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Abstract  This article aims to propose a method of draining rainwater in order to reduce the risk of flooding in the 
municipality of Taïba Niassène located in the Kaolack region, more precisely in the department of Nioro. To achieve 
this objective, it was necessary to carry out topographical, geotechnical and hydrological studies to know the nature 
of the relief, the typology of the soils and the hydrographic network of the area. In addition, the design of the axes to 
be coated was made taking into account the nature of the terrain to reduce the earthworks. Thus, the coating is 
designed in such a way that the water will drain along the curbs of the sidewalks to the gully grids positioned near 
the retention basins. The latter are two in number and are sized with flow rates of 1.318m3/s for basin 1 and  
1.1 m3/s for basin 2 for a rainfall duration of five hours. 
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1. Introduction 

Floods are one of the main natural hazards in the world. 
They affect all regions of the world, particularly African 
countries. The vulnerability of cities in these countries can 
be explained by a combination of factors. The main one 
being the increase in the population by the conjunction of 
the birth rate [1]. In Africa, more particularly in Senegal, 
flooding phenomena are recurrent during the rainy season. 
They affect urban centers but also rural areas. In this 
context, it would be wrong to think that sanitation needs 
are more urgent in urban areas than in rural areas. 
However, sanitation problems take on particular 
importance in rural areas [2]. 

New challenges are imposed on the elected 
representatives of small municipalities: rapid development 
of areas, the need to integrate agro-environmental 
measures into development policies and the growing 
concern of citizens for their living environment, etc. 
Erected jointly with the arrival of Act III of 
decentralization in 2013, Taïba Niassene is booming 
economically and is experiencing remarkable 
demographic growth like Senegal. Consequently the need 
for habitable land increases. This situation has led to an 
extension of buildings in flood-prone areas, which 
promotes stagnation of rainwater. From the legislative 
point of view, the question of sanitation seems to occupy a  
 

priority place in the policy of the State of Senegal, and is 
dealt with until 2009 in various codes (water code, 
hygiene code, environment, town planning code, 
construction code). On June 17, 2009, Law No. 2009-24 
on the Sanitation Code was adopted by the National 
Assembly [3]. 

Therefore, a careful approach will be suitable to 
achieve the overall objectives. 

2. Materials and Methods 

2.1. Data Acquisition 
The commune of Taïba Niassene is located in the 

central zone of Senegal in the district of Paoskoto, 
department of Nioro du Rip, Kaolack region between 
latitudes 13°45'00''N and 13°48'45''N and longitudes 
15°56'15''W and 15°52'30''W (Figure 1). It is connected to 
National Road No. 4 by an 11 km ramp leading to 
Dinguiraye in the North-West and is located about 250 km 
from the capital, Dakar. Covering 108 km², it thus brings 
together the 22 registered villages of the former local 
authority for a total population of 34,000 inhabitants, i.e. a 
density of 315 inhabitants/km2. It is bounded to the north 
by the commune of NGainth Kaye, to the south by the 
district of Prokhane, to the east by the commune of 
Paoskoto and to the west by the commune of Wack 
Ngouna. 
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Figure 1. Location map of the municipality of Taïba Niassene [4] 

 
Figure 2. Zoning map of the municipality of Taïba [4] 
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With the advent of decentralization in 2013, the 
municipality of Taïba Niassene is built on the remains of 
the former rural community. It is divided into four zones 
(Figure 2) 

The population is made up of 52% women and 48% 
men and is essentially young; those under15 represent nearly 
70%, while those over 70 constitute only 1.3% of the total. 

The area studied is well located between isohyets 900 
mm in the North and 1,000 mm in the South [5], which 
frame the Sudano-Sahelian climate with Nioro du Rip  
as a reference station. The average temperature is around 
28°C. Maximum temperatures reach 40°C during the 
months of April to June and drop to 33° during December 

and January. (Figure 3). 
The rainfall data collected at ANACIM will make it 

possible to analyze the rainfall trend in Taïba Niassene. It 
is a series of 27 years (1990-2017) with monthly and 
annual time steps (Figure 4). 

It is important to do a pre-reconnaissance study in  
order to have an overview of the study area. This  
pre-reconnaissance study is done with Google Earth and 
Global Mapper software. The objective is to see how the 
relief and the hydrographic network are. (Figure 5). 

The pre-reconnaissance study provided an idea of the 
nature of the relief of the area concerned. And this made it 
possible to better plan the acquisition phase in the field. 

 
Figure 3. Histogram of minimum and maximum temperatures between 1990-2017 [6] 

 
Figure 4. Annual cumulative rainfall from 1990 to 2017 [6] 
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Figure 5. topographic profile 1 with Google earth 

2.2. Data Processing and Analysis 
After the pre-reconnaissance study, topographic and 

geotechnical data were collected in the field. The i50 
GNSS Receiver integrates a GNSS engine, GNSS antenna, 
internal radio (410 MHz - 470 MHz), 4G cellular modem, 
Bluetooth, Wi-Fi, and dual batteries into a rugged, 
miniature unit that's easy to configure for you a rover  
All-in-one RTK or mobile base station. Bluetooth and  
Wi-Fi technology enables cable-free communication 
between receiver and controller. (Figure 6) 

Aerial photogrammetry (topographic survey by  
drone) allows the production of a georeferenced 3D  
model from captured photographic files. For this  
project, the shots were taken by the Phantom 4 drone 
(Figure 7).  

Figure 6. i50 GNSS receiver stationed as a base at point B118 

 
Figure 7. Drone Phantom 4 pro 
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The objective is to materialize the support points to 
later georeference the images taken by the drone of the 
village. To carry out this work, we used the second order 
point of RRS04 B118 which is located in the Wack 
Ngouna high school located 15 km west of Taïba Niassene 
(Table 1). 

Table 1. Planar coordinates of point B118 

Points X(m) Y(m) H (m) 
B118 384 811,354 1 520 755,546 62,131 

 
From B118, observations in static mode for 20 minutes 

on three points located in the village were made to then 
complete the post-processing with Leica Infinity software 
to calculate the coordinates of these three points (Table 2). 

Table 2. Plane coordinates of post-processed points 

Points X(m) Y(m) H (m) 
T1 402306.651 1521529.045 66.004 
T2 402665.827 1522005.611 68.740 
T3 403190.351 1521333.778 70.142 

Using these three points, one of which served as a base 
and the other two as control points, surveys are carried out 
on seven other points well distributed in the village in 
RTK mode (Table 3 and Figure 8). 

Table 3. Plane coordinates of the ten (10) support points in the 
village 

Points X(m) Y(m) H (m) 

T1 402306.651 1521529.045 66.004 

T2 402665.827 1522005.611 68.740 

T3 403190.351 1521333.778 70.142 

T4 403144.605 1521104.254 72.601 

T5 401949.739 1520950.871 71.805 

T6 401735.422 1521403.360 66.483 

T7 401818.757 1522089.085 71.356 

T8 402262.266 1522347.845 71.331 

T9 402204.247 1522014.278 69.322 

T10 402623.052 1521145.278 70.345 

 
Figure 8. location of support points in the village 

3. Results and Discussions 
The DTM is a digital representation of the terrain. It 

allows to know the nature of the terrain and to derive the 
shapes of the topographic surface of a given area. In this 
article, the DEM is directly generated by the PIX4D 
software and is obtained in raster format (Figure 9). 

With the legend of the elevations, ranging from 58m to 
75m, we can clearly see the deformations of the relief. 
Thus, it can be confirmed that the lowest area is in the 
center of the area, to the east and west with the lowest 
elevations. And the further you go from the center, going 
north or south, the terrain becomes higher and higher. And 
these deformations are even more explicit on the map of 
the level curves (Figure 10). 

Contour lines are lines representing points of the same 
altitude or elevation. They allow to have a plan view of 
the relief and thus identify the high lines compared to the 
low lines. This will allow you to know, for example, the 
direction of the flow of water. 

Thus, the lines are higher in the North and in the South. 
The figure presents the topographic profile of a section on 

the North-South axis (Figure 11). You can clearly see the 
natural ditch that is located in the center. 

The delimitation of the watersheds is done starting  
from the outlet and following the line of greatest slope  
and then the lines of ridges which join one summit to the 
other. 

After generating the sub-watersheds, we noticed that 
there are two outlets to which they flow (Figure 11). 

According to the hydrographic network, rainwater 
mainly follows two directions. Indeed, part of the network 
drains to the east and another part goes to the west. 

The delimitation gave seven watersheds that impact the 
study area (Figure 12) and the calculations of their 
characteristics and flows are given in Table 4 to Table 6. 

The rational method is used to calculate flows because 
the surface areas of the catchment areas are less than  
4 km2 [7]. 

The runoff coefficients of the basins are estimated at 
0.75 for all the catchment areas, except catchment 6 
whose runoff coefficient is estimated at 0.5 because the 
surface it covers remains the natural ground and it is 
assumed that the soil is semi- permeable [8]. 
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Figure 9. Digital Terrain Model of Taïba Niassene 

 
Figure 10. Level curves 
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Figure 11. Topographic profile made from contour lines 

 
Figure 12. Delimited watersheds 

Table 4. Characteristics of watersheds 

BOWL 
SLOPE 

SURFACE 
 (Km²) 

PERIMETER 
 (Km) 

Slope in 
 % 

Slope 
Mean Z.moy en m Z.max en m Z.min 

En m L.ch (Km) 

BV1 0,1659 3,322 0,011 0,02299 68,907 73,521 60,279 0,57602 

BV2 0,4211 3,94 0,011 0,01325 68,646 73,685 61,525 0,91771 
BV3 0,4272 4,223 0,011 0,01743 68,782 73,609 57,502 0,92434 
BV4 0,1137 1,926 0,011 0,02239 69,558 75,557 64,878 0,47686 

BV5 0,4765 5,575 0,011 0,0119 68,361 75,566 63,952 0,97622 
BV6 0,075 1,407 0,011 0,0024 65,062 65,56 64,63 0,3873 

BV7 0,0621 1,83 0,011 0,02065 68,967 72,403 65,126 0,35242 

Table 5. Watershed concentration times 

BOWL 
SLOPE 

Tc PASSINI 
 (min) 

Tc ventura 
 (min) 

Tc krippich 
 (min) 

Tc moy 
 (min) 

Tc  
moy (h) 

BV1 19,59 20,470 11,127 17,06 0,28 

BV2 41,12 42,957 19,691 34,59 0,58 
BV3 36,12 37,729 17,818 30,55 0,51 
BV4 16,44 17,170 9,718 14,44 0,24 

BV5 46,16 48,225 21,525 38,64 0,64 
BV6 40,76 42,586 19,560 34,30 0,57 

BV7 12,65 13,215 7,944 11,27 0,19 
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Table 6. Watershed flows 

BOWL 
SLOPE 

Coefficient  
runoff 

Intensity 
(mm/h) Debits (m3/s) 

BV1 0,75 115,097 0,657 

BV2 0,75 83,335 0,312 
BV3 0,75 91,687 0,349 

BV4 0,75 123,866 0,484 
BV5 0,75 76,528 0,324 
BV6 0,5 83,869 0,037 

BV7 0,75 138,148 0,295 
 
To meet the expectations of this work, it is necessary to 

limit the flow of rainwater downstream of the watersheds, 
in particular by buffering runoff water. To do this,  
it is imperative to build retention basins that must be sized 
and designed according to the specific needs of the  
project. Whatever their size, they will always harbor an 
aquatic “ecosystem” whose balance will depend on 
variations in volume and quality due to rainfall. Retention 
basin 1 is impacted by three watersheds including BV1, 
BV2, BV3 and retention basin 2 is impacted by the 
remaining four. 

Table 7. Increase to be applied to precipitation intensities for flow 
calculations and computer model simulations under projected 
conditions in order to take into account the effects of climate change 
(Fall and Sèye, 2021) 

Return period Increase in % 

< 2 years No surcharge 

≥ 2 years 18% 

 
The runoff volume is calculated by the relationship 

 
( )

( )

  * * *  *  / 6  *  
entrant

totale inf

V

C A i MCC t V  −=
 

V entering = Volume of runoff entering the retention 
structure during the duration t and for the return period 
considered in the analysis (m³); 
C = runoff coefficient; 
Atotal = Total project area (ha); 
i = Intensity of precipitation associated with duration t for 
the desired return period (mm/h).  
MCC = Add-on to take into account the effects of climate 
change; 
6 = Conversion factor for units; 
t = Duration of the precipitation considered (min); 
Vinf = Volume of water intercepted by infiltration 
structures located in the watershed of the retention 
structure (m³) 

Part of the hydrographic network drains to the  
west at the exit of the village, but by expanding  
the hydrological study, we see that there is runoff towards 
the study area coming from the west. Consequently,  
a retention basin is also planned at the exit of the village to 
the west. 

 

Table 8. Calculation of storage volumes 

Parameters Pool 1 Pool 2 
Return period in years 10 10 
Intensity mm/h 38.2 38.2 
Minimum duration 300 300 
Runoff coefficient 0,75 0,65 
Total area in km² 1,014 0,73 
Retention volume in m3 21 461,963 12 495,109 

 
The surface of the basin bottom having a rectangular 

shape, is calculated by the following formula: 

 /Area Volume depth=  

For the pools, the depth is fixed at 2m. 

Table 9. Dimensions of retention basins 

 Area in m² Length in m Width in m Depth in m 
Pool 1 8200 100 82 2,6 
Pool 2 6247 84 75 2 

 
The hydrographic study is a very important step in this 

article. Indeed, it completed the topographical study and 
made it possible to identify the outlets in the study area. 
Thus, two retention basins are planned and sized to 
contain runoff water. 

4. Conclusion 

This article made it possible to detect two low points, 
one inside the village and the other at the exit to the west, 
it also made it possible to size two retention basins in 
these places. 

However, the design has some limitations, in particular 
the non-leveling of the points during topographic surveys 
and the non-dimensioning of the buried pipes. 
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