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BANDAMA RIVER PROJECT

Reappraisal of the relationship between the discharges at
Beoumi and Duibo on the Bandeme River.

There are discharge records for the Bendama at Becumi from March,
1954, However, this station is some distance upstream of the proposed dam site
at Kossou and to determine the river fiow at the dam site gauging was started in
June, 1962 at Duibo near Kossou. The flows at Duibo for the period 195k to 1962
could be estimated from the flows at Beocumi provided a satisfactory relationship
could be found between the two fliows after 1962.

Based on the limited emount of data available in 1963, a simple ratio
of 1,18 was originally obtained between the fiows at Duibo and Beoumi. Subsequent
records available, up to March 1968, suggest that overall this figure is too high
and that there is a significant variation month by month. It is necessary therefore
to determine whether this variation is to be expected from the hydrology of the
river basin or whether it is éonsequeht on errors in gauging at the two stations.

The flow date on which the analysis is based have been derived as
far as possible from the original records of stage using rating tebles derived
from fiows measured by current meter. There are 58 months between June 1962 and
March 1068 for which flow data exist for both stations. These are listed in the
first two columns of fable 5. The flows in parenthesis involve some interpolsetion
on several days during the month. Hoﬁever, in the ceses listed the interpolation is
judged to have not significantly reduced the relisbility of the data.

A study of the rainfall pattern over the catchment ares suggeste
a possible cause of the varisticn in the flow ratio. Average monthly rainfall in
Table 1 {from selected stations in table I¥-1) plotted egsinst latitude in Fig.l
shows a variation in rainfall pattern through the year. The monthe November to
February are relatively dry; in mo month does rainfall exceed the estimated
evaporation loss in table 2 (from table IV—?). The honths Maich - June are wetter,
rainfall being in excess of evaporation losses, and significantly there is more
rain in the south of the area then in the north. Rainfall minus evaporation is
four times greater at the southern limit of the area than &t the northern limit,
with & uniform variation between. The months July to October have the heaviest



rainfall with considerably more rain in the north then in the south. Rainfall
minus evaporastion is five times greater at the northern limit of the area
than at the southern limit., Again the varistion is approximately uniform
between these limits.

\ VWhen the run-off hydrograph for the year is considered together with
the rainfall variation described above, it is possible to define three four

nonth geasons.

November to6 February ‘ The dry season during which the river flow
recedes from its peak flow in October to its
minimum flow in Februsary.

. March to June | A season of some rain ﬁainly in the south with
highly varisble river flows.

July to October . The rainy season with considerably more rain
in the north than in the south. The river
flow riges rapidly in July and August to a
. peek sustained during September and early
- October.

The flow data have been essembled according to these seasone in
Pable 3, The Beoumi records are incomplete for some months in 1966 and 1967.
Only those months with records from both stations have been used and the
figures in parenthesis indicate the number of months record represented in
the seasonal total when the data are incomplete.

'The observed seascnal runoff ratios appear to have a logical
connection with rainfall distributions With heavier rainfall in the north in
the July to October season, the contribution to flow at Duibo of the area
between Duibo and Beoumi should be less than the aversge coantribution from the
vhole catchment. Thus the flow ratio should be less than the simple ratio of
areas {1.23).Conversely in the March to June sesson the heavier rainfall is in
the south and the flow retio lrould be greater than the area ratio. Dﬁring the
Novenmber to February season there is little rain and flows are derived from



ground water storsge; the flow ratio should therefore be approximately equal
to the ares ratio assuming that the cetchment storage fs uniform throvghout
the ares.

Yhe flov ratios for individusy Seasons are more highly varisble
for the March to June cesson than for the July to October season. The formey
are associated generally with lov flowa, the latter with high flows., The
variability eimost certainly reflects the accuracy of the fiow records which
are norcally least relisble et low flows enpecially vhen these are bhased en a
single rating curve rether than curves for individual years., In edaition it
could reflect the areal variavility of the reinfall which will be particwiarly

great in sessons when the overall rainfall is comparatively low,

The simplicity of the sessonal aversgs rainfall distribvution *g.2
allows o simple but approximate caleulation of the aversge run-off for the
parts of the catchment sbove Beoumi and between Beouml end Duibo. The catchment
has Seen dlvided into latitude zones and the average run-off from each zone is
assumed to be proportional to the sverege rainfall minus svaporation losses.
The calculations are shown in Table &,

The results for the Maveh o Juns ﬁizd,Juiy to Octoder seancns show
substantial agreement vith the actual fiow ratios. This suggests that the
letter are real end not on average the rasuit of systematic errors in geusing.
Ho result was obtained for the November to February season as evaporation exceedsd
rainfall throughout the catohment in this periof. It has been noted that thia
iz the recession season when ¢ result approzimately equsl to the ares ratic
nigh€ be expected. '

For comparison with the result based on seasons, the flow &t Duibo
was plotted against the corresponding flow st Beoun! on a monthly basis, Figa,
3 and & and titted by linear ana logarithmie equations: '

Y o= T2 ¢ 2,07 X (r = 0,996 B.EE. 22,9 15 )
fec

and Y = 1500 x M (40 08

Where Y is the fiov et Duibo end X the flov at Bacuri in ¥/see.



-

The predicted flows at Duibo are given in Table 5 ecorresponding
to the seasonal prediction and predictions based on the two equations above.
Table € shows the sums of squares of the differences between observed and
predicted flows for each case. The lowest value is cbtained from the seasonal
prediction though the difference between methods on this basis is smell. The
figure of 28,600 for the sum of squares of dirferences for 58 values corresponds
to a standard error of estimate for individual monthly values of about 10%.

 The prediction based on seasons has been shown to have a physical
pasis and it gave the best result based on compgrison of the sum of squares
of the differences between cbserved and predicted flows at Duibo. It is
also the simplest method to apply in practice.

It is therefore recommended that the flows at Duibo be derived from
those at Beoumi using the following factors.

July %o October -~ .09
November to February 1.16
March to June : 1.h0

Tsble 7 gives the result for the period 1954 to 1962. Flows at
Duibo for the period prior to 1954 could be computed following e re-examination
of the rainfall run-off relationship et Beoumi.
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TABIE 2

s A AP hamst .

. MONTHLY ESTIMAYED EVAPORATION LOSSES

e

Jan ?ﬁ
‘Fod 60
Mer 55
Moy - 95
June 110
oo duly 300
mﬁ: 0. -
Bept TS L
oet 95T



SFASONAYL, PIOVS
{M 3_/396)
Flov st | Plow &b Ratio
uibo Raouni _

_ Nar - June 18 (1) 8 (1) 2.25
1962 July - Oet | 12h5 11461 , 1.071
Fov - Peb 253 239 1.06

Mar - June - sk (3 0 (3} 1.80

1963 July ~ Oct - 2127 1766 1.20
Hov - Feb 546 ' 452 : 1.01

Mar - June 119 T2 | 1.65

1964 July - Oct 237h , -3 T 1.07
Nor - Fab hos hh - 1.12

Mar - June 129 . | 113 1.1h

1965 - July - Oct 215 | aoko 1.05
Nov - Peb 308 .o 1.1k

Mar - June | ¥ (3) 3+ (3) 1.26

1966 July ~ Oet 1050 (2} 952  {2) 1.00
Novr - Peb 2he (2 202 (2) 1.20

Mar ~ June s ) 13 (1) 1.15

1967 July - Oct ot (3) 1307 (3) .08
Hov - Peb 152 (3) 120  (3) 1.27

TOTAL PLOVS ARD RATIOS FOR XACH SEAGON

Season . Plov at Flow at Ratio

. Duive | . Beoumi
July - Oct w034 - 9hh2 109
Hov - Feb 1697 - a7es ‘ 136

Mar - June 318 2710 71 )
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TABLE 5

e anpee ek

MONTHLY OBSERVED AND FREDICTED FLOWS AT EFOUMI AND DUIBO

( .3 )
{ M /uc )
Observed  Observed Predicted flow at Dulbo
flow at  filow st by hy . by
Beoumni Duibto  sesscnal linear = logarithmie
method regression regression
1962 June 8 18 n a6 11
July 28 40 30 38 35
Aug 133 13% 1ks 150 154
Sept 551 578 601 599 593
Oct hiy 492 489 koo 489
Nov 149 - 161 173 168 172
Dec 58 a7 6T T0 10 .
1963 Jan 2 18 2k 30 LT
¥eb 1 T 13 19 15
Mar 10 8 ik 18 13
May (16 . 13 22 25 21
June
July 134 225 146 151 156
Aug k3L 357 3k2 345 348
Sept 653 53 T12 709 697
Oot 665 02 T2% t22 T09
Nov 329 (ko8) 382 361 364
Dee {83) 89 96 ST 99
2964 Jan 28 15 32 38 35
Fab 12 i3 1h 20 16
Mar y é 6 12 6 .
May T - ar 2k 26 22
June bt 80 6 . 58 58
July 43 19 b7 5h 53
Aug (428) kho k66 key 46T
Sept 1025 072 1117 1100 1068
Oct - 120 783 185 81 6L
Kor 200 207 232 222 227

Dec 138 2h9 160 156 160
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Table 5 continued:

1965

1966

1967

1968

68
35

19
(20)

63
264
410
684
682
171

55

25

11
iT

k75
bTT
186

16

13

262
597
b8

98

12
10

89
51
17
29
14

69
266

- h66

686
133
193

30
13

16

504
536
208

1h
15

2h5

640
42
12k

1
ik

79
hi
27
28
15
88
288
k7
Th5
h3
203
64

29

15
2h

518
520
216

18

18

286

651
488
11k

1k
12

518
520
207

25
21

289
649
489

13

20
18

82
4
2h
26
15

296
L
728

202
67

32

a5
22

516
518

21

1T

agh
640
488
116
16
13



TABLE 6

ANNUAL TOTALS OF OBSERVER AND PREDICTED FLOWS AT BEOQUMI AND DUIBO

w3

gec

observed and

predicted monthly

flows.

Observed  Observed Predicted flow at Duibo
flow at, flov a% by by . by
Beoumi Duide| seasonall linear logarithmic
. nethod { regression{ regression
1962 June-Dec 2376 ko1 1516 Is3L 1516
1963 ExcleJune 2240 2704 2k82 2489 2482
1964 Complete ,
year 2666 2898 2955 2955 2955
1965 Complete - e
: year 2.1188 2685 2770 2761 2770
1966 Jan-May A '
Sept-Nov 1211 1354 1346 1360 1346
1967 Jeb ey sk | 1560 1575 1586 1575
1968 Jan-Feb 22 28 26 38 26
Total .111}37 12720 12670 12720 12542
Sum of sguares of 28631 29369 29559
differences betwenn
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