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Preface

- In response to a request from the Government of the Democratic

Republic of Madagascar, the Government of Japan decided to con-
duct a Study on Groundwater Development in South-Western Region
and entrusted the study to the Japan International Cooperation
Agency(JICA).

JICA sent to Madagascar a study team headed by Dr. Masaichi
Nakayama, Kokusai Xogyoe Co., Ltd., on four occasions between
September 1989 and March 19981.

The team held discussions with the officials concerned of the
Government of Madagascar, and conducted field surveys at the
Study area. After the team returned to Japan, further studies
were made and the present report was prepared.

I hope that this report will contribufe to the promotion of the
project and to the enhancement of friendly relations between our
two cquntries.

I wish to express my sincere appreciation to the officials coh-
cerned of the Government of Democratic Republic of Madagascar for
their close cooperation extended to the team.

July, 19891

Kensuke Yanagiya
President
Japan International Cooperation Agency
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July, 1991

Mr. Kensuke YANAGIYA
President
Japan International Cooperation Agency

Dear 8ir,
It is our pleasure to submit to you the Final Report of the
Groundwater Development Study in South-Western Region of  the

Democratic Republic of Madagascar.

The field sﬁrvey_and analytical study were conducted during the
period encompassed between September 1988 and March 1991,

The Final Report consists of five volumes: Volume one - Summary
Report. which succinctly describes the study and recommendations;

 Volume two — Main Report which describes the results of the study

and analysis; Volumes three and four - Supporting Reports which
contain hydrogeological maps, results of geophysical prospecting
and water quality analysis, and a database manual; Volume five -~
Databook which contains data and information on geophysical
prospecting, drilling and pumping tests.

We hope that implementation of the proposed groundwater develop—

_mént scheme would greatly contribute to improve the water supply

conditions in the Southwestern Region of Madagascar.

Finally, we take this opportunity to express our sincere grati-
tude to Japan International Cooperation Agency and the Embassy of
Japan in Madagascar for their invaluable cooperation throughout
the study period.

Respectfully yours,

& s

Masaichi Nakayama
Leader, Study Team
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INTRODUCTION
Background and Objective
Background

The Madagascar Government, in its continuing commitment to
ensure the economic well-being of its people, has formulat-
ed and implemented the Third Five-Year National Develop-
ment Plan covering-the period ‘1986-1980. The cobjectives of
the Plan are the achievement of self-sufficiency in food
supply, promotion of exports, and the increase in agricul-
tural productivity. Attainment of these objectives is
expected to lead to an improved standard of living.

Being an agricultural country where 80% of the'population
is. rural, the Plan focuses attention upon these rural
farming communities teoc effect a more balanced and
sustainable economic growth.

A major thrust ofithe'country’s development efforts is the
provision of potable water to the population by the year
2000. Toward this end, the Government has created a public 
corporation, the Jiro:and Rano Malagasy (JIRAMA), as the
agency responsible for the development, implementation and
management of urban potable water systems and electrifica-
tion projects. On the other hand, drinking water supply in
rural areas is under the Jjurisdiction of MIEM.

While notable progress has been made with regards to the

‘water sector, much  work has yet to be done. At present,

oniy 18% of the total population has access -to potable
water Supply. 0f this, almost 91% are in urban areas. In
rural areas, therefore, water-borne and water-related
diseases continue to take their toll upon the residents, .-
particularly among the younger generation, hindering agri-

'cultural product1V1ty and causing problems in the develop-.

ment of this sector

A'numberyof bilateral'and multilateral aid agencies have

provided assistance -to the Madagascar Government in in-

stalling potable water supply systems in rural areas.
S3till, a- large number of rural communities remain unserved,
particularly the communities located between Onilahy River



and Morondava City where the need for potable water is most
acute, and thus given priority consideration.

Accordingly, the Government of Madagascar formulated a'

project idea designed to develop groundwater as a source of
domestic water supply and to construct simple water supply
systems for villages located between Onilahy River and
Morondava City, targeting communities with a population
between 500 and 3,000 people. The project'wbuld be imple-
mented by the Department of Energy and Water of MIEM,
depending on the results of a detailed study.

In August 1988, therefore, the Madagascar Government re-

quested the assistance of the Japanese Government to carry
out a study with the purpose of assessing the development
potential of groundwater resources and preparing‘a Eround-
water development plan in the southwestern region of the
country, specifically the region between Onilahy River and

Morondava City. :

On this basis, the Japanese Government through its develop-
ment assistance arm, the Japan International Cooperation
Agency, sent a preliminary study team in May 1989 to Mada-
gascar and this mission drew up the Scope of Work for the
execution of this Study. : :

Qbjective

The objectives of the Study are to evaluate the groundﬁater
potential in the Study Area, to formulate a groundwater
development plan for priority areas, and to implement
technology transfer to counterpart engineers in the course
‘of the Study.

Study Area
The Study Area. is situated in the sOuihwestern.region of

Madagascar, bounded in the north by the Mangoky River and
in the south by the Onilahy River.. This area of approxi-

mately 31,250 km? is called "Southern Mongoky: Area" for.

water supply purposes, and is composed of 5 prefectures:
Morombe, Ankazoabo, Sakaraha, Toliara(I) and Toliara (II).
Geologically, this area is positioned in the southern part
of Morondava Basin. '
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Study Description

The Study components described in the Scope of Work agreed
upon between MIEM and JICA is presented below.

"The Study comprises following three (3) phases:
Phase I : Preliminary Analysis and Field Reconnaissance

The Study in this Phase I shall comprise a review and
analysis of existing studies and data, and analysis of
satellite image and aerial photos as well as conduct of the
first field sur#ey for the study area,

The results of survey and analysis mentioned above shall
lead up to a revised hydrogeological map and to identified
potential areas for the groundwater development.

Phase II : Analysis and Evaluation on Groundwater Resource

ThHis Phase shall comprise conduct of the second field
survey including geological survey, groundwater leveling,
water quality analysis, geophysical survey, test drilling
and.pumping test, for the evaluation of groundwater re-
source potential and selection of priority areas for rural
water supply development.

Phase III : Formulation of Rural Water Supply Development
This PhaSe shdll comprise project formulation of rural
water supply in the priority areas from the socioeconomic,

technical and institutional aspects.”

In additidn to the above mentioned components, the Study

‘activities 1include preparation of Inception Report,

PrqgreSS Report (1), Interim Report, Progress Report (2),
Draft Final Report, and Final Report.

:Theﬂflowcharﬁ_shQWn in Fig. 1 was prepared to fulfill the

requirementé*of the above described Scope of Work.
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1.4 Study Team

SO R DR

10.
11.
12.
13.

14
15.
16.
i7.

-3

O O L3 DO e

The Study has been practically implemented by a joint study
team composed of JICA Study Team members and MIEM person-
nel, over the period encompassing September 1989 to March
1991. The following list shows the principal persons who

have participated in the Study.

JICA Study Team

Name Specialization/Designation
NAKAYAMA Masaichi : Team Leader :
KANDA Atsuo . Co-Team Leader/Hydrogeo]oglst
SUGIYAMA Akira : Hydrogeologist
OMORI Shoichi : - Geologist/Remote Sensing Expert
SETOJIMA Masahiro : Remote Sensing Expert =
YAMAGUCHI Masahiro - : Hydrologist/Computer modeling
. ' Expert

MEDINA Reynaldo Real : Hydrologist

. HIROZU.:Takayoshi . ¢ Water Quality Expert:

. -TANAKA Masatoshi : Geophysicist/Survey Expert
KAJIWARA Susumu ¢ Geophysicist
TANABE Yoshitaka : Drilling Superv1sor/Geologlst
NOMURA Shinji : Drilling Superviscr/Geologist
FUJIWARA Kunio : Pilot Facilities/Rehabilitaion
. _ L . Expert

.. NARITA Hiroatsu : Water Supply Planner

"ARAKAWA Shuji : Water Supply Facility Expert
OBARA Masaru - : Project Economist

AOKI Hirochika -1 -~ Translator/Interpreter

MIEM Counterparts

Name

" RANDRIANARISOA NHELSON

RANDRIANARISON Justin
MELY CHRISTINE '
RAJOELISAONINA Alfred

.- RABEMANANTSOA Boniface .
. RAKOTONARIVQ Solonirina

. TOGNIHAGNITSE (HANGY)

RAZAFINDRABETSIAVALONA'Ndriana:
_ . RABENANDRASANA Emmanuel :
‘10,
11.
12.
13.
14..

RALATARIVONY Solofo Joel
RAKOTOMAVQ Marcel

RANDRIANANTOANDROHARISOANARIVO

RASOLOMAMONJISOA Nathanael

RAKOTOVAO Bernard

Specialization/Designation

Team Leader

Vice Team Leader

Vice Team Leader _
Geophysical Prospecting
Water Quality Analysis
Remote Sensing and
Geology -

Water Supply Engineering
and Socio- economics
Hydrology

Hydrology and Database
Water Quality Analysis
Chief Driller

Water Quality Analy31s
Mechanic

Assistant Chief Drlller



15.
16.
17.
18,
19.
20.
21.
22.
23.
24,
25.
26.

RANDRIANARISOA Solo Christophe: Hydrology,Chief Driller

RANDRIAMANALINA Jacques : Chief Driller
‘RAKOTOFIRINGA Justin : Electrician

RANAIVOSGON Albert :  QGeophysical Prospectlng
RAMANATOANINA Gilbert : ¢ Water Supply Engineering
RAZAFINDRABE Pierre : Rehabilitation Survey
RAKOTOMALALA - : Rehabilitation Survey
RAMILIJAONA Albert : Eehabilitation Survey
BOTO Francois : Geophysical Prospecting
RAKOTONDRAMANGA Jean Honore :  Mechanic

RANDRIANARISOA Patrice : Geophysical Prospectlng
RAKQOTO ANDRIANALY Jules T Water Supply Engineering

1.5 Report Structure

The Final Report is composed of the following: Summary
Report, Main Report, Supporting Report (1),'SuPporting

'Report (2) and Data Book. :
‘Summary Report describes the outline of the Study. Main

Report describes socioeconomic background, :meteorology and
hydrology, hydrogeology, detailed survey'of the candidate
villages, evaluation of the groundwater potential, ground-
Water dévelopmet.plan, and water Supply plan and its imple-
nentation. '

Supporting Report (1) includes hydrogeological map (scale
1;190,000); hydrogeological section and well logs. Support-
ing Report(2) includes database manual and groundwater
simulation data. Other records collected or investigated
in the Study are shown in the bata Book.




[

2.

SOCIOECONOMIC AND SECTORAL BACKGROUND

Madagascar and Toliara Province
General

Madagastcar, an island country of 592,000 kmZ, is adminis-—
tratively organized in four hierarchical levels of decen—
tralized or autonomous communities, which in descending
crder are: FARITANY (Province),'FIVONDRONAM—POKONTANY
(Prefecture), FIRAISANA (District) and FOKONTANY (Village).
There are six Provinces, 111 Prefectures, 1,252 Districts
and 13,476 Villages in the country.

Toliara Province, with 161,405 km2 or roughly 27% of the
country total area under a predominantly semi-arid climate,
is divided into 21 Prefectures, 210 Districts and 2,027
Villages. o :

The last population census was taken in 1975, turning as a

‘result 7,603,000 inhabitants: in Madagascar. Projections

based on the 1875 population census are 9,985,000 for 1985

~and 11,443,000 for 1990. The average population growth rate

is 2.768% per year, resulting from 44.2 per thousand gross
birth rate and '16.8 per thousand gross mortality rate.
Other social indicators include intfant mortality estimated

at 68 per thousand, and life expectancy esiimated at 49.5

years for males and 51.1 years for females.

"The overall population growth rate is a composite reflect-

ing a faster-grdwth'rate in urban areas than in rural
areas. Urban population grew absolutely and ‘also increased
relatively . from: 16.3% in 1875 to 19.1% in 1985 and 20.7%

in 19890. Conversely, rural population, although larger in
‘absolute terms, decreased relatively between 1975 and 1990,

In 1990, population younger than 15 years was estimated to
- ‘comprise around 43.3%, while the population aged 65 years

and over comprise around 3.6%. Hence, about 53% of the

‘total population, or roughly 6 million people fall into the

egpnomically.active age category. The high proportion of

“rurali'population suggests that the vast majority of the

econdmidally active population is  engaged in productive
activities in the primary sector.
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The 19885 population of Toliara Province was estimated at
1,440,000 inhabitants, roughly 14% of the country total
population. Although no data were available on the Toliara
Province economically active population and its sectoral
distribution, observations during the field Survey_indicatw
ed prevalence of the rural population, suggesting that the
population is engaged basically in farming activities. In
addition,; noticeable service activities are micro-business-
es such as road side stall merchants, street vendors, and
transportation service operators.

Economy

A marked. deterioration of the economy during the early
1980’s preompted the Government of Madagascar'to take a
series of c¢orrective measures, formulating an economic
policy designed to achieve a gradual_transformation_of the
centrally planned economy into an economy ruled by market
forces. These corrective measSures . included domestic and
foreign trade measures (lifting of price'cdntrols and
restrictions on exports, simplifying export and import
procedures), public sector measures (withdrawal of the
State from productive activities, closing down unprofitable
State owned enterprises), liberalization of the financial
sector and periodic adjustment of the exchange rate. The
economic policy implemented by the Government revitalized
the economy as reflected in recent economic indicators.

In real terms, gross domestic product (GDP) at constant
1984 prices grew from 1,400 billion FMG in 1985 to 1,522
biilion FMG in 1989, for an average growth rate of 2% per
vear during the four vear period. However, the growth rate
from 19888 to 1989 was a remarkable 3.82%, fueled by a
strong 7% growth rate in the primary se@tor wheré rice
production jumped from 2,149,000 ton in 1988 to 2,380,000

. ton. in 1989. The 19389 GDP breakdown showed the primary

sector comprising 44%, the secondary sector 18% and the
tertiary sector 40%. The World Bank reported the per capita
gross national product of Madagascar as US$180 in 1988.

As a reflection of the economic-situation of the'country,
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the economy of Toliara Province is heavily dependent on the
primary sector. However, activities in the primary. sector
are hampered by the long dry season lasting from May to
October. This situation_is aggravated in the case of small
farmers without irrigation infrastructure which could
offset, at least partially, the adverse effect of the harsh
climate on small scale farming.

Farming activities, which are made possible mostly during

'the rainy half of the year, and the scarce development of

the manufacturing sector appear to push people into the
informal service sector, not only in urban areas but also
along the main road in rTural communities. However, even
these service activities are hampered by the predominantly
poor state of the road netWork, which restricts the traffic
volume.

As the process of economic development advances, the shift
of the rural population to urban areas will inevitably

-accelérate,_and the manufacturing sector will necessarily
have to be developed. Urbanization places a heavy demand on

basic services like water supply, and manufacturing in
general requires a reliable water source. From these view-
points,'the study to determine the development potential of
groundwater resources in the southwestern region will
undoubtedly have high potential benefits for the economy of
Toliara Province.

‘Water Supply Sector

Only 18% of the population is estimated to be served with

- potable water supply, of which 16.5% in urban areas. Popu-

lation: centers of more than 2,000 inhabitants are classi-
fied as urban areas, 83% of which have their water supply
facilities, even though 36% are in bad conditions. - In
reference to towns of less than 2,000 inhabitants, or rural

.areas, 168% are served with water supply but 12% are in bad

conditions. Further, about 80% of water supplied to the

. .rural ‘population was estimated to be of unsatisfactory

guality, giving rise to a significant incidence of water-

"~ borne diseases, especially among children.

Gastrointestinal diseases appear tb be the third most
important cause of morbidity and mortality in hospitals,



requiring some 206,000 people to seek medical care, and
causing 690 deaths in 1987. In addition, bilharziasis
(schistosomiasis) patients accounted for 2.8% of hospitali-
zations in Toliara Province, while comprising only 0.9% in
the whole country.

Water supply facilities in urban areas are composed of

impounding works, treatment plants, and conduction, storage-

and distribution systems. In cities of over 2,000 inhabi-
tants and capital cities of Prefectures, these facilities
are under the responsibility of JIRAMA, and in certain
‘cases under the District government. On the other hand,
water supply systems for rural areas basically consist of
wells with or without handpumps, directly from rivers,
pumping from wells or rivers, collection and storage of
rain water. These facilities are under the jurisdiction of
MIEM or local governments. '

As the needs of the water sector are generally accorded
high priority, different government and non-governmental
organizations have been taking cooperative actions to sclve
the most urgent problems. However, due to limited re-
sources, the program has been rather modest in scope,
centering around repair and rehabilitation of water supply

facilities.

The three objectives of the 1986-1990 National Development
Plan are food self—suffibiency, increase of exports, and
improvement of 1living standards. The strategy .to attain
these objectives was outlined through siX'measures, one of
which being the: improvement of the social situation. Prior-
ity areas identified in the social aspect are health,
gquality of education, housing, potable water supply and
sanitation. : : :

The country has bheen striving to implement a coherent
action geared toward accomplishing the objectives .of the
International Drinking Water Supply and sanitation -Decade.
Within this framework, a World Bank/WHO mission conducted a
study in 1982 and made recommendations for rural water
supply and sanitation. '

Within the water sector, the poiicy'of-the country: has been
to supply drinking water to all urban population centers by

10—
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1992, and to make water accessible to the rural population
by the year 2000, so that one round trip to the water
source takes no more than 15 minutes. The country recog-
nizes the need for beneficiary communities to participate
in the construction of water supply facilities according to
their possibilities, that is, contributing construction
materials, labor, etc. Also recognized is the need for
users to pay water charges, to cover at least operation and
maintenance costs.

The Government of Madagascar is in the pfocess of formulat-
ing an updated water supply policy. To this effect, a World

'‘Bank mission visited the country in October 1990 to provide

its invaluable assistance, Having set the procedure and
timetable, an updated water supply policy for MadagaScar is
expected to be completed in early 1991,

—~11—
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Study Area

2.2.1 General

(1)  Administration, Population, Infrastructure and Public
Health : '

The overwhelming majority of  the candidate villages pro-
posed for the Study consists of TFOKONTANY, the rest being
distributed between FIRAISAMPOKONTANY and KOMITY.

FOKONTANY, which from the viewpoint of . .the rural water
supply program is the most impbrtant unit, is a spontane-
ously formed community of considerable concentration.
However, with the mahy constraints encountered, such as
lack of institutional and financial capacity, its adminis-
trative capability remains limited.

The Study Area is almost flat with some rolling plains;
where rural inhabitants have traditionally formed small
and concentrative settlements. As an individual settlement,
a FOKONTANY exhibits in most cases the characteristics of a
self-sufficient society with its own minimum social infra-
structures such as a primary school, a church, water
sources, setc.

The survey shows the population of FQKONTANY Lo vary from

around 500 to 3000. On the average, about 8 to 10 persons
constitute a standard family.Change in FOKONTANY population
due to immigration or emigration may be generally regarded
as minor when compared with the natural growth rate.

Existing network of roads in the Study Area is unsatisfac-—-
tory, both in coverage and in surface condition, to¢ support
and sustain sound social and economic activities in the
region. The main roads traversing TOLIARA-SAKARAHA-IHOSY
‘and TOLTARA-MOROMBE can hardly be regarded as all-weather
type roads with their damaged pavement and bumpy surfaces.
Secondary and tertiary (feeder) roads, which occasionally
pass through river beds and swampland, have worse surfaces
without any kind of regular maintenance.

Electrification of the region remains low and its real
improvement in terms of capacity and coverage is hardly

~12—
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expected in the short term. At present, mini-power stations
with engine generators are installed in TOLIARA city and
SAKARAHA .,

Teiephone and telecommunication systems are not yet suffi-
ciently developed in the $tudy Area. Modern microwave relay

-stations for telephone and television channels are in-

stalled in the southern area to connect TOLIARA to ANTANAN--
ARIVO and other cities.

‘Due to scarcity of reliable information, the actual state

of public health in the Study Area could not be accurately
ascertained. However because of the short-supply of safe
water, water-borne and water-related diseases were expect-
ed to be widespread in the Study Area.

The highly skewed distribution of medical facilities (e.g.,

‘hospitals, medical centers , dispensaries, maternity clin-
- ics, etc.) provide rural inhabitants very little opportunl—

ty to receive competent medical treatment.
(2) Economy
Most_inhabitants in' the Study Area are engaged in farming

and livestock breeding‘ Cotton and rice are ‘the main cash
crops and the basic source of farmers incomé. With regards

‘to livestock, cattle-raising is the most popular as it

yields better economic returns and adds prestige to the
owner, as cattle occupies an 1mportant place in the culture
of Madagascar.

In agriculture, while irrigation farming has considerably
been developed in the western and southern areas, farming
remains largely rain-fed. The production of food crops " is
gradually increasing but has yet td-reach'the'self—suffi—
ciency level, particularly for rice which is the nation’s

'staple food.

C. AB to the levels of income among rural inhabitants, no

rellable record or information was available,

—13—



2.2.2 Water Supply Sector

Water supply services are reduced by public entities and
private entrepreneurs. Two public sector entities are
responsible for the provision of potable water in the Study
Area. MIEM takes on the task of supplying safe water to
the rural areas, while JIRAMA, a public corporation'which
operates within the purview of MIEM, takes charge of water-
works in the urban area of TOLIARA.

There are at present a few urban-type water supply syStems
in TOLIARA and Morombe. In the case of TOLTIARA, water
source is groundwater from limestone aquifer with pumping
stations located in. MIARY and -~ ANDRANOMENA., Their facili-
ties consist of pumps and storage . tanks which are of too
small capacities to meet even present demand. This problem
is further aggravated'by'a'distribution main which is over
twenty years old and which needs immediate replacement.
Water supply. service is provided by house connections  and
public hydrant. JIRAMA takes resposibility for the opera-
tion and maintenance of all services, establlshlng the
water fee system and maintenance organlzatlon

In the private sector, water vendors, using  tractor 200
liter drums on Ltrailers or trucks . and tank lorries, are
active along Route 7, . '
‘Most of village people in the rural area tdkes water from
traditional sources such as underflow water in dry river
bed, surface water from rivers, brooks, and,_irrigation

P

canals and shallow well. These water'sources are very iy

Lt

convenient since they are located usually only a few hun-
dred meters away from settlements. However, most of these
water sources are contaminated, and their continued use by
villagers is considered to be due to an 1nsufflclent aware—
ness on health and sanitation. '

Foreign aid agencies supported the construction of . tube-
wells in the region in 1963, but had the'experience of
finding many of the handpumps turned 1nto useless scraps
after only a few years.

MIEM Toliara branch has a resposibility to give technical
support to the construction, operation and mainteneance of
water supply facilities in rural areas. However, their

—T1d
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activities are constrained to a considerable degree by the
insufficient availability of budget, machinery, spare
parts, equipments and technical staffs.
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HYDROGEOLOGICAL INVESTIGATIONS
Topography and Vegetation
{1} Topography

Fig. 2 shows topographical zone in the Study Area. The

topography of the area is characterized by some massifs

extending in the NNE-SSW direction. Isalo massif and Tango-
rombohitr massif, both with approximate length of 60 knm,
are located in the eastern margin of the Study Area. These
massifs are at present separated by a wide valley of Ilaka-
ta River, a branch of Imalto River, even though originally
the two massifs formed a continuous mountain chain. A steep
cliff continuously borders the edge of these mountains.
Complicated deep valleys have been formed betiween both

massifs. Some fiat top mountains are independently distrib-

uted in the area.

Only part of Isalo massif is contained in the Study Area,
but it is the principal recharge area of Isahena and Malio
rivers, which have their watershed located in the eastern
side of the massif. On the other hand, the Tangorombohitr
watershed is located in the western part of the massif,
thereby contributing only partially to the recharge of
isahena and Malio rivers.

Lambosina massif is extended over 100km, with a very gentle
slope. The western side of this massif is a very steep
¢liff, while the eastern side is a very long and gentle
slope. This slope 1is the principal drainage basin of the
right bank of $Sakanavaka River. Two massifs sandwiching
Sakondry River were originally formed by Lambosina massif
as a continuous body, but it was eroded and divided by
Fiherenana and Sakondry rivers.

‘Analavelona massif is B85km in width and 100km in length.
gince the watershed is skewed to the west, the eastern
slope is long, being the principal discharge basin of the
right pank of Fiherenana River. The northern part of the
massif includes Herea plateau, which is the principal
drainage basin of Sakanavaka River.

Mikoboka massif is 25km wide in its central part. This

-16—
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massif forms two branch chains in the northern part and
sandwiches the valley of Sikily River, extending to the
northern part of Mangoky River. The watershed of this
massif (1,000m-1,100m in altitude) is skewed to the east,
whereby the western slope is long, being the principal
drainage basin of rivers flowing toward the coast. There is
a deep straight valley between the upper reaches of both
Manombo and Sikily rivers. There is no valley between
Mikoboka massif and Analavelona massif.

Between the western side of Mikoboka massif and the south-
ern side of Analavelona massif, the Belomotra-Vineta pla—
teau slopes gently to the south. This plateau is extended
almost 60km south of Analavelona, crossing the Onilahy
River. This plateau is basically flat, but it 1nc1udes very
deep valleys in compllcated patterns.

The western part'of the mentioned plateau is a very wide
continuous plain. (Coastal plain), with an average elevation
of less than 200m, reaching the coaSt‘in the southern-
portion. There is a big delta in the northern margin, and a
small delta by Fiherenana River in the southern margin,
which 1is located in the coastal plain. The width of this
rlateau is around 70km in the northern,pert, becoming
gradually narrower toward the south: The above mentioned
Belomotra- Vlneta plateau faces directly the sea in the
mouth of Onilahy River.

In the eastern side of an imaginary line from Lake Ihotry
toc the mouth of Manombo River, there are six fans from
north to south along the western margin of Mikoboka mounh
tain. This zone is divided by the river system into Lake
Thotry basin and Manombo River basin.

There are other_basins in the Study_Area. The basins formed
in the middle reaches of Isahena, Sakanavaka and Fiherenana
‘rivers, classified as pollgon shaped intramountain ba31ns
are eroded by many branch - rlvers. The boundary between
these basins and surroundlng mountains is not clear. On the
other hand, the basins formed in the lower reaches of
Taheza and Sakondry rivers, c1assified-asuvalley pilain, are
narrow and straight,

—18--
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(2) Vegetation

The vegetation of a catchment area is a very important

‘factor for groundwater recharge. Cattle and sheep graze in

the Study Area, and deforestation to open up new land for
farming and grazing has rapidly advanced in the past 10
years. Grazing land is burned every year, leaving little
chance for reforestation. There are irrigation intake
facilities, which were damaged by cyclone flooding, on

-_Mangoky River in January-February 1972, and on Fiherenana

River -in December of 1966 and 1989. This problem suggests
that deforestation has a direct influence on river condi-
tion.

Fig. 3 shows the forest distribution as land cover classi-
fication map produced by LANDSAT TM data. According to this
map, forest area remains only in the western part of the
coastal.plain;.BelomotrafVineta plateau, the area from the

.western slbpe.of_Analavelqna massif to Herea plateau, and

the area between the upper‘réaches of ¥Fiherenana and Taheza
rivers. The'#egetation cover of the coastal plain and the
Belomotra-Vineta plateau is composed of bush, which is
considered to contribute little to groundwater recharge.

—19—
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Geology
(1) Stratigraphy and lithofacies

The classification _méthod of strata and age of each stratum
underlying the Study Area varies somewhat depending on
materials. Table 1 shows classification of ages and the
stratigraphy adopted in this report.

The Precambrian system is composed of hard metamorphic
rocks and plutonic rocks exposed in a limited area at the
eastern margin of the Study Area. The Sakoa and Sakamena
Groups of the Carboniferous and Permian periOds, respec-
tively, are in unconformable or fault contact with the
Precambrian system. 0f the two groups, the Sakoa Group
begins with basal tillite and is mainly composed of conti-
nental deposits, while the Sakamena Group is composed of
continental deposits associated with 1agoon sediments and
marine deposits, indicating that the sedimentary environ-
ment changed during the sedimentation of the group.

Of the Jurassic system, the part composed mainly of conti-
nental deposits are collectively called Isalc Group and
gradually changes into the underlying Sakamena Group. The
Lower and Middle Isalo Groups consist mainly of arkose
sandstone, which is low in solidity, and exhibit cross-
bedding and conglomerate, but the Upper Isalo Group shows
mixed facies of continental and marine origins. The marine
Jurassic system shows the contemporaneocus heterotopic
facies of the Upper Isalo Group and is composed mainly of
timestone and calcareous sandstone, containing sandstone of
continental origin at a considerable rate.

The Cretaceous system is divided into the Upper and Lower
subsystems, and no large time gap is observed between the
lower subsystem and the JurasSic system.The Lower Cretaceous
system begins with limestone but is thin. The Upper Creta-
ceous system occupies the main part of the Cretaceous system

and is composed of thick continental sandstone overlain by

limestone. The Upper Cretaceous system is interbedded with

several basalt beds. The thickest basalt bed reaches 100m.

or more and has a wide distribution of 100km in the north-

south direction and 100km or more in the east-west direc-

tion. Since the strata directly above the basalt beds have
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undergone thermal metamorphism, the basalt beds are consid-
ered to be sheet intruded into the Upper Cretaceous system.

While the lower section of the Eocene series is composed
mainly of limestone over the wheole Study Area, the Middle
and Upper FKocene series consist of marly limestone,. marl,
marly sandstone, sandstone, etc. Marine deposits are domi-
nant in the southern part of the region, while continental
deposits predominate in the northern part. In addition,
basalt necks intruding into the Eocene series are everywhere
on the coastal plain. '

Although the Neogene system is limited in distribution and
its accurate age is unknown, there are marine deposits
resting unconformably upon the Eocene series, and continen-—
tal deposits unconformably overlying the Isalo Group.

The Quaternary System is composed of alluvial-fan deposits,

~sand beds forming new and old sand-dunes, fluviatile depoS—

its, ete. Of the deposits, the alluvial-fan deposits were

~expected to be distributed in the 6 alluvial fans identified

from the topographical maps and sateliite images, but no
typical - alluvial-fah deposit was found, except partially
developed cnes, as a result of this investigation.

- Although the aiready existing geological maps classified

sandy veneer rocks as members of the Quaternary system and
showed their distributions, the rocks were regarded as
surface soil and excluded from this hydrogeological map and
stratigraphic table,

{2) Geologicai Structure

The geological structure of this region 1is summarized
helow. :

- The upper boundary of the Precambrian basement, widely ex

posed on the. east side of the Isalo Mountain, steeply slopes
westward and is overlain by Paleozoic and younger strata of

45,000—8,000m'in't0ta1 thickness: Since these strata general-

1y'dip'westward at:gentle dip angles,jnewer strata show up

‘gradually toward the west. However, the zonal structure is

disturbed by several fault systems.
The first system is composed of a group of north-south

s .



faults developed in echelon at the western margin.of the

Precambrian basement. Since the Carboniferous Sakoa and
Permian-Triassic Sakamena Groups occupy only the west side
of this group of faults, it 1is considered that the main
activity of the fault group took place early in the Paleo-
"zoic period.

The second fault system is the Ilovo Fault which longitudi-
nally cuts the central part of the Study Area in the NNE-
S8W direction, Since the fault not only bounds the western
distribution of the Paleczoic and Lower Jurassic systems,
but also displaces the Middle and Upper Jurassic systems of
marine origin, it is considered that the main activity of
the fault started during the Paleozoic period and contin-
ued to and after the Jurassic period.

The third fault system is a group of faults running in the

NNE-SSW direction in both Analavelona and Mikoboka Mountain
districts. Alternating westerly dipping and easterly dipping

faults form horsts and grabens. Since this group of faults

displaces the Eocene series and, at the same time, controls
the arrangement of the basalt necks, it seems that the main
faulting took place after the Eocene period caused by
volcanic activities.

The fourth fault system is a group of faults running in the
Tangorombohitr Mountain district in the NNE-SSW direction.
This group of faults also forms horsts and grabens as the
third fault system does, but the horsts are covered with the
continental Neogene system. Therefore, it 1s considered that
the main activity of this fault system took place after the
Neogene period. :

The fifth fault system is a group of faults (Toliara Fault)
which bounds the western extension of the Belomotra-Vineta
plateau. While the northern extension of the fault system

from the Manombo River had to be estimated,; it becomes clear

Trom the interpretation of satellite imagesamade.duringrthe
course of this invéstigation that the fault system reaches
the western margin of Lake. Ihotry. The faults run in paral-
lel with each other in the N-S to NNW-SSE direction and,
since they cut Tértiary faults, they are considered to be
the latest in the region:
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Climate
(1) General climate
The climate of Madagascar is distinguished into the rainy

season lasting from November to March, and the dry_season
lasting from April to October. The mean annual temperature

in the coastal area is about 24°C, while it is about 22°C

in the mountain area. Lowest mean temperature is 18-20°C in
June in both areas, and the highest mean temperature is
25-29°C in October-November. The daily maximum and minimum
temperatures are 14-31 °C in the coastal area and 10-30 °C
in the mountain area. ' ' '

(2) Rainfall

The coastal area has a three-month rainy season from Decen-
ber Lo February, each month with more than 75mm,gwhile_the
mountainous area has a five-month rainy season from Novem-
ber to March, with more than 100mm per month.

The coastal area has a mean annual total rainfall fanging
from 383mm in Toliara to 418mm in Morombe, while the moun-—.

tainous area has it varying from 633mm in Bezaha to 973mm
in Ranochira. Thus, the annual isohyets are decrea31ng from
east to west of the Study Area, as shown in Fig. 4.

In the rainy seascn, rain making disturbances are more
frequent with abundant cumulus clouds, producing heavy
downpours and thunderstorms. Most rainfalls occur in the
afternoon and early evening. Night rains are alsc fre-
queht. Rainfall periods are rather short, lasting for a few
days, alternating with periods of clear sky, and it is
influenced by cyclones blowing from the northwestern direc-—
tion every vear.

(3) Evapbration and Evapotranspiratioh

Daily. evaparatlon has been measured using Piche evaporime-
ter at three statlons, namely, Toliara, Morombe and Ranohl—
ra.. No Class A evaporation pan was installed in the Study
Area. Plche evaporimeter is not recommended tor hydrology
in arid zZones.
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Thornthwaite and modified Penman method were used to calcu-
late evapotranspiration. Results are almost twice of annual
rainfall, for example 1,664 mm in Ranohira.

(4) Climatic Type

From the hydrological' viewpoint, Kopren’'s classification

probably gives the most comprehensive account of the varie-
ty of climatological regimes in the tropics. Based on the

‘above rainfall and temperature characteristics, the Study

Area 1is classified as having the Savanna-Steppe climate.
Rainfall shortage is explained by this area being behind
the trade wind blowing from the cast. On the other hand,

"cyclone increases annual rainfall in the area. between

Mikoboka Masiff and Mongoky river.
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Streamflow
(1) General Condition and Discharge Records

As shown in Fig. 4, two big rivers exist in the Study
Area--the Mangoky River and Onilahy River, both flowing
from east to west. The Mangoky River serves as the northern
boundary of the Study Area, while the Onilahy River serves
as its southern limit. Catchment area for Mangoky River at
Bevoay Gaging Station is around 54,000km2; for Onilahy
River at Tongobory Gaging Station, about 29,000km2.

Between Mangoky and Onilahy Rivers are the Manombo River,

‘the Fiherenana River and many seasonal rivers. The

Manombo River originates from the Mikoboka Mountains, with
a catchment area of 380km?® above Andoharano Village. The
catchment area of Fiherenana River covers the Analavelona
Mountains on the north, and the catchment area’s eastern
edge lies almost at the center of the area between Sakaraha
and Ranohira. Many small seasonal rivers existing in the
coastal area originate from the Mikoboka Mountains.

The discharge observations were being performed well 1in
most of these stations before they were closed in the
sixties. Some statiocns have been reopened starting in
1983, but records are insufficient for the analysis of
surface water characteristics. :

(2) Field Inspections and Discharge Measurements

According to field inspections, deforestation by cattle
and sheep grazing, slash and burn agriculture, and firewood
supply to big cities like Toliara and Sakaraha are rapidly
advancing in the upper reaches of catchment areas.
Basically, this area is highly susceptible to erosin be-
cause of the dry climate, fragile soil, and high rainfall
intensity. As a result, = large volumes of sediments are
deposited not only in the downstreams, but also in the
upper reaches.

One of the characteristics of arid'Zone’s river consists of .
groundwater bheing recharged by river water during the dry

928 -
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-season, when the groundwater level falls below the river

bed level. Therefore, the dry season river discharge de-
creases from. upstream to downstream, and may completely
disappear (e.g. Fiherenana River). This fact should be
taken. into account in estimating the base flow. Conversely,
during the rainy season, when the groundwater level rises
above the river bed level, groundwater contributes to river
discharge.

In June-July and September-October 1990, spol measurements
were performed in order to understand the general flow
conditions of seven rivers. Results of spot measurements
are presented in the following Table.

‘River Observation Catchment = Specific Discharge

Point ' ~ Area Jun—-Jul Sep-0Oct
(km?2) (1/sec/km?) (1/sec/km?)

Sakanavaka Ankazoabo 33z - 6§.02

Malio Confluence 2048 5.89 6.23

Isahena Malio and Isahena 1870 2.54 1.28

Sakondry . Junction with - 727 - 1.10
Route 10

“Taheza Upper portion 1800 9.34 0.63

o : of Barrage :

Fiherenana  Antaralava 2157 4,34 3.186
Behompy 8755 1.3¢9 0.47

Manombo. - Andoharano 508 4.14 2.52

Results of spot measurements indicate the following.

- Discharge of Isahena river is smaller than Malio river’s-
because the catchment area of Malio river includes Isalo

‘massif, and areal rainfall should be bigger than Isahena

river catchment area.

- Specific discharge of the'Sakanavaka river is almost the
same as Malio river’s. However, this point, Ankazoabo is

‘located in the upstreams, while Malio’s point is in the

downstreams. Therefore, areal average of Sakanavaka will be
smaller than Malio’s. ' '

so9g9 .



~ The discharge of Sakondry river is very small in compari-

son with Taheza river, due to the same rTreason as ~ above,
and additionally, rainfall volume is bigger in the upsiream
catchment area. Geologically, the Sakondry river basin
includes a great deal of marl, which is considered as
impermeable material.

-~ Measurements of Fiherenana river were taken at Antaralava
and Behompy. In the case of Behompy, it is estimated that
weathered limestone exists under the sand deposit, whereby
the possibility of recharging from river to groundwater is
high,

(3) Discharge record

Fig. 6 shows monthly dischafge observations in-principal'

. rivers. Runoff is mostly dependent on rainfall, and starts
increasing in November. Peak amount is observed in January,
while discharge remains almost the same during May ~ Octo-
ber. This season with steady discharge 1is considered as
.base flow season. .

Fig. 6 shows the discharge at Behompy (Fiherenana River)
and Betrcka (Onilahy River) stations. Water flow starts
inereasing tftrom the middle of November and peaks in Febru-
ary. Flow amount starts decreasing from April,and the
amount of base flow during April-October can be considered
as almost the same. It is clear that the rainfall flows out
immediately or with some delay, reaches a peak and there-
after keeps a steady flow as base flow.

Annual runoff coefficient is calculated in both ‘stations
with estimated areal rainfall. The coefficients in Behompy
and Betroka are 20 % and 18 %, respectively.
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Existing Wells and Groundwater Levelling
(1) Existing wells

In the Study Area, there are wells with cagsing (borehole},
wells with conrete lining, and shalow wells constructed by
foreign aid and MIEM. All boreholes were constructed by
U.S. AID in the 1960’s. However, no records remain on such
data as yield and production, quality of water, static and
pumping water levels.

Most boreholes were completed between 1965 and 1970, and
only 10 out of 65 boreholes are still working. Twenty six
(286) of the 55 remaining boreholes were completely damaged
and mostly filled-in with sand. Most of the 29 wells (of
the 55 boreholes) with damaged handpumps were either aban-
doned or filled-in. (Wells were sometimes abandoned mainly
because of the ‘salty’ taste of water.) ACCdrding'to the
village people, these wells lasted only for about 10 years,
basically because of mechanical and generator failures.

Most boreholes are 15 to 30m deep with groundwater levels
varying from 5 to 2&6m. The deepest borehole exists in
Andranohinaly viliage (2i9%m); this borehole has also the
lowest groundwater level (207m). The depth of most dug
wells is less than 10m.

Since the actual positions’of screens in all borehcles were
unknown due to lack of drilling records, the locations of
the aquifers could not be determined.

(2) Groundwater Leveling

Simultaneous groundwater levelings were performed -at the

~onset of the rainy season in October and November 1889,

during the rainy season in February and March 1990, and the
dry season in June and July 1990

From the onset and towards the end of the rainy season,
the groundwater levels in most wells rose by one to .two
meters. Obtained results suggest that these wells are
tapping unconfined aquifers, in which pronounced big
fluctuations of groundwater levels occur as a quick re-
sponse to rainfall, '
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Results of Miary show a very slow response to rainfall,
suggesting that this well might be drawing water from a
confined aquifer,.

In order to analyze groundwater behavior through the year,
automatic water level recorders were installed at two
existing and three test wells in the following villages.

S Well Date
Village depth ingtalled Remarks
- Soahazo 34.0 4.90 (test well)
— Ankaraobato 75.5. 3.40 (test well)
- Anbatolily 17.5 2.7-3.9 (existing well)
~ Maninday 73.85 16.29 (test well)
-~ Sakaraha- 32.0 ©10,30-10.40 (existing well)

The results of Soahazo, Ankaraobato, Anbatolily and Manin-
day show some coincidence between rainfall and groundwater
level. The record at Sakaraha showed a very slow response
to rainfall, suggesting that this well might be drawing
water from a confined aquifer. The recharge of this aquifer
may not be influenced by precipitation.
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Geophysical Prospecting

In order to investigate hydrogeoleogical structure, two
methods of geophysical prospecting were used: electrical
resistivity sounding and VLF magneto—telluric survey.
Survey sites and survey points were selected based on the
hydrogeological conditions resulting from . the LANDSAT and
SPOT image data analysis, the aero-photo interpretations,
geological field reconnaissance and the reviews and analy-
sis of existing hydrogeclogical data and information.

(1) Electrical Resistivity Sounding

Electrical resistivity sounding was performed to analyze
hydrogeological structure, agquifer characteristics and
groundwater development potentiality. From the results of
this sounding and additional hydrogeological analyses, the
gsites and depth for test drilling were determind.

As the conclusion of the results of electrical resistivity
sounding and its hydrogeological interpretation, along with
the results of test drilling and pumping test, the follow-
ing correlations between apparent electric resistivity
values and lithofacies are generally found in the Study
Ares.
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Lithofacies Resistivity Remarks

ohm-m

Clayey marl : 3-6..... e

Maril 5-25....... Generally poor
Sandy marl 4-30....... - aquifer

Mudstone 10-30..... ~

Siity or muddy Locally productive
sandstone 8-30....... agquifer

Marly sandstone 20-82......

Alternation of _ In general, highly
sandstone. and : - productive aquifer
marl or mudstone 17-384.....

Marly limestone 33-99......

Sandstohe 8042,200... Highly productive
& gravelly sandstone ~aguifer (if less
" Limestone -95-6,030. .. _than 1,000 9-m)
Basaltic rocks 28-1,120...

3.6.2 VLF Magneto-Telluric Survey (WADI Type)

As shown in the hydrogeological map, there are many faults
and fracture zones in the Study Area, and some of them
control dlrectly or indirectly the existence of groundwater
in aqulfers - In tHis study, VLF magneto-— telluric survey
was employed to 1nvest1gate groundwater controlled by those
faults or. fracture zones.

Survey polnts were very llmlted due to limiting conditions

- 8uch as the scattered dlstrlbutlon of fault and fracture,

and the 1nstrument performlng poorly against strong sun-

'11ght in the fleld work. However, even from these limited

-survey results, thls new approach is considered useful for
1nvest1gat1ng speclal zones w1th SPeclflc objectives.

Fig; 7 shows the hydrogeoiogical cross section of Toliara
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Fig. 7 shows the hydrogeological cross section of Toliara
Plain interpreted from the results of electrical resistivi-
ty sounding and VLF magneto-telluric survey. It was con-
firmed that this survey method would be useful in probing a
fault or a fracture zone. Actually, the main source of the
water supply system in Toliara City is the grdundwater' from
limestone aquifer at Miary, which is controlled by Toliara
fault and its fractured zone.
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Test Drilling and Pumping Test
(1) Test drilling

After completion of the necessary investigations in Phase
IT, the target sites for test drilling were finally select-
ed, as shown in Fig. 8, with the following purposes.

a. To investigate the groundwater level and hydraulic
aguifer characteristics and to evaluate the overall
potential of groundwater resources in the Study Area.

b. To examine the groundwater for suitability as drink-
ing water, and to clarify the groundwater flow mecha-
nism by comparing the chemical components of the
groundwater in different regions and in different

aquifers.

c. To select the priority areas and to formulate a
groundwater development plan for the selected priority
areas.

The test drilling survey along with pumping test started on
12 June 1980 and finished on 1st November 1990. The cumula-
tive drilling depth of 26 test wells was 2,096 m.

(2) Pumping Test

As for the pumping test, the step drawdown, the constant
rate and the recovery tests were carried out at 25 drilled
boreholes using two submersible motor pumps,  in order to
estimate aquifer properties.

The number of steps, the duration of pumping, and other
pumping conditions are shown in Table 2, and the main
aquifer properties in the Study Area are summarized by
region and by aquifer type in Table 3. :

—~ 38—
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Location of Test Drilling

and Pumping Test
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Water guality analysis
Chemical quality

As shown in Fig. 9, salty water unsuitable for drinking is
drawn from shallow wells of less than 30m in some parts of
the Study Area. ~ The salty tasting groundwater is dis-
tributed in 5 main areas: (a) area from Lake Ihotry,
through Manoy(22), Basibasy(27), Soahazo(52),
Belitsaka(54); (b) the area of Benectsy(68), Ankilimalini
ka(101) and Andrevo(89) and their surroundings; (c) the
coastal zone of Toliara;(d) the surrounding area of Mahabo-
boka(92); and (e) the Surrouﬁding area of Berenty-
Betsileo(486).

The ion components of the groundwater fromlshalldw wells in
these areas are of the Sodium-chlorine (NaCl:IV) Type,

Sodium— Sulphate(NaBSO4 Iv)Type, Calcium- sulphate(CaS04: III)'
and Calcium-chlorine{CaCl12:II1) Type, which are recognlzed_

as the sea water type, fossil water type and similar type.

Test drilling results clarlfled that the hydrogeologlcal'

properties of the so-called salty tastlng groundwater in
the western region of the Study Area are as follows.

(a) The groundwater from shallow aquifers of thin sand
stone confined by thick marl and deolomitic marl is
generally salty.

(b) The . groundwater from the majority of wells shallow-
er than 30 m is strongly salty compared to the ground—
water from deeper aquifers. As shown in Fig. 10, the
chemical component of the groundwater from deeper aquif-
ers moves from sea water-fossil water type (NaCl'IV
Type) to conflned fresh groundwater type (NaHCO03:II

Type).

{c) The groundwater in the coastal zone is hlghly salty
due to the influence of sea water (F1g 11)

The chemical quality of=groundWater sampies;taken from

newly drilled boreholes is generally good as drinking
water, except the groundwater from the borehole at Basiba-
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At Berenty-Betsileo(46), the water from the newly drilled
borehole was not good enough, due mainly to its salty
taste. However, the chemical quality of this groundwater
meets the standard for drinking water.

The propertles of chemical components of groundwater sam-

ples taken from newly drilled boreholes are summarized

below by region and by aquifer, in addition to the above

mentioned descriptions of the so-called salty tastlng'
groundwater (Fig. 12).

(a) The groundwater in the western region of the Study

Area, which is composed of neritic sediments of the &
Middle to Upper Eocene, has the chemical component of
unconfined fresh groundwater type Ca{HCO3)5:I Type) .that
is smilar to that of the stream water, except for the
groundwater from the. above mentioned area of 'salty
water,.

(b} The groundwater from the aquifer of the Lower Eocene
limestone and the Upper Cretaceous basaltic rocks has
the chemical component of unconfined fresh groundvwater
type (Ca(HCOS)z I Type). The dissolved contents range
from a low of 202 mg/1l in limestone to a high of 447
mg/1 in basaltic rocks, and water quality is good enough
for drinking.

(c) The chemical component of groundwater from the
aquifer of Lower Jurassic continental sediments (Isalo -
II) moves from sea water-fossil water type (NaCl:I Type)

of shallow groundwater in wells of less than 30 m, to
confined fresh groundwater type (NaHCO03:IT Type) in

deeper wells, and the water quality i generally good

for drinking. However, the water at Berenty-Betsileo(46)

is not so good for drinking, due mainly to its salty

taste (Dissolved content:1,100 mg/l). :

. .-.;kitq
3 »w&’!‘j

3.8.2 Tritium Concentration

In order to estimate the groundwater age and to_cbhsider'
the groundwater flow mechanism, & groundwater samples from
the newly drilled boreholes at Manoy(22), Soahazo(52),

— 46 -~
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Befoly(78), Tranokaky(eb), and Manihday(BS) were taken to
~Japan to analyze the radioisotope(H3). The results of this
analysis are shown in Table 4 and Fig. 13.

Analysis resulis indicate that tritium concentration in the
groundwater of the Study Area 1is generally 1low, ranging
from 0.968TR to 3.68TR. The following considerations can
be made, |

(1) According to the hydrogeological environment in
Manoy(22) and Soahazo({52), groundwater in these areas is
contained in -unconfined shallow aguifer recharged by rain-
fall in localized zone. However, ion component is Sodium-
Chlorine (NaCl:IV- Type), and the value of tritium concen-
tration is low, 0.96TR-1,.05TR. Therefore, it is considered
that the aquifer took a long time to arrive where is as
regional or intermediate flow, and there is some influence
of fossil water.

(2) Main aquifer of Tranokaky is in fissured basaltic rocks
of the Upper Cretaceous. The ion component is Calcium-

bicarbonate(Ca(HCO3)2:I Type), and tritium qoncentration is

1.65 TR. Therefore, it is considered that this aquifer is
recharged in the skirt of the southern mountain, and the
circulation periocd is estimated to be around 35 years

{3) Groundwater of Befoly (78) is contained'in uncoﬁfined
aquifer in  limestone of the Lower Eocene. In the case of

Maninday(88), groundwater is contained in continental

sandstone of the Lower Jurassic(Isalo II). The ion compo-
nent belongs +to the calcium- bicarbonate (Ca(HCO3)p:I Type)
in Befoly, and the sodium- blcarbonate(NaHCO3 ITI Type) in
Maninday. Their tritium concentrations are 3.54-3, 66 TR,
and recharge circulation period is estimated to be 20-25
years. Limestone of the Lower FEocene and continental sand—
stone of the Lower Jurassic compose most of the aqulfer and
are w1de1y distributed in most of the Study Area.
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Table 4. Tritium Concentration

Sampling Place Aquifor Tr Value
(No, of Borehole) Aquifer Characteristics Screen Position (GL-m)
‘Medium to coarse sandstone of the 018, 4-38, 4 0. 96
Maney (ne.22) Middle to Uppar Eocehe ) (30. 07)
‘Unconfined aquifer
*Sandy mar! with msdium to coarse s-and- | 047, [-63. 3 1. 05
Soahaze (No.52-1) stone of the Middle to Upper Eocene {t0. 07}
‘Weakly confined aquiter
‘Weakly fissured and porous limestone of | ©183. 5-195.5 8.54
Batoly (No.78) the Lower Eocene @224, 5-226. 5 {£0. k1)
‘Unconfined aquifer ) {Open hole)
) *Fractuyred bés_alt and fine sandstone of j ®35.5-55,5 @89. 5-108. 5 1. 63
Tranokaky. (No. 95) the Upper Cretaceous 259.5~63.5 @115, 5‘-135..5 (30. 07')
‘Weakly confined aguifer 375, 5-83. 5 .
] . ‘Weathered coarse sandstone of the Lower | ©15. 5-31.5 ~3.86
Maninday (No. 88) Jurassic ) @35, 5-43.5 (+0,12)
' ‘Mainly unconfined aquifer 851, 5-55. 5

RSSUFED (RIGIMAL LNIT IS 12.6,

1996 - 180 ta7d

19653 1960 1943 193% 199 iold
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Fig. 13. Decay Curve of Tritium
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4.

DATABASE

As shown in Fig. 14, a database was prepared in order to
preserve hydrological and hydrogeological data, and to
insure potentlal effective usage of the data relatlng to
the groundwater development plan.

There are three types of data included in the data base:
meteorological data, hydrological data and hydrogeological
data. The basic functions of the database are data enﬁry,
file management, data revision and data cutput.

a) Hydrology
Datalnput ¢ b) Welllnvenloy

¢) Opeislion & Malnlenrnte

) ‘ Infuiry
(ulck Meference
Dlsplay —J

[<Xs13]
Dalabase
Q / Management*
__|Ostabase System
L (DBMS) B
<> AppHration with
— - Package Progiam:
2 , ~Llolus 123 etc
~ Qilginal Mogram. -
~ fwho G
Turho AASIC
L 3 FORTAN
; L 4
Copy. Sort ... periodical
L Report -
» ) Slatistic
pata Analysis
Fig. 14. Outline of Database System
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REHABILITATION SURVEY

The rehabilitation survey was implemented in the following
eight villages: Befandriana, Betsioky, Andranohinaly,
Andranovory, Sakaraha, Ankazoabo, Bereketa, and Mahaboboka.

Detailed”survey results are shown in Table 5, and the
outline of countermeasures is as follws.

(a) Borehole

Most of the wells were drilled by the "cased
hole drilling method". It is very difficult to rehabili-
tate the well constructed by this method because llttle
or no gravel packing surround the screen.

An exception is Sakaraha’s well, but one new well should
be drilled in this town in the future, because the
recovery of the well was not enough.

(b) Intake facilities

Existing pumps and generators cannot be repaired to be
utilized in these villages. The reason is. that no coun-
termeasures were taken, while in use even for easy prob
lems concernlng machinery operation and maintenance.

(c) Storage tank and distribution facilities

Seven steel tanks and one concrete tank exist in differ-
ent villages. Their common problem is small leakage,
which can be repalred except'for one steel tank in
Sakaraha. ' '

(d) Distribution facilities
Four villages have distribution lines of more than a few
hundred meters in lengh, and public hydrants Three

v1llages have only public hydrants. However, all of them
must be replaced.

51—



GWL=12.6m

telescopic type,

by well rehabilitation, but
casing is broken

Table 5. Results of Rehabilitation Survey (1)
Village Facility . Existing Condition & Remarks
. Points te be rehabilltated
Befandriana Well:depth 64m, Discharge was improved to 30 1/min Model Rehabilitatlon
© telescople typas, |by well rehabilitation, but Work was implemented
GWL=12.6m : smaller than original 233 1/min {Detalls In Sec 6)
Elevated steel tank Leaking from Jolut, Drainage
Q=21m3, H=3m valve is broken
Distribution Pipa “"Replace"
Communal base:l
Pistribution Tank No surface mortar
(1.2 x 6 x Tm) Ho Drainage
Pump, Englne house Pump:replace, Generater: Overhaul
: Houze:replace
Betsioky Well:depth 90m, Discharge is sméll, Water quallty 1is Need to drill 150m
telescople type, {no good (EC=2800), lower part of for new installation
GWL=59.4m casing is full of send Aquifer estimate 120m
Elevated stesl tank Leaking from Joint
Q=16m3, H=2.2m
Distribution Pipe "Replace”
2-300m of PVC
Communal base wlth "Replaca"
3 faucets
Andranohi - Well:depth 220m, No information
naely 8" casing
GWL=207m
Elevated steel tank .Leaking from Jolnt Drsinage
Q=1im3, H=3m velve is broken
Cémmﬂnal base:l "Replace”
with 3 faucets :
Pump, Engine house "Replace™
Andranovory [Well:dspth 136m, Bischarge was improved to 40 1/min

Elevated steel tank
Q=15m3

Tank has no prbbiem, but concrete
base is crachked

Communal base:l
with 3 faucets

Good condition

Pump, Engine house

"Replace"
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Table 5. Results of Rehabilitation Survey (2)

Water quality 1s poor

Village Facillity Exiéting Conditlion & Remarks
- : : Points to be rehabllitated
Sakarsha Well:depth 3im, Discharge was Improved by 40 1/min to Capacity of existing
telescople type, {140 1/min by well rehablilitation well is not enough
GWL=10.Tm {Originally 400 1/min)
Elevated stee)l tank 7 |Leaking from joint, Drainage
Tank 1: Q=24.5m3
. H=6 m
Tank 2: Q=10m3
H=4 m
Distribution Pipe:2km |"Replace”
Communal base: 14
Ankazosbo Well:depth 27.3 m Discharge was improved to 80 1/min by,
telescopie type, [well rehabilitatlon; originally
GWL=12.4m 120 1/min, Screen is broken
Elevated steal tank Leaking from joint
Q=40m3, H=3.0m
Distribution Plpe "Replace"
1500 m .
Communal base with "Replace"
3 faucets )
Pump,'Engine house "Replace"
Berekets 2 dug well No capeclity in dry. season
Well 1: 40 1/min
Well 2: 30 I/min_
Elevated concrete tank|No problem
Distribution pipe 100m|"Replace"
Communal- base:i "Replace"
with 12 faucets
Pump, Engine houss "Replace"
Andréhovory 'Hglllwlth handpump
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PILOT FACILITIES

Four pilot facilities for water supply system'weré con-—
structed in order to evaluate construction materials,

.ability of local contractors, and operation and maintenance

capacity of village and local organization.

Outline of pilot water supply facilities is shown in the

following Table 6.

A - Elevated tank
~ Pistribution pipe
- Communal Paucet
- Submergible motor
pump
-~ Generator %
Storage house

Volume: 16 m3, Height:2.6 m
Length: 360'm, ﬁé& i)
3 sets with 12 valves
Pump position: 108 m{B.G.8)

11 kVA
18 m2

Tranckaky
Population :1000
Around 8¢ km from Tollara

B ~ Rlevated tank
- Distributlon pipe
-~ Communsl faucet
- Solar pump
&

Storage house
cC Han@pump Japanese
Local
D - Well Rehablilltation

- Elevated tank

-~ Distribution pipe

".Communal faucat

- Submergible motor
pump

- QGenerator &
Storage house

Yolume: 16 m3, Helght:1.2 m
Length: 25 m, #48 mm

1 set with 4 valves

Pump position: 36 m{B.G.S8)
Module 18 sets

18 m2

Length: 7.4 m, #48 mm
1 set
Pump position: 24 m{(B.G.8)

i2.5 kVA
12 m2

w B —

Soanhazo
Population :5000
Arcund 130 km from Toliara

Namabpha;'ﬁmpasikibo
Belitsaka, Analamisampy
Analatelo ’

Manoy, Manombo

Ampoza, Benastsy )
Slhanaka, Ankilimalinika
Basibasy, Manoroka C
Mangotroka, Analamary
Ampihamy

Befandriana

Population : 3000

Around 200 km from Tellara
Existing facllitlies were
constructed in 1860°s

by USALD

o
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organizations is discussed in Chapter 8. :
Capacity of solar pump was confirmed as §-10 m3/day under
fine weather condition.
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