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Abstract

This paper aims to protect against floods of the area of Sidi Thabet, which is located in the Lower valley of Medjerda
catchment in the North of Tunisia and known by its wide variability of runoff between dry and wet seasons, with a diffuse
distribution of urban and rural areas and the abundance of undeveloped water courses often causing flooding annoying to
people and infrastructure. To identify the area of intervention and to propose the suitable accommodations in these ones,
we was based on a refined cartography by using GIS tool, on a detailed hydrological study of the zone of the project, on
a statistical analysis of the rainfall data using the statistical software HYFRAN, besides the application of the CAQUOT
model to obtain the dimensioning flows of the projected hydraulic equipments. The protection primarily consists on estab-
lishing different collectors in the five sub-catchments responsible for channeling and routing the storm water to its natural
discharge point and replacing the existent equipments unable to forward the flow with a return period (RT) of twenty years.
The nature of the proposed channels depends on the area that they traverse, between buried collectors inside the city to
especially solve the problems of water stagnation, open concrete and masonry channels in the towns and cities, and earth
channels are projected in the areas non-urbanized in order to minimize the estimated cost of the proposed equipments,
instead of respecting the width of the streets while avoiding establishing collectors in the narrow ones.

1. Introduction the landscape-stream (Burcher 2009). Researchers
have considered aspects of landscape condition (e.g.,
Stream networks are majorly influenced by up-  land-cover) to be influential determinants of stream re-
stream factors compiled with landscape conditions  sponses (Roth et al. 1996; Trimble and Crosson 2000).
(Wiens 2002; Burcher 2009) especially urbanization = Multiple argumentations suggest that stream networks
which dramatically alters ecosystem functioning at are affected by landscape condition especially the
watershed scale (Groffman et al. 2004; Wollheim et  anthropogenic disturbance, and their responses are
al. 2005; Raciti et al. 2008; Hale et al. 2014). For  directly related to the type, intensity, and location of
the natural resource conservation, insightful land landscape disturbance factors (Gupta 1995; Woessner
management, and the understanding of the ecosystem  2000; Gomi et a/. 2002; Montgomery and MacDonald
structure and its function, it’s important to investigate ~ 2002; Burcher 2009).

37



Journal of Mediterranean Ecology vol. 16, 2018

Increasing impervious surface area (ISA) from
urban and suburban development is a major environ-
mental issue largely influencing on hydrology. The
increase of [ISA impacts watershed hydrology in terms
of influencing hydrological processes and causes a
series of environmental problems such as soil erosion
(Arnold and Gibbons 1996; Zhou et al. 2014).

Peak or flood flow is an important hydrologic pa-
rameter in the determination of flood risk, management
of water resources and design of hydraulic structures
(Abida and Ellouze 2008). This natural phenomena oc-
curs at short time scales usually in small basins and it’s
considered as the most destructive natural hazard in the
Mediterranean region (Gaume et al. 2004; Trambaly et
al.2010). Flood flow estimation must be fairly accurate
to avoid excessive costs in the case of overestimation
of the flood magnitude or excessive damage and even
loss of human lives (Ellouze and Abida 2008).

The majority of the watersheds in the Mediterranean
region have a diffuse typology (Gara et a/, 2015) and
the most urbanized catchments are relatively small and
display features (e.g. coefficient of imperviousness,
artificial drainage network) that reduce the catchment
response time (Fletcher et al. 2013). The heterogeneity
of urban land cover, particularly for peri-urban areas,
also necessitates models that can represent the contri-
butions of distributed sub-catchments to the catchment
outlet (Fletcher et al. 2013).

In this context, this paper focuses on the protec-
tion of Mediterranean peri-urban watersheds located
in the Northern of Medjerda basin in Tunisia from
floods which deeply affect these arcas basing on a
refined cartography of the hydrological behavior of
these watersheds and the flow calculated through the
CAQUOT model. The paper also proposes suitable
hydraulic equipments to be installed after evaluation
of the existent equipments capacity and their aptitude
faced to extreme floods recorded in the study area.

2. Study area and data

2.1. Study area

The study area is located in the North-East of
Tunisia within the UTM ranges of coordinates be-
tween 589.863-607.130X and 4079.391-4097.709Y,
respectively (Fig. 1) and includes two catchments: the
catchment of Hessiene with a surface area of 105.93
km?, whose discharge system is the sea and the catch-
ment of Melah with a surface area 0f45.95 km?, whose
discharge system is the Medjerda Wadi, having a total
surface area of 151.88 Km?. It is limited in South, West
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and East by mountains and in North by the sea and
Garaat Ben Ammar, presenting then a very important
variation of altitude between 0 and 310 meter. From
the hydrographic network and altitudes, we could
divide the area into six sub-catchments, such as the
catchment of Hessiene is divided into 4 ones whereas
that of Maleh is divided into 2 sub-catchments (Gara et
al,2015). The zone of Sidi Thabet - Kalaat Andelous is
characterized by a mild climate having two dominant
seasons which are the winter and the summer, the case
of the Mediterranean countries, with a monthly aver-
age temperature of the air between a minimum of 5.9
°C, recorded in February, and a maximum of 33.8 °C
recorded in August, for the period between 1981 and
2000, and with a relative humidity varying between a
minimum of 64.6% recorded during the summer and
80.44% recorded during the winter. The evapotraspira-
tion has the minimum in winter with a value of 29.3
mm/month recorded on December, and and a maximum
during the summer with a value of 176.8 mm/month
recorded on July, which can imply a water deficit dur-
ing the hot season and negatively influence on water
reserves (Gara et al, 2015).

The low valley of Medjerda is characterized by
fertile soils, therefore, it is priority to know its pedo-
logic and geological characteristics as well as the land
use system and the urban areas. The region of study is
very liable to flooding, principally caused by the urban
zones. Indeed, these zones occupy 4.98 % of total area
for the two basins and it includes the city of Sidi Thabet
, the villages of Sabbelit Ben Ammar, city of Monji
Slim, Cherfech and other and other rural areas of 7.567
Km?. The other important criterion of this area is the
presence of Garaat which constitutes a water stagna-
tion with a value of 5.3% of the total area explained
by the location of the study watersheds near the sea as
well as the weak depth of the underground water. The
most remarkable geological forms in the zone are the
anticlinal of Jebel Ammar , the monoclinal of Nahli
mountain and the synclinal of Mnihla. The majority
of the soil texture of the study area is composed by
silts and clays with a value approximately 59% from
the total catchment area, besides the sandy soils which
occupy 36% of entire surface.

2.2. Data

The data used to accomplish this study are com-
posed by cartographic and meteorological data. Con-
cerning the cartographic ones, they are essentially
topographic maps of the region with a resolution of
1/25000 meters as well as images of Google Earth and
the plan of existent equipments, and for the meteoro-
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Fig.1 Map of sub-catchments and stream network of the zone of study

logical data used to represent the study area, such as
temperature, humidity and evapotranspiration, they are
obtained from the station Cherfech CRGR controlled
by the National Research Institute for Rural Engineer-
ing, Water and Forestry (INRGREF- Tunisia). The re-
tained rainfall stations are those of Sidi Thabet, Kalaat
Andelous and Cherfech CRGRexisitng in the zone of
study. According to The Directorate-General of Water
Resources (DGRE-Tunisia), the available data for the
three stations are daily, monthly and annual rainfall
series for 26 years period, of 1985 to 2010.

3. Methodology

3.1. Hydrological review

Rainfalls fluctuate between the rainy and non-rainy
seasons. It is noticed that winter is the most rainy sea-
son. We recorded for the station of Kalaat Andelous a
seasonal average rainfall of 219.3 mm whereas for the
summer season, it is of 19.3 mm (Fig. 2).

3.2. Statistical analysis of the data
According to the coefficients of variance and
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asymmetry analysis with a value of 0.3, we can affirm
that the data series are homogenous and reliable, and
according to the regression parameter R? between the
three station, which is near to 1, we can conclude that
the three stations are well correlated (Fig. 3).

So, to choose the representative station of the re-
gion, we relied on the longest series of available data,

which is the station of Cherfech CRGR, having a
continuous series of daily data, for the period 1975-
2009.

For a better study of the exceptional floods, we
based the analysis on assessing the daily maximum
rainfall concentrated in time and in space, by using
the software HYFRAN. For the period of 1975-2009,
the daily maximum rainfall is about 100. 5 mm and of
daily maximum average of 47. 55 mm.

3.3. Calculation of the probable maximal Precipitation
(PMP) and the probable maximal flow (PMF)
Probable maximum precipitation (PMP) is defined
as ‘the greatest depth of precipitation for a given dura-
tion meteorologically possible for a given size storm
area at a particular location and at a particular time of
year, with no allowance made for long-term climatic



Journal of Mediterranean Ecology vol. 16, 2018

250

200

B Cherfech CRGR

150

B Sidi Thabet

™ Kaladt Andelous

100

Mean Monthly interannual rainfall (mm)

Autunm Winter Spring Summer

Season
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trends’ (WMO 1986; Casas et al. 2010). According to
Hershfield et al. (1961), a PMP is resulting from an
extremely rare event. It can be calculated according to
the statistical method which bases on the analysis of
long series of daily maximum rainfall.

Hershfield determined that a given duration the
probable maximum rain could be estimated for each
station while using the function

PMP = PM + KMo 1)

Where PMP is the maximum probable precipita-
tion, PM is the mean maximum precipitation in inch of
water, KM is a factor of frequency to obtain PMP and
o is the standard deviation evaluated using the series
of the maximum observed precipitations.

Hydrologists use the PMP magnitude and its spatial
and temporal distributions to calculate the probable
maximum flood (PMF) (Casas et al. 2010).

The daily PMP for the station of Cherfech CRGR
can reach 350 mm for a RT of hundred years, which
is an extremely high value and can cause harmful and
destructive damages for facilities as well as for in-
habitants of the study area, while the maximum daily
rainfall noticed for the same hystorical period does not
exceed 125 mm.

The PMF is calculated based on the SCS method
(Rallison et al. 1981) and the PMP presented by the
formulas (2) and (3).

(P=1a)*
Q= @
. 25400 254 3)
CN

with Q is the flow (m3/s), P is the precipitation (mm),
S is the retention of the maximum potential soil mois-
ture (mm), Ia is the initial abstraction (mm), where
the amount of water dissipated such as by infiltration
or interception of the pluviometry by vegetation; and
it is generally supposed that la = 0.2S, and CN is the
curve number.

Table 2 Coefficient of streaming of the sub-watersheds (SBW)
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Table 1 Calculated PMP and PMF

Return period (years) 5 10 20 50 100
PMP (mm) 131.99 17514 22283 292.65  350.66

S (mm) 63.5 63.5 63.5 63.5 63.5

PMF (m3/s) 7786 11679 16137 22819 2845

For our case of study, the Curve Number of the SCS
formula is estimated as 80 for a C soil class and then
the results of PMP and PMF calculated are presented
in Table 1.

It is noticed that PMF for a period return of 50
years in the order of 228 m?¥/s, which is considered
very important that requires a diagnostic of the exist-
ent hydraulic equipments in the area to ascertain their
capabilities of transit at the time of the uncommon and
torrential runoffs.

3.4. Coefficient of streaming

To identify the area of intervention, we were based
on the coefficient of streaming calculated for the six
sub-watersheds. This coefficient is obtained using the
formula (4)

C15:+C355+-+CyS
C = 11 292 n<n
Sq4Sy+-4+5p

4)

It is necessary to take account of the impermeable
areas, primarily the urban areas whose coefficient of
streaming, which is close to 1, is detailed according
to the land cover type (Table 2).

Although the coefficient of streaming is low in
all sub-watersheds, in the neighborhoods of 0.4, the
streaming of rainfall during the floods is the major
problem of the study area because of the diffuse ur-
banized distribution typology of the sub-watersheds
primarily concentrating in the discharge system and
the Garaa.

3.5. The CAQUOT method
The peak output flow is used for the dimensioning
of the various hydraulic equipments as well as to re-

Type of land cover Ci SBW1 SBW2 SBW3 SBW4 SBWS SBW6
Surface of the land cover type
Cities 0.9 1.74 24.15 38.83
Villages 0.7 3393 43.10 117.14 3.29
Detached houses 0.55 0.65 24.04 139 100.05 26.14
Natural 0.4 484.02 211.86 842.51 438.8 3028.48 49547
Coefficient of streaming 0.42 0.404 0.443 0.405 0.421 0.315
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calibrate the bed of the wadi with an aim of preventing
the infrastructures and humans from damages during
exceptional floods. The model developed by CAQUOT
(Fouquet et al. 1978; Desbordes 1976; Norman 1974)
drift from the general method known as “rational
formula”.

The model of CAQUOT is based on the conserva-
tion of volumes during the time interval 8 separating
the beginning of the rainfall and the moment of the
peak output Qp with the discharge system; its algebraic
formulation is presented by the Formula 5:

SXC,xAxa = (Bt +56)Q, (5)
where H is the height fall during the rainfall to the
epicenter of the thunderstorm in mm, Cr is the coef-
ficient of streaming, A as the surface of the watershed
in ha, a as the coefficient of space abatement of the
rain, BtQp is the volume stored during the time of
concentration and 60Qp as the volume run out with
the discharge system since the beginning of the flood.
In addition, the theoretical studies of the flood time
on the ground and in the stream network made it possi-
ble for CAQUOT to show that the time of concentration
depends on the lengthening (E) of the catchment area,
of its hydraulic slope I (in m/m), of its surface A (in
ha) and of the peak output Qp (in m¥/s). (Formula 6)

t. = H(E) xI-O.‘lleG.S{]?pr-O-ZB? (6)

By issuing the hypothesis considering the length
of the torrential rain equal to the time of concentra-
tion - with a light overvaluation of the advanced runoff
- the combination of the equation of conservation of
volumes, of expression of the time of concentration and
of the expression of Montana allowed to CAQUOT to
establish a relation formulating expressly the advanced
runoff with a RTgiven in any point of the stream net-
work. (Formula 7)

Q, (1) = KXI*XCPXAY xm 7

where Qp is representing the peak flow in m¥/s, T
represents the hydraulic slope in m/m, C for the coef-
ficient of impermeability, m as a corrective coefficient
of form and K, a, B, v as coefficients dependent on the
rainfall and the selected period of return.

The Ministry of Equipment’s Bulletin (1977) related
to the establishment of the networks of drainage of the
urban areas specifies the value of the various param-
eters for three French climatic areas. It should be noted
that it is possible to determine these multiple coeffi-
cients by an analysis of local rainfall by exploitation
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of'the curved intensities, durations, frequencies (IDF).

As for the curve IDF, the maximum average intensi-
ties of a rainfall of duration T, for a period of return T
obey the formula of Montana (Formula 8).

It —-a Tyt (8)

where I(T) is considered as the average intensity
( mm/h) of period of return T and duration t, t as the
duration of the rainfall episode (hours), T as the RT of
the rainfall episode (years); and a and b are regional
coefficients in dependence on T

The calculation of the flows is carried out for each
under-basin then in each branch of the stream network
following a principle of assembly depending on the
structure of the network (assembly in series or paral-
lel). The resulting flow is recomputed by the formula
of CAQUOT (Ministry of Equipment’s Bulletin, 1977)
on a basin equivalent to the grouping of these basins.

4. Results and discussion

4.1. Actual situation of the zone of intervention

The area of Sidi Thabet extends on a plain with
relief relatively low. It is limited to the South and
South-east, by the solid masses of Djebel Ammar and
to the West by Medjerda Wadi.

The problems of floods in the city of Sidi Thabet
are recorded primarily on the level of Mrezguia and
Stadium like as well as on the level of the cities Monji
Slim and El Fellahine.

The water table is not very deep on the level of the
cities El Fellahine and Monji Slim, which saturates
the soil at the rainy events even for the weak intensi-
ties. Historically, the city did not know phenomena
of exceptional floods others that those generalized on
the totality of the country, but we often attend cuts of
roads and points of water stagnations with the least
important rain. This situation worsens by the inef-
ficiency or even the absence of the infrastructures of
evacuation of rain waters.

Following the examination of the management plan
of the city of Sidi Thabet and after identification of
the sub-watersheds, we can extract the flooded areas
(fig.4).

Existing hydraulic equipments in the commune of
Sidi Thabet (fig.5), are mainly truss-bridges, nozzles,
box culverts, channels and rain pipelines, and which
are primarily intended to channel the flows of the
abundant waterways in this zone while protecting rural
and urban environment. Currently, the maintenance of



Journal of Mediterranean Ecology vol. 16, 2018

521000 592000 592000 594000 595000 £9€000
4086000 g + + + + B M
Mrezguia
4085000 + |-2085000
204000 +e0es000
“0a2000 1 N Floeded zones  + +posacco
[] Delimitation of the plan of installatior}
/\/ Stream nrtwork
1 0 1 Kilometers
2082000 + + + + o E H|reoezo00
s1000 =000 =600 £34000 se5000 <6000
Fig. 4 Identification of the flooded areas
581000 582000 583000 594900 588000 886000
4086000 N afe = —H-scesc0
w E > C]
o5 NSidi Thabe
s NN S
:h, i g . FE“ 5
085000 ] ot -+ —-H-4ces000
084000 + 084000
y -+ —{-40e2000
s * Crossing installations
N Channels for rain waters
[ pian ofinstaliation
1 0 1 Kilometers N stream network
4082000 1 o E o =t e == ~H

Fig. 5 Existent hydraulic equipments in the study area

43



Journal of Mediterranean Ecology vol. 16, 2018

these equipments is ensured by the Direction of the
Urban Hydraulic. The existing drainage system of rain
waters in the city is limited on crossing equipments
of which is in majority of times inefficient and badly
dimensioned, emerged and silted up.

4.2. Model parameters

First of all, We have to proceed on delimiting the
basins of influences corresponding to the nodes of
calculation (Fig. 6). This cutting depends primarily on
topography, then we determines, for each elementary
basin, the length of the longest thalweg, the slope, the
surface, the coefficient of streaming and the intensity
for a period of returns of 20 years starting from curve
IDF of the station Cherfech CRGR (Gara et al, 2015)

For each sub-watershed, we calculated the mor-
phometric parameters (Table 3) that will be used in
the CAQUOT model.

The parameters a and b of the formula of Montana
were extracted from the IDF of the used rainfall sta-
tion. These coefficients were adapted in order to have
an intensity in millimeter per minute and t expressed
in minute, the coefficient a is of 10.8 and b of -0.68.

4.3. Comparison between the capacity of existent
equipments and the projected flow

For the development of installations and the pro-
posal of the alternative solutions, it is necessary to carry
out a comparison between the maximum capacity of
the existing hydraulic equipments in the study area,
which are located in the nodes of assembly, and the
peak flow calculated for a 20 years period of return.

It is noticed that the majority of the existing equip-
ments are unable to forward the flow of 20 years RT
chosen for the proposal of installations for the zone of
Sidi Thabet. Referring on the PMF calculated previ-
ously, all the equipments are unable to forward the
decennial flow. It is noted that the flow obtained by
the PMF is the total flow arriving at the zone of study
whereas the model of CAQUOT allows the subdivision
of'this flow according to the sub-watersheds, allowing
then more precision in the calculation of dimensioning.

4.4. Proposal of equipments suitable for each area
Installations to be proposed must satisfy the main

objective of this study, which is the channeling and

the preservation of the floods flow within limits not
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Table3 Morphometric parameters of the sub-catchments of Sidi Thabet

Sub-watersheds Slope (m/m) Surface (ha) Thalweg (m) Coefficient of streaming (%)
W1 0.071 181.28 1862.5 39%
W12 0.067 95.6 1693.4 47%
W13 0.084 181.68 1671.9 50%
W14 0.057 60.38 1008.4 44%
W2-1 0.059 107.73 1464 41%
W2-2 0.079 99.39 1983 50%
W 3-1 0.076 284.88 3639.4 47%
W32 0.066 17.79 813.2 49%
W33 0.021 270.45 1951.1 50%
W4-1 0.067 153.31 1975.4 49%
W s-1 0.072 208.74 3113.8 50%

Table 4 Comparison between the capacity of existent equipments and the calculated flows for a return period of 20 years

Equipment Nature Maximal capacity (m%/s) Calculated Flow (Q20)
El Nozzle 10 14,212
E2 Box-Culvert(B-C) 2891 27,681
E3 Trapezoidal Earth Channel (TEC) 10.89 35,838
E4 Trapezoidal Concrete Channel (TCC) 22.12 35,838
E5 Truss bridge (TB) 13.44 38,805
E6 TB 1546 26,126
E7 TEC 24775 26,126
E8 B-C 21.12 30,469
E9 Rectangular Masonry Channel (RMC) 18.57 32,267
EI0 B-C 18.78 32,267
Ell Rain water Channel 10.5 32,267
E12 B-C 13.54 32,267
E13 TB 42.21 33,060
El4 B 10.8 30,456

constituting a danger to the population. In the phase
of installations proposal, it is important to take into
account certain factors which are topography, urbani-
zation, the estimated cost of installations, period of
return, socio-economic and environmental impact of
the selected alternative.

The economic issue is the common constraint for
all the projected installations which depends primarily
on the period of return chosen, therefore the degree of
risk to be prevented, besides the socio-politic consid-
erations which characterize each country.

It is noted that the nature of each projected collec-
tor depends primarily on the crossed area. We distin-
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guish the earth channels for the waterways crossing
the non-urban zones and the channels of concrete and
masonry for the waterways crossing the cities and the
towns (Fig. 7).

Street RL518 constitutes the major problem for
the city of Sidi Thabet because of the break of slope
as well as the insufficiency and the inefficiency of the
drainage network, which led to the prolonged stagna-
tion of water and the floods for each important rainfall
episode in the zone.

4.4.1. Collectorl C1 (Watershed 1)
It is the collector which intercepts the streaming wa-
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ter coming from the wadi Ben Othmane. The existing
nozzle is silted up and under dimensioned. Therefore,
it must be replaced by a Box-Culvert (B-C1). This last
would lead to a trapezoidal concrete channel (TCC1)
which continuous its layout to reach the existent cross-
ing equipment (E2) and whose maximal capacity is
considered to be adequate compared to the flow of a
RT of 20 years. Thereafter, the flow will be arranged
with the help of a Trapezoidal Earth Channel (TEC1)
emerging on the level of the projected TCC2. The exist-
ent truss bridge also should be replaced by a crossing
equipment (B-C2).

4.4.2. The dredging of the Hassen Wadi (Watershed 2)

Installation consists in preserving the current bed
of the wadi all while giving it a sufficient section to
forward the flow of RT of 20 years in the form of a
TEC2 and a box-culvert B-C3.

Table 5 Dimensions of Box-Culvert

4.4.3. The collector C3 (Watershed 3)

The surface waters of basins W3-1 and W3-2 will
be intercepted distinctly.

The latter will be collected by two rectangular
masonry channels (RMC1 and RMC2).

The flow of the two channels meet at the time in the
level of the crossing equipment of (B-C4) to set up in
order to replace the existing equipment. Construction in
the upstream of the city of the Gardens of a drumming
equipment must allow a better flow and to stop the solid
contributions caused by the streaming in the channels.

From this point, and taking into account the soil
type and of the topography, it is essential to replace
the under dimensioned rain channel (E11) by a buried
channel (B-C5). The flow will be conveyed thereafter
by a crossing equipment (B-C6) projected to replace
the existing B-C.

Lastly, the arranging of the wadi would be carried
out in a TCC3 which will convey the flows until the
outlet located at the level of the natural bed of the
wadi Ain Zarga.

B-C Number or length Length Width
B-Cl 3 25 13 4.4.4. Collector C4 (Watershed 4)
B-C2 3 28 1.5 The water collector of El Mrezguia city waterway
B-C3 3 23 13 requires the installation of a Rectangular Concrete
B.C4 ; 2e y Channel (RCC1) which would skirt the city before
' ' ’ crossing the road RL 518 by a crossing equipment (B-
B-C5 380m 4 22 C7) intended to replace the existing equipment E14.
B-C6 3 24 15 The bed of the wadi would be arranged thereafter in
a TEC3, until its rejection on the level of the channel
B-C7 2 27 L6 . .
of the Hessiene wadi.
B-C8 2 27 17
Table 6 Dimensioning of the collectors
Equipment ~ Narrow base Wide base Height Wet surface Wet perimeter Hydraulic radius ~ Manning's coefficient
(m?) (m) (m) of rugosity
TCCl1 35 15 2 11 9.15 1.20 70
TECI 57 11.1 27 22.68 13.33 1.7 35
TCC2 4 3.4 22 13.64 10.22 1.33 70
TEC2 4.6 9.8 2.6 18.72 11.95 1.56 35
RMCI 5.5 26 143 10.7 1.33 60
RMC2 5.5 26 14.3 10.7 1.33 60
TCC3 4 8.2 2.1 12.81 9.93 1.29 70
RCC1 4.5 25 11.25 9.5 118 70
TEC3 5 10 2.5 18.75 12.07 1.55 35
RCC2 4.6 2.6 11.96 9.8 1.22 70
TEC4 52 10.4 26 20.28 12.55 1.62 35
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Fig.7 Plan of installation suggested for the protection of the Sidi Thabet city against floods

4.4.5. Collector C5 (Watershed 5)

This collector intercepts the flow coming from
the East of the Mrezguia city. This collector will be
arranged in a RCC2. The passage on the level of road
RL518 is ensured by a B-C8 then a TEC4 which take
birth in the level of this crossing until its discharge
point on the level of the Hessiene wadi channel.

4.5. Discussion

Installations to be proposed, especially on the level
of Watersheds 1 and 3, of the wadis Ain Zarga and Ben
Othmane, are important of dimensions, requiring the
land expropriation in the neighborhoods of the equip-
ments intended for derivations of watercourses as well
as the destruction of the buildings on both sides of the
hydraulic equipments, but this solution remains most
logical with the least risk and cost.

In the socio-economic point of view, these instal-
lations must satisfy primarily the protection against
the floods of the city of Sidi Thabet. This action must
also allow the retention of the water collected to be
used in the agricultural domain mainly for the irriga-
tion. It must also answer the major need which is the
non-rupture of the economic activities at the time of
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the floods by the immersion of road RL518. Therefore,
the aim of this study is to improve the living standard
in this area, already going through a remarkable de-
velopment these last years in all the fields.

For an environment point of view, the projected
installations assist to the maintain of the natural envi-
ronmental balance. It is noted that the Wadi Ain Zarga
started to cause problems of pollution worsened during
the summer because of the humid and warm climate
supporting the abundance of the insects impacting the
life of the inhabitants of the zone. This problem is the
immediate result of the waste water rejection in this
waterway.

It is noted that we could propose another plan of
installations which consists on the projection of a lake
as a hydraulic installation for the upstream retention of
the urban areas for the two watersheds, 1 and 3, but
this solution is not valid because it is impossible to
expropriate the land from the farmers in a very fertile
area, the case of our zone of study. So, the proposed
installations remained the most efficient solution with
the less cost. But this solution is valid for a RT of
twenty years, which is not the ideal solution because
the study area is exposed to floods with a RT higher
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than the one fixed for this case of study, limited by
financial resources.

5. Conclusion

Protection against the floods of the community
of Sidi Thabet proves to be important and must be
immediate after the diagnostic of existing hydraulic
equipments.

The proposal of installations was based on the cho-
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