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Article info. Abstract -. The influence of the suggested regulator barrage of the Shatt Al-Arab
v’ Received: 14 November2022 | river on water level fluctuations was tested by using a one-dimensional model.
v’ Accepted:16 March 2023 The numerical model period covered six months in 2017. The performance of the
v’ Published: 29 June2023 model was evaluated by comparing the estimated water level at two locations,

Sihan, and Abu Flous. A good fit between the observed and simulated water

levels at the two locations was achieved with root mean square error at 0.13 and
0.06 m, respectively. The model results showed that there is an increase in high
water levels near areas located below the barrage in both the spring and neap tidal
phases. The increasing of water level below the barrage could be attributed to
Key Words: behave the ri t tidal channel that characterizes by the increasi
Arabian Gulf chave the river as a convergent tidal channel that characterizes by the increasing
’ water level as tidal wave propagated further toward inland areas. The highest
increase in the water level reaches about 0.4 m below the barrage. Additionally,
the tidal range also increased along the river course. The maximum increase in
tidal range reaches about 0.9 m below the barrage. The results obtained could be
useful for a general assessment of the hydrodynamic of the Shatt Al- Arab river
and could give a general view in the case of the construction of such a barrage to
tackle the salinity intrusion problem in this river.
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Introduction:

Tidal rivers, that have a free connection with the sea are exposed to the influence of two
factors: the first is the freshwater inflow from the land and the tidal phenomenon from the open
sea. However, these two forces exchange roles between them according to their strength (Lafta,
2022a). When the amount of freshwater arriving at the tidal river is large, then this force work
against the salty water and pushes it down towards the open sea. In contrast, when the amount of
freshwater is low, then the saline water penetrates the river and intrudes towards the upstream of
the tidal river causing a change in the water quality, especially in the downstream region, because
this region is more closely affected by marine waters (Al-Fartusi, 2018). Therefore, the
hydrodynamics and water quality of the tidal rivers (including the Shatt Al-Arab river) depend on
the interaction between these two energies (Savenije, 2012). The salinity intrusion issue is a
common problem in tidal rivers and has very high attention from scientific researchers around the
world, in particular in the estuarine regions, due to its economic, industrial, and environmental
importance to these populations. There are several studies that highlighted this issue (Gong and
Shen, 2011; Al-Taei et al., 2014; Liu et al., 2014; Abdulla, 2016; Lafta, 2022b).

During the last years, the freshwater inflow arriving at the Shatt al-Arab has decreased
sharply to less than (50 m?/sec) as a result of the change in the hydrological conditions of the
river basin. However, the decreasing freshwater inflow of the river is a direct result of the
continuous development of water resources in upstream countries by the construction of dams on
the course of the river or by diverting the course of the river’s tributaries. These actions led to a
decrease in the amount of freshwater coming into the Shatt Al Arab River. Consequently, the
effect of the tidal phenomenon is exceeding the other force, i.e. freshwater inflow, and becomes
the main influencer. Hence, the tidal flow propagates further towards inland areas leading to a
salinity intrusion becoming more frequent in Basrah province. The salinity intrusion problem has
a very high negative effect on the quality of the water and made it unfit for human, industrial,
agricultural and other consumption. This situation also caused an increase in the flushing time of
the Shatt Al-Arab waters (Abdullah et al., 2016). From here, the idea came for constructing a
barrage on the river to prevent the salinity from reaching the upper reaches of the Shatt al-Arab
river.

The environmental impact assessment of any project related to nature represents a high
priority for the decision-maker since human intervention in nature may cause damage to the
environment. Neill et al. (2018) asserted that any regulatory installation could have a significant
impact on the river environment and that impacts should be taken into account before installation.
Qian Ma et al. (2019) studied the effect of a tidal barrage on coastal flooding resulting from a
storm surge at the Severn Estuary. They illustrated that the installation of such a construction
could assist to mitigate the effect of storm surges on coastal flooding Fairley et al. (20114)
studied the influence of a Severn Barrage on the behavior of waves in the Bristol Channel and
confirmed that the implementation of the regulatory dam will affect tidal currents and wave
heights. Significant changes are caused in the hydrodynamic and morphology of estuaries and
tidal areas when there are closed dams, Manuel et al. (2012). Ali and Al Thamiri (2021) found
that the dam in Shatt Al-Arab will increase sedimentation operations in the river. The objective of
current study aims to know the mechanism and extent of the effect of the proposed barrage on the
nature of the tidal wave below the barrage. To fulfill this objective, a one-dimensional
hydrodynamic model will be used to compare the hydrodynamic condition before and after install
of the proposed barrage on the river stream.
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The Study Area:

Historically, the Shatt Al-Arab River is formed from the confluence of two rivers, the Tigris
and Euphrates at the city of Qurna and extends beyond it for a distance of about 204 km and
flows into the Arabian Gulf at Faw city. It is located between two latitudes (38°N, 39°N) (Fig. 1).
The hydrological conditions of the river varied as a result of the reduction of the freshwater flows
coming from the Tigris, Euphrates, and Karun rivers. The Euphrates River was closed and there
is a sharp decrease in the amount of water arriving from the Karun River. So, the Tigris River is
the main source of supplying Shatt Al-Arab with fresh water (Lafta, 2021). The average width of
the river is 400 m, and its depths range between 20-8 m (Al-Wahili, 2012). The Shatt Al-Arab
River is a tidal river, and the tides in it are of a mixed type, the predominant semidiurnal
(Abdullah, 2014; Lafta 2022a). The average tides (tidal range) are 1.84 m, 1.75 m, and 1.1 m in
the Outer Bar, Al-Faw, and Basrah areas, respectively. The water level reaches 3 meters in the
Outer Bar during the flood condition (Abdullah, 2014).
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Figure 1. The location map of the study area shows the measurements stations of water level,
model boundaries (green circles), the location of a proposed barrage, and locations of comparison
areas (Lafta, 2022b).
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Methods and Model Preparation:
The study consists of two parts: the field side, as stations were selected for measurement and
sample collection, and the other side is the preparation and simulation of a numerical model.

Fieldwork:

A field survey (reconnaissance of the study area) in addition to collecting relevant data and
previous studies, that are suitable for the site choice of the construction of the barrage was
planned taken at the measurement stations according to the possibility of collection field
measurements. The work included field measurements for calibration and verification of the
model, which is the measurement of discharge, currents speed, and direction at several locations
(135000 m, 145000 m, 165000 m,175000, and 221000 m) along the southern part of the river
(Fig. 1). The water level in two locations along the Shatt Al-Arab river was measured by
installing pressure divers at Sihan and Abu Flous (Fig. 1). These measurements were conducted
in March 2018.

Barrage Site:
When thinking about building a barrage on the Shatt Al-Arab River, a question comes to

mind regarding the appropriate place to construct such a barrage relative to ports, and
international border areas. Therefore, the hydrodynamic impact of the natural flow of the river
must be taken into account so as not to affect it and not be affected by it as much as possible.
However, our study does not concentrate on choosing the type of barrage, but on the potential
changes in tidal wave behavior below the proposed barrage. Attention was focused on the
construction of the barrage on the Iraqi private part of the river, specifically from the Hartha area
in the north to Umm Al-Rasas Island in the south. According to the study that conducted by
Marine Sciences Center (2018), four sites were proposed for the construction of the barrage, but
the third site, i.e., the Abu Al-Khaseeb site was preferred as the most appropriate place to set up
such a barrage (Fig. 1) at the geographical location (57.29'27°34'N 47°58'6.50"). The reasons
behind choosing this site are:
1- It is about 4 km away from the buo Flous port.
2-Itis 11 km from Umm Al-Rasas Island.
3- It does not affect navigation downstream.
4- The two banks of the river are located inside the Iraq border.

Therefore, a mathematical model was prepared and a regulatory barrage was established
using the Mikell software package on this site to show its impact on the tide nature of the river
below the barrage.

Description of the Mathematical Model:

Mikell is a scientific software package developed by the Danish Hydraulics Institute (DHI),
this technology was obtained by a Danish donor (DANIDA) to the Marine Science
Center/University of Basrah. Through, this it is possible to obtain formulas that simulate the
speed of currents, water quality, sediments transport in rivers, estuaries, and other waterways.
The model depends on solving (Saint-Venant) equations, which include the equations of
continuity, motion and diffusion, as follows (DHI, 2007):
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Where: Q = discharge, A = cross-sectional area, h = water surface elevation above an arbitrary
horizontal datum, n = Manning’s coefficient of roughness, R = hydraulic radius, g = acceleration
of gravity, a = kinetic energy coefficient (o =1.041), x = distance along the watercourse and t =
time. The model calculates the distribution of water levels, velocity, and discharge according to
time and cross-section.

Preparing the Mathematical Model:

The bathymetric file is the main artery and backbone on which all simulation models of
rivers, estuaries, and open waters depend. It contains field data measured according to the
specifications of the International Organization for Hydrographic measurements, and these data
are related to the local datum, the mean sea level. The data for the topographical and bathymetric
survey of the Shatt Al-Arab River by the Marine Consulting Office at the Marine Sciences
Center/ University of Basra during the years 1998-2005 were used, (Marine Science Center, 1998
and 2006) and entered into the bathymetric file required to create the geometry of the river.

A satellite image of the study area was entered into the Mikell program to be in the
appropriate position, as it acquired its geographical position, according to the geographical
coordinates. The river was represented by a set of points to form a network (gird). The spatial
discretization of the model (Ax) is chosen to be 250 m. The first point begins at the top of the
river (upstream) and is given a value of zero and is called within the program (Chainege, 0.0) and
so on to the last point (downstream). The main tributaries of the Shatt al-Arab river have been
added to the Shatt Al-Arab model as lateral branches to reach a reasonable representation of the
river situation by model simulation.

The downstream boundary condition is located at Faw (Fig. 1). The time series of water level
variations in Faw city (Fig. 2) was used as boundary conditions at the lower reaches of the model.
It is worth noting that, due to the absence of water level records at Faw, these data were acquired
from the Total tide software (UKHO, 2003). In the upper reaches of the model, the freshwater
inflow from the Tigris River was used as an upstream boundary condition. Furthermore, the
freshwater discharge by the Karun River at the Darkhovin region was included in model
boundaries (Fig. 1). The model was engaged for six months, from Ist January to 30th June of
2017. The stability of the model was accomplished by selecting a time step of 120 sec.
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Figure 2. Water level (m) at Faw site for six months.
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The results of the model were examined by comparing the estimated water level by the model
with the measured water level at Sihan and Abo Flous stations. RMSE (root mean squares error)

E (ML —Ci )2 . . . .

(RMSE = \I_L_-\[—) the statistical scale that measures the estimated results by the model with
the observed ones was utilized. Where, M; and Ci are a sum of observed and estimated values
respectively, and M is a number of values. The better results of the model were reached by putting
the manning number of 0.17 (m"?/sec) and Tigris and Karun inflows of 50 m%/sec and 5 m%/sec,
respectively. Figure (3) illustrates the comparisons between the estimated and observed data at
Sihan and Abo Flous regions. The RMSE were 0.13 and 0.06 m in Sihan and Abo Flous,
respectively.
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Figure 3. Comparison between estimated and observed water level at (A: Sihan, B: Abo Flous).

Results and Discussion:

The model was run to find the water level in two cases, first when there is no barrage, and the
second when there is a barrage working as an embankment in the Abu Al-Kaseeb area. Hence,
fresh water will prevent to reaches towards lower reaches of the river.

After implementation the model for a period of six months, the required results were obtained
and five sites were selected below the barrage to compare the results between the two cases
mentioned above, i.e., with and without barrage on the river stream. The comparison between the
values of water levels in the two cases at chosen locations, i.e., at 135000 m, 145000 m, 165000
m, 175000 m, and 221000 m (Fig. 1) are presented in Figure (4). However, from the first look at
the (Figs. 4 and 5), it is obvious there is a difference in the water level of the two cases.
Additionally, it is obvious that the magnitude of the difference depends on the distance of the
chosen location from the barrage. The magnitude of the difference increases as we close to the
barrage and decreases in areas further away from it. The location of the barrage in this place
made the tidal wave act in a tidal convergent channel, wide inlet and narrow at its closed upper
end. Thus, the tidal river below the barrage will behave as closed-end lagoons, i.e., the height of
the tidal wave increases as we move toward the inland direction near the barrage, similar results
were previously observed in Khor Al-Zubair tidal convergent channel by Al-Sayab (1989) and
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Lafta et al. (2020), addition, the barrage acted as a closed dam, affecting the hydrodynamics of
the river (Manuel et al., 2012 ) ,which was reflected in the behavior of the tidal wave.
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Figure 4. Comparison between the water level in the presence and absence of a Barrage for six
months at (A: 135000 m, B: 145000 m, C: 175000 m, D: 175000 m, E: 221000 m).

The differences in the water levels in the two cases are more evident in the first station
135000 m, near the barrage, where the value of the difference reaches 0.409 m and was on
16/6/2017 as shown in Table (1), the differences in the water level gradually decrease as we
moved away from the barrage, and this is what the results indicate in table 1. As for the last
station 221000, which represents the Al-Faw region, the differences are very small between the
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state of the barrage’s presence and the state of its absence, and the same applies to the station
before it, i.e, 175000 m.

Table 1. The minimum and maximum values of water levels at the study stations in the presence
and absence of the barrage for a period of six months.

With Barrage Without Barrage

Station Max. Date Min. Date Max. Date Min. Date

135000 | 1.636 | 25/6/2017 | -0.556 | 13/2/2017 | 1.227 | 25/6/2017 | -0.076 | 24/1/2017

145000 | 1.604 | 25/6/2017 | -0.504 | 16/1/2017 | 1.213 | 26/6/2017 | -0.113 | 24/1/2017

165000 | 1.643 | 25/6/2017 | -0.472 | 15/1/2017 | 1.593 | 25/6/2017 | -0.359 | 11/2/2017

175000 | 1.805 | 25/6/2017 | -0.516 | 16/1/017 | 1.822 | 25/6/2017 | -0.557 | 1/1/2017

221000 | 2.135 | 25/6/2017 | -1.373 | 15/1/2017 | 2.144 | 25/6/2017 | -1.374 | 15/1/2017

Tidal Range:

The changes in the values of water levels for two successive days in the study stations were
plotted to calculate tidal range values as in Figure (6). However, it is clear from this figure that
there is a difference in the water level values at the first two high tides (HW) as well as in the two
successive low tides (LW) for the two cases of the barrage’s existence and its non-existence.
Additionally, there is almost identicalness in the values of the second high tide (HW) for both
cases. The reason may be attributed to the difference in the values of the tidal constituents during
the day, i.e. between night and day. This behavior is clear in the two stations 135000 and 145000
m. Hence, and for more clarity, the comparison was plotted for four successive days, as shown in
Figure (7). The congruence in the water levels is identical as we moved towards the lower
reaches of the river, i.e., towards station 221000 m.

These results are reflected in the tidal range values in all stations. The highest value of tidal
range reaches 1.636 m was recorded in the first station, i.e., 135000 m in the case of the presence
of the barrage. Meanwhile, the tidal range in this station does not exceed 0.764 m in case of
removing the barrage (Table 2). However, this is not a surprising result, as the river behaves as a
convergent channel when the tidal range is increased as moved further away from the source of
tidal energy (Vinita et al., 2015). The normal behavior of the tidal wave is evident in the last
station, where the changes of the tidal range values means that the impact of the barrage is small
in this station, not exceeding a few centimeters.

The presence of the barrage in the location near Abo Al-Kaseeb affects the nature of the tidal
wave downstream of the barrage. The differences in heights of the high tide in the case of the
presence of the barrage and the absence of it are clear, especially in the areas near the barrage.
However, the difference in water level vanishes as we move away from the barrage, and this is
clear in the Al-Faw region when the difference seems to not exceed some centimeters.
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Figure 7. Comparison between the water level in the presence and absence of a Barrage for four
days at 135000 m.

Table 2. Tidal range at study stations in cases of the presence and absence the barrage.

Station With Barrage Without Barrage
Tidal Range (m) Tidal Range (m)
135000 1.636 0.764
145000 1.542 0.807
165000 1.506 1.368
175000 1.411 0.932
221000 1.189 1.203

Conclusions:

A one- dimensional hydrodynamic model for the Shatt Al-Arab River was set up based on
Mike 11 technique. The model was examined by comparing the observed water level with the
estimated by the model at two locations. A reasonable agreement between the observed and
estimated water level was achieved. However, the calibrated model was utilized to study the
variations in water level before and after installing the barrage at the river stream. The result
revealed that there is a maximize in water level in areas near the barrage.

The highest increase in the water level reaches 40 cm. Additionally, the results illustrated that
there is a slight increase in the tidal range in areas near the barrage. As a recommendation, and
based on the increase in water level below the barrage it is preferred to strengthen the two banks
of the river south of the barrage. Additionally, the hydrodynamic situation, as well as the water
quality of the river north of the barrage should be studied deeply before installing such a
construction.
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