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Abstract The issue of natural hazards in general and
flooding in particular is a hot topic which marks memo-
rable actions in the world and specifically in Algeria.
Managing this risk is becoming more of a necessity that
must include all stakeholders and all possible means
available. The objective of this work is the vulnerability
mapping of flood areas in the arid region Oued M’zab-
region Ghardaia. It’s about implement predictive models
and flood control. This allows the development of a risk
prevention plan to flooding. To achieve this goal we
evaluated the hazard and vulnerability. The evaluation of
the risk passes by a study of the mode of rising. This study
leads to the determination of the synthetic hygrogram
which are taken into account under the boundary condi-
tions upstream of a hydraulic model of the nonpermanent
flows on free face. The results obtained for one period of
return given constitute the risk of the floods relating to
these hydrograms. The vulnerability is represented by a
rate which translates the objective of protection against a
probable risk. Two types of models are tested on a section
of Oued M’zab-region where the data are available. Ini-
tially, are considered hydrological models (HEC-HMS
1D). In the second place of the hydraulic models (HEC-
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RAS 1D). After comparison of the results obtained by
various simulations, the vulnerable zones are thus charted.
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Introduction

The risings and the floods in the Mediterranean often
originate in of the torrential rains. They are complex
weather phenomena and of a great violence. In any season,
the pouring rain can involve destroying risings and floods.
They thus represent the most widespread catastrophes in
the Mediterranean (Ballais et al. 2005). In general, the
floods at the origin of more than 80 % of the natural dis-
asters are thus recorded in the world between 1996 and
2006. They thus caused damage estimated at 500,000
people deceased and of 600 billion dollars of economic
losses. So they are the natural disasters most spectacular
which produce the most damage (Klijn 2008). According to
the Blue Plan, 210 destroying floods touched the
Mediterranean circumference these 20 last years. They
struck 3,220,000 people, causing 4250 dead and economic
losses which would rise with more than 25 billion euros
(Em-dat, international disaster database 2004).

The forecast and the control of the damage caused by
this type of disasters particularly require the identification
of the vulnerable areas and the determination of the factors
and the damages generated by these catastrophes (Hansson
et al. 2008; Jonkman et al. 2008).

The risk of flood is regarded as being the product of the
probability of occurrence of risings and the consequences
caused by these events (Raaijmakers et al. 2008). By
having a diagram total of the situation, it would be not only
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possible to manage the risk, to take the necessary mea-
surements in order to eliminate the life losses and to limit
the material losses, but also to have diversified possibilities
to envisage an adapted dimensioning of the works water-
supply engineering (Breton and Marche 2000).

Algeria is among the countries which are affected by
risings which generally generate floods due to the over-
flows of the river crossing the cities and the agglomera-
tions. These risings are of sudden appearance, often not
easily foreseeable, of fast relatively significant specific
flow and boarding time. They are generally related to
intense rainy episodes and appear on basins of moderate
size (Merabet 2006; Yahiaoui 2012).

Several catastrophes caused by its risings were listed in
Algeria. The table hereafter summarizes the most signifi-
cant floods that Algeria knew in the last decade (Anony-
mous 1 2007) (Table 1).

In Algeria particularly the arid areas are characterized
by not very frequent but sometimes very significant
downpours (Colombani et al. 1984; Pedro et al. 2006).
These downpours often give birth to floods whose conse-
quences are sometimes unforeseen (Hansson et al. 2008).
However, the rivers in the arid areas are characterized by
the irregularity of flow and a strong fluctuation hydrolog-
ical (Arab et al. 2004). During the year, the intermittent
flows dominate in the majority of the Wadis in these areas
(Argyroudi et al. 2009). It takes place to note that this type
of area whose majority of the rivers are transitory, do not
have till now a global approach of treatment confirmed by
several reasons. (a) The scarcity of the data which repre-
sents one handicap to study the variations of the hydro-
logical assessment (Sivapalan et al. 2003). (b) The
occasional change of the climatic and anthropic conditions
which leads to an imbalance of hydrological flows and the
physical characteristics of the basin (Puigdefabregas and
Mendizabal 1998; Xoplaki et al. 2004; Lopez-Moreno et al.
2007). (c) The strong variability and of the transitory
events, the hydrology of the arid regions or semi-arid.
What implies a strong non-linearity of the explored models

(Nouh 2006; Hreiche et al. 2007; Kingumbi et al. 2007;
Lajili-Ghezal 2007; Mclntyre et al. 2007; Nasri 2007).
(d) Space heterogeneity generates a progressive change in
the hydraulic capacity. The risks of flood are confirmed
(Lebdi et al. 2006).

The study of the risings in Algeria remains an unknown
field. The arid and Saharan areas, suffer from lack of data,
only some very specific indications can be available in the
Algerian hydrological directories. The risings represent one
of the fundamental features of the mode of a river of this
type of area. However, the information concerning the
series of risings is not available. This fact no conclusion
total can be drawn.

The area of M’zab in Ghardaia in the south of Algeria
represents one of these arid regions the most touched by the
phenomenon of flood. This zone knew floods in 2008: the
Oued M’zab, which left its bed towards 4 H of the morning
has, indeed, carried everything on its passage. The damages
are enormous: death of 100 people, 89 wounded, 756
damaged disaster victim families, 19 schools damaged,
7200 houses deprived of electricity and 2300 families
deprived of water. More than 1200 ha of market gardening,
arboricoles and of palm plantations were rolled by water.
More than 1000 heads of cattle perished and more than 300
vehicles were carried by water. A manufacturing plant of
batteries under licence (Tudor), employing more than 200
workmen, was completely ransacked by water. The toll of
the material damages borders the 20.1 billion Dinars, that is
to say more than 200 million Euros (Medejerab 2009). The
cartography of the flooded zones is a tool of decision-
making aid in the management of the urbanization and the
development of plan ORSEC (Anonymous 2 2007). The
justifications of this work are varied and those related to the
social stakes consisting in ensuring the good being of the
population, the economic stakes consisting in decreasing
the damages caused by the floods and of the environmental
stakes consisting in decreasing the impact of the floods on
the people and the goods. In this work we cartography the
flooded region (at the risk) in an arid region then we quote

Table 1 The largest floods in

the last decade Date

Region

Human loss

Azazga (Tizi Ouzou)
Tizi Ouzou

El Eulma (Sétif)
Annaba

Jijel

Bordj Bou Arréridj
(Bab-El-Oued) Algiers
Bechar

Sidi-Bel-Abes
Ghardaia

12 October 1971
28 March 1974

1 September 1980
11 November 1982
29 December 1984
23 September 1994
10 November 2001
November 1994
October 2007
October 2008

40 dead; hundreds of homes

52 deaths, 18,000 claims

44 deaths

26 dead and 9500 claims

29 dead and 11,000 claims

16 deaths

710 deaths, 115 missing

13 deaths; 4300 homes destroyed or damaged

7 words and more than 100 affected families
More than 100 deaths, 86 wounded, and 4 missing
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the tools of evaluation and cartography of the risks related
to the floods and the sources of generated uncertainties.
The estimate of the damage is done by the means of a
hydrological modeling by HEC-HMS, the hydrodynamic
modeling by HEC-RAS. Finally the cartography of the
flooded regions and the regions at the risk of the studied
region are given.

Study area
General information

The area of Ghardaia is located at the center of the Alge-
rian septentrional Sahara, 600 km in the south of the
Algerian capital and is localised between latitude 3229’
19.40"N and longitude 340’ 27.94"E (Fig. 1). The town of
Ghardaia, county town of wilaya as called, is located on the
top of the five historical cities which counts the pen-
tapole;” gathered cities in series on the banks of the same
valley, which takes, on both sides this grouping, the name
of Oued El Biod upstream, and that of Oued M’zab
downstream”.

The climatic and geographical conditions make M’zab a
deserted region in the northern limit of the absolute desert,
which explains the scarcity of the vegetation which pushes
only in edge of the wadis and on the level of the palm
plantations. It is made up of herbaceous plants and shrubs

belonging to the Saharan flora (Abonneau 1983; Daoudi
et al. 2011). Among the trees, Abonneau (1983) quoting,
bétoum (Astacia atlantica) and tarfaou (Tamarix gallica)
and the shrubs are represented by the alenda (Ephedra
fragilis), the arich (Calligonium commosum), the rtem
(Retma retam) and the seder (Zigyphus lotus). According to
the type of area, one notes the presence of a rather sig-
nificant group the adventitious ones where in the sandy and
dry places such as the regs. (Abonneau 1983; Zergoun
1991; Daoudi et al. 2011), announcing the following plants
of Acheb:Aristida pungens (drinne) and Aristida obtusa
like graminaceous most frequent, the dhamrane (Trajanum
inidatum), the baguel (Haloxylon articulatum), the merkh
(Genista saharae) and the cheih (Artemesia alba). Down-
stream from the Oued M’zab develop halophilous plants
such as the guettaf (Atriplex halemus), the guedem (Salsola
vermiculata), the ajrem (Anabasia articulata), the negued
(Astericus graveolus) and the chaaliat (Sysimbium iris)
(Abonneau 1983).

The occupation of ground shows that the majority of the
activities are concentrated on the level of the valley of
M’zab, which generates significant damage in case of ris-
ing (Fig. 2).

For the study of the risings and flood we chose seven
under basins of the large basin of the Oued M’zab. It is
about under basins that are the most touched by the floods
(Fig. 3). Tables 2 and 3 summarizes the principal charac-
teristics of each sub basin.

Limites de la Wilaya
Limites dos communes

® Communs
La route natiomale N*1

Fig. 1 Location map of the study area
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Fig. 2 Map of soil occupation
of the city of Ghardaia
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Fig. 3 Sub basin component basin Versant Oued M’zab-region Ghardaia

Table 2 Morphometric parameters of sub basins that composed the Oued M’zab: region Ghardaia

Sub basin versant Perimeter (km) Area (km?) Compactness index (KC) Equivalent length (km) Equivalent width (km)
EL Haimeur 91 386 1.30 33.74 11.44
BOU Brik 24 35 1.14 6.66 5.26
EL BIODH 132 822 1.29 48.63 16.90
Ghardaia 64 198 1.27 23.26 8.51
Bounoura 100 168 2.16 45.99 3.65
El Atteuf 18 18 1.19 5.87 3.07
Step 29 43 1.24 10.17 4.23
Global drainage basin 202 1670 1.38 79.20 21.09

Oued M’zab: region Ghardaia

The zone of study is primarily associated with three
large wadis: Laadhira and Bou Brik Labiode of the West
which meet in the place named “Amlaga”. This last is
indicated in Arab language “Moultaka” with the commune
of Daya Ben Dahoua to give rise to Oued M’Zab (Fig. 4).

@ Springer

Climate and precipitation

For the study of precipitations, we considered a pluvio-
metric series which comprises maximum daily precipita-
tions for the longest possible period. This series was



Model. Earth Syst. Environ. (2016) 2:147 Page 5 of 17 147

Table 3 Characteristic of the

basin of Oued M’zab: region Characteristic Parameter Unit Symbol Value
Ghardaia Morphology of the watershed Area km? A 1670
Perimeter km P 202
Compactness index - K. 1.38
Length of the equivalent rectangle km L 79.20
Width of the equivalent rectangle km 1 21.09
Relief Maximum altitude m Hpax 762
Minimum altitude m Hoin 432
Average altitude m Hinoy 639
Index of rock slope % I, 5.19
Overall slope index % I, 3.71
Average angle % Loy 0.37
Specific altitude m Dy 355
Hydrographic network Length of the main thalweg km L, 95
Coefficient of elongation - E 54
Drainage density km/km®> Dy 0218
Coefficient of torrentiality - C, 0.23
Time of concentration h T, 23
Report of confluence - Rc 0.93
Length ratio - R, 1.4
s
2 X
X 2
Ligende
0 Ve Cravias
— meea bySogaphaue
[P rRs——
Pt
Sk 15km 2 km 35km

Fig. 4 Map of slopes of the watershed Oued M’zab-region Ghardaia

provided by the National office of Meteorology (Anony-
mous 3 2010). They spread out for the period of
1975-2013. The analysis of the series indicates that the
climate of the area of Ghardaia is typically Saharien. It is
characterized by two seasons: one hot and dries season
(from April at September) and another moderate (from
October at March). A great difference between the tem-
peratures of the summer and the winter is observed
(Table 4). It registered an annual average of 22 °C.

The precipitations in the zone of study are characterized
by the fact that they fall primarily in the form of stormy
showers in autumn and in spring. Some years (temporal
apportionment) have an exceptional precipitation (58 mm

in 1993). However, other periods are of a remarkable
dryness (1992 and 1997) (Fig. 5).

The figure indicates that for the years 1979 and 1993 and
2003, the values of precipitations are maxima. The inten-
sity curves—duration—frequency IDF are built with an aim
of allowing, to synthesize pluviometric information on the
level of the station representative of the zone of study.
They allow, in addition to calculate the flows of project
briefly and to estimate the flows of rising and of rain water
and, they define the rain of project of the uniform type
characterized by a constant intensity for all its duration.
Curves IDF are plotted for times of return 2, 5, 10, 20, 50,
100, 1000 and 10,000 years (Fig. 6).
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Table 4 Average monthly temperatures on an observation period (1966/2012)

Mar Apr May June July Aug Sep Oct Nov Dec
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Fig. 5 Distribution of maximum daily rainfall PJ max from 1975 to 2013
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Overview of the flooding of the Oued M’zab: region
Ghardaia

The growth of the population of Ghardaia involved an
intense urbanization. This growth ran up against the con-
straints of the relief, in particular with the narrowness of
the valley. An uncontrolled extension of the habitat in the
palm plantation as in the minor bed of the Oued is
observed. These phenomenon seriously modified the con-
ditions of passage of risings and sucker in an inadmissible
way the risks of destruction and major accidents related to
these events. Table 5 summarizes the most significant
floods as well as the principal damage, in human losses, of
wounded and without shelters, caused by the risings which
the valley of M’zab knew in the last decade.

The protection of the valley of M’zab against the floods
requires knowledge, in addition to the flows of rising, the
heights of water in the Oued M’zab for the different peri-
ods and more particularly for the periods of strong rising.
Figure 7 illustrates the principal risings which touched the
zone of study during 107 years. For the period
(1902-2008), it thus gives the monthly distribution of the
principal risings of the Oued M’zab. It is observed in
particular that the extent of the risings is remarkably
repeated in the month of September.

The pouring rain, qualified “tsunami river”, accompanied
with violent storms, began on Monday September 29, 2008,

after 4 years of dryness. The bad weather gradually continued
Tuesday with an average intensity. Wednesday, 1 of October
was the day of Aid (the festival which marks the end of the
fast among Moslems, it was the flood, with a pouring rain,
adding up nearly 150 mm in 1 h. The principal wadis of the
area (M’zab, Zeghir, NSA, Metlili) functioned with full
mode. According to local sources, it has been the first time for
70 years which the three tributary wadis of the Oued M’zab
are in rising. Usually only one of the three wadis overflows
without endangering the surrounding populations. The
authorities speak about a flow about 1200 m*/s. The National
Agency of the Hydraulic Resources (Anonymous 4 2010)
estimated the flow at 900 m?/s. This catastrophe which tou-
ched the city is bound, on the one hand, with the intensity of
the risk concerned and on the other hand, with the vulnera-
bility of the area to the floods (Medejerab 2009). The Geo-
morphologic analysis after the rising of October 2008,
indicates a visible change of the river (Fig. 8).

The zone of El Atteuf represents the most exposed zone
with the effects of the floods whose consequences are
catastrophic. The known zone is located at the downstream
of the Oued M’zab-region Ghardaia. This zone is charac-
terized by weak slopes, where the flows of risings gather. It
thus constitutes a vast zone of expansion of risings of the
Oued M’zab. The Oued go along to El Atteuf, after filling
the dams with upper waters. The Oued M’zab runs down-
stream from El Atteuf, by the risings of the lower wadis and

Table 5 Most important floods during the last decade in the M’zab Valley

Date Type of
flooding

Description of the disaster

April 24, 1952 Very strong

Rainfall has been significant from a point 15 km upstream of Ghardaia and beyond Zelfana

The upper basin of the M’zab Wadi have little or no flows (Wadi El Kekakh, El Abiod, Djaref)

in Daya Ghardaia, the flood did feel from Daia ben Dahlan; It is short, but violent as the result of an intense
runoff to Zelfana, the maximum flow rate could be estimated to be between 500 and 1000 m’/s. The flood
carried tents, drowned more than 1200 head of cattle

September 23, Strong enough  Flood of the M’zab Wadi powered by wadis immediately upstream; filled dams; High water of the river
1952 N’Tissa which fills the dam of El Atteuf: light spill of it. The dam of Beni-Isguen has been heavily
damaged. The Wadi flows downstream of El Atteuf, thanks to flooding of wadis lower and especially

Noumerate

November 17, Important
1980

October 1984

May 11, 1990  Important
bridge Adaoud

98.9 mm of precipitation and 4 days of flow

The dam upstream of Ghardaia Palm Grove was filled.
Traces of flooding have been observed at an altitude of 498.85 m at the distance of 473.70 m upstream of the

June 2, 1991

30 September
1994

October, 1995
October, 1997
June 2004

1 October
2008

Very important
Very important

Strong enough
Important
important

Very important

Many damage
Very important with a precipitation of 151 mm, Q = 873 m%/s

Extensive damage
The station of NAHR Ghardaia registered 46.4 mm of precipitation
Important flood caused by falls of tinny, extensive material damage

6 days of flow, significant casualties (43 victims), causes the destruction of infra structures, and very

extensive material damage
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Fig. 8 Allure of rivers before and after the flood from 1st of October 2008

especially Noumerat. In the downstream zone, the rising is
fed by the lower tributaries of M’zab like Hassi Chegga.

Methods of investigation
In the objective to analyze the whole of the results

relating to the phenomena of risings of the area, sev-
eral methods can be used to chart the risks of flood.

@ Springer

Generally, three principal methods can installed: his-
torical and paleohydrologic methods (Baker et al. 1988;
Benito et al. 2004), hydrogeomorphologic methods and
the hydrological-hydraulics methods (Lastra et al.
2008).

Our choice was made on the last method. Thus, four
stages are followed:

e Statistical analyze of rains in the studied period.
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e Hydrological modeling based on HECHMS, thus
allowing the quantification of the flow of project.

e Hydraulic modeling based on the HECRAS allowing to
determine the hygrograms of rising.

e This modeling uses charts of the occupation of the
ground and the DEM (digital elevation model) as well
as the flow calculated by the HECHMS.

e The height of rising determined by HEC RAS and the
digital model of ground (DEM) give the altitude of
flood to the level of the zone of study, the intersection
of the plan of flood with the level of the original ground
forms a horizontal plan which represents the flooded
zone until to cartography of the vulnerable zones. The
various steps described are represented on the Fig. 9.

Hydrological modeling

The principle based on hydrological modeling called also
model rain-flow. The latter make it possible to transform
series describing the weather conditions of a catchment
area (precipitations, moisture of the ground, etc....) into a
series of flows. This transformation of the rain into
hydrogram of rising results in the successive application of
two functions. A first function of production which deter-
mines the hyétogram of clear rain starting from the rough
rain. A second function of transfer makes it possible, as for
it, to determine the hydrogram of rising resulting from the
clear rain (Gharbi and Soualmia 2013).

The Model HEC-HMS, is a deterministic hydrological
model and conceptual HEC-HMS (Hydrologic Modeling
System). This hydrological model was developed by
“Hydrologic Engineering Center (HEC)” of the US Army
Body of Engineers (USACE 2010). It in particular makes it
possible to make leave the flow project. The module of

DEM

GIS — —

Occup of

basin includes: Subbasin; Reach; Reservoir; Junction;
Diversion; Source; Outlet (Tramblay et al. 2011; Zhang
et al. 2013; Andrzej 2013).

Hydraulic modeling

For hydrodynamic modeling the model HEC-RAS was
considered. This model solves the problems of the flows on
free surface permanent or non-permanent. It solves the
equation of unidimensional energy, the losses being eval-
uated by the formula of friction at the bottom of Manning—
Strickler and by formulas of contraction/expansion of the
flow. For the quickly varied situations such as the hydraulic
projections, flows near the bridges, and the junctions of
river, the equation of energy is replaced by the equation of
momentum. For the overflowing flows, the total section is
divided into homogeneous sub-sections in terms of form
and roughness (Tate and Maidment 1999). Each partial flow
is calculated according to the “Divided Channel Method”
using the formula of Manning—Strickler. The modeling
based on HEC-RAS makes it possible to evaluate the flows
and the heights of water on the whole of the sections of a
river (Timbadiya et al. 2011; Prata et al. 2011).

Cartography of the flooded zones

The results obtained by HECRAS are used to chart the
vulnerable zones to the flood in the Oued M’zab-region
Ghardaia. The triangulation of the digital model of the
ground is necessary for the cartography of the flooded
zones. By using the DEM, the height of rising determined
by HEC RAS give the altitude of flood to the level of the
oued M’zab. The intersection of the plan of flood with the
level of the original ground forms a horizontal plan which

the soil - HEC-RAS
= .y River Analysis System  cis
SS;:;S:::SI ::} , ——— o _> |::> cartography
s Dhbie water height
HEC HMS -

Time

Fig. 9 Representation of the approach used for the mapping of flood areas in Oued M’zab-region Ghardaia
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450m

420m

=t
Okm  Skm  10kn Dk Skm Wi

Fig. 10 Triangulation of the DEM of the study area

represents the flooded zone. The flooded surface increases
according to the height of rising. The followed step led to
the cartography of the flooded zones. For this stage we had
the recourse to several software such as: ARCGIS, GEO
RAS (Fig. 10).

Results and discussions

The results of the simulations carried out by HEC-HMS
represent the result of a combination of several models
brought into play (a model for the quantification of pre-
cipitations, a model for the calculation of the infiltration
and the streamed water blade...). These results made it
possible to inform about precipitations of entry and the
basic flow which represents the quantity of clear rain taking
part in the appearance of the hydrogram of rising. The
application of HEC-HMS for the catchment area of the
Oued M’ zab-region Ghardaia made it possible to quantify
the flow for each sub basin (Fig. 11).

The simulation of the flow to the discharge system of a
catchment area is significant for many applications of
engineering and stock management of water, such as the
forecast of the risings. The results obtained by HECHMS
make it possible to build the hydrogram risings of each
under basin as well as total area catchment. Figure 12
presents the hyetogram and the hydrogram at the entry of
the catchment area, following the rising of October 2008.
Simulation considered takes again the conditions of raw of
October 2008.

The flow obtained by simulation HEC-HMS is
Qumax = 888.5 m’/s. By comparison with other work
(Table 6), the value of the maximum capacity obtained by
our simulation is comparable in particular with that of
Benaouedj (2011). It is noticed that HEC-HMS reproduced
well the value of the peak output Benaouedj (2011), NAHR
(Anonymous 4 2010). A shift of (26 %) is observed com-
pared to the value of Bensaha (2009). It can be explained
by the fact that the simulated wave arrives slightly before

@ Springer
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the recorded wave (of about less than a 1 h. The software
underestimates the speed of infiltration.

For hydraulic modeling, the boundary conditions can be
defined by a height of water or a constant or variable flow
in the course of time. The definition of the boundary
conditions in the software HEC-RAS with a dimension is
very simple. It is simply enough to inform at the same time
the first profile across the section by a condition limits
upstream and the last profile by the condition limits
downstream. The hydraulic parameter used to define the
limiting condition is regarded as constant over all the width
of the profile transversely. With the upstream ends and
downstream of the section considered of the Oued M’zab,
the normal height of the flows is considered( (Fig. 13).

The maximum flow obtained by simulation as well as
the geometrical data of the wadi are considered for the
software HEC-RAS. The injection of this constant flow
will make it possible to simulate the point of rising and thus
produce charts of flood. In the model HEC-RAS, the use of
steady operation is very simple and especially very fast
since the software provides only one result to each point.

Hydraulic modeling makes it possible to visualize the
profile along the watermark and critical depth line
(Fig. 14). It is noted that the watermark exceeds the
dimension of the original ground what generates a flood of
the banks. The digital simulations are carried out for one
period of 100 years return. The model HEC-RAS shows its
capacity as representation of extended of the flood and the
geographical information system will make it possible to
specialize well the elements exposed at this risk and by
consequence to lead to a tool of decision-making integrated
well.

The parametric results of simulation are given in
Table 7. It comes out from these results that the heights of
water vary from 2.50 to 5.00 m above the roof. An over-
estimate of the water level is due primarily to the reduction
in the width of the Oued. In all the points of the section, the
value of the number of Froude is lower than 1. The critical
mode is not reached.
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Project: Project 1 Simulation Run: Run 3

Startof Run:  28sept, 2008, 00:00 Basin Model: Basin 1
End of Run:  030ct. 2008, 00:00 Meteorologic Model:  Met 1
Compute Time: 25mai2015, 21:10:48  Control Specifications:Control 1

Show Elements: | All Elements Volume Units: ©) MM @) Sorting: | Hydrologic v
Hydrologic Drainage Area | PeakDischarge | Time of Peak Volume
Element (kM2) (M3/5) (1000 M3)
iE.ABIOD 82 333.6 01oct. 2008, 13:00 32543.4
[ELHAIMEUR 386 619.7 01oct.2008, 05:00 15281.9
bou brayk 35 68.5 30sept. 2008, 04:00 1597.3
Junction-2 0.0 0.0 28sept, 2008, 00:00 0.0
Reach-4 1243 7816 01oct. 2008, 06:00 49426
GHARDAIA 198 915 01oct. 2008, 11:00 7838.9
Junction-3 198 91.5 01oct. 2008, 11:00 7838.9
BOUNOURA 168 9%.3 30sept. 2008, 10:00 7666.9
ELATEUF 18 356 30sept. 2008, 04:00 8214
Reach-5 1627 885.1 01oct. 2008, 07:00 65749.8
STEP 43 98.4 01oct.2008, 04:00 1702.4
|Junction-1 1670 888.5 01oct.2008, 07:00 67452.2

Representation of the flow of sub basins

NMELABIOD MELHAIMEUR Mboubrayk WGHARDAIA M BOUNOURA M ELATEUF STEP

GHARDAIA

@.}.BOUNOURA

M=Jundion-1

hydrological element flow Volume
S km2 (m3/s) Time peak mm 10° m3
Junction-2 0 0 2856p(.2008, 00:00 wa ¢

ELABIOD 822 | 3336 010¢1.2008, 13:00 3959 | P44
ELHAIMEUR 386 619.7 010ct.2008, 05:00 39.59 152819
bou brayk 35 68.5 30sept.2008, 04:00 45.64 19903
Reach-4 1243 | 7816 010c2008, 06:00 976 | 494226
GHARDAIA 198 915 010¢1.2008, 11:00 39.59 78382
Junction-3 198 915 010¢1.2008, 11:00 39.59 7e382
BOUNOURA 168 9.3 30sept.2008, 10:00 45.64 76669
ELATEUF 18 356 3056pt.2008, 04:00 4564 214
Reach-5 1627 885.1 010ct.2008, 07:00 4041 i
STEP 43 984 010¢1.2008, 04:00 39.59 17024
Junction-1 1670 | 8885 010¢1.2008, 07:00 039 | 74522

Fig. 11 Results for each sub basin of Oued M’zab-region Ghardaia on HEC HMS

The step used for hydraulic modeling is illustrated in
Fig. 15.

One analyzing a photo catches for the period of rising of
October 2008 (Fig. 16), the heights obtained by HEC-RAS
prove very close with reality.

The results so obtained by the HECRAS are injected
with the Matthew negative values for altitudes of risings
are thus lower than altitudes of original grounds. On the
other hand, the positive values indicate that altitudes of
risings are higher than those of original grounds. The dif-
ference of the heights makes it possible to carry out the
DFM (Digital flood Model) and to chart the zones sensitive
to the flood (Fig. 17).

Figure 18 represents the cartography of the flooded
zones in the case of rising of October 2008. Simulation was
made first for the value of the flow max: 888.5 m*/s and for
a flow of 300 m¥/s. This last represents the flow of the river
where the lovers dams are empty.

It arises from the figure which if the flow max of rising
is a inferior or equal 300 m>/s the risk of flood is weak.
However, if the maximum flow exceeds the 300 m3/s, a
overflow of the river is noted. Increased of this overflow is
obviously noted for the flow max of 888.5 m%/s. The

comparison with the results of the Algerian Space Agency
(Anonymous 5 2010), indicates the aspect of clear simi-
larity. This similarity is observed as for the flooded zones
of the town of Ghardaia as well as the Al area atteuf
(Fig. 18).

Conclusions

Floods represent a major risk for the people and the goods.
In spite of the technical tools available, the fight against the
floods is always very complex because of the scarcity, of
the speed, and the extent of this phenomenon. The syn-
thesis of the risks related to the floods is based on three
principal concepts: hydrological, hydrodynamic and car-
tographical. The hydrological study by model HEC-HMS
provided, using hydrograms synthetic mono-frequency,
with the hydraulic model the boundary conditions
upstream. It also makes it possible to inform the socio-
economic side to give an equivalent measurement to the
vulnerability. For hydraulic simulation, the choice of the
software HEC-RAS is conditioned by the nature of the
topographic data. Indeed, this component is used as
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Hyetgrams and flood hydrograms of Sub-basin watersheds Oued M'zab -region Ghardaia
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Fig. 12 Flood hydrogram simulated by HEC-HMS for each sub-basin of the study area

Table 6 Comparison of the results

Authors Year Flow values
Bensaha 2009 1200 m%/s
Benaouedj 2011 873 m%/s
NAHR 2010 900 m*/s

boundary condition. It is also used as cartographic com-
ponent necessary to the space representation of the risk.
The height of water obtained is 6 m.

The known simulation is unidimensional. The flow on
free face is broken up into flow in the principal channel and
flow in the active plains of flood. The method Models 1D,
is a simple method. It allows in an easy way an easy
determination of the extension of the submersion in char-
acteristic points of the wadi. It is particularly well adapted

@ Springer

along section of the wadi in which the flow progresses
according to a given direction. It brings also answers the
risk of flood in the event of rising. However, it requires
developments which are still the object of research.

The cartography of the risk of flood is necessary to the
installation of a system of assistance to management. By
taking account of the global context of the catchment area,
recommended installations can be thus tested and analyzed.
As in the installations matters, the dynamic slow down
consists in using as much solutions to slow down water
mainly at the most critical periods. These periods corre-
spond to the events of rising which are limited to a few
hours or a few days. The step used in this study for the
cartography of the flooded zones rests on:

e The classification of the flooded zones by the use of
photography and DEM, the investigations into ground.
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Fig. 13 Transverse profile built and imported into “HEC-RAS”

Plan: Plan 15  25/05/2015
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Fig. 14 Lengthwise profile of the water line and the critical depth line

e The analysis of the historical data relative to the risings ~® The study of the hydro-climatological and topo-
and the evaluation of occurrence frequencies of these graphical characteristics of the concerned catchment
events. areas.
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Table 7 Flow regime and the

3 2. .
Froude number Q total (m”/s) The slope (m/m) Speed (m/s) Flooded area (m~) Top width (m) Froude number

888.5 0.003367 2.79 368.75 70 0.34
888.5 0.00398 2.96 349.08 70 0.36
888.5 0.005717 3.41 301.44 67 0.43
888.5 0.005341 3.29 316.95 74 041
888.5 0.009092 4.11 246.58 59 0.53
888.5 0.008051 3.85 273.2 73 0.5
888.5 0.006982 3.53 307.1 89 0.46
888.5 0.009921 4.02 264.65 77 0.54
888.5 0.009461 3.98 273.14 85 0.54
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Fig. 15 Display results by HEC-RAS
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Fig. 16 Lengthwise profile of the water line and the critical depth line
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Realization of DFM

Realization of DFM
extraction negative values

Grid Query - DFMZ0

results ——
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=t e C

Flooded area, overflowing
Q max =888.5 m®/s

No flooding
Qmax =300 m’/s

Fig. 18 Comparison of the results of the areas flood

e The use of computer to elaborate maps/charts defining
the degree of risk.

Through the obtained results, it appears clearly that the
simulations made by the chosen models are encouraging.
For the flood of October 2008, the comparison with the

former studies and the cartography made by the Algerian
Space Agency shows a perfect similarity. To generalize
and examine the reliability of the approach followed, the
methodology can be adapted for the use of other catchment
area of arid zones.
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