West African countries notably the following (Table B-2):

Table B-2
Areal Extent Areal Extent
Country (¢ of Total) Country (8 of Total)
Guinea 40 Togo 5
Mali 61 Benin 5
Ghana 40 Niger 5
Upper Volta 12

a/

Semi-consolidated sedimentary rocks of Cretaceous and ‘iertiary
age include sands or soft sandstones interbedded with clays
and clay shales and some soft limestones and marls locally.
These deposits underlie narrow coastal plains in Guinea,
Sierra Leone, Ivory Coast, Ghana, Togo, Benin, Nigeria and
Cameroon. They also underlie important tectonic basins

in interior arcas with approximate arcal oxtent as follows:
(Sce Table B-3)

a/ Sce "Glossary" for definitions



Areal extent Areal extent
Country , (% of Total) Country (8 of Total)
Mali 27 Nigeria 47
Upper Volta 4 Cameroon 16

Niger 75 Chad 50

Quaternary g/sediments include unconsolidated fluvial and
lacustrine deposits, which generally are relatively restricted
in areal extent. They occur together with the Cretaceous
and Tertiary sediments of the coastal plains and are exten-
sively developed in the Coastal Delta of the Niger River.
Important inland areas of Quaternary deposits are in the
grecat Lake Chad Basin of Nigeria, Niger, Cameroon and Chad.
Another important area of Quaternary deposits occurs in the
Inland Delta of the Niger River in Mali. Extensive tracts
of Quaternary deposits also occur as sand dunes in the
northern reaches of the Sahelian zone and extending into
the Sahara.

Among the four groups of rocks of West Africa which

have been previously mentioned, the rocks of the Precambrian

terrain present the moct difficult technical problems with

respect to the extraction of potable ground-water supplies

for rural requirements. The methods which must be adapted

in the scarch for and recovery of ground water in these
terrains are often costly with substantial risk of failure

or only qualified success in obtaining cven minimal supplies.

a/ 8ee "Glossary" for definition



Nevertheless, there is no alternative source of ground
water over large regions of West Africa. (As shown in Table
B-1 in seven countries Precambrian terrains directly
underlie 75 percent more of the national territory.) The
Precambrian terrains, although including a wide variety of
rock types, are chiefly intrusive granites and granite
gneisses interspersed with bands of metamorphic rocks,
principally schists, graywackes, quartzites and greenstones
with phyllites and crystalline limestones present locally.

The most readily available ground water and presently
the most extensively developed for rural water in the
Precambrian terrains is that which occurs in the surficial
mantle of weathered rock tojether with an underlying
fractured zone (reference A & B.) 1In some lowlands and
plains the mantle attains thicknesses of 30 to 50m or even
more, but on higher ground near rocky outcrops or in hilly
areas the mantle may be less than 10m thick. The weathered
mantle from the land surface down generally has the following
characteristics:

(a) Laterite carapace or duricrust. Thickness 0-12m.
Seldom permanently water-bearing. Traditional unlined dug
wells can sometimes yield up to 30m 3/h, while the carapace

is temporarily saturated during the wet season.
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(b) Clayey alterites, commonly koalinitic and up to
10m thick. Running or soupy saturated clays may cause
problems in sinking the concrete curbings of modern open
wells. Yields to wells can range from nothing to a few
hundred liters per day.

(c) Friable sandy zone a few meters thick with
communuted mineral aggregates in granites and gneisses.,
Yields to wells can range from a few hundred liters per
hour to a few m 3/hr. |

(d) Fractured zone as much as 50 to 100m thick, in
places less or even more. Yields can range from 0.5 to
10m 3/h.

Most dug wells do not, and in some cases cannot,
penetrate much into zone (d) (reference A). On the other
hand, small diameter wells drilled by the percussion and
rotary methods can penetrate into zone (d) and beyond to
intercept water in deeper fracture systems. These two
methods may become ineffective and uneconomic, however,
if the rock becomes too hard. Penetration of hard rocks
to depths of 100m or more can be accomplished with ease hy
the down-the-hole air-hammer drill. 1In the granites and
granite gneisses of the Precambrian terrains the thickness
and permeability of zone (c) conditions the yields of dug
wells. On the other hand, dug wells sunk in the greenstones
commonly find zones (a) and (d) most productive. The
schists may bc productive to dug wells in zone (b) but zone

(c) is usually absent.
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zone (d) is usually productive to drilled wells in schist.

Phyllites are commonly quite non-productive, but fortunately

they are not widespread. Quartzites do not usually weather

significantly but are productive to drilled wells in zone (d4).
Ground-water occurrence in the Precambrian terrain,

whereas homogeneous on a regional scale, is much less so

on a local or well-site scale. Consequently, there is

always a risk of failure or only qualified success in

sinking any well in the Precambrian terrain. On the

average about 5 to 10 percent of wells put down find no water,

about 15 to 20 percent provide meager supplies, and 75

to 80 percent can be considered adequate to provide enough

water or more for a small village supply. The risk of

failure through poor well siting can, of course, be reduced

by appropriate study of local fracture systems and the

weathered mantle using well-established geologic criteria.

For both dug and drilled wells the range and average yielids

and well depths usually encountered in the common rocks

of the Precambrian terrain are as follows (Table B~4):

Table B-4
Rock Type Well yield (m3/h) Well Depth (m)
Aver- Except-~

Range jage ional Range |Avcrage
Schimst 0-20 8 40 25-80 40
Quartzite 0-5 3 15 25-80 40
Granite and
granite gnciss:
Zonesa (a)&(c) 0-5 0.2 10 5-30 15
Zone (d) 0-10 4 20 30-80 40




Because of their consolidation most ground water in
the Paleozoic sedimentary rocks circulates through fractures
and along bedding planes rather than through the interstices
of rock grains. The Paleozoic rocks crop out extensively
in the Voltaian sedimentary basin of Ghana extending into
parts of Togo, Upper Volta and Benin. They are also exten-
sively developed in the Taoudenni sedimentary basin of
Mali and in the Guinea sedimentary basin. The sandstones
generally form the most productive aquifers, but the shales
or siltstones and dolomites may also be locally productive.
(Reference F & G) For both dug and drilled wells the range
and average yields and well depths usually encountered in
the Paleozoic sedimentary rocks of those basins are as

follows (Table B-5):

Table B-5
Rock Type Well Yield (m3/h) Wel) depth(m)
Aver- Except-
Range age ional Range Average

Sandstnne 1-5 3 50 10-200 40
Shale and/or

siltstone 0-5 1 10 5-70 40
Dolomite and/

or limestone 0-20 10 100 15-100 40

The Cretaceous and Tertiary sedimentary terrains contain
the most productive aquifer systems in West Africa and are
most extensively developed in Niger, Chad and Nigeria as

well as somewhat less so in Mali and Cameroon (references F&G).
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The thick sands and semi-consolidated sandstones constitute
the most important aquifers. Equally thick but largely
impervious clays and siltstones, which are interbedded with
the sandy aquifers, bring about ccnditions which are conducive
to artesian flows or subartesian pressures in several regions.
Such conditions occur notably in the Sokcto and Chad

basins of Nigeria extending into neighboring parts of Niger
and Cameroon. The range and averaje yields and well depths

from some of the more important aquifer systems of the

Cretaceous and Tertiary sedimentary terrains are given in

Table B-6:
Table B-6
Dug VWells Drilled Wells
Depth Averd Yield | Aver. Depth| Aver.) Yield | Aver,
range deptl range Yield | range| dept? rnnﬁc Yi{eld
(m) (! (3! 3m)! (@) I (o) 3/ (=37h)
Continental Intercalaire
20-100 30 2-15 5 30-350 150 25-250 75
Cretaceous Marine
20-50 30 1-10 2 50-150 100 10-150 50
Maecstrichtian
o= o= -- .= 100-500 150 50-300 50
Palcocone & Focene
20-50 ko) 1-15 ) 100-200 140 50-300 50
' Continontal Teom, nal
10-50 30 1-15 S | 50-3.0 150 50-150 50
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The unconsolidated sediments of the Quaternary terrains
contain important and productive aquifers notably in the
sands which are intercalated with clays of stream and
lake deposits and also in thick and extensive sand dune
deposits in parts of the Sahelian zone. Open dug welis in
these terrains common tap shallow aquifers at depths of 10
to 40m with an average of about 20m. Yields obtained from
~uch wells range from 2 to 10m 3/h and averaqge about 5 ml3/h.
Drilled wells range from 20 to 100m deep with an average of

about 50m. Yieclds obtained may range from alout 10 to 150

m3/i with an average of about 50 m3/h (references B,F, and G).

Water Levels

The depth, at which the water level lies below land
gsurface in a well, is a very important economic and social
consideration in the development of ground water for rural
supply. The human labor involved in lifting water by
bucret ant handline frem an open duq well or by hand pumps
from a drilled well is the important factor. The deeper the
water level the Jess attractive i a well for village water
supply, using human labor for lifting water,

The depth of the ground-water level in quite variable
through West Africa and depends on the interplay of topo-
graphic, geologic, hydrologice and climatic conditions
Meference Y.) In the Itecarbrain tergainag the g1 and-
water level generally ranges from a fow meterns Lo as much
ag 20 to 10m below the land aurface and {8 commonly at about

10 to 1%nm,


http:ljee:r.1y

3-11

In the Paleozoic, Cretaceous-Tertiary and Quaternary
terrains the first water table is commonly from 10 to 40m
below land surface, but in places it is as much as 80 to
90m. Ground-water levels are deepest in the Sahelian zone,
generally 40 to 60m or more. Also where sedimentary terrains
have been dissected by streams as in the coastal plain of
Togo, the depth to water may be as much as 40 to 50m,
even in relatively humid areas. 1In other regions, as for
example in the Chad and Sokoto basins, deep aquifers may
give rise to flowing wells or subartesian water levels may
rise to within 10 to 20m of the land surface. The aquifers
that provide such pressures may lie at depths of 100 to
250m or more below land surface.

The scasonal fluctuation of the ground-water level
is also an important consideration in the development of
ground water for rural water supply. The largest fluctuations
generally occur in areas away from large streams where the
water level may range from 7 to 8m between the high at the
end of the wet neason and the low at the end of the following
dry scauon. Fluctuations of 3 to 5m arc morec commou and
near the mares and marigots fluctuations may be less than
one meter,

The seasonal fluctuation of the water table is an
important factor in the productivity of dug wells, mont of
which produce conntderably lenn water at the ond of the

dry season than they do at the end of the wet socanon.
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This phenomenon is a result of the relative penetration of
the well into the water-bearing zone. Most dug wells in
West Africa require one or more deepenings after initial
construction before a year-round supply can be insured.
Dug wells, to insure an adequate production, should extend
at least 5m below the lowest dry season position of the
water table. Dug wells, however, are particularly susceptible
to prolonged dry cycles, as demonstrated by the recent
Sahelian drought (1968-73) which induced a general water-
level decline of several meters. Many dug wells have not
yet recovered to pre-drought levels.

Present Status of Water Development for Rural Supply

Both surface-water and ground-water sources are
presently used for rural water supply and livestock throughout
West Africa. In the absence of awareness of the health
hazards involved, a surface-water source, when it is
available, may be preferred by villagers or herdsmen because
of its relative convenience, in contrast to ground water,
which may require considerable labor for its extraction
from a well. In the tropical forest and Guinea savanna
regions houschold supplies may be taken directly from nearby
perennial strcams or springs where these are conveniently
located to village compounds. Wells are used, however, if
surface-water sources are lacking or are located at more
distant points. The relative phynical labor to the water

drawer and carrier is the critical factor.
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Farther north in the drier Sudan savanna small earthen dams
are used to catch and store surface-water runoff for dry
season use, chiefly for irrigation of crops in valley bottoms
(bas fonds) but* also for livestock and household consumption.
Water is also taken from perennial ground-water fed ponds
and swamps (mares and marigots) and from shallow water

holes dug in dry river beds to tap underflow. Still farther
north in the Sahelian zone where surface-water sources are
precarious through most of the year, wells are used almost
exclusively for domestic apd livestock water supply, oJre
particularly in the dry season.

At present, the development of sanitarily protected
surface water for rural water supply in West Africa is
severely limited by economic constraints. Primarily because
of difficulty of sanitary protection, susceptibility to the
vagaries of rainfall, potential for generating disecase
vectors, and cost of maintenance and water treatment, openr
surface-water catchments are gencrally assigned a low
priority ingofar as concerns development for a sanitarily
protected rural-water supply. Artificial rain-water catchments
for covered cistern storage and protected spring captations,
however, may be acceptable alternatives to wells for rural
water supply. Sanitarily protected spring captations are
roported to have been lastalled for rural water nupply in
a few placen notably in the Guineca highlands, the Atacorian
Hills of Togo and Benin, and the Cameroon highlands. Such

captations, however, are not widoly used {n Weat Africa at praosent.
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Present ground-water development in West Africa is
relatively small as compared to total ground-water avail-
ability. Only in a few areas is ground-water development
relatively intensive, as for exampl : for urban and suburban
areas from coastal aquifers near Abidjan, Lomé and Cotonou
and from aquifers in inland for other urban areas as at
Garoua in Cameroon, Zinder in Niger, and N'Djamena in
Chad. Extraction of ground-water for rural use is presently
widely dispersed in Guinea, eastern Chad, Cameroon, Ivocry
Coast, Togo, Benin, and Mali. Use is slightly more intensive
in western Chad, Niger, Upper Volta, Ghana, and Nigeria,
particularly in the Sokoto, Chad, Benue and Niger basins.

A number of countries. however, such as Ghana, Ivory Coast,
Togo and Upper Volta have embarked on important rural
water-supply development programs involving constructicn of
both modern dug wells and drilled wells with the assistance
of foreign donors.

Wells, now installed end those proposed for construction
in the immediate future for rural water supply, are and will
be commonly separated from cach other by distances qgreater
than 100m. Also the withdrawals from individual wells,
either by hand pump or by bucket and hand line, are commonly
less than 5 m3/d. For thesc recasonsg virtuully no significant
lowering of the water table, caused by pumping overdraft
from rural water-supply wells, i{n likely to occur in the

forsacable future in Wesnt Africa.
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Pathogenic bacteria and/or parasites of human and/or
animal origin are not uncommonly introduced into open dug
wells in West Africa through ignorance or by accident.

Such pollutants, however, generally remain in the well
itself and/or its immediate vicinity. Pathogenic bacteria
and/or parasites introduced into a well do not normally
travel more than a few meters away from the well. Also
control of such pathogens can generally be effected by
simple chlorination of the well itself, although repetitive
treatment over a period of several days may be necessary
where wells are severely polluted.

To extract ground water for rural domestic consumption,
livestock and urban water supply there are essentially five
kinds of wells presently in use in West Africa. These include
(1) traditiunal dug wells, (2) odern dug wells, (3) larger
diamcter bored wells, (4) small or intermediate diameter
drilled wells (tubewells), and (5) large diameter tubewells.

Traditional open dug wells for village and livestock
water have been constructed in all of the gecologic terrains
of West Africa. These are dug by simple hand excavation
techniques using a pulley or windlasa with buckets and
hand lines for removal of soil and rock. Such wells have
been dug to depths of 50m or more. Many arec unlined and as
much as 5 to 10m in diamecter. They are subject to groans
pollutior. and occasionally have been known to cave in

endangering the lives of local herders or cultivatoras.
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Also because of inadequate penetration into the aquifer they
commonly fail in the dry season. There are still many
thousands of such wells in use in West Africa, but they

are gradually being supplanted by modern open dug wells

and drilled wells (tubewells).

The so-called modern open dug wells in West Africa are
essentially adaptions of French technology developed during
the late 1940s and 1950s (Reference C.) Also, the prevailing
rationale for the continuing construction of the modern

dug well has been the provision of relatively clean water

(as against a marigot or a traditional well) for basic

village use and a well from which water can be drawn by

bucket and hand line with minimum maintenance requirements.
Whereas most modern dug wells are adequately protected against
lateral percolation of polluted surface seepage around the

well curbing, pollutants including fecal matter and other

human and animal offal can be casily and directly introduced
into the top of the well from hand lines and buckets. Thus,
modern dug wells without covers provide only a partial solution
to the problem of sanitary water supply for small village
requirements. Modern dug wells provided with covers for
sanitary protection and equipped with hand pumps have been
placed in service locally in some countries of West Africa,

as for example Chad, Uppcr Volta and Toao. These installations
have not proved viable however, except where regqularly main
tained by concerned expatriate volunteer, charitable or

religious grouns,
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In the absence of maintenance the pumps break down, the
covers are broken or removed, and water continues to be
drawn by villagers by hand line and bucket.

The modern dug wells are mostly constructed by the
"trousse coupante" method. An excavated hole is first put
down as deeply as possible by village labor using hand tools
and some supplies provid:? by the spensoring agency.

Concrete rings 2.0 to 1.6m in diameter are placed in the
excavated hole above the water table reducing to 1.6 to

1.0m in perforated rings in the water-bearing zone. The
perforated section is generally gravel-packed to prevent

fine aquifer materials from entering the well. The lowermost
ring is provided with a sinking shoe and concrete rings

are poured in a mold and added at the top of the perforated
section as the well is deepened. Virtually all dug wells
require one or more deepenings after initial construction
before a viable water supply can be assured through the

dry season. The government agencies in West Africa involved
in rural water supply development using modern dug wells
virtually all employ considerable mechanized equipment,
including derricks, air compressors, jack hammers, cxplosives,
and sinking pumps. In addition to the government agencies
regularly concerncd, there are commonly many donor agencies
and PVOs involved in well construction projects in the West
African countries. For example, there are 20 such agencies

in Upper Volta and 11 in Togo. Although no accurate inventory
is available, it is estimated that there are probably 50,000

or more modern open dug wells now in operation in West Africa.
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In addition to the prevailing modern dug well, which
requires a large component of hand labor, mechanical boring
equipment is currently being used to construct large-diameter
(0.8 to 1.0m) wells for village water supply particularly
in the weathered mantle of Precambrian terrains. This method,
which has been used with some success in Ivory Coast, Togo
and Upper Volta, is limited to soft ground with some cohesion.
It is useful, however, for reconnaissance as well as production.
The laterite carapace of zone (a) can generally penetrated
with no problems. Also because of the rapidity of construction,
the fluid or soupy clay layers of zone (b) can be controlled
with the working casing, where not too thick. The method,
however, does not lend itself to penetration very far into
zone (d). Thus the effective depth of most wells constructed
by this method is about 25m. Three reconnaissance holes
or one production well can be constructed in one day. (A
moc.ern dug well may take as long as 2 months or ecven more to
complete.) The yields of large-diameter bored wells are
reported to be comparable to those of modern dug wells.

Small-diameter drilled wells (tubewells) egquipped with
hand pumps are increasingly being used in the West Africa
countries for village water supply. There are reported to
be more than 1,500 such wells in current use in Ghana, more
than 2,000 in Nigeria and more than 4,000 in Ivory Coast.

(All these village tubewell hand=pump projects are supported
by strong maintenance organizations financed and administered

by central, regional or state government agencies.)
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A minimum diameter of about 4% inches is requirea for
installation of a hand pump in a tubewell with a nominal
capacity of 1.5 m3/h. For a power pump the minimum diameter
is about 6 inches, which diameter permits drafts up to
about 12 m3/h. PVC is commonly used for shallow surface
casing in Precambrian terrain, but steel casing may be
required in deeper tubewells in the Paleozoic, Cretaceous-
Tertiary and Quaternary terrains. Also well screens and/or
gravel packed slotted pipe is required in unconsolidated
or semi-consolidated sand aquifers of the Cretaceous-
Tertiary and Quaternary terrains.

Until recent years most small-diameter tubewells
were put down by conventional rotary or percussion drilling
rigs. The rotary rigs operate quite satisfactorly, except
in hard rock. The conventional rotary rig is particularly
adapted to drilling conditions encountered in the alternating
soft sands and clays of the Cretaceous-Tertiary and Quaternary
terrains. A rotary drilled well about 50 meters decp is
reported to require about 2 to 3 days at two shifts per day
to complete in most soft rock terraing. Percussicn drilling
is well adapted to the Precambrian and Paleozcv.ic sedimentary
rock terrains, but progress may be slow if hard rock is
encountered. In softer rock a percussion drilled well 50m
deep can be completed in a week, but if hard rock is cncountered

the well may require a month or more to complete.
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The down-the-hole air hammer drill has been introduced into

West Africa in recent years. This drilling method is

particularly well suited to the Precambrian hard rock terrains,

because of the rapidity of penetration (20m or more per day)

and of the indications given of water productivity from the

fractures of zone (d). Although rotary and percussion drilling

rigs are still widely used in West Africa, the down-the-hole

air hammer rig is gaining increasing favor, as for example

ir a number of current rural water development projects in

Benin, Togo, Ghana and Ivory Coast.

Costs of Hand Pumps and Well Construction

Several types of hand pumps have been installed on

both dug and drilled wells in West Africa. None has

proved entirely satisfactory under conditions of heavy use

and lack of mezintenance. The importance of maintenance in

satisfactory pump operation is suggested in Table B-7:

Table B-7
Approx. No. Hand Approx. t Pumps
Pumps Installed on out of Order at
Country Drilled Wells Any One Time
Ivory Coast 4,000 10
Chana 2,500 15
Nigeria 3,000 10
Togo 500 50
Upper Volta 350 50
Chad 400 20
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As shown in this table Ivory Coast, Ghana and
Nigeria have established relatively effective national
maintenance programs which can deliver required service
at the villagc =2vel. Experience in Ivory Coast appears
to indicate that one technician with one fully equipped
maintenance unit is necessary to service 125 to 130 hand
pumps per year with about 90% efficiency. Some assistance
from local villagers is also required. On the other hand
in Upper Volta one service crew can maintain only about
100 pumps a year with 50% efficiency, because the pumps
are widely scattered and requisite spare parts are commonly
not available.

The types of hand pumps presently in use in West
Africa and tneir relative characteristics and costs are
shown in Table B-8 (reference D.) With the exception of
the Vergnet pump all others are of the reciprocating 1lift
type. The Vergnet pump which operates with a foot
pedal instead of a hand lever, has a number of advantages
for easc of installation, operation and repair. Slight
modifications in the diameter of the piston and the length
of the stroke also permit raising water from depths as
great as 65m, Most other pumps in common use in West

Africa are limited to 1ifts of about 40m,
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Max. Max. Approx.
lift Yield Cost
Make Type (m.) (m 3/h) (Us §)
Abi M, MR 40 1.0 580 3/
Bodin Majestic 30-35 1.0 660 2/
Brian Africa (100 (0.3 2,990
( 40 (0.9
Dempster 30-35 1.2 415 &/
Godwin W1HS1 (100 (0.4 a/
W1H54 ( 40 (1.3 1,450 =
Uganda ( 60 (0.4 ?
( 50 (0.6
( 25 (0.9
Vergnet 4C 65 0.6 a/
4A 10 1.7 744 ~
AID/
Battelle 65 0.3 - 150
Moyno 100 0.3 450

Another type of hand pump-cum-well has been developed in
Chad through the joint eftorts of U.S. AID and the Peace
Corps. The 2 inch well casing serves also as the pump column.
The wells range from 15 to 30m deep with water levels 10 to
25m below land surface. The Tysen well, as the ccmbined
pump-cum-well is called, including the casing, screen and
pump, costs only $1,500 installed. Maintenance is estimated
at $100 per year. There are some 200 such wells currently in
operation in Chad maintained by the government with Pecace

Corps assistance.

a/ Delivered in Upper Volta
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Most of the modern open dug wells in West Africa, which
have been c 'nstructed by government agencies and/or through
the auspices of their international supporting donors
during the past 15 years have employed imported mechanical
equipment (that is, derricks, steel cable, winches, air
compressors, jack hammers, sinking pumps, etc.) as well ®s
imported materials (that is, explosives, cement and rein-
forcing steel, etc.) in their construction. When overhead
and the amortization of such equipment and material costs
are included with costs for local materials, transport and
some skilled labor, the gross costs of modern dug wells in
West Africa are markedly higher (perhaps 3 to 4 times)
than the costs of so-called traditional dug wells put down
exclusively by hand labor.

The costs for a conventional modern dug well of the
ty; * put down in the Precambrian and Paleozoic terrains of
West Africa are presently estimated to lie¢e in the ranges

shown in Table B-9,

Table B-9
Range in Cosat per Average Cost
Linear Moter of Well per linear Meter
Chad $ 275-395 S I
Ivory Coast 200-350 250
Upper Volta 205-310 27%
Togo J00~800 00

Overall in Franco-
phone West Africa 200-700 350
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Table B-1ll

Range in Cost per Average Cost per

Linear Meter of Well Linear Meter
Chad $150-250 $200
Ivory Coast 175-2175 225
Upper Volta 100-200 150
Togo 200-300 250
Overall in Franco-
phone West Africa 100-350 225

The costs in Ivory Coast and Togo are somewhat higher
because of the down-the-hole air hammer drill is now being
increasingly used for construction of small diameter tube-
wells., In Chad and Upper Volta such tubewells are more
commonly constructed by the rotary and percussion methods.

The rcelative costs of an average small-diumeter tube-

well of about 35m would be in the ranges shown in Table B-12.

Table B-12
Range in Cost Average Cos

Per Well Per Welld
Chad $ 5,250-8,750 $7,000
Ivory Coast 6,125-9,625 7,875
Upper Volta },500~-7,000 5,250
Togo 7,000-10,500 8,750
Overall i{n Franco-
phone Went Africa

3,500-12,250 7,875

By e e

8/ Witlout hand pump.
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In addition to the drilling method, costs depend on
the type of casing used (PVC is cheaper than steel casing),
the type of screen (wire-wrapped screens are much more
costly than gravel-packed slotted pipe), the availability
of supplies and drilling equipment, transport, labor and
local overhead.

The costs for'larger diameter (10-12 inch) drilled
wells that would be equipped with a power pump with a
nominal yield of 50 m3/h or more are in the range of $700
per linear meter or $42,000 for a 60m tubewell. Wells of
such capacity are suited, of course, chiefly to serve
towns of 5,000 persons or more that are located in favorable
Cretaceous-Tertiary and Quaternary terrains.

The depth of penetration into one or more aquifers is
an important element in the cost of a well. With a dug well
the cost increases with depth, whereas much of the cost of
a drilled well is in fixed charges so that with increased
depths costs are not incremental. Alco per m3/h of water
obtained a drilled well is cheaper than an open well. The
chief advantage of a dug well is in the use of some local
labor and materials. Nevertheless, about 50% of the gross
cost of a modern open dug well lies in the use of imported
materials and cquipment (including its amorti=zation) for
itns construction (Reference C.) About 80% of the gross
cost of a drilled well (tubewell) lies in the use of imported
materials and equipment (including its amortization) for

ite conatruction (Reference A.)
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opportunities and Constraints in Rural Water Supply Development

The chief advantages of a drilled well over a dug well
are (1) rapidity of construction, (2) ease of emplacement,
(3) greater ease of sanitary protection, (4) lower cost per
m3/h of water that can be obtained, and (5) greater permanence
and dependability of the water supply (reference A). The only
real problem is the need for a hand or power pump for water
extraction from a drilled well. To operate satisfactorily
pumps must be maintained. Effective maintenance demands
trained service crews provided with adequate parts, supplies
and transport for pump repair and/or replacement as well as
effective support from national and regional organizations
concerned with administration of maintenance programs. If
any one of its escential parts fails to function properly,

a maintenance program rapidly becomes ineffective. There are
today virtually no hand or power pump maintenance programs

in the West Africa countries which are 1008 effective. There
are, however, a number of promising programs underway,
notably in Ivory Coast, Ghana and Nigeria. They are badly
needed elsewhere.

In view of the well-known constraints of open dug
wells versus drilled wells and the pump maintenance problem,
there may be possibilities for gravity water development for
village water supply in some parts of West Africa. One
possibility is the spring captation, which could doubtless

be much more widely utilized in relacsve well watered hilly



3-28

areas as for example in the highlands of western Guinea,
southwestern Mali and southeastern Volta; in the Atacorian
Hills of Togo and Benin; in the Cameroon higl:lands of Nigeria
and Cameroon; in the Adamawa Hills of Cameroon; and in the
hilly areas of eastern and southern Chad. By constructing
sanitarily protected captations or collecting boxes over
spring heads unpolluted water can be delivered by gravity
pipe line to village fountains on lower ground. Before such
a spring captation program could be undertaken, detailed
national inventories of potentially developable springs with
the village populations to be served would have to be made
together with estimates of the costs of development.

Another alternative to full dependence for village
water supply on open dug wells is more extensive use of
rainwater collection in covered cisterns, whizh are now
used to a limited extent in the tropical forest and Guinea
gavanna zones wnhere annual rainfall exceeds 1,000mm.
Collection of water from roof tops, particularly wvhere
these arc of corrugated iron, is one possibility. 1If the
cisterns arec constructed on or above ground level the water
could be drawn off by relatively sanitary taps rather than the
alternative of unsanitary dipping with hand lines and buckets.
Such ciasterns could be bui:rt of mortar and brick or blocks
of laterite, which is widely available in West Africa, and

lined with neat cement for impermeabilizing.
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Still another alternative is to select uncultivated
rocky knobs or hillocks, of which there are many in the
Precambrian and Paleozoic terrains, and to develop these
as rainwater harvesting areas. Ideally such areas should
be protected from trespass by man and animals to reduce
the pollution hazards. Rainfall runoff from rocky slopes
could be diverted by low pitched rock dikes on the contours
into collecting channels and thence led down slopes into
one of more covered cisterns. Before embarking on any
large-scale rainwater harvesting projects it would first
be desirable to undertake feasibility studies including
identification of potential sites or arcas, potential
water yields from such arcas and approximate costs. To
improve sanitary quality the collected rainwater could be
chlorinated in the cistern or passed through simple sand
filters before delivery into the ciste - ns (reference EL)

Other alternatives ©ay also exist in dama and reservoirs
for storage of the gurfa.. runoff of strecams, and alsgo
collection of the underflow by mecans of infiltration
galleries from permeable deposits of sand and/or gravel
near stream channcls In favorable topographic situations
su~h water might be delivered by gravity pipe line to
points of use. It is likely, however, that in most places
pumping would be required.  Also such supplien would require
trecatment before dintribution, if nanitary quality s to
be assured, and treatment facilitien would have to be main-

tained {f they are to operate effoctively.
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Such facilities are unlikely to be cost effective for dispersed
village water supplies. They might, however, be considered
for larger agglomeratious of villages in more densely

settled areas of West Africa.
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9.0 GLOSSARY

Precambrian Terrain:

Hard igneous and metamorphic rocks more than 600 million
years old. Ground water occurs mainly in a superficial
weathered layer (mantle) developed on these rocks

and in an underlying fractured zone. Little or no
ground water generally occurs in these rocks at depths
greater than 100m. Poor aquifers - but supply enough
water to sustain village wells.

Paleozoic Terrain:

Consolidated bedded sedimre:ntary rocks from 350 to 600
million years old. Ground occurs chiefly in the
bedding planes and in secondary joint systems in these
rocks. Little or no ground water generally occurs

in these rocks at depths greater than about 250m.
Mediocre to poor aquifers - but provide enough water
to sustain village wells.

Cretaceous - Tertiary Terrain:

Semi-consolidated bedded sedimentary rocks from 130
to 150 million years old. Contains good to excellent
aquifers, chiefly in sands and soft sandstones at
depths which may range from 20 to 400m below land
surface. Contains the most extensive and productive
aquifer systems in West Africa.

Quaternary Terrain:

Unconsolidated sedimentary deposits less than 2
million years old. The sandy layers form good to
excellent aquifers in some parts of West Africa
at depths which may range from 10 to 150m below
land surface.
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1.0 INTRODUCTION

In West Africa the local mission project designers, knowing
exactly the areas to be worked in and the subsurface character-
istics of the area, must reach a tradeoff between drilling
efficiency, cost of rig and suppnrt equipment, logistical
support requirements, and attempts to stimulate local "cottage
industries" to produce low cost, low maintenance drilling
rigs and spare parts. USMLID could opt to produce a large
quantity of quality, expensive wells using sophisticated
imported equipment, or to stimulate the developmernt of a
well "drilling” industry by introducing low cost, low maintenance
*drilling” equipment appropriate to the arcas being drilled in,
using local manufacture of the rig and spare parts. A
component of the scecond alternative would be a local competency-
based drilling training program for local people interested
in starting their own grass-roots family drilling company
to drill wells in a small arca of the countryside near their
present hote (or even forming a myriad of intincrant type
drilling concerns.,)

The National wWater Well Association in Columbus, Ohio
ghould he able to aive USAID apecific project designers a clear
cut analysis of alternatives and approaches to local cquipment
manufactuling and appropriate training programa,

1f hand dug wells ate appropriate to an area, then
considerably less corplex dewatering putipt, compressorn and
jack-tiariuern could be ured for deepening the woll afteoer it has

reached the ground water level, land duy wells can be nanitarily
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sealed and operated as efficiently as drilled wells, with
the added benefit of allowing access to the water through
a man-hole if the hand pump breaks down. The lack of access
to the water in a small diameter drilled well when the pump
breaks down is a serious problem for a village which has

become dependent on a recently installed well with hand pump.

2.0 Well Drilling Methods

2.1 Simple Approaches

There are simple methods of making water wells . These
methods can be used with very little equipment, in most cases,
but can only be used is soft clay, silt, sand or otherwise
unconsolidated formations. If there are boulders or hard
rock formations, there is little or no chance that most of
these methods will work. They, in all cases are slow but
can make small (6-8") diameter bore wells to depths of up
to 250 feet. These methods are best described in AID's
"small wells manual" quoted here with personal observctions
added.

The term "well drilling methods" 1is being used here to
include all mcthods used in creating holes in the ground for
well construction purposes. The limitations on well diameter
(8 inches and less) exclude the dug well from consideration.
The sections that follow describe the bored and driven, the

percussion, hydraulic rotary and jet drilled wells.
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2.11 Boring
Boring of small diameter wells is commonly undertaken

with hand-turned earth augers, though power-operated augers are
sometimes used. Two common types of hand augers are shown in

Figure 5.1. They each consist of a shaft with wooden handle

R

t_—____—_-

£ == )

—
-

—
©r= j{l’ 2

Fig 5.1 HAND AUGERS. (Fiom Fig €, Wells, Department of the Army Technical
Manus! TMS-297, 1957)

at the top and a bit with curved blades at the bottom. The
blades are usually of the fixed type, but augers with blades
that are adaptable to different diameters are also available.
Shafts are usually made up of 5-ft scctions with easy latching
couplings.

The hole is started by forcing the blades of the bit
into the s50il with a turning motion. Turning is continued
until the auger bit is full of material. The auger is then
lifted from the hold, emptied and returned to use. Shaft
extensions arce added as needed to bore to the desired depth.
Wells shallower than 15 ft ordinarily requirce no other cquip-
inent than the auger. Decper wells, however, require the
use of a light tripod with a pullcy at the top, or a rained
platform, so that the auger shaft can be inserted and removed

from the hole without dinconnccting all nhaft nections.
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The spiral auger shown in Fugure 5.2 is used in place
of the normal cutting bit to remove stones enc antered during
boring operations. When turned in a clockwise direction,
the spiral twists around a stone 8O that it can be lifted to
the surface.

The method is used in boring to cepths of about 50 ft.
in clay, silt and sand formations not subject to caving. Boring
in caving formations may be done by lowering casing to the
bottom of the hole and boring ahead little by little while

forcing the casing down.

y § AN

‘J
'i{

U

=g
=
D

iﬂ m

Fig 3.3 SPIRALAUCER
This method of boring with a hand auger in moat likely

tho second cheapent way to make a nnall production, shallow

well. 1In Went Africa there are places where the water table
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is shallow enough to use this method. One well trained

man, with some augers and hand tools, going from village

to village, where wells are needed, and with the people

of the village doing the work, could make a well every week
to two weeks. The augers #nd tools would not cost over
$1,000.00. He would also need logistics to carry hand pumps,
pump pipes, and 5-6 sacks of cement, gravel and sand to

make a base for the hand pump.

2.12 Driving

Driven wells are constructed by driving into the ground
a well point fitted to the lower cnd of tightly connected
sections of galvanized iron pipe. The well point must be
sunk to some depth within the ayuifer and below the water
table. The riser pipe above the well point functions as
the well casing.

Equipment used includes a drive hammer, drive cap to
protect the top end of the riser pire during driving, tripod,
pulley and strong rope with or without a winch. A light
drilling rig may be used instead of the tripod assembly.

Well points crn be driven cither by hand methods or with the
aid of machinen. Figure 5.3 shows the ascembly for a purely
hand-driven method. The drive-block ansemblies commnonly
operated by a drilling rig or by hand with the aid of a tripod

and tackle are shown, in Figure 5.4,
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Fig 5.3 SIMPLE TOOL FOR DRIV.
ING WELL POINTS TO
DEPTHS OF 15 TO JOFT.

Whatever the method of driving, a starting hole is
first made by boring or digging to a depth of about 2 feet
or more. As driving is generally easier in a saturated
formation, the starting hole should be made dcep enough
to penetrate the water table if the latter is sufficiently
shallow. The starting hole should be vertical and slightly
larger in diameter than the well point. The well point
{s inserted into this hole and driven to the desired depth,
5-ft lengths of riser pipe being added as necessary. Pipe
couplings should have recesscd erds and tapcred threads

to provide stronger conncctions than ordinary plumbing



couplings. The pipe and coupling threads should be coated
with pipe thread compound to provide air-tight joints.
The well-point assembly should be guided as vertically
as possible and the driving tool, when suspended, should
be hung directly over the center of the well. The weight
of the driving tool may range from 75 to 300 pounds.
Heavier tools require the use of a power hoist or light
drilling rig. The spudding action of a cable-tool
drilling machine is well suited for rapid well point
driving. Slack joints should be periodically tightened
by turning the pipe lightly with a wrench. Violent
twisting of the pipe makes driving no easier and can
result in damage to the well point. This must, therefore,
be avoided.

priven wells can be installed only in unconsolidated
formations relatively frec of cobbles and boulders. Hand
driving can be undertaken to depths up to about 30 feet;

machine driving can achieve depths of 50 feet and greater.

'

2“’1 {‘1 r‘r"!r

‘v' ‘5’1
W‘u W
Mg 3.4 DRIVE RLOCK ASLEMNLIES

FOR DRIVING L
POINTS, wiLL
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The cost for doing this type of well would depend on what
type of tools were to be used in driving the well point and
pump pipe to its desired depth. All tools could be fabricated
from a local machine and welding shop and the hand tools
could be bought from the local shops. Until hand pumps can be
made in a country, the pump parts and screen well point would
come from AID at a cost of under $500.00 per well. Again, a
man would have to be trained and supplied with logistics to
move the pipe, driver and transport cement, gravel and sand

for the sanitary upper structure.

2.13 Jetting
The jetting method of well drilling uses the force

of a high velocity stream or jet to cut a hole into the
ground. The jet of fluid loosens the subsurface materials
and transports them upward and out of the hole. The rate
of cutting can be improved with the use of a drill bit
(Figure 5.5) which can be rotated as well as moved in an
up-and-down chopping manner.

The fluid circulation system is similar to that of
conventional rotary drilling described later in this chapter.
Indecd the equipment can be identical with that used for
rotary drilling, with the exception of the drill bit. Simple
equipment for jet drilling is shown in Figurc 5.6. A tripod
made of 2-inch galvanized iron pipe is used to suspend the
galvanized iron drill pipe and the bit by means of a U-hook

(at the apex of the tripod), single-pulley black and manila rope.

A pump having a capacity of approximately 150 gallons per minute
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at a pressure of 50 -0 70 pounds per square inch is used

to force the drilling fluid through suitable hose and a
small swivel on through the drill pipe and bit. The fluid,
on emerging from the drilled hole, travels in a narrow
ditch to a settling pit where the drilled materials (cut-
tings) settle out and then to a storage pit where it is
again picked up by the pump and recirculated. The im-
portant features of settling and storage pits are described
in the later section of this chapter dealing with hydraulic
rotary drilling. A piston-type reciprocating pump would
be preferred to a centrifugal one because of the greater
maintenance required by the latter as a result of leaking

seals and worn impellers and other moving parts.

Fig 5.5 BITS FOR JLT DRILLING.
(Liom Fag 17, Welli. Depan.
ment of the Avmy Technica)
Manuad TM$-292,1987)

The spudding percussjon action can be imparted to the
bit either by mecans of a hoist or by workmen alternately
pulling and quickly releasing the free end of the manila
rope on the other side of the block from the swivel. This
may be done while other workmen rotate the drill pipe.

The drilling fluid may be and is very often plain water.
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Depths of the order of S0 feet may be achieved in sone
formations using water Aas drilling fluid without undue
caving. When caving does occur, then a drilling mud
as described in the later section on hydraulic rotary
drilling should be uscd.

The jetting method is particularly successful in
sandy formations. Under these conditions a high rate of

penetrati’ 1 is achieved. Hard clays and boulders 4o

present problems.

Ny 34 B1unt LQUIPHEINT FOR BT OB BOTARY Rt L eg

llere again you must train a man or men to 4o this type
of arilling. The tripod, pulley, rope and drill pipe can
be fabricated froum material purchased from the local

markets., The pumps (contrifugal) with suction hose, strainer
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through the check valve and into the drill pipe on the
down stroke, trapping it as the valve closes on the up
stroke. Continuous reciprocating motion produces a
pumping action, lifting the fluid and cuttings to the
top of the drill pipe where they are Aischarged into a
settling tank. The cycle of circulation is then com-
plete. Casing is usually driven as drilling proceeds.

The method uses a minimum of equipment and provides
accurate samplues of formations penetrated. It is well
suited for use in clay and sand formations that are
relatively free of cobbles or boulders.

2.15 SLUDGER

The sludger method is the name given to a forerunner
of the hydraulic percussion method described in the pre-
vious section. It is accomplished entirely with hand
tools, makes use of locally available materials, such as
bamboc for scaffolding, and is particularly suited to use
in inaccessible arcas where labor is plentiful and cheap.
The first description of the method is believed to have
come from Fast Pakistan where it has been uscd extensively.

1n the sludger method, ac used in East Pakistan,
scaffolding is erccted as shown in Figure 5.7. The
reciprocating, up-and-down motion of the drill pipe is
provided by moans of the manually operated bamboo lever
to which the drill pipe is fastoned with a chain. A

sharjoned coupling is used as a bit at the lowor end
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Fig. 8.7 BAMBOO SCAl} O DING,
PIVOT AND LEVER USED
INDRHLLING BY 1L SLUD-
GLR METHOD. (Fgom et
fing Small Tubewueth by
Hand.” Water Supphy and San
lativn an Deieloping Coun
tnes. ALD UNCESED Jrem
No 15, June 1967 )

of the drill pipe. The man shown seated on the scaffolding
uses his hand to perform the functions of the check valve
28 used in the hydraulic percussion method, though, in
this case at the top instead of the bottom o! the drill
pipe. A pit, approximately 3 feet nquare and 2 feet deep,
around the drill pipe, is filled vith water which enters
the borehole as drilling progresses. On the upstroke of
the drill froe its top end is covered by the hand. The
hand is removed on the downstroke (Figure 5.8), thus
allowing some of the fluid and cuttings gucked into the
bottom of the drill pipe to risec and overflow. Con-
tinuous repitition of the process causes the jpenctration
of the dril) pipe into the formatfon and creates a similar

pumping action to that of the hydraulic poi ‘apion method,
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2 - Machine shops fully egquipped so that parts can be made
as needed for drill rigs: maintenance shop , welding shop,
and pump repair shop. Shops will have an advisor giving
on-the-job training as appropriate.

3 - Welding shop will work in conjunction with all other shops
and rigs carrying out all types of welding, cutting,
retipping used drill bits (to save cost of new bits),
body work on all mobile equipment and general repair on
all equipment; will have shop advisor giving on-the-job
training.

4 - Pump repair shops that will have capacity to repair or
rebuild pumps being used. Shop will have a crew that
will travel to where pumps are to be repaired and repair
same, and a shop advisor giving on-the-job training as
appropriate.

5 - Logistics and warchousing which will be in a large 90' x
150°' warchousc with at least 300' x 300' storage yard.
Logistics will purchase all spare parts, pumps, casing,
gcreens and keep records on all equipment that comes in
or goes out. Warchousing will store, by bin, and numbers
all spare parts, all new equipment and all casing and
gcreens which will be issued out by logistics. An advisor

will net up the system as he gives on the job training.

2.216 Q_{'_j_lyllng Operat 1()1)3-.‘
Each rigq should be able to drill 100 wells, 90' to 100"

docp, per year i{f vach rig has an advisor assigned to it for
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not less than two years. 1If 1,000 drilled wells are needed
per year, then at least 10 drilling rigs would be needed, Each
advisor will be training a counterpart to take over his job

at the end of two or three years. If the drilling rigs

are not operating too far apart, one advisor could watch
after 2 to 3 rigs without too much trouble after the first 2
year training period is over. Thare should also be a chief
well drilling advisor to handle administrative and logistics
management and give technical assistance where nceded. The
chief well drilling advisor could be needed for the period

of the program. He would also be training a counterpart to
take over his job as soon as enough training had been absorbed.

Support eguipment for drilling rigs and the ri s themselves,
should last for 5 year service, if advisor has been successful
in teaching good preventive maintenance. The engines on all
this eguipment would probably have to be rebuilt cvery two
years. All pickups in the field should be replaced every
two to threc years.

Spare partc for drilling rigs and support cquipment should
not be less than 35% of the total cost of all equipment for
first yecar and 25% cach ycar thercafter. These sparce parts
should be selected by the well drilling advisor in conjunction

with the company who buiit the equipment.

Estimatecu Costn

To cstimate the cost of a drilling rig and all gupport

equipment such as the one described in this report, with spare
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parts, visits would be needed to some of the companies which
are building water well drilling rigs such as Gardner Denver,
Failing or Mobile Drilling Company to explain what is needed
so that interested companies can provide cost estimates. A
rough estimate of c>st would be about $350,000 per unit for
the first year's ouclay. This estimate does not include pumps
of any kind and it does not include the supporting facilities
such as maintenance shop, welding shop, machine shop, pump
shop or logistics and warehousing.

The cost of these supporting facilities roughly estimated
is as follows.
A. A maintenance shop vith an estimated under-roof of 3,500
sg. ft. with tools, lub-ication racks, gasoline pumps and
battery shop, approx. $100,000.
B. Machine shop with an estimated 2,000 sq. ft. under.recof
floor space $350,000 (and this may be very low) .
C. Welding shop with 1,500 sq. ft. of roofed floor-space, a
600 AMP clectric welder, 2 - 350 AMP electric welders, two
gas welding units, a “steel 40 x 8' » 2" welding table and
needed tools approximately $75,000.
D. Pump shop with 1,500 so. ft. of roofed space, work benches
with vises and all necessary tools to work on all types of
pumps, $50,000.
E. Logistic warchouse and outside storage. Warehouse $50,000
with office and shelving for spare parts and new equipment,
Outeide pipe racks for groring of caning and screens aLec)
and PVC §20,000.

Total cost of supporting facilitfee would be £645,000.00,
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1t is possible, in some of the West Africa countries,

that the incountry agency, to which a rural water program will
be assigned, will have some of the supporting facilities listed
here. They probably will have to have some tooling to bring
them up to a standard where they can operate efficiently.
It should also be understood that these supporting facilities
1isted are not, in total, essential to a rural water program
but is the ideal support and on the job training program that
is complete from top to bottom.

In any casc these support facilities would be tooled to
support the amount of drilling rigs in the program or the amount
of water wells to be drilled during the life of the program.
1f a program is set at 1 to 3 drilling rigs which will drill
100 to 300 water wells a year then the support facilities could
most likely be a small building and storagc yard. All depends
on how much training and how many waier wells the program calls
for cach ycar.

Break down of rotary mud-and-air circulation drilliny rig
with down=the-hole cADADILlIty = unit cost

Drilling Rig - with air compressor $110,000.00
Tooling for rig to drill 360' in depth. Drill

stoms, drill collar, gub's & bits for 1 year. 60,000.00
Water truck 1,000 gal. cap. 50,000.00
welder 350 amp. 5,000.00
Pickup 1/2 ton 4 wheol drive 12,000.00
House trafler 25,000.00
prilling mud PVC casing & B8 screon-l rig 50,000.00

for 1 year.
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Spare parts 35% of cost of rig $ 38,500.00

Total Cost® $350,500.00

2.22 Percussion Equipment

Percussion type water well drilling rigs can be taken
into consideration but it would mean fewer water wells drilled
in a years time. A rough estimate wouid be: for every 3 water
wells drilled by rotary rig you could only drill 1 water well
by percussion drilling rig. If you are in hard rock formation
it would drop lower. The cost of the percussion drilling rig
and support equipment is less than for a rotary rig.

You would have the same supporting facilities for percussion
rigs as those recommended for the rotary drilling rig. A
breakdown of costs of a percussion drilling rig and its support

equipment is as follows:

Breakdown of percussion drilling rig unit costs:

Drilling riqg - percussion $85,000.00
Tooling for rig 25,000.00
Water truck 50,000.00
Welding machine 5,000.00
Pickup 1/2 ton 4 wheel drive 12,000.00
House trailer 25,000.00
Steel casing and ss Screens for 1 year 20,000.00
Sparc parts 35¢ total cost of rig 30,000.00

TOTAL COST $252,000.00

3.0 Hand Dug Wwclls

Hand dug wellp are less costly per foot but it taken three
weeks to six months to dig one well depending on depth and
nubnurface conditions., Even §f villagern are doing most of
the work, you should have dewatering pumps, use jackhamners
and run afrcomprennsors in order to get through hard formations

sPrefght cont from factory to neatest port in Went Africa will

run 128 to 15 of total cont of any drilling riqg or support
equipmont. and must be added to above cowst.
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needed to have an adequate perennial supply of water. Even

if hard formations are not encountered you should have a

pump for dewatering the well, while workmen dig to a sufficient
depth to ensure that the well will have at least 10 meters of
water in it. 1In some parts of West Africa, the water table

has been known to drop as much as 15 meters during the dry
season; however this is on an extreme with normal drops of

3-8 meters being most common.

Training

Whichever way water wells are to be produced, a large
rural water training program is ncede! in West Africa. If
either rotary or percussion drilling rigs are to be used,
it would be advantageous to make a packaqe deal by purchasing
all drilling and support equipment from a company that could
also furnish personnel to do all inttial equipnent training.
while trying to obtain costs for drilling equipinent, such a
company wat found: Foehring lnternational Marketing, 200
Excecutive Drive, Brookfield, Wisconsin 53005, Yoehring is the
builder of Speedstar drilling rige.  The national Water Well
Aassociation of Columbus, Ohio could alsc be looked to
field conjrehennive field tralning programns and provide
experienced on-the=-job trainers of all types of ground water

technology equiptent,
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A second rural water supply project to continue the above

project is under consideration for AID financing as follows:

Personnel S
Commodities

Other Costs

Inflation

Contingency and

Research

234,000
1,854,000
336,000
485,000

250,000

$ 3,159,000

Est. cost per capita

Capital and maintenance =
$21.10

2.3 Population with Adequate Water Supply and Sanitary

Excreta Disposal Services

Tabulated below are the population estimates for

1970 and UN Population Projections (revised March 1975) for

1975 and 1985.

Population (Millions) 5/

11%
B9\

1970
URBAN 0.41
RURAL J.23
TOTAL J.64

100%

1975 1985

0.56 14% 1.00 30%
J.46 B6© 4.00 80
4.02 100¢ 5.00 100%

8/ Appraisal of a Rural Projects Fund, CHAD, World Bank, Oct. 27, 1976



PERCENTAGE OF POPULATION SERVFD 6/

ADEQUATE WATER SUPPLY SERVICES

URBAN RURAL TOTAL
HOUSE PUBLIC EASY
CONNECTIONS FOUNTAINS TOTAL ACCESS
1970 7 40 47 24 27
1975 7 36 43 23 26

SANITARY EXCRETA SERVICES

URBAN RURAL TOTAL
PUBLIC PIT PRIVIES TOTAL PIT PRIVIES
SEWERAGE SEPTIC
- _SYSTLMS TANKS
1970 1 28 7 1
4 24 9 1 1

3.0 FUTURE PLANS

3.11 There is no ecvidence of a long range program to
meet the country-wide rural nceds in environmental sanitation.
Sporadic programns in the past and those under consideration at the
present time are ad hoc attempts to provide some community water
supply facilities in the more hcavily populated areas. No attempt
is being made to face up to the excreta disposal problem in cither
rural or urban areas, where the situation is particularly acute.
Present plars make very little use of community participation, but

do involve a limited amount of health education by MPH personnel.

6/ Morld Health Gtatistica Keport, Vol. 29, No. 10, 1976.



3.12 1In addition to a fzw comparatively small rural water
supply programs being carried out by the Ministry of Agriculture
and some PVO's as part of other programs, there are the World Bank
project mentioned above and the proposed AID/GOC/PC rural water
supply program now under consideration by AID. Neither of these
programs contains sanitation or health education elements, nor do
they involve more than token community participation which should
be essential parts of any rural water supply and sanitation program,

3.13 The recently approved World Bank project includes
among other elements the following to be carried out by SERARHY:

3.13-1. The rehabilitation of a pastoral wells
network (over 300 lined open wells) in the Batha prefecture in
the Sahelian zone.

3.13-2. The establishment and initial operation of
a tubewell drilling (similar to the AID/PC prrngram) and open well
maintenance unit to serve villages in threc yra.ectures in the Cotton
Zone, including the rehabilitation of about 146 lined wells and the
installation of aboul. 110 tubewells to be operated by foot pumps
(the PC wclls use the hand operated Tysen-type pump).

3.14 The proposed AID/GOC/PC rural water supply project
to be carried out by FDAR/PC as a continuation of the present AID/
GOC/PC sanitary wells project {ncluden:

J.14-1. The installation of 500 drilled wells in
villages which have a minimum of 300 inhabitants.

J.14-2. PRewvearch on the geologic conditions in some
arcas included in the proposed project, vhich are ansumed to

differ from the idnal conditions found for the present
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project area. Some geologic structures found in the present project
are known, however to extend into the proposed work area. This
research will indicate procedures and equipment required for

the geological conditions explored.

3:14-3. The full maintenance of these wells during
the life time of the project.

3.14-4. Training for a Chadian in administration and
coordination of all activities related to the drilling and
maintenance of wells, plus on the job training for 12 Chadians for
the installation and maintenance of small tube wells.

3.14-5. Installation of two fully equipped workshop-
warehouses required for the wells program and for the maintenance
of the wells during and after the proposed project with necessary
tools and a five-year supply of commodities and replacement parts.

3.14-6. At the end of the project all vechicles
needed for the continuation of the maintenance of the wells will be
left in good condition at the workshop - warehouses.

3.14-7. GOC has expressed its intention to budget
funds for the operation ol these vehicles and to assume the maintenance
of the 500 wells to be installed under the program. GOC is already
budgeting for maintenance of wells installed in the SARH region.

4.0 VILLAGE WATER LUPPLY

4.1. Hydrogeologic fetting: In the Republic of Chad south

of 17°N. lat. ground water occurs chiefly in three major groups or

xinds of rocks, each of which requires an appropriate technology



for cost-effective development of rural water supply. A large

part of the country is directly underlain by Precambrian igneous
and metamorphic rocks, chiefly in the prefectures of Biltine,
Ouaddai, southern Batha, Guera, northern Salamat, southwestern

East and West lLogone, and western Mayo Kebi. Tertiary sedimentary
rocks, the so-called Continental Terminal, are present near the
surface at moderate depth in virtually all the western and southern
parts of the country. Tertiary sedimentary rocks lie at or necar
the surface in the prefectures of southern and central Salamat,
most of Mayo Kebi, all of Tandjile, the central and northern parts
of the Logones, eastern and southern Chari Baguirmi and east-central
Batha. Quaternary deposits underlice the surface of virtually all
the central part of the Lake Chad Basin, including the prefectures
of Chari-Baguirmi, Lac and Kanem. (A)*

Among the three rock groups, the Precambrian terrain presents
the most difficult technical problems with respect to development
of potable water supplies for human use. The methods that must be
adopted in the search and recovery of potable ground-water supplies
in these terrains are often costly with a substantial risk of
failure or only qualified success, in obtaining even minimal supplies
The most readily available ground water in the Precambriarn terrain
occurs chiefly in surficial mantles of deeply weathered rock, which
in places in the lowlands of eantern CHad attain thicknesaes of
as much as 30 to 50m, but generally are less than 10-15m thick {n
the uplands and mountainas. These weathered rock mantlies form
important ground-water reservoiras which are tapped by more than
1,000 large-diameter open wells 30 to 70m deep in the central and

castern prefectures of Chad. Thene wells located monatly in the

* (A) -- (B) -- (D) etc., refer to footnctes at end of section,



prefectures of Ouaddai, Biltina and Batha tap water in the
shallow alluvium of the wadis and/or in the deeper weathered
rock. (D)

The dug wells in the Precambrian terrain are vulnerable to
lack of recharge during dry cycles owing to the relatively low
storage capacity of the weathered rock. For example, many
existing open wells, constructed during the 1960's in the Precambrian
terrain, went dry during the Sahelian drought of 1968-1973 and have
not yet fully recovered. (D) Currently, some open wells are being
deepened to tap whatever remaining storage capacity may exist in
the weathered mantle at greater depth. Everywhere underlying the
weathered mantle, however, is only hard, dense rock in which ground
water occurs entirely in discontinuous fracture systema, (D)
Presently, plans are being made by SERARHY to explore these fracture
systems by deeper drilling to 100m or more using down-the-hole
(air harmer) drilling rigs. Based on the results of this exploration,
decisions will have to be made with respect to whether to continue
with construction of deep and expensive open wells or to {nitiate
a new proqram of well construction waing intermediate diameter
deep tubewells in the Precasbrian hard rock terrain. (D)

The Tertiary sedimentary rocka mostly comprice semiconsolidated,
interbedded clay and sand with occasional thin hard ferruginous
layers (laterite). The Tertiary sediments attain a thickness of
several hundred metern or more in western and douthern Chad. (d)

The sandy strata are cammonly quite permeable and yield water to
wells at depthe which may range from 10 to 40 meters to 100m or

more below the land surface. (B) These sand aquifers yenerally have
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a lenticular shape and consequently are highly variable both

in thickness and areal extent. Commonly, sand aquifers at

depths of about 10 to 40m intercalated with clay will yield
enough water on a continuing basis to sustain a small diameter
village well, that is, about 0.5 to 1.0 1/sec. Deeper aquifers
in the Tertiary scdiments are generally more productive. For
example, 12 large-diameter (12 to 8 inches) tubewclls were puz
down by SERARHY with UNDP assistance in Chari-Baguirmi prefecture,
These wells which are 40 to 150m deep develop individual yields
ranging from 2.8 to 8.3 1l/sec. (A), (B), (D).

In Moyen Chari prefecture 60 small diameter (2 inches) village
wells have already been successfully completed by the FDAR with
Peace Corps assistance in Tertiary sand aquifers at depths ranging
from 15 to 30m and with water levels 10 to 25m below the land
surface, Virtually all these wells could potentially sustain
withdrawals of 0.5 to 1.0 1l/secc (L) but are now pumped at rates
of about 0.25 to 0.3 l/pec with presently installed hand pumps,
Excellent possibilities exint for putting down village wells with
comparable depths, water levels and yields in the other prefectures
of southern Chad as well as in the Tertiary terrain of Chari
Bagquirm{. In places in the Tertiary terrain thick clays underlie
the surface down to depths of as much as 50m betore the firat sand
aquifer is encountered. The water level from smuch an aquifer
commonly rinmen in the well close enough to asurface for water
extraction by hand pump., UBecause of the irreqular distribution

of aurface clays and underlying nand aquifers, it {s essential
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that projects for construction of village wells in untested areas
contain a funding component for advance exploratory drilling.
By such exploration it will be possible to select the types of
well design and depth as well as drilling equipment most
appropriate for permanent well construction under local conditions.
The Quaternary deposits comprise interbedded fluvial and
lacustrine sand and clay which are somewhat similar to the Tertiary
sediments but less compact or indurated. These deposits directly
underlie all the Chari-Logone flood plain including most of
Chari-Baguirmi prefecture. Also the Quaternary deposits include
vast expanses of dune sand northeast and east of Lake Chad in
virtually all of Lac and Kanem prefectures. Like the Tertiary
sediments the Quaternary deposits generally contain both shallow
and decp sand aquifers through a wide range of depths. Near
N'Djamena, for example, water-bearing sand interbedded with fluvial
and lacustrine clay is tapped by village tubewells 15 to 3lm deep
with water levels ranging from about 10 to 20m below land surface.
Village tubewells 2-inches in diameter are pumped at rates of 0,25
to 0.] l/sec with pretiently inastalled hand pumps. The full
capacities of the wells are probably somewhat higher, that is,
about 0.5 to 1.0 1/sec. Wells of comparable depth, water leveal
and yileld could almso be successfully installed elsewhere in the

Quaternary terrain, {f accompanied by exploratory drilling as

previounsly recommended for the Tertiary terrain. 1In places howaever,

water levels are 40m or more below land asurface #0 that some

(L)



-]12-

modification in design of the hand pump presently used in the
FDAR-Peace Corps project would be necessary for satisfactory
operation.

The Quaternary dune sand of Lac and southern Kanem prefectures
also forms an excellent aquifer where present below the water
table. There are presently some 130 village wells in the region
northeast of lake Chad which develop water from an aquifer of
this type. These wells range from 15 to 35m deep with water levels
10 to 20m below land surface in Lac prefecture and 15 to 30Om in
Xanem. (L) The wells, 2 inches in diameter, are fitted with hand
pumps which produce yields comparable to those of the N'Djamena
area. The dune sand aquifer is highly viable and productive Leing
sustained by perennial northeastward underground flow from Lake
Chad as well as direct infiltration from local rainfall,

4.2 Present status of ground-water developrent: There

are essentially four typesn of exinmting wells {n Chad used to
extract ground water for rural domestic, livestock and urban
supply. Those in present ute include (1) traditional open wells,
(2) modern open wells, (J) small or intermediate diameter drilled
well (tubewells): and (4) large diareter tubewells., Also in the
hilly and mountainous areas of the country some springs have been
developed by captation boxes with the water delivered by qgravity
pipe line to villages on lower ground,

Traditional open wellws for livestock and village water
BuUpply have been constructed in all the geologic terrains of Chad.
They are generally dug by simple hand excavation techniques UBing
buckets and hand lines for removal of moll and rock. fuch wells

have been dug to depthe down to %0m or more, Many are unlined and
} 5 Y



-13-

as much as 10m in diameter. They are subject to gross pollution
and occasionally have been known to cave in, endangering the
lives of local herders or farmers. ‘There are reported to be
several thousand such wells in operation throughout the country.

A more recent innovation is the so called modern open
well., Construction of such wells began in the 19508 under the
Fonds d'Aide et de Cooperation (FAC), or French bilateral aid
and were continued in the 19608 under the Fonds Kuropeen de
Developperment (FED). (D) More recently funds for construction
of new open wells or rehabilitation of old ones have been provided
by the Untted Nations Development Prograrmme (UNDiY) and the World
Bank (IBKD)., AU present thete are reported to be some 2,000
modern open wells in active use, These are approximately
distrubuted as follows: Kanem - 400; Southern prefectures - 4007
and celasewhere - 400, The repalr and raintenance of these wells
18 presently the tesponsibility of SERAKUY (Cervice des Amenagements
Ruraux d'Hydraulique) 0f the Chadlan goverrsent,

The rodern open wells are, for the rtost part, located in
the lightly populated areas of the country where the economic
activity io chiefly pastoral with soee subnistence farsing, (C)

The welln which are 1.4 to ).t in diaseter are intetded primarily
for liventock watering and secondarily for hucan use, Water §in withe
drawn from the wells by buckets and hand lines wich are aomelires
passcd over ateel rollers or pulleyns to facilitate extraction., The

gtructural) devign of the welle {a excellent, and adequate protection



is provided for exclusion of contaminated seepage from human and
animal waste around the well. Nevertheless, pollutants can be
easily and directly introduced into the open top of the well from
unclean buckets, handlines, fecal matter or other offal. The
prevaliling rationale for construction of modern open wells by
sponsoring donor agencies and the Chadian government has been to
provide relatively clean water supply in water-short areas with
secondary consideration to sanitary protection. Also because of
the total absence of infrastructure for regular and periodic
pump maintenance, tubewells have not been generally considered
a viable means for water extraction in lightly populated rural
areas of Chad.

Tubewells of large diameter, that is 10 to 12 inches
or more, have been constructed to provide urban water supply for
the larger citien such as N'Djamena and Sarh as well as nome of
the smaller citien and towns of Chad. Larger diameter tubewells
which tap one or more deep aquifers in the Quaternary and Tertiary
sediments can produce individual yields of 10 to 30 1l/sec, when
properly acreens! and developed and fitted with appropriate power
pumpr..

A project to utilirze fntermediate tapacity tubewells
for livestock watering was undertaken by SCHARNY and completod
several years ago in Chari-lNaguirmi prefecture. This project with

funding and technical asaistance provided by the UNDP {ncluded
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construction of 12 complete stock-watering facilities, similar
to the long-establishcd "water yards® of Xordofan province {n
central Sudan. The tubewells of B to 12-inch diameter range
from 70 to 150m deep and are acreened and gravel packed in
sand aquifers of Tertiary terrain, The wells were all equipped
with submersible pumps which produce yields ranging from 2.8 to
8.3 1/sec. Lach o! the wells was provided with two electric
generators (one to serve for standby use). Two of the wells
were later dedicated to providing runicipal water for the towns
O0f Massaguet and Massakori., These two wells are not operated
on a continuing basias., Kach o! the recaining wells was cequipped
with 6 watering troughs and serrounded by a fence ant control
gate £4 that waterin; of anirals could Le contsolled and scheduled
and a head Charge assessed for each ati~al using the faciliey,
This approuach to recuvery of Gperatlion and matatenance Conla
proved lean than suc essful as the hetdern wesn claevwliere with
their animals., PFresently, the facilities ase cpetatet wily
Inter=ittently Letveeyn Jatuaty and duey, atdl Lo chasgyes ate
recovered f1.r the herderr. The SEBARMY Ia fesponsille for the
operation and rattitenance 0f these welle and the cattle vatering
facilitien. (b))

A highly succesaful project ueing ssall diareter tubewells
to dovels; putable “illage wates sulprlies I8 Curfently in proyress

in the FUAR (Fonda de Developperent et d'Action huralel of the
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and the sturdy construction of the pump and its components.
The Peace Corps has also placed strong emphasis in on-the-job
training of well maintenance technicians and also of well drilling
crews. The Peace Corps carries out a continuing educational
program at th- village level to insure proper use and care of
wells and punps.  No charges are currently recovered from the
villagers for water use. (1), (¥

1.3 Well construection costs: The costs of varfous types
of wells i1n Chad vary according to geologice terraln, rethod of
constructicn and the depth of the well, OUther factors beiny equal,
the most costly wells are those which rust Le put dows in the
Precaslsdan hatd 1ock tervalng of central and ecastersn Chad.
Considetally less coztly ate wells constiucted in the Tettiary and
Cuaternary s0ft rock terraing of westert and southers Chad,  “The
Jeast custly ate welle d:fillel 1n the Quaternary dune sands north
and rottlheast f lake Uhad,
Jhe moadern upen well cormonly tn use In Chad s essentially
A product of Yrenoh technulogy inltlated acte 2% Years ago and
adojted to prevailing sovic-econede conditions In central and
West Afsica. {I) The wells ate it duwn Ly dersicke with rechatiica)
holete and clax ehell 1 crange pree) Lucket fog gt oval of escavated
paterial., Thete ie a lasye covgonent of hand lales Involved i the
Femova. ! eravatel raterial, and local villagjets or hesders whu
Mil) Leneflt f3ir tlhie well ate teirally called ugesdy o provide Lhe
unevilied part of regulte?d lalesr, The welln ate cobintyucrtel In

sxardard diaretesa of 1.4 ot 1. Bu, dopending on santicipated Intengity
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of use, and are lined with reinforced concrete rings. As

pumping equipment is not installed, the wells require only
infrequent maintenance. Water is drawn by users with buckets

and ropes which are passed over rollere or pulleys to facilitate
lifting. The current cost for construction of new modern open
wells in the Precambrian terrain is estimated by SERARHY at

U.S. 334 per meter. (E) Thus a well of an average depth of 55m

in this terratn would cost $18,29%7 with a range from $10,020 for a
relatively shallow well of 30 to $23,380 for a devp well of 70m.

The wWorld Bank (IBRD) has recently provided funds for
repalr of 73 rodetn open wells constructed more than 10 years ago
in Batha prefecture under a VLD progras.  The coat of these repairs
has been estirated at an average of $14,47) per well., In Tandjile
and Last and West! Logone prefectures, the World Blank is providing
funds for repatr of 140 modern open wells at an average of $5,925
per well, (U} Also in Yanes prefecture the Pank ia to finance
Tepairs on 40 rodersn open wells at an average cost of 249,975 well, (F)
The high uhil repalr corts In Batha prefecture reflect total lack
of well Faintalnance ovesr a perioed ¢f 10 years or rore.  Thus
average fepai! costas on an ol well which 18 not maintained can
yeach a level of alsoat BOY of the cost of a tiew well,

Leveral years agoe under URLE funding, 12 interrmediate
capacity tulewella 8 to l2-inches §n diareter and 70 to 1%0m deep
vere drilled to deeper panid aguifesns i the Tertiaty tertaln
6! Chasi-hagulim) prefectute. The original cost of the vell (@

refofted by ERMAMHY to have been atout £207,%00 or an averaye of
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$17,292 per well., (D) Sufficient funds have never been available
for full and effective operation of the wells for their intended
use as livestock watering stations. Nor has the government
been successful in devising a viable means for recovering
operation and maintenance costs from the herders using the watering
facilities. Recently, the World Bank has provided $224,000 for the
operation and maintenance of the wells over a 2-year period while
the government develops an appropriate means for taxing or acgessing
water charges for recovery of costs. (E) This fund amounts to
°18,667 per well for 2 years or $9,333 per well per year. (Actual
operation and maintenance costs are estimated by SERARHY to be
§10,373 per well per year or almost 60t of the original capital cost,)
The only existing project in Chad exclusively directed
toward provision of sanitarily protected water supply for human
consumption at village level is that of the FDAR-Peace Corps. The
180 welles already constructed under thias project have been put down
in areas where population nucled range from about 200 to 1,000
peracns,  Yach well is denigned to serve about 250 to 150 persons.
The individual capacities of virtually all the wells are greater
than 2% 1/d/¢ for 300 persons or 7,%00 1/d/well. The existing wells
are located in areas of moderate to high population density which
{8 semi-numadic in the Lac-Fanem area and sedentary farming in the
Moyen Chari area. The welle are used almoat exclusively for human
needn, an other wources of nurface water are commonly available
nearby for liveatock requirements,

‘The FOAR-Feace Corps wells are all of a similar basic
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design known as the Tysen well. A 4-inch hole is first put down
by augering as rfar as possible into a sand aquifer. An assembly,
which includes (1) a 2-inch Johnson continuous slot, stainless
steel screen with drive point; (2) a 2-inch brass-lined pump
cylinder with check valves; and (3) a 2-inch galvanized easing-
cum-drop pipe, is lowered into the hole. The screen and point

are than driven as far as possible into the sand aquifer by
raising and lowering a 150-1b. weight. The well is than developed
by surging water under pressure through the screen followed by
back-washing until sand-free water is obtained. The piston,

check valves, pump rods and surface components of the pump are
then assembled and installed, and the well is ready for operation,
The installed cost of the Tysen well including the casing-cum-drop
pipe screen and pump is only $1,500. 1If overhead and amortization
of drilling cquipment are added in, the gross cost per well with
pump still averages only $3,411 at current prices. Operzticn and
maintenance conts for the wells are extremely low, averaging leuns
than $100 per year per well during the past few years., (L)

A new USAID financed project will provide for additional
construction of new welld and operation and maintenance of existing
Peace Corpua-FDAR wells up to a total of 500 wella. Many of the
new wells would be located in accessible villayes along and newr
the main road leading from N'Djamena and Sarh, With completion
of this project basic sanitary water supply will have been provided
to some 150,000 villagers through a corridor containing Chad's most

dense rural population,



The World Bank has also recently provided funding to
SERARHY for construction of 110 tubewells for village water
supply in Tandjile and East and West lLogones. The wells would
range from 25 to 150m decp and average about 38m. The wells
would be drilled with rotary or percussion rig with a hele 6 or
8 inches in diamecter. The wells would be cased with 44-inch
pipe and slotted sections or screens with gravel pack set opposite
in sand aquifers. The wells would be equipped with Vergnet type
hand pumps which can deliver 0.14 to 0.42 1/sec depending on lift
(depth to water). With a lift of 20m the pump could theoretically
supply 25 1/d/c to 500 people or 12,500 1/d/well. This is
equivalent to constant pumping at .42 1l/sec for 8.27 hrs/day. (G)
The installed cost of a well in the 110-well project
including materials, casing, screen-but no pump-is estimated at
$1,946 per well., The cost for a Vergnet hand pump is currently
estimated at $744 installed. If overhead and amortization of
drilling equipment are added in the gross cost per well in the
110-well project will average about $7,182 per well excluding the
pump. (F) It would seem then that the projected costs in the 110-
wéll project for an operating well with pump are about 2.4 times
greater than an operating well of comparable capacity and utility

in the on-goiny Peace Corps-FDAR project.
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4.4 We_.l construction equipment and operations: There is

reported to be presently in Chad only one private drilling company
known as SOTRAHY. This company managed by a European is based at
N'Djamena and constructs wells for private individuals and concerns,
chiefly in Chad and Cameroun. The company puts down both large
open wells and also intermediate and small diameter tubewells using
conventional rotary and percussion drilling rigs. It is reported
to be the residual legatee of 4 defunct drilling companies. Another
company, Ballakhany, Ltd., which in based in Lagos and London
occasionally drills wells in Chad and has done work in the past
for the Lake Chad Basin Commission. Balakhany, Ltd. has drilled
several hiadred small diameter tubewells in neighboring Nigeria
west of Lake Chad. Thesr wells ranging from 100m down to depths
of 300m or more produce small artesian flows or where subartesian
are equipped with hand pumps for village water supply.

In the public sector SERARIY has, ain the past, been
almost exclusively concerned with the construction and maintenance
of the large-diamcter modern open welis which have been previously
described. Technical operation: directed by expatriates are
handled out of six centers namely Chari-Baguirmi (N'Djamena);
Kanem (Mao); Batha (Ati); East and West Logone (Mongou); Moyen Chari
(6arh and ¥ourma); and Ouaddai (Abeche). An equipment pool under
the direction of a Chadian is maintained at each center and operations

are financed chiefly by UNDP, the World Bank, FED and othor sources.



SERARHY has recently acquired 4 rotary-cum-down-the-hole
(air hammer) drilling rigs and accessory equipment provided by
UNDP funding. (D) These rigs are reported to be located at
present at the Abeche cent:r but have not been deployed on
account of security problems. SERARHY proposes to use these
rigs chiefly for exploration in the Precambrian hard rock
terrains tc locate the position of deeper water-bearing fractures
beneath the weathered zone. Deep open wells could then be put
down at favorable sites, and the risk of costly failures minimized.
Alternatively, small diameter tubewells could be finished at
favorable sites and furnished with hand pumps to extract water
for village supply. A viable operation and maintenance scheme
for hand pumps or other pumping equipment is the chief stumbling
block to the utilization of tubewells, particularly in thinly
populated avcas of the Precambrian terrain.

Az previousl, described, SERARHY also is currently embarking
on a village water supply project in southern Chad involving
construction with World Bank financing of some 110 small diameter
tubewells cquipped with Vergnet pumps. Theue wells will be put down
with a truck-mounted drilling rig whose cost is budgeted at $132,000,
Auxilary equipment includes a trailer-mounted air compressor
budgeted at $40,000; a truck-mounted 3NKW diesel general and 30 1l/sec
submerisible pump for teuting and well development; and 7 transport
vehicles at $41,000. A maintenance and operation scheme for the

hand pumps is yet to be devised. (L)



The Peace Corps-FDAR currently operates from two centers,
One at N'Djamena and the other at Sarh. An equipment pool is
maintained at each center and operation are financed by USAID
and Chad government funding. Well drilling operations from the
Sarh center are currently carried out with one 1964 Acker power
rig which combines augering the 4-inch pilot hole with some
€riving to place the casing-cum drop pipe and screen, which have
buen previously described. Thus far 2-inch wells have been
successfull drilled and completed down to deptns of 35m. The well
is developed by backwashing and surging using a 2.5 HpP pump and
a 2,000-liter tank which are mounted on the truck with the drilling
rig. From the N'Djamena ceater well drilling operations are
carried out with two Mobil Drill B-30 power auger rigs which have
been modified for driving the well point and screen. This type
of rig uses one-meter auger flights with which the 4-inch pilot
hole is augered. The wells are designed and completed in essentially
the same manner as that used in the Sarh areca, (L)

The Pcace Corps is currently planning to purchase through
USAID financing 4 new Mobil Drill type B-53 rigs which combine
direct circulation rotary and auger drilling capacity. Each rig
would be truck-mounted at the factory at an entimated cost of
$100,000 per unit. 1In addition a trailer-mounted air compressor
at $25,000 each would be provided foy each rig for well development.
These rigs would be used to carry out some preliminary exploratory
drilling down to depths of about 100m asp well as for construction of

new wells {n the expanded 500~well project. Tre initial budget calls



for an expenditure of some $900,000 for the drilling and
ancillary equipment, casing, pump parts and other supplies for
the 500-well project. Ultimately some $3.2 million would be
expended on the project over a 5-year term.

4.5 Conclusions and Recommendations:

(1) Because of unfavorable geologic conditions about
20 to 25% of tubewells put down in the Precambrian terrain are
likely to be failures or only qualified successes. This means
that about 1 tubewecll out of 4 or 5 drilled on a random basis
is likely not to produce sufficient water for even a hand pump
to operate on a continuing basis. (A yield of 0.19 l/sec or
0.7 m3/h could be teken as a threshold,) Under such unfavorable
conditions, an open well could have t!» diastinct advantage of
being able to accumulate and store even small inflows of water
during periods of disuse. This storage can then be withdrawn
at a rate greater than the rate of inflow fcr a short period of
active use.

(2) Where static water levels are not greater than about
60m, drilled tubewells equipped with hand pumps of tue Vergnet type
could generally be used in central and southern Chad to extract
gufficient water for a sanitary village water supply. Where water
levels are 30m or less below land surface reciprocating - lift
hand pumps may be more cost effective for lifting water tian the
Vergnet-type pump. In the Precambrian terrain tubewells might
have to be drilled to depths of as much as 100m to intercept

productive water~-bearing fractures and a 20 to 25% risk of failure
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might be anticipated. 1In the Quaternary and Tertiary terrains

the risk of failure is probably less than 5%, Nevertheless,

where trick surface clays exist tubewells might have to be

drilled to depths of S0m or more, in order to find a sand aqquifer
with a yield adequate to sustain a hand-pumped tub.weli. Areas
with such thick surface clays, however, are believed to be of
rather limited extent. Generally in the Quaternary and Tertiary
terrains sand aquifers sufficiently productive for a reciprocating=-
lift hand-pumped tube-well of the Tysen type can be found within
40m of the land surface. Also most of the deeper aquifers in
these terrains have some artesian pressure so that water levels
would rise to within 30m of the land surface.

(3) Where water levels are greater than 60m, it may
still be necessary to continuc resort, as at present, to large-
diameter open wells with water © ° Sdrawn by hand lines and buckets,
in spite of poor sanitary protection. If tubewells are used with
decp water leveln, air-lift pumping with diesel-driven air
compressnors could be considered, or alterna*ively submersible
pumps with dienel-driven clectric generatoras. Both these two
alternatives arc¢ enerqy intensive and presently are probably not
economically feasible solutions to the problem of 1ifting water
from great depth solely for village water supply. I1f such
installations were to become necessary becaunse of deep water
levels, however, multiple purpose tubewell i{nstallations that
would provide water for livestock, some small-scale irrigation as

woll av sanitary village water supply could be considered.
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(4) At present in Chad the ground-water resources are
very lightly developed, except in the vicinity of the large
urban centers of N'Djamena and Sarh. Development of ground
water for village and livestock supplies from widely dispersed
wells can be expected to have only minimal effect on ground-
water levels. Irriqgation from ground-water sources is virtually
non-existent at present, though is potentially feasible from deep
tubewells in the Quaternary and Tertiary terrains, where yiclds
of 10 to 30 1l/sec could be developed from properly designed and
constructed tubewells.,

(5) Although water extracted by pumps from tubewells
will generally provide the most economic and satisfactory source
of sanitary village water supply in most of Chad, other options
may also exist. For example, in the hilly and mountainous arcas
of moderate to high rainfall of southern and castern Chad perennial
springs could be developed with protective masonry cr concrete
struct.res to intercept natural flows by gravity pipcelines to
village fountains on lower ground. Also settlements on "soros®
tablelands of mouthern Chad, where ground water is o deep for
economic extraction, could be provided with rainwater catchments
from which water could be collected in porous eartl. jars buried
in sand-filled filtration pits. 1In placen {n mountainous arens
of Ouaddai, Biltine and Guera, {t may als( be possible to store
surface-water runoff in rand-filled reservoirs behind masonry

dams located in large ravines. The stored water, which would be



filtered through the sand, could then be drawn as needed at
control valves and small pipes penetrating through the masonry
dams. (J)

(6) Insofar as sanitary water for human usc is
concerned, the drilled tubcewell, protected with an impervious
concrete apron and surface grouting in the annulus around the
casing, is presently the best source of village water supply.
Such a tubewcell, however, requires a hanl pump for extractien
of water., Any hand pump requires periodic maintenance for
effective operaticn, and only the moast sturdily designed pumps
should be considered for village use. The Tysen pump designed
by a USAID engineer and perfected by the US Peace Corps in Chad
appears to be quite effective where the lift (pumping water
level) i less than 30m.  The performance of the Tysen pump is
likely, however, to diminish markedly where water levels exceed
3m.  On the other hand the Verunet pump, while costing somewhat
more than the Tynern pump, can 1ift water with fair ¢fficiency
from depthn as great as 60m, Thus where there are deep water
levels, pumps of the Vergnet type may be {ndicated for water
extraction.

(7)  The costn for equipment and well conetiuction quoted
earlier in this report have not been fully verifiel nog has time
buen avallable to analyze coaty in detail, The costs, there. e,
should be considered only at “orders of magnitude™, fHeal conts
becausne of inflation, the geographic fsolatiop of Chad, high

shipping charcens, 01 other may vVary 100% or more from those indicated.
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During the severe drought which hit the Sahelian area of
Africa, USAID in 1972 and 1973 started Relief and Rehabilitation
(ReR) projects which made moncy available for a 180-well project
for the Lac, Kanem region in late 1374, Cquipment and supplies
did not arrive until February 1976.

The wells to be drilled were for water supply in villages of
200 to 400 people and were designated by FDAR. 1In visiting some
of these wells one can s=e how much they are used and how well
they are recieved and are respected. Pumping rates of those
wells visited were approximately 4.5 GPM which is not large.

Use o0f these wells noticeably improved the health level in these
villages as agatinst villages with open hand dug wells.

The PCVs have always kept in mind that at some point, they
must work themselves out of a job. Consequently, they have been
giving the Chadians on the job training since the beginning. They
already )ave taught some of their Chadian counterparts a
degree 0! expertise, 8o they could work on their own, in the
mechanical and technical #kills of drilling, installing, and main-
tenance ¢! wate: wella, A Chadian J-man maintenance team were
observed giving a 19 meter deep well a 4 to 6 months service job.
They pulled the pump rods, piston and check valve out of the
column plpe, iusjeciing each part as removed for wear and replaced
al) back (n the well, after changing the leather cups con the
plston, in juat 2% minutes, The PUV report that two of the men
on this team were alepo capable of drilling and completing a well

without superviaion,



Maintenance crews are servicing from well to well and no well goes
longer than 6 months without service. PCVs report that, in the
past 16 months, only one well was found to be inoperable when the
maintenance crew arrived. This is quite a remarkable record but
does show, that with adequate training, proper tools and opera-
tional funds, a hand pump project can be installed that a local
government can sustain.

As the PCV program advances into its second phasec it is
realized that new and better rigs are going to be needed. Wells
will have to be drilled deeper in some areas and harder formations
of clay and laterite will bLe encountered. PCV plans (if possible)
to purchase Mobil Drilling Co.'s rig B52 which has circulation
rotary capability. This rig will also have capability for
drilling to greater depth as well as for penetration of medium
hard to hard formations, which is not possible with the present
rigs.

Alr compressors necd to be added to these new rigs for
development of wells as well as for drilling. The compressor
should be 125 to 150 PSI and 400 to 600 CrM, trailer mounted (or
as recomended by Mokil Drilling Co.) 1t ia believed that
drilling in nome parts of Chad will call for drilling in very
hard +ock as much as 20 to 30m. 1f this s so, a small JGiatwter
down~-the-hole hammer drill, can be used with air circulacion.

Thia type of operation will call for a small frame or water-
injection pump and an ofl lubcication i{njection syatem either on
the air compressor or on the dril) rig. By using an air compressor

to develop the sella, developing time can be zut am much as 8 tO



10 hours and also provide a more effective sand and gravel filter
around the screen. The compressor also makes it possible to set
the cylinder at a higher level, within 2 to 3 m of static water
level, which in parts of Chad is several meters higher than the
top of the aquifer. This will mean shorter pump rods and less
weight on the pump handle. The PCVs have tried to use removable
cylinders but due to corrosion they have not been effective.

1{ a permanent cylinder is used, up in the column pipe and

above the screen as at present the well cannot be developed to
its best production. However, with air development through a

1 pipe run down to and inside the screen, jetting with air

can be done until well is developed. Wells of this depth and
size ahould not take more than 3 to 4 hours to develop by air,
The production of the well can also be checked while developing
and recorded.

All new drilling rigs should have air and mud circulation
capability but until mcre information has been obtained on
formation conditions, only one or perhaps two rigs should te
equipped with down-the=-hole hammer drilla,.  Until the new
equipment arrives in Chad one of the old rigs should be set toO
work on an exploratory proqgram so this information will be
available when needed,  As PCVa now keop excellent well and
maintenance logs nf all welln, ft should not be difficult to get

up an exploratory program from information already on hand.
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Until 1975 the PCVs program left much to be desired as
they were working with limited funds so that little maintenance
could be performed on any c¢< the previously constructed wells.
Therefore most wells dug or drilled in the past were in need of
repairs. Most of these wells have since been put back ir service
with funds provided by AID. PC learned from this experience that
maintenance expertise as well as drilling expertise are essential
complementary part of any rural water supply project. They are
training maintenance crews with a high level of expertise so
that they can work without supervision. Also they have written
into all projects a 5-year supply of spare parts to continue after
the project is completed. The FDAR is actively supporting
this program to the best of its limited resources. PC believes
that this support will continue after they have left the
country. Because of the simple construction of these wells
maintenance should not cost more than $30.00 to $35.00 per well
per year. All above-ground components of the hand pumps
can be bought locally and parts that wear the most in the well
itself (leather cups) could be made locally with a small cost

outlay.



5.0 EXCRETA DISPOSAL

5.1 TYPES OF PROGRAMS

A few squat-type-pit (pit privies) latrines have been
installed by ES/MPH and by PVO's as part of other programs,
ES/MPH says that it is installing about 100 per year. The
concrete slabs are made in the village where they are to be
installed by the people under the guidance of the EH sanitary
technician. The villager digs the pit, approximately 2 meters
deep; installs the slab which he has helped make and builds
the protective shelter of local materials, as he desires. 1In
some cases a sheet of zinc has been supplied for the roof.

The latrines are usually installed at some distance from
the houses, 40 meters was mentioned, although this appears
excessive,

Some villagers, particularly Muslim women, who are not
allowed to defecate outside their compound, lacking a latrinc
installation, scratch a small hole in one corner of their own
living area and partially fill it with sand after each use.

There are some mitigating circumstances in many areas »>f
Chad despite the lack of sanitary excreta disposal facilities.
Sand, sun and drynessl along with the practice of defecating
outside of village limits, effective sweceping of compoundn, and
burning of limited trash, all help to maintain an accept-

able level of sanitation. The recent introduction of Poace

1/ The Northern Zone, Like Chad Basin Environmental Sanitation
Asscossment, APHA, March-April 1977.
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Corps-drilled wells and pumps (hand operated) appears to
be the most practical additional public health measure which
can at this time be taken. Continued maintenance of these
pumps should be assigned maximum priority among whatever
services are to be provided in the future.

zéiarrhea and dysentery are omnipresent and the reported
figures give no true indication of their prevalence. The
bacterial etiologies are not diagnosed as such. Amoebiasis is
also usually a clinical guess, and the intestinal worms are
found everywhere. Despite Bucks‘ failure to find evidence of
Ascaris infection, this is also common.

Excreta disposalz/has no obvious solution at Sategui-
Deressia. Latrines become open wells during the height of
the flooding. It is hard to imagine the circumstance that
would impel the local resident to go out of his way to find a
latrine for purposes of urination. During the dry season, the
problem takes care of itself, because parasite eggs succumb
when deposited on dry, hot soil. 1In the case of Schistosoma
mansoni infection, (quantitatively less important than
the S. haematobium in this part of Chad), sanitary feces'
disposal should be achieved at least for the rainy season, if
the cycle is to be broken at this point. During the dry season,
feces deposited on dry ground generally develop an internal
temperature that kills schistosome eggs (mature eggs survive
less than 24 hours at 22°C and are said to last about 1-2

days under the usual warm tropical temperature with the

diurnal variations taken into account.)

77 Environmental Asscssment Report-Sonthern zone, Republic
of Chad, APHA, July 1977

4/ Buck
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The following is quoted from the Northerr. Zone Lake Chad
Environmental Sanitation Assessment, April 1977. "While no
immediate dangers to the health of the inhabitants of Bol was
observed during this study period, one must remember that the
delicate balance of the traditional excreta disposal system can
be lost overnight if the town were to be affected by an epidemic
of diarrheal nature such as the cholera epidemic, which was
reported in the Bol area in 1971 and 1973'QBol Site Report,
Peace Corps, September 1975). An epidemic of that type would
quickly change one of the elements which makes the present excreta
disposal system effective--the elimination of feces outside
the physical limits of the town. During a diarrheal epidemic,
the streets and living compounds will of necessity become
receptacles for feces, thus closing a gap in the transmission
cycle and thereby presenting an smergent threat to the populace.

5.2 PROPOSED PROJECT

Because (a) no sufficiently sanitary method of
excreta disposal exists, except the drying effects of the sun
during some times of the year and in some areas only; (b)
investigations have proved that a potable water supply, without
sanitary excreta disposal and health education, will not provide
the complete health benefits which are only provided by all
three factors; and (c) no program exists for aiding the village:s
in installing sanitary excreta disposal facilities themselves;
it was suggested to USAID/Chad that a parallel sanitary latrine
project be developed in the same areas covered by the present
and proposed AID/GOC/PC wells project to ensure that the hoped

for benefits are obtain.d.
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IV. F. PUBLIC HEALTH CONSIDERATIONS

An attempt is being made in the installation of the wells
and pumps under the AID/GOC/PC program to assure that safer
water is delivered by the pump. Water is obtained from an
acquifer filtered through sand at a level deep enough to
prevent pollution. A small protective concrete cap is poured
around the casing at the ground level and a concrete trough
is included to carry the excess water from the pump away
from the well about one meter. The upper end of the pump is
protected by a washer around the pump rod to prevent, as much
as possible, the introduction of foreign matter into the pump
cylinder. The pump cylinder is located below water level to
avoid the need for priming the pump with the possibility of
polluting the well.

People are ainstructed through the village chief not to
water their cattle at the pump nor to do their laundry there.
Some pumps are locked at night to prevent possible damage.

A few additional precautions are necessary to improve
the delivery of potable water. The well should be disinfected
with HTH after installation of the pump and then should be
rechlorinated after each maintenance visit. A concrete
lining ghould be poured around the upper 3 meters of the well
casing. The concrete apron at ground level should be extended
approximately 5 feet in diameter outside the pump base, raised
at the center to slope to the outer edge of the apron where a
concrete lip will conduct the water to a low point. There it
will flow away from the pump area and will not be allownd to pond

in a stagnant pool,
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The PCV's and Chadian counterparts should be given
indoctrination in the public health implications of the work
they are doing and an understanding of the health problems
involved, also in the basics of health education.

Location of the village well should take into con-
sideration, not only the location of existing latriﬁés, if
there are any at the time of the well installation, but also
the possible location of latrines which may be constructed
in the future. By the same token, latrines to be installed
in a village where a well has already been constructed should
be located as far from the well as possible, at least 20 meters.
The area around the well should be maintained clean and free
of stagnant pools of water. Latrines should be maintained
clean by daily flushing of the slab.

7.0 HEALTH EDUCATION

There is no single well-defined health education program
directed toward helping the villagers understand the health
implications of insanitary living conditions, food and personal
luggage, first aid, the use of heavily polluted water and the
unsanitary deposition of human excreta. Somec atempts are
being made to help them understand the basics of personal
hygiene.

Some health education is being taught in public health
clinics, village schools, social and MCH centers, and in
centers where men and women receive agricultural training. &an
olement of this education shows a causal link between discase
and contaminated water along with unsanitary environment)

therefore the uze of potable water and sanitary latrines
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must be promoted.

Steps are being taken to intensify these health education
efforts,through reforming elementary education to include
health education. AID is proposing a project to provide 400
village health workers selected by the villagers to work with
the village health committees and to promote sanitation, hygiene,
and first aid in the village.

AID has indicated that every effort will be made to
coordinate its health-related activities, especially those
which are carried out by the PEACE CORPS and CARE so that

these activities will be complementary and mutually supportive.



Table 2: Reported Cases of Selected Diseases in Chad,
Selected Areas, and the S.G.E., 1975

Prefectures Hospital S.G.E.
Disease Chad Total Mayo-Kabbi Tandilla N'Djemena Nation-wide
Tuberculcsis 1.689 112 - 200 969
Primary syphilis 12,173 553 107 6 3,061
Gonorrhea 19,223 1,810 854 58 2,853
Aaeblasis 47,118 . 6,403 3,327 302 10,582
Bacillary dysentary 11,917 2,688 1,165 2 -
j Whooping cough 8,328 1,098 590 56 2,128
| Meningitis 2,045 172 786 120 100
| Tetanus 760 172 119 92 0
| Measles 2,183 97 90 23 387
. MurEs 6,059 48 204 7 2,907
Infectious hepatitis 9,877 1,647 1,739 334 1,296
E Rabies 33 3 6 0 0
. Walaria 153,646 28,618 12,291 354 20,871
{ Schistosomiasis, urinary 22,695 5,419 1,691 27 4,125
. Schistosomiasis, intestinal 4,874 561 161 72 856
- Cnchocerciasis 3,372 613 43 0 590
. Chickenpox 16,845 785 320 73 692
Prneumonia 9,455 1,190 69 482 2,143
N




RECOMMENDATIONS

Teanm reviewed draft of CDO Project Paper for expansion of
present project into other prefectures. Team made suggestions
which are being incorporated into PP that CDO will submit

to aid/w in near future. Most significant is provision of

air compressor for each bore rig for maximum development of
well, To assure smooth continuation of present project into
proposed project through same mechanism AID/GOC/PC, it is urgent
that proposed project be approved and funded earliest.

In PP prepared by CDO and submitted to study team for review,
provision was made for short-term consultant only ’n second
year of project because of budgetary constraints in FY 78,
Team feels that exploratory drilling under supervision of
short-term consultant should be carried out during first

year in order to identify as early as possible equipment
accessories and commodities which may be required for proposed
project in areas which may differ gecologically from those
encountered in present program. However, as large arca of
proposecd project is in goclogical formation similar to that

© present program, work can be carried on in that formation
wnhile rescarch work procecds,

AS fproposed project is considerably more extensive than
present project, it is mtrongly recormmended that professional
engineering backatopping be provided, for the AID/GOC/PC Project.
Study team wishen to atress importance of training elem .t
already included {n PP to ptepare the Chadfans to maintain the

installations and continue the program in the future.
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Study team suggests addition of parallel project in same

areas covered by present and proposed AID/GOC/PC wells

project to ensure full health benefits of small tubewell

project through use of community participation in sanitary
latrine program reinforced by continuing health education

program in schools and health facilities. Since (A) the
installation and maintenance of wells and (b) the construction

of family latrines and health education are the responsibilities
of different ministries, it is advisable to have two distinct
projects running simultaneously in coordination. Discussions
were held with CARE Director and Deputy who have had extensive
experience in Tunisia implemen%ing a successful Family Latrine
Project in coordination with a wells project. CARE fc .esdy

to include a self-help Latrine construction program as a subproject
of the "Food Delivery and Rﬁral Works"™ OPG proposal under revision
and some to be submitted to CDO for FY 1978 funding. CARE would
carry out this project in conjunction with the Environmental
Sanitation Department of the Ministry of Health. There is an
excellent tcam spirit between CARE, PC and CDO which would

ensure thc coordination of the wells and latrine project.

Study team recommends approval of cooperative AID/CARE/ES-MPH
Sanitary Latrine Program with and funding throhgh CARE, to run
parallel to and coordinated with proposed AID/dOC/PC well program.
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8.0 SOCIAL ANALYSIS

8.1 Chad Government Goals: The Government of Chad

projects economic development of the country within a liberal
context. It wishes to reorient its socio-economic activities,
strengthening economic structures. Above all it hopes to
improve national living conditions using existing resources,
but since these are extremely limited, it must have recourse
to much external donor assistance. In this context, a
substantial portion of Chad's total budget is assisted by
French support. Within this framework, the director of

FDAR, one of Chad's two water-development agencies, is eager
to institute a full rural water program.

8.2 Climatic Zones: It is useful to see Chad as

divided into three major climate and vegetation zones, to
wit: the tropical southern band, where guinecan forest and
wooded savannah shade into a trece-dotted sudanic type of
savannah. At roughly the level of the 11lth parallel, in

the region of ‘Ndjamena, this begins to give way to the
scrub and acacias of the Sahel zone. Wind-washed sahelian
steppe is the landscape just to the northern limits of the
provinces of Kanem, Batha, and Biltine, from where between
about 15 and 18 north latitudes, the dunes and naked expanse
of the Sahara begin to appear.

8.3 Ethnicities: Chad's populations are customarily

divided into twolve different major linguistic groups,

T R B
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esach one containing numerous sub-groups.* Of these, the three
largest major categories are 1. Sara-Bongo-Baguirmien, 2. Tchado-
Hamitic, and 3. Arab. Sara and related people are the pre-
ponderent porulation, and hold hegemony in the modern power
structure. 1In the Sara cultural area one finds society
traditionally organized through the major institution of
male initiation, which cuts across family lines to incorporate
all adolescent boys into the shared set of normative, social,
and ritual order that defines membership in Sara society.
Although abhorred by modernizers, Tombalbaye, the politirian,
was not far off in his assessment of the mobilejin traditional
society when he attempted to reinstitute and enforce ancient
practices of "Yongo" initiation. Customary authority in
Sara groups has been the rule of the elders, authority stemming
from the limitless power of the ancestors. Priests, such
as the "Master of Water", symbolize/celebrate the rites that
mark social ties and obligations. There is a ritual Chief of
the Earth, and usually a sacred grove for ancestor shrines.
Illness and ill-fortune are chiefly caused, it is believed,
either by behaviour which is disrespectful of conventions,
thus angering the spirit-world, or else by sorcery.

Sahelian peoples present a very 4ifferent culture largely
based on transhumance; very independent, they want to handle their

own affairs. To reach them fully educational efforts should be

R

¥Hajor 1anguage clanmes are: Sara-Dongo-Baguirmien, Moundang-
Toupour {-Mboum, Tchado-Hamitic, Famt-Saharan or Kanembou-2Zagaoua,
Mabang, Tama, Dadjo, Mimi, Doua, Banda-Ngbaka, Peul, ana Arabic
of vh?ch there are some thirty sub-languages.

Referencer J.P. Caprile, Atlas Pratique du Tchad.
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made in their own languages or the Arabic lingua~-franca of
the Sahel and Desert, and couched, it is suggested, in an

Islamic culture idiom.* AID might £ind it useful to obtain

health-education materials for all this region from sources in

Tunisia, Egypt, or the Lebanon all three areas being very active

in the production of educational mater.als. Nomad peoples

of the Tibesti, Borkou, Ennedi reqions in the Chaddian/
Sahara are in full dissidence at this time, nd essentially
not touched in other than military context by the 'Ndjamena
government. For this reason it is not warrented to discuss
them in the current report. While some of their groups may
undoubtedly use large stock wells in the north, nothing is
currently projected to consider their water nceds.

8.4 Demcgraphy: Chad counts a current population

growth rate of 2%/ycar, with no population control measures.
1970 population estimation yiclded a figure of 3,640,000
inhabitants, with the provinces of Mayo Kebbi, Moyen Chari,

and Chari Baguimi showing the hecaviest concentrations. It
should be remarked that in most parts of sedentary Chad villages
are still extremely fragile groupings. For internecine

reasons they often split and move apart, and many just

wither away. Twenty-two “"urban centers” count more than

5000 habitants, but “"city" growth is moderate. Only 4

cities count more than 30,000, nctably 'Ndjamena, Sarh,

Moundou, and Abeche. It is a lightly peoopled and feebly

* c.f{. Reyna, op cit.
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urbanized country, with most of the population concentrated
in the cotton-growing regions of the south-west. It is a
country of immense empty spaces, where migratory movements
are poorly known, and life-expectancy is no more than 31
years. Infant mortality is in the region of 160/1000 live
births, and the majority of infantile deaths can be attri-
buted to the diarrheas and gastro-enteritis associated with
impure water.

8.5 Settlement Patterns: There are many different

living and housing styles in this country of diverse peoples,
and no overall residential rule can be stated. It is for
such reasons that plans for a given area must be individually
tailored to that locale. Areas around Sarh and Mboum have
nucleated villages. In Lere the King's house is so large

it comprises a village by itself, but the Masa living just

to the north have a pattern of dispersed homesteads at dis-
tancer of about 1000 feet apart to accomodate encircling
gardens and cattle byres. The onc recommendation which can
be posited is that migratory patterns be considered closely
in the placement of wells. For most of the Sahel transhumant
region, potable wells, and the whole health education and
village organization program should be planned for the Darat
camps, which are the scasonal locations where large groups
congregate. Stockwells and some method of storage-purification-
rescrvoirs for potable water are what is necded along the

cugtomary migration trails.



8.6 Constraints: Though large on the map,

Chad is not an effective political entity throughout the
area claimed. Essentially only the region comprised within
the drainage basins of the Chari and Logone Rivers is controlled
by the 'Ndjamena government. No national sense nor consensus
exists in the major portion of the territory claimed. Most
of this territory is inhabited by diverse and inward-oriented
tribal and regional groups with separatist or isolationist
goals. The 'Ndjamena government expends most of its energy
and approximately 50% of its financial resources in civil
war, and on security problems.

National level administrative organization presents
a picture of overlap and repetition in some areas and institu-
tional insufficienny in others. The country is plagued by
a lack of modern trained personnel in upper, middle and lower
echelons. Lack of logistical and maintenance backup is a
constraint at all levels. In most areas of the country
transportation and communication follow age-old modes of
foot and animal travel, of news carried by word of mouth
through visits, travelers, and markets. Add to this schema
the lack to date of a Development Plan or set of goals and
timetables. And though an important resource, external donor

efforts are sporadic and uncoordinated. This picture serves

to emphasize the need in Chad for USAID to devise and adopt

an integrated program, with a holistic approach to problems

it will attack. Incideatal projects, not conceived in their

social context, are likeiy to have little lasting effect.




8.7 Regional and Local Administration: At the

regional and local level, the pattern of administration offers
a Prefect, a Sub-Prefect, a Cantonal Chief, and the Bulama,

or Village Chief, who with the lineage heads of clan, major
and minor lineages organizes the Council or Committee of
Elders. Since the middle sixties, Chad has employed where
possible the traditional "sultans" as cantonal chiefs, and
this is a focal level for decisions. Probably this would be
one level at which regional programs would plug in.

8.8 Patterns of Cooperation: In general, most

communities are kin-based, and Reyna suggests that where
there are multi-ethnic communities, one well to one ethnic or
kin-group might make for easier consensus and decision-
making. A kin-group or Zeribet usually forms a cooperative
work-group, and intermarrying groups usually demonstrate
cooperative relations as well.

There are of course other institutions which develop
and regulate group cohesion and cooperation, but one in
particular should be singled out for the Muslim areas.

The classic Sufi brotherhoods which are a fundamental element
in all Muslim societv are commented in Gilsenan.*

“The classic study of a tariga** in a transhumant

society, Evans-Pritchard's Sanusi of Cyrenaica, shows, for

example, how the Sanusiya established themselves in the
Bedouin society of the Western Desert of Egypt. The order

fitted its own structure 'interstitially' to that of tho

¢ 1. Gilsenan Saint and Sufi in ltodern Egypt Oxford, 1973

quoting E.E. Evans-kritchard The Sanusi of Cyrenaica London,

** Tariqa the "mystic p~th" of a Brotherhood. Plural: Turuq.

1949
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tribes, setting up zawiyas* on the boundaries of group
territories, and often also on the major trade routes (this
establishment of Sufi lodges along caravan routes has always
been a significant factor in their growth throughout Africa
and the Middle East). Coming from outside the social system
and being therefore unattached to any particular interest

or dominant lineage, they were able to operate over the
normal divisions in the segmentary lineage structure. The
lodges developed a multiplicity of spheres of activity.

They were at once schools, caravanserai, commercial and
gsocial focal points, law courts, banks, storehouses, poor
houses, burial grounds, and the source and channel of divine
grace. In the very different setting of agricultural Senegal,
on the other hand, the Muridiya Order administer whole villages
centering on the Sheikh and the community of young disciples
who for some of the year work in the fields and for the rest
study and travel as missionaries....The Tariga pioneers
sedentarization and land reclamation, and in a country where
the economy depends in large measure on the ground-nut crop,
the Muridiya communities produce a little more than half of
the total harvest...." Where no Zawiyas exist, the Orders
nevertheless establish prayer groups which have always been
focal points for dissemination of ideas and opinion. These
should not be overlooked -- nor should the Khuttab (Koranic
Schools) for the teaching and reinforcing of health and

sanitary education.

* zawiya the House, or "monastary" of the Order

33
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8.9 Women: "In Chad, women have low visibility
but high-status. They make decisions in their own areas,
and do their own work and have their own moneyl!"* Although
women's organizations were dissolved by the present govern-
ment, seven centers under the Ministry of Social Affairs
are teaching~handicrafts, nutrition and health education,
and women's skills. Seven Peace Corps Volunteers will help
with this program in Moundou, Bongor, Qumra, Lai, Doba, and
'Ndjamena, during a two year project. USAID's Women in
Development Program is establishing a Village Women Project
for Bongor and Sarh involving some of the program which we
have elaborated in the central part of this Survey. We
are indebted to the Project Director for ideas which we have

incorporated into the recommended overall program.

It has further been suggested that in Chad -- especially

in the South -- women are extremely influential in establishing

public opinion. "You can make the** igssue of water the number

one topic and problem which a village must solve, by discussing

with the women the burdens of health, transportation and

sufficiency that water poses to them and their families. And

where they begin, they won't rest till they have a welll"

* Personal communication from I. Hvasloff, 'Ndjamena.

** Personal communication from a long-time resident.
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8.10 Health and Health Services: Health in

Chad is threatened by:

leprosy schistosomiasis

trypanosomiasis parasites, but especially
tape and guinea-worms

trachoma

measles malaria

yellow fever dysentaries, and

meningitis gastroenteritis

assorted skin diseases.

In the past, all curative medicine was brought to the
nomads by the Service des Grandes Endemies. They now reach
none of the B.E.T. region of the north, and find it difficult
to get to many parts of Kanem, Salamat, and the north of
Batha. Chad possesses a limited health-services infra-
structure, with

4 hospitals 88 dispensaries, and

8 medical centors 6 scctoral bases for the

Service des Grandes Endemies.*

30 infirmeries

Clearly Chad neceds to develop its Health Services, and
the proposed CILSS/CLUB Health/Water/Nutrition plan, with its
Village Based Health Program can offer grcater possibilities
than the purely treatment-oricented cfforts of the past.
Currently no overall program exists, though in some villages
Health Committees, often stimulated by missionary effoirc,

or such private centers as those run by the Centres Suinses

du Moyen Chari, the Maisons Familiales Rurales in the Loyones,

* 1972 Atlas Pratique du Tchad Ch. Douquet
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and les Cooperands Allemands in Mayo Kebbi, are

beginning to establish themselves, and to develop a village
fund to purchase a kit of =imple medicines. Often a Village
Health Agent is named to control this medicine chest. Some
of the above-mentioned assistance groups, notably the Swiss,
have developed quite :uccessful training programs for health
agents and villagers. It is suggested that delegates for
such training be chosen by a village, rather than thrcugh
voluntary attendance, because more profit is liable to redound
to the village when it is thus involved in the acquisition of
skills and knowledge by its members. Project designers

might also usefully explore the training programs established
by the DEFPA* agency of the Ministry of Agriculture which are
teaching health, nutrition and agricultural methods to rural
people -- men and women. This seems to be a viable and
effective agency and cffort.

AID is currently working on a project to train midwives
for 400 villages. In connection with the recommendations of
the CILSS/CLUB strategy, AID could consider research on the
possibility of developing and using skills of traditional
medical practitioners. Traditional professional midwives
exist in many areas; and Fekis, among the Muslim population,
are usually enterprising gentlemen who treat illness with
the curative tool-kit they possess. In some instances this
is magic or religious or spirit-manipulation cure. But a
traditional pharmacopoea also exists, and uascful long-term

social, pharmacological, and medical rescarch could determine

¢ pirection d'Euseignement et de la Formation Professioneclle
Agricole
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its value. We here signal, for those interested, the following
existing study of plants and their uses made in the Sara
region:

Pierre Palayer Lexique de Plantes de Pays Sar Tome II:
Noms Sclentifique/Noms bsar (avec indica%ticnc
d'utilisations)

Polycopie du Centre d'Etudes Linguistique
College Charles Lwanga de Sarh.

Regarding health education in Chad, one other point is
of note and possibly useful to project designers. The
INSE* Linguistic Center, connected to the College Charles
Lwanga de Sarh, under tie direction of Father Fournier,
a gifted linguist, would have the skills and be prepared
to produce health-education materials in local languages.
Since health education is not a proposed part of the new
"reformed elementary education" plan, it will be necessary
to seek other centers and yroups and methods of disseminating
health and sanitation knowledge.

8.11 Water: People wash their clothes in streams
and ponds, and they like to bathe in swamps or rivers --
perhaps because it's more fun! As long as these usages hold,
all the cleanwellswill not keep them free of many harmful
diseases and parasites. Further, they often like the taste
of a pond's water better than that of a well. It is not
frivolous, then, to suggest that local preferences and
recreation needs should be considered in the necessary
"tailor-made” plan for a given locale. This team-member has
gseen bath-houses in one African country, which filled the

need for 1ecreation and social participation. A women's

* Inatitut National des Sciences Educatives
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side and a men's side existed, and groups -- from bridal
parties to spirit-curing sessions used to come for a morning's,
or all-day, or all-week social! Some such solution might
perhaps wean people away from the danger in the waters of

the swamp.

In Chad hand-dug wells are everywhere, because there
is much sub-surface water. In the north the traditional
animal watering wells ar~ monumental holes "as deep as
thirty men standing one over another". It is said they
waere constructed by "ancient conquerors, so long ago no onhe
knows who or when". Those pragmatic people also built smaller
wells for human consumption only, and these are about
"five men deep". The great stock-wells are placed a bit
more than a day's travel apart, and are criss-crossed with
large timbers permitting a support for people to drop and
haul their skins or buckets. From time to time people clean
these wells. "Bush wells® are considered to be usable by
any comer, "becausc water-in-the-qground cormes {rom God, and
people should not have to pay for it.” However in areas
considered as tribal land, all the tribe may use 1t, but
no stranger without permisaion of the Sheikh. GLtill, if
two groups arrive at the sane time, and thete 18 not enough
for all, they may fight.

Reyna sugqgests one problem that apjears with the hew
multi-village wells in Assale 5ar¢bwglz o inastitutlion
existm to regulate accesn, and therefore stme auch wells

are overused, some underused, and in elther case the situation
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generates distrust if not conflict in societies where ingroups
and out-groups are rigidly defined, and the field of coopera-
tive relations usually does not extend past the border of
the face-to-face community."

when asked squarely if people would be willing to pay
for good, clean wells, r.e respondent said, “People will pay
for rain-water which has been gathered, because it is someone's
work, and the water is purv. For good wells, people might
be willing to pay. They would ~ot have money, but they
could barter an animal perhaps.” This respondent was from
the Missiriye Arab area in Batha province.

In the south, until French time, people did not have

wells, but used surface water only, so there is no traditional

technology to discuss.
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RURAL WATER SUPPLY PRE-PROJECT ANALYSIS FOR UPPER VOLTA

1.0 INTRODUCTION

The present analysis covers only the community water
supply ani sanitation situation in the rural community of
Upper Volta in the ranje from 100 to 1500 population. The
analysis is based on observations made during the period from
November 20 through 27, 1977 by a study team composed of a
well drilling expert, a groundwater/surface water geohydrolo’ist,
a rural social/cultural anthropologist and a sanitary/environ-
mental/public health engineer. Discussion with the pertinent
representatives of USAID, p.C., MCR, CIEH/TAMS, VITA, WHO,

were supplemented by field visits accompanied by representatives

of HAER to observe well installations made by various agencies

in cooperation with HALR, to discuss the public liealth socio/

cultural situation with the villagers benefited by these
installations. Discussions were alaso held with the Director nf
the ORD's in Kenya and Banfora. Observations on the ground
were supplemented by an overflight by chartered plane of the
country coverning a route from Ouagadougou.

The rural population has a widely dispersed rettlement
pattern consisating of rmall cluaters of houses in family-
related compounds. Water is obtained generally from shallow
surface pools and hand-dug wells. During the past 15 years
the unlined wells dug by the villagers have been supplemented
by comparatively modern open hand-dug wel. s lined with concrete

rings, and a few drilled wella with hand pumpa. The emphasis
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is still on open wells. Voltans seem to prefer open wells
because of a greater assurance of access tO water.

In addition to the usual tropical diseases of diarrhea,
dysentery, enteritis and near 100V infestation by intestinal
parasites plus the prevalence of Guinea-worms, schistosomiasis
i{s common around the many natural bodies of water and man-made
lakes. Onchoceriasis has been rampant along most of the
rivers, adding enormously to the public health problems
in Upper Vulta.

2.0 PRESENT PROGRAMS IN RURAL WATER SUPPLY AND SANITATION

2.1 Agencies Responsible for Programs

The Directorate oOf Hydraulics and Rural Equipment
(HAER) , created in 1965 as part of the Ministry of Agriculture
and now under the Ministiy of Rural Development, 15 responsible
for water supply and scwage ditposal throughout Upper Volta.
The function of HALR is to plan and construct al)l new water
supply and sewerrjc works and to operatc small systemd in
rural communities. The organization of HAER is shown on
Fig. 1.

The water supply activities tinanced by the various
donor agencies are funneled through HAER which has divided
the country as ghown ONn Fig. 11. alloting specific mections
of the country to each of the various agencies. These
agencies, coordinated by HAER, work in cooperation with the
regional offices for jural Development (ORD).

there are 14 ORD's which generally follow the prefecture

sub-divisions and are headed by appointed Directors.



The ORD's are integrated development organizations through
which the different ministries work. In general, each ORD
has a foreign angel providing funds, supplies and technical
assistance.

The villagers petition their ORD office through their
prefect for a water supply or the rehabilitation of an
existing well which has gone dry. The ORD's establish
priorities ard advise the HAER of their needs after which
the HAEF prepares a list of villages to receive assistance
during the year. The ORD arranges for local participation.

The AVV, The Volta Valley Development Authority,
which is working on a rescttlement of the area along rivers
from which onchoceriosis has been cradicated, has a few well
drilling rigs and is drilling wells for its newly established
settlements.,

The Peace Corps has a well digging component in the
program in Upper Volta. Forner Peace C .ps Volunteer, Mark
Gilcrest, now PSC for AID . »d for Peace, gave us a run down
on what PCV's had been and were doing at present time with
hand dug wells. On a grant from AID of some $300,000.00 in
1975 they have dug some 200 new wells 6 to 30 meters decp
and deepened some 200 wells. For hard rock formations they
have two air compreassors with jackhammers. These are usecd
moatly for redecpening dried up wells.

In the ten years since PC has been working in Upper

Volta they have dug some 1500 wells along with deepening


http:300,000.00

some each year. In Mark's area he would go to a village and
ask if they wanted a well. If the answer was yes, he asked
would they pay for it, if not, would they pay tie mason (400
CFA per m.),; if not would they pay for materials. Sometimes
the villagers would pay and do all the work except for the
mason's work. Sometimes they would pay all the mason's sa.ary
and sometimes not. Every village had a different way to be
dealt with. As he lined up the villages for wells he would
leave a mason at the village site and move on to the next
village. He might have 4 or 5 wells being dug at one time.

He had a two ton truck to keep his masons with equipment they
needed so the work did not stop. Picks and shovels, rope and
pails, cement and reinforcing steel and molds for interlining
of wellswere the requirements for each well and project cost
of each well depended on how much the village paid. The one
thing required of all villages was that they had to do all the
digging.

Mark said that there was no assigned village by any
government agency. In the past, a PCV went to any village in
his area and started a2 well. He also said that none of the
PC wells were the same size as wells dug by the government
agencies but that they were changing to same. PC wells were
1.6 meters diameter while the government wells were 1.8 meters
diameter. As far as is known there was no records kept on

any wells done by PC. Wells, without a log or records, are as



worthless to any program in which they are dealing with the
development of a nation, as they were good for the people at
the time of being dug. Hand dug wells without a pump and
cap are no better after 5 months' use health-wise, than the™
severely contaminated water hole which the people and animals
have been using. The hand dug well has a utility == but

tittle health -- value to the community it serves.



2.2 International Cooperation
At present HAER has planned a rural water supply
program for the next three to four years based on the following

anticipated international cooperation:
Cooperation

Agency (Billions CFAF - U.S.3$1.00 - CFAF 240)
CFA Milllons $U.S.

USAID 3.500 14.6

Entente : 1.200 5.0

German

Fed. Rep. 0.900 3.75

FAC 0.300 1.25

World Bank 0.100 0.42

UNICEF 0.035 0.15

UNDP 0.025 0.10

Fed. National Bank 0.56 2.33
27.6

This is equivalent to more than twenty-six million dollars.
(See Fig. I1I. for geographical distribution of donor participation)

2.3 Population with Water Supply and Excreta
~Disposal fervices

In 1970 it was escimated that the population in

Upper Volta was distributed as follows:

Urban (more than 10,000} 470,000
Semi~-urban (5,000-9,000) 349,000
Rural (below %5,000) 4‘753,600

5,572,600



In 1970 the distribution of villager by number of

inhabitants was as follows:

No. of No. of
Population Villages Population Villages
1-100 948 2000-3000 170
100-250 1716 3000~-4000 75
250-500 1799 4000~-5000 24
500-1000 1550 5000-10,000 13
1000-2000 794 10,000-202,000 13
1-1000 6807 295

The preponderance of villages, over 6000 (85%), had less
than 1000 population and only 4% of the communities in Upper
Volta had more than 2000 pojulation. This points up the
importance of developing programs for small rural populations.

Through its Documentation and Water Supply Research
Section, HAER carried out a dctailed survey of nearly 7500
villages throughout Upper Volta to determine the villages
which have satisfactory wells (most of them open hand-dug wells),
the amount of work necessary to rehabilitate wells which have
gone dry, and where new wells are needed. Thit survey serves
as the basis for scheduling the rural wells program,

The survey revecaled that 17 percent of the villages had
water service from comparatively satisfactory sources; 2700
wells in 1500 villages necded to be deepened to provide water
throughout the year; and 63% of the villages (nearly 4500
villages) lacked any type of protected well. Very few of

the wells are provided with hand pumps because the pumps break



down frequently and an adequate maintenance program is lacking.

As mentioned above, 2bout 174 of the rural villages
were served satisfactorily the yeur round (satisfactorily
meaning water from open wells, which is far from satisfactor
from a sanitary point of vview, it is, however, satisfactory from the
point of view of a conctant supply within the village limits
which doen not have to be carried for miles).

A very rough estimate indicates that from 300 to 350
wells, each serving between 100 and 1000 people are being
dug each year in Upper Volta. The villagers provide the labor
for digging the wells, under the guidance of a mason furnished
by HAER or the agency responsible for the program. The wells
are lined, generally with concrete liner rings and the lining
extends above the ground surface for approximately a meter.
A concrete apron extends out from the liner at the ground
surface to prevent filtration of spilled water down the outside
vf the liner,

when the villagers reach solid rock in digging their well,
HAER provides ass.stance in ex~avating the rock until sufficient
depth is reached to provide water storage to meet the needs of
the village. Mowever during recent years because of long dry
periods, a number of these wells have gone dry and people have

had to resort to the former grossly polluted suvurces miles from



the villages. The most satisfactory technical ahswer'isaarilledwell
which penetrates the acquifer to a depth to assure year around
potable water. Some such wells are being drilled and

provided with hand pumps. Unfortunately, without an adequate
maintenance program, the pumps become inoperative and the

well is out of service. A continuous preventive maintenance
program is required., and could be carried out at the ORD level

with adequate financing and supervision.

3.0 Water Resources and Well Construction considerations

Hand Pump Rescarch

Research is underway by CIEH, (See report Les

Moyeas D'bExhaure en Milieu Rural by Andre Beramour, dated March,

1977 - financed by the world Bank and other agencies) to find a
hand pump which 18 comparatively maintenance free. CIDA: through
a Canadian firm of consultants, has also carried out an extensive

research project,
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AVAILARILITY OF WATER SUPPLY:

Traditionally the rural people of Upper Volta have
obtained water supplies for themselves and for their herds
from wells and from streams, natural ponds, lakes or springs.
Only in the steppes of the Sahelian zone and the drier
northern part of the Sudan savannah have wells been a traditional
part of the rural water economy. Even in these regions,
however, wells have been used only intermittently or in the absence
of convenient, nearby sources of surface water. The well, then,
is essentially considered as a source of reserve supply when
surface-water sources disappear during the course of the dry
season. 1In the better-watered parts of the country south of
the 900mm isohyet wells were apparently not traditionally used
for 1ural water supply in the presence of relatively abundant
surface sources. Chiefly, as a result of European influence
since the latter part of the 19th century, wells have come to
be accepted throughou. the country as the cleanest, if not the
most sanitary, and also the most reliable sources of water
supply for human consumption.

Surface water is widely available in the streams, lakes
and ponds throughout the wet season, which lasts from 3 to 6
months. North of the 900mm isohyet where the dry scason may
last from 6 to 9 months most streams go dry within a few
months after the end of the wet season, and the only available

water is that accumulated in natural depressions (mares or
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marigots) or in artificially constructed tanks and reservoirs,
South of the 900mm isohyet where the wet season is longer,
sufficient ground-water storage accumulates to sustain the
base flows of larger streams during most {f rot all the
relatively short dry season. The highest water yields occur
in the southwestern part of Upper Volta where a favorable
combination of high rainfall with aquifers of high ground-
water storativity gencrate relatively high bLase flows,
particularly in the headwaters lie north of the 900m+ ischyet
where rainfall is comparatively low and the rocks have mediccre
to low ground-viter storativity. (AP

Ground water in Upper Volta occurs in four major groups
or kinds of rocks, each of which requires an appropsiate
technology for vconomically effective develojrent for rural
water supply. TFrecasbrian igneous and retarcrphilc rocks
directly underlie the surface of about 7% percent of the country
and form part of a vast erosional plain or peneplain extending
south intoc Ivory Coast and Ghana and northeant into Niget,
A belt of Paleozvic sedirmentary rocks alwiut 50 to 140k~ wide,
whizh extunds along the western and northern lasrder of the
country, forms the southern margin of the great Tacudennl
sedimentary basin of Mali., In the extrere east 1n atcther
belt of Paleozoic seditentary rocks alout 10 to 70 k- wide
which forms the northeastern extension vf the Voltalan

gsedimentary basin ¢f Ghana., Alao in the nor heest, tertiary

o g

‘Bm;aw[’)‘»jv. 31 for list uf tefetencen.
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ground-water reservoirs which are tapped by several thousand
large-diameter open wells. These range from about 5 to 45m
deep and average about 15m deep on a country-wide basis. (b).

The weathered mantle from the surface down generally
has the following characteristics:

(a) Laterite carapace or duricrust 0-12m thick,
seldom permanently water-bearing. Traditional, unlined open
wells can sometimes yield up to 30m3/h, while the carapace is
temporarily saturated during the wet secason.

(b) Clayey alterites. Running or soupy saturated
clays may cause problems in sinking the concrete curbings of
modern open wells., Yields can range from nothing to a few
hundred liters per day.

(c) Friable sandy zone with comminuted mineral agaregates
in granites. Yields can range from a few hundred liters per
hour to a f{ew m3/h.

(1) tYractured zone, More or less hard and generally
productive. Yields can range from 0.5 to 10m3/h. Most open
wells generally do not penetrate much into zone (d). On the
other hand, wells drilled by the percussion and rotary methods
can pass into zone (d) and beyond to intercept water in deeper
fracture systems, These two methods may become ineffective
and uneconomic, however, if the rock becomen too hard. The
down-the-hole atr harmer drill, however, can penetrate hard

rocks with ecane down to depths of 100m. 1In the granites of
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the Precambrian terrains the thickness and permeability of

zone (c) conditions the yields of open wells. Among the
metamorphic rocks open wells sunk in the greenstones commonly
find zones (a) and (d) most productive. The schists may be
productive to open wells in zone (b) but zone (c) is usually
absent. Zone (d), however, is generally productive to drilled
wells in schist. The metamophcsed v.lcanic-sedimentary
complexes also behave like the schists, insofar as water yields
are concerned. (B).

The water table in the Precambrian terrain generally
lies at depths ranging from near the land surface to about 20m
and averaging about 10m at the end of the dry season. In
some regions of Upper Volta, however, the water table lies
at depths of more than 30m as in the Kaya arca and along the
edge of the Goudo plain in the northwest. The water table lies
at or near the surface in ephemeral or permanent swampy areas
(mares or marigots), chiefly along the channels of the larger
streams, Temporary water holes, which may become badly
contaminated, are commonly dug in these places to provide
water for human consumption, livestock or irrigation of small
gardents. The water table fluctuates in responsce to recharge
from rainfall during the wet ncason and dissipation of qround
wAater ntorage by cvapotranspiration and spring fluw during
the dry scason. The largest fluctuations occur {in the inter-

fluvial areas away from large streams where the water level may



range 7 to Bm between the high at the end of the wet season
and the low at the end of the following dry season.
Fluctuations of 3 to 5m are more common, and near the mares
and marigots fluctuations may be less than one meter. Because
of the large fluctuations, open wells are vulnerable to drought
cycles and commonly must be deepened two or three times after
initial construction before they can be expected to yield
water throughout a normal dry scason. The annual recharge

to the water table has been estimated to range from 150 to
250mm generally, with up to 400mm in the more rainy parts of
the country. The specific yield of the more permecable parts
of the weathered rock mantle have been estimated to be about

5 percent. The chemical quality of the ground water in the
weathered mantle is reported to be gencrally good. The water
is usuable for all basic water requirements. (B).

The Palezoic sedimentary rocks include thick relatively
permeable sandstones interbedded with equally thick but
largely impervious shales and siltstones. These sedimentary
rocks attain a thickness of several hundred meters in the
elevated platcau to the west of the Banfora Escarpment.
Conglomeratic sandstones which crop out in an area of about
J.OOOkm2 form important aquifers south of Bobo-Dioulasso.
These oandstone aguifers give rise to large cprings feeding
the headwaters of the Black Volta, the ¥omoe and East lLeraba
Rivers. One spring at the head of the Xou River rismes from
conglomeratic sandatone and is reported to have a perennial

flow of about JmJ/u. Two tubewells tapping water-bearing



gsandstones at Bobo-Dioulasso are each reported to be about
150m deep. Each yields about 50m3/h for a total of 100m3/h.
The water is of excellent quality with only about 20m/1 of
total dissolved solids. Generally, individual tubewells
in the western plateau can be expected to yiéld S0 to 100m3/h
from sandstone aquifers from tubeweclls 150 to 200m deep. (B).
Paleozoic limestones and dolomites in the Tiu Hrassan
and Christine arcas of the extreme north of Upper Volta were
explored about 2 years ago by 12 tubewells. Some of these
exceptionally develop up to 100m3/h from cavernous openings
in these rocks. Most of the tubewells yield individually only
a few m3/h, sufficient for livestock watering. The depth to
the water level below land surface ranges from about 15m at
Tiu Hrassan to 4m at Christine. The chemical quality of the
water is good with only about 400m/1] of total dissolved solids. (B).
The Gondo Plain north of Nouna and northwest of Thiou
is underlain Ly semiconsolidated Tertiary clays interbetded
wich layers of sand. The sandy layers of the Tertiary rocks
as well as underlying Paleoroic sandatones and dolomites are
reported to yield mubstantial quantities of water to drilled
wells 100m or more deep.  The depth to water in this reqfon
i8 reported to range from 30 to B0m below land surface. The

disnolved #olida content of the water ranges from 200 to 700mg/). (D)
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Present Status of Water Development for Rural Supply:

Both surface-water and ground-water sources are presently
used for rural water supply and livestock throughout Upper
Volta. In the absence of awareness of the health hazards
involved, a surface-water source, when it is available, may
be preferred by villagers because of its relative convenience
in contrast to ground water, which may require considerable
labor for its extraction from a well. In southwestern Upper
Volta, where rainfall is relatively high, houschold supplies
may be taken directly from nearby perennial streams or springs
where these are conveniently located to village compounds.
Wells arc used, however, if surface-water resources are lacking

or are located at more distant points. The relative physical

labor to the water drawer and carrier is the critical factor,

Farther north where the climate is drier,small carthen tanks
are uscd to catch and store surface-water rinoff for dry scason
use, chiefly for irrigation of crops in villey bottoms (bas

fonds) but also for livestock and houschold consumption.

Water is also caken from perennial ground-water fed ponds and
swanps (mares and marigots) and from shallow water holes dug
in dry river beds to tap underflows. Still farther north
where surface-water tources are precarious through most of the
year, wells are ased almost exclusively feor domentic and

livestock water supply, more particularly in the dry season. (C).
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At present there is virtually no development of
sanitarily protected surface water for rural supply in
Upper Volta. It appears to have been more expedient in
rural development projects to obtain water supplies from wells,
which can be more easily protected in the rural environment,
than from surface water. Sanitarily protected spring
captations have reportedly been installed in some places
in southwestern Upper Volta and are potentially possible
elsewhere, particularly in the hilly plateau country of the
Orodara and Bobo-Diousosso regions. For example, a captation
on Kou spring, which was developed primarily for the irrigation
of sugar cane in the Banfora Sugar Complex, also provides
domestic water supplies by gravity pipelines to several worker
villages in and near the 4,000 hectare plantation. Nevertheless,
large surface-water dams and reservoirs with limited water
treatment are considered the best solution to the public water-
supply requirements of urban areas such as Ouagadougou, Bobo-
Dioulasso, Koudougou, Fada N'Gourma and other smaller towns. (C).

To extract grovnd water for rural domestic consumption,
livestock and urban supply, there are essentially five kinds
of wells presently in use in_Uppcr Volta. These include
(1) traditional open dug wells, (2) modern open dug wells,
(3) larger diameter bored wells, (4) small or intermediate
diameter drilled wells (tubewells), and (5) large diameter

tubewells,
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Traditional dug wells for village and livestock water
have been constructed in all the geologic terrains of Upper
Volta. They are generally dug by simple hand excavation
techniques using a pulley or windlass with buckets and hand
lines for removal of soil and rock. Such wells have been dug
to depths of 50m or more. Many are unlined and as much as 5
or more meters in diameter. They are subject to gross
pollution and occasionally have been known to cave in
endangering the lives of local herders or farmers. Also
because of inadequate penetration into the aquifer they commonly
fail in the dry season. There are reported to be several
thousand such wells in use throughout the country. (D).

So-called modern open dug wells in Upper Volta are
essentially extensions or variations of French technology
developed in West Africa during the 1950s. These wells use
the "trousse coupante" method of construction. Concrete rings
2.0 to 1.6 in diameter are placed in the excavated hole near
the surface reducing to 1.6 to 1.0 in perforated rings in
the water-bearing zone. The perforated section is generally
gravel packed to prevent fine aquifer materials from entering
the well. The lowermost ring is provided with a sinking shoe
and concrete rings are poured and added at the top of the
perforated section when a well is deepened. Virtually all
dug wells require one or more deepenings after initial
construction before a viable water supply can be assured

through the dry scason. The wells should extend at least
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5 to 10m below the dry-season position of the water table
to insure an adequate supply. Deepening operations are
generally started in February or March and are continued
through the end of the dry season (c), (D).

The principal governmental agency involved in
construction of modern open dug wells is the Service Hydraulique
et Amenagements des Equipments Ruraux (HAER) which employs
considerable mechanized equipment in the construction of its
wells including derricks, air compressors, jack hammers, and
sinking pumps. About 2 months, over all, is required for
completion of a modern open well. There are, however, some
20 agencies, public and private, which have been constructing
both open and drilled wells in Upper Volta during recent
years. The HAER attempts to coordinate well consturction
activities throughout the country, and all PVOs, international
and bilateral agencies are required to submit annual repoits
and records of wells including location and construction
detail to the HAER. The Burecau des Etudes of HAER has compiled
a national inventory of both dug (open) and drilled wells and
is presently updating it. There are presently estimated to
be several thousand modern open dug wells in Upper Volta.
These range from about 5 to 45m deep and average about 15.

The Peace Corps cstimated that it has completed between 1,000

and 1,800 of these on a country-wide basis since 1967. (D).



The prevailing rationale for the modern open dug
well has been the provisicn of relatively clean water for
basic village use and a well from which water can be drawn
by bucket and hand line with minimum maintenance requirements.
The yields obtained from modern dug wells in the Precambrian
terrain range from about 0.5m3/h to 10m3/h and average 2m3/H.
Also well yields fluctuate scasonally. For example a well
which produces 5m3/h during the rainy season may produce only
lm3/h at the end of the dry season. 1In the Precambrian
terrain, however, about 5 percent of modern open wclls put
down find no water, about 10 to 15 percent provide very meager
supplies, and only about 80 to 85 percent can be considered
adequate to provide a small village supply. Modern open wells
provided with covers for sanitary protection and cquipped with
hand pumps have been attempted locally but have not been viable,

except where regularly maintained by concorped voluncer,

charitable or reliqgious groups. 1In the absence of maintenance

the pumps break down, the covers arc broken, and water continues
to be drawn by the villagers by hand line and bucket. The HAER
has at present two well and pump maintenance teams, one at
Ouagadougou and another at Dori to serve the entire country.
Because of inadequate nupplien, personnel and financing these

items are only nominally effective. Unti{l the management
problem is resolved, however, HAER presently believea that open









about 3 to 4 days at 2 shifts per day to complete.

Percussion drilling is well adapted to the Precambrian
terrain, but progress may be slow if hard recck is encountered.,
In softer rock a well 50m deep can be completed in a week,

but if hard rock is encountered the well may require a

month or longer to complete. The HAER is presently (1977)
reported to have two operational percussion drilling rigs

for use throughout the country. There are, however, other
rotary and percussion rigs active in the country under the
direction of donor agencies and PVOs. The HAER uses its rigs
chiefly in arecas where it is difficult to construct dug wells,
because of hard rock conditions. Apparently, down-the-hole
(air hammer) compressed air drilling has not been introduced
in Upper Volta. Such rigs would have considerable merit for
drilling of wells down to depths of 100m in the Precambrian
terrain, because of the rapidity of penetration, (20m per day),
and of the indications given of water productivity from
fracture zonces.

Several of the smaller towns in Upper Volta depend on
drilled wells and/or open dug wells equipped with power pumps
for the municipal water supply. These include Dori (100m3d)
and Dedougou (65m3/d). Other larger cities such as Bobo-
Dioulasso, Koudougou and Fada N'Gourma depend on wells with

power pumps for a substantial part of the municipal water supply.



Such wells and pumps are maintained by the municipality. (B),

Costs of Hand Pumps and Well Construction: Several types

of hand pumps have been installed on both open and drilled
wells in Upper Volta. None has proved entirely satisfactory
under operational condition: of heavy use and leck of
maintenance. The HAER atterpts to maintain about 200 wa.lsB
with hand pumps with two rcrvice Crews for the entire country,
Becausc of infrequent and inadequate malntehance, at least
half these pwips are out of service at any onhe tinte, The
only successful hand-pump installations are those locally
maintained by private owners or by PVOs,  The types of hand
pumps presently in use in Uppel Yolta and thelr telative
characteristics and costs are shown in the tollowing table,
With the exception of the Vergnet pusp all the Gtheys ate

cf reciprocating 11U type.  The Vergnet piitj, which opetated
with a foot ped:  instead of a hand lever, has a rusles Gf
advantages for ease of installation, cperatlon and repalyr,
Slight modifications in the diareter of the pisioh and the
lehgth of Btroke also permits ralsing watef fyce depths as
great as 65m.  Most other pumps in use in tpper Volta afe
limited to 1ifts of alout 40, Al pusps ate mubject to

wear with use and should pot be inwstalled unlese sure continuing
preventive maintenance ayates Can be foteseen and mustained,
!L‘_J&!‘F’Jf"’""“"" 0f maintenance fo hatd=-paeg ;,;919‘;:&g;agmuggug’;gggg,

of continuing viability in Upper Volta, (G).






meter for a larger diameter (6-8 inches) tubewell with a
nominal yield of up to 12.0m3/h. For a smaller diameter
(4-5 inches) well of about 0.5 to 1.0m3/h yield the cost
is estimated at 5150 per linear meter. Comparable costs
for a drilled well put down by the down-the-hole (air
hammner) would be about $210 per lirear meter if contructed
in limited numbers or $105 per meter if constructed in
large numberu. (B).

The depth of penetration in a water-bearing zone is
an irmportant element in the cost of a well. The cost of
an open well increases with depth, whereas much of the
cost of a drilled weell is in fixed charges so that with
increased depth costs are not incremental.  Also, per m3/h
obtained, a drilled well is cheaper than an open well. The
advantage of a rodern dug well is in the use of local labor
and materials,  Nevertheless, 3f a drilled well requires 80
percent of 1rported equiptment, parta and supplies for its
construction, a modern dug well equally requires 50 percent

¢ xpurted matertals,

The chief advantagen of a drilled well over modern dug wells
are (1) rapidity of construction, (2) ease of emplacement,
(3) gyreater case Of sanitary protection, (4) lower cost per
ﬂ)/h that can be ohtained, and (%) greater permanence and

dependabiility of the water supply. The only true problem is



the need for a hand or power pump for extraction of water
from a drilled well. Pumps and/or motors must be maintained.
In the absence of pump maintenance a drilled well is not
viable for village vater supply or for that matter any water
supply. (B).

In view of the well-known constraints of open wells
vs. drilled wells and the pump maintenance problem, there
may be other possibilities for gravity water development
for village supply in parts ot Upper Volta. One possibility
is the spring captation, which could doubtless be more widely
utilized in the relatively well-watered hilly arcas of
southwestern Upper Volta. By constructing sanitarily
protected captations or collecting boxes over spring heads
water can be delivered by gravity pipeline to village fountains
on lower ground. Many such capterions would seem to be
potentially feasible in the hilly plateau ~ountry of the Bobo=
Diolasso and Orodara region and also i{n the Kampti-Gaoua arca.
Before such a captation program could be undertaken, however,
a detailed inventory of potentially developable springs would
have to be undertaken and cstimates made of the costs of
development.

Another alternative to full dependence for village
water supply on open wells is rainwater collection in covered
cisterns, which are now virtually absent in Upper volta.

Collection of water from rooftops, particulurly where these



are of corrugated iron, is one possibility. If the cisterns
are constructed on or above ground level the water could be
drawn off by taps without the need to resort to buckets

or hand pumps, Such cisterns (ould be built of mortar and
blocks of laterite, which is widely available in Upper Volta,
and lined with ncat cement for impermeabilizing.

Still another alternative is to select rocky knobs or
hills, of which there are many in Upper Volta, and to develop
these as rainwater harvesting areas. Ideally these should
be protected from trespass by men and animals to reduce
the pollution hazard. Rainfall runoff from the rocky slopes
would be diverted by low pitch rock dikes on the contours
into collecting channels and thence led down the slopes into
one or more covered cinsterns from which water could be drawn
by taps. Before embarking on any large-scale rainwater
harvesting projects it would be desirable to undertake
fecasibility studies including fdentification of potential
sites or arcas, the potential water yields of such areas, and
the approximate costs. To {mprove sanitary quality, the
collected rainwater could be passed throuagh simple sand
filters before delivery into the cinterns., (M),

Where ground water is too deep for economic extraction,
other types of rainwater harvesting could be considered.
Relatively flat or gently sloping areas, for example, could
be surfaced with pitched niabs of rock from which ranoft

would be led into sand-filled filtration pitm, Interconnected
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porous earthen jars would first have been buried in the
pits. The stored water could then be drawn as needed by
simple suction pumps placed in a protected vertical
aperture in onc of the jars. (H).

Other more claborate alternatives exist but most
would require investment of considerable sums of money for
recovery of relatively modest quantities of potable water.
There is little question but that a protected drilled well
with an operable paump is still probably the best source of
sanitary rural water supply and probably also the most
cost-effective of Upper Volta, Until the purp malntenance
probler i Tesulved, Nhowever, cther viable alternatives for
rural water supply rust be 1dentified and developed where

econmuically feasille,



-31-

References:

(A) Atlas de la Haute Volta, 1975, Institut Geographique
National, Paris.

(B) Rep. de Haute Volta; 1975, Min. du Plan, du
Developpement Rural d'Environment, e’ du Tourism;
Direction de 1' Nydrauliques et de 1‘Amenagement de
1'Espace Rurale (HAER). ‘Donnees pour la Valorisation
des Faux Souterraines sur le Territoire Voltaique"
by Jacques Lemoines, Dir. Gen. BURGEAP.

(C) Verbal communications, personnel of HAER.
(D) Verbal communications, personnel of Peace Corps.

(E) United Nations, 1973, Ground Water in Africa,
UN Dept. E 71.11.A.16, compiled by Robert Dijon.

(F) Burgeap, 1974, La Consturction des ruits en Afrique
Tropicale, compiled by Louis Authosserre, published
by the Ministere de la Cooperation, Paris.

(G) Comite Interafricain d'Etudes Hydrauliques, 1977,
Les Movens d'bxhaure _en Milieu Rurale, compiled by
Andre bepamour,

(H) MNational Acadeny of Sciences, 1974, Moice Water for
Arid Landa, compiled by D.F. Peterson and others.



http:Acadt.my
http:71.I1.A.16

-32-

Draft: Lester Maupin
December 1, 1977

GHANA WELL DRILLING AND TRAINING PROGRAM

We learned in Ouagadougou of a Canadian engineering
firm (W.L. Wardrop and Associates, Ltd.), carrying out a
contract for well drilling in t¢he Upper Region of Ghana and
drove down to talk to them. 1In talking with Mr. Kenneth
Paterson, drilling superintendent advisor, it was found that
the problems encountered in drilling water wells in Ghana
are about the same as in Upper Volta and much of Chad.

To begin with, the contractor brought in to Ghana three
complete drilling rigs with all tools and equipment needed to
set up maintenance shops, warehousing and a good supply of
spare parts for the drilling vigs. The rigs are l-Gardner
Denver 1500 and 2-Sanderson Cyclone T.H. 60's, which are good
up to 1,500 feet. The rigs are thus much too large for the
drilling they are doing. The decpest well drilled to date is
200 fect, but most of the wells drilled are 90 ft. to 100 f¢t.
deep.

When drilling first started the project personnel
included 3 Canadian drillers, a supervisor, a drilling
superintendent, a maintenance foreman, two geologists and a
project manager, all of whom were advisors. The on-the-job
training has Leen quite effective and Canadian drillers are
no longer assigned to the project. The Ghanaians are doing
all drilling under the gencral supervision of a Canadian and

his counterpart who answer to the Canadian drilling superinterdent
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and his counterpart. The maintenance crews, for repairing
hand pumps, have been trained to the point where they no
longer need supervision. The geologists are still working
witr their counterparts, and so is the shop foreman training
his counterpart.

When the ccntractor first started drilling operations
they made both formation and electric logs of each well,.
Formation logs of each well drilled are still recorded but
the electric logger is seldom run as it has been found that
all electric logs are just about the same.

The contractor started with a project for drilling 2500
wells and installing hand pumps in each well. To date 1500
wells have been completed. From September 1974 to July 1976
1100 wells were drilled. So much trouble was encountered with
the hand pump first used that a test program was undertaken to
see which types of pumps are most durable. As of today no
firm conclusion has been reached as to which type of pump is
most durable. The trouble is not so much with the components
of the pump which are in the well out in the components above
jand surface. They have and still are testing some 15 different
makes of hand pumps, pumps made in all parts of the world, and
still have not found the right pump. Some of the pumps under-

going test are Abi, Bodin, Dempster and Vergnet,
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Their well design is of low cost as they use PVC
casing and screens in all wells. PVC is manufactured locally
in 2", 3", 4", 6" and 8" sizes. The 8-inch PVC comes threaded
from the factory but all other sizes have couplings which
wardrop and Associates make in their shop. They purchased
from Rice Engineering and Manufacturing Co., Edmonton, Alberta,
Canada, the necessary equipment to heat, form and cool the
couplings out of 2", 3", 4" and 6" PVC. There is very little
loss from breakage in any of these sizes as they can use that
which is not broken in a 20 ft. length for couplings. PVC
has to be stored carefully as it will warp if it is not stored
very straight.

Wwardrop and Associates also make their screen from PVC.
They bought a slotting machine from Rice Engineering and
Manufacturing Company that can slot 2", 3", 4", and 6" sizes
in their own shop. Eight inches is slotted at the factory
that manufactures the PVC. They have found that the best size
slot for their use is .028 thousands of an inch.

The 1500 wells that have been completed average from
90 to 100 ft. in depth. Some have had to have surface casing
and some not. Where casing had to be used throughout the
full depth of the well, 3" to 4" PVC were the standard average
size. The screens were gravel packed, with local screcned

gravel, to well above the top of the ncreen. The cuttings from



the bore hole were dumped back in the annulus to within
10 ft. of the surface then neat cement to surface giving
a good seal from surface pollution. A hand pump was then
installed and the well turned over to the village.

The contractor has also drilled 16 or 17 large
diameter wells in which 6" or 8" casing was used; this
is over and above the 1500 small diameter wells. The design
is the same as that used for small diameter wells but they
have installed 6" or 8" casing and screens. These wells
are also deeper, 150 to 200 ft., the decpest well drilled
to date is 200 ft. which also has ihe largest yield (150
GPM by pump test with 12 ft. drawdown). This well is located
in a larqge village on the Ghana-Upper Volta border. The
large diameter (6-8 inches) wells all have deep well turbine
pumps installed in them,

The wells thus far completed could have been drilled
with much smaller drilling rigs equipped with air compressors
the same as those presacntly in use (Leroi 256 5.D.5. - 250 pPSI
600 CFM). The mud pumps (Gardner Denver 5x6 hydraulic powered)
would have been better if they had used a steam punp, and
had uned air for power instead of hydraulic power. The present
const per foot is approximately 525 where in the beginning it
was twice as much (550 per ft.). This cost will most likely
drop to below $20 per ft. in the remaining 1000 welln to be

drilled.
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4.0 SOCIAL BACKGROUND INFORMATION

4.1 Demography

The great peneplain of Upper Volta in January 1973
had 5,516,000 inhabitants, or a ratio of 20 inhabitants per
kilometer square. At least one tenth ot its nationals live
abroad, however, in either Ghana or the Ivory Coast for the
most part, because Volta's economic &tate cannot support
the population it has produced. It 18 producing more popu-
lation at an extravagantly high rate: the U.N. 1965 to
1970 estimate offers 49.4/1000 annual birth rate, with a
death rate of 29.1/1000. Later figures show a growth rate
of 21.3% during the years 1970-1975. MNinety-seven percent
of Volta's people live in rural areas, the majority 1in villaqges
of 250 to 500 jpoupulatioun. The heaViest contentrations are
on the Moss! plateau.

4.1 Ithnic Cemposition

The Mossi account for 48% of Voltan population: thie
can be ascribed to the pecullarly succesasful structure of
the ancilent Mossl State, whosie politico-military power
protected Mosui peasants during several centurles which were ==
becausie of the slave wars =-- devastating for neighboring
peoples.

Other major ethnic groups in Volra are Fulani (feul)
located mainly in the fahel zone in the north angd ecast,
Lobi/Dayari toward the east-south-easnt, Mande groups Lo
the north-wvest, hobo people in the west central reglon,

Benoufou to the far south-west, Gourounsl 3in south-central
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volta, with the Busansi to their east, and Gourmantche,
who occupy Fada n'Gourma and all country eastward.,
4.) Economic-Base

Subsistance Agriculture is the predominant mode of

production, but the herds play an important role as well.
Voltaic farmers work terribly hard for their meager harvests,
and in the best seasons are stalked by the prospect of
insufficient food to carry through. Rains are capricious,
and sometimes fail completely.

4.4 Nomadic Herders

In the north, the Sahel zone is largely occupied by
Peul herders, who take their herds north with the rains,
and from end March to end Scplcnmer’in the dry season move
south toward rmore rellable water sourced. Cattle-driving
corridurs are used to move the herds from Mali, Niger, and
the northern Sahel of Volta south to the beef markets of
Ghana; atd the Volta government has plans for a chain of
livestock wells at approximately two-days stock-drive
intervals., 7These wells (some already in erxistence) define
the corsidor, and are of fundarmental importance to herdsmen
as they insure tability, without which the herds will perish
during dry periods like the recent drought, where the mortal
problcﬁ wag ot lack of water, but of forage. This 18,
however, only one side of the problem. ¥nowledgable people
feel the land is carrying too many cattle for its fragile
ecological balance. And in the ideans of people for whom the
herds are the basia of a way of 1ife, more water nmeant

the ponsibility of bullding larger herda. Thia alno augments
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the competition for already limited supplies of water,

and further emphasizes the difference in interests between
farmers and herdsmen. To cattle people, who know each cow
by the shape of its horns, and the delicate shadings of its
hide; for whom marriage, friendship, and social status all
are based on the ownership and exchange of cattle; it is

difficult to make economizing decisions for herd-take-off

on the basis of optimum levels of "TBU"* in something impersonal

and unrelated termed "the Biomass". Only long-term range-
management training, coupled with veterinary services,and
taking full account of local wisdom, knowledge and attitudes
is liable to arrange these problems.

4.5 Water Goals

Volta has 9000 villages and hopes to provide at least
one well per village. 4000 wells have already been dug,
and the HAER**, in cooperation with the CIEH*** has established
an inventory of all wells in the country. Wells are dug
by the HAER; by the Volta Valley Authority (AVV) in connection
with resettlement projects for the river valleys; and by
twenty foreign-assistance and private voluntary agencies.

4.6 Administration and Institutions

Haute Volta has developed a logical and coherent
administrative framework to further ner development aims.
She is moving toward a full water program which will and must

take account of human, liventock and agricultural neceds.

* TBU signifien “Tropical Beef Unit".
e* jlydraulic Service of the Ministry of Rural Development.

see Centre International des Etudes Hydrauliques.
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Progress is very slow, however, because of lack of financial
and trained manpower resources.

The normal modern-state administrative chain descends
from prefect, through sub-prefect, through Sectoral Chief,
to Village Chief. The latter is assisted by a Council of
Elders, but many villages begin to have various activity
groups: a youth-group, a women's group, and leaders or
representatives of these latter counsel with the Chicf on
pertinent concerns as well., Apart from the normal administras
tive chains, Volta has created under her Ministry of Ruiral
Development a parallel administrat ive system which deals
directly with the plans, implementation and problems of
development.  The country 1s divided in 14 Okii(s)  which
report through a pertateat secretarlat to an Interministerial
Council. The CHD system 18 a cross-cutting control which
manages personnel from all mintstries which act within
{ts domain. AL the national level, tatagerent atd Jiason
for all OKD's depend frum the cabinet uf the lutal Leveloprent
Minister. The ORD provides the nheCessaly decenttalized
decigion-making administrative apparatus, which should
effectively pull-together different agelicy activities to
gervice a unified regional developrent plan,

ORD's are directed Ly highly cajable expatsiate-educared
young met. The two Ditector's (Lastetn, and franfura Lhizleld)
who talked with the tear wele Vely rhowledgable and syrpathetic
Jong-range-planneta. 1t may, peihaps l.e asaurted Lhat,
in a0 new a vehitule an the Ol schere, eavh teyinnal vigahlea-

tion wil) be atrongly marked by the perpopalivy and perb&nal


http:wIt!i.ni







-41-

and decision keynoted the system, and there were several
lesser centers of power.

A ritualized concept of the right/power to rule,
called the Nam, was universally accepted, and this belonged
to the noble lineages. Able commoners could, however,
aspire to positions of command within the Ministries of
the Mogo-Naba; and these conflicting interests and powers
of the nobles and the commoners formed the basis of a dynamic
balance cf power mediated by the Mogo-Naba.

Relationchips were established and tied through a
practice of constant gift exchanges =-- both up and down the
hierarchy, and laterally: cementing pcer to peer. Women
were the most valued article of gift exchange, and the
prudent politician arranged to have the disposition of many

fertile maidens as a sine qua non along the path to power.

4.8 Women

women were valued for their agricultural labor, as
well as for their child-producing capacity. For women
there were very few differentiated or special roles, save
for the position of first wife of a ruler or very important
man. For men there were many different roles and occupations.
Although women were the major productive force in the country,
they held few arean of decision,

In many respects the Volta of today is true to its
vraditional character. It ig ntill marked by intelligent
and competent administrative structures, and a vital and
energetic people., Women nstill provide most of the {nrm-lnbor,

grow the family food gardens, fetch the water and carry wood.
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In spare time they may spin, or make bean-cakes and dolo --
beer to sell in the market. Unlike other West African
sisters, they usually do not keep for themselves the money
earned, but give their pittance to the headman of the
family line. More self-sufficient than the men who are
dependent for services, Voltan women are in some ways quite
independent, and keep things going despite the high level
of out-of-country migration practiced by Voltan men.

UNESCO has established a program for women which attempts
to give them wider possibilities for money~-carning and basic
education. This program includes radio-instruction handled

through the Ministry of Information Radio Rurale program.

AID ic now establishing "Women in Development" proyrams
in four ORD's, and will undoubtedly be able to profit from
the experience and knowledge developed in the UNESCO efforts.
A Peace Corps Volunteer very familiar with rural Volta
suggests that only women development-agents be scheduled
to work with Voltan women, as their world is not casily

penctrated by men.

4.9 Prognosis

-

what is nceded to obtain a continuously viable water

supply in Volta, is, as in all other arcas observed, thn
necessary range of infrastructure and the noecesnary financing
to make it run. This involves consicious deciniona on how

to balance efforts for competing water necds. It dinvolves
the spread and acceptance of practical and realistic idean
about health and sanitation accompanying the possibility

of offective implomentary action. It involves motivation
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surface water geohydrologist, and a rural social/cultural
anthropologist and a sanitary/environmental, public health
engineer.

Discussions with pertinent representatives of USAID,
Anerican Embassy, PC, German Embassy, GOT} including
Ministries of Mines, Planning, Rural Development, Rural
Works, Public Health and Social Affairs and PVO's were
supplemented by visits to AHYIGBEHAME, WUKRO, AGOMOE,
ATAKPAME, TSEVIE, TABLIGBO AND ANECHO in TOGO. An over-
flight planned with stops at DAPANGO and LAMA-KARA was
canceled at the last minute because of weather conditions.

2.0 Present Programs in Rural Water Supply and Sanitation

2.1 Responnible Agencies

As in the other countries visited, a number of
govermnental ayencies are involved in the rural water supply
and sanitation programs in Toyo. The Minintry of Mines,
Energy and Hydraulic Resources through its Planning Depart-
ment, coordinates all activities in rural water supply,
developing the conceptn, programminag and locating funding for
the program., The Departiment of Rural Development is re-
aponsible for developing and promoting rural water supply
Projects while the Minintry of Land Development (mplements
the rural water supply plans. Once the well has been dug
it {a turned over to the Department of Hural Develognant

for matntenance,

xcovt » of Togo
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One comment heard in Togo was that when the recent
reshuffling of responsibilities for the rural water supply
activities took place, the head of the program was placed
in one agency, the body in a second one, the arms in a third
one and the legs in still a fourth agency. The resulting
confusion can be imagined.

For rural water supplies under the Department of
Hydraulics and Electricity the country is divided into two
sub~-sections, the South Sub-Section with headquarters in
Lome and the North Sub-Section with headquarters at Sokode.
Organization charts have been promised by the Director General
of Mines, Geology and the National Mining Research Bureau.,

Togo is divided into five regions as indicated
on Map A with a sub-division of ecach of the national level
ministerics located at cach of the reqgional headquarters.
There in also a nub-division in each of the five regional
officen. Planning and gquidelines are developed at the national
level, but implementation is the responsibility of the sube-
divinion officen at the reqgional level. This decentrali-
zation has been in effect since 1968,

My interesting well drilling program {s being
carried out by Projets Techniques Sociaux = Pglise Evangelique

du Togo in the area of HINETRO with headquarters at ATAKAME,



At least 100 walls have been drilled by hand unler this r. o-
ject during the past 10 years.

The wells are installed with full village partici-
pation. The village contracts to pay the PTS $100 for a
drilled well with a hand pump installed. The village
furnished 8 men to operate the hand-powered well-drill and
furnishes food and lodging for the technical supervisor
furnished by PTS. The drilling is in hard rock and it takes
two to three months to drill a well. The wells and hand
punips are maintained by PTS which visits each well at least
once a month., The villagers pay for the service plus the
cost of spare parts., Here is one proof that villagers can
and will pay for a potable water supply. PTS has a long
list of applications for wells on the above basis,

The rural environmental sanitation program cumes
under the National Sanitation Service under the Director
General of Public Health of the Ministry of PFublic Health
and Social Affairs.  The National Public MHealth Service also
has sub-zectlons; three of which ate now In uperation,
pamely in lama Kara, Sokode and Dapango, each directed by
a4 sBanjtary onglinheer, Thete I8 alsu a sanitary enhglhpees
in charge at the national level with an aarmiatant, and
arrangettentn are unhdetway to assign a sanitary engineel

in charge of training for enviroimental sanftation walrkera,



In addition to other duties the National Sanita-
tion Service makes and {nstalls concrete privy slabs at the
rate of about §$100/year,

Togo is working vigorously to control oncho-
cerciasis and return areas from which oncho has been
eliminated to useful production. A part of the GOT strateqgy
for this cleared area, which has been set aside for ro-
settlement of farmers, calls for the develojpeient of
growth poles in northern Togo in an attenpt to decrease the
emigration to the wrban centers and to harness the develop~-
ment potential of the north,

2.2 Internaticpal Cooperation

In the past, participation by AID and IHBRD in
the construction of open wells has Leen less than succedg.
ful as the wella were not duy deep encuygh it the water
bearing acquifera and hence Jd1ied ufs during the dry secason,

The 1'C at ofe tTire veerpefated In the counstruct ion
of open wells, Lt tecehtly has dilrcontinged this tyype of
Cotperation bevcaize of the confanion of :c:ﬁpuhbll)ill!y for
the rural water aupply progras,

The ¢ g votititiuing the coniatiyetion of rural
achoola and with cach schoo) installs a ultiple spening

latrine, An ingenuvous solution has been developed by a



PCV to position 4 latrine openings in a concrete slab in-
stalled over a circular pit. The latrine openings are
separated by partitions radiating from the center of the
slab 80 that each opening is in a quarter segment of the
slab, The pit is lined with a thin layer of cement mortar
plastered on a matrix of reinforcing bar rings slightly
smaller in diamcter than the pit,

The UNDP has postponed several times a project
to cataleqgue the water resources in Togo.

The German bilateral assistance agency has
helped to finance an urban water supply system in Sokode
fram which water 18 suppliel to 8 nearby villages by
public fountains, This aystem has a treatment plant for
which malntenance 18 a continuing problem because of poor
adsinistration and lack of funds for maintenance. A
coptract has fecently been let for water supply systems
to be fuilt in Tabligbo, Mango anrd Bassan at an estimated
cost of 14,200,000 Getan Marks (U.5. $4.% million) . The
contract has bLeen avatded to a French contractor (SOCEA)
upder Cetxan supervinlon, The Cerrman bilateral program
16 not fipancing any tural water supply or sanitation
activitien, although §t &8 financing nwse agriculiural

activitien aa patt of a rural develuprent project,



3.0 Populatic:; with Water Supply and Excreta Disposal

Services.

3.1 Population

As of the end of 1975 it was estimated that
Togo had an urban population of 350,176 pecople living in
9 communities and 1,874,628 (84%) people living in rural
areas, for a total of 2,224,804,

3.2 Water Supply

According to the Third Plan for Economic and
Social Developnent, the construction of wells realized
during the second plan amounted to less than one guarter
of the 470 planned for that five year period.

The Third Plan contemplates the construction
of 500 open wella at the rate of 100 wells per year at
an estimated cost o” CFA 1,000 million (U.S. 54.15 million)
as distributed below:

Entimated Cont (Millions CFA - 241 = §1.00)

Region - __Total 1976 1977 1978 1979 1980

200 wells in 400 200 200
the Savanna
and La Xara

200 weells in 400 200 200
the Central

Plateau

100 welln (n 200 200
Maritime

Total 1000 200 200 200 200 200
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Draft: Geourge C. Taylor, Jr.
December 10, 1977

Wwater Resources and Well Construction Consideration in Rural

Water Supply Development in the Republic of Togo

Availability of water supply: As contrasted with the general
regional east-west banding of climatic zones that prevails

in West Africa, much of Togo as well as neighboring areas

in southeastern Ghana and much of Benin lie in a zone of
climatic ancmaly, Oroqraphig effects created by the
Atacorian Hills apparently generate this anomaly. Con=-
sequently, in the Coastal Plain of Togo and extending inland
as far north as Akaba the Sudan savanna type of climate
prevails with relatively low rainfalls of less than 1,000mm
annually., Further north rainfall increases to as much as
1,400 to ),600: in the Atacorian Hills of western and northe=
central Togo and then decreases northward to about 1, 100mm
in the Dapango reglon 0f the extreme north,  Also as a result
of this atetaly ratnfall apd stream flow from Year to year
tend  ta Le highly variable and local water shortages are
chronic, Hainfall in the Dapango area and tn the middle

011 Kivesr Lanin (Lansantie-Mango region) in genotally cons
centtate! in the #onths Letween April and October.,  NWovesber
thicugh Maseh 18 the d1y season. In the south of Togo the
rainy season ie a tonth ur oso lounger even though the annuyal
raintald 1e lesza than in the notth, Also in the zouth there
ia unamll‘,‘ Ghe d3y sonth, Auguat, in the middle of thoe 8‘:"“\7

scansuh, (h)»*»

gl ihadlow
s3:icc §oor. 31 Tuy tceferefivesd
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Because of the rainfall distribution most of the larger
streams in Togo that head south of the Atacorian Hills are
flashy with high discharges in the rainy season and very
low base flows in the dry scason. The most important
of these streams are the Sio, Lili and Haho Rivers. The
flow of the Sio inland from lome is at times less than 0.3
m3/acc during the dry season. The Mono River, whose
tributaries head in the high rainfall belt of the Atacorian
Hills, has important base flows even during the dry season.
The Oti River, whose middle and upper tributaries rise in
the Atacorian Hills of norther Togo and Benin, also hasg
important dry seanon flows, (B)

Because of the seasonal variability of the water
supply the Govermsent of Togo has been making strong efforte
during the past 1% years with the help of foreign donors to
ameliorate water shortages in rural areas through con-
struction of modern open wells and alno some drilled welle
{tubewells) and for the larger urban centers through
building of dams and reservolrs, treatrent plantas and
water diastribution systesms, Neveltheless, and ifnepite of
theae efforta more than %0 percent of the prutal population
continues to depend on polluted water supply ehtattied foom
unprotected apringe, unlined tsaditional opon wells, arti-

ficial tankas «nd contaminated patural water holes, With aome
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exceptions, however, due to unfavorable geoloqgic conditions
or deep water levels, ground water can be obtained from
wells in quantity adequate for village supply in B0 to B85
percent of the national territory of Togo., Where grovnd
water is not available or too costly to develop, surface
Water sources are only scasonally avatlable.® 1t sanitary quality
of rural water supply i1s to be taken as a valid joal, how-
ever, adequate Measures munt be takhen Lo protect wells or
gurface-water sioutces agatnnt pollution and to assure
continuing tatnhtenative, I the absence 0! rmalntenance
Programs to assure continulng sanitagy guality, invest-
rents In watet-delivery aystens ate of dubious rerit,
!‘udxngm»lugh' Setiin g, Tugo o vontalng within 1ts national
territory thiece gefictal groups of rocks, each of whitceh
Presents patticular probless with tespect 1o ground wated
devVelojsent and fatajerrent,  The vldest of these Groasps
Aarfe the Froevarhitar crystalline tocks which directly under=
lle ®ure than twe thirds of the cen'tal fejion of the
country, Lorewhal! youfijet ate the consclldare? Palecuzole
Hedl.‘*ch!a!'j tovka uf the Ul sedisentaty Larin 6 Botthern
Togo., Youtgeat 1a the Coastal Flasn which i+ undeslain by
unconsolidated and serci=connclidated selirentas fanging f1om
Citetacewun to Jate Tettiaty age, ()

“he Precarbidan group incladeas Dalioreyan migratized
ghelan and mica achiasta; anclent yneisosic geanite shjeld

-{tla‘iﬂ walep = ileﬂé‘- ii\') tay Ve cssential,



rocks of the Dapango and Palime areas, and younger quartzites,
phyllites and slates of the Buem, Atacorian and Kande systems
which form the mountainous ridges and valleys trending north-
east through the western and north-central part of Togo.
Ground water occurs in the Precambrian rocks in the weathered
mantle, where it is thick and permeable, and in deeper
fracture systems, The weathered mantle on the granites,
granite gneisses and mica schists may atrain thickness of

up to 40m; on the Dahomeyan migmatites it averages about 10m
thick; and on the Buem, Atacorian and Kande rocks it is
curmonly less than 2m thick. Many open dug wells of both
traditional and modern design have been put down throughout
TOgo to serve rural water supply needs,  The wells which

tap water in the weathered mantle of the Precambrian

terrain range from about 5 to 2%m deep and average about

19m. The yields obtained from such wells are comnonly no
more than ')m‘/d in the diy secason, and many fail completely,
The water table corsmonly fluctuates widely in the Pre-
carbiian tetrrain ¢ising in places to less than 5n below

the land sut face during the rainy season and then declining
as much as 9 to 10m during the dry seanon,  Because of

thede latge fluctuationa many open dug wells munt be
decpened to tws 0f thice Umes before a ntable nupply

through the dry season can be ansured. (0)



Because of the uncertainty of water supplies from
open dug wells and beginning with the UNDP ground-water
survey of Togo in the mid-1960's, increasing efforts have
been made to tap deeper fracture systems in the Precambrian
rocks with drilled wells (tube wells). Wherecas a certain
percent (perhaps 10 to 15 percent) of such drilled wells can
be considered fallures, most succeed in tapping larger and
more permanent water supplies than those obtainable from open
wells, At Dapango, for example, four drilled wells put down
to depths ranging from 19 to 58m in gneissic granite ob-
tained yields ranaging from 3.5 to 15m3/h. There wasg
also cnough yicld amono the 4 wells to supply about 500m3/d
at Dapango. At Bassari, however, the Buem quartzites con-
tain very little ground water at a depth of 22m. Three
wells drilled 17 to 45m deep at Kande in sr~hists and
phyllites produced yields ranging from 7 to 12 m3/h, but
the average yield to be expected from a drilled well of
this depth in this area im about 1.5m2/h. In the
Atacorian nchints at Sokode 9 welln 15 to 45m deep were
drilled. Four or 45 percent were total failures and
yields in the remaining 5 wells ranged for 0.3 to 5.0m3/h.
Moat <round water {n the achista occurs in the facture
systa's and not {n the overlying woathered mantle. Dahomoyan

migmatized gnoinnos at Loma Kara produced ylelds ranging



from 1.8 m3/h to 7.2 m3/h in three drilled wells, 20, 46
and 70m deep. At Nantja Dahomeyan migmatites yielded
3.0 and 4.0 m3/h to two drilled w2lls 52 and 70m deep. (B)

The consolidated Paleozoic sedimentary rocks of the
Oti basin include interbedded shales and sandstones in
which ground water occurs chiefly in fracture systemas,
Shallow ground water in these rocks in tapped by dug wells
at depths comparable to those found in the Precambrian
rocks. The yields obtained from such dug wells are about
2 to 3 ma/d. The depth to water ranges from about 10 to
15m in the dry scason to as little as 2m in the wet season.
At Boumbouaka two wells drilled to depths of 50 and 37m
in fractured argillaceous sandstone produced yields of
7 and 0.3m3/h, respectively. It is estimated that 50 to
100m3/d could be obtained from individual drilled wells
in this area. (B)

The Coastal Plain of Tcgo is directly underlain by
semiconsolidated sands and clays of late Tertiary age.
These range from a thickneass of about 10m near the inland
edge of the plain to a maximum of about 100m ncar the
coast. Most open dug wellns in the Coastal Plain tap water
in sands of the late Tertiary deponits at depths ranging
from leos than 15m below land surface near the coast to
as much am 65m in the Tabligho arca. Owning to dis=-
section of the Coantal Plain surface by utreams flowing

south to the uea, the plain {s broken up into 6 dincrete

s £ S AT

(B), (C), ote, nignifien footnote reforence at ond of section.



"plateaux” beneath each of which the shallow ground water
is controlled by local base levels of adjacent streams.
Consequently, the water table is remarkably deep below
land surface - for example, some 20 to 50m in the Tabligo
and Tsevie arcas and 10 to 30m in the Vogan area. Because
of deecp water levels and the labor involved in lifting
water for domestic supply, open dug wells are used by
villages as a source of second choice. Cisterns and nearby
streams or marigots are preferred water sources during

the rainy season, and dug wells are used chiefly in the
dry scason. (C)

In scveral places in the Coastal Plain tubewells have
been put down to tap water in the late Tertiary sands as
well as water-bearing sands in deeper Palcocene and
Cretaceous sediments. Thsese wells range from 45 to 150m
deep and yields from individual tube wells equipped with
turbine pumps range from 50 to as much as 150m3/h. Static
water lcevels appear to be comparable to those found in
the open wellsa. (C).

Present ntatus of water development: A .onsiderable number
of watcer-resources studies and development prajects have
boen undertaken and comploted {n Togo with international
and bilateral donor ansistance during the past 15 ycars,
The studies have produced a large volume of useful informa-

tion cuasential for orderly developmont and managemont of



the country's water resources. Also a considerable nunber
of surface-water and ground-water development projects
have been undertaken and completed for town and small city
(15,000-30,000 persons) water supplies. Foreign donor
assistance for construction of both dug and drilled wells
for village water supply has also been provided in several
parts of Togo. Some of the more important of these are

as follows:

Studies:

(1) ORSTOM (French Office de la Recherche Scientifique
et Technique Outre Mer) in cooperation with the Togo Service
du Genic Rural and Ministere des Travaux PFublics (continuino
streams—gaging and hydroleogic studiens of irportant river
basinsa).

(2) ASCECHA in cooperation with the Togo Direction
Generale de Meteorolojie (containing meteorologic observa=
tions and data collectin).

(3) United Nations Development Program (URDP) in co-
oporation with the Direction des Mines et Geolegie. TOG 4
(Survey of Ground Water Reaources, Togo) 19671 $oiG/70/9)1)
(Ground ¥ater Lxploration in the Coastal Zone, Togo) 1974
TOG/75/008, in progresn (Strateyy for Water Develojment,

Togo). (B), (C)



(4) CIDA (Canadian International Development Agency)
in cooperation with Direction de Mires et Geologie
(Feasibility study of a project fur provision of water to
the city of lome and nine other villages in the Eastern
Plain), 1974-76. (D)

(5) Italconsult = UNDP. (Svudy for the provision of
water for Lome, Tsevie, Anccho, Tabligbo and Phepe), 1969. (A)

(6) Yederal Republic of Germany in cooperation with
Dir. Mines et Geologle, (Ground water exploration project in
Tablibo rejion). (G)

(7)) Direction des Mines et Geologie (continuing ex-
ploratory dri1lling ground water and hydrogeologic studieny
country~-wide sutvey of existing water pointg),

(8) Service de Gente dur=* (Country-wile survey of
exiaving dams and tanks).,

4.5 Develijrent projecta:

(1) Yond Europeen de Development (FED) in cooperation
with servive de ) 'Hydraulique (S#). FED has financed con-
gtruction of soee H00 dug and drilled wells for village
water sulf:ly in the course of three loan agreementa,  Some
290 upen wella were constructed during the 1ife of the third
agrecrent Letween 1974-77, Under a fourth agreenant 200
valls are to he drilled by contracror uaing the down-the-

hole air hatvner methods, (H)



(2) UNDP is currently reported to be financing a 400-
600 well project for village water supply. A local private
well contractor, Guigliano, has contracted for part of the
project. (H)

(3) Three civies Lama Kara, Niomtougou and Pagouda
will share, in the near future, a piped water system pro=-
vided by a dam and reservoir on the Kara River. The work
i8 now being carried out by a French construction company,
SOCEA. The city of Atakpame will also have a municipal water
supply provided by a surface-water retiervoir, (F)

{4) CGerman National Development Bank (KVV) also loan
funded construction of a municipal water supply for the
city of Fode. Completed in 1971, capital works include
a barrage and reservoir, a water treatment plant, a 32km
adduction pipe line, a settling basin, and a water tower
and dis ribution system in town. The system serves 49
public taps and 150 private connections in the clty
(pop. 30,000) and 8 villages along the adduction line
(pop. 5,000 total). The syatem is currently being managed
by the Regie National des Eaux de Togo. (G)

(5) The KVV is currently loan financing other water
supply develojument projectn for Tabligbo (7 3be wells

80-100m deep), Manyo and Basdari (dams and rescrvoirs).



The work is to be carried out by a French construction
company, SOCEA. (G)

The principal action agencies in the Government of
Togo concerned with water resources are the Service de
Genie Rural, the Regie National des Eaux du Togo (RNET),
the Service Hydraulique (SH), the Direction des Mines et
Geologies (DMG) and the Ministeres des Finances, de l'Econom.c
et du Plan. Ccordination among these_aqencies in water
resources developesnt planning is virtually non-existent,
and as a consequence there is conriderable confusion and
overlap with respect to arcan of operational authority among
the agencies involved. There is little question that some
sort of a Kational Water Board at policy-making leve) is
needed to coordinate all the disparate water resoulces
development activities prensently in progress in the
country.

Service de 1'Hydraulique (SH) is the principal
government agency involved {n the construct fon and majn-
tenance of wells for rural water nupply. There are however,
some 10 other organizaticng private and public alnra 1n-
volved in construction of village welln in Toa,  The UM
operates in two divimionn, the gouthern one headquartered
at lome and the northern one At Sokode. The SH now pute

down about 15 to 20 modorn open duy welln per year de-

partmentally and contracta out other well construction
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activities to private companies. The SH has completed
departrentally abvut 150 wells auring the past 10 vears,
The SH wel)l construction program is highly mechanized with
extensive use of derricks, ailr compressors, jack hammers,
explosives and sinking putps. The SH employs the standard
design for the rodern open duy Well used throughout
Francophone West Africa.  In the Py ccambrian and Paleozoic
terrains Sl reports that its duy wells generally range
from about 15 to 2% deep with average ylelds about 0.1.‘:«\3/h
but some yield as much as J.OmB/h. In the Coastal Plain
dug wells must in some areas be put down to depths of 50
to 60r to obtain water sufficient for a village water supply.
For this reason the S believes that an internediate diameter
(8-10 inches) drilled well with power pusp to 11frv water to
a central water tower for distridbution to a clunter of
villages through pipe lines may be the most appropriate
solutinn to the rural water supply problem in the Coastal
Plain. The rural population density 1n the Cuantal Plain
ta much higher than in the Precambrian and Paleéonsoic terrains
of the interstor. ()

The Direction de Mines et Geoloyfe (5MG) 48 the chief
agency concetned with hydrogealogical {nvestigations and
research and exploratory drilling for ground water. The

[ derVved ab the chief counterpart agendy for URDP and
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Federal Republic of Germany flnanced ground-water investiga-
tions and most recently CIDA. The DMG has in its custody
most of the departmenta ly controlled water well=drilling
equipment in Togo. The equipment, all inherited from past
technical assititance projectn, includes the following:

1 - WABCO 1250 rotary drilling rig mounted on a
Ford Truck,

1 -~ Failing Walker-Neer (FWN-40) combination rig,
Capable of drilling to 1,000m. Truck mounted. Now broken.,
Inherited from CIDA,

1 - Bucyrus LErie percussion dribling riq.

] - Speed Star 71 percussion drilling rig, mounted
on a Dodge truck.

(The DMG reports there is only one down-the-hole air hammer
rig in the country. It {8 in the hands of a private
company.) The DGM uses ftn cquipment for exploratory
drilling and also for production drilling on contract to
other qovernment agencies., (D)

The DMG is currently managing the operation and main-
tenance of cight (8) tubewella in the Coantal Plafn put
down af part of the recently conmpleted CIDA project, Lach
of the wells nerves populations of 31,000 to 5,000 persons
with from Hne to three covered ground level redervofra from

which water {a drawn by users from 10 to 40 fauceta, Fach









provide labor, sand and gravel and somctimes a cash con-
tribution. The PC provides cement, reinforcing steel,
molds for the concrete curbing, and tools. Of the gross
cost of an open dug well villagers have generally provided
about 50 percent. Although no accurate figures are avail-
able it is eitimated that the PC has put down more than
1,000 modern open dug w=lls in Togo since the late 1960s. (F)
The chief private water-well drilling contractor
operating in Tugo s SASIF, a French-based company which
P. ¥8ently enjoys a virtual monopoly in the country, There
are however, repotted to be one or two smaller competing
companies  HALLIY, which has been active in Toqgo since the
mi1d~1950's, expluys both rotary and percussion rigs in fes
drilling operations and 18 also reported to have recently
acqulired a down-the-hole atr harsser riqg, (1)
4.6 Costs 0f well construction: Costs of well contruction
in Toge appear to lte tn the safte general ranye at those
in other Went African countrles, The Service Hydraulique
Feputts that its large-dianeter open dug welln, which range
from 2.0 to 2% an diateter, are currently consting about
$41) per lincar setsr, Thus a well of thin type of 20m
decp would coat atsiut £10,12%.  Much of the cost, however,
{8 rejsted to be in ovethead, Open wells 1,0 vo 1, %
In diameter of the type put down by the Peace Cotpin are ye-
ported to cost only about $16% per linear moter or 54,12%

for a 2%n well, Other wella, 0,) to 1,00 in dar ter apd
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constructed with mechanical boring equipment under contract
in Togo, are reported to have cost as much as $800 per meter
or $16,000 for a 20m well,

Small diameter (4 to 9% inches) tube wells constructed
under contract in Togo are currently reported to cost
about $240 per linear meter, thus a well 50m deep would
cost about $12,000. The Peace Corps small-diameter hande-
drilled wells in the Atakpame-Akposso region cost at today's
prices, about $43 per meter for wells less than 15m deep
and %31 per meter for wells 1% to 290 deep, A 29m well
would thusg codt about $775%.  (The yield obtainable from the
contractor well in the Precasmbrian or Paleozoic terrain
might not be appreciably greater than that from a PC tubewell,)
4.7 Constrainta and alternatives in rural water-supply
developeent: The chief constratnts to effective rural water
supply developeent and management in Togo are administrative
and organizational rather than technical., Thus any program
of well construction for villaje water supply must also have
a large and continuing component of training for well and
pump tmatntenance, 1f a program is to have permanent ispact
on the infrastructure, VFram a technical point of view
there i little quention that a drilled well with a hand
Or power puunmp de muperior *o dug open well as a source of
Water aupply {n the rural environment., The drilled well
providen ¢ nanftarily protected supply of relatively atable

year=around yleld, The drilled weall fs also more cost
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effective in terms of initial investment and of volume of
water produced per well., The only major problem is that

of the pump required for extraction of water trom a drilled
well and its countinuing need for maintenance., Although
there 1s conntderable awarenens of the advantages of drilled
wells for willage water supply tn the upper echelon of the
governrtent, there $s little evidence 0of a will to dedicate
thie natiunal tesourcesn necessary to make a Well and pump
maintenanice progran operste effectively at village level.
Indeed present national policy esphasized provisnion of
Water to large towns and cities with second priority to
water supply in 1ural areasn,

Uthet *han protecteal a/ wella which require punps for
extraction o! gotable water, there may be borte alternatives
for developing gravity suppllies, Thete are tepotted U9 be
Nutetous jatoential springs scatlered through the Atacorian
Hills of nurth-central Tugou., By covering the spring heads
with closed ¢nllection boses or ¢captation: of Cuncretle O
nasonary, potable water could Le delivered by gravdity pipes
lines to atorage tanks and village fountaing on lower ground,
Before A gpring-captation progras 1as undegtaken, huwever,
it would firat he necessary to carty out a national
fnventory of springs to ascettain thelt elevation, flow

auftability for captation and length of pipeline necoansary

a
'/Klthur covered duy wells or drilled wella
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to deliver water to target villages.
Cisterns are used rather commonly in the Coastal Plain
of Togo to collect water from corrugated iron roof tops.
Most cisterﬁs are designed, however, so that it is
necessary to dip water from them by unsanitary hand lines
and buckets. By raising the base of cistern
80cm above ground level the water could be drawn off by
hand faucets. Better sanitary proterction could also be
assured by more effective covering of the cisterns, though
many existing ones are partially protected by corrugated
metal roofs. Greater quantities of water could be collected
from larger surfaces notably the roof tops of government
buildings, warehouses and other large buildings. Povential
for greater use of cisterns also exists in areas of relatively
high rainfall, but where yields from wells are poor or
mediocre. If cistern construction projects were to be
under taken on any substantial scale, prior evaluation and
study would be desirable to determine the most effect.ve
design in terms of volume of water stored and possible
alternatives in design and materials.

Another alternative is rainfall harvesting particularly
from the uncultivated rocky knobhs and hillocks of central and
northern Toco. By protecting these arcas against human

and animal trespass runoff of fair sanitary quality could be



collected behind pitch rock dikes on hill-slope contours
and led through settling basins into one or more covered
storage tanks around the base of a hill. These tanks
could be periodically chlorinated to assure the sanitary
quality of the supply and water could be drawn off from
hand faucets in the base of the tank. 'The tanks could be
constructed of rock masonry or other locally available
material and lined with neat cement for impermeablization.
In flatter terrain, protected areas could be surfaced
with rock slabs and mortar with gentle slopes of 1° or so
inward to a central circular or rectangular sump. The
sump would be filled with clean sand in which a series of
interconnected earthen jars had been buried. The rain-
water running off the slab and mortar surface would filter
through the sand and seep intc the earthen jars. Water
could be drawn off as needed by a simple hand pitcher pump
passed through an aperture in the central collecting jar.
Other alternatives may also exist in the collection
and storage of stream flow for gravity distribution. Such
supplies would require treatment before distribution, if
sanitary quality is to be assured. Also trcatment facili-
ties would have to be maintained if they avre to operate

effectively. Such facilities are unlikely to be cost
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effective for dispersed village water supplies. They might,
however, be considered for larger agglomerations of villages

in more densely settled areas of the country.
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Draft: Lester Maupin .
January 10, 1977

5.0 Trip from Lome to Hihetro, Togo

On a field trip from Lome up to Hihetro we inspected
several open hand-dug wells under Director Osseni's Electric
and Rural Water Program. One at the village of Anyegbameme
has a 61 meﬁer deep, 1.80m in diameter, cement lined
hand dug well with a static water level of 41 meters. It
took eight months to dig and cost more than 2,500,000 CFA or
US $10,416.56 or $170.77 per meter. This well we were told
was funded by Europe Development Bank. The water from this
well looked contaminated already even though it had only been
in service 8 or 9 months.

The next village, Wukpo, we stopped at, had two wells:
one was a i7-meter bored well with a Vergnet pump installed.
When the pump was operated, water shot out from around the
piston rod showing that the piston was badly worn. Even
though it was leaking at the piston rod, it was still pumping
water at the head but not quite as much as it should have
been. This well we were told could only be used at the orders
of the village headman. The well and pump had been turned over

to the village in 1974.
The other well was hand dug to 12m deep, 1.40m diameter,'

and had a static water level at 9 to 10m. It had been given to
the village in 1972. T #s well goes dry at the beginning of each
dry scason. This was most likely the reason that the well with

the Vergnet pump on it was not to be used. The village hcadman
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only let it be used when there was no water in the hand dug
well.

The next village we stopped at was Agohoe and they
were just completing an open dug well but had not turned it
over to the village yet. This well is 2lm deep, 1.80m in
diameter, cement lined., and ended up in 7m of weathered rock.
The static water level in this well was at 13m. The well was
dug by hand down to the rock formation and then with jack
hammer and air compressor on to the bottom. An air-driven
pump was used to keep the well dewatered while deepening was
going on. The well took 3 months to dig and cost more than
1,500,000.00 CFA or US $6,250.00 - $297.62 per meter. We
were told that this was funded by EDB.

We next drove to Hihetro where we talked to Mr. Winters,
a missionary who has been in Togo for 10 years, and is operating
a drilling program of hiz own. His program covers a radius
of 100km in all directions from Hihetro. He has five crews
that drill percussion holes by hand down to 15 to 25m. The
rig used is a three leg tripod 8m high with a sheave at the
top. All tools used to drill the well are designed and made
by Mr. Winters or his maintenance men. His way of operating
is as follows: A village asks for a well, and agrees to pay
$60.00 hefore the crew and rig willcome to their village.
They also agrece to feed the crew until the well is finished,

and give the crew 8 men every work day from their village to
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help with the work. When the well is drilled the village must
pay another $60.00 before the pump is installed. After puap
is installed, the villagers are told how to take care of it
anc one man is picked to grease and oil the moving parts of
the pump. Every 4 to 6 weeks the maintenance man from Mr.
Winters' mission checks the pump, and if it is broken he repairs
it. The villagers are charged for all spare parts, along
with the cost of delivery of those spare parts.

As this is hilly country, hard rock is encountered which
is difficult to penetrate by hand d:-illing. In some cases it
is necessary to drill several holes before a productive well
is obtained. There is no charge to the village unless a productive
water well is obtained. Mr. Winters estimates his wells with
a pump installed cost approximately U.S. $600.00 or approximately
$10.00 per ft.

dc 21so has a Longyear #22 soil sampling rig which he has
just purchased which has a diamond core barrel. With this, he
hopes to drill through some of the hard rock formation and
reduce tue number of dry holes. This rig he operates himself.

His problem at present is that he wishes to go home but
has no one to turn his program over to. He has never worked
with any of the Togo government agencies, consequently has no
one to turn the program over to.

Mr. Winters has never tried to develop and train a
counterpart in the mission which he should have done when he

first started his drilling program. Of the hundred or so wells
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he has drilled not one will be operational in 2 years
unless someone takes his place to supervise and manage the
whole hand-pumped tubewell network and buy spare parts as

needed.
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6.0 Social Analysis

Togo Country Profile

6.1 Situation, Problems, Conttraints

Although situated in the usually well-watered coastal
and savannah regions, Togo has a very serious shortage of
available water in the dry season, and extreme seasonal
fluctuations in ground water levels. Undependable rains may
create serious shortfall, resulting in poor harvests and
sometimes none at all. In September to November 1976 the
short rains failed in the north; thus by February 1977 drinking
water was short at Dapango, and the hundred-weight of millet
cost 12-13,000 CFA instead of the normal 7,000. This year,
(1977), the coastal rainfall should have produced 800mm, but
only 385mm fcll. The rains have stopped and the corn is very
poor. The rain-catch reservoirs are already dry. President
Eyadema has therefore rightfully identified water as a key
problem to be given first priority in the 1976 to 1980 five-
year Plan.

In Togo there are whole regions which have no surface
water.  Peace Corps reports locales whe:e women must go 20kms
daily with their basins for a meager supply, and a 10 to 12km
trek {8 not extraordinary. What is more, this may be repeated
two ar three times in a day as needed,

Becaune of water-table fluctuation many wells go dry in
the dry scanon, and othern render only a feeble quantity of
water. 1f thia is not manajed carefully, the 1imfted aquifer

may be drawn down to the point of total depletion. Everywhere



there are visible two or three generations of wells that no
longer work. Scome of these are no more than two or three
years old.

Wells may have ceased to function for one of a variety
of causes:

-- They may descend to a shallow aquifer totally
vulnerable to seasonal flux.

-- They may locate in a limited water-pocket for which,
once exhausted, there is no further resource.

-- O.R.5.7.0.M. advises that most village wells have a

debit which is insufficient to accommodate pumping, as it

draws them down too rapidly. Thus they are mu.ie subioct to
infiltration and contamination. A rational economy of water
outtake equaling well production would act to maintain well-
purity and continual supply. There is, however, usually no
onc at local level adequate to take responsibility for
appropriate use and control of the well.

== In some instances wells dating from ecarly German,
or later French efforts still have water, but pumps have
burnt out, or parts or misning. The next comer han nimply
made a new {natallation, leaving the relics to bear witress
to unadapted technology. But the viaible lensons have not
necesnarily been learned,

== In some inntances, current wells are miusing a part,
or lacking pump fuel. The logistica chain s nporadic and

uncartain. The naintenance capability (s limited: orlented



to repair instead of preventive maintenance, and long and
slow to appear. Not a lack of goodwill -- this is rather
a major institutional and material insufficiency. Repair
items and spare parts do not exist at local or regional
levels. Often not even in country, they must be ordered
at ,the time of break-down, occasionally several months of
delay while people struggle to cope.

-- Financial shortfall at government level, and lack
of organization at the local level which might provide funds
for supply and maintenance, further complicate the picture.

The national level presents the familiar picture of
"water-tight" verticality and lack of coordination between
branches of government, cach of which involves in launching
its own water-seeking ventures. There is nowhere a unified
control, nor a bringing together of information, nor a national
or regional total watcr-resource program,

Ministrics of Plan, of Mines and Energy, of Amenagement
Rural, of Social Aftairs, of Agriculture, all dig their wells
and guard their turf from subsumption. THin in sometimes
a strenous battle! It in felt in knowledgeable quarters that
any attempt to rationalize control would have to emmanate as
a command from the top.

There in equal lack of coherence on the foreign-donor
and private-voluntary agency scene: French, Canadian, Gorman,

English, and Italian offo: < are equaled by UNDP, PED, CIDA,



Peace Corps, Maison Familiale, White Fathers, and various
Protestant Missions' bids into the water-game. At no point
is there one seat of control for these efforts. I.e., The
American Missionary who has dug 500 wells in Palime region
received short shrift from the Team's Hydraulique Service
counterparts. The Missionary knew himself to be perfectly
en regle, but the Hydraulique Service did not know that he
or his wells existed.

Rural water provisioning offers two sets of problems
which must be faced sequentially. The first level is basic
access to sufficient water for life-support and agriculture.
The next and subsequent level attempts to furnish pure water,
considering water as a health moderator on the plus or minus
sides. Togo is at the stage of trying to assure a sufficient
supply of water. It has come nowhere near solving its very
marginal situation, and does not really sce itself prepared
to address the necessity for pure water. Indeed, Lome itself,
has a water system that provides no more than seven liters
per average day per habitant. Many Lome dwellers therefore
draw their supplies from wellis. But the aquifer -- at 5 and
6 meters depth is shockingly polluted. A knowledgeable
estimate suggensts that no pure well exists in Lome proper.
i1t {8 therefore perhaps futile to expect len responnables

to think of uncontaminated water supplics as an immediate

rural goal,



It should be finally noted that =~ with Togo's five
separate climatic zones, and twelve different major cultural
regions -- it would be very difficult to devise one solution
that will work all over the country to resolve the water

predicaments.



Social Soundess Analysis

TOGO COUNTRY PROFILE

6.2 Discussion.

Water Use: Team members spent a day visiting wells

throughout the Maritime Province. In this region where people
keep no cattle, the few goats, dogs and chickens forage for
themselves, and are only watered where no surface water exists
at all and during the dry season.

Water is used, then, to cook and drink, to bathe and
wash clothes. A woman carries the waste water to her small
garden where she raises vegetables and condiments for "the
sauce".

If there is a maregot or a ditch the women go there in
preference to wash their clothes and bathe. Away from the
houses and village there is room to spread the clothes on the
grass to dry in the sun. There is company to talk to and bathe
with. People enjoy a bath in the maregot, and often a whole
family will go together. It is an outing, and time for
amusement, but this is during the rains when there is surface
water; but a short time into the dry scason little surface
water exists in Togo. Only the Oti River and the lower Mono
have water. Most r....gots dry up.

Wells: In tle dry period, many open wells dry up and
others produce a limited debit. Since too many pecople use the
existing wells -- gometimes there are several thousand to a

well -- in some places people are forced to come 24 hours a day



to draw their water. Women form in long queues of a

hundred people or more in some places. Sometimes they
fight, but often they wait for hours. 1In one village the
team saw over two hundred people waiting to use the two taps
that dribbléd water from the concrete tank containing the
well's production. Peace Corps feels there should be one
well for each 300 people.

In the large village of Mission Tove there are six
wards: Kpeme, Kpogonu, Asetese, Afeyeyeme, Senya, and Diose.
The Canadian installation there was well done, and provided
the cistern with five taps for each ward. The cistern is
marked off into three sections on each side, and people ire
supposed only to draw from the taps labeled for their own
quarter. Here there is plenty of water, a good well. But
there is no preventive maintenance. If the pump breaks down
the guardian goes to Lome to report, and then parts must be
reordered. The government pays the costs of the water:
gasoline for the pump and eventual repair. The guardian is
apparently not paid.

For open wells, the two problems are contamination and
stockage. People do not understand a correct economy of
the well where contamination would be lesscned if outtake is
equalled to the well's input of water. Although there is

always a guardian, there is no management of the water use.



In the north, wells are recent, and often the Chief
forbids people to take water from the well as long as there
is water in the maregot. 1In many areas the well is considered
"special” and is treated as a rescrve. Often the whole concept
of the well and how it does and should work is not explained
to people. The Seminars proposed in this paper for village
motivation/activation could usefully devote time to educating
villagers on the mysteries of wells and how they work -- both
for open wells, and for closed ones. In African rural areas
consensus is very important, and decisions are reached only
when people have arrived at a common attitude. Group under-
standing of development efforts is essential if permaneant
steps forward are to be taken.

Catchment and Storage of Water: 1In most villages of the

Maritime Province one can see round concrete cisterns of

perhaps 12 to 15 foot diameter, Biting four to five feet above
ground, and another four feet under ground level. They are
usually loosely covered with bits of sheet iron, and whatover
can be .ound. They are alimented from a flimsy set of run-

off gutters irom the sheet-metal rooves of houses from wkich
water is conveyed by other gutters held up crazily on bamboo
poles. Here the small rains fal from 15 September to 15 November,

and by end November the Team found all cisterns dry.
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In Ahepe Village, where the well had not functioned
for three days because the pump was out of gas, a local
entrepreneur had built a large new reservoir, which he
filled by paying water-delivery from the Circumscription
deep well. The Circumscription has a tank=-truck, but it
only makes deliveries to those who can pay the 700 francs
CFA for 2) cubic meters of water. Ahepe women, and those
from the sister village Noepe which uses the same well were
buying water from the entrepreneur. He had raised the price
15 francs, determined to make a windfall of the closed down
well,

Ahepe/Noepe women carry their water in 30 liter enamel
basins which they buy in the local market. With 15 people
in her household, one woman told the Team she needs at least
4 basins-full a day. If she must carry water to wash clothes,
she needs 8 basins-full,

Dams: Togo has begun a program to build dams to store
water from the rainy scason. This is probably essential in
a region so short of water resource, but it would be wise to
give thought to the four discase factors which could be
considerably augmented if this water is not properly controlled.
Onchocerciasis is present in a belt cutting from northecast
to west-gsouth-west across central Togo, and particularly in
the Valley of the lLoti. The Onchocerciasis Control Program is

dripping chemicals into the stream, but it is carly to know
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whether the risk of infection is down. The black-flies which
vector Oncho have a limited eco-niche in which they breed,
but fast running water, in shallow depth over the lip of a
dam, provides just the mixture of air and sun and water which
is ideal.

Malaria must always be considered in Togo's tropical
region, and a look at Sudan's man-made Malaria problem caused
by the canals built in the Gezira should suggest the wisdom
of prior-planning if water storage basins are conceived as
a widespread plan. Malaria is already the number-one killer
in Togo, and the possibilities of statistical increase should
not be discounted.

Equally, it would be wise to limit physical access to
water stored in such dam-basins on three counts of contamination,
these being concern for Schistosomiasis, for Guinca-Worm, and
the standard Shigella, Coli-bacillus, and possible Cholera.

It would be possible to plan for stored water to be accessible
only through take-off pipes, so that neither people nor
animals could risk contaminating it.

As long as pcople wash and bathe in the ponds and marcgots
they are fully subject to infection with schistosomiansis and
Guinca Worm, cven if they take their drinking/cooking water
from a pure well. Any general water/health/sanitation program

must face this problem squarely, and it is a difficult onc wih



which to deal. Essentially it requires the regulation of
two factors:

l) People must be given an alternative, and

2) They must develop a full understanding of what is
at risk.

One possible way to handle this problem would be to
develop a dual-well program. This would mean that, instead
of sinking one closed well, you sink one narrow-~bore closed
tubewell to be used only for consumption, and at a corrcect
distance you automatically establish a second well which would
be open and wide-diameter, but could be covered and given a
pump as necessary. Along with the second well you build a
wash-basin for clothes, watering trouyhs for animals (at a
small distance), and a set of showers. Drainage could perhaps
be arranged to provide water for sauce-gardens. The Community-
Development teams would need to help pecople come to an
understanding of the diffecrent set of activities to be
asgsociated with cach well. The second well would also have a
fallback function; in case of breakdown in the more complicated
technology of the bore-well it would still provide access to
water. And its cost might be largely covered through supervised
labor provided by the villaqgers.

Sanftary excreta disponal in Togo {3 not more developed

than in other countrien nurveyed, but certainly the necd in



the densely populated coastal region -- not to mention the
plight of Lome, the capital -- is intense. In this area,
particularly, parasitosis is a major health problem, and

one which coulc be effectively reduced with provision of
sanitary disposal facilities. In some few instances the

Team saw public privies, mostly connected with schools or
markets. Schocl facilities were unappetizing, and the

market facilities were very clean because locked up. Public
toilets do not seem much appreciated, and the wisdom 6f building
them in an area where veneral disease is so prevalent, as it
is all over Africa, is perhaps to be questioned. But in many
villages, a private privy let into the outsidce wall of a
compound might find acceptance in the densely populated areas
such as the coast, or Lama Kara region.

Good manners in the past have taught that a proper person
went outside the village discreetly to take care of his needs,
and would not think of soiling the li@ing compound with excreta.
Older pcople still look askance at a water-flush toilet in the
house, considering it out of place where one lives. It would
be well, thercfore to consider emplacement as much outside
living quarters as possible, and closed pits and use of lime,
or a removable bucket system might be desirable.

Since Togo and Beain are the home of Voodoo religion,

it is of courre an areca par_ excellence where people are concerned
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that body effluvia not fall into dangerous hands. Sorcery
is practiced by the use of things which have been personally
connected with an individual, and hair, nails, clothing, --
fragments of the personality -- all leave one vulnerable to
attack. The more so excrement and urine, because these
being impure cast-offs of the personality are already
ambivalent in their nature. 1In traditional systems of
classification, whatever is ambivalent is mystically dangerous,
and particularly vulnerable to attack. Ritual and magic very
often make deliberate use of things which are considered
impure, because their use reverses normal patterns of behaviour,
and magic is often conceived as everyday behaviour put-on
backward.

The final point to make in discussing Togo is that,
while various forms of organization are supposed to exist
at the village level -- i.e. health committees, cooperatives,
youth-groups, etc. -- in fact in real villages they do not
seem to be nperative. There are the formal administrative
festures: the Village Chief, who enjoys quite a real moral
authority, and his "Council of notables"”, usually the clders
of the family lines in the village. There are social affairs
agents, and various health personnel such as the "agcent
itinerant” and "accoucheuse auxiliare" who are supposed to
work in community development. 1In fact their time is mostly

spent at the Circumscription center, and the village goes about



its everyday life as it always has. Partially this is due
to tenuous systems of supervision and accountability in
the official government services, where most decision must
be made at the top: But the communication chain to the top
is inadequate. FPartially it is due to lack of clearly set
gcals, of motivation and motivators. There are more desires
than there are programs. In fact it adds up to a never-never
world in which many things exist -- on paper.

To resume then, the problems in Togo are both technical
and social. There is a very real scarcity of water, both
in available ground and surface water, and in the added
hardships of the dry season. Problems of the social order
have to do with access to water, maintenance of facilities,
functional ways to bear the cost, and the necessary information
and infrastructure which the community must obtain in order
to enjoy the full wet of health rewards which a sufficient

quantity of pure water should offer them,






"Who Lives Where

Togo does not find itself overpopulated, but population
distribution is uneven. While there exist uninhabited
regions to the west, population is dense in the coastal
arcas (124 inhabitants/km?) and in the lLa Kara zone (58/km2).
A median density for the country is given as 38 persons/kmz.
But from a 1965 baseline, Togo is expected to double her
population by 1985. A high growth rate of 2.7 percent is
currently offsct by childhood mortality in the region of S0
percent. With improving health facilities and accompanying
reduction in mortality, Togo will have to look scriously to
her Man/Land-Productivity ratios ....

"There are many tribes in Togo. Within large groups such
as the coastal BEwe, even clans may signal their boundaries
with different languages.,  Thus, a complicated lanquage map
appears.  From out of this prodiqgality, three lanquages have
becane vehtcular, or trade tonquen:  to wit, Mina, #poken in
the south, Fotokoli in the central regions, and ¥abiye in the
north, In all, Togo counts 44 languages, and basically twelve
cultures. Typical cultures will be, going north to south:
at the north Moha and related groups such as the Mouni, Kondomba,
9)‘:{, and Guiranchi,®  Thede people occupy )andas from the northern

border asouth to Lelow Mango,

¢ Aa found in acuthern Haute Volta



They will extend across the border into Ghana.
"To the south and east, in the region of Lakara, the

Kabre (Kabiye) people exhibit a segmentary culture, marked

by age-classes, famous for its warrior values, and generally
considered less accessible than other parts of Togo to out=-
side influence. The President, General Eyadema, comes from
Pya, a village of this region. Related tribal groups are
"Continuing south, radiating from the region of Sokode,

live the Bassari, Kotokoli, and Tchamba peoples. Among

them, live diverse groups of Muslims, immigrating from Niger
and the Western Soudan. In this region Iulani cattle people
who came from Nigeria in the 19th century, now live in
symbiosis with the peasants, whose herds they quard,

"In the Plateau region extending fram Atakpame into
Ghana, live the Akebou and Ntibou. Continuing south one
comes to Akpontso country, with related groups of Fon, Ana,
and Mina,

"In the Maritime region, from Palime to the coant,
predominant cultures are the Ewe and Mina, with many Fon
as one approaches Dahomey.,

"This listing only includes major groupa., There are

many other pockets of minor ethnic groups often totally

different in lifontyle, values and social satructure from the



surrounding peoples. Incessant in-and-ou-* migration, for
historic (war), economic (exhaustion of lands), or social
(tyranny of a Particular Chief) reasons have dowered Togo
with a fragmented social scene.

"It is difficult for the toregoing reasons to define a
religion, a set of values, a type of social-structure for
all of Togo.

"Togo's populations divide geographically by tribal
origin, stratify into "Classg" structures by differential
access to socially valued goods such as land-rights, rights
to perform valued rituals; stratify into age-groups characterjized
by differing sets of rights and obligations, They further
differ in outlook and behaviour according to participation in
modern or in traditional settings and activities. There is
another major $plit along lines of rural vs., city life, of
Pcasants vs, gggggiggggigg. At the very fundamental bage of
all social life, are the diverging and complementary roles of
man and woman with their differences in status, in jural and
ritual righta, in occupation, possensions, and participation.

"Nevertheless there are some basic themes,

6.4 "Traditional Religion, Values, Norms, and Social CLontrol,

"The family {s the central motif, and the family oxtends
in time beyond death and before birth, Therefore fertility,

which protects the marginal and precarjoues life of Man i{s an



ultimate value, not to be tampered with lightly,

"The unit: Mother/Child is the generating node of
Family and is seen as sacred. A woman's role, therefore is
defined as biological and nurturing; but control of her
fecundity is an ultimate political act ..., All sexual
behaviour is therefore stylized, emphasized, controlled,

Sex roles are learned and formally conferred in "puberty
schools" and "rites of passage". Elaborate symbolism and
philosophy link the life, sexuality, and fecundity of Man
with all that is generative in the universe: i.e.,
Water, Spirits, and Language

"One lives within the extended family; and in a hostile
world, social life is equal to survival," There¢tore:
"...there must be ways to minimize or control conflict, (which)
...destroys the social groups which are the essential life-
support systran in all traditional socicties...Authority is
more often persuasive then coercive, Most often authority is
citual.

"Ancestors arc just the part of the family tha* is across
the dividing line of death. By crossing over, they have
gained mystic power, and it is well understood that they use
it to control the behaviour of the living family members. .,

"Elders witnin the family are nearost death, §.e.
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will soon accede to mystic supernatural power. As such,
they control the family shrines... (which...can) placate
and manipulate the ancestors, as well as assorted non-related
and ambiguous spirits which also people the crowded universe,

"Here you see the essential lines of aunthority. Com-
petent old age confers a power role.** A strong personality,
skilled in the politics of persuasion, manipulation, can lead
a man to become a family, then lineage, then clan and tribal
leader. Ultimately he will move across to become One-of-the-
Ancestors-Who-Counts, i.e., who is specifically remembered.
«..In life the powerful Elder controls access to land and
economnic life-support systems. Thereby he controls access
to marriage-and-children, and thus to full social participation,
After death, his righteous anger chastens and punishes immoral
and asocial behaviour...

"Gerontocracy, Ancestor Worship are major eclements of
traditional social control in Togo, but .-,ual to, and counter-
balancing these is the weiy, of public opinion. 1In the face-
to-face socicty nothing is hidden... In Togo, developing and
influencing public opinion is a delicate art, and one which
must balance information with due attention and respect to norms
and values ....iieeineii..

Thia o particularly tfue in rural arcas, and in the City
within familiecs. 7Tt ahould be borne in mind that we hero

npcak of the traditional syntem, and that the City and the
modern sector have thoir own characterinticsa.



