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Abstract: In the sahelian coastal areas, most lowlands are threatened nowadays by the risk of salinization due to climate
change. Given the scale of this soil’s degradation, several actions have been undertaken including anti-salt dam. Therefore, the
objective of this work was to understand the impact of these dams on the fluctuation of ground water during wet season. The
study has been conducted in 2011, in two lowlands, in the Sine Saloum area, in Senegal. Thirty piezometers have been
installed in each lowland, in order to follow the evolution of the water table. The dynamics of this water table during the year is
strongly correlated with rainfall, evapotranspiration, runoff, infiltration and standing water in the reservoir. We noticed that the

salt leaching process by anti-salt dam strongly affects the process of infiltration and discharge of the water table.
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1. Introduction

In coastal areas, most of the lowlands are threatened
nowadays by the risk of salinization [1, 2, 3]. More than 830
millions hectares of land in arid and semi-arid area have been
degraded by salt [4,5]. In Senegal, the low pluviometry in
Sine Saloum area [6, 7] has reduced the volume of fresh
water that drains from the watershed in to rivers, and thus,
saltwater from the ocean intrudes much farther in the land
[8]. This intrusion of seawater has increased salinization of
land [9, 10], surface water [11] and ground water [12]. Given
the scale of this soil’s degradation, several actions have been
undertaken, including anti-salt dams [13, 14]. So, the
objective of this work was to understand the impact of these
dams on the fluctuation of ground water during wet season.

2. Material and Method

2.1. Presentation of Study Area

The total area of the lowland of Ndour Ndour is134 ha, 60
ha affected by salt, 35 ha threatened by salt and 39 ha of
good valuable soils in front end of the Valley [15]. It’s
watershed is 166 km®’ and is located at
14°05°46”N16°18'31W.  Ndinderling is located at
13°39°43”N16°23°23”W. It’s total area is 974 ha. The
climate of this area is Sudano-Sahelian, that is characterized
by the alternation of two seasons: a dry season of eight
months, from mid-October to mid-June, with a cool period
from November to January and arainy season of four months,
from mid-June to mid-October. The average rainfalls are 588
mm at Ndour Ndour and 800 mm at Ndinderling.
Evaporation is very important, around 2950 mm/year. The
average monthly temperatures varies from 24°C (in January)
to 31°C(May). Three winds treams are important in the
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region: the maritime trade wind, the continental winds
(Harmattan) and Monsoons. At Ndour Ndour, there life is flat
[15], water table is shallow and salty [16] and soils are
generally sandy, sandy loam or clay loam acidic or weakly
acidic [17]. However in Ndinderling, the relief is composed
by four units [18].

2.2. Description of the Anti-salt Dam in the Lowlands

An anti-salt dam is a structure of water retention made in
the valley of Sine Saloum to prevent the invasion of land by
sea water and to protect and recover saline soils upstream of
the structure. It includes a dike and evacuator regulated by a
valve. The anti-salt dams of Ndour Ndour and Ndinderling
have been built in 2001 and 2010 in packed clay.

2.3. Monitoring of Groundwater

Thirty piezometers have been installed in each lowland
during 2011 wet season. Surveys of ground water level have

Rain Evapotranspiration

[T

Upstream

been performed once every week.

3. Results and Discussion
3.1. Different Water Flow Generated by the Anti-salt Dam

By accumulation of runoff fin the basin and then making
periodic drainage, we act on the flows at the level of dam.
During the dry season, at the downstream of the dam, sea
water is accumulated. Apart of this salt water flows below
the dam, and by capillary action, rise from the soil through
layer sand its evaporation lead to accumulation of salt on soil
surface upstream of dam (Figure 1). During the rainy season,
rain water dissolves these salts to red upstream. In fact, when
the valve remains closed, it allows runoff to accumulate in
the basin. Part of the retained water infiltrates and contributes
to ground water recharging. Salt accumulated in the soil
dissolves in standing water. The valve is then opened to
allow drainage of salt water (Figure 1).
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Figure 1. Different water flow generated by the anti-salt dam when there is the standing water upstream.

3.2. Fluctuation of the Water Table Induced by the Anti-salt
Dam

Ndour Ndour

The 120 mm (Figure 2) of rain have permitted the leaching
of accumulated salt on surface of soil. (Figure 3) below: at
the date of 20" July, the ground water level was less than 50
cm, the rain didn’t permit to recharge much ground water.
From 25™ July to 5" August, the important rains allowed
aground water recharge. Between 5" and 20™ August, the
periodic droughts have resulted in the great capillary rise
which resulted in a decrease of ground water table. The
evaporation of salt water allowed salt outcrop on surface of
soil at this moment. The standing water at the beginning of
September allowed dilution of the salt accumulated on the
surface. From early September until October, the water table
has under gone several fluctuations. Sometimes we have the
standing water, sometimes the ground was dry. In addition,

during the 2011 season, the different points of exploration of
the ground water have allowed to identify two trends of
fluctuation depending on the dyke (Figure 3 and 4 Ndour
Ndour).

Ndinderling

The high rainfall received before 25" July (Figure 2) has
allowed salt leaching. On25™ July, the ground water level
was less than 50cm (3and 4). From 10™ August we have the
standing water. Here too, there were the oscillations of the
water table according to the rain. But starting from 10"
August, with the closing of valve, we have the permanent
standing water (Figure 3 and 4). In addition, we have two
trends of evolution at the ground water level. The portion of
the water table located upstream but near to the dike is
charging continuously. While the water table located
upstream but more than 30 m of the dam has a discharge at
the end of the rainy season.
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Figure 2. Cumulative rainfall in Ndour Ndour and Ndinderling during the rainy season 2011.
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Figure 3. Variation of the water table located near of the dam during wet season 2011.
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Figure 4. Variation of the water table located far from the dam during wet season 2011.

The fluctuation of these water tables during wet season is
strongly correlated with rainfall, evapotranspiration, runoff,
infiltration and thickness of unsaturated soil [19, 9, 20] led to
the same conclusion. The lack of standing water at Ndour
Ndour and the profile of water table near the dam are linked
to the process of salt leaching which has not allowed a
continuous recharge of the aquifer at Ndour Ndour unlike
Ndinderling where the valve remained closed. However, at
Ndinderling, there is much loss of water by hypodermic flow
under the dam. This water loss by percolation has been
highlighted by [21]. In these lowlands, dams are essential in
the fight against drought and salinity [22]. Furthermore, in

the lowland like Ndinderling where rainfall is high, the dam
allows good management of standing water.

4. Conclusion

The fluctuation of these water tables during wet season is
strongly correlated with climate of the area and soil structure.
The leaching of salt process affects strongly the recharge of
the water table. In these lowlands, dams are essential in the
fight against drought and salinity and allows good
management of standing water.
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