Italian Journal of Engineering Geology and Environment

www.ijege.uniromal.it

e
mom

FLOODS AND SILTATION IN SOME AURESIAN WATERSHEDS (EAST OF ALGERIA)

ADEL KHENTOUCHE®™ & Nassiv BELLA®

“Batna 2 University - Earth Sciences Institute - Laboratory of natural risks and area development - Tazoult Street, 25 - 05000 Batna (Algeria)
*“Batna 2 University - Earth Sciences Institute - Seriana - 05000 Batna (Algeria)
Corresponding author: adelmehmoud03@gmail.com

EXTENDED ABSTRACT

Questo lavoro si propone di analizzare le inondazioni e I’interramento delle dighe in due bacini le cui caratteristiche litologiche, idrocli-
matiche e topografiche variano nettamente, attraverso un approccio comparativo che confronta le piene secche e umide dei due bacini e lo
studio degli idrogrammi per I’iterramento. Si confrontano i rilievi batimetrici e i calcoli effettuati utilizzando formule empiriche ampiamente
utilizzate in Algeria (F. ORTH, WOODBURN).

Il massiccio dell’Aures fa parte dell’atlante sahariano orientale dell’Algeria. La sua evoluzione ¢ strettamente legata alla fase post-lu-
tetiana, che rappresenta la principale fase tettonica nell’area di studio. Inoltre, sono presenti diverse formazioni geologiche impermeabili in
particolare nel nord del massiccio (bacino idrografico della Chemora) dove marne e argille, che si trovano principalmente a quote medie e
in pianura, costituiscono formazioni erodibili che contribuiscono allo sviluppo di diverse forme di erosione e inondazioni a causa della loro
bassa infiltrazione. I versanti esposti a nord sono i piu ricoperti di vegetazione e i meno interessati dall’erosione e allo stesso tempo assistono
a inondazioni piu attenuate; d’altra parte, il bacino del wadi Labiod si trova sul versante meridionale del massiccio piu ripido, caratterizzato da
formazioni di calcari, arenarie, marne e formazioni quaternarie piu vulnerabili all’erosione e presenta una dinamica fluviale molto attiva che
si manifesta con 1’erosione laterale e verticale dei wadi, la formazione di canaloni e inondazioni irregolari, rapide e violente che producono
abbondanti sedimenti sotto il regime torrentizio pit dominante.

11 flusso nel Wadi Chemora ¢ caratterizzato da piene che creano un regime idrologico vario, irregolare e polifasico, caratterizzato da diversi
picchi legati alle precipitazioni annuali, autunnali e talvolta primaverili con sequenze annuali simili in abbondanza o deficit e forma degli
idrogrammi molto monotona con una bassa risposta idrologica.

In generale, le piene durante il periodo umido sono le piu aggressive e causano danni significativi all’uomo e alle infrastrutture, mobili-
tando volumi significativi di acqua e sedimenti che raggiungono i 9 hm? nel bacino di Oued Labiod. Entrambi i bacini terminano in dighe
e I’interramento osservato ¢ variabile e irregolare, con un tasso accelerato nella diga di Foum Elgherza e medio-basso nel tempo a Koudiat
Mdouar. Foum EIl Gherza registra un tasso medio annuo di insabbiamento di 0.59 hm?* con un volume massimo di 32.11 hm? nel 2001, dopo 50
anni di attivita. Inoltre, I’ultimo studio batimetrico condotto presso la diga di Koudiat Médouar ha mostrato che il processo di interramento ¢
basso e che il volume di limo non supera 1.3 hm* (KHENTOUCHE, 2011); la riduzione dell’insabbiamento in questa diga ¢ dovuta principalmente
alle azioni antierosive intraprese nel corso degli anni (rimboschimento, costruzione di bacini di sedimentazione).

Il regime idroclimatico delle piogge e dei flussi torrentizi, in particolare in autunno e in primavera, produce violente inondazioni cariche di
sedimenti che contribuiscono all’accelerata sedimentazione della diga di Foum Elgherza, mentre la diga di Timgade presenta una sedimentazi-
one relativamente bassa. Inoltre, il bacino idrografico di Wadi Labiod ha prodotto un trasporto solido specifico medio di 980 t/km?/y, mentre
il bacino idrografico di Chemora ha prodotto un’erosione di 670 t/km*'y con il modello di OrTH che fornisce risultati simili ¢ comparabili a
quelli ottenuti dai rilievi batimetrici rendendolo applicabile in condizioni climatiche, fisiche e litologiche simili. Secondo tale modello la sedi-
mentazione puo essere suddivisa in due classi:

e fase alluvionale elevata nei primi dieci anni di esercizio, con sedimentazione rapida e inferiore a 7.53 hm? per il bacino di Foum El

Gherza e inferiore a 2.55 hm? per la diga di Koudiat Mdouar;

e fase di bassa sedimentazione dal 10° anno di esercizio fino al 25° anno, dove I’interramento ¢ relativamente regolare, con circa 5 hm?

ogni 7 anni nella diga di Foum Elgherza e 2.2 hm? ogni 7 anni per la diga di Koudiat Mdour.

La gestione dell’interramento richiede vari interventi biologici attraverso diverse tipologie di rimboschimento e interventi meccanici basati
essenzialmente sulla creazione di bacini di sedimentazione, il sollevamento della diga e operazioni di dragaggio, rendendo pertanto necessario
effettuare un’accurata diagnosi delle fonti di interramento esaminando tutti gli elementi fisici del territorio.
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ABSTRACT

This study showed the evolution of siltation and flooding in
two watersheds of the Aures massif (Labiod and Chemora) which
are located in the east of Algeria. according to a comparative
approach which takes into account the comparison of bathymetric
surveys and the calculations carried out by empirical formulas
widely used in Algeria. The hydroclimatic regime of torrential
rains and flow, particularly during autumn and spring, produces
violent floods loaded with sediments contributing to accelerated
siltation of the Foum Elgherza dam, however the Timgad dam
shows relatively low siltation.

In addition, it is noted that the Wadi Labiod basin produced an
average specific solid transport of 980 t/km*/y while the Chemora
watershed produced an erosion of 670 t/km?/y. It is observed that
F. OrtH’s model gives results close and comparable to those
obtained by bathymetric surveys, which qualifies this model
to be applicable in similar climatic, physical and lithological
conditions. Siltation can be divided into two classes according to
F. OrTH’s model:

* a high alluvial phase prevailed during the first ten years
of operation, with rapid siltation of less than 7.53 hm?
for the Foum El Gherza basin and less than 2.55 hm? for
the Koudiat Mdouar dam;

* a low siltation phase began from the 10" year of
operation up to 25 years, with siltation occurring
relatively regularly, recording approximately 5 hm® of
siltation every 7 years for the Foum El Gherza dam and
2.2 hm’ every 7 years for the Koudiat Mdouar Dam.

KeywoRrbps: dam, siltation, erosion, bathymetric surveys, comparative

approach

INTRODUCTION

The siltation of dams poses enormous problems for the
reservoir. It leads to a reduction in the useful capacity of the
dam and the blockage of the emptying devices, the degradation
of the water quality and finally the stability of the structure
(REMINI et alii, 1997).

This study mainly targets the analysis and comparison of the
evolution of siltation in certain dams located in the mountainous
areas of eastern Algeria, characterized by physical and hydro-
climatic diversity between their northern and southern slopes.

Flooding and dam silting are two interrelated phenomena that
have direct impacts on the environment.

MEBARKI (2010) showed that due to the rapid silting up,
the reservoirs lost a lot of their initial capacity (2 to 3 per year
on average), moreover REMINI et alii (1997) pointed out that
estimated sedimentation of the Foum El Gherza Reservoir as
a polynomial function of time. REmiNI & HALLOUCHE (2003)
established two relationships giving annual sediment inflows as
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a function of operational time, a power function for Maghreb’s
reservoirs having a high sedimentation rate, and a linear function
for those having a low rate (TEBBI et alii, 2012).

This contribution explains the current and future prediction
situation of siltation through the adoption of a comparative
method between mathematical models that are widely used in
studies of estimation of siltation such as the method of OrTH
(1934) and that of WOODBURN (1955) compared to the analysis
of bathymetric surveys.

Several authors agree that siltation follows a potency pattern
and develops differently over time depending on certain limiting
factors (BRAMBILLA et alii, 2015; KHANCHOUL et alii, 2012;
Lanrou, 1990).

We mention that September and December have more floods.

Hot season floods generally linked to brief and localized
thunderstorms, are characterized by a short duration; moreover,
Autumn floods are the strongest, mobilizing considerable
volumes of water (BourouBa,1998).

The hydroclimatic regime of rains and torrential flows,
particularly in autumn and spring, produces violent floods loaded
with sediment contributing to the accelerated siltation.

DEMAK (1982) showed that the climatic, geomorphological
and hydrological characteristics of the labiod watershed give it
rapid mobilization of flows.

The Foum El Gherza dam, located in the Oued labiod
watershed the source of heavy sedimentation, mainly due to
stormy rains that cause violent floods (KHENTOUCHE & DRIDI,
2018; Boucuamouza et alii, 2020).

Several  techniques and developments:  biological
(reforestation), mechanical (settling ponds, increasing the height
of the water dam dike, dredging, implementation of torrential
correction and creation of settling basins at the minor bed level
and rapid reactivation of flood prevention plans, etc.) have been
used in the management of floods and siltation.

It is necessary to make a careful diagnosis of the sources and
factors of siltation and flooding.

In the end, we can say that the fight against siltation and
flooding requires a priori knowledge and understanding of
the factors and processes generating and accelerating this
phenomenon (MEGNOUNIF et alii, 2003; REMINI & HALLOUCHE,
2003; MEDDI, 2014) and there is a need to integrate anti-erosion
measures before dam construction.

MATERIALS AND METHODS

The data used in this study come from the various bodies
responsible for the management, control and monitoring of
hydraulic projects:

- ONM (national meteorological office): source of rainfall data;

- ANRH (National Water Resources Agency) source of flow
rates and rainfall data;

www.ijege.uniromal..it



FLOODSAND SILTATION IN SOME AURESIAN WATERSHEDS (EAST OF ALGERIA)

- ANBT: (national agency for dams and water transfer): Source
of technical data and bathymetric surveys;

- (PNR) Research project entitled: Diagnostic Study of Siltation
in the Koudiet Mdouar Dam sponsored by the Center for Scientific
and Technical Research on Arid Regions (CRSTRA) and University
of Batna 2, Algeria, 2010).

To determine the evolution of siltation in the studied dams over
time we used the results of some bathymetric surveys carried out,
during various periods, each survey interprets the behavior of the
siltation in a phase. We have found it useful to make a comparative
study between the results obtained by the two empirical relationships
(OrTH, 1934; WOODBURN, 1955) and the results of the completed
bathymetric surveys.

The choice is made in this study on these formulas which are
justified by the fact that they are the most used relationships in
Algeria (SAp1, 1991).

Many researchers rely on capacity to assess silting (MOLINO
et alii, 2023).

ORrTH (1934) is among the first to study the prediction of siltation.
He assumes that the residual capacity varies over time as a function
of an exponentially decaying law.

The formula is widely used in Algeria for forecasting the volume
of deposits, this formula applied to 16 dams in Algeria, the results of
which are as follows:

- 56% of cases have an average absolute deviation <5%;

- 81% of cases have an average absolute deviation <10%;

- 18.7% of cases have an average absolute deviation > 10%.

The formula takes into account the change between residual and
normal capacity over time and can be written as follows:

V~C,-C (1)

where:

V,: volume of accumulated sediments;

C,: the normal holding capacity in hm?;

C.: itis the residual capacity after t years of service in hm®.

Calculation of V_ requires knowledge of S, and C,.

OrtH (1939) assumes that S=V=1 during the first year of
operation, with:

S,: the solid flow transferred to hm’.

SSL: the solid load of the specific degradation (abrasion rate) in
t/km?/year.

t: the number of years;

Y: density of materials (m?);

A: catchment area (km?);

with residual capacity (C):

C=C *(1-S,/C ) @)
S,~(SSL*S*)/Y 3)
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According to WOODBURN (1955):
Sp:2492 *AO,9151 *810.8303 *Tn0.7329 (4)

where:

S : sedimentary product (deposit retained in the lake in tones)
A: catchment area (km?);

S, quantity of erosion in t/ha/year;

T : years of service of the dam.

Study area

The two valleys concerned by this study are located in the Aures
massif which is part of the Saharan atlas east of Algeria (Fig. 1).

The evolution of the Aures massif is well linked to the post-
Lutetian phase. Furthermore, the geological formations are made up
of several impermeable formations.

The Chemora basin is located on the northern slope of the
massif characterized essentially by a vulnerable lithology consisting
of Pliocene clays and Cenomanian marls, a folded and faulted
geological structure, its drainage density is of the order of 2.60 km/
km? and a torrentially of 26; the Chemora basin occupies an area of
672.7 km? and a perimeter of 148 km, it drains its waters towards
Sabkha and Graat;However, the Oued Labiod basin is characterized
by a very varied lithological facies, a faulty structure of steep slopes.
Its area is around 1300 km? which drains its water towards Chott
M’elghir, the lowest point in Algeria. This valley, which extends
over 85 km in length, is well watered in its upstream part and brings
together all the conditions favorable to the acceleration of erosive
activity.

STUDIED DAMS
Foum EIl Gherza dam

This structure consists of two parts which are an arch of
126 m and an abutment of 60 m in length, its maximum height
reaches 73 m and its initial capacity is of the order of 47 million
cubic meters (S.E.G.G.T.H., 2001).

This structure is of great economic interest in the region
since it makes it possible to irrigate more than 300000 date
palms in the palm groves of Sidi Okba, Garta, Seriana and
Thouda (S.E.G.G.T.H, 2001; Remini, 2017). However, it is
reduced each year by a significant volume estimated on average
at 5 million m®.

The bottom valve was evacuated from 1989 to 1993, 600000
m? of silt in 1989, the valve was completely blocked by silt.

Early 2000, the Foum El Gherza dam recorded a cumulative
siltation since 1950 exceeding 70% of its capacity.

Koudiet Mdouar dam

The Koudiet Mdouar dam is built on wadi Reboa, is located
7 km northeast of the city of Timgad, with the objectives of
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Fig. 1 - Location of the study area in relation to eastern Algeria

ensuring the drinking and industrial water needs of the cities of
Batna, Khenchela and Ain Touta and also the irrigation of over
15700 ha of agricultural land in the plains of Batna, Chemora
and Ain Touta.

Characteristics of the dam:

e core earth type;

*  free surface spillway 2500 m*/s;

e bottom drain gallery;

*  heightis 48 m;

e peak width about 10 m;

* initial capacity 74 (hm®);

e impoundment 2003;

e destination: irrigation and drinking water supply.

CURRENT SITUATION OF SILTATION IN
SOME DAMS

The table below provides information on the state of
siltation in some dams in the massif in 2004.

ANBT in (Regional Report on the Management of
Sediments in Dams in the Mediterranean - Regional Workshop
December 13 and 14, 2010, Marseille, France).
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Source: MNT derived from USGS
Site: Https:// WWW.earth explorer .usgs.gov/
Spatial reference: XY coordinate system WGS 84
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It turns out that the observed siltation increases as a
function of time for all the dams, while the Foum el Gherza
dam records an average annual siltation rate of 0.59 hm? with
a maximum volume of 32.11 hm? in 2001, or after 50 years of
operation; note that the last bathymetric survey completed at
the level of the Koudiet Mdouar dam showed that the siltation
process is weak and the volume of the silt till 2011 was 2.5 h
m? (KHENTOUCHE, 2011).

N Dam Tmpoundment of _ Initial Capacity  Bathymetric Average Last survey
The dam () Y sl or last estimate
siltation
(hm?) (hm?)
1 F. El Gherza 1950 47 1967 0.59 13.712
1975 18.46
1986 23.86
1993 26
2001 3211
2004
2 K. Mdouar 2003 T4 2004 030 05
2011 25

Source: ANBT, 2010.

Tab. 1 - The state of siltation in the dams studied
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Variations in Average Annual Rainfall (Chemora and
wadi Labiod)

The annual temporal distribution of rainfall in the two
basins is shown in the figure below:
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Fig. 2 -  Annual rainfall variations for Chemora and wadi Labiod
basin (1970-2012)

Annual precipitation

For the Labiod wadi basin, the lowest precipitation was
observed at the Foum Elgherza station (28.5 mm) during 1984
and at Tifelfel station (58 mm) during 1971; these two stations
are located in the downstream part of the wadi Labiod basin
and are very close to the (hot) desert effects, all their average
rainfall are lower than the interannual average (average of all
the stations in the two basins) which reaches 302.8 1 mm.

The Medina station, which is located in the upstream part
of the wadi Labiod watershed, records values higher than the
interannual average of the stations studied; it provides an annual
average of 445.13 mm and a maximum of 650 mm during 1973.

Tkout station occupies the middle part of the basin which
remains less watered and less wooded; receives 294.11mm
annually; the more water in this area it receives the flows
coming from the upstream part of Chemora basin.

The Tazoult station records the most abundant rainfall with
an annual average of 347.9 mm. It is located in the upstream
part of Chemora, its maximum is 427.5 mm and the minimum
is around 207.5 mm.

21 years are higher than the interannual average;
however, the Toufana and Timgad stations which are located
in the downstream part of Chemora basin respectively give
rainfall averages of 253.581 and 291.99 mm. lower than the
interannual average.

Flow and floods
The hydrometric stations used are Reboa and Timgad for the
Chemora basin and M’chouneche for the wadi Labiod basin (Fig.
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1). The annual flow regime has shown clear irregularities between
one year and another but there are sometimes some similarities in
the flow values of the two basins which shows the general character
of the rainfall and flow in the area particularly in autumn and spring
when torrential rains produce significant runoff and flows. In many,
cases we see the presence of similar temporal sequences which
expresses a situation of abundance of flows (years 1980, 1981,
1982, 1983) or deficits (from 1990 until 1996) (Fig. 3); wet years
whose runoff is above average and which are 17 wet years for the
Chemora basin) and 15 for the wadi Labiod basin while the flow
rates of the wadi Labiod are high compared to those of Chemora.
This is the same observation for the average of each series of basins.
The most numerous and significant max values are observed in the
wadi Labiod basin (Fig. 3).
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Fig. 3 - Variations in average annual flow rates at the stations of the
watersheds studied
Floods

Floods are natural phenomena caused by forms of precipitation
(SmoNa & Cepric, 2007; Ducrocq, 2006). They are linked to
hydrological regimes and the characteristics of the watershed
(BRAVARD et alii, 1997).

Certain watersheds of the massif belong to the pluvial regime or
to the snow-pluvial regime. Flooding can be defined as a significant
increase in the volume of water under the effect of runoff and rain.

Floods essentially depend on the abundance of rainfall intensity
and distribution in the catchment area; the slope of the watershed
and its vegetation cover accelerate the flow.

The structure and hierarchy of the hydrographic network, the
specific morphology of the river bed accelerate the genesis and
evolution of different types of floods (CHavE, 2002; NICULESCU &
LARDEUX, 2007; NASTOSET et alii, 2013).

They occur during violent downpours and on steep mountain
valleys, they generally develop in autumn under the effect of
short-term orographic rains (4 to 6 hours) (PROBST et alii, 1992).
Moreover, the peak flows of this can be significant, exceeding
100 m?/s (flood of 08/24/1978 at the Khanguet Sidi Nadji station
Where Q,  =72.8 m¥s).

Widespread heavy flooding

They, generally, occur during winter, spring and more

particularly during the months of February and March: they are
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caused by relatively regular, continuous precipitation whose
intensities remain very variable.

The majority of these flows become likely to have a
significant effect on erosion and more particularly those which
contribute to the shaping and evolution of watercourse beds.
These floods are capable of undergoing very significant fluvial
morpho-dynamic variations and can practically participate in the
processes of sedimentation of dams. The floods of the Chemora
basin mainly come from the Reboa wadi.

They are especially autumnal (between September and
November) with sometimes a return to the spring season
beginning of the summer season (from March to June). On
wadi Reboa, the flood of 20 September 1997, recorded a
maximum flow of 250 m’/s and a total volume of 4.7 hm?,
which corresponds to 69% of the monthly intake and 14.4% of
the annual contribution.

The volumes of some floods observed between 1953
and 2004 vary from 0.1 hm® (27/05/1989) and 9.39 hm’
(11/11/1982) (Table 2); On 14/03/1996 another major flood
of 153 m'/s generated by a rain of 200 mm which lasted
24 hours it volume was 1.7 hm® this cold season flood was
characterized by several peaks which are explained by the
difference in volume of the flow coming from each sub-basin,
is Influenced by the irregularity of the rains; the summer floods
are in turn important, they are frequent mainly on month of
June exceptionally, they can occur in August like the one
recorded on August 12, 2002 with a maximum high flow of
119.2 m’/s, or 386.3 1/s/km? and a total volume of 0.7 hm?,
which represented 65.5% of the monthly intake and 3.9% of
the intake annual at the Reboa station.

A single strong maximum flow (139.6 m’/s) formed on
November 11" 1982 in wadi Guergour had quoted 3.1 meters at
7:30 a.m; this flood had lasted 35.5 hours between November
10 and 12. It had a volume of 9.39 hm? and represented 98.7%
of October monthly supply (Table 2).

Dry season ‘Wet Season
Date Volume of flood Max Flow Date Volume of flood Max low

(hm’) (m’s?) (hm?) (w’s?)

25/05/1972 0.56 129 11/11/1982 9.39 1396
27/05/1989 0.1 286 21/01/1996 15 50
12/08/2002 0.7 119 14/03/1996 17 153
31/07/1954 0.6 135 20/09/1997 47 250
29/04/2001 16 150

Tab. 2 - Point flows and flood volumes observed in the Chemora
watershed at the Reboa station

The Fig. 4 provides data from certain floods recorded in
the wadi Chemora valley.

The hydrograms illustrated in the Fig. 4 express clearly
varied hydrological behavior.
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Fig. 4- Floods recorded in the Wadi Chemora valley at the Timgad
station

The flow presents a varied, irregular, polyphasic regime
characterized by several peaks. The shape of the hydrograms
turns out to be very monotonous.

Concentrations and instantaneous flow rates reach maximum
values at the same time; in this case we speak of approximate
concordance between erosion and transport after a duration which
generally coincides with the concentration time.

The hydrogram of the flood of January, 31, 1996 has revealed
two different phases:

- the first phase is relatively short characterized by a weak
agreement between the concentration and the max flow rate; in
this phase the flow is favored by the successive mobilization of
rainwater from several tributaries, the curve is characterized by a
maximum flow of 45.5 m?/s, a max concentration of 35 g/l over a
period of 12 hours and 20.

- the second phase is relatively long in which the maximum
flow rate is of the order of 48 m?/s and the concentration was 32
g/l so the flows take a long time (45 hours).

The concentration increases slowly and decreases in the same
way to give a staircase shape. However, for certain hydrographs,
the extreme concentrations arrive later than the peak flows
(BouGamouza et alii, 2020); this situation can be explained by
the slow mobilization of sediments probably under the effect of
the competence and power of the watercourses.

Hot season floods, generally linked to brief and localized
thunderstorms, are characterized by a short duration.

This remarks were very similar to the results obtained in this
work, the floods of wadi Labiod (Table 3) are very violent and
sudden and of short duration, since they come either from local
storms in Summer or, from Saharan depressions, in Spring and
even more often in Autumn (FARTAS ef alii, 2017);

Dry Season Wet season
Date Volume of Max Flow Date Volume of flood Max flow
flood (hm?) (mis!) (hm?) (s
06/09/1953 91 212
29/08/1984 28 250 03/10/1982 33 1825
27/05/1989 25 2914 03/11/1982 27 1186
31/07/1994 13 133 201091989 37 297
05/05/2004 27 200 20/09/1997 47 250
04/05/2006 52 207 15/04/2004 28 250

Tab. 3 - Point flows and flood volumes observed in the wadi Labiod
watershed at the M chouneche station (Source: ANRH)
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The month of May 2006 marked the presence of a significant
flood with a volume of 2.7 hm? and a peak flow of 200 m?/s which
caused very remarkable damage to agriculture and infrastructure.

This widespread flooding of 4/03/May 2006 had varied
effects on some towns Arris, Inoughissen, Ghassira and Tkout.

The month of August is characterized by showers generating
significant flooding, for example the flood of 29/08/1984 which
gave a volume of 2.8 hm? and a point flow of 250 m?*/s. We can
observe that cold season floods occur mainly in autumn and April
(BALLA, 2017; BENKHALED et alii, 2013; MEBARKI, 2005).

In September of 1997 a flood volume of 4.7 hm® with a flow
rate of 250 m/s recorded at M’chouneche station.

The flood of (03/10/1982) was very important that its flood
max reached 183.5 m?/s and it flood volume was 3.3 hm? it gave
a high sediment load about 92 g/l (Fig.5).
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Fig. 5 - Floods recorded in the wadi Labiod valley at the M ’chounech
station

Wadi Labiod gives a torrential rain accompanied by violent
floods which produce very large sediments. The comparison
of the two graphs shows that the concentration is not always
controlled by the importance of the flow section, it is added
also other physical, lithological factors and the hydrological
conditions of the flow itself.

It turns out that the liquid contribution from floods in the cold
(wet) season is very significant compared to that of the dry season.

In wadi Labiod, it appears that the flow during floods is
very irregular. It may be the result of the elongated shape of the
valley and the nature of the lithological formations which seem
relatively resistant, which gives a similar type of flood.

During the widespread flood of September 3-7, 1972, in the
Aurgs region, wadi Labiod evacuated 5.6 hm® for a peak flow of
92.5 m¥/s, or 17% of the annual total.

Generally the floods recorded in the Labiod wadi are
extremely violent and appear during fall, spring and summer,
producing high concentrations of fine particles.

According to BENKHALED et alii (2013) the month of
September, have the largest number ofevents, with 20.30 % of
the annual total, while the summer months (JJA) have 15.84
% and winter (DJF) 16.83%. Values exceeding 120 g/l were
measured at the entrance to the reservoir of the Foum El Gherza
dam during the years 2004 and 2006 (Guipouwm, 2017).

It is noted that the watercourses on the southern slope of
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the massif mobilize very significant volumes and quantities of
sediment while the northern slope offers relatively low values,
this hydrological situation is interpreted by the interaction of
physical and morphometric.

In general, autumn floods are the strongest, mobilizing
considerable volumes of water, compared to winter floods,
which remain the weakest (BourouBa, 1998). For all floods,
the recession time seems very long compared to the rise time
which remains relatively short.

To properly explain the general behavior of extreme
flows, we are interested in the widespread floods recorded in
the study area.

RESULTS AND DISCUSSIONS
Factors influencing sedimentation

Some authors explain the acceleration of dam’s siltation by
the conjunction of the most vulnerable lithological formations
with hydrological characteristics (OrTH, 1934; REMINI &
BENsaAFIA, 2016), as well as for the formulas adopted, we have
tried to show the role of lithology, surface area and certain
hydrological factors (Table 4).

Characteristics of SST Sd Area P % of soft
watersheds (t km2y1) (hm?) (km?) (mm) lithological
formations
QOued labiod 980 0.81 1330 380 45%
Oued Chemora 670 0.99 622 386 50%

Tab. 4 - Hydrological characteristics of the basins

Table 4 has shown that Oued Chemora watershed gave a weak
erosion (670 t km*y) compared to the Oued labiod basin (980 t
km?*y) because the Chemora watershed occupies a considerable
percentage of vulnerable lithological formations (60%).

Prediction of the evolution of siltation by empirical methods
Estimation of siltation by the formula of . Orth (1934)

Table 5 groups together the results obtained from the siltation
calculation for the dams studied for different dates.

Dam Year 2 7 10 17 25 50
Koudiet El Medouar C, (hm) | 6198 | 60.70 | 5995 | 5822 | 3631 | 50.74
Vg () 052 | 180 | 255 | 428 | 619 | 1176

Foum El Gherza C (hm’) | 4539 | 4139 | 3947 | 3492 | 3037 | 1962
Vg, () 161 | 541 | 753 | 1208 | 1663 | 2738

Tab. 5 - Estimation of siltation by ORTH formula (1934)
We showed at the beginning of this work that the watering

of the dams was 1950 for Foum Elgherza, currently has
experienced dredging operations in addition we can mention
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that the first filling has been initiated in 2004 for Koudiet
Medouar (ANBT, 2010).

The behavior of the siltation curves and the capacity of
the dams Foum Elgherza is similar with an accelerated rhythm
compared to the behavior of siltation in the Koudiet Mdouar
dam which begins with a weak alluvium almost constant and
increases slowly (Table 5 and Fig. 6).

Table 5 shows the decrease in the capacity of the dam and
the increase in siltation as a function of time, this perfectly
reflects the upward evolution of the siltation process, otherwise
the useful water capacity of the reservoir is reduced by a few
thousand m*/year. Since its impoundment, the total siltation is
estimated at 32.26 (hm?®) or 68.63% of the initial capacity of
the dam in the year 2001 around 50 years of operation, it is
completely silted in 2010, currently attests dredging operations
to compensate for a third of its capacity (TaBsI et alii, 2012);
The curves obtained shows the agreement between the observed
and calculated values where the small difference arises between
the observed and calculated siltation.

Orth’s law has proven to be very effective and best matches
the behavior of siltation in this dam.

Estimation of siltation by the Woodburn formula (1955)

Figure 6 shows that the amount of siltation calculated by
the Woodburn equation for the Foum el Gherza dam gave a
high value.

Foum El Gherza Koudiet Medouar

Fig. 6 - Estimation of Siltation by formula of Woodburn (1955)

The estimate of siltation in the Koudiat Mdouar dam
according to the wood burn formula gives a volume of
489621.423 ton for 2 years and 1592705.68 in 10 years,
however, the same formula assumes that the first two years
record a cumulative silt of 1345936.49 tons while in 10 years
the dam will receive 4378241 tons of silt.

When we compare the volumes obtained by this formula
for Foum Elgherza dam and the volumes obtained by the
bathymetric surveys of the same years (17 years and 50 years
impoundment) we note that after 17 years, siltation reached
is of the order of 4.3 hm? or 6.45 Mt where the bathymetric
survey recorded during this period was 13.72 hm® with a
difference of 9.42 hm?.

The Woodburn formula gave low calculated volumes for
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the tow studied dams, compared to the values provided by the
bathymetric surveys.

Results obtained by bathymetric survey measurements show
that the wood burn formula gives relatively underestimated
results compared to the F. ORTH model.

The dams implanted on the southern slope attest to a
relatively rapid and high alluvial flow (Foum El Gherza)
compared to the Koudiet Mdouar dam which is located on the
northern slope of the study area.

The importance of the river dynamics at the level of wadi
Labiod is very active compared to wadi Timgad which attests to
an erosive dynamic and relatively low alluvium. The amounts of
siltation implanted into three categories:

* a high alluvial phase occupies the first ten years of

operation which the siltation was rapid and less than
7.53 hm® for Foum El Gherza dam less than 2.55 hm?
at Koudiat Mdouar Dam;

« alowsiltation phase started from the 10" year of service
to 25 years where the siltation is relatively regular
where the siltation records each 7 years approximately
5 hm® of siltation in Foum Elgherza dam and 2.2
hm?® each 7 years for Koudiat Mdouar Dam; siltation
estimated by F. OrRTH’s equation for the same period
is of the order of 16.63 hm® for Foum Elgherza while
the Koudiet Mdouar dam only receives the volume of
6.19 hm®.

These alluvial phases help us to form an idea of the
sedimentation rate of dams in order to take this into account when
constructing dams under similar conditions (HALLOUCHE et alii,
2005; BourouBa, 1998). It appears very clear that the evolution
of siltation is closely linked to the quantities of materials removed
from each basin, and its surface area in addition the effect of
hydrological parameters.

Verification of results

The Nash criterion function can be used to determine the root
mean square deviation between a reference curve (Y ref (x)) and a
simulated curve (Y mod (x)) which is intended to correctly model
the reference curve (GUPTA et alii, 2009). It is defined as follows
(NasH et alii, 1970):

NaSh: 1- [(VCa-\]obs)z/(\/x)bs_(Vob§ 2]

V,,: calculated vase;

V_ : observed Vase;

obs

V. :average of the mud for each bathymetric survey taken.

obs

If the value of Nash=1: perfect estimate of the observed values;
if 0 <Nash value <1: estimate is better;
if Nash <0: estimate minus.
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Follows the availability of many bathymetric surveys
completed at the level of the Foum Elgherza dam, the
comparison between the results of these surveys and the results
of the OrTH formula which are very close it becomes possible
and significant (Table 6).

TFoum Elgherza Dam Timgad Dam
Year | ObsSilt | CalSilt | (CaSilcObs | (Obs SiltObssili) | Year | Obs | Cal | (CalSilt- | (Vobs-
(bm) () Siléy A2 sile | Silt | ObsSil | Vebs)p
Em) [ (bm?)
1950 0 0 0 0 2005 | 0 0 0 0
1967 1193 12.00 0.0081 190140 2004 | 05 | 052 0.0004 0.067
1975 15.07 16 56 22201 14907 2011| 18 | 255 0.5625 1081
1986 2048 2186 19044 2399 Aver | 0766 | 1.023
1993 2268 2474 12436 14055 Sum | 23 | 307 0.5629 11492
2001 301 2764 60516 124746 051
2009 3226 3014 44944 177 662 2009
Aver | 18931 | 1899 18922 741167 Moy
Sum | 13252 | 13296 T1892 741167 Sum
Nash 0.974 Nash

Tab. 6 - Calculate the Nash index (Obs: observed; Cal: calculated;
Silt: siltation, Vobs: average observed siltation)

In some case there is a perfect match between the measured
and calculated value. In 2004 the observed value was 0.5 hm*and
the calculated value is 0.52 hm?.

CONCLUSIONS

Solid transport in Algeria is characterized by rapid filling of
dam reservoirs and a considerable decrease in storage capacity and
consequently the reduction in the lifespan of dams (HALLOUCHE
et alii, 2005; REMINI et alii, 2015; MEDDI et alii, 2014).

From the present study relating to flooding and siltation in
certain dams. The evolution of siltation has been increasing to
reach a very advanced stage.

This development is reflected in two phases depending on the
extent of the phenomenon.

A high siltation phase characterizes the first years of
operation and characterized by a high flooding while a second
phase is relatively long characterized by a regular siltation and a
few significant floods.

The results of specific solid transports are comparable to those
found in several areas in Algeria and by many researchers the
values of sediment yield are varied between 450 and 980 t km*/y
but in different period (KassouL, 2010; TesBi, 2014; MEDDI, 2014;
GuibouM, 2010; Bouanani, 2004; KHANCHOUL et alii, 2007
TouaABia, 2010;).

BALLA et alii (2015) have also shown that the stream in the
study area is particularly affected by lateral erosion.

This erosion develops differently depending on the type of
lithological formations and physical factors.

The siltation remains variable and irregular between dam and
another; it takes an accelerated rate for Foum El Gherza dam.

According to Boucamouza et alii (2020). 1 hm?® of the silt
was removed by dredging for 24 months but the value of the Nash
index is 0.97, it is between 0 and 1 so the accuracy of the model
is better and expresses agreement between the theoretical and
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measured values. Volumes of inflows that arrive after each flood
can recover this sediment supply, the high alluvial behavior due to
the fragility of the lithological formations and the effect of certain
anthropogenic and physical factors.

The northern slope of the massif is endowed with dense and
varied vegetation cover which slows down the erosive force of
the rains minimizes the quantities of sediments produced, while
the southern slope presents only a weak cover dominated by the
scattered maquis which develop on a clearly denuded soil which
makes the particles of the soil very equipped to move quickly
under the flow of the floods in particular of autumn and spring
(MEBARKIL, 2005; HALLOUZ et alii, 2019). It should be noted that the
Koudiet Mdouar watershed has an average plant cover reinforced
by anti-erosion actions undertaken for years which reduced the
average annual siltation and makes it within the limits of 0.25 hm?
(MEBARKI, 2005, TaBBl, 2010) The acceleration of siltation in the
Foum Elgherza dam and in the Koudiet Medouar dam is primarily
due to the low vegetation cover , the intensity of erosion and the
accentuation of certain morphometric and hydrological parameters.

The Woodburn estimation model, which has shown its
effectiveness in certain areas, appears in this region less unnecessary
and gives underestimated results.

It is clear that F. OrRTH’s model gives results close and
comparable to those found by bathymetric surveys, which
qualifies this model to be applicable in similar climatic,
physical and lithological conditions and to put in the hands of
engineers and decision-makers an effective alluvial forecasting
tool that rapidly replenishes reservoirs and considerably
reduces the lifespan of dams.

‘We could say that we tried to better explain the main goal of this
study which was the relationship between floods and dam siltation
in two adjacent basins with different hydrological, lithological and
climatic characteristics.

We note that there is a strong relationship between dam siltation
and floods that carry largest amount of sediment, especially floods
during wet periods such as autumn and spring.

Basins studied suffer from the degradation of vegetation under
the effect of fires and drought, which accelerates the action of
violent floods and the sensitivity of the soil to erosion and the rapid
mobilization of sediments towards the dams.

Reservoirs need great importance for water storage,
for agricultural, and they contribute to flood risk mitigation
(CorTl et alii, 2023).

Some techniques give good results in the fight against erosion
water and siltation, we can cite:

*  soil conservation as a means of minimizing the penetration
of solid materials into a reservoir, two methods of soil
conservation are used to curb erosion by the establishment
of: planting of crops along the contour lines and fixing the
banks of the watercourse;
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» the densification of reforestation, particularly in the
upstream part of Timgad, will fix the formations of
vulnerable Mio-Pliocene clays and construction of
upstream settling dams;

e discharging and scouring are the most important
methods of reservoir scouring, which mainly use the
impacts of headwater scouring and on-way scouring to
recover the capacities of reservoirs (Hu et alii, 2018;
CHAMOUN et alii, 2016);

* underwater dredging: this method is applicable to
dredge reservoirs with water storage throughout the
year;

»  withdrawal of density currents (drawing off): a practical
method which consists in evacuating the sediments
drained by the density currents on the bottom of the
reservoir by using drain slits (drain valves or bottom
valve) from the dam; as soon as the roof of the sludge
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reaches the threshold of the valves, the turbid layer is
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ACKNOWLEDGEMENT

The Authors would like to thank reviewers for their useful
comments. Thanks are also due to the National Agency for
Dams and water Transfer (ANBT, Batna and Biskra) for their
help in providing us with complementary and valuable data.

BaLra F., KABOUCHE N. & BOUGERRA H. (2017) - Hydro-sedimentary flow modelling in some catchments Constantine highlands. case of Wadis Soultez and
Reboa (Algeria). Journal of water and land development, 34(1): 21-32.

BENBLIDIA M., SALEMN A. & DEMMAK A. (2001) - Extraction des sédiments dans les retenues. La Houille Blanche, 6(7): 76-78.

BENKHALED A., REZGUI Z. & SAkHRAOUIL F (2013) - Floods in Abiod wadi: analysis of database. Larhiss, 14: 179-191.

BoUANANI A. (2004) - Hydrologie, transport solide et modélisation: Etude de quelques sous bassins de la Tafna (NW- Algérie). Theése de doctorat, Université
d’Oran, 245 p.

BouaNant A., BaBa-HAMED K & Fanp1 W. (2013) - Production et transport des sédiments en suspension dans [’oued Sikkak (Tafna - nord-ouest Algérie).
Revue des sciences de I’eau/Journal of Water Science, 26(2):119-132.

BoucGamouza A ., REMINI B. & SakHraoul F. (2020) - Analytical study of sediment evolution in the lake of the Foum el Gherza dam (Biskra, Algeria).
Larhyss journal, 43: 169-179.

Bourousa M. (1998) - Phénomene de transport solide dans les Hauts Plateaux Orientaux: Cas de [’Oued logmane et de 'Oued Leham dans le bassin de
la Hodna. Revue des Sciences et Technologie, 9: 5-11.

BRrAMBILLA D., LONGONI L., PAPINI M., GIORGETTI E. & RADICE A. (2015) - Modeling erosion and landslides as sediments sources to assess dam siltation.
“International conference on landslides and slope stability”, advancement of research practice and integrated solution on landslides, Bali, Indonesia.
September: 27-30.

BRAVARD J.P. & PETIT F. (1997) - Les cours d’eau, dynamique du systéme fluvial. Paris, Armand Colin, Collection U, 222 p.

CHAMOUN S., DE CESARE G. & CHLEISsA J. S. (2016) - Managing reservoir sedimentation by venting turbidity currents. International Journal of Sediment
Research, 31(3): 195-204.

CHAVE S. (2002) - Pertinence de la cartographie hydro-géomorphologique dans I’approche des inondations rares a exceptionnelles: exemple de sept bassins
Auviaux dans les Corbieres et le Minervois. Géomorphologie: Relief, processus, environnement, 4: 5-16.

CorTI M., GHIRLANDA E., MAINETTI M., ABBATE A., DE VITA P., CALCATERRA D., PAPINI M & LONGONI L. (2023) - Evaluation of the applicability of
sediment transport models to dam filling prediction in different italian geological contexts. Italian Journal of Engineering Geology and Environment,
Special Issue 1: 27-32. DOIL: 10.4408/IJEGE.2023-01.S-04 E-ISSN 2035-5688 | ISSN 1825-6635 /.

DeEMMAK A. (1982) - Contribution a I’étude de I’érosion et des transports solides en Algérie septentrionale. These de Dr. Ing. Université de Pierre et Marie
Curie, Paris XI.

DucrocqQ V. (2006) - Crues rapides dans le midi de la France. Pour la Sci., 51: 82-85.

HaLLoUCHE W. & ReMINI B. (2005) - Prévision de [’envasement dans les barrages des pays du Maghreb. Larhyss Journal, ISSN 1112-3680, 4: 69-80.

HaLLoucHE W. (2007) - Prévision du transport solide et sédimentation des barrages. Thése de doctorat.université de Biskra. Algerie. Juillet.105 p.

Harrouz F., MEDDI M., MAHE G., SALAHEDDINE A. & KEDDAR A. (2019) - Modeling of discharge and sediment transport through the SWAT model in the
basin of Harraza, (Northwest of Algeria). Water Science, 32(1): 79-88. https://doi.org/10.1016/j.wsj.2017.12.004.

Hu H.H., DENG AJ., CHEN J.G., SHI H.L. & YE M. (2018) - 4 research overview of the siltation loss controls and capacity recovery processes in China's

Italian Journal of Engineering Geology and Environment, 1 (2025) www.ijege.uniromal.it



FLOODSAND SILTATION IN SOME AURESIAN WATERSHEDS (EAST OF ALGERIA)

reservoirs. MATEC Web of Conferences, 246(10). https://doi.org/10.1051/matecconf/201824601086 ISWSO 2018 .

GubouM A. (2010) - Mémoire de Magister [Memory of Magister]. Hydrological study of the watershed of Wadi Chemora. Batna 2 University Algeria pp.
259.

Gupta H.V,, KLING H., YiLMAZ K. & MARTINEZ G.F. (2009) - Decomposition of the mean squared error and NSE performance criteria: implications for
improving hydrological modeling. J. Hydrol, 377(1-2): 80-91. doi:10.1016/j.jhydrol.2009.08.003.

KassouL M. (1999) - Prédétermination de la durée de vie de barrages en Algérie. La Houille Blanche, 3/4: 89-94.

Kuancuour K., JaNssoN M.B. & LANGE J. (2007) - Comparison of suspended sediment yield in two catchments, North East of Algeria. Z Geomorphol,
51(1): 63 94.

KuancuouL K., BOUKHRISSA Z. & ALTSCHUL R. (2012) - Estimation of suspended sediment transport in the Kébir drainage basin, Algeria. Quaternary
International, 262: 25-31.

KHENTOUCHE A. & DripI H. (2019) - Variability analysis of temporal and spatial annual rainfall in the massif of Aures (East Of Algeria). Geographia
Technica, 14(1): 36-48.

KLING H., FucHS M & PAULIN M. (2012) - Runoff conditions in the upper Danube basin under an ensemble of climate change scenarios. J. Hydrol, 424-425:
264-277. doi: 10.1016/j.jhydrol.2012.01.011,2012

LAHLOUA. (1990) - Modéles de prédiction de la sédimentation des retenues de barrages des pays du grand Maghreb. Atelier International, Tunis : UNESCO-
AISH-ENIT sur I’application des modeles mathématiques a 1’évaluation des modifications de la qualité des eaux, 312-324.

MEBARKI A. (2005) - Hydrologie des bassins de I’Est algérien: ressources en eau. Aménagement et environnement. Thése de doctorat d’Etat, Université
Mentouri de Constantine, 360 p.

Hydrologie, barrages et transferts d’eau en Algérie oriental. Bulletin des sciences géographiques, 25:33-41.

MEpDI M. (2014) - Sediment transport and rainfall erosivity evolution in twelve basins in Central and Western Algeria. Journal of urban and environmental
Engineering.

MEGNOUNIF A.,TERFOUS A. & BouaNaNI A. (2003) - Production and transport of suspended sediment transport in the upper-Tafna river basin (North-West
Algeria). Rev. Sci. Eau., 16: 369-380.

MoLmNo B., DE VINCENZO A., MINO A. & AMBROSONE L. (2023) - Long-term water management model for preserving sustainable useful capacity of
reservoirs. Water Resources Management, 37: 1879-1894.

NASTOSET P., KapsoMENAKIS J. & Douvis K. (2013) - Analysis of precipitation extremes based on satellite and high-resolution gridded data set over
Mediterranean basin. Atmos. Res., 131: 46-59. doi:10.1016/j.Atmosres. 04.009.

NasH J.E. & SutcLirre J V. (1970) - River flow forecasting through conceptual models part, I, a discussion of principles. Journal of Hydrology, 10(3): 282
290. https://doi.org/10.1016/0022-1694(70)90255-6.

NicuLescu S. & LArDEUX C. (2007) - Gestion durable des zones inondables dans le delta du Danube (Roumanie). In: 1res Journées Scientifiques Inter-
Réseaux de I’AUF, Gestion Intégrée des Eaux et des Sols. Ressources, Aménagements et Risques en Milieux Ruraux et Urbains, 6-9 novembre 2007,
Hanoi, Vietnam, 10 p.

OrtH F. (1934) - Die Verlandung von Staubecken. (The Siltation of Reservoirs). Bautechnik, 12(26): 345-358 (in german).

PNR (2010) - Etude diagnostic de l’état d’envasement du barrage de Koudiat Medaouer et des risques de pollution de sa réserve en eau (Wilaya de Batna).
Laboratoire de Recherche en Hydraulique Appliquée LARHYA Université de Batna et CRSTRA (Biskra), Algeria.

Pros.st J.L & SucHET P.A. (1992) - Fluvial suspended sediment transport and mechanical erosion in Maghreb (North Africa). Hydrological Sciences, 37
(6): 621-637. doi: 10.1080/02626669209492628.

REMINI B., AVERARD J.M & KETTAB A. (1997) - Evolution dans le temps de |’envasement dans une retenue de barrage dans lequel est pratiquée la technique
du soutirage. La Houille Blanche, 6: 54-57. doi : 10.1051/ 1hb /1997052.

RemINI B. & HALLOUCHE W. (2003) - Les barrages du Maghreb s envasent. 5° Symposium Int. De I’eau. Cannes 23 a 27 juin.

RemINI B., BENsaFIA D. & Missoum M. (2015) - Silting of Foum el Gherza Reservoir. Geoscience Engineering, 61(1): 1-9.

RemINI B. & BENnsaFia D. (2016) - Envasement des barrages dans les régions arides Exemples Algériens. Larhyss Journal, 27: 63-90.

RemINI B. (2017) - Une nouvelle approche de gestion de [’envasement des barrages. Larhyss Journal, 31: 51-81.

SAIDI A. (1991) - Erosion spécifique et prévision de I'envasement des barrages. Actes du colloque sur 1’érosion des sols et I’envasement des barrages, 1-3
décembre, Alger, 204-226.

SOGREAH (1989) - Etude méthodologique sur I’hydrologie des retenues collinaires et mise au point d’outils de calculs. Pratiques a I’'usage des directions de
I’hydraulique. Rapport technique, 5 Grenoble, 156 pp.

TesBI F.Z., DRIDI H & MORRIS G.L. (2012) - Optimisation d 'une courbe cumulative de sédiments piégés dans le réservoir en zone aride de Foum El Kherza
(Biskra, Algérie). Hydrological Sciences Journal, 57(7): 1368-1377. https://doi.org/10.1080/02626667.2012.712740 .

TesB1 F.Z. (2014) - Modélisation de la régularisation des barrages dans I’art dans la région des Aurés. Thése de doctorat, Université de Batna 2, P123.

Italian Journal of Engineering Geology and Environment, 1 (2025) www.ijege.uniromal.it

71



78

A.KHENTOUCHE & N. BELLA

TIXIRONT J. (1960) - Taux d’abrasion et teneur en suspension des cours d’eau d’Algérie et de Tunisie. Secrétariat d’Etat a 1’ Agriculture (Service HAR),
Tunisie.

TIXERONT J. (1960) - Débit solide des cours d’eau en Algérie et en Tunisie. In Assemblée Générale d’Helsinki, 25 juillet-6 aotit, IAHS, 53: 26-41.

Touasia B. (2010) - Problématique de [’érosion et du transport solide en Algérie septentrionale. Sécheresse, 21(4): 333-335.

WOODBURN R. (1955) - Sediment production in small watersheds. Agr. Eng, 36: 467-470.

Received February 2025 - Accepted June2025

Italian Journal of Engineering Geology and Environment, 1 (2025) www.ijege.uniromal.it



