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Abstract. The erosive activity in the Cheliff watershed (Algeria) draws its magnitude from the climatic, geological
and geomorphometric conditions that characterize this region. Indeed, the high spatio-temporal variability of
precipitation caracterising the semi-arid climate, coupled at a very pronounced relief with vulnerable lithologic
composition amplified the phenemon.The extended no taring of the main hydrometric station, located at the exutory of
Nahr Ouassel sub-watershed, makes inevitable the use of quantification by modeling. Moreover, the endoreism of the
flows in the sub-basin prevents any significant correlation between rainfall and flows, which justifies the extrapolation
of an adequate model. The regional model adopted in this study was established from the data of several hydrometric
stations and dams through northern Algeria. The Bougara dam sub-basin was used for its validation. The main
objective of this work is to estimate the specific degradation of Nahr Ouassel sub-watershed using an adequate model.
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I. INTRODUCTION

Hydric erosion generated by the runoff is a widespread phenomenon in different Mediterranean countries. It continues to take
considerable proportions especially in the semi-arid regions because of slopes, torrential rains, high vulnerability of land and
unfavorable impact of agricultural activities. The situation continues to deteriorate; In Tunisia and Morocco the total area
threatened by water erosion is respectively 40% and 45% [1] and in Algeria about 45% of the Tellian zones are affected, [2].
In Algeria, the sediment transport exported downstream every year a large quantity of sediments which affect the hydraulic
works by rapid siltation and causes significant agricultural soil damage.

For quantification purposes, many researchers have developed relationships linking solid transport with geomorphological
and climatological factors for some Algerian watersheds like [3-7].

As for, Demmak [8] and Meddi [9] have developed estimated models of specific degradation for a large scale in the north of
Algeria.

It should be noted that despite the existence of hydrometric stations, the series are often unusable because of their derating as
is the case of Kef Lasfer station located at the exutory of the sub- watershed of Nahr Ouassel.

The main objective of this work is to determine the specific degradation of Nahr Ouassel watershed using an adequate model
and the prescription of some measures wrestling against this phenomenon.

Il. MATERIAL AND METHODS
e Presentation of the Study Zone

The Nahr Ouassel watershed covers 3110 km? of area in the Cheliff upstream of Boughzoul. It is drained from west to east by
the wadi of Nahr Ouassel itself, originated of the region of Tiaret (Algeria). Its exutory is controlled by the Kef Lasfer station
at the confluence with wadi Touil (Fig.1). It consists of a vast plain called “’plateau of Sersou’’ with 950 m of altitude. This
plain is strewn with depressions or Daia that trap important surface runoff. The average annual rainfall in the watershed is
359 mm; the main annual evapotranspiration is 1550 mm. The average annual temperature is about 14.7°C. The bioclimate of
the watershed belongs to the semi-arid stage with cold winter [10].
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FIGURE 1. Localization of the study zone (Cheliff upstream of Boughzoul) [10].

e Selection of the Model

a) Basic data of the model
Based on the data of 67 hydrometric stations and dam in northern Algeria, the author Meddi [9] has developed a regional
model that relates the annual specific degradation, the average annual liquid flow, monthly rainfall and controlled area of
watersheds.
The specific degradation of the watersheds was calculated from the bathymetric surveys recorded at different dates and
measured by the National Agency for Dams and Transfers (ANBT). The specific degradation observed (Dsobsr) at the outlet
of the watersheds was calculated from the measurements carried out at the hydrometric stations managed by the National
Hydric Resources Agency (ANRH).

b) Tested models
The regression models were selected on the basis of the coefficient of determination (R?), the NASH criterion, the mean
square error (RRMSE). TABLE 1 summarizes the different regression models tested. The best model is selected on the basis
of the highest value of the coefficient of determination and the lowest of the NASH criterion [11].
Model 1 gives the best NASH values in calibration and validation, as well as the coefficient of determination. This model

will be used to calculate the specific degradation.
TABLE 1. Tested models [9].

. > NASH (%) RRMSE
N Models R® Calib Valid Calib Valid
1 Ds=1611558 QI **" *s™* MFI1%° 0773 77 88 0.428 1.375
2 Ds = 2.14 MF| +# g %% 0.383 40 50 0.981 3.907
3 Ds = 12.55 QI *¥ MF| *** 0589 52 41  0.737 3.214

With:
Ds: Specific degradation (t/kmZ2.yr)
QI: Annual inflow (m%s),
S: Surface of watershed (km?)
NASH criterion (%) = [1-Z(VDsobs—VDscal)? /£(VDsobs—VDsobs)?]x100
RRMSE: Average quadratic error (%) = 1/NX j-; [(Dsobs—Dscal)/Dsobs]
MFI: Modified Fournier index
e Modified Fournier Index (MFI)

The index of distribution of precipitations (FI) defined by Fournier [12] was modified by Arnoldus [13] to take into account
the precipitations of all the months of the year (pi). He obtained satisfactory results for 164 stations in the United States and
for 14 stations in West Africa.

MFI = 32, 2 pi2 (1)

By studying solid transport in thirteen watersheds in northwestern Algeria, Meddi [14] showed the predominance of the
Modified Fournier Index (MFI), compared to other index in the representation of aggressiveness of the rains.
By reformulating this index the authors Meddi and Toumi [15-16] were able to develop a relationship to calculate:
MFI=0.43 p0-4°x =009 2)
With:
P: Annual rainfall in mm
X: Longitude in km
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This index can be also extracted from the map below (Fig.2)
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FIGURE 2. Spatial variability of MFI [15].

a) Validation of the model
Thanks to its location (upstream of Kef Lasfer station) and its characteristics in particular hydro climatological, the sub
watershed of dam Bougara presents the best conditions of representation of Nahr Ouassel, to validate the selected model:

Dso = 16115.58 Ql, *¢” * S5%2 MFI,°° (3)
To validate this model we have to compare the annual liquid inflow calculated by the model in Bougara watershed at the
annual liquid inflow measured at the dam of Bougara.

o Deduction of the Specific Degradation of Bougara sub Watershed From Bathymetric Measures (Dso)
According to the bathymetric measures [17], the annual rate of loss at the level of the restraint of dam Bougara is estimated at
0.1 hm®. With a soil density = 1.3 [18]

The specific degradation will be:
Dsg= ApSo/So
With:
Apso : Average annual solid inflow Aps, = 0.1 * 1.3 = 130000 tons/yr
Sy : Surface of Bougara dam sub-basin = 450 km?
Dso: Spécific dégradation t/km?
Dso= Apso/So = 289 t/km?.yr
Deduction of the annual liquid inflow of Bougara watershed by the model (Aplg)
Dso = 16115.58 Ql, *¢7 * 5,052 IMF, **°
Qlo=0.158 m*/s => Apl, = 4.98 hm®/yr
Average annual liquid inflow measured at dam Bougara.
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FIGURE 3. Annual Variation of liquid inflow at dam Bougara.
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It should be noted that the liquid contribution recorded at the Bougara dam (9.61 hm®/year) is not the real volume of the sub
basin (Fig.3). It turns out that an important part of this contribution represents the treated urban waste water of the city of
Tissemsilt which amount 5 hm®/year [10-19]. It should be also noted that the source (Bni Chaib Dam) of the city's drinking
water supply is located outside of the study zone. [19]
The average real annual liquid inflow of Nahr Ouassel watershed is Apl,:

Apl, = 9.62 — 5 = 4.62 hm®/yr
As the relative error of the Aply model is low than 10% (Aply, model 4.98 hm?® > Apl, measured at dam Bougara (4.62
hm®), this model can be considered to be ideal for estimating the average annual liquid inflow of Nahr Ouassel sub-basin
controlled by the Kef Lasfer station.

e Causes of Sediment Mobilization in Nahr Ouassel

Among the parameters that support erosive activity in the sub-watershed of Nahr Ouassel [10]:

A very pronounced spatial-temporal variability of precipitation across the basin, characterized by a semi-arid climate with
intense and irregular rainfall.

A very pronounced relief with a specific gradient Ds = 228.39, qualified fairly strong (order N°5) by the O.R.S.T.O.M
classification

A highly developed hydrographic network in the north where the drainage density is Dd = 0.67.

A highly lithologic composition vulnerability to erosion characterized by continental deposits over several tens of meters of
gravel, sand and silt, crowned by a tuffaceous crust.

I11. RESULTS AND DISCUSSION

e Calculation of the Average Annual Liquid Inflow of Nahr Ouassel sub Watershed by the Selected Model
Ds; = 16115.58 Ql; *¢" * 5, %% MF1,%%° = > QI,= 0.709 m%/s
With:
Ds,: Specific degradation deducted from the bathymetry measured at the dam of Bougara (289 t/km?.yr)
S, : Surface controlled by the kef Lasfer station S; = 3110 km*
MFI;: Modified Fournier index deducted from the map MFI, =50 (Fig.2) .
Let be an average annual liquid inflow of Nahr Ouassel sub watershed Apl,= 22.36 hm®/year.
a) Estimate of the Specific degradation in Nahr Ouassel sub watershed .
C : Average annual sediments concentration measured by ANRH at Kef Lasfer Station .
Apl; : Annual liquid inflow calculated by the model at Kef Lasfer station.
Aps; : Annual solid inflow estimated at Kef Lasfer station .

C=29.27 g/l [10]
Aps;= C*Apl; = 654533 tons/year

Ds;: Specific degradation in Nahr Ouassel watershed
Ds;= Aps:/S; = 210 t/km?.year

— The real measure of the annual volume regularized by the dam of Bougara as well as its bathymetry allowed
validating the selected model.
— The measures of sediment concentrations performed by the national agency of hydric resources were exploited to
assess the annual total solid inflow of Nahr Ouassel watershed [10].
— As the annual solid inflow of the sub-watershed of dam Bougara is deducted from bathymetry, the bed load is
included in the QI calculation.
IV. CONCLUSION

The modelling approach to estimate the sediment transport allowed highlighting the importance of erosive activity in Nahr
Ouassel sub basin despite the absence of hydrometric measurements and the endoreism which prevents any significant
correlation between rainfall and flows. The average annual solid inflow resulting (654533 t/year), expresses a high specific
degradation rate equivalent to 210 t / km?.year.

The silting up of dams, the clogging of draining devices, the silting up of irrigation canals and the degradation of water and
soil quality are the main negative effects of sediment transport, which must be fought by well adapted combination of
biological and mechanical techniques.
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