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Abstract

Recently, the Shatt Al-Arab River (SAAR) in Basra/ south of Irag, have suffered from high amounts
of Total Dissolved Solids (TDS) in the water that is due to reducing the incoming fresh water from the
sources which caused the salinity intrusion into the SAAR. The objective of this study is to track the
seawater propagation from the Arabian Gulf into SAAR. One-dimensional transport model using HEC-
RAS 5.0.5 has been used to making knowledge of the dynamics of TDS into the SAAR. Four cases were
taken to estimate the salinity intrusion into the SAAR which were, the low and high discharge that equal to
29 m®¥/s and 103 m®/s which released from Qalat Saleh regulator with high and low tide. It is seen that if
the flow is high, the TDS values were between 3000- 4000 mg/l in the case of lowest low tide and highest
high respectively, and if the flow is low, the TDS between 1000- 2000 mg/l reach 150 km from the mouth
in the case of lowest low tide and highest high respectively. It can be conclude that an increase of the
incoming freshwater discharge to 103 m®/s, will lead to prevents the salinity intrusion towards the center of
Basrah city, for both low and high tide.The obtained results show good describtion for the TDS variation
from the sea towards the upstream of the SAAR. The model allows the immediate estimation of TDS
propagation towards SAAR and can help to ensure the safe water supply to the province.
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1. Introduction

The Rivers that are connected with sea water are affected by two energies; the first is the discharge
of the fresh water that flows from lands and the second is the phenomenon of tides coming from the sea.
Freshwater flows into the sea when the discharge is large; otherwise, the saltwater penetrates into the River
causing a change in the quality of the River especially in the downstream area[1]. Where this area is subject
to the influence of seawater more than the freshwater. Moreover, the tidal range and the difference in the
densities between the River and the sea could be affected by the freshwater and the phenomena of salinity
intrusion [2].

The modeling is considered as one of most common methods that are used in the management of
water resources, through the organization of all information that available and used it in an organizer
manner leads to finding the real causes affecting the changes of the quality of water sources [3].
Mathematical modeling by using a numerical model of salinity intrusion is considered a costly and takes a
long time so most of the researchers tend to used empirical models; therefore there are few studies using
simulation by employing computer software to find out TDS distribution along SAAR [4].
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Numerical model was used by the Mike Il software to study the water quality of the SAAR the
(Total Dissolved Solid, Dissolved Oxygen, Total Suspended Solid), a value of 50 m3/sec and 250 m3/sec
discharge were used to explore the impact of low and high discharge of river on water quality of the River
[5]. A one dimensional, unsteady hydrodynamics model coupled with salinity model were solved
numerically by using the explicit finite difference method, with the aid of computer program to simulate the
flow and the salinity concentration[6]. Tidal excursion was simulated analytically using 1-D analytical salt
intrusion model with the equations of tidal mixing, the model was applied under different river conditions
to analyze the seasonal variability of salinity distribution during wet and dry periods during the period
extended from March 2014 up to January 2015 for the SAAR [8]. Salinity intrusion using four imperial
model with the aid of a computer model was done in the SAAR, the computer model was used to calculate
the length of salinity penetration into the River using five different cases of discharge [9]. Longitudinal and
vertical salinity measurements were used to predict the extent of seawater intrusion into the SAAR,
descriptive analysis with an empirical measurements to determine the TDS and it’s relation with the
discharge in SAAR estuary [10, 11].

The objective of this study is to give an idea of the increase of TDS values in SAAR due to
incoming seawater during the year of 2018 that is due to the crisis of the rise of TDS in the SAAR
(especially in the summer season) because of the reduction of freshwater River discharges at the upstream,
where there is rare models used to solve this phenomenon in SAAR.

2. Area of Study

The length of the SAAR is about 198 km, starting from the confluence of Euphrates with Tigris
rivers to the estuary where it discharges into the Arabian Gulf [12]. The width of the river is varies over its
course from about 250-300 m near the Euphrates-Tigris confluence to about 600 m near the center of
Basrah city and about 2000 m at the River mouth into the Arabian Gulf [13].

In terms of the geographical setting, an area of 145.190 km2 drains directly to the SAAR region
downstream of the Tigris and Euphrates confluence. Several tributaries discharged to the SAAR during its
course which is, Al-Sweeb River, Garmah Ali River, Karkheh River, and Karun River. At present, these
contributions have been reduced as a result of the policies of the neighboring countries by establishing
many dams, that caused a very high increase of the TDS in SAAR due to the effect of Arabian Gulf [11].

In the past, when the discharges of both of the Karkheh and Karun Rivers were found, the seawater
intrusion towards the river may reach the distance of a few kilometers upstream of the estuary but not
farther than Al Siba city, i.e. south of Basrah city [6]. However, in recent years, the high TDS value
approaches to Al- Qurna city (i.e., north of Basrah city) [7]. Therefore the study area in the conducted
research was extended from the mouth of the River until Qalat Saleh regulator that is located in the north
of Qurna city, i.e. north of Basrah city (See Fig.1).
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Figure 1. Schematic Diagram of the Area of Study
3. Data And Methods

The practical measurements of the River cross-sections; the intervals between sections; the
freshwater discharge, the stages, and the TDS were done in the year of 2018 in different locations along the
River[14].

A numerical model of finite-difference was used to simulate the tidal flow by the aids of Hec-Ras
software. The River was subdivided into four reaches which were Tigris; Euphrates; SAAR and Garmah
Rivers (see Fig.1).

The origin was taken near to the estuary in Ras Al Bishah region south of Basrah city. The
simulation was done for 10 months of operation program, an implicit finite difference scheme was used to
represent the model. The methodology is based on the practical data which were measured by the water
resources directorate staff along the year.

4. Mathematical Formulation
4.1 Hec-Ras Model

The Hydrologic Engineering Centre River Analysis System (HEC-RAS 5.0.5) model was used in
this study [15]. The model is to exam the spatial changes of TDS in the SAAR and its estuary. Daily
measurements of TDS and discharge were measured in different stations along the river whereas the stages
were measured hourly [16].

A one-dimensional unsteady water quality model HEC-RAS has been used to simulate TDS
distribution. The simulation of the hydrodynamic system of the SAAR has been performed.

The outputs of the transport model were the data of TDS variation from upstream to downstream of
SAAR at various hydrodynamic conditions. The model can identify the location that the seawater can be
effective in the River at the year of 2018.
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Where, this year was the extremely arid year, which the flow rate that is released from Qalat Saleh
regulator has recorded the lowest values, wherase, the TDS was recorded the highest values. Therefore,
these conditions have caused a crisis in potable water to the people who live in Basrah city because most of
the water treatment plants were located along the SAAR.

4.2 Hydraulic Model

The equations for the hydrodynamic simulation of surface water flow are shallow water equations in
which the Z-direction component of the velocity (w) is assumed to equal zero and the variables can be
vertically integrated [17].

The depth-averaged equations of shallow water are :
Continuity equation:
oh, a(hu)  a(hv)
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The turbulent stresses tij were calculated with the classical k-¢ turbulence model that are utilizing
the eddy viscosity.
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4.3 Transport Model

The water quality modeling is always applied as an additional tool for water quality management
[18]. The model of TDS variation was achieved using the water quality model included in HEC-RAS. It is
based on the one-dimensional transport equation [15]:
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Where, C is TDS concentration, mg/l; Dx is the longitudinal dispersion coefficient in (m2/s); V is
flow velocity in (m/s).

The dispersion coefficient was calculated using the Kashefipour—Falconer equation [19]:

Dx=10.612h U (;) )

Where U* is a shear velocity, U is a cross-sectional average velocity, h is a depth.
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4.4 The Schematic of River System

The schema of the River system consists of four River reaches, as shown in Fig.1. These reaches
included: about 196 km of SAAR from the confluence at Al-Qurnah district to the estuary near to Ras Al-
Bishah region; about 28 Km of Euphrates River; about 90 Km of Tigris River from the confluence to Qalat
Saleh regulator and about 3 km of Garmah River. Therefore, the total length of the River reaches in the area
under study is about 317 Km. The total length of the main channel from Qalat Saleh regulator (i. e. station
198) to the estuary (i.e. station 1) is about 286 km (see Fig.1).

4.5 The Boundary Conditions

In this study, the upstream boundary conditions were the daily flow discharges from Tigris River
that are released from Qalat Saleh regulator at cross-section (198), as shown in Fig.1. The discharge from
Euphrates and Garmah Rivers are considered zero because of the construction of the dams at these Rivers
to prevent the waters of these Rivers to discharges into the SAAR. On the other hand, the boundary
conditions at the downstream were the hourly water stages and daily TDS of SAAR at section (1) which is
nearby to Ras Al Bishah region. The upstream and downstream boundary conditions are taken for 10
months which have extended from 01 January 2018 to 30 October 2018.

45.1 The Upstream Boundary Condition

As explained previously, the main source of the incoming discharge to the SAAR is the Tigris River,
which is released from Qalat Saleh regulator. The daily discharge of the Tigris River for the period 1-
January 2018 to 30- October 2018, was used to represent the upstream boundary condition as shown in
Fig.2.

The maximum discharge for the SAAR at section (198) that is released from Qalat Saleh regulator,
was 103 m3/s which was measured in 20 September 2018 and minimum discharge was 29 m3/s which was
measured in 13 February 2018. In this unsteady flow simulation model, the values of Manning’s roughness
coefficient (n) for the main channel of SAAR was 0.033 and 0.06 for banks [20], the result of Hec- Ras
model show that the values of (n) give the closest agreement between simulated and observed computed
hydrograph.
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Figure 2. The Daily Measurements of Discharge (Upstream Boundary Condition)[14]
4.5.2 The Downstream Boundary Condition

The hourly water stages of SAAR at cross-section (1) which is nearby Ras Al Bishah region was
adopted as a downstream boundary condition. The downstream boundary conditions were taken for 10
months which have extended from 01 January 2018 to 30 October 2018, as shown in Fig.3.
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Figure 3. The Hourly Measurements of Stages (Downstream Boundary Condition)[14]

4.5.3 The Tds Boundary Conditions

The data of TDS were taken for the period extended from 1 January 2018 to 30 October 2018 in
different stations. Section (198) in Tigris River has been considered as a location of upstream boundary
condition at Qalat Saleh regulator, see Fig.4. Section (1) near to Ras Al- Bishah region was considered as a
location of the downstream boundary condition, see Fig.5. The data of the dispersion coefficient of the
hydraulic model were found between 25 to 500 m2/s [21]. Finally, the adopted value of the dispersion
coefficient was equal to 78 m2/s because it gives the closest agreement between simulated and observed
TDS graph.
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Figure 4. The Daily TDS Measurements at Station 198[14]
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Figure 5. The Daily TDS Measurements at Station 1[14]

4.6 The Investigated Sections

Four sections were adopted to investigate the TDS variation into the River, which were, Section
(17) about 106 km from the mouth; Section (35) about 123 km from the mouth; Section (44) about 132 km
from the mouth and section (60) about 150 km from the mouth (see Fig.6).
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Figure 6. The Investigation Sections in the SAAR
5 Results and Discussion

The model started from upstream at the section (198) (at Tigris river), and it finished at the
downstream at section (1) (in SAAR estuary near to Ras Al —Bishah region), during 10 months records of
the daily discharge and the TDS values in section (198), the hourly measured stages and the daily TDS
values in the section (1) were taken as boundary conditions to the hydrodynamic and transport model.
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5.1 The Hydrodynamic Model

After giving all the input parameters to the software for the computation, the output in terms of
graphs was obtained including the profile for the water level in the case of maximum water level as shown
in Fig. 7 for SAAR and Tigris River.

Mouth Shatt Al-Arab River Confluence Tigris River Qalat Salgh

Figure 7.The Maximum Water Level Profile in the SAAR and Tigris Rivers During the
Period of Study.
5.2 The Tds Model

The simulated scenarios of TDS were defined considering the following two factors that influence
TDS variation: River discharge (released from Qalat Saleh regulator) and tidal situation (lowest low tide or
highest high tide that measured in the mouth). Figs.8 and 9 show the results of these simulations for low
incoming discharge which was 29 m3/s that measured in 13 February 2018 with two characteristics of the
tide which were low and high tides respectively. It is seen that if the incoming flow was low, the TDS
values are equals to 11636 mg/l at section (17); 5626 mg/l at section (35); 4688 mg/l at section (44) and
3531 mg/l at section (60) in the case of low tide. wherase, the TDS values were equals to 10272 mg/l at
section (17); 5326 mg/l at section (35); 4413 mg/l at section (44) and 3187 at section (60) in the case of
high tide.

Figs.10 and 11 show the results of these simulations for high incoming discharge, which was 103
m3/s that measured in 20 September 2018 with the low and high tides respectively. It is seen that if the
incoming discharge is high, the TDS values are equals to 1084 mg/l at section (17); 1052 mg/l at section
(35); 1047 mg/l at section (44) and 1026 mg/l at section (60) in the case of low tide. wherase, the TDS
values are equals to 1075 mg/l at section (17), 1051 mg/l at section (35), 1045 mg/l at section (44) and
1023 at section (60) in the case of high tide.
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Figure 8. TDS Calculations at Low Tide for River flow rate of 29 m%s in 13 Feb.2018
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Figure 9. TDS Calculations at High Tide for River flow rate of 29 m®/s in 13 Feb.2018
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Figure 10. TDS Calculations at Low Tide for River flow rate of 103m%/s in 20 Sep. 2018
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Figure 11. TDS Calculations at High Tide for River flow rate of 103 m3/s in 20 Sep. 2018.

As explained previously the simulated scenarios of TDS were defined considering the two factors
that influence the TDS variation: the incoming River discharge (released from Qalat Saleh regulator) and
tidal situation (low or high). However, the influence of wind was ignored in the present study.

The increases of discharge from 29 m3/s to 103 m3/s lead to decrease the TDS values about 90% for
the case of low and high tide for section 17, and about 70% for the case of low and high tide for section 60.

Fig. 12 presents the results of these simulations for two characteristic flows (29 and 103 m3/s). It is
seen that if the flow released from Qalat Saleh regulator (the upstream end) is minimum, the TDS values
were between 3000- 4000 mg/l reach to the station 60 that located about 150 km from the mouth in the
case of lowest low tide and highest high respectively. So it can be seen that if the flow released from Qalat
Saleh regulator is maximum, the TDS between 1000- 2000 mg/l reachs station 60 in the case of lowest low
tide and highest high tide respectively. The above results reveal that the first factor to rise the TDS is the
upstream river discharge, when the discharge is high the TDS decrease along the river. The second factor
affecting the TDS is the tide coming from the Arabian Gulf; the high tide increases TDS and vice versa.
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Figure 12.The TDS variations in the SAAR , at (a, ¢) high tide and (b, d) low tide for low
and high values of incoming discharge released from Qalat Saleh regulator Q =29 m¥/s; (a,
b), Q =103 m¥s (c,d).

An increase of the incoming freshwater discharge to 103 m3/s, will lead to prevents the salinity
intrusion towards the Basrah city, for both low and high tide (Fig. 12c and Fig. 12d). However, the low
incoming discharge water for both low and high tide leads to salinity intrusion towards the upstream of
Basrah city and it’s seen that the TDS values were more than 4000 mg/l in Garmah River causing a
dangerous for all conventional water treatment plant that located along the SAAR.

For this reason the current study confirms the need to release the discharge of more than 103 m3/s
behind Qalat Saleh regulator. This value will maintain satisfactory water quality to station 60 which is
located near to Basrah center, which also maintain fresh water for most water treatment plant located along
the banks of SAAR and keep the live of Basrah people.

5.3 Model Calibration And Verification

The hydrodynamic model (i.e. calibrated and validated in earlier time) (US Army Corps of
Engineers, 2016) describes the spatiotemporal evolution of velocity and depth. TDS simulations have
comparable patterns with field measurements. These results were confirmed by statistical performance tests
based on the model outputs.

220



Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (2): 2020

The TDS values were measured practically at 5 sections along SAAR , which were taken for
calibration and verification the model in the date of 14- March 2018 at high tide.

The performance of simulating and observing the TDS concentrations in the River was assessed by
calculating the correlation between simulated and observed data. In this study, the accuracy degree of the
model was defined with the coefficient of determination R2, the model accuracy statistics. A perfect
agreement was found between the computed and the observed TDS values at water discharge of Q= 53
m3/s, which is chosen randomly at 14-March 2018 that leads R2 = 0.9213 as shown in Fig. 13 and Fig. 14.

This result shows the good performance of the model and confirms the results of calibration and
verification of the hydrodynamic and the transport model.
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Figure 13. Comparison Between Simulated (the  Figure 14. The Comparison Between Observed
Line) and Observed (the Dots) TDS Values (14 and Simulated TDS Values on 14 March 2018
March 2018, High Tide) after Calibration and

Verification the Model

6 Conclusions

1- The salinity intrusion from the Arabian Gulf affects a distance of approximately 150 km upstream of the
River estuary, with a TDS value which is more than 4000 mg/l in the worst condition which occurred
in February /2018 in the case of high and low tide.

2- In the case of upstream river discharge equal to 29 m® /s, the TDS values range from 11636 mg/l in
section 17 (near the city of Al-Faw) to 3531 mg/l in section 60 (near to Basah center) in the case of low
tide. While the TDS values range from 10272 mg/l in section 17 to 3187 in section 60 in the case of
high tide.

3- In the case of upstream river discharge equal to 103 m%/ s, the TDS values range from 1084 mg/l in
section 17 to 1026 mg/l in section 60 in the case of low tide. While the TDS values range from 1075
mg/l in section 17 to 1023 in section 60 in the case of high tide.

4- The first factor to rise the TDS is the upstream river discharge, when the discharge is high the TDS
decrease along the river and vice versa. The second factor affecting the TDS is the tide coming from the
Arabian Gulf; the high tide increases TDS and vice versa.

5- The current study confirms the need to released the discharge of more than 103 m%s behind of Qalat
Saleh regulator, this value will maintain fresh water to station 60 which is located near to Basrah center,
which also maintain fresh water for most water treatment plant that located along the banks of SAAR.

6- The result shows good performance of the model and confirms the results of calibration and verification
of the hydrodynamic and the transport model.
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