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The Locations of Investigation & The Topographical Feature

Candidate Village No. EL.205 m

Name Andronahmaly(Rehabrhtat ion Village)

Settlement - Electr;c Vertical Sounding

Primary school

N .
(3) Road mark
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The Locations of Investigation & The Topographical Feature

Candidate Village No. EL. m

natuml
channel

\ - :
surveyed deeps of 300m
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T he Locations of Investigation & The Topographical Feature

Candidate Village No. ElL. m

¢ “Magneto—telluric Sounding Point

Gy Be v |
surveyed lines as
paralled to the fault
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SOLAR PUMP SYSTEM

Harnessing solar energy is expected to be fully operational in
the neXt century. High expectations of the early stages of re-
search on the practical application of solar energy were dampened
by the low price of fossil fuel in recent years. However, re-
search has continued seeking to reduce the cost of the initial
investment,; that is, the cost of photovoltaic cells. Solar energy
has the following characteristics.

(a) Independent and decentralized system
(b): Fuel free

(c) Simple operation and malntenance
(d) Clean energy. ;

Givén_these advantages, solar energy is considered to be practi-
cally usable in local water supply projects. Solar powered pump
is one of the ideas of the practlcal utilization of thls energy,
' as was already garried out in Mali by a JICA prcgect The objec-
tive of construction of a solar powered pilot facilities in this
Project is to further examine the possibility of using solar
power in rural water supply systems..

1. Climatic Condition in the Study Area

(1) .Sunshine energy
The Madagascar government conducted'a study on the potential of
nev energy sources as reported in "GISEMENTS SOLAIRE ET EOLIEN A

MADAGASCAR", published in 1987. This report shows the statistics
of sunshlne and wind observatlons

The following:tablesdshow ~-sunshine hour, percentage of  sun-

shine and solar radiation energy in Ranohira and Toliara sta-
tions.. - ' : '
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(a) Sunshine hour

Year:1960-1984

unit:

hours/day

JAN

FEB

- JUL

AUG

SEP

ocCT

NOV DEC-

Ranohira ‘Mean 7.
Med. . 8.

Min " O

Max 12.

Toliara Mean 10.
Med. 11.

Min 0

max 13.3

or o

w o

o ®» =
-8

.5

O o d O D

o o
- o)

11.8

Q

11.1

.5 9.6 9.6
.0 10.8 10.5

0

12.8 11.9 11.3

Pt
]
Db

W o

10.8

9.5

10.1

10.9

9.2
10

0
11.1
10.1
10.6

11.2

9.6
i0.2

0
11.3
10.1
10.6
-0
11.4

9.4
10.3

12.2
16.3
11.0

12.56

8.8 7.3
9.4 1.7
o 0
12.7 12.5
16.5 9.6
11,6 11.1
0" 0
13.0 13.2

(b) Percentage of sunshine

Year:1960-1984 -

unit:¥%

JAN FEB MAR APR MAY

“JUN

JUL -

AUG

SEP

ocT

‘NOV BEC

Ranohira Mean 59%.1 61.6 67.92 76.0
Med. 64.6 66.2 74.1 80.9
Toliara Mean 75.3 74.4 79.9 84.1
Med. 85.6 86.7 89.6 91.7

1.1
86.3
87.4
84.4

81.1
86.6
88.7
94.6

77.9
85.7
88.2
94.4

81.7
89.1
90.3"
94.3

80.5

86.3"

85.4
89.3

76.4
82.1
82.0
88.1

67.6 54.6
71.1.57.8
79.8 71.6
88.4 82.7

(c) Solar radiation (global)

Year:1960-1984

“‘unit:Wh/m2

JAR FEB MAR APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV DEC

Ranchira ~Mean 6354
Med. 6311
Min 2064
Max 9807
Toliara  Mean 7184
Med. 7421
Min 2771
Max 9244

6853
6515
1439
9773
8722
6965
1645
8636

5851
5972

930
8744
6178
6465

404
8174

5667
5750
2695
7372
5313
5525
2302
7035

4903

46856
2845
8516
4477
4607

2097

5902

4581
4506
2370
6135
4073
4120
2443
65132

4712

4693
2117
6344
4261

4263

2160
5452

5136
5319
2211
6384
5251
5319
2224
6444

5662
5704

1278

7694
5803
6017
1114
7376

5996
6304

899
7868
6165
6267
2053
8431

8403 62665 -

6430 6187

2765 1959
6805 8942
6851 6962
7173 7430
1274 1540 .

8953 8693
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From the results of monthly radiation contour map for Madagas-
CAYr was prepared as shown in Fig.A. According to this map, the
southwestern region has the highest potentiality in Madagascar

Since the Study Area is 1ocated on the tropic. of Capricorn,

radiation is low in July, and high in January. Maximum daily
sunshine : hours is highest in January, 12.8 and 13.3 hours/day
being recorded at Ranohlra and Toliara stations, respectively.

‘Maximum daily sunshine hours is lowest in June, 10.5 hours/day in
Ranohira and 10.6 hours/day in Tollara.

However, when these values are averaged, December shows the
lowest value in Ranohira station. In the Ranohira. station, only
50-60 % of original day 11ght is available because of the fre—
quency of rainy days during December-- February

In the end, monthly mean of solar radiation varied from 4000~
4500 Wh/m2 in June to 6400-7200 wh/m2 .in January in the Ranohira
-and Toliara stations, respectively. These values are quite enough
to implement solar powered pump stations.

(2) Rainy days

Rainy days with wmore than imm, 5mm and 10mm, obtalned from daily
rainfall records in Toliara and Ankaraobato statlons are exam-—
ined as follows., .

(a) Toliara station, 1979-1988 _ . _
' unit: No. of rainy days

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

0.7 0.8 1.4 2.1 4.2

‘R>tmm 4.9 5.5 3.2 2.1 0.8 2.0 0,7
R>6mm - 2.7 3.4 1.8 1.2 0.4 0.5 0.3 0.3 0.4 0.5 1.2 2.4
R>10mm 2.1 2.5 1.4 0.8 0.3 0.1 0.]

0.2 0.3 0.2 0.9 1.9
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(b) ‘Ankaraobato station, 1972-1981 : )
unit: No. of rainy days

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

R>1mm | 9.1 &% 5.3 2.7 1.9 2.6 1.1 0.9 1.6 1.9 3.9 10.2
R>5mm - 7.2 6.4 3.3 1.8 0.9 0.9 0.5 0.3 0.9 0.9 2.6 8.3 .
R>10mm 5.5 5.2 2.4 1.4 0.3 0.3 0.2 0.1 0.5 0.6 2.0 6.1

These tables show 2-3 days in Toliara and 7-8 days in Ankaracbato
with more than B6mm of rain as average. According to the field
experience, rainfall is concentrated in ‘a very short span in the'
afternoon or at night. Therefore, some sunshine hours can be
expected eveh in these rainy days. : :

However, it is required an extra pumping- system or a water stor-
'1ng facility for the days with insufficient solar energy ‘and
other emergencies. : :

2. Solar System for the Project

2.1 General

Climatic data from Antananarive station were used. Design ‘of the
facility was based on the following condltlons

(a) Purpose:“tést facility for potable water
(b) Water demand: 10 m3/day

(c) Total head: 34 m

(d) Climatic condition and pumping capacity



Item JAN FEB MAR APR- MAY JUN JUL AUG SEP OCT NOV DEC Total

Rad.  5.67 5.86 5.83 5.78 5.28 5.02 5.04 5.94 6.77 7.17 6.96 6.24 5.96
(30°) - - ]
Tem.  27.2 27.1 26.4 24.7 22.3 20.3 19.8 20.5 22.1 23.7 25.2 26.5 23.8

Power .518 .528 .527 .527 .483 .468 .472 ,655 .627 .668 .633 .564 .546
Ratio

Water 9.9 10.2 10.2 10.2 9.3 9.1 9.1 10.7 12.1 12.7 12.2 10.9 10.6
Capa.
(m3/day)

(e) Specification

_Detailed specification is attached in Annex 1.

3. Results of Monitoring

In order to measure actual solar and pumping capacity, monitoring
equipmehfs were'set in the solar pump system. However, mechanical
troubles occurred in the system, thereby precluding start of
detailed monitoring until March 1991.

AS a way to ovérCome deficient monitoring eQuipments; pumping
discharge was measured by reading the storage tank water level
in November and December of 1990, as shown below,.



Water level of the tank

unitil
Time Nov./18 ©Nov./22 Dec./19
8:00-9:00 484 581 -~
~10:00 1210 1355 397
-11:00 1403 1592 580
-12:00 1452 1646 14868
-13:00 1113 1791 2129
-14:00 242 (1600) 1791
-15:00 ~ (1500) 1113
~16:00 - (1000) 871
-17:00 - - 678
-18:00 - - -
5004 11085 9027

However, these results are influenced by rain, cloudy sky, and
Pumping was once stopped before full tank, and
Therefore, the data of

"tank capacity”.

water was supplied to the villagers,

November/22 between 13:00 and 16:00 hours  are_ estimated._
measurements of Nov./18 and Dec./19 were interrupted by rainfall.

From March 1991; monitoring . equipment worked well and the follow-

'ing results were obtained.



Flow meter

unit:1
Time Mar./20 Har./21 Mar./22
8:00-9:00 - Lo -
~10:00 - 117 437
~11:00 ~ 595 974
-12:00 1065 1350 1325
-13:00 1227 1477 1305
~14:00 - 1313 1478 1317
-15:00 890 1241 1050
116:00° - 141 - 256
- -17:00 . T - o
~18:00 - - -

“Total 4295 6399 6664

During’ the ralny season, village people use other water sources,
siich as water stored in ‘their own drum or dug-wells. Therefore

daily water consumptlon was smaller than in the dry season. As a
result care takers stopped the solar pump when the tank was
full, without us1ng up the full’ solar capacity.

The daily distribution of the radiation is presented in Fig.B.
This figure show1ng the result of Mar.22 gives g relatively com-
'plete picture of this season. The pump was operated between

9:00-16:00 hours. ' ' _
Maximum radiation is almost 6.0 mV equlpment to 0.8 kW/mz and
4.5 mV equlpment to 0.8 kW/m2. Accumulated radlatlon during this
period is calculated as follows,

(0.8+0. 6)/2 x 3 hrs + 0.8 % 2 hrs + (0 8+0 6) x 2 hrs
= 5, 1 kWh/day

Actual inclined radlatlcn on solar panel should be smaller than

this amount, with an estlmated dlscharge capacxty of 6.7 m3/day.

Con51der1ng the above records, the following comparison can be
made . = : o T '



Month Q Max. Q Daily Time Design Q@ Remarks

(1/min) {(m3) (hrs) (m3)
November 30 - 11.1 ' 8 12.2
December 35 (9.0) 8 10.9 with rainfall
March 22 . 6.7 7 10.2

Even in March, daily capacity 15 different from de51gned capacity
because of the difference in radiation value. bBaily radiation is
lower from November to March, and, the lower peak occurs in June
( both in. monthly average and monthly maximum). Therefore, in
order to consider the design- base, this system must be maintained
at least up to next March 1992.

Operation and maintenance of the solar system. is qulte 31mple
when the line from converter/solar battery is directly connected
to the submersible pump. This connectlon is possible when the
motor and. pump. are under water durlng operation., Ko sp901al
knowledge is ‘required for the care- Lakers. Only the surface .of
solar panels have to be Kkept clean because dirt  lowers the
energy. efflclency Also since the solar panel is easily breakah
ble, a caretaker or guardsman should be watchlng nlght and day
against vandals.

4..Eva1uatipn and recommendation
K(l) cost of operation
(a).Model village
(i) Population: 1000
(ii) Unit water consumption: 20. l1/person/day
(iii) Total head of the well: 25m
(i1ii) Revenue from village
_1 household— T persons,__ E
1000 people = 143 households

1 household pays 200 FMG/month

Total revenue from the model village will be -
143 x 200 x 12 = 343,200 FMG /year
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{(b) Investment

For the solar pump operation, components include solar systen,
submersible motor pump, portable generator, head tank, pipeline
and public hydrant. As alternative, pumping system with diesel
generator and handpump system is discussed. Most of equipment
cost is adopted from the pilot facility constructed during the
Study. o :

(i) Solar pump systém

Item Unit cost Quantity Cost Remarks
"Solar system . 3,800,000 - 1set 3,800,000 . Incl. spare
Submersible: . o _ B parts
motor pump - . . 400,000 - iset . 400,000  Incl. spare:
Portable ' ' - parts
generator - 150,000 iset ' 150,000 Incl. spare
(gasoline) : o : : B parts
S-Total - | - 4,350,000 yen
Shipment etc. (25 %) o : 1,087,500 yen
Foreign Total - : 5,437,500 yén

/105 - 57,000,000 FMG
. Civil Works
Head tank
Plp@line : N
Public hydrant

S-Total _ 40,000,000 FMG

Total .o o 97,000,000 FMG

(ii) Generator and pump system

In place of the portable'generatof, diesel generator is used for.
this system, including_construction of a generator house.
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unit:yen

Item Unit cost Quantity Cost - Remarks:
Generator 950,000 3 lset 950;000 -Incl;-spare
(dlesel) - = T parts

Civil wOrks
Generator house 400,000 FMG

(c) Pump Operation Schedule

Basically, solar system will be backed up by gasullne generatﬁr
for rainy days or cases of machinery trouble.

In order to estimate annual operating time of gasoline generator
average rainy days at ankaraobato station is used as shown below.

Daily Ralnfall JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC -
{mm/day) _

1<{R<10 3.6.3.7 2.9 1.3 1.6 2.3 0.9 0.8 1.1 1.3 1.9 4.}
10<R. 5.5 5.2 2.4 1.4 0.3 0.3 0.2 0.1 0.5 0.8 2.0 6.1

when daily rainfall is more than 10 mm/day,'opérating"time of
generator is assumed to be full day, while if daily rainfall is
between 1 and 10 mm/day, operating time is assumed to be a half
day.'In the end, annual operating time is calculated as follows.

25.5 x 0.5 + 24.6 x 1,0 = 37,35 days

Total head of the well is assumed as'zs'm, From the capacity of
submersible pump, 75 l/min is expected by generator(full cépaci*
ty). When solar pump system is used, full capacity is not expect-
ed because of the variation of the radlatlon Therefore, average
capacity is assumed as 80%, or 60 l/mln '
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Water demand: 20 m3/day

Ttem Generator system . Solar system
Pump capacity 76 1l/min : 80 l/min{average)
Pumping time 4.5 hr/day 5.6 hr/day

Annual operation _
time of generator 16843 hr 213 hr
{hrs.) (365 day) {38 day)

{(d) Unit cost

—-—-— Fuel
Ttem Unit cost Remarks
Diesel 422 FMG/1

Gasoline 840 FMG/1

. —~— Efficiency. of the generatof

Item Generator Output Fuel

' Capacity(kVA) (P3) . {1/h)
. Diesel . .. - 5.5 : 10 . 0.8
Gasoline .3 . . . 2.2 SIS N

- Fuel consumption is calculated ..
for diesel

Fuel consumption
for gasoline
Fuel consumption

o

putput x Consumption rate (0.117) x 0.5

R

output x Cénsumption rate (0.5)
;(e)lkgplacement, operation and maintenance costs.
-,;:(i).Other:itémsi(épare.parts, etc{)

Solar .system. . ==-.100,000 FMG/year
Generator system --- 50,000 FMG/year.

4-11



(ii) Wages for care-taker
60,000 FMG/year

{(iii) Dues for the central organi;ation
30,000 FMG/year (periodic patrol}

(iv) Replacement

i

Solar panel
50 % of replacement in 15 years

Generator
Replacement in 8 years for diesel
Replacement in 5 years for gasoline

I

i

Submersible Pumb

1
i

Other small equipments

Cash flow of this model is hown in Table 1 and 2.
In this table, calculation is performed by " "

From this flow, following results can bé considered;

(a) Investment -and replacement costs of both systems are not so
different for the estimated 30 years useful life.

(b) In the case of the solar system, 0&M and fuel cost is well
balanced with the revenue from the v1llage

(2) Recommendation

From these cash flows, a solar pump is considered a viable system
for rural communities like the "Study’ Area, it investment and
replacement costs are neglected. L

It is still difficult to expect rural people pay all of - 1nvest~
ment cost for a mechanical pumping system, or even for the re-
placement. ' -
However, they able to cover ‘operation and malntenance cost in—'
cluding fuel cost. From this point of view, the 0&M cost of the
solar system is cheaper than the cost of the generator system.
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It should be pointed out that no reliable:ciimatic data for
solar systems are available in the Study Area. Therefore, the
pilot solar pump station of the Study is expected to provide the
necessary data of the actual condition in a few years. When these
data become available, complete reviews should be'made on the
practical use of solar energy for pumping water supply systems in
southern Madagascar, as well as on the economic condition of
villages. : :
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Fig, MAYENNE ANNUELLE DEL I’IRRADIATION SOLAIRE GLOBALE

(en kWh/m?/jour)

SOURCE: GISEMENTS
- ' SOILAIRE ET EOLIEN
A MADAGASCAR, 1987
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Attachmeni - (technical specitfication)

1. GENERAL

This technical specification describes the photovoltaic equipment
for water pumping and measuring installed in Madagascar as a test

facility.

2. SYSTEM DIAGRAM

(1) Water pumping system

Annex 1

wWater
: Tank
Cell Array Inverter
Unit
8684 Wp 1.5 kKvVa
.C.
.55 kw
- {2) Measuring system
Cell
Array - Charge =4 " Flow Voltex
Unit Controller Totalizer Flow meter
El.__. e —
Battery Data Solar .
Logger Meter
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3. DESIGN CRITERIA

1)
2)

Location
Total head

Water demand
Water source
Water gquality
Well diameter
PurpoSe— | :

3)
4)
5)
6)
T)

“

4. CLIMATIC DATA

1) Irradiation data

2) Temperature data

5. RESULT OF CALCULATION

1) Climatic data for simulation

Madagascar / south-west area
34 m .

(Static water level 10m)
{Dynamic water level 30m)
(Water tank height 4m)

10 m3/day

Deep well .

Potable water

100 mm

Test facility

Monthly mean daily global hori-

zontal solar radiation at
Tananarive
{ lat. 18 54’ 8, 47 32' E,

long.
elv. 1310m) '

Monthly mean atmospheric tempe
‘ture at Teliara :
(1at.23 24'S,long.43 44°E,elv.8m)

ra—

CITEM 3| F [ wlatu | 3| atls o x| | v

IRRADIATION | 5.98] 5.95| 5.70| 5.42] 4.72| 4.24| 4.43| 5.40] 6.53] 7.20} 7.26] 6.74} 4.99

(RWh/n’/day) [ _

TEMPERATURE | 27.2 27.1] 26.4| 24.7( 22.3{ 20.3| 19.8| 20.5] 22.1| 23.7] 25.2| 26.5/| 23.8
(°C)
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2) Simulated Pumping capacity

F_ITms J F M A lw | 3 A | s o | 8 | »p Yr.
IRRADIATION] 6.67| 5.86| 5.83| 5.78] 5.28| 5.02| 5.04 5.94[ 6.77] 7.17] 6.96] 6.24] 5.95
at 30 deg. :

L.

POWER -RATIO| .518{ .5281 .527 -527) .488)] .469| .472) .555] .827] .658 -633| .564] .548

WATER CAP. 9.9] 10.2| 10.2| 10.2] 9.3} 9.1] 9.1} 10.7{ 12.1| 12.7| 12.2! 10.0 10.8
3
(m™})

6. SPECIFICATION

(1)'Pumping system

‘1) Module
‘Item _: | Specification
Model ' LLA361J48
Type - | ‘Multi crystal siiicone
Cell size 100100 mm

Nos. of cell 36 pcs.

Frame Aluminum
material

Weight 5.9 kg
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2) Array

Ttem Specification
Model SAG-486
Construction Module 6 pces. -
Tilt angle 25 deg.
Frame Aluminum
‘material
Wind velocity| Up to 40 m per sec.

CLASS

ITRM . MODULE SOLAR ARRAY TOTAL
Type - LA 148 SAG-456

Nos of moduié/or arfay - Mo&ule‘i pe. " Module 6 pes.

System vsltaée . o . 12 v : 270 ¥

typical | minimum | typical | minimum | typlesl minimun

Maximum output power (Pm) | 48.0.H 45.6 W | 283.0 W | 273.8 W 864 W ! 820.8 W

Optimum voltage (V) 18.7 ¥V 16.7 v { 100.2 v | 100.2.V | 300.8 v | 300.5 V

Optimum current . - - (Im) | 2.88 A | 2.73A | 2.88 A | 2.73A | 2.88A | 2.73 A .

Open circuit voltage (Voo) 20.7 V 18.6 V | 124.2 V | 111.68 V | 372.6 V 334.8 V-

Short cifeuit current (Isc) 3.10 A 2.79 A 3.10 A 2.79 A 3.10 A 2.79 A

Conditions .
1. Irradiation 100mW/cm® AM 1.5
2. Cell temperature 25°C
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3) Photovoltaic Inverter

Model 8PI-1

Series connection of LA361J48 type module x 18 series
photovoltiac modules )

Rated input (photpvoltaie) 0 Max., 864 Wp
Rated input voltslc 270VDC5% (Max. 372.6VDC)
Rated input current Max. 6.2 ADC

Rated ocutput

Rated output voltsic * Max. 200 VAC

Output frequency - Max, 60 Hz

* 3~phase varisble voltage matched with the-
voltage requirements of the pumps.

Function . ’ (1) Input voltage regulation clreuit
"(2) Over-voltage protection circuit
{3) Over-heat protection circuit-

Switch ON~OFF switch to conneét.(ér disconnect) the
' solar array to the main circuit o

Ipsﬁlation resistance _ Horerthan 10Mn:(nc500v megger)
Dielectric strength ' o o .D8500V one minute
Ogefgtihg temperature b . : ~10°C - +45°C

Dimension R a Refer to DHG. No. MD§-511-
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4) SUbmersible motor / pump

7Item. Speéification
Model SA2A-13
. Type : ' Submersible motor pump
Rated output 0.55 kw
‘Freguency | 50 Hz
‘Phase x volt | 3 X 200 V
Amperage . | 3.9 A
Foles 2
Revolution | 3000 r.p.m.
Discharge size | 25 A
7 Material Stainless steel
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ash flow
%1) Solar pump system

Year - Investment O&M Revenue
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Selection of the Pump System

It is important to select mbre'advantageous lifting system Tfor
implementation plan of water supply facility. :

The final comparison is performed in 4 villages, Manoy, Antseva,
Ankatrakatra and Ambondra, expected promising aquifer with
shallow groundwater level. ' :

Basically, it is necessary to consider many factors in order to
decide which system is suitable for candidate village. Village'’s
individual conditions- of economy and - living standard are back-
ground to make final decision of the system selection. And,
required service level .must be considered by the hard and soft
viewpoints, such as investmént cost, operation and maintenance
cbst.énd facilitY/organization management capability.

However, in order'to gimplify thiS'argumeﬁt, only investment cost
is used for this comparison in this time. :

At least coﬁcérning investment, cost of three handpumps.is e@ual

to mechanized pump systems. Therefore, handpump system is select-
ed for these villages.

Comparison of Handpump and Mechanized punp

unit:Uss$
village ' 'No. Population G.W.C. Motor Handpump
- Pump sy (4)
- Manoy 22 707 21 57570 37046 49395
Antseva - 57 1048 21 73928 56816 75755
Ankatrakatra 58 603 19 58410 56816 75755

Ambondro 60 1310 26 63480 43636 58181

CG.W. ¢. -—~ @ross Water Consumptlon (ms/day)
-pump dlscharge rate" L
motorized pump ———-6 hours a day

handpump ——e 4 ms/day



1. Manoy

No; 22

.Population in 2000; 707 :
Gross Water Consumption; 21 m3/day
Type; WHP-CT

Handpump

ITEM "SPECIFICATION QUANTIT?‘-COST(US$)
Well construction g4" x 40.0 m 3 ‘28,360
Pumping Test : : : 3 _ 5,242
Handpump - 20 1/sec x 10 m - 3 3,478 -
Concrete Base 3 1,966
Total 37,046
Motor pump
ITEM SPECIFICATION QUANTITY COST(USS$)
Well construction g4" x 40.0 m 1 8,787
Pumping Test | Lo . 1 5,242
Motor pump g 21.01/sec x 20 m 19;943

. Generator 10 KVaA : 1 10,650
Pump House 3mx 4m 1 5,286
Tank . 10 m3 1 17,8620
Pipe line ' o . 250 m - 1,941
Joint : : . B6B2
Standpost _ 2 : 1,609
Total 57,570
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2. Viliage; Antseva

No; b7
Population in 2000; 1048
Gross Water Consumption; 23 m3/day

Type; WHP
Handpump

- ITEM A SPECIFICATION QUANTITY COST(US$)
Well conmstruction g4" x 70.0 m 3 46,129

.- Pumping Test _ 3 _ 5,242

: Handpump 20 1/sec X 20 m 3 3,478
Concrete Base 3 1,966
Total 56,816
Motor pump
ITEM _ S SPECIFICATION QUANTITY COST(US$)
-Well comstruction ¢4" x 70.0m - . 1° - 15,376

- Pumping Test : ' 1 - 1,747

.. Moior pump : .. 21,0l/sec x 26 m 19,943

. Generator 16 Kva 1 10,8650
Pump House 3mx4m 1 5,286
Tank - i0 m3 1 17,620

. Pipe line 3" | 250 m - 7,762

s Joint - ' 2,329
Standpost 4 ' 3,214
Total ' 57,570




3. Village; Ankatrakatra

No;58

Population in 2000; 803

Gross Water Consumption; 19 m3/day
Type; WHP-CT

Handpump
ITEM SPECIFICATION QUANTITY COST{US$)
Well construction g4" x 70.0 m 3 46,129
Pumping Test : 3. o 05,242
- Handpump - 20 1/sec 3 .o 3,478
Concrete Base ' 3 1;9686
Total 56,816
Motor pump
ITEM T SPECIFICATICON QUANTITY . COST(US$)
‘Well construction g4" x 70.0 m - I - . 15,376
Pumping Test i - 11,747
Motor pump . 20 1/sec x 20 m 19,943.
- Generator 10 KVA - 1 S 3,804
Pump House 3mx 4 nm- 1 5,286 .
"Tank 10 m3 T 1 -~ 17,820
Pipe line 3" 300 m 2,329
Joint ' 699
Standpost _ 2 - x'1;607
Total 58,410
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4. Ambondro

No; 60
Population in 2000; 1,310
Gross Water Consumption; 26 m3/day

Type; WMP
Handpump
ITEM SPECIFICATION QUANTITY COST(USS$)

Well construction ¢g4" x 50.0 m 3 32,950
Pumping Test 3 5,242
Handpump ' 20 1/sec 3 3,478
Concrete Base 3

Motor pump -

ITEM o SPECIFICATION QUANTITY COST(US$)
‘Well construction 4" X 50.0 m 1 10,9883
Pumping Test _ 1 1,747
Motor pump _ . 26.01/sec x 21 m 19,943
Generator 10 KVA 1 10,650
Pump House 3mMX 4m ' 1 5,288
Tank 10 m3 1 17,820
Pipe line : 3" : 400 m 3,105
Joint ' ' 931
Standpost S _ ' _ 4 3,214
Total 63,480
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DEMOCRATIC REPUBLIC OF MADAGASCAR
MINISTRY OF INDUSTRIES, ENERGY AND MINES
DIRECTORATE OF ENERGY AND WATER -
SERVICE OF WATER AND HYDROGEOLOGY
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