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Abstract: Assessment of the hydrological parameters of the Kalako waterfall on the Tinkisso-Dabola River by the 42-year
data reconstruction method from 1971 to 2012. The year of calculation of hydrological parameters is 1989. The values of
hydrological parameters (precipitation heights, flow volume and monthly flow) in this year from the site of Kalako determined,
are zero in the months of December, January and February. They are minimal during the months of February (8.0 mm,
2.72×106 m3 and 1.04 m3/s), April (29.1 mm, 9.89×106 m3 and 3.81 m3/s) and November (8.9 mm, 3.02×106 m3 and 1.16 m3/s).
This results in a very small amount of water during these periods. On the other hand, during the period from May to October,
the hydrological parameters of the site are important, with the maximum values observed in September (333.42 mm,
113.02×106 m3 and 43.75 m3/s). These results show that, during the year of calculation, seven (7) months (April, May, June,
July, August, September and October) out of twelve (12) of the Kalako site are very favorable for the production of
hydroelectric power.
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1. Introduction
Rain is essential for water balance studies as well as flow
forecasting and simulation since it is used as input to
hydrological models. Flow data provide information on
regimes, extremes, past trends, and hydrological behavior of
watersheds as part of the hydro-energy parameter assessment.
Rain and flow are variable elements in time and space. A
good spatio-temporal representation of flow and rainfall
information is crucial for projections of hydroelectric dam
construction [1].
Numerous studies have shown that the spatial and
temporal variability of rainfall events can be significant. This
rain is typically measured by rain gauges, which measure the
amount of water precipitated at one point. For economic and

practical reasons, it is unthinkable to install rainfall stations
at each point in the watershed. An interpolation method is
then needed to estimate an overall rainfall at the basin scale.
Clearly, the efficiency of these interpolation methods will be
conditioned by the sampling of this variable in time and
space [2].
In the Republic of Guinea (West African water tower), the
large quantities of annual rainwater are collected by a very
dense hydrographic network of nearly 1165 rivers. Most of
these rivers have their sources in the two mountains of the
country (the Fouta-Djalon and the Guinean Ridge). They are
divided into 23 river basins including 14 international basins
(Figure 1). Water availability is summarized as follows:
surface water (226 km³/year), groundwater (13 billion cubic
meters) and rainwater (1988 mm/year) on average, unequally
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distributed, with peaks of 4000 to 4500 mm in Conakry and
its surroundings [3].
The knowledge of the rainfall parameters of a hydroenergetic site makes it possible to deduce the hydrological
characteristics of this site. These hydrological parameters are
very important for the evaluation of the energy potential. The
present research thus focuses on the evaluation of the
hydrological parameters of one of the Kalako Falls on the
Tinkisso-Dabola River by adopting the method of
reconstituting rainfall data for a period of 42 years.

2. Methodology
2.1. Presentation of the Study Area
The Kalako Waterfall on the Tinkisso River is upstream of
the Tinkisso hydroelectric power station in the Upper Guinea
prefecture of Dabola (Figure 1). It is bounded on the north by
the sub-prefecture of Banko, on the south by the Tinkisso

hydroelectric power station, on the east by Souarela village
and on the west by the city of Dabola. It is between 11°19
'west longitude and 10°66' north latitude and is at an average
altitude of 586 m. The area of its watershed is 850 km2. The
Kalako site is 10 km from the Tinkisso hydroelectric power
station.
The left slope of the site has a slope of slight inclination,
with a bedrock, covered by a small thickness of earth. The
slightly altered gneiss appears on the side of the hill on
nearly 595 m. The rock outcrops widely in the right bank
with a constant facies of gneiss-magmatic type very hard,
unaltered [4]. The prefecture of Dabola is located in the
center of the Republic of Guinea between the middle and the
upper Guinea. The climate of Dabola is of the tropical type,
characterized by the alternation of two seasons (rainy and
dry). The average temperature in Dabola is 24.5°C. The
average annual rainfall is 1528 mm [4].

Figure 1. Map of Guinea with different watersheds.
Names of the watersheds: 1 Cogon; 2 Tinguilinta; 3 Kappatchez; 4 Fatala; 5 Konkouré; 6 Soumba; 7 Killy; 8 Forécariah/Bofon; 9 Melakhouré; 10 Kolenté; 11
Koloba/Korubal; 12 Gambie; 13 Sénégal; 14 Koba; 15 Niger; 16 Mani, 17 Samandra; 18 Mani; 19 Diani; 20 Loffa; 21 Makona; 22 Kayanga Géba.

2.2. Method

variability, of the asymmetry, theoretical module and flow.
These hydrological parameters are calculated as follows [5].

The determination of the main hydrological parameters
(maximum operating and construction flows, monthly flow
volumes, monthly flow flows and hydrographs) of a
hydroelectric dam site is a function of the coefficients of

2.2.1. Coefficient of Variability
The coefficient of variability (Cv) makes it possible to
determine whether the number of years of the observation
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series is sufficient. It is determined by relation 1 [6].
∑(

=

18

Where: γ is constant which varies between 2 and 4.

)²

(1)

Ki: is the theoretical module coefficient in (%)
For: n = 42 years, the coefficient of variability calculated
is Cv = 0.35.
2.2.2. Coefficient of Asymmetry
The asymmetry coefficient (Cs) is the measure of
dispersion of values that globally quantifies differences
between observations or their dispersion around a central
value and determined by the relation 2 [7].
C =γ×C

(2)

2.2.3. Coefficient of Theoretical Module
The theoretical modulus coefficient (Fi) corresponds to the
coordinates of Foster RYBKINE, which is a magnitude that
defines the rain surplus or deficit in an area in a given period.
It is calculated by the relation 3 [8].
F =φ×C +1

(3)

Where: φ is the modulus factor given as a function of the
probability (Pr), the probability of passing is expressed as a
percentage, it is the probability of reaching or exceeding a
quantity under examination. The values of the theoretical
module (Fi) are calculated for Cs = 2.

Table 1. Theoretical Module Coefficient (Fi).
Pr
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3.38

2.48

1.69

1.3

0.8

0.51

0.22

-0.03

-0.28

-0.55

-0.85

-1.25

-1.58

-2.18

-2.84

2.18

1.86

1.59

1.45

1.28

1.17

1.07

0.88

0.90

0.80

0.70

0.56

0.44

0.23

0.006

2.2.4. Arithmetic Mean Squared Error
The quadratic error is defined by the relation 4. It is
between 5 to 10% (Abdoul, 1996) [8].
=

× 100

√

(4)

Thus, the quadratic mean error is determined by the
relation 5 (Abdoul, 1996) [8].
"

=

#

%

$

× 100

(5)

Thus: for Cv = 0.35 and n = 42, we find σ = 5.4% and σq =
11.55%. As σ ˂ 10% and σq ˂ 15%. This means that the
number of years of observation (42 years) is sufficient.
2.2.5. Coefficient of Flow and Its Choice
The flow coefficient is the ratio between the amount of
rain that has passed and the amount of water precipitated
during a given period in a given basin. For tropical countries,
this coefficient is between 0.2 and 0.6. In this search, we
choose 0.4.
2.2.6. Maximum Operating and Construction Rates
The maximum operating and construction rates are
calculated according to the theoretical module coefficients
()*+*,
(Houari, 2017) [9]. The maximum operating flow (Q %
)
and the maximum design flow rate are calculated at 1% and
10% respectively. These flows are calculated by the relation
6.
()* +*,
Q%

=

-./.0
1

(6)

Where: P is the mean precipitation in (mm) calculated
from the relationship; F = 850 km2 is the surface of the
watershed of the site; T = 1 month is the duration. The

maximum operating flow at 1% is 72.25m3/s and the
maximum construction flow at 10% is 56.32 m3/s. Average
precipitation (P) is defined by relation 7 [10].
P = P3 4 × F

%

(7)

Where: P3 4 = 296.16mm is the mean interannual
precipitation; Fi1% is the theoretical modulus coefficient given
in Table 1 [3]. Thus, for Fi1%, we have: P = 550.85mm and
for Fi10%, we find P = 429.43mm.
2.2.7. Calculation Year
The choice of the calculation year is based on the notion of
mean annual precipitation (Pman). On the basis of this
average, the table includes reconstructed rainfall data from
the site, the year whose average annual rainfall is as close as
possible to (Pman) [8].
2.2.8. Average Annual Rainfall
The average annual rainfall is calculated by the relation 8
[11].
P() =

-9:;

(8)

Where: P (+ is the sum of the monthly precipitation from
1971 to 2012 (42 years).
2.2.9. Volumes Mensuels d’écoulement
The monthly flow volumes are defined by the relation 9
[12].
+=>?@
W(+
= H,(+ × F × α

(9)

Where: H,(+ is the sum of the monthly precipitation; F is
the surface of the catchment area and α = 0.4 the flow
coefficient of the study area. The calculation results of the
monthly flow volumes are given in table 4.
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2.2.10. Monthly Flow Rates
The monthly flow rates are determined by the relation 10
[2].
C:EFGH
9:D

Q(+
+=>?@

(10)

1

3. Results and discussion
3.1. Results
The results obtained are given in the tables and then
represented by hydrographs.

Where: T is the duration in seconds for a month of 30
days.
Table 2. Average precipitation values for the calculation year.
Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Pi (1971-2012) 28.7

164.6

387.3

2213.6

4719.5

7321.3

10192.1

12826.6

Pman

3.91

9.22

52.70

112,36

174.31

242.66

305.39

0.68

Oct

Nov

Dec

Sum

11164.1 5683.5

913.7

32.98

55648.0

265.81

21.75

0.78

1324.95

135.32

The comparison of the sum of the mean annual rainfall (∑ IJK
1324,95) with the sum of the annual precipitation of the
reconstructed data, reveals that the year 1989 with a total of 1339.8mm is best indicated as the year of calculation. The 1989
data are summarized in Table 3.
Table 3. Monthly Precipitation of the Calculation Year.
Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Sum

Year 1989

0

8.0

0

29.1

147,2

184.8

201.0

244.2

333.6

183.0

8.9

0

1339.8

The error allowed for the choice of the calculation year must be within ± 5%. The calculation of this error for the 1989
selection is ± 1.
Precipitation heights, flow volumes, monthly flow rates for the year of calculation (1989) are given in Table 4.
Table 4. Precipitation Heights (Hp), Flow Volume (Wme), and Monthly Flow (Q).
Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Hp (mm)

0

8.0

0

29.1

147.2

184.8

201.0

244.2

333.6

183.0

8.9

0

Wme (106 m3)

0

2.72

0

9.89

50.04

62.83

68.34

83.02

113.42

62.22

3.02

0

0

1.04

0

3.81

19.30

24.23

26.36

32.02

43.75

24.00

1.16

0

3

Q (m /s)

These hydrological parameters (Hp, Wme and Q) of the
Kalako waterfall are represented by hydrographs, see Figures
2, 3 and 4.

Figure 3. Hydrograph of Precipitation.

Figure 2. Hydrograph of Monthly Flow.
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Figure 4. Hydrograph of the monthly volumes of the year of calculation

3.2. Discussion
Figures 1, 2 and 3 show that:
(1) During the calculation year, the values of the
hydrological parameters (rainfall heights, flow volume
and monthly flow) of the Kalako site are zero in the
months of December, January and March.
(2) The values of the hydrological parameters of the site
are minimal during the months of February (8.0 mm,
2.72×106 m3 and 1.04 m3/s), April (29.1 mm, 9.89×106
m3 and 3.81 m3/s) and November (8.9 mm, 3.02×106
m3 and 1.16m3/s). This results in a very small amount
of water during these periods.
(3) During the period from May to October, the
hydrological parameters of the site are significant, with
the maximum values observed in September (333.42
mm, 113.02×106 m3 and 43.75 m3/s).
These results show that, during the calculation year, seven
(7) months (April, May, June, July, August, September and
October) out of twelve (12) of the Kalako site are very
favorable for the production of energy. hydroelectric.

4. Conclusion
This research made it possible to determine all the
hydrological parameters of the Kalako waterfall on the
Tinkisso river in Dabola, thus contributing to the knowledge
of the characteristics allowing to evaluate the hydro-energetic
potential of this site. The supply of permanent electrical
energy requires the installation of another system to
overcome the deficit observed during the period of low water
(January, February, March, November and December).
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