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Abstract This paper presents the impact assessment of the
port dredging works on aquifer’s hydrogeology in the area
of Al-Wakrah Economic Port Zone 3 in Qatar (QEZ3)
project using groundwater numerical model (MODFLOW-
3D). The QEZ3 model is used to estimate the groundwater
flow system and the groundwater levels in the study area,
during the dredging and dewatering period. Specially, we
focused on the impact of dredged and dewatering water
stored in two programmed stilling basins. The modeling
period is about 6 years from August 2010 to May 2015
according to the available data and the project phasing.
Three scenarios are chosen according to the time schedule
of QEZ3 project. The model gives a high piezometric level
of more than 2.5 m CD (chart datum) located in stilling
basins area, which can will cause water resurgence and
groundwater flooding. As solution, using the model results
we proposed to change the programmed discharge areas.
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Introduction

Urbanization occupies a puzzling position in country
development and growth, global economic development,
energy consumption, natural resource use, and human
wellbeing (McDonald et al. 2011, 2014; Uddameri et al.
2014; Mondal et al. 2015; Pandey and Joshi 2015; Jain
et al. 2016). In the 21st century, urbanization has experi-
enced strong growth, especially in coastal regions. In this
case, construction in the coastal region requires dredging
and dewatering works which cause an environment per-
turbation (Wang et al. 2013, 2014, 2016; Xu et al. 2016;
Chambers et al. 2016; Khadri and Chaitanya 2016).

Groundwater flow modeling has become an invaluable
tool for assessing the impact of existing and future activi-
ties on groundwater resources (Lachaal et al. 2012, 2013;
Jothibasu and Anbazhagan 2016; Seyedmohammadi et al.
2016; Sajil Kumar 2016; Ehteshami et al. 2016; Gopinath
et al. 2016; Mokarram 2016; Khorasani et al. 2016) espe-
cially for the groundwater systems evolution caused by
urbanization and growth (Calderhead et al. 2012). Previous
studies show the significant contribution of groundwater
modeling to estimate the mine and tunnel construction
impact in groundwater situation and quality (Jaramillo-
Nieves and Ge 2012; Hussien 2013; Chen and Jiao 2014;
Jahanshahi and Zare 2015; Pujades et al. 2016), and to
estimate groundwater quality in relation with the port
construction (Zammouri et al. 2014).

Dredging and dewatering activities planned in the Al-
Wakrah Economic Port Zone 3 in Qatar (QEZ3, Qatar)
construction requires careful groundwater management. In
addition the groundwater rise that can be resulted by the
dewatering activity can induce the flooding of some area
outside the project area. This problem was observed in the
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residential facilities; it will be located adjacent to the NPP
port. The QEZ3 will be an important gateway into Qatar.

The groundwater numerical model was developed to
assess the initial status of the aquifers’ hydrogeology QEZ3
project area before the commencement of the dredging

Qatar New Port project (NPP), located further south of
QEZ3 project (Fig. 1).

The QEZ3 is programmed to be constructed in the
Messaieed/Al Wekrah region (center East Qatar) (Fig. 2).
It is a self-contained development with industrial and
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Fig. 1 Location map of the study area. a Qatar general location map. b Messaieed/Al Wekrah plain location and used data: position of

Groundwater monitoring wells and constructions in the QEZ3 project area
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Fig. 2 Conceptual 3D-model of

the Messaieed/Al Wekrah
aquifer

— =
235000

works and then, to assess the impact of dredged water
stored in the two stilling basins on groundwater level in
order to prevent seepage and flooding, during the progress
of the dredging works.

Materials and methods
Hydrogeology description of study area

Qatar is a small peninsula in the Persian Gulf, with an area
of approximately 11,590 km* (CIA 2013) including a
number of small offshore islands (FAO 2015). The Qatar
Peninsula is located in the Arabian Gulf at the northeastern
margin of the Arabian Peninsula land mass (Mohamed
Ashour 2013). Qatar has arid desert climate that is char-
acterized by high temperatures during summer (>40 °C),
scanty rainfall with an annual average of about 82 mm over
the period 1999-2008 and, a high evaporation rates with an
annual average of 2200 mm (UN-Qatar 2009), a very
strong winds, and high relative humidity. Qatar is a water
resources stressed country and groundwater forms the main
natural internal water resource (Shomar et al. 2014; Kuiper
et al. 2015; FAO 2015; Baalousha 20164, b).

The study area covered the Messaieed/Al Wekrah
region that is located in the center East Qatar, approxi-
mately 1300 m from the coast of Arabian Gulf, southeast
of Doha, Qatar. The hydrogeologic units on the
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Messaieed/Al Wekrah region is composed by two main
aquifers shallow and deep aquifer. The upper aquifer
correspond to the Simsima formation and is formed
within the limestone and overlying sediments. The deep
aquifer is formed by Rus formation. The two aquifers are
typically separated by the relatively impermeable and
continuous Midra shale.

GIS database

In order to simplify the use, the interpretation of the
available hydrogeological data, and to construct the three-
dimensional groundwater flow numerical model, we pro-
pose to develop first a spatial database.

Numerous data from many sources and different types
have been collected, homogenized and integrated in the
GIS spatial database.

The required GIS data for groundwater conceptual
modeling are converted to the appropriate format for
numerical modeling using Arc Map 10.0. The surface
elevation, the geometric boundary of the modeled aquifer,
the aquifer base and top of the different aquifer layers, the
QEZ3 canal and channel, the NPP canal, the two stilling
basins (C and D), the G3 basin, and the monitoring wells
positions (40 observations in August 2010, 41 observation
wells covering the period from July 27, 2011 to December
22, 2013) are saved as shape files which is compatible with
the used modeling software (Fig. 1).
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Climate data of rainfall

The average annual rainfall is about 82 mm year™' and the
Infiltration is 10% of the average annual rainfall. The
recharge is included in the model as 8.2 mm year '. In
Sabkha areas (salt lake) located outside the study area, in
west direction, the recharge is set to 0 and the evaporation
defined as 100 mm year~' based on the estimated value
from Hashim (2009).

Groundwater geometry and hydrogeological
parameters

The surface topographic level was interpolated from two
recent topographic grids done in January 16, 2010 and
October 2, 2010 for the QEZ3 project covering the surface
located between the parallels 362,940 and 373,800 north
and 258,300 and 242,700 East. For the South side and
between the parallels 362,940 and 362,940 north and
232,600 and 242,700 East we imposed a topographic level
of +2.5 m CD (chart datum) = 1.2 m ZQNHD, that is will
not affect the result because this area is so far to the project
QEZ3 canal area.

The aquifer geometry is defined using the wells logging,
geotechnical investigation and geophysics data done in the
region to QEZ3 project. The aquifer is considered as a
multilayer system represented by four layers represented in
the following Table 1 and Fig. 2.

The groundwater hydraulic conductivity and specific
storage have been obtained from the pumping tests data
conducted in the study area in 2011. The calculated
hydraulic conductivity range from 1.0 x 1077 to
2.0 x 107 m s~'. The groundwater pumping is negligible
because of the water high salinity.

Groundwater levels (piezometric levels)

Two types of groundwater levels monitoring are used for
the QEZ3 groundwater model. The monitoring wells are
presented in Fig. 2:

e Piezometric data of August 2010 reduced from 40
piezometric observations represented in Fig. 1 are used
for the steady state calibration. In fact, groundwater is
poorly used because the high groundwater salinity.

Table 1 Aquifer geometry and characteristics

e Piezometric monitoring covering the period from July
27, 2011 to December 22, 2013. 41 piezomerters are
used for the transient state calibration. We note the
absence of groundwater monitoring during the year of
2014. Therefore, the model calibration during this
period is not verified.

Governing equations and groundwater model
selection

Three-dimensional groundwater flow can be mathemati-
cally represented given the following equation Eq. (1)
based on water mass balance and Darcy’s law equations
(Bear 1972):
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where & is the hydraulic head, S; is the specific storage, g,
is a sink or source, and K,, K,, K, is the hydraulic con-
ductivity in x, y, z directions, respectively. For the simu-
lating the 3-D groundwater flow system, we chose the
Visual MODFLOW model (Waterloo Hydrogeologic Inc
2003). This deterministic numerical model is based on
Darcy’s law and mass conservation concept. It is well-
documented and extensively used all over the world, based
on the horizontal and vertical discretization of the model-
ing domain which solves the groundwater flow equation for
each cell.

The spreading range of the water seepage from sedi-
mentation basins, its directions and its velocity in the area,
are provided using module MODPATH that is incorporated
in the Visual MODFLOW numerical software used to
implement and simulate the 3-D QEZ3-groundwater flow
system. MODPATH calculates 3D particle tracking path-
lines from the simulation output obtained thanks to
MODFLOW.

Results and discussions

Conceptual hydrogeological model

The Messaieed/Al Wekrah aquifer conceptual model has
been constructed based on the design layout of the Qatar

Depths (m CD) Depths (m QNHD) K average (m sfl)
Superficial deposit Surface topographic level ~3 Surface topographic level ~ 1.7 3.5 % 1070
Limestone (1) 3-22.5 1.7-21.2 2.0 x 107*
Limestone (2) 22.5-32.5 21.2-31.2 1.0 x 107°
Midra shale 325~ 312~ 1.0 x 1077
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New Port, QEZ3 channels and basins, stilling basins used
to store dredging water, QEZ3, the groundwater piezo-
metric and the geometric proprieties, the number of aquifer
layers, the position of each layer, the flow direction, the
hydraulic conductivity and specific storage of each
groundwater levels. In this step, we take into consideration
the canal and basin excavation that will intercept the
potential seeped quantity of water from basins.

The aquifer is a multilayer system represented by four
layers, formed by superficial deposit, limestone (1), lime-
stone (2) and shale, respectively. From the East, the Sea
imposes a constant head.

The hydrodynamics of the water is influenced by the
aquifer geometry, the sea and the Sabkha climate is char-
acterized by strong evaporation (Hashim 2009).

Because of the saline nature of aquifer water it is unlikely
that groundwater is used for domestic, agricultural, or other
purposes in the surrounding area. This is confirmed in
Hashim (2009) where the area does not figure as a zone with
groundwater abstractions or any other use. That is why we
consider that before August 2010 the GWL is stable and The
modeling period is about 6 years from August 2010 to May
2015. According to the piezometric map of August 2010
(Fig. 4), the groundwater levels vary in the study area from a
low of —1.5 m QNHD to a high of 4+0.8 m QNHD (August
2010). The map shows a depression in groundwater levels to
the immediate southwest of QEZ3 canal site (Fig. 1).
Groundwater levels generally increase near the coast, in
response to the sea water levels. An observed increase in
groundwater levels toward southern areas of the NPP site
(Fig. 1) may be in response to the presence of large stilling
basins filled by dredged waters.

Model discretisation

The numerical model domain is assumed to be a rectangle
shape (12.1 x 14.5 km) and an area of 175.45 km?. It is
located between the parallels 358,300 and 373,800 north and
232,600 and 244,700 East, in the Qatar National Datum 1995
coordinate system. The vertical levels is referred to the
Qatar National Height Data (ZQNHD = ZCD — 1.3 m),
also used in the database. The modeling grid consists of 141
rows and 121 columns. Each cell has a size of
100 m x 100 m aligned to the West—East direction that
coincides with the main groundwater flow direction. The grid
cells are designated as “inactive” outside the model domain
and as “active” inside the model domain.

Boundary conditions

It is mandatory to define the different boundary conditions
for the groundwater numerical model. In the case of the

Messaieed/Al Wekrah aquifer, boundary conditions will
describe the exchange of flow between the model and the
external system (rainfall infiltration, Sea, the two stilling
basins...).

The boundary conditions define the exchange of flow
between the groundwater model and the external system. In
the case of QEZ3 project model, fixed-head boundary
conditions are applied to the Eastern boundary, as imposed
by the Sea water resistance (h = OmQNHD). It can be
represented in the Visual Modlow model by river boundary
conditions. To the North, South, and West sides, we con-
sidered an impermeable boundaries (no-flow conditions
% = 0). In fact, the model aim is to study the groundwater

evolution in the QEZ3 area and the aquifer limits are so far
of the study area.

In addition, MEDCO (dredging company in charge of
NPP) has started pumping water into G3 basin on 14
February 2013. The G3 Basin is expected to finish oper-
ating by August 2014. In this case the G3 basin imposed
fixed-head boundary conditions to the aquifer
(h=5m CD = 3.7 m QNHD) during the dredging period
(from 14 February 2013 to August 2014).

Finally, the two stilling basins will impose also fixed-
head boundary conditions to the aquifer
(h =7 m CD = 5.7 m QNHD) during the dredging period
(from September 2014 to May 2015).

Model calibration

The calibration aims to obtain an optimal fit between the
calculated and measured data, which is also an important
measure for the reliability of the operational model. The
calibration of the current groundwater model involved two
sequential steps, detailed below.

The steady state model and initial conditions

First, the steady state model representing the state of the
aquifer system before the QEZ3 canal project works. It was
calibrated using the water level data from 40 observation wells
measured in August 2010. The aim of this step is to understand
the trend of groundwater level in the whole domain.

Meanwhile, the initial distribution of hydraulic con-
ductivity values was estimated from pumping test con-
ducted in the study area (Table 1). The annual averaged
rainfall distributions are applied at the top surface. The
infiltration rate represents the groundwater recharge, which
is estimated by 10% of the precipitation (82 mm year™").
In addition, an evaporation of 100 mm is imposed in the
groundwater domain.

Figure 3 shows a scatter diagram of the observed and
calculated water level in monitoring wells, with correlation
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coefficient of 0.879. Therefore, it can be concluded from
the comparisons presented here that the current numerical
model provides a fair simulation of the groundwater flow.
Figure 4 represents the modeled piezometric map of
August 2010.

Transient state simulations

The modeling period is about 6 years from August 2010 to
May 2015 in accordance with the available data. The
transient model calibration was performed by simulating
groundwater level changes in response to the variations of
the natural and artificial recharge quantities due to the
rainfall fluctuations. The transient model is based on the
preliminary hydrogeological properties obtained from the
steady-state calibration. The porosity for the unconfined
party and specific storage for the confined party of the
aquifer were arbitrary chosen.

For the transient simulations, the geometric and the
hydraulic conductivities of the aquifer are the same as
those used for the steady state simulations. The resulting
flow field of the steady state model is used as the initial
condition for the subsequent transient simulations of the
flow system in response to the dynamic recharge. Analo-
gous to the steady state simulation, the groundwater
recharge is assumed as 8 mm year .

The transient model calibration is accomplished by
simulating hydraulic head changes in response to changes
in recharge and porosity, with regard to the time series data
of water level. The comparison of calculated and measured

B Llayer#3
-- 95% confidence interval
-- 95% interval

Calculated Head (m)
0.0

0.0
Observed Head (m)

Fig. 3 Comparison of observed and calculated head in the steady
state
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water level in observation wells are shown in Fig. 5 indi-
cating an acceptable calibration.

3-D groundwater flow numerical model scenarios
and results

The simulation period spans from August 2010 to May
2015 (Table 2). This period is fixed in relation of the time
schedule of QEZ3 project.

Time schedule and model scenarios

The time schedule of QEZ3 project is pacified with dif-
ferent project phases (Table 2):

e MEDCO (dredging company in charge of NPP) has
started pumping water into G3 on February 14, 2013
and discharging out of G3 basin to the sea on April 30,
2013. The G3 basin is expected to finish operating by
August 2014.

e HBC (dredging company in charge of QEZ3) deepens
basin excavation below existing groundwater level June
2014 with dewatering.

e HBC reaches final excavation level of —7.5m
CD = —6.3 m QNHD part of the area at September
2014.

e HBC starts dredging and fill the still basin from
September 2014 and completes dredging May 2015.

e NPP basin starts flooded from February 2015 for
39 days.

The model aim is to estimate the groundwater level, that
is way we propose to definite the scenarios according to the
time schedule of QEZ3 project. In this case we propose to
study groundwater piezometric level for three scenarios.

a. Scenario 1 Scenario 1 is based in three conditions:

e (3 basin imposed fixed-head boundary conditions
to the aquifer (h =5 m CD = 3.7 m QNHD) dur-
ing the dredging period of NPP canal (from
February 14, 2013 to August 2014).

e Dewatering of the entire QEZ3 canal with
5000 m> h™".

e Dewatering from NPP basin with an average of
about 6700 m® h™".

b. Scenario 2 Scenario 2 is based in three conditions:

e Dewatering of the entire QEZ3 canal with
5000 m> h™".

e Dewatering from NPP basin with an average of
about 6700 m* h™".

e Stilling basins (C and D) imposed fixed-head
boundary conditions to the aquifer (h = 7.0 m
CD = 5.7 m QNHD).
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Fig. 4 Modeled groundwater piezometric map in upper aquifer (August, 2010)

c. Scenario 3 Scenario 3 is based in three conditions: .

e Stilling basins (C and D) imposed fixed-head
boundary conditions to the aquifer (h = 7.0 m
CD = 5.7 m QNHD).

Dewatering of the entire QEZ3 canal with
5000 m* h™".

Flooding of NPP basin (recover of groundwater
level approximately to +1 m CD).
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Table 2 QEZ-3 time schedule, and groundwater model scenarios
Date Aug 01, Dec 04, Feb 14, Apr 30, Oct 13, Jun 01, Sep 01, Feb 01, May 30,
2010 2011 2013 2013 2013 2014 2014 2015 2015

Pumping water to G3 basin (H=5 m CD)

Dewatering of the NPP basin (with an
average about 6700 m3/h™")

Dewatering of the QEZ3 canal (with an
average of 5000 m*/h™")

HBC's stilling basin (the water level in
the basin up to the level of +7.0 m CD)

The steady state model

Transient state simulations (model
period)

Scenario 1
QEZ-3 model Scenarios Scenario 2

Scenario 3

Piezometric map before QEZ3 project starts

The modeled piezometric head contour map in the QEZ3
aquifer from June 1, 2014 is illustrated in Fig. 6.
Groundwater head vary from a low of —10 m QNHD in the
NPP basin to a high of +3.7 m QNHD in the G3 basin.
Water flow converges from the G3 basin where it is
imposed a fixed head of 3.7 m QNHD. The fixed head
imposed in the G3 basin causes a high piezometric zone
characterized by piezometric varying between 3.7 and 1 m
QNHD.

The watering activities operate in the NPP basin induced
a piezometric depression of less than —10 m QNHD. The

@ Springer

most important water flow velocities is from the G3 basin
to the sea (0.00018 m s ).

Scenario 1

Scenario 1 starts in June 1,2014 and stops in September 1,2014.
It is characterized by three conditions: (1) G3 basin imposed
fixed-head boundary conditions to the aquifer (h=35m
CD = 3.7 m QNHD), (2) dewatering of the entire QEZ3 canal
(5000 m*> h™! which is estimation), and (3) dewatering of the
NPP basin (the average is about 6700 m* h™"). The ground-
water situation in the end of this period is characterized by the
modeled piezometric map of Fig. 7.
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Fig. 6 Modeled groundwater piezometric map and presentation of
water flow velocities in upper aquifer before HBC deepens basin
excavation and dewatering (June 1, 2014), showing the directions and

The modeled piezometric level varies between —10 m
QNHD in the NPP basin to 3.7 m QNHD in the G3 basin.
The water flow converges from G3 to the QEZ3 canal and
the NPP canal. The piezometric map is characterized by the
presence of two piezometric depressions. The first

the velocity of groundwater in the area of Stilling Basins (the
maximum velocity calculated by the model is 0.00018 m s~ ')

depression is located in the NPP basin with piezometric
level that can be less than —10 m QNHD. The second
piezometric depression is observed in the QEZ3 canal, that
is explained by the dewatering of the QEZ3 Canal
(5000 m* h™") influence. The high piezometric zone is
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Fig. 7 Modeled groundwater piezometric map and presentation of
water flow velocities in upper aquifer for scenario 1 before HBC starts
dredging (September 1, 2014), showing the directions and the velocity

observed in the G3 basin and caused by the pumping water
to the G3 basin.

Two important water flow velocities are presented in
this scenario. The first one is from G3 to the sea. The
second one is from the G3 to the QEZ3 canal. It is caused
by the dewatering of the entire QEZ3 canal.
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of groundwater in the area of Stilling Basins (the maximum velocity
calculated by the model is 0.00018 m s~ ")

Scenario 2

Scenario 2 is characterized by three conditions: (1) The
water level in stilling basins (C and D) imposed fixed-head
boundary conditions to the aquifer (h =7 m CD), (2)
Dewatering of the entire QEZ3 canal (5000 m® h™! which
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is estimation), and (3) dewatering of the NPP basin (the
average is about 6700 m® h™'). Scenario 2 starts in
September 1, 2014 and stops in February 1, 2015 when the
flooding of NPP basin starts.

Two types of fixed-head boundary conditions are
applied to the groundwater in scenario 2. In addition to the
fixed-head imposed by the Sea water resistance
(h = Om QNHD), the two stilling basins will impose also
fixed-head boundary conditions to the aquifer
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Fig. 8 Modeled groundwater piezometric map and presentation of
water flow velocities in upper aquifer for scenario 2 before NPP basin
starts flooded (February 1, 2015), showing the directions and the

velocity of groundwater in the area of Stilling Basins (the maximum
velocity calculated by the model is 0.00019 m s™")
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(h =7 m CD = 5.7 m QNHD) during the dredging period
(from September 2014 to May 2015).

The groundwater situation is characterized by increase
in the piezometric level situated in the QEZ3 basins area
(Fig. 8). The piezometric level decrease from 5.7 m
QNHD in stilling basins to —4 m QNHD in the NPP canal
in the South of the aquifer. The water flow follows the
North to South direction.

The hydraulic gradient is strange in the stilling basins
region and decreases in the west direction. In the North and
South of study region the piezometric vary between 0 m
QNHD and 0.2 m QNHD. The water flow diverges from
the QEZ3 stilling basins. It diverges to the sea, following
the West-East direction. The water flow velocities in
direction to the sea are important (Fig. 8). The calculated
high piezometric level, which is more than 1.2 m QNHD
(=2.5 m CD) and located in QEZ3 stilling basins area, can
be manifested by water resurgence, especially, in the area
limited by GWS5, GW22, GW23 GW24, GW30 boreholes,
within 2 km from the QEZ3 stilling basins. Figure 9
illustrates this risk in the Row 69 (located between the
parallels 366,900 and 367,000 north (Fig. 8).

Scenario 3

Scenario 3 is the continuity of the scenario 1 and 2. It is
characterized by the dewatering of the entire QEZ3 canal,
stilling basins (C and D), and flooding of NPP basin.
Three types of fixed-head boundary conditions are
applied to the groundwater in scenario 3. In addition to the
fixed-head (h = 0 m QNHD) imposed by the Sea, and the
fixed-head (h =7 m CD = 5.7 m QNHD) imposed by the

File Maps Graphs Tools Help

two stilling basins, a third fixed-head (h = 0 m QNHD) is
imposed by the NPP basin (Fig. 10).

The modeled piezometric map of May 30, 2015
(Fig. 10) is similar to the modeled piezometric map of
February 1, 2015 (Fig.9) in the entire groundwater
domain, except the Southern part and the Eastern part. The
piezometric level decreases from 5.7 m QNHD in stilling
basins to —1 m QNHD in the West side and the water flow
follows the East—-West direction. In the South part, the
NNP basin imposed a fixed-head and the piezometric levels
are about 0 m QNHD. That is explained by the importance
influence of the dredging in the 2 stilling basins relatively
to the NNP basin imposed fixed-head effect. And in the
East part the piezometric levels increase from —1.4 (in
scenario 2) to —1 m QNHD (in scenario 2).

Conclusions and recommendations

The Groundwater model presents an indication of the
impact of the QEZ3 project development. In fact the
dewatering and flooded of NPP basin and QEZ3 canal, and
the dredging from G3 and QEZ3 stilling basins causes a
perturbation in the groundwater level and flow. The cal-
culated high piezometric level, which is more than 1.2 m
QNHD (= 2.5 m CD) situated in stilling basins area, can
cause water resurgence, especially in the area limited by
GW5, GW22, GW23, GW24, GW30 boreholes, within
2 km from the QEZ3 stilling basins.

As recommendation we propose to favorite the water
flow from the two stilling basins in the direction of the sea.
Two solutions can be used in this project:

QEZ stilling

Zone of water resurgence

basin C Sea
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Fig. 9 Modeled groundwater piezometric profile in upper aquifer for scenario 2 before NPP basin starts flooded (February 1, 2015), Row 69

(Fig. 8)
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Fig. 10 Modeled groundwater piezometric map and presentation of water flow velocities in scenario 3 showing the directions and the velocity of
groundwater in the area of Stilling Basins (the maximum velocity calculated by the model is 0.00019 m s~

1. In addition to the stilling basin (C and D) in the
QEZ3 dredging period (from September 2014
to May 2015), we propose to use the G3 basin. In
this case, we will be able to decrease the level of the
stilling basins (C and D) from +7.0 m CD (5.7 m
QNHD) to 5 m CD (3.7 m QNHD), and from 5 m

CD (3.7 m QNHD) to 4 m CD (2.7 m QNHD) for
the G3 basin.

An additional drainage system can be implemented in
the vicinity of the two stilling basins (C and D) in order
to favorite the water flow in direction of the sea. As
hydrogeological explication, the collecting
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groundwater trench around sediment basin will play
the role of an artificial groundwater discharge fields.
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