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HYDRODYNAMIC FUNCTIONING OF THE LOBO RIVER RESERVOIR,
West-Central of Cote d’lvoire

Built to improve water supply for the populations of the city of Daloa, the Lobo River reservoir is no longer
functioning properly due to human activities near its reservoir. This study, based on a 2D hydrodynamic model,
carried out with the Mike21 HD software, allowed the reconstruction of the flows in the Lobo River reservoir. The
results of the simulation indicate that the hydrodynamic model could reproduce the variation of water levels at the
free surface of the reservoir. Also, the results are very sensitive to the boundary conditions of the model but also to
the initial conditions. The results of the influence of pumping on the dynamics of water levels in the Lobo River
reservoir showed that water levels are not significantly modified by pumping (less than 1.3 mm). Therefore, pumping
has little impact on the hydrodynamics of the Lobo River because the pumped flows are much less than the inflow to
the reservoir.
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Introduction. Artificial water storage, created by the construction of water reservoirs, is
essential for the sustainable health and well-being of populations as it provides water for human
consumption, irrigation, fishing practice and energy production. In addition, water retention
reservoirs are also used for recreational activities, flood and drought control (Buyukyildiz et al.,
2014; Luis and Cabral, 2021).

Like other African countries, Céte d'lvoire is not immune to eutrophication phenomena
(Koffi et al., 2020b; Kouassi et al., 2013). The advanced eutrophication of some water reservoirs
used to supply drinking water to the population sometimes makes it difficult to treat these waters
due to siltation at the water intakes. Built to improve the supply of drinking water to the people of
the city of Daloa, the Lobo River reservoir has been subject to all kinds of anthropogenic
pressures for several years. Despite the efforts made by the competent authorities, recurrent
problems of water supply are still observed in several districts of the town of Daloa. However,
the water reservoir used to supply drinking water to the population has not yet been the subject
of hydrodynamic studies to understand its functioning in order to adopt management strategies.
Moreover, the combined effect of climate change, the absence of protection perimeters around
the water reservoir, rapid urbanization and agricultural activities could affect the morphology
and quality of the water. It is in this context that this study was initiated to understand the
hydrodynamic functioning of the Lobo River reservoir.

Material and Methods

Study area. Located in west-central Cote d'lvoire between longitudes 6°36' 0" and 6°36'
36" West and latitudes 6°57' 0" and 6°57' 30" North, the Lobo River impoundment is located 25
km from the town of Daloa (Fig. 1). This river is one of the tributaries of the Sassandra River
(Koffi et al.,, 2020a; Yao et al., 2012). The Lobo River impoundment is the main source of
drinking water supply for the people of the city of Daloa.

Hydrometric data. Hydrometric data from the Adjoukrou station located upstream of the
reservoir were used in this study. These data cover the period 2019-2020. All hydrometric data
used in this study are at daily time step.

Bathymetric survey. Bathymetric surveys were conducted using a Lowrance Elite Ti 9
echo sounder. This device consists of three parts. Bathymetric measurements were made at a
frequency of 450 kHz to allow the waves emitted by the echo sounder to not penetrate the
sediment (Lowrance, 2019). The development of a quality hydraulic model is highly dependent
on good bathymetry. To this end, the areas covered by the bathymetry take into account the
fluvial and lacustrine portion of the Lobo River impoundment reservoir. In order to obtain a
regular grid of points, all the data were interpolated by the nearest neighbor method using the
MIKE 21 software.
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Fig. 1. Sudy area

Hydrodynamic model. The distribution of currentology and water levels in the Lobo River
impoundment were evaluated through the development of 2DH numerical modeling, performed
using MIKE 21 FM software (DHI, 2020). This is a software package that simulates the variation
of water levels, flows and sediment transport in two dimensions (2D). It solves the classical
two-dimensional Saint-Venant equations by the finite volume method on a flexible mesh grid.
The vertically integrated conservation of mass and momentum equations used by the MIKE 21
model are used to describe the flow and water level variations (DHI, 2020). A triangular mesh
was used to generate the 2D model topography. Next, the mesh is smoothed to achieve the
largest possible angles and feature area. After this step, the mesh is interpolated with the initial
bathymetry using natural neighbor interpolation. When generating the model mesh, a correction
is made to ensure good mesh quality. The domain mesh consists of 8125 nodes and 14628
elements (Fig. 2).

Boundary and initial conditions. Two boundary conditions were imposed in the
hydrodynamic model. The flows are imposed as boundary conditions upstream of the domain.
For the upstream boundary conditions, we positioned ourselves far enough (4.2 km from the
weir) from the lake area to be able to parameterize the model with the river flow. As for the
downstream boundary of the model, a constant water level (-1 m) and the spillway of the
reservoir allowed to control the hydrodynamic model. In this study, a water level (-1) was
imposed as an initial condition. This value represents the initial elevation at the surface of the
Lobo River impoundment.
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Fig. 2. Meshing of the study area
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Results

Calibration and validation model. The results of the calibration of the steady-state
model show a good synchronization between the observed water level-discharge curve and the
one simulated by the model in periods of low water and high water (Fig. 3). Although the model
is able to reproduce the water levels correctly, there are some discrepancies between the
observed values and the simulated values for flood flows between 20 m*/s and 47 m*/s. Also, it
should be noted that during the various simulations, the time to reach the steady state for very
low flows (0.98 m?/s), observed in dry periods, is quite long. On the other hand, for a maximum
river flow of 55 m®/s, the time to reach the steady state is quite short. In other words, the lower
the flow, the longer it will take to reach the steady state.
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Fig. 3. Calibration and validation model

Velocity distribution. The results of the velocity current distribution are shown in Fig. 4.
There is a large variation in velocity currents in the reservoir. The velocities decrease from
upstream to downstream. The maximum velocities are observed upstream of the reservoir. The
speeds are between 0.054 and 0.76 m/s. It is noted that the maximum speeds are observed at
the entrance of the reservoir, where they can reach 0.76 m/s. The currents are directed from
East to West. However, in the reservoir, the simulated velocities are relatively weak and
included between 0,0051 and 0,36 m/s. They remain relatively weak at the banks. In the vicinity
of the spillway of the reservoir, we observe that the flow is accelerated by the presence of the
weir and the currents are between 0.04 and 0.40 m/s. A hydraulic load allows the water to
create a phenomenon of hydraulic jump downstream of the spillway with an increase of the
speeds of the order of 0,45 m/s.
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Fig. 4. Velocity current distribution in the Lobo River impoundment (a). In the area of the old
(b) and new (c) water intake
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Impact of pumping on the variation of water levels in the reservoir. The
hydrodynamic model took into account the water intake in the Lobo River impoundment. This
intake corresponds to a pumping of 675 m*h, or 0.1875 m*/s continuously. The results show
that the water levels from the models of the situations without pumping are very close to those
of the situations with pumping. During the driest month of the year (February), the water levels
in the Lobo River reservoir are not significantly modified by pumping (less than 1.3 mm).
Pumping has little impact on the hydrodynamics of the Lobo River (Fig. 5).
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Fig. 5. Water level in the situations before and with water intake during the dry period
(February 2020)

Discussion. Simulated current velocities in the Lobo Reservoir, using MIKE 21 FM
software, range from 0.051 to 0.72 m/s. The currents decrease from upstream to downstream of
the reservoir. This result correlates closely with the work of Giovanni (1994); Kouassi et al.
(2013); Teal et al. (2015); Guertault et al. (2018); Tang et al. (2021) who report that when a river
enters a reservoir its velocities decrease significantly. However, near the inlet and after the weir,
current velocities are observed to be higher than in the open ocean. This increase in current
speed at the new water intake is due to the pumping carried out by the water distribution
company of Céte d'lvoire (SODECI) for the supply of drinking water to the town of Daloa. After
the weir, the currents are of the order of 0.28 m/s. This phenomenon could be explained by the
hydraulic load that allows the water to create a hydraulic jump downstream of the weir. It is also
noted that the water intake has very little impact on the variation of levels in the Lobo River
reservoir. This weak influence of the water intake on the variation of the water levels in the
water reservoir could be due to the fact that the water inflow is largely superior to the pumping
flow of the water intake.

Conclusion. This study provided an understanding of the hydrodynamic functioning of the
Lobo River impoundment. The results of this study showed that water levels are not significantly
modified by pumping (less than 1.3 mm). The pumping has little impact on the hydrodynamics
of the Lobo River because the pumped flows are much lower than the inflow to the reservoir.
For a better management of the reservoir, this study must continue by updating the bathymetry
data and the realization of a sediment transport model in order to quantify and determine the
preferential zones of sediment deposition in the Lobo River reservoir.
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FippoavHamiyHe chyHKULiOHyBaHHA BogocxoBuLa pivku Jllo6o B 3axigHo-ueHTpanbHomy KoT-a’IByapi.

Kogppi B., Anekcic b. J1., AneH K. C., Onig'e K. K. XK., Kyaci K. J1.

CmeopeHe 0515 nokpaweHHs1 8000rocmadaHHs1 HacesneHHs micma [anoa, sodocxosuuje pidku Jlobo binbwe
He (bYHKUIOHYE HanexHuMm YUHOM 4Yepe3 irodckbKy OisnbHicmb nobnusy uyboeo pe3depsyapa. Lle docrnidxeHHs, sike
3acHogaHe Ha 2D 2i0poduHamiyHili modesi, sukoHaHe 3a O0rMoMOo20K rpozspamMHozo 3abesnedeHHss Mike21 HD,
00380/1UMI0 PEKOHCMpPYyo8amu Momoku y eodocxosuwi pidku Jl1o6o. Pe3ynbmamu modertoeaHHs cgid4ampb rnpo me,
wo eidpoduHamiyHa MoOenb Moxe ei0meopumu 3MiHy pieHi8 800u 8inbHOI nosepxHi sodolimu. Kpim moeo,
pesynbmamu Oyxe 4ymnugi 8o epaHUYHUX yMO8 Modesi, a makox 00 nodyamkosux ymos. Pe3ynbmamu ennusy
gi0kayyeaHHs 800U Ha OuHaMiKy pigHie y eodocxosuwi p. JIobo nokasanu, U0 80HU Cymmego He 3MIHIOIMbCS Yepes
giOkayyeaHHs (MeHwe 1,3 mm). Tomy eidkadyyeaHHsi criabko ernnueae Ha e2idpoduHamiky pidku J1060, OCKinbKu
repekayysaHi Nomoku Habazamo MeHwi, Hix rnpuriue o 8o0ocxosuLa.

Knrouoei cnoea : cidpoduHamika ; modesoeaHHs1 ; godocxosuwie ; piyka J1060.
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'MpAT «Ykpeidpoerepao»
2IHcmumym eiopobionoeii HAH YkpaiHu

OUIHKA 3MIHEHOI O rapPoIOryHoro PEXXMmMy OHICTPA
AK OCHOBA AnAd BU3BHAYEHHA MAPAMETPIB EKOJIOINYHOIO CTOKY

Y pobomi posensiHymi npakmud4Hi acriekmu enposadXeHHs KOHUenuy,ii ekonozaiyHo2o cmoky 8 YKpaiHi 32i0Ho 3
BodHoro Pamkosoro Jupekmusoro. Ha npuknadi [Hicmpa 3acmocoeaHo 2idposiozidHuli MemoOd, sikuli criyaye nepuwum
KDOKOM 8CMaHOBJIEHHST rapamempig eKosnoaidHuUx eumpam eo0u. [lpoaHanizogaHa mpaHcgopmayiss 800HO20
pexuMy eHacriOoK 3apeaynogaHHsi CMoOKy 3a O0rMoMoeoto iHOuKkamopig 2idponoeiyHux 3miH. Anpobauyis makoz2o
nioxody nidmeepduna Moxrnusicme (1020 3acmocysaHHs Ha piykax YKpaiHu 3a ymosu HasieHocmi mpusasnux psidie
2idponoaiyHux crnocmepexeHb. OmpumaHi pe3yrnbmamu MOXymb Ccrly2yeamu OCHO80t0 Orisi po3pobKu npospamu
2idpoekornoaidyHux 0ocridxXeHb Orid 8CMAaHOBMEHHS  €KOMo2iYHO  0brpyHmMosaHo20 pexuMmy eKcrinyamauii
sodocxosuly.

Knroyoei cnoea: ekonoeiyHul cmik, iHOUKamopu eidporoaidHux 3MiH, eumpama eo0du, 2i0posioaiyHi
Xapakmepucmuku, [Hicmep.

AKTyanbHicTb gocnimkeHHA. Ha cborogHi y MiKHApOAHIA NpakTuLi eKONOriYHWM CTiK
BMKOPUCTOBYETBLCS ANA AOCATHEHHs 4OOporo ctaHy BogHUX OG’EKTIB Ta BNPOBaLXYETbCA AN
BUPILLEHHS NPAaKTUYHUX 3adad WOoA0 BCTAHOBIEHHSA MiHIManNbHUX MOXMAMBUX Ta ONTUManbHUX
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