LM

it

PR L

IS
N

fl




DEMOCRATIC REPUBLIC OF MADAGASCAR
MINISTRY OF INDUSTRIES, ENERGY AND MINES

GROUNDWATER DEVELOPMENT STUDY
IN |
SOUTH-WESTERN REGION
| OF
THE DEMOCRATIC REPUBLIC OF MADAGASCAR

VOLUME 3.
SUPPORTING REPORT(1)

S LIBRARY

o

, 48 Py

~ JULY 1991

JAPAN INTERNATIONAL COOPERATION AGENCY



GROUNDWATER‘DEVELOPMENT STUDY

IN

SOUTH-WESTERN REGION

OF

THE DEMOCRATIC REPUBLIC OF MADAGASCAR

LIST OF REPORT

VOLUME
VOLUME
VOLUME
VOLUME
VOLUME

OF e L0 DO

SUMMARY - REPORT
MAIN REPORT

" SUPPORTING REPORT (1)

SUPPORTING REPORT (2) —— DATABASE MANUAL

DATA BOOK

B F3H

©3888



Table of Contents
1. Hydrogeological Map

1.1 Specification
1.2 Local Hydrogeological Map (scale 1:100 000)

2. Results of Geophysical Prospecting

2.1 Details of Geophysical Prospecting
2.2 Location Map of the Prospecting Survey
2.3 Hydrogeological Section

3. Results of the Water Quality Analysis

3.1 Location of Sampling Points
3.2 Results of Analysis

4. Brief Review of the Solar Fump System

5. Selection of the Pump System

Appendix

1) List of Collected Data

2) Well Inventory Sheet _

3) Questionnaires Sheet of Water Supply Survey

4) Questionnaires Sheet of Willingness to Pay survey
5) Specifications of the Test Drilling

6) Specifications of the Pilot Facilities

7) Scope of Work

8) Survey Eduipment and Materials by JICA












1. HYDROGEOLOGICAL MAP

1.1 Outline of hydrogeological map

(1)

The.hydrogeblogiéalfmap of "Toliara Region" drawn on a scale
of 1:2560,000 indicating the hydrogeological condition of a

 t0ta1'area of 31,259km2 covering the entire prefectures of

Morombe, Ankazoabo, Toliara, and Sakaraha and part of the
Beroroha Prefecture, in Toliara Province, has been prepared
as a result of investigations (hereinafter called this inves-
tigation) for  the groundwater resource develOPment‘project
(1989—1991) carried_put in the southwestern region of Mada—
gascar by'the Japanese Government in response to the“request
of the Government of the Democratic Republic of Madagascar.

The above—mentibnéd'region is situated in a tropical subarid

climate zohe,: and,rthe people :living' in the region always
suffer from the shortage of water supply and sanitary prob-

“lem,. because they obtain most of the water they need from

surface flowing water sources and shallow wells. Therefore,
development of groundwater resources is an urgent necessity
of the region, and this hydrogeological map has been prépared
with the purpose of providing the project with fundamental

- data needed for the formulation of a concrete development

rlan.

Methodology

xThis-hydrogeological map was prepared in the following way by

taking. into account particular conditions of the region and
the restricted time which was available for this investiga—

1) The entire area of the region is covered by topdgraphiH
cal maps drawn on a scale of 1:160,000 in the 1850’s, but
the maps have not been updated to reflect various changes
.ih roads and geographical features which took place after
the publication. Therefore; 1:250,000-scale topogfaphical
_ mapS'Were prepared by enlarging a published topographical
' map "Carte de Madagasikara 9 Toliara" drawn on a scale of
1:600,000 and used as a basic map for this investigation.

°2) aGéological"maps drawn on scales of 1:200,000 and
1:500,000 were already available, 'indicating such geologi-
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cal information as strata, rocks, tectonic lines,: etc.
Since the geological maps were confirmed to be highly
reliable as a result of field reconnaissance surveys,
classification of the facies in the region was made based
~on the 1nformat10n obtained from the above-mentioned. geo-
" logical maps and published references, as well as 1nterpre—
tation results of satellite images and data obtained.from
the field reconnaissance surveys.

3) Regarding the -subsurface geology, available information
was limited to geologic columnar sections "~ of 10 petroleum
exploration wells (drilled to the 'depth of - 1,200-4,000m)
-.and .15 groundwater exploration boreholes (drilled mostly in
the western limestone area to the depth of less than 200m).
Therefore, the subsurface facies distribution shown in the
cross sections was estimated from a facies map drawn in the
- above-mentioned way and the results obtained from 26 test
wells (2,096m in total drilled depth) and slectrical pros-
pecting ( at 249 points of 82 locations with interpreted
depth of 50-300m) made as part of this investigation. :

4) No data were available regarding the level and flow
condition -of groundwatér except those obtained from the
above-mentioned test wells, nor did exist any well at which
the water level had been measured continuously. Therefore,
the level and flow condition of groundwater were estimated
based on the results obtained from simult&nedus-observa—
tions of water 1level performed 2 or 3 times at about 70
‘wells during the course of this investigation, and simula-
tion results of the flow state of groundwater obtained from
a two-dimensional model of cross section prepared by con-
sidering the topography onlty.

(2) Procedure and Data

(3)

Fig. ‘1. shows the preparation: procedure of this hydrogeologi-

.cal map, and Tables 1 to 3 give lists of main ehlstlng

materials referred to for preparing the map

Composition and Content

.This hydrogeogical map of "Toliara Rggion"3is composed of two.

Bl-size sheets (Sheet 1 and Sheet 2). On the front side of
Sheets 1 and 2, hydrogeclogical maps drawn on a scale of



1:250,000, index maps, and legends are given and, on the back
side of Sheet 1, regional geological cross sections (drawn on
a horizontal scale of 1:100,000 and vertical scale of
1:10,000) of principal areas are shown. Hydrogeological cross
sections at the locations where test wells were drilled and
electrical prospectlng was carried out are shown on the back
or Sheet 2.

Contents of the information (legend) shown in the hydrogeo-
logical map are summarized below. -

1) Facies classificatioﬁ

In this hydrogeological map, ordinary stratigraphic classi-
‘fication was .not -adopted, but facies classification was
‘uséd indicating the hydrogeological characteristics of
strata. The method used for classifying strata was not the
same over the entire region,; but the most snitable method
was-adopted for;eaoh district depending upon the accuracy
'of>the-in?estigations and the kind, occurrence, .physical
characteristics etc. of the 'strata 'and rocks found in
"each district. A total of 12 facies was classified over the
region. ‘

2) Geological age

Since most of the strata and rocks underlying the region
were considered to be of Jurassic period or younger,.  the
Jurassic system and younger strata and rocks were divided
‘into "Systems”, and each system was further divided into an
upper, middle, and -lower subsystems. However, since the
- Palaeogene system was composed malnly of Eocehe series, the
. geries was subd1v1ded

43)fstructural element

Since the strata found in the Study Area generally lie with

gentle dips of several degrees, strike measurement was made

as accurately as possible so as to prevent a large error in
“strike. Tectonic lines were divided into unconcealed faults
-.shown'in7thé geological maps and lineament identified from
~satellite images and' aerial photographs.: :

4) Potential for groundwater development .
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In order to make the hydrogeological map practically use-
ful, potential for groundwater development must be indicat-
ed in the map. While various methods have been proposed for
evaluating the potential, this map relativély divides the
potential into 7 categories. These 7 categories resulted. .
from the combination of the yield of main aquifers,-whiéh
is divided into 3 categdries, and distributed depth of the
aquifers, which is also divided into 3 categories.

5) Occurrence of groundwater

It is very hard to confirm the flow-  direction. of ground-
water unless a fixed number of water level measuring points
‘are available. In the area along National-HighWay 9, there
existed many water wells and the level and flow direction
of unconfined groundwater-dould]be known.from'the.results
of simultaneous observations made at such wells. However, .
those .of confined groundwater could not be surveyed accu-
rately due to the shortage of deep wells. In other areas,
the flow direction of groundwater had to be estimated Trom
the geographical features and geological Structures, be-
cause water level could not be surveyed due to- insufficient
number of available wells. Springs which were considered to
be outcrops of groundwater were mainly identified from the
geological maps.

'8). Occurrence of surface flowing water'

Since the Study Area belongs to a semiarid climate zone,
states of rivers and lakes extensively vary between the
rainy and dry seasons. A perennial river (lake) was differ-
entiated from a seasonal river (lake) in accordance with
- the map "Carte De Madagasikara 9 Toliara™. In'addition,
marshes and paddy fields, suggesting the presence of stag-
nation of surface flowing water or  springs, were mainly
copied from topographical maps drawn on a scale of
1:100,000. - : o s :

7) Water utilizing facility
The water utilizing facility used in this report means the

wells which are used by .the. local people for gétting water.
Wells could be classified on the basis of their structure
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and pumping capacity, but, in this hydrogeological map,
they were classified on the basis of their depths, so as to
know the approximate depths of the aquifers from which the
local people obtained water.

8) Weather and hydrological stations

While a total of 7 weather stations(2 of which were precip--
itation stations) existed in the S8tudy Area, 3'automatio
rain gauges and § automatic water gauges ( for measurlng
water level) were newly 1nstalled -In add;tlon,'Sane no
river flow monitoring station exists in the region, the
flow rate values obtained from 3 points, and the flow
records from existing references are indicated in this
report as reference values.

9) Others

Vlllages marked in the map are llmlted to those shown in
the map "Carte de Madagasikara 9 Toliara" as having popula-
tlons of 500 or more. However, v111ages which were subject
‘of actual condltlon surveys are marked on the map even when
"their populations are less ﬁhan 500. The village mnumbers -
marked on the map are tentatively given to meet the conven-—
ience of the actual condition survéys,

The cla331fy1ng method of strata and age of each stratum
underlying the Study Area are somewhat dlfferent by materl—
als. Table 4 glves the comparison of the classification and
ages between esdch material in addltlon to the stratlgraphlc
succession adopted in this report

1.2 Local Hydrogeological Map

Attached in nect page shows the sample of local hydrogeologlcal
map . scaled 1:100,000. ;
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LEGEND OF THE HYDROGEOLOGICAL MAP
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