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ABSTRACT

Shatt al-Arab is the only navigational artery in Iraq, extending from the city of Qurna to its mouth
in the Arabian Gulf at the city of Al-Fao within the governorate of Basrah for a length of
approximately 204 km. Its width ranges from 400 m to 2000 m, and its depth ranges from 8 m to
20 m. The southern part of it, 93 km long from Umm al-Rassas Island to Ras al-Bisha, represents
the international border between Irag and Iran, where the Thalweg line represents the border
between the two countries, which is the deepest point in the riverbed (according to the 1975 Algiers
Agreement). The western bank (the Iragi side) within the common border of Shatt al-Arab is
subject to continuous erosion, which leads to the shifting of the Thalweg line towards Iraqi territory
and thus leads to loss of Iragi land to Iran. Reducing flow velocity along the Iraqi side can lead to
reducing or preventing erosion in the river. Increasing the riverbed roughness will reduce the
velocity of flow and then reducing the erosion. This principle was adopted in this study to
investigate the effect of increasing roughness in a strip along a reach of the riverbed on the
distribution of longitudinal velocity in cross-sections at the rest of the selected reach. A reach of
Shatt al-Arab with a length of 2500 m, located 34 km north of Fao City, was selected to represent
the study area. This reach was simulated by using numerical modeling CFD solver (fluent) with
three different roughnesses for an upstream part of the river bed and the velocities compared with
the natural (original) roughness of Shatt al-Arab. The results showed an appreciable effect of the
increased bed roughness on the velocity distribution and the maximum velocity location by shifting
it to the other side.

Keywords: Manning Velocity Distribution; Shatt al-Arab; Fluent.

Gl b g e daaa £ e A de ) a i e Al gddl) il

daaa Guig AN A 3 e e aadl

-

dadAll

O Sl Anae (8 o pad) ldll b anae () DA Ane e Sias (Bad) (8 2l a0 QLA el bl
s‘-j.ﬁj‘Lﬁ%.ezog}!e8C}AMCJ\ﬂjezoooég‘e4OOO‘uﬁ sl .e5204@\ﬁd3343)~4:\”wm

*Corresponding author

Peer review under the responsibility of University of Baghdad.
https://doi.org/10.31026/j.eng.2020.08.04

2520-3339 © 2019 University of Baghdad. Production and hosting by Journal of Engineering.
This is an open access article under the CC BY4 license http://creativecommons.org/licenses/by /4.0/).
Acrticle received: 22/1/2020

Acrticle accepted: 13/3/2020

Acrticle published:1/8/2020

46


http://www.joe.uobaghdad.edu.iq/
http://creativecommons.org/licenses/by%20/4.0/
mailto:ama.eng8286@gmail.com
mailto:abdulilah.g4@gmail.com

Number 8 Volume 26 August 2020 Journal of Engineering

ba Jie Gus ¢ Ol Bl O Al agaall ¢ Laadl il ) pabeal) ol 3005 (0 oS 93 2ay e ¢ 4ie i)
ilall) A jal) dduall (im yai (1975 ple il ad) A8EY G 5) el (g yma 8 Akl Gaed (a5 ¢ alill (2 gasl) o U
Sl s A8 jal) al Y1 sa GGl lad Jgas Y o lae aise JSU ) oyl Jal 4K jiiiall o gasd) Jals (8 el
e 5 Qs ) G pal) ) Jsha e il Ae s O (g3 0 S .0 sl A pal) ol ) 6 ] 535
fm\ﬁl\ Y ‘;‘J.\A]\ (7Y @ﬁé&@\dﬁﬁﬁw}@ﬂ\&yd@é} )@_A\d‘ﬂ:u}&;’&)b)ddjﬂ )@.\S\@dﬂﬂ\
Ay (A dam ) i) 8l gl eyl a5 e el gl (o mae st e day 5 8 A5 il 55 Ll A el
Al Al e ¢ gl Aine Jlad o 34 3y o wis ¢ e 2500 by el Jad e s R o5 sl ¢ )
A )l e g Al pall Adlaie g1 (e ¢ jad Adlide Ul plA AW ae CFD 4sad )l Andaill pladiuly alaia¥) 13a slSlas
cosSle el gl e e 3a A e 30l W sala \3;13@\3;\ el (Ramnh 4583 el Jal Al Alal) e i)
DAY Gl ) el a3 YA e e guall a1 g all 5 A

Gl i ¢ e pull a5 ¢ aile dalae Ay ) cilal<l)

1. INTRODUCTION

Shatt al-Arab is located in southeastern Irag within the governorate of Basrah and is approximately
204 km long. The final 93 km of the river forms the international border between Irag and Iran (Al-
Fartusi, 2013). The deepest points along the international border between the two countries
configure an imaginary line called (Thalweg Line) according to (Algiers Convention 1975).

For along years ago, the Shatt al-Arab River stayed suffers from erosion at the western side (the
Iraqgi side), which caused gradual encroaching of AL- Thalweg line toward the Iraqi territory. That
led to losing the Iraqi territory (Ibrahim 2017). One of the methods that can be applied in order to
prevent erosion in rivers is reducing the water flow velocity (Ibrahim-Mageed 2014), and in this
research, this way can be achieved by increasing the river bed roughness. Because of the
difficulties of physical simulation, long time of testing, accuracy results weakness, and scaling
problems, a numerical simulation method was used. Shatt al-Arab river problem was numerically
simulated by using a commercial CFD solver (FLUENT).

2.DESCRIPTION OF THE STUDY AREA

The study area is a reach of Shatt-al-Arab which is located at 34 km north Al-Fao City which
started from the mouth of the Shatt al-Arab to the Arabian Gulf, E=245006, N=3349551, of 2.5
km length between km 60+00 to km 62+500 and 860m width and 11m depth-averaged as shown
in Fig.1. An area 500m length and 220m width at the reach upstream was allocated from the
riverbed to simulate different roughness.
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Figure 1. The general layout of the Shatt-al-Arab River, ARC MAP.

3. NUMERICAL SIMULATION

In the current study, different softwares were used to generate a digital model. These softwares were
the Civil 3D, Gambit, Space Clam, Hec-Ras, and Ansys Fluent (CFD). The CFD solver FLUENT
used in the present study solves the three-dimensional Reynolds-averaged Navier-Stokes equations
for incompressible flow. FLUENT solves the governing equations sequentially using the control
volume method.

Shatt al-Arab River cross-sections data were provided from the General State of Survey (Ministry of Water
Resources). A certain area at upstream of the reach on the Iragi side was selected to increase the roughness
in each case, as shown in Fig.2. Four cross-sections (S1, S2, S3, and S4) were selected at 500 m spacing
along the reach in which the first section started at a distance of 250 m upstream of the reach to investigate
the lateral behavior of the vertical distribution of the longitudinal velocity. At each section, the velocity
profiles at three vertical lines (A, B, and C) located at (1/4, 1/2, and 3/4) of the river width started from the
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Iraqgi side, respectively, as in Fig.3. These lines were used to compare the vertical velocity distribution in
each case. Four (4) cases were run in the software. The first case (natural conditions) all riverbed has the
same roughness height of (0.05 m equivalent to Manning’s n of 0.033, according to Stickler’s equation (1).
In other cases, the natural conditions were maintained, but the roughness height in the designated area was
changed to 0.25, 0.75 and 1.25 m (equivalent to Manning’s n of 0.033, 0.04, and 0.043) in the (case 2, case
3, and case 4) respectively. The boundary conditions that were used are the inlet condition (mass flow inlet),
the water surface condition (atmospheric pressure), the bed and allocated area condition (stationary and
non-slip walls), and outlet conditions (both the pressure at the outlet and the constant water surface
elevation) were imposed. Furthermore, the Volume of Fluid (VOF) method and Shear Stress Transport
(SST) k- turbulent model were used in this simulation.

1/6 H ) H
n = 0.0132D,, (Stickler’s equation) (1)

Where:
n = Manning’s n

D5, = roughness height of bed material

Allocated Area

-
o 45000 200.00 (m) L-,f

2500 7500

Figure 2. Allocated area of increased roughness in the river reach.
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Figure 3. Results points’ location at Study Area.

4. RESULTS AND DISCUSSION

Four runs were simulated to investigate the effect of changing bed roughness at the upstream part
of the river reach on the longitudinal velocity (v) distribution along the rest reach. Each run
represents Manning’s n of (0.025, 0.033, 0.04 and 0.043). The results arranged as Figures (4 to
15). In each figure, the vertical distribution of the longitudinal velocity (v) for the four runs was
represented. Also, for all lines (A, B, and C) in all sections. Fig.4 shows that when Manning’s n
was increased in allocated area to (0.033, 0.04 and 0.043) the average value of the longitudinal
velocity at section S1 vertical line A (S1 A) decreased by (5%, 12%, and 25%) for (n=0.033, 0.04
and 0.043) respectively, compared with the natural case (Manning’s n =0.025).

natural case (v @ n=0.025) v @ n=0.033 v @ n=0.04 v @ n=0.043

1.8
0.8

-1.2
-2.2
-3.2
-4.2

Z(m)

-6.2
-7.2
-8.2
-9.2 S S
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Velocity (v) (m/s)

Figure 4. Longitudinal Velocity Distribution at (S1 A).
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Fig.5 shows that when Manning's n was increased to (0.033, 0.04 and 0.043) the average value
of the longitudinal velocity at (S1 B) increased by (5%, 25% and 34%) for (n=0.033, 0.04 and
0.043) respectively.

natural case (v @ n=0.025) v @ n=0.033 v @ n=0.04 v @ 0=043
1.75
0.75
-0.25
-1.25
N -2.25
E 325
N
-4.25
-5.25
-6.25
-7.25
-8.25 ——
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Velocity (v) (m/s)

Figure 5. Longitudinal Velocity Distribution at (S1 B).

Fig.6 shows that when Manning's n was increased to (0.033, 0.04 and 0.043) the average value of
the longitudinal velocity at (S1 C) increased by (5%, 18% and 20%) for (n=0.033, 0.04 and 0.043)
respectively.

v @ n=0.043

natural case (v @ n=0.025) v @ n=0.033 v @ n=0.04

2.0
1.5
1.0

0.5

Z(m)
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0.00 0.02 0.04 0.06 0.08 0.10

Velocity (v) (m/s)

Figure 6. Longitudinal Velocity Distribution at (S1 C).

Fig.7 shows that when Manning’s n was increased in allocated area to (0.033, 0.04 and 0.043) the
average value of the longitudinal velocity at (S2 A) decreased by (7%, 40%, and 68%) for
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(n=0.033, 0.04 and 0.043) respectively, compared with the original case (Manning’s n =0.025).
Still, in the case of n = 0.043, the velocity direction was in the opposite direction of flow.

natural case (v @ n=0.025) v @ n=0.033
2.5
15
0.5
-0.5
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25
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N 45
-5.5
-6.5
-7.5
-8.5 —
-9.5
-0.04 -0.02 0.00 0.02 0.04 0.06
Velocity (v) (m/s)

Figure 7. Longitudinal Velocity Distribution at (S2 A).

Fig.8 shows that when Manning’s n was increased to (0.033, 0.04, and 0.043) the average value
of the longitudinal velocity at (S2 B) increased by (20%, 88%, and 108%) for (n=0.033, 0.04, and
0.043) respectively, compared with the original case.

v @ n=0.033
1.9

0.9
-0.1
-1.1

-2.1
-3.1
-4.1
-5.1
-6.1
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0.00 0.02 0.04 0.06 0.08 0.10 0.12

Velocity (v) (m/s)

natural case (v @ n=0.025) v @ n=0.04 v @ =0.043

Z(m)

Figure 8. Longitudinal Velocity Distribution at (S2 B).

Fig.9 shows that when Manning’s n was increased to (0.033, 0.04, and 0.043) the average value
of the longitudinal velocity at (S2 C) increased by (21%, 49%, and 71%) for (n=0.033, 0.04 and
0.043) respectively, compared with the original case.
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natural case (v @ n=0.025) v @ n=0.033 v @ n=0.04 v @ n=0.043
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Figure 9. Longitudinal Velocity Distribution at (S2 C).

Fig.10 shows that when Manning’s n was increased in allocated area to (0.033, 0.04 and 0.043)
the average value of the longitudinal velocity at (S3 A) decreased by (19%, 83%, and 55%) for
(n=0.033, 0.04 and 0.043) respectively, compared with the original case (Manning’s n =0.025).
Still, in the case of n = 0.043, the velocity direction was in the opposite direction of flow.

natural case (v @ n=0.025) v @ n=0.033 v @ =0.04 v @ n=0.043
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Figure 10. Longitudinal Velocity Distribution at (S3 A).

Fig.11 shows that when Manning’s n was increased to (0.033, 0.04 and 0.043) the average value
of the longitudinal velocity at (S3 B) increased by (60%, 162%, and 210%) for (n=0.033, 0.04 and
0.043) respectively, compared with the original case.
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Figure 11. Longitudinal Velocity Distribution at (S3 B).

Fig.12 shows that when Manning’s n was increased to (0.033, 0.04, and 0.043) the average value
of the longitudinal velocity at (S3 C) increased by (43%, 406%, and 614%) for (n=0.033, 0.04,
and 0.043) respectively, compared with the original case.

v @ n=0.043
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Figure 12. Longitudinal Velocity Distribution at (S3 C).

Fig.13 shows that when Manning’s n was increased in the allocated area to (0.033, 0.04, and
0.043). The average value of the longitudinal velocity at (S4 A) decreased by (9%, 90%, and 35%)
for (n=0.033, 0.04, and 0.043) respectively, compared with the original case (Manning’s n =0.025).
Still, in the case of n = 0.043, the velocity direction was in the opposite direction of flow.
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Figure 13. Longitudinal Velocity Distribution at (S4 A).

Fig.14 shows that when Manning’s n was increased to (0.033, 0.04, and 0.043) the average value
of the longitudinal velocity at (S4 B) increased by (11%, 142%, and 297%) for (n=0.033, 0.04 and
0.043) respectively, compared with the original case.
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v @ n=0.043
1.75

0.75
-0.25
-1.25
-2.25
-3.25
-4.25
-5.25
-6.25
-7.25

-8.25
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26
Velocity (v) (m/s)

Z(m)

Figure 14. Longitudinal Velocity Distribution at (S4 B).

Fig.15 shows that when Manning’s n was increased to (0.033, 0.04, and 0.043) the average value
of the longitudinal velocity at (S4 C) increased by (15%, 409%, and 645%) for (n=0.033, 0.04 and
0.043) respectively, compared with the original case.
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Figure 15. Longitudinal Velocity Distribution at (S4 C).

5. CONCLUSIONS

The simulation results show that when increasing the roughness at the allocated area, the vertical
distribution of the longitudinal velocity decreased at the western side and gradually shifted
laterally direction to the eastern side. It was observed that the maximum velocity relocated to the
middle of the river width. Furthermore, the vertical distribution, the highest velocity, shifted away
as increasing bed roughness in the allocated area. These performing is considered a good indication
of altering the bed erosion and shoulder erosion at the western side.
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