7.

EVALUATION OF GROUNDWATER RESOUROEY
Water Balance Analysis

Storage must be taken into account in the water balance
equation which is given as:

SdH/dt = (Q) ~ Qy)/F + W
where, SdH/dt : Chenge in groundwater storage, §: Storage coefficient,
aHf : Change in water level, dt: Time increment, F : Water balance grea

(Ql - Qz)/F ? Groundwater flow, W: Groundwater recharge

Results of water balance calculations for shallow ground-
water are shown in Fig 15.

The estimated balance is as follows.

Rainfall 525 mm (1i00%)
Runoff 105 mm. (20%)
Evapotranspiration 325-mm  (B2%)
Groundwater Recharge 94 mm {(18%)

Using appropriate formulas, rough water balance of each
basin is calculated. Areal rainfall is calculated from
annual isohyet. Evapotranspiration and annual -runoff is
calculated by the ratio of rainfall, i.e., 65% for evapo—

transpiration and 20 % for annual runoff.

The next table shows the results of spot discharge measure-
ment (as a baseflow) considered as recharge potential.
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unit: (1/min/km2)

Basin A Baseflow Water
{(km2) Balance"
Manombo 508 ' 150 ' 2117
Fiherenana 6755 30 223
Sakanavaka 3070 360 214
Isahena 1870 144 231
Malio : 2040 378 248
Sakondry 730 . 66 214
Taheza 1600 024 220

‘The result of spot measurement is constrained by some site

condition, and the above water balance calculatin is based
on the average:basin condition. From these results, the re
charge condition of these basins' is' roughly estimated as
100 - 300 1/min/km2. However, it is necessary to consider
local hydrogeological conditions. :
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Groundwater Model Simulation

In order to recognize groundwater flow patterns, a two.

dimensional simulation model is applied to the Study Area.

Fig. 16 shows results of model simulation assuming typical
conductivities which are given to each zone.

The Befandriana - Lake Thotry section is ‘drawn with the
fault system and different hydraulic conductivities. It is
very clear that the regional flow from the eastern side is
dammed up by the existence of fault.

Two intermediate flow systems are shown in mountainous
zone. Flow systems in mountainous area and-flatrarea are
basically separated now. The existence of artesian. well in
Antanimieva is explained by this condition. Two faults with
N-S direction are located on the western and eastern sides
of this well. The eastern fault is the one considered in
the model section. For the Antanimieva well, the influence
of the eastern fault is not so severe. On the other hand,
the western fault has a big role to stop and dam up ground-
water flow,

—58

Lam




S3Tnsay uoTleTnWIS 9T 8Tg

:
H
‘
H
'
.
i
‘
'
'
‘
'
i
'
'
J
§
.

T Tl LT g RSP

. L0 ¥g8°'0 JULISHOR mlg
ELT O $98°0Q LTeseg ] PRE-D F98'0 SUDLESpPURS E
gLZ°0 Y880 SUACLSPNY g ELZTD La-1 - - TaIeR 2]
¥Y9€°0  ¥5E°0 2UOISPUES o] ELZ0 ¥SE° 0 . 8w &
8LZ°C a8 0 TI%R N Yo'g ¥9B8 0 PUWOLSBWTT ko
€LT°0  F8E°0 TIER . K TLE'C  ¥9R'0 TIEH @
¥5°8%  ¥9E-0 sTWossemI - 1 _¥82°C  ¥98°D . 8uUOLISPWES D
¥9E°0 ¥92°0 ES R > ¢ ‘¥98°0 ¥9E-0 BUOISPUES g
£L2°0 ¥9E° 0 ireseg - p T PeE°0 re8 0 mﬂoumundm. k4
22520 Te52D . - 118 @5ED T °95eD
(A=p/m)L3TaTronDUCT (ATp/W}ASTATIODPUOD
STINRIPLAHR STINBRIAH - fm -
b g2 > $ £
_ 2 iy ¥ < 5
o . mw mn & 2
o~ - T : T
' - u,ff.\. A r.r.!\



Potential for Groundwater Development

In order to evaluate potential of groundwater resources, a
hydrogeological map (1/250,000) was prepared, including
hydrogeological cross sections. This map embodied the
potentiality for groundwater development from the stand-
point of comprehensive analysis based on the results of
satellite image and aero- photo analysis, geological field
survey, geophy51cal prospectlnh, test driliing, pumping
test and water quality analysis. :

Analysis of groundwater balance and groundwater model
simulation deScribed in the above subsections used and
verified the hydrogeologlcal map and hydrogeologlcal Cross
'sectlons

As shown in Table 7, the potential for groundwater devéloph
ment in the Study Area is generally high, except some areas
which are composed of submarine sediments of the ‘Middle to
the Upper Jurassic and the Lower to the Middle Cretaceous
that occupy the central portion of the Study Area, and
other locally poor potential areas due mainly to their
unsuitable water quality.

The groundwater potentiality in the Stiudy Area is expected

to be sufficient in capacity, not only to overcome existing
shortages of drinking water, but also to develop - local
agricultural or industrial activities in some high-ﬁoten—
tial areas. Main high potential areas which were confirmed
from the results of test drilling in this Study are as
follows.

Area - Specific capacity(m3/day/m)
Befandriana 438,58
Sihanaka 232.26
Analatelo 7224.00
Mangotroka : 281.35
Soahazo 173.33
Manombo Atm : 809, 23

Toliara* | .~ 3057.00

* Limestone aquifer. in the eastern  area of
Toliara such as Miary and Manoroka '
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CANDIDATE VILLAGES AND PRIORITY ASSIGNMENT
Needs for Water & Community Potential

A detailed survéy was. performed to prepare a ranking of the
candidate villages according to the degree of priority.
This detailed survey. on existing conditions of individual
communities had the purpose of confirming and appraising
the foliowing:

—- real commuhity need for safe water, to justify a new
supply system; _
- community commitment to the future operation and main--
tenance of the proposed supply facility; and
— community capacity and potential concernihg its physi-
-cal, financial, institutional, and human resources,
which may assure their commitment.

(1) villages with absolute supply shortage

An'ab801ute Shortage of the domestic water is observed in
several villages on route 7. Those villages with scarce
conventional water sources such as river, canal and shallow
groundwater, sclely depend on the delivery from water
vendors who charge unimaginable high prices.

The majority of wvillages have several traditional water
sources, natural and artificial, within: their 11v1ng area
or in the neighborhood. A considerable number of Villages
have access to both traditional dug wells and rivers or

. canals. waever the water is not necessarily safe for

domestic. use, malnly due to probable bacteriological con-

'tamlnatlon In particular, schistosomiasis and cther

prevalent water-borne diseases are feared as a serious
epidemic by the villagers taking water from river or canal.

Therefore, ' most of existing water sources, except. a few
protected dug wells, have not satisfied the communlty need
for safe water supply.

(2) Community commitment

In the Study Area, regardless of the type of water supply
_fa0111ty, community participation was never encouraged in
its operation and maintenance.
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As the example of existing facilities, there are wells with
handpumps built with the assistance of foreign organiza-
tions in the villages along route 9, several small commu-
nity water works by SAMANGOKY, a semi-governmental corpora-
tion for plantation (rice, cotton, etc.) in villages of
Morombe prefecture, and some community water works observed
in Befandriana, Ankazoabo and Sakaraha.

Through interviews with villagers, it has become quite
obvious that involvement or participation of the community
users were not designed from the beginning of project
planning. This neglect of an effort to awaken user’s posi-
tive commitment is strongly correlated to the present
deteriorated and abandoned state of pumps, even though
other causes also might be involved. Only two handpumps
and water works of SAMANGOKY remain in working condition.

The study team, through repeated dialogues with villagers
to set up the maintenance system for piloi water supply
facilities, has been convinced that rural dwellers have
keen interest and enthusiastic willingness to participate
in the maintenance activity, :

(3) Community capacity and potential
The villages existing in the Study Area can be character-—

ized into 4 categories on the basis cof their location and
state of development.

~ Large communities on main roads 7 and 9 : Befandriana,

Ampasikibo 5%, Ankaraobato 65, Benetsy 68, Ankilimalinika
101. : ' :

- Medium size communities on main roads 7 and 9 o©r near
the roads : Andranomanitsy 11, Belitsaka 54, Namaboha 586,

Ampihamy 59.

- Large communities in remote p1aces : Ambiky 16, Ankili-

valokely 47, TanandavawAhtanifotsy 49, Beroroha 61, Manombo

Atm 63, Ambohimahavelona 80, Ankilivalo 100, etc.

— Medium and small communities in remote places
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One of the important factors for water supply planning is a
judgment on the community capacity for the long-term main-
tenance of a water supply system. In the appraisal of such
a community capacity, assessing the various kinds of re-
source constraints in the community will be more realistic
and efficient. The resources required to maintain the

. introduced water supply system include four kinds, namely,

physical, financial, institutional and human resources.

{a) Physical resources

-~ Conditions for using handpumps, which are the . preferred

means for rural water supply, are not necessarily available
everywhere in the Study Area. Inevitable recourse to motor-
ized pumps in many places will result in greater capital

~investment and will require well-designed maintenance

systems.

Enérgy required for the water supply system will have to

. rely. on imported petroleum products, because electrifica-

tion has not reached the rural area. The price of petroleum
products, for example gas oil and petrol, can be considered
as being reasonably acceptable for community users. Howev-
er, a difficult problem for rural communities is availabil-
ity of the products. Because of the low degree of motoriza-
tion in the area, oil distribution system is not yet estab-
lished in the rural area. Rural community users will have
to make time-consuming trips to service stations located

‘far from their living places. For the village located in a

remote place, if they need fuel oil for pump operation, the
purden is not the price of fuel oil but difficult access to
suppliers. In this respect, communities on roads 7 and 9
have a relative advantage.

{b) Financial resources

At first sight,:it might appear that financial copstraints

found commonly in beneficiary communities hamper the recov-
ery of operation and maintenance costs of the water supply.
In fact, community water services installed in the past in
this region did not rely on beneficiary’s contribution at

. all. However this should not be the case.

_ FIVONDRONANA (prefecture) and FIRATSAM-POKONTANY (district)
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offices do not have enough financial capacity to contribute
money to a beneficiary village. Local taxes, consisting of
land tax, sales and slaughter of cattle, market tax etc.,
are in principle, to be collected by the government repre-
sentative (DELEGUE) who is stationed in individual offices.
Collected taxes are sent to the FARITANY (province) office,
and only a limited small amount of tax money is distributed
back to FIRAISAM-POKONTANY and FIVONDRONAM-POKONTANY of-
fices,

On the other hand, individual commuﬁity users might be
reasonably solvent, with rather positive willingness o pay
for a water supply service; as the study team has found
through their field survey and actual establishment of

several maintenance systems for the pilot water supply

- faecilities. As a whole, solvency of villagers is roughly
estimated as below -

— Large communities: on routée 9 may have sufficient solven-
cy to cover not only recurrent costs but also a portlon of

capltal costs,

~ Large communities in remote places can bear recurrent
costs of moterized pump-based community water works.

- Small, poor communities in remote places can bear recur-
rent costs of handpump-based water points.

- Medium size communities on route 7, which have to rely

an water vendor’s supply at the moment, can bear recurrent.

costs plus a portion of capital costs.

(c) Institutional resources

Prevailing weakness in the existing institutional struc-
ture, as confirmed by the field survey,is probably the
heart of the difficulty for maintaining water supply facil-
ities in long-term working order.

— FOKONTANY (village)

The average FOKONTANY cannot -afford a proper 6ffice‘nor-a

permanent staff, so that ebsentlal records on the FOKONTA—

NY’'S present and past depend on personal recolectlons.
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=. FIRAISAM-POKONTANY (District)

Although the office has a small ordinary budget and is
responsible for some activities for the sake of FOKONTANY
which hierarchically depend from the office, data and

information on FOKONTANY are hardly available in the Dis-

trict office.

— MIEM Toliara branch

MIEM (Toliara) has a role to provide technical assistance
to FOKONTANY in the maintenance of rural water supply
facilities. Within the MIEM (Toliara) organization, the
Department of Garage and Workshop is in charge of technical
services for FOKONTANY. This Department is staffed with an
assistant engineer, a technician and 15 workers.

If a rural water supply project is implemented in the
Toliara area, the branch capability for managing, coordi-
nating and planning will have to be considerably strength-
ened to satisfy the expected increase in technical services
for FOKONTANY.

(d) Human resources
Skilled or trained manpower to support the operation and
maintenance of rural water supply facilities is presently

scarce in rural communities.

Members of rural societies in the Study Area earn a

living by farming on rather sterile land. The farming tools

are limited to two or three primitive types and therefore,
there is no real demand to repair or manufacture those
tools in the community.

'As  transportation means, a few carts are used in the

community and the bicycle has not yet been introduced. A
typical house in the community is made of logs and clay,
simple enough to be built by laymen without any skill.

Under these circumstances, the rural communiﬁy has had no

-Pressing needs to encourage formation of craftsman in the
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society. However, the situation might be rapidly changing,
starting from big communities on main roads where a wave of
motorization and energy innovation, from firewood to char-—
~coal, have taken place in the past one year.
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Priority Assignment

Phase I field work and subsequent analyses in Japan result-
ed in the selection of 48 potential villages for detailed
survey - and 8 villages for rehabilitation survey. These
villages were_selected on the basis of groundwater avail-
ability, village accessibility, community needs and the
community willingness to participate in the operation and
maintenance of the water supply facilities. Further, based
on the results of the site survey. in Phase 11, and hy-
drogedlogical7investigations in Phase I and Phase II, a
comprehensive analysis was conducted to define the process
and criteria for the selection cof priority villages for
detailed survey in Phase III. '

As shown in Fig,_ls, the procedure and criteria for assign-
ing priority order to candidate villages were based on the
following considerations.

1) Hydrogeologically, the availability of groundwater in
the ‘site must be promising in terms of quantity and
quality. :

- 2) The need for groundwater development in the site must
be strong. Development investment must: promise a signif-
~icant gain for the general welfare of the inhabitants.

3) The inhabitants must be capable to pay at least the

operation and maintenance cost and be organized to
manage the water supply system by themselves.

7]



The following table shows the resulting order of opriority
villages,

Priority No. of Population{in 1990) .
Village . : :

Aa 19 42,545

Ab : 12 15,124

Sub-total - 31 57,669 (66.6 %)
Ba ' 4 4,718

Bb i5 13,629

Sub-total 19 18,347 (18.0 %)
Ca 12 7,202

Cb 6 6,250

Sub-total 18 : 13,242 (13.3 %)
D 26 12,308 {(12.1 %)
Grand-Total 94 102,566

Table 9 provides details on the degree of overall priority
assigned to each village, as a result of -evaluations con-
ducted under different criteria. '
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Water Supply System

Detailed survey . was conducted in 91 accessible candidate
villages for water supply planning, and in % villages for
rehabilitation survey. Monitoring results from . pilot
facilities are utilized profitably in order to consider the
village’s capacity for operation and maintenance.

Water Supply Planning Criteria
{1) Water supply distfict

In the Study Area; rural population tends to settle in a
concentrated community, separated from others. Normally,
the distance between communities is a few or several teéns
kilometers. A community is a few hundred square meters.
Accordingly, a community can be identified as the unit
water supply district.

{(2) Beneficiary

Community residents are the primary beneficiaries of water

supply, but cattle raised by the inhabitants is also taken
into consideration as beneficiary. The population of a
community is estimated by the number of existing houses,
since reliable statistics are not available. The number of
cattle is also estimated for the cattle kKept in the commu-—
nity dwelling area or neighboring land.

Public institutions existing in the community are small in
scale, .and are not counted as beneficiaries.

- (3) Level of service -

Appropriate levels of service, adsptable to the community,

-Will consist of two. lower types.

- A single o a few water points, such as a well with a

. handpump 'or a motorized pump, without a distribution system

- A simple gravity distribution system with several public
hydrants, supplied from a single water source. '
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{4) Population served and water consumption

Since the target year for the national rural water supply
plan has been set as the year 2000, the design year for the
water supply planning conforms to that year.

The population served in 2000 will be estimated based on
the latest population data in 1990 or 1989, which was con-
firmed in the field sur#ey; and projected using the na-
tional population growth rate (yearly 2.76%).

The cattle raised within the village dwelling area are, at
most, several tens of heads, and their effect . on the
design of community water consumption is negligible. Water
needs of gattle grazing on land surrounding the village are
taken into consideration in separaie supply systéms for 13
villages, where no sufficient or convenient.cattle watering
places exist. :

The actual daily per capita water consumption in the rural
area is estimated as foliows.

— Communities on road 7: 8-12 lcd (liters per.
: . : capita per day)
— Communities on road 9: 10-15 lcd ' :

— Community with pilot water supply facility: 10-15 lcd

An analysis of answers to interview questions gave the
consumption pattern of 6-8 lcd for c¢ooking. and drinking,
0.5-1 lcd for personal hygiene, and 3.5-6 lcd for washing
clothes. The national water consumption target of 20 1icd
is, in this context, considered as a practical and appro-
priate value. ' -

For cattle consumption, 16 -30 liters per head per day is
used for the planning. '

The water consumption in individual communities to be
supplied by a new supply plan is estimated by the differ-

ence . between the gross community water conSumption and
existing water sources. :
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Outline of the proposed water supply system

{1) Expected water supply plan

Sub-projects identifiable in the candidate villages to
supply safe water will be classified into three categories
as described below.

- Improvement of existing traditional water sources. A
dug well, one of the most prevalent traditional water
sources, can supply reasconably safe water when it is
properly protected from contamination from surface
ground

- Deep tube well installation is the most popular type
fof modern rural water supply and widelyfapplicable in
the Study Area. In this type of project, sufficient
attention must be given to the post—inveStment mainte-
nance. A community which is looking forward to something
better than subsistence, and many villages in the Study
ATea fali into this category, deserves to introcduce this
type of water supply 1nstead of dug well based water
supply.

- Comprehensive regional water suppiy system

This system for more than ten communities is considered
in  certain areas where no dependable water source is
available. For instance, the long area along road 7
between Tranokaky and Toliara would be the case (popula-

“tion & 23,000). Also Ba31basy and 12 small communities
on the 32 km road between Analatelo 28 and Ba51basy 27
can be provided with safe water if a transfer main is
1nstalled from Analatelo to Ba51basy (total populatlon
6,000).

" In this study, however, the planning concentrates on tube

~well projects. For the dug well projects, the necessary

technlcal recommendatlon 1s to be prepared for .executing

"proaects W1th self help efforts of benef1c1ary communities,

- B3



(2) Adaptable water supply facility or system

The water supply facility or system adaptable to the candi-
date villages are determined depending mostly on water
tables and the scale of beneficiary community. The adapt-
able facility or system is shown in the following Table.

Table 9. Adaptable Water Supply Facilities

Feellity Supply Installation Ap?licatlon‘ Symbol ‘
Protected. dug Well Hew or - - Bhallow grbundwater We
well or Infiltra- modification or underflow )

" tion gallery . - 8mall village in
) - remote place
Tube well with Handpump  New . ' - Shallow groundwater
handpump

- Concentrated population W.HP

{200-804Q)
Tube well with Publie - HNew - Deep groundwater W.HP
motorized pump hydrant _
and simple - concentrated population
distribution ) ) {500-2000) -
- do - - do - Modlfication - Village with MP
: of pilot pilot facllity

) facllity

- do ~ - do - Rehabilita- - Village with W.MP
tion and rehabilitation .RH -~
extension survey .
of existing
faclliities

Community - do - New © — Only for W.W

Watar work Berenty-Betslleo
Separate Watering Raw ~ Yitlage with o.T
cattle place : water shortage
watering : : for cattle -

Berenty Betsileo is a 1arge communlty in a remote pliace,
and a test boring carried. out during this study has con-—
firmed that the groundwater is salty,_to_the extent of
being unsuitable for drinking. The only alternative is to
pump up underflow ‘water that is collected in a shallow well
1ocated near the rlver shore.

Approach to operation and maintenance system

1) Findings through the operation and maintenance of pilot

water supply facilities

_Prlor to the completlon of works for the rehabllltatlon and
19~ pllot fa0111tles, preparation of community- level (user—

level) organization for the operation and maintenance of
the facilities has started. An organization of community
members for the purpose has been developed step by step
through some meetings (kick off, action plan) held between
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representatives from each village and those representity
the MIEM Toliara office and the Survey team.

'.The'proposed maintenance system for pilot facilities con-

sists of the following:

- user side : a water committee and care-takers
- back up side : MIEM (Toliara)

During these meetings, essential issues with respect to
operation,; maintenance and management system were discussed
and adopted. :

— Beneficiaries sharing the costs and labor services

- Spare parts control

- Recording and regular patrol for preventive maintenance

Findings through those activities are summarized below.

Community side

- — A willingness to pay for the recurrent cost is clear-
ly indicated by the village people. A positive approach
to self-help schemes for the maintenance of the f301}—
ity is recognized.

= Lack of technician or skilled worker, although doubt-
lessly important, can be overcome with proper communica-—
tion and coordination with the back-up organization.

- Almost all water_committes are organized based on the

existing community hierarchy. A positive community

participation is . 1ndlcated hy a strong custom to gather
. communlty members opinions whenever new issues are to
- be decided. However, one weakness that should be urgent-

ly addressed was thé absence of women in those community

meetings.organized to set up the village water commit-
-tee. meen.shquld~have protogenic roles in matters
'”ccncerning water supply, given the fact that women and
... ¢hildren shoulder the bulk of the heavy task of securlng
'water for the family..
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Supporting side (MIEM, Toliara)

- The branch does not have sufficient staff. Transpor-
tation means and equipment/tools reguired for the sup-
port service are noit encough.

— In order to provide technical services, particularly
to remote rural communities, strengthening of the branch
is urgently required.

Besides, means to manage the collected money and logistic

problems concerning acquisition of fuel oil and spare parts
are both indirect but important problems for operation and
maintenance. '

{2) Approach to a new maintenance system

The only way to establish a workable maintenance system
tailored to meet actual conditions of the Study Area will
be to start a trial system for the pilot water supply
facility, and then make adjustments as the results dictate,
expanding it according to a set timetable if specified
results are achieved. On the other hand, MIEM (Toliara)
should test the soundness of theé approach with monitoring,
analyzing and appraising the operational - results of the
pilot supply facilities. '

There is no particularly difficult problem for the communi-
ty-oriented self-help scheme in operating and maintaining
the community water supply system. MIEM (Toliara) branch,
for the time being, must assume the responsibility: for
training local care-takers and for providing technical
services and logistic support before required local organi-

zation can improve its ability. ACcordingly, strengthening.

its management ability, technical capacity and
equipment/tools availabiiity is most urgently required.
. _ -

In a long-term prospect, rural community water supply
facilities will steadily increase, thereby expanding tech-
"nical services demanded from MIEM. Then, the ‘maintenance
system, with MIEM (Toliara) providing the main support
activity, would become a rather questionable system. The
right course for the long term building of a2 real workable
support system in the area would be strengthening of the
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_middle-—level local administrative offices, such as FIVON-
DRONANA and FIRAISAM-POKONTANY offices to the extent that
they can back up beneficiary communities. Putting a new
"water section" in their organization would be the first
step, and start to support handpump-based supply fa0111tles
would be the second step.

The following figure illustrates a proposed development
plan for the overall operation and maintenance system.

Step Cormmily  Firaisan-Pokonlany KIEK{Toliara) HIEH (Head g{ﬁ_cgl'
0ffice

Initial O/H . _ :
System for 19 - ~Operation -Preventive -Konitoring
Pilot Water -foutine . Haintenance — -Procurenent of
Supply Facililies) | Haintemance -Repair Spare Parts
(1990-1993) -Training
-Data & Tnformation
Control
Intermediate ~Operalion -Repair ~Training | i-Procurement of
0/ Systen -Routine || (Hamdpump) ———-Repair - - t—1 Spare parts
‘{all facilities) Haintenance} |-Preventive -Spare Parts - -Training Plan
(1994-1907) Kaintenance Control
-Spare Parts -Honiloring
Conirol -Data & Information
Control
Final -Operation | I-Repair ~Training -Replacesent
O/ Syslem Routine N —1{-Spare Parts L -Procurenent of
{all facililies) -Haintenance; - |-Spare Parts : Control’ Spare parts
{1898~ ' Rinor Control - -Honiloring -Training Plan
. Repair :
-Dala & Information
Control '

F_ig'. 18. Proposed Development Plan for Operatioﬂ and
~ Maintenance
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8.3.4

Monitoring of Operation and Maintenance

Once the pilot facilities were in operation, the Study
Team took every opportunity to observe real performance of
the equipments and the maintenance practiﬁe by villages and
MIEM(Toliara Office). Table 10 shows status of pilot water
supply facilities in March 1991. : :

in short, as of late March 1881, the handpump (total 16
units) are not considered as completely satisfactory since
troubles which began arising in December 1980, still remain
to be solved. Handpumps have been observed to be affected
hy considerable mechanical troubles. The common defect of
the locally manufactured handpump is poor check mechanism
against downward leak of water column in the riser main
through the piston and foot valve.

On the other hand, no problem has been observed in the 3-
motorized pumping systems, not because of successful main-
tenance efforts, but thanks rather to strong and reliable
mechanism in. the pump and engine-generator. However, it
should be pointed out that the three motorized pumping
systems have been operated for a short period, each with
less than 200 hours. o o o

The potentiality of a solar pump system was evaluated based
on the performance of the pilot facility up to now, as
discussed in Supporting Report(1)}. ‘-

Water consumption was measured at the pilot facility in
Tranokaky in November 1990 and March 1991 in order to
estimate water demand. Total water consumption volumes were
16,000 1/day and 15,200 1/day on 10 and 11 November 1990,
respectively. Based on these amounts and the estimated
number of people, per capita water consumption is calcu-
lated as 6 and 16 l.day/person'for'Mahatsa and all Trano-
kaky, respectively. The storage tank of this system is
designed for 16 cubic meters, and a full tank can satisfy
one~day cohsumption. _ _

In march 1991, after the rainy season, water consumption
drastically decreased in reference to November 1990. Pump
was operated every other day, and a half tank(8 m3/day) was
enough for their consumption. Interviews with villagers

show their increased dependence on traditional water
sources like dug wells and/or rainfall water stored during.

the rainy season.
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Since the same outcome was observed in Scahazo, water
‘consumption appears to depend on such factors as season,

i.e., rainfall amount, water level of the dug well and
villagers perception of sanitation'and drinking  water
gquality. '

Availability of appropriate water sources is expected to
accelerate the change of their water utilization rattern
from traditional to improved sources. Accordingly, a design
water consumption of 20 lcd is deemed appropriate for water
supply planning.
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Table 10. Status of 19-Pilot Water Supply Facilities (1)

8Status )
Village Pump Dec. 1990 Findings in Mar. 1981
Befandriana Motorized HWorking Working; 155 Hrs oparation§
' Pump ' periodic patrols by MIEM
‘ are continued; good O/M
data recording.
52 Boshazo ! Motorized Working Working; Back up engine
: pump by gonerator is scarcely used,
Solar periodic paﬁrols by MIEM are
battery continued; good O/M data
recording.
. an
95 Tranckaky Motorized Yorking Working; No O/M data ':;
. pump recording due
' MIEM patrol, trouble
% may occur any day.
23 Ampoza Locsal HWorking Working; No patrol by MIEM;
Handpump around 10 to 20 idle swings
) (empty cyrles) are required
after interrupting operation
for several ten seconds;
: probeble cause is foot valve
leakage
22 Manoy Local Working Ditto
Handpump
29 Mangotroka Local Working Ditto
Handpump
™
25 Sihanaka Local Working Workling; no patrol by MIEHM; ) %_;
Handpump villagers have opened the pump
casing without any consultation
with MIEM; 3—fix1ng bolt/nuts
on the casing are lost.
54 Belitsaka Jap. Working Working; No patrol by MIEM;
Handpump : Touch-up painting on the
pump casing is required.
53 Analamisampy Jap. Working Working; No patrol by MIEM.
Handpump \
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Table 10. Status of 19-Pilot Water Supply Facilities (2)
Status on
Village Pump Pec, 19280 Findings in Mar, 1991
101 Ankilimall Local Working Working; No patrol by MIEM.
-nike ~ Handpump ' '
68 Benetsy Local Out of order | Out of order since Dec. 1980;
Handpump MIEM was informed but did not
repair it; Probable cause of
trouble may be the plston.
5¢ Amplhamy Local Out of order | Out of order since Dsc. 1990,
’ Handpump S MIEM was informed and took
off the piston to repair, but
no result until now.
56 Namsbohs Jap. Working Working; Ho patrol by MIEM; )
Handpump Touch-up pailnting is required
55 Ampasikibo Jap. Working Ditto
Handpump
63 Manombo " Local Qut of order Out of order;
Handpump Ho action by MIEM.
96 Analamary Local Working but . 8till working with
Handpump | extraordinary same difficulty,
foros is " no action and no
required due | improvement.
to pump
internal
friction.
81 Ménoroka Local Workiﬁg Working; no patrol by MIEM;
= Hendpump ' touch-up concrete work 1s
required on the foundation.
28 Anslatelo Jap. Working Workihg; no patrol by MIEM.
Handpump ’
27 Basibasy _Loéal Qut of order Could not reach it, but
Handpump it is assumed to bs still

out of order without actual repalr.
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THE PROJECT
Groundwater Development Plan
As stated in.previous sections, the potential for ground-

water development in the Study Area is generally high,
except some poor areas due to their hydrogeological condi-

tions and water quality. Groundwater is an important and a-

limited resource in this area, where annual rainfall of

400-800 mm makes it the driest area in Madagascar. There-

fore, it is required to utilize this resource as efficient-
ly as possible. From this viewpoint, the approach to devel-
op groundwater is summarized as follows,

1) It is advantageous'toremploy handpump for l1ifting of
groundwater from the viewpoint of construction coét, opera-
tion and maintenance and saving of discharge.

According to the results of yield investigation, 2 or 3
handpumps can be utilized simultaneously in the same
village without causing drawdown.

2) When submersible motor pump is employed, it is nece-
ssary to keep a distance of more than 500 m between wells
in order to avoid drawdown.

3) It is necessary to decide well location, depth and
drilling method based on comprehensive hydrogeological
analysis. Detailed hydrogeological structure is investigat-
ed by electric prospecting, after reviewing beasonal varia-
tion of groundwater level, water quality, yleld and hydrau-
lic information of existing wells. :

The groundvater development potential indicated on the
hydrogeological map, and the development scale described
in the next sub-section are based on the above mentioned
detailed research of local conditions. :

4) Dgvelopment of limestone plateau along route 7 requires
250-300 m of drilling because of low groundwater level 'at
170-220 m below ground surface. Additionally,; the aquifer
exists in the porous,. fault and/or fracture zone in 1ime-

stone, requiring the detailed research mentioned in 3)

above.
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5 It is necessary to consider water guality before the

development, especialy in the area along route 9,

The. problem of "salty water", caused by fossil salt water
in dolomitic marl of marine deposit, exists within 30 m
below ground surface. Therefore, deep drilling is required
in order to get confined aquifer with good water gquality,
even for handpump equipped wells.

Aquifer and develcopment scale

This subsectién describes the general development scale of
groundwater in each aquifer zone, as classified in the
hydrogeological map, according to the groundwater potenti-
ality.

(1) Class Al aquifer zone

Aquifer is generally composed of unconsolidated sandy
deposifts of .the Quaternary, such as river-bed deposit and
sand dune deposit. -

In this Class Al agquifer zone, groundwater pumping at 250-

- 660 1/min per well is expected in a borehole with a depth
of 30-50 m and a diameter of 150 mm(6").

(2) Class AZ aquifer zone

This Class A2 aquifer zone is distributed in both the
western region and the eastern region of the Study Area.
The Class A2 aquifer zone distributed in the western region
is composed of neritic sedimenis of the Middle to the Upper
BEocene, and divided into three(3) districts of Befandriana,
Soahazo and Benetsy, based.'on detailed hydrogeological
conditions.

From the results of the comprehen31ve analysis on hydroge—

‘ology, in particular the results of test drilling and pump

ing test, the following development scale of groundwater is

v expected in. these. dlstrlcts

*a)iBefandrianardistriCt

~ Target depth and diameter
“of a borehole- - 1 BO m, - 100-150 mm

.- — Expected: pumping discharge

_per borehole . .:.200-600 l/min
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— Specific capacity of 5 test drillings in this district:
23.03~-304.57 1l/min/m (average 142.60)

b) Socahazo district

~. Target depth and diameter

of a borehole o+ ¢ H0-100 m, 100~150 mm .
— Expected pumping discharge
per borehole : 200360 1/min

— Specific capacity of 6 test drillings in this district
13.61~120.37 1/min/m (average 43.39)

¢} Benetsy district

— Target depth and diameter

of a borehole : 50-100 m, 100-150 mm
- Expected pumping dlscharge
per borehole ' : 230-580 l/mln

— Specific capacity of 4 test drillings in this district
46.656--115.70 1/min/m (average 82,92)

The Class. A2 aquifer zone distributed in the eastern region
of the Study Area is mainly composed of continental depos-
its of the Lower Jurassic, and the fbllowing development
scale of groundwater is expected from the results of com-
prehensive analysis on hydrogeoclogy.

- Target depth and diameter

of a borehole : - ‘ ¢ 70-100 m, 150 mm
- Expected pumping discharge :
.per borehole : 300-600 1/min

- Specific capacity of 2 test drillings in this dlstrlct :
41.76-43.53 1/min/m (average 42,65)

{(3) Class A3 aquifer zone

As shown in the hydrbgeological map, the Class Al . aqulfer
zone is distributed in both the western’ region and eastern
region of the Study Area, and its dlstrlbutlon pattern is
similar to that of the Class A2 aguifer zone.

Hydrogeologically, the Class A3 aquifer zone distributed'in

the western reglon is divided- 1nto two districts of western
side and eastern side of route 9. - e
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The Class A3 aquifer zone in the western side district of
route 9 is composed of neritic sediments of the Middle to
the Upper_chene, and groundwater pumping at 200-60C 1/min

. per well is expected in a borehole with a dépth of 100-200m

and a diameter of 150 mm. _ _ _

On the other hand, the Class A3 aquifer zone in the eastern
side district of route ¢ is mainly composed of porous or
fissured limestone of the Lower to the Middle Eocene, and
the following development scale of groundwater is expected
from the resuits of qomprehen51ve analysis on hydrogelogy.
It is, however, strongly recommended to drill a borehole of
more than 250 m for groundwater development in the area of
limestone plateau along route 7. '

- Target depth and diameter S _
~of a borehole 't 150-250 m, 150 mm

~ Expected pumping discharge
per borehole i 200-600 1/min

- Specific capacity of 2 test drillings and 3 existing
boreholes of JIRAMA at Miary. : _ _
217.50-5,016.67 1/min/m (average 2,122.92)

.The Class A3 aquifer zone distributed in the eastern region

of the Study Area is composed .of continental and neritic
sedlments of the Lower to the Middle Jurassic, and pumping

~discharge of 2300-600 1l/min per well is expected in a bore-

hole with a depth of 120-200 m and a 150 mm diameter.
(4) Class Bl and B2 aquifer zone

The Class Bl aquifer zone is distributed in three districts
of Sikily, Sakanavaka and Menamaty river basins, while the
Class B2 aquifer zone is distributed mainly in four dis-
trlcts of Ambahikily of Mangoky River side, central part of
Flherenana River basin, Rezoky and Mangitraky River basins

-and Berenty-Betsileo of Isahena River basin.

Based on the resuits of comprehensive analysis on. hydroge-

ology, in partlcular the results of geophysical prospect-
ing, test dr1111ng -and pumping test Table 10 shows the

 _groundwater development scales which can be expected in
- those districts of the Class Bl and B2 aquifer zones.
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Tablie 11. General Development Scale of Groundwater in
Class Bl and B2 Aquifer Zones

Slar . . pacted P/Dlschargellarget depth & dimmeter of boraholo
. District Aquifer per a borchole Dapth Diameter

Heritic or submarine’ Iroin | ] : : om

sedimonts of the Lower

to Upper Crotaceous 80-120 100 150

with basaltie rocks.

N Neritic & continental :
B, | Sakanavaka River basin sediments of the Middle 80-120 ) 100 150
Jurassic. .

B, | Sikily Rlver basin

Continental deposits”™ . A
of the Lower Jurassic

with Schistose 50-100 100 150
sandstone.

: iki T Neritic Sediments of . . )
Ambrahikily of Mangoky ‘ :
River side égga}'ﬁddle to Upper 80-150 200 150

8, |Menamaty River basin

Neritic or submarine
Central part of Fiherenana | sediments of the Lower :

River basin ‘to Upper Crotaceous 80-120 150-200 . 150
with basaltic rocks.

By

: D . Neritic & continental ’
Rezoky and Mangitraky : .
B River basins sediments of the Middle 80-120 150-200 150

Jurassie. . e

il

_ - - Neritic & continental
B ?:;gg gﬁz;lﬁgs‘i’; sediments of the Lower 50-100 150-200 £50
Jurassic.

(6) Class C aquifer zone’

In the Class C aquifer zone, local and discontinuocus aquif-
er exists at’ less than 20 m in depth, including Herzberg'’s
lens aguifer in the coastal area. Therefore, for ground-
water development in Class C'aquifer zone, it 1is recoi-—
mended to dig protected shallow wells with a depth of

5—-15 m.

9.1.2 Standard Drilling Method and Weli Design

(1) Standard drilling method

'The two drilling methods which were used in this study
consisted of mud drilling and air hammer drilling.

Judging from the results of test drillings;”in'fhé area
which is mainly composed of limestone or basaltic rocks,
the air hammer drilling method is strongly recommended
because of the speed of drilling works ‘and to av01d troum
bles of. frequently lost circulations. o :

On the other hand, in the areas consisting'of sandstone

such as neritic sediments of the Middle to Upper’ Eocene

neritic or submarine sediments of the Lower to ‘Upper Creta-
ceous and continental or neritic sediments of the Lower to
Middle Jurassic, the mud drilling method is principally

recommended.
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© @) Screen

{2) Standard tubewell design

a) Target depth and diameter of wells

The target depth of 6" diameter wells is 30-250 m and that
of 4" diameter wells is 40-100m. This well drilling plan
was made mainly on the basis of hydrogeological conditions
obtained from the results of test drilling and electrical
prospecting, as well as the population in each candidate
site.

) Logging

In order to identify the aquifer and decide on the screen

- position and length, spontaneous logging, resistivity and

natural gamma ray logging is carried out after the drilil-
ing. :

During drilling, in particular in the case of mud drilling,
drill cuttings must be carefully observed for a complete
geologic log. ' '

'In the aréa which is composed of limestone or basaltic
" rocks, geophysical logging alone is generally ineffective
“in detecting aquifers and aquifuges. The air hammer drill-

ing_method is,-therefore, recommended not only to avoid
troubles of frequently lost circulations, but alsc to speed
up drilling works and to decide on the accurate screen

"position and length.

¢) Casing

FRP (Fiberglass Reinforced Plastic) pipe is recommended for
well casing in both 4" and 6" diameter boreholes, mainly

because of water quality.

Bt~
1

'FRP pipe is also récommended far well screen in both 4" and
8" ‘diameter boreholes, with a 5% ratio of openings and a
- slot size 6f 1.0 mm (horizontal slot screen). Based on test
drilling experience; screen positions are set at multiple
~ layers, and total screen length is principally designed as

follows,
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Borehole depth {(m) Screen length (m)

30 i6

40 - 50 20
. 60 - 100 24 — 32
110 - 250. 32 - 40

e) Gravel packing

It is not always necessary to carry out a sieve analysis
for the selection of packing gravel. _ _

Around the screen, gravel of a grain size of 2-3 mm is
empirically used as filter.

f) Well completion

In the completion of a filter-packed well, except for the
screen area, the annulus of the well between the borehole
wall and casing is backfilled with drill cuttings. More-
_over,‘in the top 5 m from the surface of the ground, cement
groﬁt is placed for prevention of contamination.

(3) Protecﬁed dug well

Protected dug wells are proposed as a self-help construc-
tion scheme by the communities. These protected dug wells
can.be excavated by hand by villagers. using picks and
shovel. The well is permanently lined with a curb consist-
ing of brick or rock. The curb should be perforated or
contain openings for entry of water, and must be firmly
seated at the bottom. Dug wells must be deep -enough to be
several ten centimeters below the water table. Ground
should be backfilled around. the curb lining and the: bottom
of the well to control sand entry and possible cave in. All

materials and manpower required for the dug well construc-

tion would be contributed by villagers.
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9.2 Water Supply Plan
9.2.1 Objective

The main objective of the Project is to provide a safe
water‘sﬁpply to satisfy domestic and cattle watering neecds
in the proposed 94-communities up to the: year 2000, when
the total population in the communities is projected to be
154,0060.

£.2.2 Approach to Planning

The approach adopted in formulating the Project follows the
basic policy and criteria of this Stugdy.

et 5

(1) Selection of deep groundwater as a safe water source

Until recently, water_resoﬁrce development efforts for
rural population in Toliara Province, which have been
sporadic and 1limited, focused on the utilization of shal-
low groundwater (less than 10 meters in depth). '
However, shallow groundwater is not commonly available in
the area and, in a large community, it hardly satisfies
the water demand. Due to the limitations of shallow ground-
water, a priority has been given on the development of deep
groundwater, which is - of better quality and comparatively
plentiful in the area.

(2) Maximum convenience’ for users

) »%’\:}
g

= In a rural water supply project, it is justifiable to
~employ plain and simple system as much as possible, in
order ‘to minimize capital investment and operation/mainte-
nance costs, on ‘consideration of the low income level and
lack of trained technicians in the rural society.

(3) Alternative plan

' Though the choice range for a rural water supply project in
the Study Area is relatively restricted depending on avail-
abili'ty of water resources and community pdtential and
bapacity, there are still a few important alternative
considerations worthy to be examined in the planning stage.
These include selection of proposed villages and the choice
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of equipments.
9.2.3 The Proposed Project
{1) Project description

The basic criteria for planning and design of the water
supply project are summarized as follows.

- Design year : 2000

- Water supply : the community, FOKONTANY ov
districts KOMITY regarded as a unit of

water supply district.

e
—x

- Beneficiary . All community residents and
cattle kept in 13 villages

- Service level :  Handpump and public hydrant

- Population served : Population in 2000 estimated
from the present population
with average yearly growth
rate of 2.78%

Cattle - to be watered between
400 to :800 head per community
{13 villages)
- Design daily water : 20 lcd for people
consumptiion 18 1hd for cattle

oo
l B

Separate water supply sub—projects for 94 candidate
villages were prepared. Other candidate villages are
left without planning because they are abandoned, non-
accessible, or completly satisfied by pilot water supply
facilities. ) '

The following Table is a summary of project classifica-
tion. ‘
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Table 12. Classification of Water Supply Plans

Classiflcatlion Type of project
Improvement Handpunmp Hotor Pump
Priovity Population of dugwell Existing New
Aa 55,733 o] 2 8 9
Ab 19,813 0 3 2 7
Ba ©,181 ] 2 2 0
Bb 17,858 2 4 1 8
Sub-total 28,583 2 11 13 24
11,740 2 K] 0
16,124 10 11
Sub-~-total 33,0864 12 18 ) 1 13

Total 132}447 14 28 14 37

Descriptions of 94 sub-projects are shown in Table 12.

(2) Water supply facilities
(a) Pump discharge rate

The discharge rate of a motorized pump is designed accord-
ing to community daily water consumption and duration. of
pumping cycles of 8 hours. The discharge rate of a hand-
pump is assumed as 4 m3/day —7m3/day.

The hourliy peak load is designed based on 9 hours of "daily
water serviée'period, and the ratio between peak load and
average load ( for 9 hours) is 1.4 to 1.0.

The capacity of the reservoir 1s planned based on the daily
pumping hours increased by 3 hours. For standardization,
one of 10, 15, 30, 40 m3 reservoirs is selected when need-

ed.

The number of public hydrants will be decided based on the
average capacity of the hydrant, i.e. sm3/day.
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The equipment required for individual community water
gupply subprojects is listed in Table 13.

(b) Typical design
Typical installation pictures of handpump and motor pump
are shown in Figures 19 and 20. Additionally, schematic

drawings of typical water supply facilities with handpump
and motor pump are shown in Fig 21,
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Table 13. Description of Water Supply Subprojects by Village (1)
Groas ¥ater Consueptlon  |Existing} #et  |Propesed o .
LY Viliage Num Priority [ Domestic [ Cattle | Totel [safe ¥sted Maker | Type of Fchistescalasis Cotmenlty fharactacistic Water Source Characteriztic Project Characteristic
Use  [¥atering Supply |Bequired § Facility
(e3/bay) | (0370} | /Doy [ (37Pay) | (ad/may)
Kall & matorired pusp-tused
a Hangolewolo A 3.0 —_ B.0 — 0.0 W-Kp Y53 {arge villsge near saln toad  High water teble ystes - )
. . Fediva, vell of f village, High water table, slightly kel Witk Eadpep, oae for
] Manoy s 1.0 1.0 2.0 | 4.04{p) 1h0 | wip-cr K0 Lear pain road turbid battla watering
) o : farge, ell off villsge in  Falty grouwdester, wderflow )
48] Berenty-fatsiles A g1 - &.0 - 810 ] Yes Peante pless, center of kater {s more soilable for %lsp]e water work systea
|- » disteibuticn frinking water " Ineluding slovw sand iltration
' Jarge village in remote ’plme. ¥igh water table by confined Mell & polorized pump-based
49 fanandava-Mntaifasy Aa b3.0 —_ £3.0 — 530 W-KP b33 peater of distribation muiter, requives deep well frsten, loog distribution
piping [$ reqired
. ; large, well Off village o Fhallow groundvater is sally Peplace solar pep with
&2 Soshato Aa 74.0 o 8.0 ; @0.0 (P 3.0 ME-CT Ll foad-9, coemerce is developing ponventional purg systen, wide
s - ) istribution plping required
4.0 . ketiua, well off villege on Mell with hand pump, one for
53 Aaslanisasgy i ‘2.0 1.0 210 1.0 (P 16.0 | W-HP-CT LH foad-3, cormerce is developing figh uater Lable faltie wateriag
lerie, woll off villagaon | Peplace handpuzp systea with
5 Balitsaka A .0 140 4.0 T.0 (P - 419 T (] foad-5, orewerce s developing iug: water tsble patorized pop systea
o - 4.6 Large, well off vitlags oo Feplace bandpu=p systen vith
% Mapasikito da s2.0 | 1o} ®ol trop 5.0 | KT L] fox-3, coorerce is developlng filgh water table potoclzad pusp systes
. Largz, well off villaga cn High water tahla by coofined feplace handpep systes with
B6 Ranaboha A ] 14.0 5.0 7.0 (P 18.9 HF-CT (] poxd-3, comerce is developing pauifer, requires deep woll  potorived pinp systea
: Lavgs, well off village in Replace Bandpunp with motor]ped
-] Fanocho-Ats la 12.0 - 12.0 L0(FY 1180 ‘WP L4 peoote phace, center of igh sates table pusg systee, wide distritution
tstribution and cubture Fequirad :
. g8, well off village en I'Iig}l xater table by confired Replace handiuep Mith sotorized
8| - Benelsy ao | ose | wb| o] oy mel wer TS reald, cemerce is developing mauifer, requires desp well hup systes: wide distribution
S ploing required -
T st viltnge ca coed 1, ¥ell & polorizsd pomp bevad
T} Adrenowory [ 00§ — 0o — wo | e ¥ES  pebies o water vendors oy Lo water table petes
o . : . Lacye. well off village o . Kell & retorited prap-based
2 Hadaboboks M 2.0 - 5.0 - 52.0 W - YEis road-7, comence ig dem[opiré ery Digh waler tahle Exsten; wide distribution
N . . piping requird
. [arge, well off village on High vater table, slightly Replace bandpey vith motorized
017 Bskilisallaika s T1000 |- 140 150 40 7Y i T © boad-0, commrce [5 developing Falty pnp syiten, wids distributicn
: peauived ]
. : A farge, well off villeze cn Erpersica of capacily & distrid
s Befadriga M Mo | — M0 | U0 (N 550 | kPR3 P ood9, cumerce is developing Jigh water. table buticn of existing ayste
o : - B Lo water Leble. conficed  §ehebtlitelion Incloding nev.
b|  Betsicky Bord Aa 2.6 - 52.¢ - 50.0 | wNRRH TES largs vitlage near road-3 pater, remlres deep well  pel) drilling & peping systen
. Meditzm, well off village o . Rehahilitation, existing
o hodranchiraly M 470§ — .6 - 4.0 | WEP-RH ] poad-7, relies on vater vendorsiery low water Lable Fecility is useless
High water table Yy confined Behabilitaticn, Yarge
[ Sakaraha Aa 102.0 — 103,90 - 303.0 | N-HP-RH TES Tity co rosd-7 Bycifer, requives deep well prpansion In capacily sod
. : . distribution i$ required
. High water table by coofined Pehabilitation, existing
a Adiazoabo s 790 - %.0 - 79.0 | M-wP-sH 7] Lity in resole place praifer, pemuires desap well Facility s useless
. E - fdivm viilage near road-9,  High uater table by ccafined Pell & sotorized prg-based
11} Andranceaninksy o 3.0 - J.0 — o W-¥F ¥Es leith geomising farning pauifer, reqires deep weil Eysten
- ’ ‘odiua village on roed-9, with High vater table by confined fell & motorized mes-based
" hntsakosbe 1 2.0 14.9 3.0 — .0 | WHpCT TS promising farming saiifer, requires desp well fystem
: o . Foall village near road-n, with ’ :
% Sihanika L2 18.0 |- — 180 | 40 (BY - 140 | Wi L] prosising faraiag ary high xater table Fet] with hadpep
- Beall vilkage on road9, with )
2 Hangotroka. A 18.9 — 16.0 4.0 {F 12.0 LR %0 proaising farming ery high water Rtabls Meli with hardgop
e A s Large village in remote place, Hish sster teble by onfined Yastall motorized pmp systea
| Tardram 0| Kb T a2.0 - §2.0 - 92.¢ [ TES kith promising faming ' apiifer, requires deep well pn existing well
o fedizn village in reaote place,Bigh vater table by contined Bell & molorized prp-systen
35 | Mepsodraed Lsetaly » 2.0 __‘.'— 209 — 21.0°] WHP i kith preaising farming ifer, sequires deep well [ -
. A TRy Hadivz, well off village in ish wsler, table by confined |
&1 Akilivalckely o R = R0 - 32.0 | ¥WHP .5 . Temota place uifer, requires deep well heti & ectorized pxp-systen
) ERRP . - Baall, cattle breeding viltage,ligh vater tabie by confiosd Pell with hendpmp, one foc
::] Arkatiaksles M 12.0 7.0 19.0 - T 19.9 § W-HPCT [ 1] hear road-3 pqifer, requires deep vell [attie watecing
: ' - - o - el & motor2ed e systen,
. . e . - . Large village in rsote place -' . : ide distritution piping
i1 Serorcha A 9.0 - 8.0 — 3.0 L YES pith proaising farming Kecy high water table [9 fequined
- : o ) B TR Hedimm village oo road-7, . fery low water table, coofind
| Befoly - | - #b 2.0 | e = | mo|wwer | m elles on ‘uater vendors k. vater, cequives deep vell Poll & motorized peg-systen
. . c : Jarge vilage in rencte place, : ) 1
8} mdeanolara b ®we | — ao | - B | W @ xith premisiog farsing, centac fiigh wster table by confined eIl & entorited puse-systea
. . D pt dlstefct [fes, vequires denp uall .
) o . edi village I pemote place,Pediue water table, tofinedyeplace handpuop with motorized
8| malaery » %0 [ — Mo -0 B0 B b pronising, facning ifer, requires desp wstl puep-system
L - . ot prail village, close to igh water teble by confinad .
L") Tanardava Ba 10.0 -~ 10.0 - 10,0 | i Yis MRKZOMRO ity uifer, requices desp well fell with handpap



Table 13. Description of Water Supply Subprojects by Village (2) _ {0

Gross Water Consuspticn Sxistirg | ket | Proposal
o] Villege Kaoe Prierity | Domestic | Cattie | Total fe Water] ¥ater | Type of Pchistescalssls) Comunity Chavactetistic Bater Source Characteristic Project Charactepistic
Usa ¥atering s.-ggly Bequired [ Facility
{ed/Day} | (e3/Tay) | (23/Day) | (03/lay) [(e3/0ay)

Hadiwm, cattis brooding villazy replace handpurp with otovized

8] leplheyy B B0 F wal o | so@) wol wer B pewrrosdd eey high vater tablo op-systes
fradfua villags In resote place,
60 Reboodry Ha 23.0 - 23.0 - 20.0 | WH 1] MEth preaising farming, 'evy fulgh valer table w1l with hardpesp
ifficult access . ) R
Larta, vell off viliage oo igh water tuble by confined Jeatall motorlzed pep-aysten
85| mkarachato Ba 4.0 — 4.0 - 2.0 e )] Foat-g c»'luifer. veuives deep well tn a test xel] -
Bative, ‘poor village neac ?Gig.h water table by contined
5 Ashalamoa ] 6.0 - 25.0 - 5.0 ¥-ir HO poad-9, with fareing potential pouifer, remeires decp well pell & motorized pp-systen
hedion, poot village near High sater teble by oonfined
] Tslanihy ) 3.9 —_ 36,0 — B0 | W W road-2, with fanzins potential pquifer, roplives deep well Jell & molorized pozp-systen
: feall, poos village near _jligh water tshle by confinsd .o
T Baratoa By 00| — 2.0 - 20.0 | .0 &5 roal-g, with {arming potential pquifer, reguices deep well Fell & motocized prp-systen
paalk. poor villaga near Pgh waler tsble by confinad
H:] Aebiky Bb .0 - 6.0 - 8.9 e » Fost-5, with ferning potential hquifer, recuires deep well Rell & motoritsd pmp-systes
peell, pooe village near .
23 Japozs [2:] 13.0 — 18.0 4.0 (P, 140 W12 ) poad-8, with farming potestisl Fery bigh watec tzble .. ell with handgeyp
R Frall, poor village oh road-9, Figh vater table by confined R
5 Antsevy Bb 24.0 - 21.0 — 1.0 H-KP . )] hith traditicnal wells - puifer, requives deep well Jell & polorited pasp-system
: fediua, poor village in remote .
& Anrizoracify B 3.0 —_ N0 —_— 3.0 | £ VES blace High xater table -pell & mlocized purp-systea
) fediue, poor vIHage, easy L .
£ Toafancke Bb " no —_ 2.0 7.0 (P 16.0 ¥.Hp LM] hecess foog road-d, with igh watar tale - Jell with handpanp
farning polential -
Hediuw villsge, difficutt natal] sotocized pump system,
8Ey  Mawrchs Bb 8.0 ¢ — 25.0 4.0 (F =49 w 1] horess, wilh promising farming Yecy high water tsble st supply to alevated place
B _ — Figh water Uabla tr cfined Jell & Batorited pusn systen,
&3 Resakoa{2} 2.3 3.0 — 3.0 - e W-¥p ) ] pediua village in resote place puifer, requires deep well flistritution piping remired
T Frall viliags, easy aocess igh water table by confined
8 thaninzy i By 18.0 - 18.9 4.0 (P 1.0 Ll L] Frem rovd-7 L\Jifer. tequires deep well Nell with handpusp
N . Srali village in recole place, | ) )
20 Tanznbao =) 210 — 2.0 -— 21.0 i 4 YES with fareing potential ery high water tshie Protectsd dug wall
igh vater tshle by confined
94 { indusasing-Virets |. B 4.0 — 4.0 - 4.0 e YES Brall village o coad-7 Li&r. requires decp well Pell & notorited puep sysiem
] Bereketa o) 13.0 — 13.0 — 13.0 ¥-Hp 4] fRall village in reoote place High vater table F1] with handpep
hedim wiliege in recote place,
89| Ankilizitraicka -] 2.0 - 2.0 — 2.0 o B HfEicult access, with Yery high valer table Protected dug well
farning potential - -
Frall village o road-9 very . 1
13 Tanandara [ 16.0 - - 16.0 - - 18.0 L&:4 YES poor. origin of big TARRAXDAYA Righ water table by confined pell & rolocized PP Sysiem
hear It ifec, requires deep weil :
feall, poor viﬁuz. separatad High waler table by confinnd
1] Talatavzlo Ca i7.0 — 17.0 - 17.0 | ¥ 10 Erall sattlesants wifer, vequires deep well el & motorized pop
. Sesll, pooc villege, igh satec tsble by coafined |
21 Mtraresatra Ca tER) —_ 15.0 - 15.0 L B ] P separated ‘settiemonts Lm'«. requires desp well Yell & solrized pmp
. pediva, poor villege in resole Bigh vater table by confined
3| Andvancesnintsy Ca 2.0 — . A0 — 2.0 L YES place . puifer, roquires desp vell Fell & mtocized pag
. . . prall, poor villaze in remote  High yater table by confinad |
it Apota Ca 8.0 e 8.6 - 8.0 Wi YES place pruifer, resguires deep well Fell & motorized pao
fisall, poor village in resate High water Lable by confined :
2]  Irelsadta ca 30 | — 0 — .0 | W 20 Pl puiter, requires deep vell Hell & motorited poep
: brall, poor village in recote . s
) Antandroks Ca 18.0 - 8.0 — 1.0 ¥-Ep ] place Figh water table #ell & wlorized pag
Fresh water ifes on top of  Frotected dug weli to
Kirevo Ca 3.0 _ 4.0 — 53.9 5] YES Large Fishing village, well offsslly water ondiroll drawing
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Table 13. Description of Water Supply Subprojects by Village (3)
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Water Supply Facilities by Village (2)
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9.3 Project Implementation

2.3.1

Basic concept

As already discussed, candidate villages are classified
into 6 ranks according to their natural potential for
groundwater development and socio-economic conditions.

Priority areas for project implementation consist of vil-

- lages classified as Aa, Ab, Ba and Bb, for which project

1mp1ementat10n plan was prepared. _
Although water supply plans were prepared for villages with

¢ and D rankings, implementation plan for C and D ranked

villages should be formulated only after giving due con-
sideration  to other medium to large size villages existing

in the Study Area:

Implementation Plan
(1) Implementing Agency

The Ministry of Industries, Energy and Mines{(MIEM) would be

. the implementing agency of the Project, and the Bureau of

Water and Hydrogeoclogy of MIEM will be in charge of actual

-project management and coordination. The MIEM Toliara

branch will assist project implementation, partlcularly in
field constructlon supervision.

© (2) Basic policy

Implementation of the proposed project is urgently required

"to solve safe water supply problems in the Study Area. At

- present, however, lack of financial and technical resources

“in the_rural'water'supply sector hinders prompt self reli-
ant implementation of the project' and assistance by

external aid agen01es is strongly requlred
Circumstances are gradually becoming favorable now for

~self-help schemes For instance, rural people begln to show

w1111ngness to part101pate in the project implementation

“and its operation and malntenanCe acceptlng to share the
necessary expenses. ) : o '

. MIEM possesses three drilling rigs with trained crews and

‘supporting equipment/vehicles,; enough to drill reiatively

shal@ow'wells,”of less than 150m. However, for the imple-
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nmentation of the proposed project, still the role of inter-

national aid, financially and technically, is of great

importance and quite indispensable.

Therefore, it is recommended that most d931gn, procurement
and construction act1v1tles be carried out by foreign
contractors hired and supervised by MIEM, utilizing funds
from multilateral or bilateral cooperation.

However, certain field activities such as construction of
waste water drainage ditches and fences around well will be
undertaken by rural beneficiaries.

Considering the national target year of 2000, a short
implementation period would be rather desirable for urgency
of water demand. A period of 2 to 3 years may be a realis-—
tic minimum period required to provide a sufficient lead
time for establishing a maintenance system and a strong
back-up capability of MIEM. . -

A hasty implementation of the project is not wise from the
viewpoint of keeping resource allocation balanced among
several human or social oriented sectors.

Total implementation‘period consists of 2-phases as indi-
cated in the next paragraph. :

The sub-projects to be implemented in the flrst phase were 

selected from the high priority group, placing empha51s on
regional urgency of water demand and difficulty of exploit-

ing groundwater. Villages in Fiv. TOLIARA 11, Fiv. SAKARAHA -

and Fiv. ANKAZOABO satisfy the above mentioned conditions,
namely, scarcity of traditional water sources and quite
deep aguifers. _ : S -

The majority of handpumps installed on test wells are to
be replaced with motorized pumps, so  that testwells will
become production wells. The replacement of pumps will be
completed during Phase 1 and Phase 2 of project implementa-
tion,

(3) Implementation schedule

A timetable with a'likaly duration of 32 months . over 2

phases would be proposed for completing 50 subfprojects.
Although preparation for the project-implementatidn is not

mentioned in the schedule,_the implementation_cannot_begin
until the proposed project has been approved by the Mada-
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gascar Government, financial resources have been secured,
and a consultant engsaged to prepare basic design and tender
documents for selection of a contractor. '

In the schedule, realistic allowance is provided for each
step of the implementation process, desigh; preparation and
approval period, tender evaluation, recommendation, negoti-
ation and contract signature, '

Critical activities throughout project implementation are
those concerning deep tube well construction as follows.

— Procurement of a drilling rig and neceSsary equipment
capable of boring deeper than 200m.

-~ Marine and inland transportation of equipments.
- Drilling work in bredetermined fields.
— Well casing installation and well development.

Following table 14 and Fig. 22 shows the proposed project
implementation schedule.

Table 15. Summary of Project Implementation Schedule

. Phase _ Phase 1 Phase 2
Duration 18 months 14 months
No.of villages 17(Aa-Bb) 33(Aa-Bb)
(priority) L ' '
Beneficiary _
~inhabitants 37,689 61,894
~cattle = - 6,000 2,000
No.of tube wells 6"x9;1280 m  6"x11;1560 m

to be bored .~ 4"X4; 320m  4"x22;1180 m
(Total depth) ' -

No.of facilities
- per category

- DW : ' - 2
~ W.HP _ 2 ' 9
~ MP 4 _ 9
~ W.MP and RH 11 12
- W.W . - ’ 1
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Fig. 22. Project Implementation Schedule

(5) Operation and Maintenance Program'
(a) Organization and responsibility

Ag discussed in the water supply planning'study, it is
desirable that the operation and maintenance (0&M) system,
which is a centralized system at first, be gradually shift-
ed to the local decentralized systems through three
stages. ' '

In the beginning system, benéficiary communities would

organize water commitees and ass sign caretakers mainly to
operate the. fa0111t1es and carry out routine, rather minor
maintenance work

The central organlzatlon, MIEM(Tollara), would technlcally
back up water commitees with their mobile maintenance
teams, particularly in major repalrs,

Individual responsibility of the organlzatlons 1nvolved in

the O&M system would be as follows.
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Table 16. Organization for Operation and Maintenance

Organization
and/or Agency

Responsibility and task

Village-level:

Village-wise
Water Commitee
and Caretakers

P

L}

Central-level:
(regional level)
HMIEM

{Toliara Branch)

National~Level:
MIEM : _
(Head office)

Operation of facilities

Routine maintenance such as site
cleaning, visual inspection of leak
on pipe and reservoirs, maintenance

of drainage, touch-up painting etc.

Mariagement of pump operation and
water service '
Kéeping a log-book

Emergency notification, if any,
to MIEM as well as regular reporting
Collection of O&M fees from users

Preventive maintenance by regular
inspections

Repair work in the field and work-
shop

- Inventory control of spare parts

Data and information control
Training of caretakers

- Monitoring of operation and mainte

nance activities
Overseas procurement
Training planning
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(b) O&M cost and its allocation

An example of working capital which must be borne by bene-
ficiary villages is as mentioned below. :

Table 17. Sample of Annual Recurrent Cost
case Costl ITtem FMG/year
For hand pump-based Salary of caretaker 6,000
supply system-
Estimation basis: Pump spare parts 70,000
population 300 Trangportation 20,000
Other cost 10,000
Total 106,000
Cost per capita 353
For motorized pump-based
supply system Salary of caretaker - 12,000
Estimation Basis: Fuel oil 1,500,000
population 1000 Spare parts 500,000
Transportation 40,000
Other cost 50,000
Total 2,102,000 .
Cost per capita 2,102

The rural population is estimated to have
pay the cost estimated above.
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(c) Investment and budget for support activity

A government. agency, MIEM(Toliara Branch) would play an
‘essential role. to assist rural communities for maintaining
water supply facilities. However, its support would. be
limited as it is assigned only a modest ordinary budget.
The mest important and urgent action to be taken by the
government_is strengthening the Garage and Workshop Depart-
ment in MIEM(Toliara Branch).

(i) New mobile maintenance teams should be established
in the Department. : I :

One team should start their service within 1991, while
the second team would start by 19294, following the

{} proposed project implementation schedule. _
o Staffing and operating cost requirements of a team are
shown below,. :
Team_ member Person
—- Mechanic 1
- Assistant Mechanic 1
- Clerk 1
— Driver 1
OQperating cost {(a year)
- EMG/Year
% - Salaries'of_staff 2,700,000
- _ : - Fuel o0il (for regular patrol) 720,000
—-Vehicle maintenance 1,000,000
- Stationery and others 20,000
~ Insurance 300,000
Total 4,740,000
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{ii) Investmenlt for workshop

For metal work, installation and.assembly'work, the
following machinery, equipment and tools should be
provided to the workshop.

Machinery and Tools ' "Quantity

- Centre Lathe

- Hack ‘Sawing Machine

— Upright Drilling Machine
"— Electrical Bench Grinder
- Portable Electric Drilil
" — Hydraulic Jack

-~ Meter Testing Boards

- Electricians Tool Set

— Mechanics Tool Set

- Plumbing Tool Set

— Work Benches with Vice

- Miscellanecus Hand Tools
- Manual 0il Pump

sets
sets
sets

sets

G 03 09 OF GO Q) = L0 DY L3 ks =
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9.3.3 Project cost and financing

Anticipated  investment cost for 50 sub-projects for A-B
ranked villages is estimated as shown in the following

Table.
Table 1% Projec¢t Investment Cost .
~Unit: thousand Uss
Component, ~ Phase I Phase 11 Total
Civil Work. 701 992 1,693
-  Boring Work 643 1,136 1,779
- Equipment & 745 769 - 1,514
Installation '
Piping & 422 450 © 872
Installiation : : :
Sub-total 2,511 3,347 5,858
Drilling'hig N : _ .
and Supporting 2,501 2,591
- Equipment/Vehicle .
Engineering 408 268 676
Service
Price Contingency 371 327 698
s Total , 5,881 3,042 . 9,823
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PROJECT EVALUATION

Beneficiary Villages

Implementation of this project would increase provision of
safe water supply to beneficiary villages by 1,995 cu.m per
day. Since safe water supply in 1990 is estimated at only
131 cu. m per day, the benefits from this increased safe
water supply is guite significant.

The beneficiary population is estimated at 76,016 in 1980,
growing to 99,583 in the year 2000. The 1990 beneficiary
population amounts to 21.4% of the population of five
Prefectures, which totally or partially comprised the
project objective area. These five Prefectures .consisting
of Toliara TII, Morombe, Sakaraha, Ankazoabo and Beroroha
had a combined population of 337,158 in 1988, which was
estimated to have grown to 356,025 in 1990. The population
of Toliara Province was estimated at 1,650,000 in 1990, and
if the populalion served with water supply in Toliara I is
estimated at 100,000, then the implementation of this
project would bring the water supply served population up
to around 10% of the entire Toliara Province population.

Willingness to Pay (WTP)

Financial contributions from 50 villages were calculated
on the basis of results obtained from interviewing 223
families in 12 villages on the subject_of willingness to

pay for water services. It should be pointed out that

"willingness to pay" presupposes "ability to pay", due to
the survey method of obtaining question replies directly
from respondents. Tn other words, it is assumed that re-
spondents give their WTP answers by taking into account
their financial capabilities. '

The interview survey showed WTP to be a function of village

size, ranging from 200 FMG/family/month in "small™" villages
(under - 1,000 people or 1483 families) to 400
FMG/family/month in "medium" size villages (1,000-2,000
people or 143-357 families) and 500 FMG/family/month in
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"large" villages (over 2,500 people or 358 families).

The resulting financial contributions from. -villagers are
estimated at US$44,000 per year, and would cover operation

cand maintenance costs of the Project which are estlmated at

US$38,000 per year. This assumes 100% contribution from
v1llage households. Being more realistic, assuming 10% of
households cannot make financial contributions, the Project
would still cover operation and maintenance costs.

Although the proposed maintenance system envisages increas-
ing participation of local administrative offices and
residents, their responsibilities would be mostly for
operatioh and maintenance. Accordingly, the Government of
Madagascar, through appropriations in the MIEM budget,
should be responsible for the replacement of water supply
facilities, which are viewed as social infrastructure of

‘the country.

Other Benefits
(1) Human health improvement

Health data indicate that Toliara Province 1is worse off
than the whole country as far as water—-borne and water-
related diseases are concerned. Although the productivity
effects of improved health are difficult to quantify, there
is no question that provision of safe drinking water. will
result in lower incidence of water-borne and water-related
diseases, leadlng to bhetter ‘health, and consequently to

~improved well belng and more productive l1life.

fThe'incidence of diarrhea and other digestive ailments in

1987 was higher in Toliara Province than in the country as
a whole under the categories of outpatient consultation
(9.0% and  8.4%), hospitalization (7.9% and 6.6%), and

mortality in hospitals (7.4% and 7.0%). In addition, of 35
-villages reporting as being affected by schistosomiasis,
'19(54%) will benefit from improved water supply facilities
“to be’ prov1ded by the PrOJect
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(2) Time saving

Tf conveniently located water supply facilities are  in-
stalled, time saving will benefit housewives and children,
- who shoulder the bulk of water hauling task for the family.
It is entirely possible that children are sacrificing study
time, or completely giving up going to school for the sake
of hauling water. The time saving can help to improve the
social status of women if appropriate education programs
are set up to encourage increased women participation in

community affairs. Education programs can also be'designed

to induce women to assume a leadership role in hygiene
matters. '

The actual benefits of time saving can only be ascertained
on an ex-post evaluation, that is, some time afier the
water supply facilities are in operation. This implies the
need for a detailed ex-ante evaluation, so that a careful
comparative study can be conducted on the time use pattern
of women and children before and after operation of waler
supply facilities.

(3) Reduced expenses

Some villages along Route 7 (Befoly, -Andranovory, Andrano-
hinaly) do not have water sources at a reasonable distance,
having to depend completely on water sold at 2,500 FMG to
4,000 FMG per 200 liter drum. A typical family reporiedly
‘buys a drum of water every two or three days, or at the
very least once a week. Then, a typical family will have to

spend between 10,000 FMG and 40,000 FMG per month just on

water. It appears that the household expense on water
comprises an inordinately high proportion of the household
total income. : '

If deep tube wells are drilled in Befoly, Andranovory and
Andranchinaly, even if the village residents pay for the
operation and maintenance costs instead of purchasing
water, a considerable amount of money can be saved.: These
savings from reduced expenses could be used for productive
purposes. Direct benefits will accrue to the estimated 700
to 800 hougeholds in Befoly, Andranovory and Andranchinaly.
Assuming they contribute 1,000 FMG per month for the
operation and maintenance, instead of spending 10,000 FMG
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prer month on water purchased during 6 months of the dry
season, the savings for the residents of the three vil-
lages are estimated at around 40,000,000 FMG per year.

(4) Community development

During the field work of the Study, a great deal of time
and effort were put into explaining the role of the village

“water committees so that the villagers could actively

partidipate in the operation and maintenance of water
supply facilities. This kind of endeavor has no precedence
in the Study Arvea, and. if the villagers acquire enough
experience and confidence, it may turn intoe an engine of
growth through +the undertaking of similar self-help
projects. '

.(3) Development of the rural water supply sector

As explained elsewhere,  the rural water supply sector is
unfortunately weak in terms of financial, technical and
institutional capabilities. This project may become the
means_to'shed light on the urgent needs of the rural water
supply sector, thereby helping to appropriate the resources
required to strengthen the sector financially, technically
and institutionally.
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10. CONCLUSTIONS AND RECOMMENDATIONS
10.1 Conclusions
10.1.1 Groundwater Poltential

As the final results of comprehensive analysis and evalua-
tion -on hydrogeology, &a hydrogeological map of the Study
Area was completed in Phase 111 of the study, with a par-
ticular focus on the potentiality of groundwater resources.

‘As Shown in this hydrogeoclogical map, the potential of
groundwater resources in the Study Avea is generally high,

except in some areas where hydrogeological conditions and

water quality are poor. The groundwater potentiality in the 3
Study Area is expected to be sufficient in capacity, not e
only to overcome existing shortages of drinking water, but

also to develop future agricultural or industrial activi-

ties in some high potential areas. Main high potential

areas which were confirmed from the results of test drill-

ing in this study are as follows. : -

Area Specific capacity (m3/day/m)

Befandriana 438.58
Sihanaka 232.28
Analatelo 7,%24.00
Mangotroka 281.356
Soahazo 173.33
Manombo Atm 609,23 El
Toliara* 3,057.00

Limestone aquifer in the eastern area of Toliara
as Miary and Manoroka

10.1.2 Social and Economic Potential

In this study, a detailed survey on existing conditions of
individual communities was conducted in order mainly to
understand and investigate the community need for safe
water and the community's positive participation in main-
taining the future water supply facility,'finahcially and
institutionally.
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As a conclusion, this detailed survey confirmed the follow-
ing.

1) In general, the majority of candidate villages in the
Study Area have several traditional water sources, natural
and artificial, within their 1living area or in the neigh-
berhood. However, the water 'is not necessarily safe for
domestic use mainly due to probable bacteriological contam-
ination.

2) More than 30 candidate villages reported as suffering
from schistosomiasis, which is hard to wipe out in practice
because of the difficulty to effectively control the snail
population in the stagnant water.

3) In several villages on route 7, an absolute shortage
of water for domestic use is observed. These villages
depend soclely on the delivery from water vendors who charge
unimaginable high prices, i.e. 2,500 to 4,000 FMG per drum
{200 liters).

4) Because of the above mentioned existing conditions of
water sources for domestic use, the resulting order of
priority for community need for safe water was as follows.

Degree of priority No. of village Population
I (High) 40 (41.7%) 64,719(62.6%)
IT(Medium) 31 (32.3%) 27,419(26.5%)
III(Low) 25 (26.0%) 11,308(10.9%)
Total 96 _ 103,446

5) In villages with 1I(high) and IT(medium) rankings in
the above mentioned community need for safe water, the

- majority of inhabitants have keen interest and enthusiastic

willingness to partlclpate in malntalnlng water supply

. facilities, and also they might be reasonably solvent, with

rather p051t1ve w1111ngnebs to pay for a water supply
service.
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6) Large communities on route 9 and medium size communities
on route 7 may have sufficient solvency to cover not only
recurrent costs but also a portion of capital costs.

7) The accuracy of these considerations were confirmed
through  several field survey and actual establishment of
operation and maintenance systems for the pilot water
supply facilities. :
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Recommendations

10.2.1 Groundwater Development and Management

{1) Effective Data Collection and Utilization.

Basic data for the evaluation.of groundwater resources are
meteorological data, hydrogeological data, groundwater
level records and borehole data (geoclogical maps, logging

" records, pumping test records, hydrological data). These_

data should be collected continucusly in the future and be
input into the data base system established at the MIEM
Toliara Branch Office. The necessary cooperation from
governmental and other agencies concerned are desirable and
hereby requested. In addition, in the future, 1legal and

regulatory investigation is desired for groundwater manage-—

ment. on a national level.
(2) Continued Observation of Discharge and Water Level

It is necessary to continue the observation of river system
discharge and groundwater level carried out in this study.
The facilities for discharge observation are not function-
ing well at many stations., In order to continue these
observations, it is necessary to basically examine and

. assess the facilities of the entire Study Area.

(3) Groundwater Exploration

The success of well drilling depends on the results of the
groundwater exploration. The drilling sites must be chosen
based on the results of detailed hydrogeological survey and
geophysical'.prospecting. This procedure. offers positive
results in drilling and is effective by its low cost. It is
strongly recommended to_drill boreholes of more than 250m
for. the success of groundwater development in the area aof
limestone plateau along route 7.

(4) On-the-Job-Training

Groundwater development has ‘its own comprehensive technolo-

gy with complex and far-reaching components, thereby making
vast Kknowledge and experience essential. Consequently, a
necessary condition for the groundwater engineer is that
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he/she possess the technology which corresponds to the
specialized fields of groundwater exploration, well drill-
ing, pumping test, quantitative analysis, development and
monitoring. In the future, it is expected that the con-
cerned agencies choose the proper personnel for the de-
tailed design stage and the construction stage of the
Project, in order to bring up the 1evel of the engineering
staff through on-the-job-training.

10.2.2 Implementation of the Water Supply Project
{1) Management of groundwater resources

Groundwater is a precious natural resource for the area in
which it exists. It is a resource which might be developed
and managed by experienced and knowledgeable inhabitants of
the area. It is desirable that research and discussions on
utilization and management of groundwater resocources be
conducted throughout the project implementation.

63

(2) Project implementation

It is Jjudged that the proposed project is feasible'from
technical and socioeconomic viewpoints. It is also Jjudged
that the project has a high priority considering the natu— -
ral and socioeconomic condition of the area. Therefore,
early implementation of the project is strongly recommend-

ed,

{3) Operation and maintenance

It is recommended that the daily operatibn.and maintenance

. be carried out by the water committee compqsed of the
village inhabitants. It is also desirable that the MIEM
Toliara Office strengthen its financial and technical base
in order to be able to prov1de the necessary a551stance for
the operation and maintenance of water supply fac111tles
in the medium to large size villages.
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10.2.3 Women Participation in Development

(1) Water for the family.

Securing adequate water supply for the family demands

tremendous amounts of time and energy, especially in the
semi-desertic area of southern Madagascar. The heavy task
of fetching water for the family is usually the reSponsif'
bility of women and children. Construction of easily acces-—
sible water points has the potential to give women plenty

-of free time, which can be effectively utilized to increase

women’s participation in social and economic activities.
(2) Training and education programs

It is recommended that MIEM take the initiative, with the
assistance of appropriate government. and non government
organizations, to set up training and education programs in
beneficiary villages. These training programs should be
designed so as to take advantage of the potentially free
time, which the project implementation would make available
to women. Suggested areas of training are women participa-
tion in community affairs, leadership role of women in
sanitation and hygiene matters, and craft and cottage
industries for women. Effective training programs in these

- areas will mobilize powerful,  and so far untapped resources

for socioeconomic development of rural communities.

10.2.4 Sanitation

(1) Status of village sanitation

Implementation of' the Project will require continued moni-
toring“and actions on the following sanitation aspects:
- consumption of water from new improved sources;
- drainage of water spilled around wells; and
- in the long-run, as water consumption increases,
disposal of domestic waste water.

One flndlng from . monltorlng pilot: water supply facilities
showed that water oonsumptlon from -improved sources de-
creased to half in the rainy season This implies that
villagers go back to traditional water sources, when these
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are plentiful, rather than using better quality water. This
regrettable outcome reflects lack of awareness on sanita-
tion, and will diminish the expected benefits from imple-
menting the Project.

Likewise, a common sight of the few remaining US AID built

wells with handpumps was the pool of mud surrounding the
base of the pump. Villagers faced not only the inconven-
ience of having to step into the mud to get water, but also

running the risk of contaminating the Jjust-pumped-up well

‘water by splashing or dropping mud into the water contain-
er. Worse yet, seepage of polluted mud water over the
long-run may end up contaminating the aquifer. The same
problem may arise in ccnnection with domestic waste water,
when water consumption increases sufficiently.

{2) Improvement of village sanitation

Wells to.be built through the Project ‘will be de31gned with

appropriate pump bases so as to minimize the chances of mud

. pools being formed around wells. In addition, the village
Water Committee and Care-taker should be instructed to keep
the drainage around the well in good working condition.

However, the most effective way to deal with the Sanitation'

matters described above is to improve the population aware-
ness on sanitation. Then,. a widespread education campaign
is called for, targetting school children, patients of
health-care centers, housewives and the general population.

The education should focus on the importance of clean
water, avoidance of contaminated drinking water, actions
that individuals can take to prevent water contamination,
sinmple measures applicable before using unsafe water, and
methods for appropriate disposal of waste water. ‘The con-~
tent of the required education 1mplles the need for a
cooperative effort between MIEM, Mlnlstry of Education and
Ministry of Public Health,

Sanitation is an integral component of water supply
projects. Accordingly, full benefits from-watér'supply
projects can- be expected only when sanitation matters are
given due considerations, and appropriate counterméasures
are taken. : : ' :
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