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Abstract

A sedimentological study was carried out at the lake of Ayamé, with the purpose of
determining, by using granulometric and mineralogical characteristics, the origin, the
transport process and the space distribution of sediments. In the lake of Ayamé one
distinguishes in the downstream sector a prevalence of mud and fine sands. In the upstream
sector sands are mainly middle to coarse in size. The muds are localized in the vicinities of the
banks, while sands are found in the principal channel of the lake. The minerals found in the
sediments are heavy minerals (amphibole, tourmaline, diopside and epidote) and light
minerals (quartz and feldspaths). The morphoscopy of the quartzes revealed the prevalence of
rounded and bright particles, representing a lake transport over a relatively long distance.
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Introduction

The flow of sediments into watercourses reflects processes of erosion and transport of
particles on the watershed [1]. In several countries, erosion, sediment transport in the drainage
system of watersheds and their deposition in reservoirs of dams pose delicate problems to
operators whose resolution is very expensive [2-4]. Thus, the existence of lakes or artificial
dams, for example, can change the amount of sediments transported and subsequently estimate
basins erosion rates [5]. Nevertheless, only a steady ratio between the deposition of sediments
and their takeover by the river itself would imply that the determination of the solid flow is a
direct measure of the erosion rate of its watershed. So, the knowledge of the quantity and the
nature of the substances carried by the river is an asset both for the management of the
watershed and for the coastal environment, because, although it is not well documented yet, the
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effects of the morphogenic transport of fine particles in suspension are not negligible in the bed
of rivers [6]. In Ivory Coast, dams have been the subject of several studies dealing primarily
with the physico-chemical and biological characteristics of water [7-9]. However, few studies
have examined the morphology of the substances and the nature of the sediments that fill those
reservoirs [10-14]. Nevertheless, those studies have shown that those dams represented major
assets that support the development of the country and that they were threatened by siltation
problems.The particles carried by currents of water accumulate in lakes and dams and may form
barriers to their migration farther on, thereby reducing the storage capacity of reservoirs.
Therefore, the prediction of these phenomena is essential so as to predict their intensity and to
define the actions needed to be undertaken in order to reduce their harmful effects, because the
study of the sediment volumes transported by the courts of water is particularly important for
their management frame, or for the construction of hydraulic structures,such as reservoirs or
dams [15, 16]. However, despite the dangers inherent in the filling of lakes over time, no
sedimentological studies have been conducted on the hydroelectric dam Ayamé 2 [17]. As part
of a good management of this water-holding and filling phenomena, which may involve the
reduction of water storage capacity, we conducted the presentstudy , to evaluate the flow of
sediments in the hydroelectric lake in Ayamé 2. This study aimed to evaluate the vulnerability
of the hydroelectric dam Ayamé 2, for a better evaluation of its water storage capacity and of its
hydroelectric potential.

L ocation, geological and climatic framewor k

Bia is a river that starts in Ghana, north of Chemraso. Of the 290 km of its course, only
120 km are in Ivory Coast. The Bia Basin is a transboundary river basin with an area of about
1500 km?. Bia gets one important tributary in Ghana, the Sui, from the left bank. Two other
notable tributaries, Tamin, from the right bank and from the left bank, Tioma, flow into the dam
of Ayamé 2 in Aboisso, specifically in the southeast of Ivory Coast. The hydroelectric
exploitation of Bia has two waterfalls, an upstream fall at Ayamé I and a downstream fall in in
Ayame II, comprising the lakes formed by the hydroelectric dams Ayamé I and II, the oldest
dams in Ivory Coast , built in 1959 and 1965, respectively. The hydroelectric dam Ayamé II
(between 3°9.540" west longitude and 3°4.942' north latitude) is a sluice dam, 4 km from
Ayamé 1 (Fig. 1), the hydraulic characteristics depend on those of Ayamé I, with a much
smaller area of 7 km®. According to the work of Guillaumet (1971) and Girard et al. (1971), Bia
flows entirely under dense forest with an average flow of 82 m*/s before flowing into the Aby
lagoon [18]. The terrain of the Bia watershed is more or less degraded by erosion are printed
between strips high surfaces oriented SW-NE. The relief is represented by a digital terrain
model with gradients ranging from 1 to31% (Fig. 2).
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Fig. 1. Presentation of the study area
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Bia has a transitional equatorial regime and that regime is characterized by the
doubling of its annual flood, which is easily explained by the seasonal distribution of rainfall.
The first period of high water predominates and occurs in June-July and the second in October-
November. A period of low water is observed in August-September and another, even lower,
extends from December to March [19].

The vegetation of the Bia Basin has undergone significant changes due to the
intensification of agriculture and to high population pressure [20]. This vegetation belongs to
the Guinean area, with a rain sector characterized by evergreen rain forests, that is to say, the
defoliation never affects the whole. The type of geological formations which outcrop in
watersheds affects the distribution of surface runoff. To the north of the basin consists mainly of
shales while in the south it consists of granitic intrusions and volcanic rocks within shale
formations. This basin is formed of impermeable rock, which often has a high drainage density
that encourages runoff of surface waters at the expense of infiltration.
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Fig. 2. Map of the slopes of the Bia Basin
Methods

To determine the particle size characteristics of the sand in the lake, 48 sediment
samples were collected by using a Van Veen grab sampler in all four hydrological cycles (Fig.
3). Sediments were analyzed according to the technique described by Saaidi (1991). Organic
materials and shell debris were eliminated by using hydrogen peroxide 30% and 50%
hydrochloric acid. After removal of the fraction smaller than 63 microns, each sand sample
underwent a dry particle size analysis on a column of 16 mesh screens (AFNOR standard) [21-
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23]. The sands of the lake were characterized by their average grain size (Mz), their skewness
(Sk) and classification index (So), determined by using Folk's method (1974). Sedimentological
maps and positioning maps were produced by using the ArcView 3.3 and SURFER 8.2
software. [3,4, 24-30].
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Fig. 3. Sediment sampling stations in Lake Ayame 2

To determine the depositional environment we used diagrams as Friedman (1967) and
Moiola and Weiser (1968) [31, 32]. It was similar to the river environment, the type of
environment and dune beach, or river type of environment. Finally, to determine the mode of
transport of sand in the lake, the Visher (1969) test was applied to all of the sediments [33].

Results

Description and mapping of shallow sedimentary facies

The particle size of sand contained in the sediments reveal that the grains are very fine to
coarse (Sample 1, 2, 3,4, 5, 6,7, 8,9 and 10) (Table 1). The color is yellowish-brown sands of
variable shades. Some samples contained plants and sediments of shell fragments. The vases
vary in color and are located southeast of the lake (Sample 11, 12, 13 and 14). Fluid vases are
blackish and very rich in organic matter. Mud cream has a grayish color and is rich in organic
matter.
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Table 1. Particle size analysis of lake surface sediments reveals two lithological facies: sands and vases.
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Fig. 4. Spatial distribution of sediments in Lake Ayame 2 (um)

No Positions Sedimentary facies Mz Ecart- Sk M
Longitude Latitude (um) type
1 481953.03 616940.34 Medium sands, highly skewed toward the ends, 323.33 0.87 0.77 250
moderately classified
2 48108571 617066.47 Sables means, highly asymmetric to the purposes, 420.00 1.02 038 250
poorly sorted
3 481231.59 617590.45 Medium sands, highly skewed toward the ends, 416.67 0.95 0.52 250
moderately classified
4 481431.54 619137.77 Coarse sand, unbalanced towards the coarse, poorly 1340.00 1.30  -0.16 2000
sorted
5 481536.66  619436.00 Medium sands, highly skewed toward the ends, 373.33 0.85 0.62 250
moderately classified
6 481657.20 617085.91 Fine sands, highly skewed towards coarse, very well 205.00 029 -0.84 160
classified
7 481429.73 616859.47 Medium sands, highly skewed toward the ends, 430.00 0.77 0.96 250
moderately classified
8 481356.72 618115.87 Sables means, almost symmetrical, moderately 436.67 091 -0.04 250
classified
9 482136.26 617209.95 Fine sands, highly skewed toward the ends, 243.33 0.76 0.62 125
moderately classified
10 482322.45 617085.04 Coarse sand, unbalanced towards the coarse, poorly 1366.67 144 -1.05 5000
sorted
11  481844.82 617273.87 Vases blackish fluid; rich in organic matter <63 ) “) “)
12 482090.56 617061.90 Greenish fluid mud; presence of plant debris and <63 ) ) ®)
shellfish
13 481653.13 617097.65 Gray sandy mud of black olive to olive moderately <63 ) ) ®)
classified misfiled
14 482377.85  617192.6 Vases blackish fluid; rich in organic matter <63 (-) (-) (-)
Ech. Sample; (-) Unidentified parameters Mz: average particle size; Sk: skewness; So: asymmetry of sand grains; M: fashion
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Spatial distribution of content size fractions

Spatially, sediment distribution is uneven in the lake (Fig. 4). The medium to coarse
sands are found in the islands. The medium sands are in the vicinities of the banks, fine sands
and vases in the vicinities of the dam and sometimes near the dam, around islands. The average
grain size of the sand is between 205.00 microns and 1366.67 microns. The standard deviation
is between 0.29 and 1.44 with an average of 0.85. This indicates that the sands of the lake are
classified as moderately misclassified. The asymmetry indices (skewness) extend from 0.84 to
0.96 indicating a strong asymmetry to small sizes.
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Fig. 5. Diagram Visher (1969) indicating the sediment transport mode

Sediment transport mode

The gradation of the sands in lake Ayamé 2 has several paces (Fig. 5). The application
of the Visher test (1969) to the lake sediments indicates that the sands are mainly transported by
saltation (about 75%). The bed load transport coming into the background represents a
relatively small proportion (about 15%) and so does the transport suspension which represents
only about 10%.

Sedimentary deposit of Environment

The diagrams of Friedman (1967) and Moiola and Weiser (1968) applied to the sands
in lake Ayame 2 reveal two (2) depositional environments. It was similar to the river
environment. In this component, the dispersion of the sand grains is mainly in the fluvial
domain (Fig. 6). The proportion is around 80% in the type river domain. Then there is the type
of river environment. In this graph all sediments are scattered in the river type field. No points
will be found in the beach or dune-like domain (Fig. 7).
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Fig. 6. Scatter plot of Friedman (1967)
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Fig. 7. Scatter plot of Moiola and Weiser (1968) between billion-So (pm)

Morphometry of quartz

The average indices of asymmetry of the quartz grains of the sands in lake Ayamé 2
are between 0.75 and 0.95, with an average of 0.68. Flattening ratios are between 1.01 and 3.08.
The overall average is 1.39. However, we noticed that the flattening indices are close to a (Site
2,3,4,8,9 and 13) and highest in all the indices of asymmetries (Table 2). The indices indicate
that the particle size is related to the shape of the grains. According to N'Guessan et al., 2008,
when the sediment grain size is growing, quartz minerals have an almost spherical shape,
because the indices of asymmetry and kurtosis, respectively, approach the value of 1(un) [34].

Table 2. Description of the Quartz morphometry in Lake Ayamé 2

Site Longitude Latitude Flattening Index Index asymmetry
1 481953.03 616940.34 3.08 0.95
2 481085.71 617066.47 1.05 0.85
3 481231.59 617590.45 1.15 0.75
4 481431.54 619137.77 1.25 0.86
5 481536.66 619436.00 2.16 0.79
6 481657.20 617085.91 2.39 0.94
7 481429.73 616859.47 225 0.86
8 481356.72 618115.87 1.34 0.64
9 482136.26 617209.95 1.00 0.78
10 482322.45 617085.04 3.37 0.79
11 481844.82 617273.87 1.04 0.84
12 482090.56 617061.90 3.02 0.83
13 481653.13 617097.65 1.01 0.77
14 482377.85 617192.6 2.26 0.79

Average 1.88 0.81
Maximum 3.08 0.95
Minimum 1.01 0.75
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Mineralogy

Mineralogical analysis of the samples of lake sands identified a mineralogical spectrum
characterized by a set of heavy and light minerals (Fig. 8). Heavy minerals found in the sand
fraction are mainly garnet nesosilicates (3%). There are also inosilicates, represented by
amphibole (2%) and pyroxene (5%). The cyclosilicate is represented by the yellow tourmaline
(3%) and the sorosilicate is represented by epidote (2%). From the light minerals we found
tectosilicates, represented by quartz (55%) and feldspar (18%). We also found phyllosilicates
represented by mica (12%).
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Fig. 8. Procession of mineralogical sediments of the estuary of the Comoé¢ river
Discussion

Overall, the results we recorded in Lake Ayame 2 revealed that the sediment grain size
presented a homogenous distribution and were mainly medium.. Unlike the study of Meledje et
al (2014) who found a heterogeneous distribution of sediments in Lake Ayame 1 and that of
Adopo et al. (2014a,b) conducted in the estuary of the Comoé river [24, 25, 35]. This can be
explained by insufficient sampling over the entire lake. Indeed medium sands are located in the
vicinity of the banks, the coarse sands in the vicinity of the islands, and we encountered fine
sands and vessels in the vicinity of the dike. The presence of fine sands may be explained by the
fact that the mode of deposition of sediments in this area is dominated by settling. The vases
formed due to the decomposition of aquatic plants and vegetation, submerged by rising waters,
as indicated by the dead wood that was observed in the lake [36].

Indeed, Lake Ayame, like the other lakes in Ivory Coast was formed without
deforestation before impoundment [20]. According to our results, the sediment sources are
numerous and according to Saadi's (1991) lithological point of view, the united frequency
curves and the bimodal, respectively, reflect the existence of two particle sizes and two sources
in lake Ayamé 2, which is in agreement with the Sk-Md Moiola and Weiser diagram (1968), in
which the sediments of Lake Ayame 2 would come from inland and coastal dunes, with a
dominant mode of transport which is saltation in a fluvial depositional environment [37]. The
procession of mineralogical sediments is characterized by heavy minerals (amphibole,
tourmaline, pyroxene , mica and epidote) and light minerals (quartz and feldspar). Quartz is the
most abundant mineral (55%). These minerals are as those found by Broche et al. (1977) in the
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region of Taabo and the upper Bandama watershed [38-43]. Yagé et al. (1996) found similar
proportions in this lake [13].

Conclusion

This study was conducted in order to evaluate the flow of sediments in Lake Ayame 2, in
the area of Aboisso, in the southeast of Abidjan. Our intent was to characterize the sediments
and their spatial distribution in Lake Ayame 2. The particle size analyes of the sediments show
that they consist of vases, fine sand, medium sand and coarse sand. The sands present in the
sediments of Lake Ayame are mainly means purposes and are misclassified. Their distribution
is not uniform in the lake. Vases and fine sands were mainly found in the deep areas, near the
dam and in areas heavily occupied by invasive aquatic plants. In contrast, medium sand banks
meet the neighborhoods, while coarse sands are located in the vicinities of the islands. The
findings of this study show that the facies of Lake Ayamé 2feature a silting with a very
important contribution of particulate flows that may result, in the long run, in a filling of the
reservoir of Lake Ayame 2.
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