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1. Climate
(1) General

The project area is situated between latitude from 2° N to 12° N in the zone of Guniean forest
climate and Sudanc-Guinean climate, which is characterized by a humid tropical equatorial climate
composed of dry season and rainy season.

There are nine existing meteorological stations in and around the M’POKQO river basin as listed in
the table below. The location of each station is shown in the Fig.1.

List of Meteorological Stations

Code Name of Station Latitude Longitude Altitude Established
001100  BANGUI M'POKO N4® 247 EB18° 317 365m 1967
007300  BOALI MISSION N4° 50°  BI18° 05" 550m 1950
007900 BODA POSTE N4° 19° - E17° 29°  497m 1936
008100  BOGANANGONE N4° 417 E17° 117 686m 1951
008200  BOGANGOLO N5° 34" Ei18° 157 605m 1954
008800  BOSSEMBELE Ns° 16" E17° 38’  675m 1951
011200 DAMARA N4° 58"  Ei8® 42°  428m 1934
026200  YALOKE N5° 19"  E17° 05"  748m 1937

150000  BANGUI ORSTOM N4° 26" Ei18° 32"  400m -

Though the data of the above stations such as rainfall, temperature, humidity, evaporation etc, were
fequested to collect immediately after arrival of the Study team in the RCA, generally the
mieteorological data collection is extremely difficult duc to poor data storage management by the
related authorities concerned. Out of nine meteorologicat stations only the data of BANGUI-
M’POKO and BOSSEMBELE managed by ASECNA were available for the Study. The data
listed in the Table 1 were collected data in the period of the survey in RCA.

The data of monthly rainfall, monthly mean temperature, monthly mean humidity and monthly

evaporation at both stations are listed in the Table 2 to Table 5 and illustrated in the Fig. 2 to Fig. 4,

~ respectively. Though the data collected are limited and there are many lacks in observation data,
the general characteristics are shown as follows. . S ' :

From the rainfall point of view, the basin is characterized by two seasons. One is the dry season
-from December to February, and the other is the wet season during the rest of the year, Thereis a
- peak rainfall in August and the lowest is in January or December. The average annual rainfall of
BANGUI- M’POKO and BOSSEMBELE are 1,443 mm (average of 1980-98) and 1,484 mm
(average of 1979-98), respectively. The yearly fluctuation of rainfall is large, and the range is



1,103 mm in 1989 to 1,794 mm in 1998 in the past 19 years at BANGUI-M’POKO. The range is
1,098 mm in 1990 to 2,121 in 1996 for the past 46 years at BOSSEMBELE. Long term fluctuation
of annual rainfall at BOSSEMBELE is presented in the Fig.5, where 10-year moving average of

the rainfali suggests decreasing trend for a period from 1953 to 1987 and recovery or increase trend
after 1988,

The temperature is consistently high all the year round. The monthly mean maximum temperature
is about 32.2°C and monthly mean minimum is 20.5C (monthly mean : 26.4C) with seasonal
variation of only 5C at BANGUI-M’POKO. The monthly mean maximum temperature is about
31.4°C and monthly mean minimum is 18.7C (monthly mean : 25.1C) at BOSSEMBELE. The
diurnal difference between the maximum and minimum is about 12°C and nearly constant all
round the year.

At BANGUI-M’POKO, monthly mean maximum relative humidity is in a range from 98.5 % in
September to 91.2 % in February, being 96.0 % in average, and monthly mean minimum varies
from 63.0 % in July to 28.9 % in February with average of 49.8 %. Annual mean humidity is
calculated around 73 %. At BOSSEMBELE, monthly mean maximum relative humidity is from
99.3 % in August to 72.7 % in January and is 93.3 % in average, and monthly mean minimum is
between 63.5 % in July and 15.6 % in February and is averaged to be 46.8 %. Estimated annual
mean relative humidily is approximately 70 %.

(2) Rainfall Correlation

In use of monthly rainfall for 15 years out of 19 years from 1980 to 1998 excluding four years
namely 1983, 1991, 1993 and 1995, when observed data are insufficient, correlation is studied
between rainfalt at BANGUI-M’POKO and that at BOSSEMBELE. High correlation is obtained
as shown in the Fig.6. As in the Fig.7, a double mass curve of annual rainfall of the stations is
prepared, which also suggests high correlation. Data supplement is conducted in the Fig.6 for
above-mentioned four years of data lacking, based on the monthly rainfall at BANGUI-M’POKO.

2. Potential of Development of Surface Water Resource
(1) Available Data for Hydrological Analysxs

The RCA is composed of four river basins (systems), Two basins, CHARI and LOGONE,; are
located in the north side of the high land range with about 700 m elevation which is aligned from
east 1o west in the RCA.  The rivers flow down to the northern Chad plain.  The other two basins,
OUBANGUI and SANGHA, are located in the south side of the range and the rivers flow down to
the CONGO plain. - About 90% of the river basins of the south side of the RCA consist of those of
the tributaries of the OUBANGUI river. The SANGUA is a tributary of the ZAIRE rivér. The
OUBANGUI river flows o' the boundary line between Republic of ZAIR and RCA, and then
flows down on the boundary line of the People’s Republic of CONGO and ZAIR to the confluence
with the ZAIR river. Fig. '8 shows the locations of ‘the rivers, It can be said that the
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OUBANGUI and M'POKO rivers have the possibility of the surface water resource for the Project
Area, The M'POKO river is composed of its main flow and three tributaries, M’BALI, MBI and
PAMA. The total catchment area of the M'POKQ river is 25,650 km?2.

There are five existing discharge gauging stations in the Project area. One is on the QUBANGUI
river in the central town of BANGUI and four stations are in the M’POKO river basin as listed in
the table below. The location of each station is shown in the Fig.1.

List of Hydrological Stations

Code River Station Latitude Longitude Altitude Area  Estab.

N E m km2 year
700105 OUBANGUI BANGUI 422200 183500 336 499,000 1911
702515 MTPOKO BOSSELE-BALL 4-3200 182800 350 10800 1957
704602 M’BALI BOGBAZA 52500 17-37-01 595 2680 1990
704604  MBAUL  BOALLICOT 45300 180200 507 4560 1964
707505 MBI BODANGA 5-55-00 173820 - 2260 1965

These stations are operated and managed by the Direction de la Meteorologie Nationale du
Direction Generale de 1’Aviation Civile et de la Meteolorogie, Ministere des Transports et de
PAviation Civile. The water level is observed at fixed times daily. The discharge is converted
from the water level by using the rating curve (H-Q curve), which was prepared based on the actual
discharge measurements,

The observation on OUBANGUI river is conducted regularly and the data is completed. The daily
discharge data from 1984 to 1995 and the monthly mean discharge data from 1935 to 1995 of
OUBANGUI river are available for this study. But on the other four stations in the M'POKO
river basin, there are many days which the data observation was not conducted as shown in the
table below.

Observation Condilions of Hydrological Stations

Slalion 1§45 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
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(2) OUBANGUI River Discharge

The average discharge of QUBANGUI river during past 64 years from 1935 to 1998 is as shown in
the Table 6 and Fig. 9. The minimum discharge, maximum discharge and ordinary discharge for
recent 15 years from 1984 to 1998 are listed in the table below.

Discharge of OUBANGUI River

Year Max, Discharge Min. Discharge Ordinary Discharge
m3/s date m3/s date m3/s date
1984 5670 (10.20) 459 (4.10) 1,780 (6.4)
1985 7260 (1L7) .24 (321) 2,380 (6.16)
1986 7,510 (10.20) a47 (3.12) 1,660 (6.28)
1987 7,730 (10.20) 340 (320) 2,180 (10.24) _
1988 10200 (10.14) 388 (4.14) 1,850 (6.5
1989 7,100  (1030) 473 @.7 1,740 (6.4)
1990 4930  (11.23) 221 (4.12) 1,350 (1.13)
1991 6,900  (1030) 470 (3.18) 2,770 (6.13)
1992 8580  (10.26) 333 (418) 1,630 (1.2
1993 6,040  (10.21) 355 33y 2,760 (12.25)
1994 8740  (1Li1) 247 (4.6) 2,060 (6.23)
1995 8450  (1.8) 495 (4.20) 1,810 - (123D)
1996 9380  (10.19) 408 (3.20) 1,950 (5.12)
1997 6393 (11.13) 382 (3.19) 1,920 (621)
1998 9827  (1.3) 24 (415 2323 (1231)

Average 7,647 379 2,011

In March and April the discharge is the lowest and in October the highest, The minimum monthly
mean discharge during the past 64 years was 266 m3/sec in April 1990. The minimum daily
discharge of 227 m3/sec occurred on April 12, 1990; ~The discharge fluctuation in 1990 is as
shown in Fig.10. Probability of non—cxceedenoe using the recent 15 yeaxs annual rmmrnum
dlschargc is computed as below.

Retum Period Discharge (m3/sec)
50 2008
20 2398
10 263.6
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The monthly mean flood discharge of 13,100m3/sec in October 1961 is the maximum during past
64 years. In the recent 15 years, the maximum daily flood discharge of 10,200 m3/sec occurred
on October 14, 1988.  Average ordinary discharge during past 15 years is 2,011 m3/s¢c. The long
term fluctoation of discharge in March, October and average of 12 months is illustrated in the Fig.
11 for 64 years. From this figure, it can be said that there is a tendency that the three values of
discharges (max., min., and mean) in recent years are smaller than those in the past years. But, in
the recent 15 years, these discharges are stable and have not decreased trend. Recent discharge of
the OUBANGUI river can be seen in the Fig.12 and Fig,13.

(3) M’POKO River Discharge

The M’POKO river is composed of its main flow and three tributarics, MUBI, M’BALI and
PAMA. Each catchment area is listed as below. The monthly mean discharge data at
BOSSELE-BALI (M’POKO river), BOALI-LC.O.T (M’BALI river), BOGBAZA (M’BALI
river), BODANGA (MBI river) are listed in the Table 7 to Table 10, respectively.

MPOKO 1,100 km2
MBALI 6240  km2
MUBI 4130 km2
" PAMA 4,180 km2

Total 25,650 km2 -

The monthly average discharge and minimum discharge data of BOSSELE-BALI, BOALI-
I.C.O.T and BODANGA are shown in the table betow. The minimum discharge occurred in
February, March or April and the maximum discharge occurred in September and October.

Monthly Average Discharge of the Rivers in M”POKO Basin  (m3/sec)

.......................

Stations  Jan. Feb, Mar. Apr. May June Jul. Aug. Sept. Oct. Nov. Dec.
BOSSELE-BALI 153 68 125 7.7 71 189 341°619 1416 1468 661 322
BOALILCOT 296 202 170 161 177 242 422 719 1043 984 690 411
BODANGA 62 31 33 59 47 67 211 452 473 507 424 209

Note: Dataof BOALI-LC.O.T are those before construction of BOALI dam

Minimum Discharge of the rivers in M"POKO Basin

Year ©  BOSSELE-BALI ~ BOALLICOT ~ BODANGA
o md3fs date mys  date ' mifs  date

1986 37 (a20) . IE
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1987 48 (3.19) 29 (322 .

1988 19 (4.11) 0.7 (38) .

1989 23 (4.19) 32 (419) -

1990 72 (326) 17 (417 ; )
1991 35 (320) 14 (321) 13 (219
1992 76 (313) 114 (38) 26 (228)
1993 . 117 (315) .
194 79 (46) 160 (3.13)

1995 120 (422) 183 (26) .

1996 - 187  (219) -

1997 . . 195 (223 -

1998 - - 180 (426) - -

In the M’BALI river, the BOALI dam was constructed in November 1990 at about 5 km upstreamn
from the existing BOALI hydraulic power plants 1 and 1E with total capacity of 18.85 MW, in order
to ensure stable supply for the water requirement of 200 m3/sec to the plants, The power plant [ and
II, sending energy to BANGUI city, were installed m 1953 and 1976, respectively. The dam
storage capacity is 258 million m3, by which excess rainfall is possible to be stored in the rainy
season and to be released later in the following droughty season. After certain trial operation
period, the dam started normal operation from August 1991 and 20 m3/sec of discharge could be
released to the plants constantly in the dry season. Before construction of the dam, drought
discharge became often lower than the rcquired_diééhargc for the plants. The BOALI-I.C.O.T
gauging station located about 3 km downstream from the dam, reéorde_cl sometimes critical drought
discharge less than 1.0 m3/sec. Catchment area of the dam is 4,560 km2 eXtendihg in the northem
part of BANGUI in a scope of E 17"~ 18 05’in Iongitude, N 4° 50’ ~5° 50’ in latitude. Major
dimensions of the dam are as below.

Dam structure :+ rock-fill dam
Reservoir capacity : 258 million m3
Dam height : 29m

Dam length : 780m

Dam top elevation i 577.5m

Design high water level @ 576 m
Design low water level : 552m
Spillway crest elevation : 572m

The fluctuation of monthly discharge at BOALI-L.C.O.T is shown in the Fig.14, . Ql is an average
of the data before construction of BOALI dam. Q2 is the average data after construction of the
dam. Fluctuation of discharge at BOALI-L.C.O.T is illustrated in the Fig. 15. The water level
together with discharge record of the BOALI dam was also collected as shown in the Fig, 16.
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Water level in the dam is highest in August, September or October in the rainy scason, and is going
down to the May or June. The overflow discharge of the dam occurred when the water level is over
the crest level of the spillway of the dam, EL 572m. The total discharge from the dam is the sum of
overflow discharge and the discharge from the discharge control gate. The discharge control gate is
operated so that the total discharge from the dam, that is overflow discharge and discharge from
control gate, meet to the requirement of the hydraulic power plants in the downstream reach. So the
control gate is operated when the water level is below EL 572m and overflow discharge is less than
the requirement. ‘The averaged daily total discharge from the dam during the time of water level
being below EL 572m is summarized in the Table below. The result shows in each of the three
years, that the dam released 2dm3/sec of water.

Year Duration Total Days Total Dis.  Mean Daily Dis.
(Days) (m3/sday) - (m3/fs)

1994 Feb.15-July.28 164 4,01023 245
1995 Feb.19-Aug.9 172 4,603.82 268
199 Feb26-June23 119 296854 249
1997  Feb.1l-June.20 102 2,569.82 252
1998 Jan29June28 - 151 397456 263

From these figures, it can be said that the monthly discharge is regulated by the dam after 1993,
and discharge during the dry season is maintained at about 20 to 24 m3/sec, that is the requirement
for the hydraulic power plants. And, this quantity satisfies the requirement for the water supply in
the Master Plan,

Relation between annual rainfall at BOSSEMBELE and annual runoff discharge in height is shown
in Fig.17, which suggests that the runoff is one fifth of the rainfall in the basin and long ferm low-
flow runoff coefficient is around 20 %.

(4) Water Resource for Water Supply Plan

The OUBANGUI river and the M’POKO river can be a water source of surface water for the
Project area. Of the M’POKO river system, east bank of its main river is occupied with proposed
metropolitan urban area and farm land, which may be a source of contamination or water pollution
through sewage and drainage. Therefore, intake is proposed to be made from the MBALI river, one
of major tributaries of the M’POKO river. Location of the intake is selected at just upstream of the
confluence of the M’POKO river (main stream) and the MBALI river.

1) OUBANGUIriver

In 1964, SODECA constricted an intake pump station on the bank of the OUBANGI river, of
which water has been utilized for domestic water supply (SODECA intakes 0.30 m3/sec at



present.). At the time of the minimum discharge in April 1990 (227 m3/s, 40-year probability), the
intake was maintained in use of floating pump. Proposed total intake of 0.87 m3/sec in the Master
Plan of the Project is negligible small to the drought discharge of 227 m3/s. The OUBANGUI river,
having sufficient water quantily and water level as the water source, can supply domestic water
demand in future.

2) M’POKOriver

Of the BOALI dam, water balance or discharge control/adjustment function is studied in ANNEX-
1 of this report. As the result of the dam water balance simulation for 35 years from 1964 to 1998,
no water shortage occurs in case of basic discharge of 20 m3/s and return period of the shortage is
estimated over 20-30 years. In case of 25 m3/s basic discharge, the shortage happens in 2 years
(106 days in 1988 and 37 days in 1990) and the recurrence interval is estimated 15-20 years. The
results of the BOALI dam water balance are presented in Table 11, Fig.18 and Fig.19.

The annual minimum discharge at BOALY of the MBALI river is studied in ANNEX-2 of this
report. Based on the dam inflow (BOALI ICOT discharge without dam), calculation was carried
out for a period from 1985 to 1998 when daily discharge is available in cases with dam and without
dam. The result is shown in Table 12 and probability of non-exceedence is computed as below.
Without dam, probable minimum discharge of 5-year return period is 7.1 m3/sec. In case with dam,
the minimum value of 20-year probability is 20.4 m3/sec.

From above, the MBALI river discharge adjustment function of the BOALI dam is stable. In case
that the basic discharge of 20 m3/sec be supplied for electric power generation, no water quantity
problem occurs for the total intake of 0.87 m3/sec in 2015 in the Master Plan of the Project.

I | ming lischarge at BOAL of the MBALl river

Year withdam withoul dam Retum Period withdam  without dam
m3/sec m3/sec mifsec m3/sec

1985 36.9 24.6 50 179 08
1986 24.6 6.7 30 19.2 1.6 .
1987 239 5.7 20 204 24
1988 202 03 10 228 43
1989 270 102 5 258 S A B
1990 237 54 2 320 15.1
1991 35.1 220
1992 360 233
1993 29.6 140
1994 342 20.7
1995 423 - 325
1996 421 322
1997 443 354

1998 © 342 203
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(5) Water quality analysis

"The water quality analysis on the surface water of the OUBANGUI river and the M'POKO river
was conducted by the Study team. The water samples were collected from the three discharge
gauging stations established for this Study. The samples were analyzed on the 13 items such as
temperature, turbidity, color, electric conductivity, pH, hardness, ammonium ion, manganese ion,
iron ion, chlorine ion, alkalinity, general bacteria and coliform.  As there are no large factories and
farms in the catchment area, analysis of heavy metal and pesticide were not considered.  Out of
these 13 items, analysis of general bacteria and coliform were requested to the Institution of Pasteur
in Bangui. The other items were analyzed by the study team by using the potable water quality

analyzer furnished by the study team. The results of water qualily analysis are summarized in Table
13.

The result of water quality analysis shows that the items of Turbidity, Color, Manganese, Iron,
General Bacteria and Coliform are excess to the value of WHO guideline for drinking water. The
others are within the tolerable limit. Though this water can not be drunk directly, it is suitable as
the raw water for the potable water produced through the process of rapid treatment. On
turbidity, color, electric conductivity, hardness, manganese, iron and number of bacteria, the
M'POKO river water shows higher value than the OUBANGUI river water.

Temperature

‘The water of all stations, 26C - 30C, shows normal rate.
Turbidi

Except 196 NTU of ZANA, all values show less than 20 NTU in May, 40 - 60 NTU in
September. The 196 NTU of ZANA was observed after rainfall. Additional data in the
condition of after rain in both seasons may probably indicate higher values.

Color

The result shows high value, 100 - 200 TCU, compared to the 15 TCU of WH() guuiehnc
It seemed to be caused by the influence of turbidity.

Flectric conductivi

The result of analysis shows within the normal range. In the case of river in Japan, generally
the value of 50 - 100 £¢ Sfcm is observed in the upstream reach.

pH
The all results of analysis show within 6.5 - 8.5 of WHO guide line.

Hardness

All results show less than 21 mg/lit.  The river water is soft water.
WHO guideline value is set 500 mg/lit.
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The results of analysis of all stations, 0.3 - 0.5 mgflit, show small values in comparison with
1.5 mg/lit of WHO guideline.

Manganese ion

The results of analysis, 1.7 - 3.0 mg/lit, in September show high values for all stations in
comparison with 0.1 mg/lit of WHO guideline.

Iron.ion

The value of iron ion of the sampling water at all stations shows high values, 0.5 - 3.3 mg/lit,

in comparison with 0.3 mg/lit of WHO guideline value.

It is considerable that the observed higher values come from effect of iron included in
discharged soil. Water with iron concentration of 0.3 mg/it colors delivery devices and
clothes in wash and attachcs uncomfortable taste. In- general, Japanese river water has 0.67
mg/lit of iron.

The results of quality analysis show low chlorine iron content values for all rivers, or 0.17 -
2.4 mg/lit are no problematic in comparison with 250 mg/lit of WHO guideline value.
Genera] bacleria

General bacteria are identified as positive at all stations. Generally the number of bacteria,
100 - 200 thousand/100 m lit, is observed in the river water, Though the result of quality
analysis of ZANA in May 1996, 250 thousand/100 m lit is not abnormal figure, disinfection
process is indispensable for the potable water use.

Coliform is identified as positive at all stations. The results of quality analysis show that 50-

4000 /100 m 1it of coliforms are observed in the all samples. The value of the results is
relatively small and it can be said the infection of raw sewage is small.
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"able 2 - Monthly Rainfall at BANGUI-M’POKO

Station : BANGUI-MPOKO Unit : mm

Year | Jan. | Feb. | Mar. | Apr. May Jun Jul. | Aug. | Sep. Oct, | Nov. | Dec. Total
1980 1.7]  25.8] 1187 42.4] 167.5] 153.3] 237.8] 1104] 1878| 148.6] 743 94| 127113
1981 450 1.6] 876 1321] 2122 2108 200.2] 1858] 193.1] 108.1] 135.1 14.8] 15264
1982 298 ‘.16.1 521 34.6] 134.5] 2126 1120} 2203] 2980} 1211 582] 125] 13618
1983 0.0 32| sss|  803| 1306 224.3] 374.3] 1521} 152.2] 3160] 77.5] 522 1618.2
1984 00| 4770 158.8] 1223 174.1] 150.1] 171.0{ 194.8] 143.8] 1939| 313 0.3 13879
1985 553 0.1] 103.7] 1898 527 225.0] 141.5] 86.3] 244.7] 2066 90| 418 14395
1986 00| 285| 1354 821] 1453} 105.5] 127.0] 145.5| 1815| 194.7] 900} 00 1235.5
1987 00| 702) 1203] 142.1] 2025] 809 2174| 3152] 216.7] 1926 819 26.5] 16753
19881 124 23] 1522 147.0] 146.6] 2i1.5] 2182| 147.9 231;1 277;9 76.5 62| 1629.8
1989 0.0 00| 491] 1525 1034] 665 105.3] 2265 94.0] 2527 52.{] 1.71 1103.1
1950] 46.1 0.0 21.2 | 163.5 971.3]  90.5] 3134 321.6 148.7 111.4] 81.0] 788 14735
1991 740 991l 79| 121.8] 935 89.0f 1485 2699 149.0{ 130.1| 1065 0.0] = 1286.7
1992 1.6 00] 15501 532 1747 65.7] 246.5] 267.1 1987 159.8] 640 370] 14233
1993} 20.6 64] 630} . 215 69.4] 1842] 3501] 178.8] 628! 1875] 833 52;4 ~1230.0
1994] 85.9 22.4 922| 136.4] 1428 109.0] 121.6] 149.0{ 1889] 175.3] 692 0.0] 1292.7
1995 0.0 7.8 6171 111.6] 2249] 68.6] 113.3] 2940 2925| 157.4] 20.5] . 28.4]  1380.7
1996 071 27.3| 139.] 1385 1863 2329} 2451 214.5 174.6 209.1] 328 1.2 _ 1602.1
1997 19.:7 00| ous| 157.8] 1746] 3741] 971| 1299 2461|2326 64.3_ ©357] 16234
1998 00| 175 660] 105.1| 2324] 164.7| 249.9] 243.1] 345.6] 286.1 ‘1’5.9j 74| 1793.7

Total 326.2 436.0] 1804.0 2134.4 2865.3] 3019.2| 3790.2 3852.7 3749.8 | 3661.5} 1366.3} 405.7 S 274113

Mean, 17.2| 229] 949] 1123 150.8] 1589 1993 ?O2.8 | 197.4 '719 214 1442.7
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Table3 Monthly Rainfall at BOSSEMBELE

Unit: mm
Year | Jan. Feb, Mar, Apr. May | June Jul. Awugp Sept. Oct. Nov. | Dec. | Tolal
sl ool 70e] azssl nisol ases| wizs] asi3] 2613 21300 2320 150] 45| 14604
tosal oo - sssl &2l moal 2203] 20ss| iseal  2s28]  1ars] 2072  9s2] 03] 17974
195 200]  ss2|  ssel a7as| 523 1e6s| 3saa2|  3s27]  3034] 3236  276]  192] 20m6
19s6]  sal 219 wessl woea| 1790] 1488 2363  3029] 2408f 1862 20|  sos| 16689
st ool a3s| w23 a0s2] 213s| ivos] ases] 2167] 2566 1233} 663 03] 16571
wss| 28] 13 _mal w3l 3ss| 1es0] el asos| 1ess] 2655 s20f 67 14519
oso] 00| 202] 722l amrs| issal 2234 19s6] 2506l  200s] 2062 06l  218] 16630
weo]  75)  as4]l  oaal 1si3| isas] 1s03] 2273l 3ss2|  2623] 2198]  718)  654] 18313
w61l a2s] ool 223] sl soa] 62| ams2|  3093f  svns| 1es9]  246] oo} 16246
w62l ool 200 m9sl  s22] 1224] 1e9sl 2020] 1273] 2535] 20s2| s03]  o0] 14254
1963] 03] 634l 363] 1esel 1642) 267.4] is09] 2836 203] 1263] 190] 175] 15522
o6t 00l ool s30l wmsol 202 isaa] 2067] 1660} 2482] 3040] 432 168} 13971
wesl 97l 69l 16aa] 1e6s] 1502) 2633] 2025] 3316l 3193 2054 36| 03] 18319
wesl  01]  sel sae] 1s03] asse]l 1924l 2069] 3se]l msa) 263a] 138s] oo 19648
werl 13s] 4] el a9s| 1ssal 2es4] 3428l 300]  1434] 2292] 267 336} 17103
sl 32|  40a] - esal i792] 1090] 2340] 2164] 2914 1328] 1912) s96| 104] 16283
weo| o]  249] wea] 33l a2000 13s9] wiss|  17aa] a934] 2549 4sa|  130] 16472
sorob ool 2728] 1aeal 1362] 1475] i27a] 2030] 2ese] uss2| 24ss| 292]  11] 14936
il ool ssal sea]l 628l w2l i3s3 3102 nas3) 2553 1474) 774 308] 13533
jord 201] 143 14a7]  so2l 1aaa] am7s|  e38] 2885|2480l 943 274] 00| 15035
wnl ool soel 482l e 1oos] 1512) 1200] 2900|2850 1400} 62| ool 13030
woral ool 202 ms] s2aal asea| ieas] w94l 2sss| wiza] 2032]  s7a|  00] 14493
17s] o0l 70l 78]  séol issl i29s| 1694] 206s| 1465] 2682] 2sa] _ o0of 13308
1o76) 123|102 61| i3sol 2108] 1776| 31s0]  2572] 1sss] 13sa) 55| ool 16982
vl seal nal  aasl a22s] nteal 1os3l 363] 093] 2104]  e9a|  2s) 194 1525
gl 125]  sel 1a1] 1970] es3] 90| 2s87] 1373|1889 2590 54|  4af 13133
oms] 17sl eosl 2220 szsl 2223] 1599|2073 3300] 2s05] 2080f 537 19f 16179
i9so] ool 2220 maz]  e7sl wizsl 1213 243 33 2546 304] 159s]  i10s] 1.m3s
watl ool 1e3]  s03] i36a] is2a]  n174]  1633]  3408] 2sa9| 13200 3190  00] 14336
ozt s1ol 12al  azel - e3s] s3] 12ssp 3672l 2m03] 29l ns0a]  2s) 95| 12498
waal ool ool 427 720] 1a63] 3ses] 3420] 1ses]  issol 3so4l  saa|  257] 1,706
el 00l 2l el 12 1is| sos| 2139] 1702 so7sl  ese| wral ool 1ises
1085 186l oo ma| ete] 1218 18] 1wse| 1924l 206l 1973 837 69] 12944
wast 03] sl a3l eael i2nal 1s3al 2206]  1400] 1740] 1244] 184l 44] 10405
oz1| ool 242 1007 asa] 17as] 22| se2] aw0al 2] ae3a| 221f 10| 13387
wssl seol 390l 92l 120l 1627] 3sia) 213]  aoiel  2876] 1s42] 334  332] 16308
woss] ool ool 233 szl 1348 1629] 3164] 4939] 1s4s|  955| 63s|  00] 15254
ool 253]  aa| 1es] 1010] 1s83] sas|  esa] umas| 122s) 1476] 1554] 453] 10982
worl 03l sos]  eaal wmas| 13sa| 17200 2693 2960 1532] 2248 1030] 00] is02
ozl - 0ol ool siol 7l 1ssa|l 2026l 210s] ter6] 1539 1702] s50] 00 13379
093] 00l as2] 1069] 939l ssal teos| ormsl 1ssal usms]  1svs] st 233] 14229
et - ssl o2l ¢ 28] 1niel 1387] 1es2] 1632) 3323 2435] . 2s2s] 48] 00 14692
oo ool oo 1704] 12100 1m29| tess| uesa| zsaa| aseo| 236s] a4} s0) vsesz)
T iossl cs2l 206 w02l o3| smaa| oms| anisl aszs] 2ael 2ma o7 oo] 20210
o) mial ool es0l 200 “1e9al 3014 1630] 2333]  1238] . 13931 496]  04] 15059
wos] 03] os] 38| isie] weas] 2sas| 2230] 3so| aenel asal ss| os| 16
Tt 152621 1.1194] 36s62] s72.4] 6659:1] 85926] 102079 12385.7] 106238] ‘9.2863] 2315.5] _s005 71,1438
mean| 114l 213l 94| s1a6l 14as] ises] 2219]  2603]  2310] _2ms|  s03]  109] 15466

Note: The data showing in [:I of 1983, 1991, 1993 and 1995 were ¢stimated from the data of BANGUI-M'POKO.
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Table 4 Monthly Temperature, Humidity and Evaporation at BANGUI-M’POKO

Monthly Temperature Unit : ° C

Year | Year | Jan. | Feb. | Mar. | Apr. | May | Jun | Jul. | Aug. | Scp. Oct. | Nov. | Dec. | Mean

1993|Max. | 33.0] 346] 344] 327 325| 310/ 29.7] 332 31.3 310 319} 314 322

Min. 16,77 186] 21.7) 256| 220f 211 208; 190 20.6]  202] 211 19.5 20.6

1994|Max. | 31.8] 3491 349] 332 318 303] 298| 302 3121 303] 31.5) 334 319

Min. 189] 198| 223] 223] 218 212] 208; 209 21.1 204 202 172 20.6

1995|Max. | 338! 353) 345] 338 320] 315 300 312 ~312] 308] 326 317 324

Min. 1500 193] 2300 227] 2200 216] 21.2) 209 212 202] 196] 189 20.5

Mean [Max. | 329 349 346} 33.2 321] 309 298] 315 3121 307 320] 322 32.2

Min, 169] 192] 223] 235 219 213] 209 20.3 210 203 203] 185 20.5 %

Monthly Humidity ‘ Unil : %

Year | Year | Jan. | Feb. | Mar. | Apr. | May | Jun_| Jul..| Aug Sep. Qci. | Nov. Dec. | Mean

1993|Max. | 930} 910} 63.0] 780l 770] 810 8.5 850 820] 80| 83.0] 790 75.5

Min. . - - - - . . - - - - - .

1994|Max. | 96.7] 94.8] 93.3| 94.5] 969] 97.6] 98.3 97.9 98.7 98.1] 97.7| _ 947 96.6

Min, 40.7{ 32.3] 405} 483| 54.6] 61.9] 61.0 576 5920 593 526 2938 49.8

199slmax. | 017 875| 932 osal 969| o79] 9sol 9sol 983| 9so| 939 970/ 955
mio. | 2511 25.4] 442] 476 s60| s04l es0| eoof ses| e10| 459 480 498

Mean IMax. | 94.2] 91.2] 933 9_4.8 96.9 97.8] 98.2| 98.0 98.5 98.1] 95.8] - 959 96.0

Min. 329{ 289] 424] 480] 553] 60.7] 630 i5_8;8 594  602] 493 389 49.8

Monthly Evaporation

Year an._{Feb. |Mar, Apr. IMay lun  Bul,  lAup.  |Sep. Oct. . {Nov. |Dec. Total

wooalmac | 1547 159a] 169] 153.4] 1332] 115a] 1150] sas| 899l t078] 1233} 1024) 15072

wooalac | 1484l 1429 187.8] 1814 1746 1367] 1323] 1463] 1908 1673 140.1] - 152.5] 19011

1995{BAC 147;9 176.5| 196.7| 156.7] 163.4] 107.4] 108.0 -'210.2 293_.9 1472 1322]  117.8] 1,957.9

Mean 1503 159.5| 184.5] 163.8] 157a] 1199] 1184l 1469 01| 1408) 1319] “1242| 17887
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" Table 5 Monthly Temperature, Humidity and Evaporation at BOSSEMBELE

Monthly Temperalure Unit : ° C
Year§ Year | Jan. | Feb. | Mar. | Apr. | May | Jun | Jul. | Aug. | Sep. Oct. | Nov. | Dec. | Mecan
1991|Max. | 329| 350] 340 311| 308 31.0f 289] 288 306] 294l 317 317 313
Min. | 166] 202] 214] 209| 203 202 197 196] 195 183 186l 151 192
1992{Max. | 32.8] 349) 3371 326] 308 30| 288 281] 294 301 311 323 312
Min. | 158] 160| 201} 214 20.1] 194] 1890 191 1727 186 165 147 182
1995|Max. | 332] 346] 320] 338] 319] 310 202 206] 209 301 320 327 31.7
Min, | 144] 165 208] 214l 205 198 196l 194] 193] 192] 166 165 187
Mean |[Max. | 33.0] 348 335 325 312 307 290| 288l 300] 209 316 322 314
Min. | 156] 17.6] 20.7] 212] 203| 198| 194 193] 188} 187 172| 154] 187
Monthly Humidity Unil ;: %
Year | Year | Jan. | Feb. | Mar. Apr. | May | Jun | Jul. | Aug. ]| Sep. Qct. | Nov. | De¢c. | Mean
1995 Max. 72| 763| 939] 933] 977 086 9s7| 093] osol 99| 15| o34 933
Min, | 163 156 460 480 s41} 582 6350 632 60.7) 605| 462| 206 468
Mean [Max. | 72.7| 76.1] 939| 937 9771 986| 987 993] 989 991 97.5| 934] 933
Min. | 163] 156 460] asol sa1l ssol e3s| @2 607 eos| 462 296 46.8
MOnihly Evaporan;on ‘ ___Unit: mm/day
-Year. | Jan. Feb, |Mar. jApr. [May Jun - Jl:l’. Aug. |Sep. - [Oct. . INov. |Dec. Total
191[Bac | 1631 -_‘14§.9 1634} 1257 1183] 1106 946 1064] 1210 1200 137.0] 1510 1,570.0
1992lBac | 1870 738 1563] 104.6 g3.4] 1042] saa| oo0| 871l osol ooe| 1033 1,239.3
ig9alBAC | 1499] 1865| 1910) 1405| 123.4] 1101] 86| 1104] 108a] 1055] 1389] 1708| 16350
Mean/month | 1667 1367 1703| 1236] 1084] 1083 24| 9s6| 1055 110] 1222 1417 14814
Meanday | 5.4 s3] aal 35| 36l 30l sl as| 36w a8l 4

49]
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STATION : BANGUI

Table 6 Monthly Discharge of OUBANGUI River

RIVER : QUBANGUI Unit : m3/fsec

Year | Jan. Feb. | Mar. | Apr. | May | Jun. Jul, Aug. | Sep. Oct. | Nov. | Dec. | Mean

| 1935|  2,600] 1,900] 1,460] 2310] 2370 36201 5.560] 6,690 8070} 9,850 2,650 4,170 4,688

1936| 2270 1420] 1,340] 1,330 2450] 3,840[ 5320 7,630 9,330 10,700| 9,030 4,770) 4,953

19371 2.500] 1,920] 1,430 15100 2250 3,130 4,100 6,260] 6,610 8490| 7,99 4,450{ 4,228

1038| 24600 1.400] 1.000] 1000] 1s30] 3080 4520 7220] 8310 11,100} 9,300] 4,230] 4,628

1939] 2470] 1,570] 1,250] 1960 2,260] 2930 3820] 5,150 6780] 7,490 10,000] 4,760 4,203

1940] 2400 1,700 1,290] 1220 1920 2,560 3610 6,130] 8,120 8700f 7540] 3,930 4,093

1041]  2230] 1270] 1,020] 11400 1950] 4360] 559%] 6520] 9,640] 9250 9,720] 5860 4879

1942] 27500 1830 1600 1,350 2,140] 3810] 5,120 7,850] 10,200] 9,310 6,080 3,760} 4,650

1943] 2120 1240 23] 1,020] 1,120f 2,210 3,560 59200 7,110 8370 6,670] 3,520 3,640

1944l 2070 12000 1,450] 1600] 2510] 3010 3310 5180] 7.020] 7260 6730] 3,050 3,674

10as| 1720 9s1| 230 402] 10000 2,500 4,070] 5,700] 8350] 10400f 8300] 4,650] 4,055

1946] 2230] 1280 s28] ess] 1110 2390 3640 6.190] 9,370 10,700] 9,710] 4,850] 4,430

1047 2440 1,510] 1,180 1,430] 2740] 3770|4720 7,130 9.190] 9,330 5890] 3,580] 4,409

19a8]  1,920] 1,240] 1.210] 10000 1,440] 2,950} 4,200] 7,340] 11,700} 11,000 8540 4,010] 4,754

1949] 2,160] 1330 842] 1,100} 1,060] 2570] 3240 5880 7,410 10300] 8,170 3,800 3,99

19s0] 19200 1,130] ses| 1.000] 19200 32600 4,190] 6,640 9,200] 10,800] 7,680} 3.490] 4,343

19s1] 1970] 12200 s3] 87| sa9f 1,780] 2390] 3930f 5280 7,640] 9,000] 4,710} 3,38

1952 2,110] 1230] 848| 1070] 1660] 2770 3570{ 5560] 8300] 8,660 6800 3,630] 3,851

1953| 2080} 1,.210] 1050] 832 1,730] 2,580{ 3,590] 4,810| 7,160 69% 6,760) 3080| 3,489

19541 1,580] 1,020] 1,020] 1,010] 1,420 2,770] 4300] S5450] 7,890} 9,460] 7,820] 3,820 3,963

195s| 20100 1390] 1.080] 18%0) 2230 2500 4510{ 6050] 8,540 10800] 10,000 4,580 4,639

1956l 2540 1,500] 1,450] 1,590 25100 36400 4270] 5230] 8030 9,110] 7,710 4,110 4,308

19571 22600 1280] 1.230] 2.120] 21%0] 2970] 4070] 5980]. 6810 7,720] - 8430| 5810] 423

10ss|  2.980] 1,560 1,000] 1,170 2540 2,720] 4,160| 6,050 8200| 9,420 7900] 4,370] 4,347

1959]  2.670] 1400 33| 9e4| 20s0] 2930] 3360f 5.660] 7,890| 8830 8270] 4,620 4,123

1960] 2,260] 1,380 1,190f 1,480] 2,250] 2830 4,50| 6.830] 8,29] 10,600] 9810| 4370]" 4,658

1061] 29600 1850] 1,020 1,040 1,740] 2,180 4060] 6920] 11,400] 13,100] 12,200] 7,470] 5495

T1962l 3ss0] 2,000] 1,520 22000 2:830] 3910 5200 7.400] 9,550 11,700 11,3001 6,490} 5,648

19630 3,560 2,500] 2,100 2340 4410] 4420] 5280 7.600] 8,090 8,620{ 7,550 5370] 5,153

1964|3010 1,570] 937 1,470| 22200 3540| 4220] 5550 8970] 11,700| 11,600] 5,370 5014

196s| 2830 1.760] 1320] 1450 1,640 2000] 2950] 5420 6980| 8,670 7.950] 4,500] 3,963

1966|  2260] 1.440] 983] 1,580] 3,30] 3980 4800 6:800] 9,140} 9.1%0] 8.720| 4,580| 4,717

w067 2170 1270 36| 60|  912] 20%0] 38%] 5250 7,8%0] 10,200 9,060 4,170]  4,029]
1963] 20800 1,080} 834] 812| 1,440] 2990| 4,890 7,060| 8,040| 8,680 8,440 6,190 -.4,378

1969] 32700 1.970] 2200] 3,140f 3710] 5040] 6700] . 9,170] 10,200 11,300 10,600] s5.960] 6,113

1970|3220 2090] 1.480] 1,260 1,820] 2920] 3710 6,150] 9.7i0] 9,030] 8600 3,730] 4,552 ]
10711 1,880] 1,030f 51|  815|  831]. 1,280] -.2,450] "4,540] 6,980 - 6,570] - 5,250 28200 2,958

o2l 1ae0l  910] sss| . ea1] 1140] 2,130] 3370] a9s0] e310] 7270 7.540] 3.520) 3,301 ¢
193] 15700 ssi]l se1] 57| 1,380 2,190] 2.610{ 3940 “s690] 6.200] 57000 2,420 - 2,819}
To7al 1as0] 622|428 aaal 1330] 2680] 4560] 6,220{ 8,450 9880] 7120] 3,120] - 3,834]°¢
197s| 1500|834 s3] e79] 1180 1760 2560] 52000 9,570 11,500] 8,370] 3,960] 3.98i

1976) 19600 1,00} 838] 1210] 1,340] 3.140f 4,000] 5940] 7,110f 7.400] 8,130 4,630] 3,900

19771 2,630 1,500] 8970 10100 1350] 1,920 3370) S5,470) 7,690 - gaso| 5,550] 3,100] 3,561
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Year | Jan, Feb. | Mar. | Apr. | May | Jun. Jul, Aug. | Sep. Oct. | Nov. | Dee. | Mean
1978] 1,59] 9331 7211 704] 1,840] 2260 3970 5,370} 7,910 8,780| 8400| 3,230 3,85l
1979] 1,990] 1,170 9921 920{ 1,570 2,700] 3,710 57330] 6,660 6,500] 6,760] 3,380 3,474
1980] 1,710{ 1,030] 740} 1,150] 1,790| 2,620] 4,360 5910] 7,070 8,760 8,770 4,950 4,072
1981] 2400] 1,350f 875 1,040] 1,700} 2,710] 3,540] 6,050 8930} 9,130] 7,310} 3,240] 4,023
1982] 1,880] 1,150 819 651] 1,030; 2,210} 2820 4,110 5220 7,520] 8070 3,170 3,221
1983 1,520 756 429 394]  s553] 1,130] - 1,980F 3,180 S5,110] 6,060 5310 3,140) 2,464
1o84] 1452] 724] s22|  seo| 1007 1,745] 2499] 3922] 4925 5020 3750| 1,946 2,343
1985 9511 57| "306]  710) 1,615 2376 - 3,228 4,567 6,192 6,694] 5,766] 2,524] 2,959
1986] © 1,200 6741 512f 624] 884] 1,335) 2457 3,625 4,503] 6,372] 5058 2,576] 2,485
1987] - 1,119] 576 393 5261  738) 1,669 2,674] 2,714] 4,631] 6,578 5,138] 3,061 2483
1988] 1,302] 716] 499 484] 1,081] 1,766  2,164] 3,973 6,603] 8964] 6331 3,523] 3,117
1989 ~ 1,735] 807 - 524] 570}  780] 1,520f 1,945 3,270 4,849] 6,199] 4,677| 2,371 2,437
1990] 1,265| 632 396 266 687] 1,007). 1,442] 2,825| 4,347] 4,553] 4,690 3214 2115
1991} - 1,887] 830 516 -609| 1,353] 2,679 3,285] 4,595| 5,998] 5.954] 5774 2,921f 3,017
1992] . 1,221F 6721 419] 379  654] 1,308 2,503] 4,284] 6,527] 7478 6,736] 2,795] 2915
1993] 1,350  717)  446] 491  891) - 2,104] 3,442| 4,526] 5.600] 56191 5,151 3,269 2,801
1994)  1433]  7is| 38| 314l 753} n634]  2,747] 42000 7.057| 7,608] 8,182] 4,156] 3270
1995| 1,680] 885| 606] 550 1,039 1,349] 2100{ 3364| 4627 6,680] 6717 2,735 2,694
1996 - 1,205] 57| - su| w08 1,761 3547] 4,438] . 5942] 7,028 8858] 6,791 2941 3,748
1997] 1,496] 908{ 436]  553] 1,428] 1,704] 2,138] 3,228 4,490] 4,648 5595| 4,216] 2570
1998] 2,702f - 1,240f 597} - s541| 1,008] 1,429 2,295| 4,245| 6,148] 8,555] 8,196 3,727 3,390
Total.1} 132,877| 78,452} 58,221] 67,5311 105,676 166,862] 236,238|351,789] 478,995 549,658] 488,351}255,115] 247,480
Mean.d| 2,076] 1,226]  910] 1,055| 1,651} 2607 3691 5497 7.484] 8588] 7,630] 3986] 3,867
rotal2 | 16,063 8221| 4,833 5379 10,155] 18,280] 26,336] 40.479] 56,671} 66,151} 62,508| 32,406] 28,957
Mean2| 1,606 822]  483] - s38| 1,015| 1,828] 2634] 4048] 5667 66150 6251] 32411 2,896

*

%3

¥

Actes des Jourmees Scientifiques FRIEND-AOC {Cotonou, dec. 95) - Edn UNESCC

Data of Direction Meteorologie Nationale, Ministere des Transports, Annuaire Hydrologique

PROJ ECT CAF/91/021, Daily Data is available.

Laboratorire d'Hydrologie, UR22-ORSTOM/Montpellir, Daily Data is available.
" Tolal. 1: Average of 1935:1998, Totak. 2 : Average of 1989-1998
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able 7 Monthly Discharge at BOSSELE-BALI of M’POKO River

*+¢ Monthly River Discharge Data ¢**
STATION : BOSSELE-BALI
RIVER :MPOKO

) Unit : m3/sec
Year | Jan. | Feb. | Mar. | Apr. | May | Jun. Jul. | Aup. | Sep. { Od. | Nov. | Dec. | Mean
19574 . - - - . . - - 1 2920] 221.0] 155.0 AL
1958] 105.0] 80.8 g e8s] 604f 863] 935] 1500 183.0] 163.0] 107.0 .|
1959] 732| s26] 419] 322] 438] 487] 852] 157.0] 285.0] 248.0] 2120 127.0] 117.2}*
1960] 864] 64.8] 51.9] 481 s81| 530 126.0f 213.0] 242.0] 227.0] 202.0| 129.0] 125.1}¢
19611 934| 20| 440 492| 5037 404] 71| 208.0{ 393.0] 345.0] 204.0] 131.04 141.0}*
1962]  94.0 66.6] 575] 585 58.7] 5638 714] 107.0] 164.0] 224.0] 170.0] 99.5{ 102.3]+

19630 7381 531 447 s16| 572.3] S26] 713 1480 i 1680] 1350] 87.0 Je
1964 6171 439 23| 306l 281] 31| 62| 87| 161.0] 1910 1420]  794]  795)*
1965] 553] 464 - . . . A 136.0] 2020] 2410 1430 . A
1966 - - . - | 666 4 207.0] 285.6] 2480} 212.0f 119.0 e

1967] 185 5681 406 289 30.8] 54.91  83.7| 1400 217.0{  2120| 137.0] 811 96.81*
1968] 515 39.5| 355] 285 304] 526f 74.0) .159.0] 147.0] 162.0] 163.0] 102.0 81.6|*
1969 - -] _629] 477 4321 S514| 111.0f 180.0] 285.0] 256.0] 183.0] 113.0] -1t

19700 766 523 4s5] 380] 409] 44.0] 965| 180.0] 269.0] 238.0| 196.0{ 113.0] 1158
1971] 763 s14] 423 402 2430 278]  s6.8] 1020] 182.0] 1650  915| 636 169)*

1972] 414 294] 239] 29 174] 2713 388 754] 907 903F 597 337 46.0:*
1973] 243 16.1] 109]| 120 138] 154!  163] 953] 114.0] . 762] - 45| 262 38.71

1073l 168] 108 100] 114l 178 1sa] 20| s44] 143.0] 1340] - 916] 461 4815
19751 2071 201} 16a] 161 18s| 26.6| 5241 191.0) 291.0] 3000 160.0f 952 - 101.4|* .
1976 - - - - - - - - AT T .
1977 - - - : - - - - - . A .
1978] - - - d4 - . . . 40 4. 1. Y .
1979 - - - - . . - - B - -
1980 - - - - 4 - - - B - -
1981 . - - - - . 4 - - =h J - -
1982 - - - - 4. . . . - . .
1983 - - - - - . . g . I .
1984 - - - - - . . . 1 - ] . .
1985 . 4 74l 202] 116l 305] 4ss5i 827l 108.7]  849|  95.4|#emms#; e
1986] 2181 152] 104 63 g6l 144l 419 1063| 102.0] seness | ssanan|  28.3| susm |
1987 17.6] 104] 74; 132 78t 225] 205] 432 s7s|  st0l o 223]  146]  24.0[*
1988] 65 41 216] 65 s8l 217 306] 778] 2424] 2653] 100.1] 404] €86]**
1989)  21.9 s9] 83 35 791 125 s1.3] 649 1249] 1241] 758 41.6] 452
1990] 289 68| 103] 134] 253] 206| 18| 376jsgmes| 447 41.0| 237 e
1991] 123 907l s8l 121 106 173 serran| sansy | spags | srssel | GEEREE | BIEREE| BIESE |t
19921 2590 15| 129] 168 15.4)  22.6| sewnun | susen | sumsn | saenes | poussn | seonns| wiasea 0

1993] suune | sanpns| sennn | ponse i saspan|  265] 6661 95.0] 149.0] 1263  80.7)  42.7| #HakiH |

1904] 2631 1770 106] 97| 188|smmams| 411 1562] 224.4] 208.8] 114.5|swaHaR] MERERE LY o

1905| #uu i wiakad| 1151 114 2.5] 178 43| 110.1]| 1099 '191.5_ 107.8) kit | #nss
1996 '

Totall 855.8] 586.7] 489.8] 449.8] 454.3] 550.8] 960.3|1,946.613,123.6) 3,052.9] 2,077.5 1,223.4} 1,3143

Mean.1y 353.5 36.7] 306] 281 284] 344 00| 121.7] 1952] 190.8] 1298 765 82.1

Mean2] 153 68] 125 17 711 189 7 3411 619 141.6] 1468 6613 322 459

* Data of Disection Meteorologie Nationale, Ministere des Transports, Daily data is not available.

. Data of Direction Mcleorologic Nationale, Ministere des Transports, Annuaire Hydrologique
PROJECT CAF/91/021, Daily data is available.

Mean.1: 1959, 1960, 1961, 1962,-1964, 1967, 1968, 1970, 1971, 1972, 1973, 1974, 1975, 1987, 1988, 1989

Mean2: 1987, 1988, 1989
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Table 8 Monthly Discharge at BOALI-LC.O.T of M"BALI River

+¢+ River Daily Discharge Data ***
STATION : BOALL-1L.CO.T.
RIVER  :MBALI Unil : m3/sec
Date | Jan. } Feb. | Mar. | Apr. | May | Jun. § Jul. | Aug. | Sep. § Oct. | Nov. | Dec. | Mean

1964] 383| 193] 15317 34.1| 241 267 50.3 47.1 90.1] 1020 837} 560 48.9]*
1965 409| 320f 317 27.2] 224| 227] 3331 660] 109.0] 1150 780] 51.1 52.4)*
1966] 3711 268 214] 239] 275! 383] 396] 801 124.0| 1200 127.0| 782 _62.0i*
19671 558 432] 327 229] 231} 367 594 818 1220 1200 862 53.7; 61.51*
1968] 4461 3301 305 25.1] 264| 324] 472 99.0{ 1140 104.0; 1000] 68.8] 60.4}*
1969] 495| 38.0] 434] 304 288] 250 52.0 803| 124.0] 163.0{ 128.0f 804 70.2)*
1970} s70| 42s] 382] 3313 331 319] sid4] 975 1300] 114.0] 933| 608  65.2|*
19711| 44.8] 338] 278] 234| 165| 170] 362{ 482f 763| 826] S1.1| 408 41.5}*
19720 292l 190] 170 169 1151 232{ 300] 539] 636 700 47.6] 312 344|*
1973] 2371 162] 102{ 113] 104 9.9 15.5 72.5] 817 62.3 429 283 32.1|*
1974] i88] 114] 116] 108 152| 154 194] 486 9521 971] 750] 439] 3I85]*
197s| 31.1] 144] 100] 169} 165] 204 303] 767  934] 155.0] 922] 547 5101*
19761 3712 200| 277 264] 194] 268 682] 692] 117.0] 1020; 819 49.1 545|*

g 1977 341} 273] 188 200] 159] 304] 693 109.0] 121.0f 987 551} 368] 53.0/*
1978} 256 1774 121} 168 176] 219 32.6 62.6] 100.0] 107.0 7971 379 44.3}*
1979 2771 19.8] 138] 125] 204] 188 25.0 76.4] 1400} 1020 782 383 47.7|*
19800 270 179] 144] 136} 133] 237 400] 750} 959| 136.0] 1380/ 496] S53.7)*
1981] 315§ 184] 164| 103 02 241 40.1 815] 178.0f 123.0 69.2] 367 54.8|*
1982) 302] 180] 161} 122 224] 426] 54| 1040] 1020] 925] 481 287 4734
1983] 157 9.6 53 58 139] 257 767]  785| 943| 875| 552| 305 41.6]*
1984 18.0] 103 8.6 9.2] 13.6] 177 43.7 408] 614 41.5 237 229 26.5)*
1985] 19.2 9.0] 15 1.6 81| 133] 350f 810] 859 663] 69.1] 279] 35.8|**
1986] 160 129 3.7 44 98l 96 5791 33] 9771 937 349] 183] 364 *+
1987] 114 6.8 7.5] 104 44| 228 262 4007 521 40.9 14.5 9.5 20.5]**
1988] 4.7 2.6 28 34! 103] 48.3] 618 53.6] 1350| 125.1] 532 301 44.3]**
1989] 15.0 79 6.2 471 16.6] 27.0 341 95.5] 1385 93.5 40.0) 290 42.3]**
1590] 14.2 8.1 4.0 21] 15.0{ 146 8.6 4221 667 42.0 16.3 15.9 20.8]**

Totat.1| 798.3] 544.9] 459.8] 435.4| 478.1] 666.9] 1,139.1] 1,040.4| 2,814.8] 2,656.7| 1,862.2]1,109.2§ 1,242.2

Meand| 206 202] 170] 163 177 247 422 79| 1043] 984} 690| 4Li] 460
1991] 121 89 33 74 7.3] 107 180 197] s5251 992] 386] 204] 248]**
19921 180] 175| 168] 174 175] 184] 213f 9551 1043] 94.1 828] 28.7] 444]**
1993 2406] 1921 1751 193] 20.0{ 19.6 331 75.5] 1070 79.4] - 514] 319 41.5]**
1994] 200| 186} 194] 194] 207 20.7 209 95.5] 1359] 111.1 68.3] 337 48.7
1995 21.8] 194] 219] 224] 211] 201 19.5 369] 7677 1052 684] 349 39.0
1996| 231 199] 208] 2077 210 243] 923| 1400 166.5| 153.6] 88.8) 52.6 68.6
1997] 356] 225] 219 224| 223F 256 42.5 753] 793 62.0 556 294 41.2
1998l 239] 246 221! 208 205] 206] 208] 693 137.9] 146.0] 104.6] SL7p 55.2

Total 2} 166.5] 141.6] 140.4] 142.2| 143.0] 149.3] 250.5| 5879 807.5] 751.3] 51991 262.8] 338.6

Mean2| 238 202| 201] 203] 204| 213 35.8 84.0] 1154] 107.3 743] 375 48.4

* LES ASPECTS HYDROLOGIQUES DE LA GESTION DU BARRAGE DE M'BALI A BOALI, Athanase YAMBELE

i Data of Direction Meteorologie Nationale, Ministere des Transports, Annuaire Hydrologique

PROJECT CAF/91/021, Daily data s available.
Meanl  Average 1964 - 1990, befor operation of Dam
Mean2  Average of 1992 - 1998, after operation of Dam
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Table 9 Monthly Discharge at BOGBAZA of M’BALI River

¢+ River Daily Discharge Data ***
STATION : BOGBAZA
RIVER :MBALI!

Unil : m3/sec

Year | Jan. § Feb. § Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Mean
v950| tunsun| pronnn| saney| suanan| suasnn| nuoe| voanns) duvn) gesng|  214] 130\ wsnans| snnnae
1991 | nnune| somnan| 1na|meeens| 1320 15.6|sewnan| gaas| sanen | snennlsnss| sanasa) sunngy
B [ o N P o P P
1093| wunaus| sunnan| aoaen| soanus | pnna) gans) - 31.4) 45.0| sunan|  42.4]  27.5|suusnn] waases
1904} agnuuy] wwmmnn | gmwmn) 66l 140] 122 288] s19] eos|  s1.9|  35.8|wamnn] sunsme
199s| 1290 86l 9.8| mimmns|sumnnl prnnn| nusuus| sivey| supnn | spaens | seniy) spnnss| sisney
1996 ©00] 00 o0l oo ool ool 00 o0of 00 00 0o 00 00

Total | #aans snnnus| annen | sunnni | ausnns) gunie| suouss| ansnn | SEIH | bIHERE | BREAE] BERKRE| SHARS
Mean | sasuns| saunen| aunes| svnnsy| senson) sapen| vousnn sosnn| whans | minsns | sonann) saounn) sysssn

* Data of Direction Meteorologie Nationale, Ministere des Transports, Daily data is not avzilable.

**  Data of Direction Meteorologic Nationale, Ministere des Transports, Annuaire Hydrologique

PROJECT CAF/91/021, Daily data is available.
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Table 10 Monthly Discharge at BODANGA of MBI River

. +e¢ River Daily Discharge Dala ***

STATION : BODANGA

RIVER :MBI

Unil : m3fsec

Year | Jan. | Feb, | Mar. { Apr. | May | Jun. | Jul Aug. | Sep. Qcl. Nov, | Dec. | Mean
1990] #HHEH | #aHEH] HEHRY 1.0 22 3.1 1.0 7.3 328 25.8) H#HHER 10.1| #EHHHA|**
1991 3.5 20 1.9 4,7 33 541 119 43.3 42.2 44.8 36 18.1 I8.7}**
1992 88] 42 4.0 1.0 6.0 791 243 47.1 523 56.7 47.2 23.6 24.1)**
1993| #atuy | #EHEE) HEBRE | REHEH | FEBHER BHARRR] 15,6 223 458 40.4 29.2 20.8) HHHIHHR]**
1994 &#aHE HEEEH| HERSR | HUHRHE L RELREN] HEHHAY| HIREE | BHURKE | HHARBHE | HETHR FHHUAE | BHEHEY | HHHHRE |
1995 PR i I ) . 1 . ]
1996 - - - - - - A - . - . - -
o | Towl| 123] 62| 6s| 117 93] 133 422] 904 946 1015| 8471 417 429

i'; Meanl 621 31| 33l 59 47| e67] 21| 452] 473]  50.7] 424 209 214

* Data of Direciion Meteorologie Nationale, Ministere des Transports, Daily data is not available.
e Data of Direclion Méteorologie Nationale, Ministere des Transports, Annuaire Hydrologique

PROJECT CAF/91/02%, Daily data is available.
~ Total : 1991, 1992



Table

11

Summary of BOALI Dam Water Balance

Qb =25 m3fs Qb =20 m¥s
Period Insulii-
Year Vmin Wimin | Vmin-r | Qo-min |when cient Vmin | WLmin § VYmin-r | Qo-min
Qo<Qb |V

(MCM) () @] m¥)]  (day)] (Memyl | (Mem) (m} @) (m3s)

1964 216 57072 84 25.0 240 57164 93 20.0
1965 254 57216 9% 25.0 259 57233 101 23.0
1966 249 571.96 95 25.0 259] 57231 100 209
1967 251 572.04 97 25.0 2591 57233 100 22.3
1968 260} 57236 101 26.1 2660 57236 101 26.1
1969 260 57236 101 25.5 260 57236 101 25.5
1970 2621 57242 101 323 T262|  S7242 101 323
1971 212 57055 82 25.0 242 ST 94 200
1972 165] 56852 &4 25.0 216] 57072 84 200
1973 51l 561,22 20 25.0 135|  567.06 52 200
1974 68] 562,74 26 25.0 160| 56827 62 20.0
1975 1370 56713 53 25.0 199 570.03 71 20.0
1976 249] 57195 96 25.0 259] 57231 . 100 20.7
1977 205|  570.26 79 25.0 244 51177 94| . 200
1978 154  567.99 60 25.0 214 57063 83 20.0
1979 155]  568.08 60 25.0 216] 57073 84 20.0
1980 145]  567.57 56 25.0 199 57004 77 200
1981 172  568.87 67 25.0 218] 57078 84 200
1982 171]  568.81 66 250 218] 57078 84 200
1983 571 56182 22 25.0 121 566.29 47 20.0
1984 63f 56235 25 25.0 141} 567.36 55 20.0
1985 76 56334 29 25.0 152]  562.89 59 20,0
1986 9] 55717 7 250 100]  565.01 39 200
1987 552.61 1 25.0 83|  563.87 32 200
1988 552.67 1 0.1 106 179 6| s54.15 2 200
1989 51 s61.21 200 250 11| 565.70 43 20.0
1990 3| ss280 1 48 37 47 s3| 56145 211 200
1991 62| 56223 24 25.0 138] 56722 54 200
1992 125]  566.47 48 25.0 174| 56893 67 20.0
1993 1411  567.36 55 25.0 205  570.26 79 20.0
1994 129] 566,70 50 25.0 195]  569.85 76 200
1995 125 56647 48 250 204]  570.24 79 20.0
1996 162]  568.40 63 250 217 57075 34 20.0
1997 210} 57046 81 250 249 57195 96 20.0
1998 138  567.19 53 25.0 205| 57027 79 20,0
average 143]  566.20 55 24.0 191 369.19 74 209
min. 3 55261 1 0.1 6] - 554.15 2| - 200
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Table 12 Annual Minimum Discharge at Intake Sile

in 2015 Master Plan M'BALI river

m3/sec
Year Minimum In case with Dam In casc without Dam
Inflow of Dam | Quiflow 1 jOutflow of Dam} Total Dis. Tota! Discharge
_ Qin Qinx 2.19 20.0 Qinx3.19
1985 17 16.9 200 36.9 24.6
1986 2.1 4.6 20.0 24.6 5.7
1987 1.8 39 200 239 5.7
1988 0.1 0.2 20.0 20.2 0.3
1989 3.2 7.0 20.0 21.0 10.2
% 1990 1.7 3.3 200 2.7 5.4
1991 6.9 15.1 20.0 35.1 220
1992 7.3 16.0 200 360 233
1993 4.4 9.6 20.0 29.6 14.0
1994 6.5 _ 142 20.0 342 20.7
1995 102 23 200 23 325
1996 10.1 22.1 20.0 42.1 322
1§97 il.1 243 20.0 44.3 354
1998 6.5 14.2 20.0 342 20.7

Quiflow 1 : Outflow from the catchment arca excluding the catchment arca of Boali Dam
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Staticn : BANGUI-MPOXO

Month Rain {mm}
Jan. 17.2]
Feb. iZ.‘P
Mar. 94.9
Apr.. 1123
May 1508
Tune 158.9
Joly 199.5
Avg. 2028
Sepl. 1974
Ot 192.7
Nov. 719
Dec. 214
Total 14427

Note: Average 1950 - 1998

3

-
A
=
o

MONTHLY RAINFALL OF BANGUI-MPPOKO

RAINFALL{mm)

00

Mar. Ap. My e Ry Avg Sepl.  Od. Nov. Dec
MONTH

Jan. Fed.

S1ation : BOSSEMBELE

Month Rain ()
Jan, 12.8
Feb. 17.3
| Mar. 65.2|
Apr, 102.6]
May 145.3
June 183.8
Tuly 2242
Aug. 2572
Sept. 205.7
Odl. 1924
Nov, 53.1
Dec. 9.2
Total 1483.8

g

MONTHLY RAINFAL L OF BOSSEMBELE

3

3

RATNFALL{mm)
b
=}
)

g
-]

Jan. Feb. Mar. Apr. May June fuly Aug. Sept. Oct. Nov. Dec
MONTH

Note: Average 1979 - 1998

Fig.2

Monthly Rainfall
3-28




Station : BANGUI-MPOKO

Moath Tem_pg-hx. Tem.pé-(.i.n. Hu_rn."th. Hum;i Min,
fan. 09 169 942t 329
Feb, M9 19.2 912} 289
Mar. 16 23 933 424
Ap. 332 215 S48 480
May 321 21.9 569 55.3
Tune 309 21.3 918 607
July 28 20.9 o2l &30
Avg. 315 203 930]  s88
Sept. | 312 21.0 08.5 59.4
R Ot 307 203 98,1 602
3’ Nov 320 203 93.5 493
Dec. 322 185 959] 339
Mean 322 205 90| 498

Station : BOSSEMBELE
Mosth Tcm.pghx. Tcm'pgeﬁn. l"[um.“!chx. Hun“Min.
Fan. 10 15.6 723 163
Feb. 348 176 76.1 15.6
Mar, 335 20.7 039 460
Apr. 7S 2.2 o3l 480
May 3.2 20.3 013} 54t
Juge 30.7 19.8 98.6 582
Tuly 29.0 19.4 98] 635
Aug. 288 193 93 62
Sepl. 30.0 18.8 89 &3
0ot 29.9 18.7 9.1 60.5
Nov. 316 172 915|462
Dec. 322 15.4 34| w6
Mean 314 187 913 468

Fig. 3
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Evaporation

Moath BANGUI-MPOK( BOSSEMBELE
Jan, 154.7 1662
Feb. 159.1 1367 |
Mar, 169.1 1702
Apr. 1534 1236
May 1332 103.4
June 115.1 1083
July 11590 924
Aup. 342 95.6
Sept. £9.9 105.5
O 107.8 110.1
Nov. 1233 1222
Dec, 102.4 1417
Total 1507.2 14814

MPOKO:1993

BOSSEMBELE:1991,1992, 1994

180.0
1600

4
140.0
120.0
100.0

800

EVAPORATION (mm)

60.0

F1Y Y U

200 fe-en--

0.0 .

MONTHLY EVAPORATION

M .

Jan. Feb. Mar. Apr. Miy Juse Joly Avg. Sept. Ot Nov. Dee.

MONTH

—— BANGUI-MPOKO

—a—BOSSEMBELE

{?@

Fig. 4
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B CO-RELATION OF MONTHLY RAINFALL

Unit ; mm Estimated Rainfall at BOSSE.
Date | No. | MPOKO | BOSSEM. MPOKO | BOSSE
X y x"2 y2 X'y 1933 1 0.0 0.0
Jan, i| 198 159] 3960 2528 364 2 32 00
Feb. 2 21.3 131 453.1 171.6 279.0 3 55.5 42.7
Mar. 3 103.5 59.8 10,712.3 3,576.0 6,189.3 4 §0.3 720
Apr. 4 1199 1023 14,376.0 10,465.3 12,265.8 ) 1521 156.8
May 5 156.5 142.5 24492.3 20,306.3 . 22,301.3 9 152.2 1569
Jun, 6 163.5 183.0 26,7323 33,489.0 29,920.5 10 316.0 3504
Jul. 71 1869 212.8 34,931.6 45,281.8 39,772.3 1991 8 269.9] 2960
Aug 8 197.2 274.7 38,8818 75,460.1 54,1708 9 149.0 1532
Sep. 9 206.2 2044 42,5184 41,779.4] 42,1473 11 106.5 103.0
Oct. 10 1914 176.2 36,634.0 31,0464 33,724.7 1993 8 178.8 188.4
Nov. 11 71.9 53.3 5,169.6 2,840.9 3,832.3 1995 11 20.5 14
Dee. 12 18.2 8.2 331.2 67.2 149.2 12 | 284) 107
Total j Total 1,456.4 1,446.2] 235,6352] 264,738.9 245,068.9

b= 1.1813
a= -22.8482
r= 0.9531
Co-Relation of Monthly Rainfall
300 :
A
250
200 A 12
: A=l |
5 150 L —— AY]
g 3> -
100 — A -
50 {—— - A
0 ) _
g 50 - 100 150 200 250
BANGUI-MPOKO

Fig.6  Corrclation of Monthly Rainfall at BANGUI-M’POKO and BOSSEMBELE
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CO-RELATION OF YEARLY RAINFALL

‘Sta. BANGUI-MPOKO

Station : BOSSEMBELE Unit : mm
Date | BANGUI | BOSSEM. Mar. Apr.
% ¥y Tx Sy x*2 y2 x'y
1985  1,439.5 12944| 1,439.5]  1,294.4| 20721603 | 1675471.4 | 18632888
1986]  1,235.5 1,140.5] 2,675.0]  2,434.9] 7155625.0 | 5928738.0 | 6513357.5
1987  1,675.3 133870 4,3503]  3,773.6] 18925110.1 | 14240057.0 | 16416292.1
1988  1,629.8 1,6308] 5980.1]  5404.4| 35761596.0 | 29207539.4 | 323188524
1989  1,103.1 1,5254] 70832  6,929.8] 50171722.2 | 48022128.0 | 49085159.4
1990] 13,4735 1,0982] 85567  8,028.0] 732171149 | 64448784.0 | 68693187.6
% 1992l 14233 1,337.9]  9980.0]  9,365.9] 996004000 | 87720082.8 | 93471682.0
1994} 11,2927 1,4692) 11,2721 10,835.1] 127073765.3 | 117399392.0 | 1221408318
Tol | 1127270 10835.1] 51,337.5]  48,066.1] 413977493.8| 368642192.6 | 390502651.6
b= 0.9706
a= -220.5389
r= 0.9987
CO-RELATION OF ACCUMULATED
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4. PRELIMINARY COST ESTIMATE ON
F/S PROJECT






4. Preliminary Cost Estimate on F/S Project

I, Unit Prices  ---cemmmmm e e
2. Construction CoSt —mermmrmmrm st

3. Recurrent Cost —---mrmemememe e

Attachment

Table 1 Bill of Quantities (1) Dalling Works
Table 2 Bill of Quantities (2} Civil Works
Table 3  Bill of Quantities (3) Electrical Works
Table 4 Bill of Quantitics (4) Land Acquisition
Table 5 Unit Prices (1) Instatlation of submersible pump
Table 6 Unil Prices (2) ~dilto-
Table 7 Unit Prices (3) -ditto-
Table 8 Unit Prices (4) Installation of transmission pump
Table 9 Unit Prices (5) Well house

. Table 10 Unit Prices (6) Pump house
Table 11 Unit Prices (7) Pipeline works dia.300
Table 12 Unit Prices (8) Pipeline works dia.200
Table 13 Unit Prices (9) Pipeline works dia.150
Table 14 Unit Prices (10) Pipeline works dia. 100
Table 15 Unit Prices (11) Pipeline works dia.75
Table 16 Unit Prices (12) Pipcline works dia.63
Tablc 17 Unit Prices (13) Pipeline works dia.50

~Table 18 Unit Prices, (14) Aqueduct dia.150

_ Table 19 Unit Prices (15) Co'lleclicm Chamber
Table 20 Unit Prices (16) Service Reservoir
Table 21 Unit Prices (17) Concrete Block Wall
Table 22 Unit prices (18} Public Fountain ‘
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1. Unit Prices
In order to prepare the cost estimate for F/S project, the unit costs which are used in CAR are
collected and studied by the Study Team. The unit prices include material cost, transportati-
on cost, tax, etc., namely “all-in-cost”. Further, the recent tender price/unit price for the
relevant projects in CAR and suppliers’ quotations for the materials were examined by the
Team. Based on these unit prices and quotations, the unit prices for the cost estimate for F/S
Project are prepared and attached herewith.. The base date for the costs is June, 1999 with
following exchange rates:

FRF1 = 100.00FCFA

US$1 627.23FCFA

J. Yenl 5.18FCFA

i

2. Construction Cost

Direct construction cost is divided into drilling works, civil works, and electrical works. The
cost of drilling works is based on the quotations from foreign drilling companiés because lo-
cal drilling company, which has a capability to execute the drilling works formulated in this
project, is not available in CAR. The cost of civil works is estimated with the unit prices,
prepared by the Team. The cost of electrical works is based on the quotation from EN-
ERCA.

3. Recurrent Cost

3.1 Electricity Cost

Electricity cost is estimated with the electricity tanff formulated by ENERCA. Electricity tar-
iff of low tension is applied for submersible motor pumps, and the tariff of medium tension
for transmission pump. The tariff applied is summarized as follows: o

Table 1. Electricity Tariff

Category Class Tariff with tax
{FCFA kWh)
Low Tension 3rd _ 93.9
Medium Tension daylime 316
ditlo nighttime 39.5

42




3.2 Personnel Cost

Personnel cost related to the project is estimated with SODECA’s personnel classification. In
this project, watchman and operator, stationed in site, are required for daily routine work.

- Hydrogeologist, water supply engineer, electromechanic, and plumber are required for weekly

or monthly O&M works. '

3.3 Cost of Chemicals

The cost for chemicals is based on the price, obtained from SODECA.



L. Bill of Quantities

44

(1) Drilting Works

Foreign Currency (FRE) Local Currency (FCFA) -
Item Qiy | Unit | Unit Price Price Unil Price Price

1. Mobilization and Demobilization T00.000 0
Mobilization and Demobilization 1 lot 650,000 630,000 0
Shifling 5 time 10,000 50,000 0
2. Dilling Work 450,500 0
12-1/4" hole, 0-50m 270 m 500 135,000 0
12-1/4" hole, 50-100m 200 650 130,000 0
12-1/4" hole, 100-150m 80 800 64,000 0
9-5/8" hole, 0-50m 30 450 13,500 0
9-5/8" hole, 50-100m 30 m 600 18,000 0
9-5/8" hole, 50-100m 120 m 750 90,000 0
3. Casing work 924,500 0
FRP casing 610 m 950 579,500 0
FRP Casing installation 610 250 152,500 0
Temporary casing installation 550 350 192,500 1]
4. Screen Work 336,240 0
INOX screen 120 m 2,552 306,240 0
Screen installation 120 m 250 30,000 0
5. Cementation 48 m 900 43,200 0
6. Clay Packing 520 m 150 78,000 0
7. Bentonite Packing 18 m 150 2,700 0
8. Grave] Packing 44 | m 400 57,600 0
8. Well Development 6 well 20,000 120,000 0
9. Well Logging 730 m 150 109,500 0
10. Pumping test 1 lot 37,600 87,600 0
11. Reporting 3 <opy 5,000 15,000 0
Grand Total 2,924 840 0
say 2,924,000 0




(2) Civil Works

Foreign Currency (FRF) Local Currency (FCFA)
Itam Qty | Unit| UnitPrice Price Unit Price Price
1. Intake Facilities 1,622,000 73,952,000 Jrounddown
Installation of submersible
pump 6 | nos. 19800] 238800 266,000 1,596,000
Well houss 6 nos. 0 0 1,218,752 7312512
conveyanee pipeline dia. 200 2,086 m 290 604,940 13,808 39,233,488
conveyanca pipeline dia.150 576 m 210 120,960 16,828 9,692,928 |dirto
conveyance pipeline dia. 100 455 m 140 63,700 15,124 6,881,420 {ditto
30% of the sum of
valves and fittings ] fot 236,880 236,880 0 fpiplines {foreign)
10% of the sum of
valves chambers and protection] 1 lot 0 5,580,734 5,580,734 Ipipelines (local)
Aquaduct dia.150 1 lot 352,000 362,000 3,655,243 3,655,243 |steel pipe
2. Transmission Facilities 1,722,060 112,494,000
Collection Chambes 1 nos. 0 0] 11,295,941 11,295,941
Pump housg 1 nos. 0 0 3,190,845 3,190,845
Installation of pump 3 nos, 110,400 331,200 96,000 288,000
Transmission pipeline dia 208 | 4,780 m 290 1,336,200 18,808 9,902,240
Concrete Block Wall H=3.5m 1 lot 0 0 7,817,368 7,817,368
Disinfection devise 1 lot 5,000 5,000 0
3. Distribution Facilities 16,662,000 1,302,120,000
Service Reservoir 1 lot 0 0] 93,126,145 93,126,145
Distnbution mawn DCIP dia.
350 5,150 m 6301 3,244,500 25,584 131,757,600
Distribution main DCIP dia. ’
00 1,0600] m 470 | 5,170,000 23,512 258,632,000
Distnbution main PVC dia. 200 1,600 m 370 592,000 l6,656 26,649,600
Dastribution main PYC dia. 160 | 5,350 m 230 1,230,500 15,044 £0,485,400
Distribution main PVC dia. 140 [ 1,300 | m 160 208,000 14,276 18,558,800
Distribution main PVC dia.50 | 7,700 m 50 385,000 11,036 84,977,200
Distribution secondary PVC
dias0 39740 m 50| 1,987,000 11,036 | 438,570,640
30%% ot the sum of
valves and fittings 1 fot | 3,845,100 | 3,845,100 Q Ipipelines (foreign)
10245 of the sum of
vaive chamber and profection 1 lot 01103,963,124 103,963,124 jpipelines (local)
Pubtic Fountain 40 | nos. o} 1,635000 65,400,000
Grand Total 20,011,000 1,488,566,000




(3)Electricity Works

Foregin Currency (FRF) Local Currency (FCFA)
Description Q'ty | Unit | Unit Price Price Unit Price Price
Medium teasion line connection ] lot 3,034,000 3,034,000
Low tension line connection 1 lot 26,839,000 | 26,839,000
Total ’ 29,873,000

&®



(4) Land Acquisilion

Description

Foregin Currency (FRF)

Local Conrency (FCFA)

Unit Unit Price Price Unit Price Price
Well House 375 m2 2.500 93,750
Pump house 525 m2 2,500  1.312.500
Reservoir 433 m2 2.500 1,082,500
Total 2,488,750
Say 2,488,000

47




2.Unit Prices

(1) Installation of submersible pump

Foreign Currency (FRF) Local Cerrency (FCFA)

Item Qy Unit Unit Price Price Unit Price Price ﬁem arks
pump instattation 70 m 0 3,800 266,000 averaged kngth of riser pipe =70m
submersible pump 1 nes. 39,800 39,800 0

total 39,500 266,000
{2) Installation of {ransmission pump

Forzign Cumency (FRF) Local Currency (FCFA)

Item Qiy Unit Unit Price Price Unit Price Price Remarks
purmp installation 15 m 0 6,400 96,000
traismission pump i _#os. 110,400 110,400 0 %

total 110,400 96,000
(3) Well house

Foreign Curtency (FRF) Local Currency (FCFA)

Item Qy Unit Unit Price Price Unil Price Price Remarks
Excavation 2.85 m3 0 4,900 13,965
Backilling 135 m3 0 4,300 5,805
Spoiled soil transportation 1.50 m3 0 2,700 4,050
Crushed stone 0.60 m3 0 12400 7,440
Quarry stone ) 1.80 m3 0 26,100 46,980
Concrete Block Wall H=3.4m 3i.80 m2 0 6,800 216,240
Plastering 63.60 m2 0 4,200 267,120
Timber framework 0.52 m3 0 105,600 54,912
Roofing 17.60 m2 0 10,900 191,840
Metal Door 108.00 kg 0 3800 410,400

Total 0 1,218,752

4-8



(4} Pump house

Foreign Currency (FRF) Local Currency (FCFA)
tem Qiy Unit Unit Price Price Unit Price Price Remarks
Excavation 1105 m 1] 4,900 54,145
Backfilling 249 [ 0 4,200 10,307
Spoiled soil transportation 856 m’ 0 2,700 23,112
Quarry stone 328 m* 0 26,100 85,608
Concrete Block Wall H=3.4m 5562 1 mt 0 6,800 318216
Plastering 1124 | m? 0 4,200 467,208
RC column 1.35 m® 0 186,500 254,775
Crushed stone 455 m 0 12,400 56,420
Leveling concrete 230 o 0 37,300 85,790
Timber framework as0 ;’d 0 105,600 401,280
Roofing 4536 | w? -0 10,900 458,784
Metal Door 21600 | kg 0 3,800 820,800
Meta! Window 4 15 kg ] 3,800 57,000
Totat 1] 3,190,845
{5) Pipeline works DCIP dia 350
Forcign Curtency (FRF) . Local Currency (FCFA)
Tem Qiy | Unit | UnitPrice Price Unit Price Price Remarks
Excavation. 1.55 m’ 0 4,500 7,595
Backfilling _ 144 m : 0 4,300 6,192
Spoited soil transportation o011 | o e 0 2,700 297
Pipe Instaltation 1.00 m 630 630 11,500 11,560
Total Lo : 630 25,584
(6) Pipeline works DCIPdia.300
. Toreigh Qurrency (FRF) Local Qunency (FCEA)
Itern - Qy | unit | unit Price Price " Unit Price Price Remarks
Excavation 145 e 0 4,900 7,105
Backfilling 137 | ' -0 4,300 5,891
Spoiled soil transportation 0.03 m | N 0 T 2,900 S216
Pipe Installation : 100 | m . 470 470 10,300 110,300
“Fotal e : 470 : 23,512
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(7 Pipeline works DCiPdia 200

Forelgn Currency (FRF)

Local Currency (FCFA)

Item Quy Unit Unit Price Price Unit Price Price Remarks
Excavation 1.16 m* 0 4,900 5,684
Backfilling 12 | o 4,300 4,816 )
Spoited sofl transportation 0.4 o’ 0 2,700 108
Pipc Installation 1.60 m 290 %0 8,200 8,200
Total 290 18,508
v
(8)Pipeline works DCIPdia 150
Foreign Currency (FRE) Locat Cumrency (FCFA)
ftem Qy Unit Unit Price Pricé Unit Price Price Remarks
Excavation 165 | m 4,900 5,145
Backfilling 103 m® 4300 4,429
Spoiled soil transportation 002 o’ 2,700 54
Pipe Tnstallztion 1.00 210 210 7,200 7,200
Total J a0 16,828
{9) Pipeline works DCIP dia.100
Foreign Currency (FRF) Loca) Currency (FCFA)
lem Qty | Unit | UnitPice |  Price Unit Price Price Remarks
Excavation 095 | o 4500 4,655
Backfilling 094 m? 0 4,300 4,042
Spoiled soil transportation” 001 m 2,700 27
Pipe Installation 1.00 m 140 140 6,400 6,400
Total 10| 15,124
(10) Pipeline works PVC dia 200 ] . )
Foreign Cumency (FRF) Local Curiency (FCFA)
Item Qiy | Unit | " Unit Price Price “UnitPrice | . Pricé Remarks
Excavation Lz | ow 49001 5488
Beckfilling 19 { o 4,300 4,687
Spoiled soil transportation 00 | w 2,700 . 81
Pipe Installation 10 | m 370 370 6,400 6,400
Total 370 16,656
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{11) Pipeling works PVC 61a.160

Foreign Currency (FRF)

Locul Currency (FCFA)

ftem Qy Unit Unit Price Price Unit Price Price Remarks
Excavation 1.03 o 0 4,900 5,047
Backfilling 1.01 m 0 4,300 4,343
Spoiled soil transportation 0.02 m® 0 2,700 54
Pipe Installation 1.00 m 230 230 5,600 5,600
Total 230 15,044
(12} Pipeline works PVCdia. 140
Foreign Currercy (FRF) Local Currency (FCFA)
Item Qty Uant Unit Price Price Unit Price Price Remarks
Excavation 0.99 m 4,900 4,851
Backfilling 0.97 o . 4,300 4,171
Spoiled 5ol transportation 0.02 m ) 2,700 54
Pip¢ Instaliation 1.00 m 160 160 5,200 5,200
Total 160 14,276
(13} Pipeline works PVC dia.50
Forcign Currency {FRF} Locat Currency (FCFA)
kem Qy Unit Unit Price Price Unit Price Peice Remarks
Excavation 081 m 4,900 3,969
Backfiliing 050 m? 4,300 3,440
Spoiled soil transportation 001 m 0 2700 27
Pipe Installation 10 | m 50 50 3,600 3,600
Total 50 11,036
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{14) Aqueduct dia 150

Fo:cign Cuirency (FRF)

Local Cuntency (FCFA)

ftem Qy Unin Unit Price Price Unit Price Price Remarks
Excavation 3067 | w 0 4,500 150,283
Backfilling 14.00 m 0 4,300 60,200
Spoiled soi! transportation 16.67 m o 2,700 45,009
Crushed stone 218 | o o 12,400 27,032
Leveling concrete 1.08 o’ 0 37,300 40,284
Reinforced concrete work 1339 m 0 186,500 2497235
Pipe Installation 1.00 ot 362,000 362,000 835,200 £35,200 f29m+6m, including abcessary.
Total 362,000 3,655,243
{15) Coliection Chamber
Foreign Currency (FRF) ELoce] Curmency (FCFA)
Item Qy Unit Unit Price Price Unit Price Pace Remarks
Excavation 268 | o -0 4,900 131,222
Backfitling 224 m 0 4,300 9,632
Spoiled soil transportation 2458 m 0 2,700 66,366
Crushed stone 9.61 m® 0 12,400 119,164
Leveling concrele 4.74 m’ 0 37,300 115302
Reinforced concrete work 57.87 m 0 186,500 10,792,755
Toxkal o 11,295,941
(16) Service Reseivoir ‘
Foreign Cuitercy (FRF) Local Currercy (FCFA)
btem Qty | Unit | Unit Price Price Unit Price - Price Remarks
Excavation 55570 | m 0 490 272293
Backfilling 4028 | o 0 43000 17132041
Spoiled soil transportation 51542 | m 0 2,700 1,391,634
Crushed stone 10527 | m' 0 12,400 1,305,348
Leveling concrete 3528 m 0 37,300 1,315,944
Reinforced concrete work 46229 | o 0 186,500  85217,085
Total o 93,126,145
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(17) Concrete Block Wall (H=3.4) Unit Price per meter

Foceign Curcency (FRF)

Lacal Currency (FCFA)

Item Qy Unit Unit Price Price Unit Price Price Remarks
Bxcavation 31.80 m 0 4,900 155,820
Backfilling 15.96 2 0 4,300 68,628
Spoiled soil transportation 15.84 * 0 2,700 42,768
Crushed stonc 576 » ] 12,400 HA
Guarry stons 17228 { o’ 0 26,100 451,008
Concrete Block WallH=34m | 29760 | o’ 0 6,500 2,023,650
Plastering 59520 | m? 1] 4,200 2,499,840
Meta) dorr 659 kg 0 3,800 2,504,200
Total 0 7817368
{18) Public Fountain
Foreign Curtency (FRF) Local Cuttency (FCFA)
Ttem Qy Unit Unil Price FPrice Uhnit Price Price Remarks
Public Fountain 1.00 Tot 0 1,635,000 1,635,000
Totat 0 1,635,000

4-13




&

5.Fe & Mn ELIMINATION DEVICE



5. Fe & Mn Elimination Device

1. Background ---------------- e emmemmemaeeeemmeme-sesmsmmsaesmsessmmcscooemsessessos
A B L T
2.1 QUHINE Of SYSIEM - mmmremmnmn e e om s o
2.2 Design Condifions ~---=«=-s=sssemmsmeurmr oo et oo
2.3 Calculation and Specification -------=-=-cuscsssmsmmrommmemem oot oo

3. Operation Cost Esimation----------ssesssmmsmammmsomur oo e s eccr oo oo

Attachment
Table 1 Component and Specification of Device
Figure 1 Flow Diagram

5-1

5-1

5-1

5-1

5-4



L
4




E».. ) ,,j

1. Background

The result of groundwater quality analysis of the proposed deep wells conducted by the JICA
study team in the Master Plan study stage showed an allowable level of Fe and Mn for
drinking purpose. It was expected that the groundwater could be utilized for the water
service with only chlorination even in future. However, since Fe and Mn contents in the
groundwater of the some wells located in the north or west part of the study area exceeded the
WHO guideline, it could not be denied that the water quality of the proposed wells would be
good without contamination of Fe and Mn in future. Therefore, it was recommended in this
study that the DGH should conduct water quality monitoring and take necessary measures
when the contamination of the water would exceed the allowable level over the WHO
guideline, This section provides oulline of a Fe and Mn elimination device for reference of
the CAR officials who will design such device in due time.

2. Design
2.1 Outline of System

Depending on the above background, this device will not be installed at the initial stage of the
project implementation. Therefore the CAR side, DGH, shall design and install the device
as the need arises in future. Tt was considered that the system of the device should be
suitable to add to the original system and compact as much as possible. Because the system
shall be installed between the proposed No. 1 production well and the discharge water tank
which would be constructed in the urban area at the initial stage of the project.  Accordingly
a component of the device was recommended to combine an air oxidation by injection of
compressed air and two pressure type filter tanks.

2.2 Design Conditions
- Proposed Water Supply Volume 2,200 m*/day

- Design Treatment Water Volume.

Takmg 10 % of water loss which includes drain water for backwash of filters and 18
operatlon hour of the facility into account design freatment water volume is calculated at
37.0it/s = 134 m’/hr (2,400 m*/day ).
- Quality of Raw Water
Quality of raw water to be tréated is hypothesized as follows,
Ttem pH | Turbidity{ Color Fe Mn Alkalinity | Nitrite-N
Value | 6~9 |<IONTU[| <5TCU | 3 mg/it | 0.5 mg/iit | >40 mg/lit | <0.2 mgiit
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- Quality of treated water: Fe <0.3 mg/lit, Mn <0.1 mg/lit: on WHO guidelines.

Velocity of filtration: 30 m/he

- Operation hours: 18 hours {filtration 16.5 hr, backwashing 30 min x 3 times/day =1.5
hrs/day)

2.3 Calculation and Specification

-Diameter of filter : &=y (2400 m*/hr x 1/16.5 x 1/30 x4/n) =2.48 -~ 2.5m

- Friction loss around fiiter: Filtration loss f, = 12 m
Pressure difference necessary for backwashing between the
both sides of filter media £,=5m
Friction of connecting pipef;= 5 m
Total of the above friction losses (22 m) shall be added to the specified head of the
proposed submersible pumps for the production wells.

L %)
K. 2

- Volume of backwash water:
Assuming that water veldcity for backwash is 30 m/hr and ‘dur'gfion of backwash is 1.5
hours (30 min'x 3 times/day), backwash water volume is '
V,= 30 m/h x 2.5% x n/4 x 1.5 =220 m*/day
Components and specification of the device shall be shown in Table 1 here under.

Table 1. Component and‘Speci'ficatio;nl_of Device
Item R Specification | T Qty
1. Fe & Mn elimination Device : - o Lo

Fe & Mn elimination tank [Steel cylindrical tank, 2500 mm Dia. x 3100 mmH | 2 unit
Outlet flow meter 125 mm Dia. X 100 m*/hr : 1 unit |
Air Compressor 200 1it./min x 7 kgf/em® x 2.2 kw ' 1 unit
Pipe arrangement : ST T B (1)
2. Causlic soda dosing device ,
| Caustic soda tank 1000 lit. Capacity o 1 1.
Agitator  [Propeller type, 0.2kw , 1 1unit
Caustic soda pump Diaphragm metering pump, _ 4 1 onit
' 40 lit/hr x 10 kgflem2 x 0.2 kw = o A S
Pipe arrangement - 1 lot

A caustic soda shall be used for raris‘ing an z__i_lk_alinity for elimination of 'Mn_.

The systérﬁ flow of the device is shown in the attached Fig.:_ 1.



weibeiq moi4
{ - oSy

53

SENGVA NOLVNE0HO h , TV NS
QW NOLGHISI i SSIVONTN % NOH!
j _
i Lid NIvHG
MNVLNOLVNINTE
HONES OL
Lidwnd | SSENVON B NOK !
SN NOLNERIISI w ! . p ! :
@Mlﬁ | juswaouEuno 1 ; a8 |
A NOUPGIISI OL T 1 : b — %Ez&dﬁmﬂ_
& ! Aw . i
HEISNMOH m i
NOUNERIISKD i
|
r._[ _
i
i
i
i
i
|
m
H L
“ﬁ Tog!
;
| i
o T
] Canc Q % ' st~y
m M
l>|l..[..v,L H
LT — | T L[
i VOOS UL
A NS0T |
D HOLYLEY




3. Operation Cost Estimation

(1) Electricity

Consumption of electricity for the each component of the device is estimated as follows.

- Air Compressor: 22kwx0.8x16.5hrx | set = 29.0 kwh/day
- Caustic soda Agitator: 0.2kwx08x 1.0hrx1 set = 0.2 kwh/day
- Caustic sodaPump: 0.2 kw x 0.8 x 16.5 hr x_1_set = 2.6 kwh/day

Total 31.8 kwh/day

Providing unit cost of electricity is 94 FCFA/kwh, the annual expenditure would be as
follows.

- 31.8 kwh/day x 365 day x 94 FCFA/kwh = 1,091,000 FCFA/year

(2) Caustic Soda %‘

Caustic soda will be dosed to raise pH of water until about 8.5 for eliminating Mn at a point
between the two filters. The filter sand would be expected to change its characteristic into
manganese sand, which is formed by manganese-oxide to cover the each grain of sand during
a few months filtration. ' ‘

Providing that caustic soda would be dosed by 40 mg/lit during 3 months continuously, the
dosing volume is estimated as follows.

- 2,200 m*/day x 40 mg/lit x 1/1,000 = $8 ke/day
- 88 kg/day x 30 days x 3 months = 7,920 kg

Providing unit cost of caustic soda is 4 00 FCFA/kg, the expenditure would be as follows.

- 7,920 kg x 400 FCFA/kg = 3,168,000 FCFA/year

(3) Calcium hypo-chloride

It is Provided that Fe and Mn contents in the treated water after the processing of the two
filters would be decreased to 0.3 mg/lit and 0.1 mg/lit respectively. Calcium hypo-chlonde
shall be consumed for oxidation of these residual Fe and Mn contents. Accordingly
consumption of calcium hypo-chloride is estimated as follows.

- Consumption of Fe: 0.3 mg/lit x 0.635 mg/lit-Fe = 0.19 mg/lit
- mption of Mn: 0.1 meAlit x 1.29 mg/lit-Mn = (.13 i
Total = 0.32 mg/lit

Dosing volume of calcium hypo-chloride is as follows.

- 2,200 m*/day x 0.32 mg/lit x 1/1,000 x 365 day = 257 kg/year
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Providing unit cost of calcium hypo-chloride, whose available chlorine content is 65%, is
2,330 FCFA/kg, the expenditure would be as follows.

- 257 kg/year x 100/65 x 2,330 FCFA/kg = 921,000 FCFA/year

(4) Annual Operational Cost of Fe & Mn Device

The operational cost of the device per yrea is estimated as follows.

- Electricity consumption: 1,091,000 FCFA/year
- Caustic soda: 3,168,000 FCFA/year
- Calcium hypo-chloride: 921,000 FCFA/year

Total 5,180,000 FCFA/year
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1. Analysis of Financial Status of the SODECA

The Study team collected SODECA’s 1998 Balance Sheet and summarized the result in the
column of “Result of SODECA’s Balance Sheet in 1998” in Table 1.

Data on water supply activity of SODECA said that SODECA supplied 7.912 million m® of
water to Bangwi area in 1998. Since the data show a total water supply volume of
SODECA, including 7 Provincial Centers, is about 1.13 times more than the water volume
supplied to Bangui, SODECA’s tofal water supply volume in 1998 was estimated 8.941
million m’. The balance sheet said that a billing water volume of Bangui was 4.576 million
m’ in 1998 and the same of 7 Provincial Centers was 736.000 m’.

It is hypothesized in the SODECA’s Balance Sheet that the total amount of the billing should
be paid by the subscribers. Depending on this hypothesis, the Billing Water Volume =
Accounted-for Water Volume, the Accounted-for Water as Percent of Total of Bangui in
1998 was calculated at 57.8% (= 4.575 million m* / 7.912 million m’) and the same of
SODECA as the whole was 59.4%. The SODECA has billed totally 1.791 billion FCFA to
the whole subscribers in 1998. Therefore, the mean sales water price was 335.4 FCFA/m’
that was calculated by the total billing amount dmded by the Accounted-for water volume.
The SODECA had pald 250.3 mitlion FCFA to the Government of the CAR as a utilization
charge of the existing water supply system in 1998. This utilization charge was equivalent
to 14% of the total billing amount (= 250.3 million FCFA / 1.791 billion FCFA). The
SODECA therefore figured 1,532 million FCFA in the Balance Sheet as the water sales
revenue, which was gained by the tofal billing amount minus the utilization charge. Taking
other financial particulars, which were stated in the same column of Table 1, into account,
the SODECA had a deficit of 82.839 million FCFA in 1993.

2. Case Study of Water Tariff

In ordér'to analyze impacis to the financial status of the water supply in Bangui by
integration of the groundwater development project into the water supply system in Bangui,
the Smdy fean carrled out the followmg 7 case studles

Case 1 On the basis of thc water demand projection, which was éstimated in the Master Plan

- study, but watér would be supplied by the existing system to only the existing water

- supply area. .- The current water=pfice was adopted into estimation of the water sales
revenue. (see Table 1)

Case 2: This case followed the same conditions of the Case 1 above except water supply area
where BI, B2 and B3 of Bimbo district were excluded. Because the groundwater
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development project, which would be inaugurated in 2004, would cover these 3 areas.
(see Table 2)

Case 3: This case analyzed financial status of the groundwater development project. Water
supply volume and covering areas were based on the Master Plan study. The

present water price was adopted into estimation of the water sales revenue. (see
Table 3)

Case 4: This case analyzed financial status after integration of the water services of the
existing system and the groundwater system (Case 2 + Case 3). (scc Table 4)

Case 5: This case followed the same conditions of the Case 2 above except water price which

had a 10% reduction from the presenf wholesale price at the public faucet, Kiosk.
(sce Table 5) ' ' :

Case 6: This case followed the same conditions of the Case 3 above except water price which
had a 10% reduction from the present wholesale price at the public faucei, Kiosk.
(see Table 6)

Case 7: This case analyzed financial status after intégratidﬁ of the water services of the
existing system and the groundwater system (Case 5 + Case 6). (see Table7)

From ihe results of the above analyses, Figure 1 and 2- were deduced. The graph A of

Figure 1 shows total revenue, total expenditure, and water supply volume of the Case 1
above. The graph B and C show the same indices of the Case 3 and Case 4 respectively.
The Figure concludes that the groundwater developinent project would improve remarkably
the financial status after integration of the existing system and the groundwater development
project.

The upper graph of Figure 2 shows profits estimated in the Case 1 and 4 above. The graph
says fthat deficit would be improved gradually after inauguration of the groundwater

development project in 2004. 1t also indicates that the proﬁt of the integrated, system, Case

4, was estimated at 268.1 mitlion FCFA in 2010 which cbngsponds to about 19% mor_eith'én

the same of the only present system, 225.2 million FCFA. The lower graph shows similariy :
profit of the Case 1-and 7. The graph also describes that a 10% reduction of the cutrent -

wholesale price at kiosk would devalue the increase of profit gained in the upper graph.
The profit would be improved after 2007, however, and reach to only 249 6 million FCFA
which corresponds to 10 % more than the same of present system

The detailed conditions of the above 7 analyses are shown in Table8. =
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