Basrah Journal of Science Vol.37(2), 237-251,2019

Hydrodynamic of the Sediments Movement in the Southern
Part of the Shatt al-Arab and North-Western of the Gulf

Usama. Q. Khalifa

Marine Science College University of Basrah

alwhaely72@agmail.com

Doi 10.29072/basjs.20190207, Article inf., Received: 3/7/2019  Accepted: 16/8/2019 Published: 31/8/2019
Abstract

The Aims of study are the movement and distribution of sediments in the southern and
northern parts of Shatt al-Arab River, and the north-west of the Arabian Gulf. The study
includes observing the suspended sediment and the speed of the currents atnine stationsAbu
Floss north of the junction of the Karun River, Fao, the entrance of the Shatt al-Arab River
external dam, Khor Al-Umaya, the entrance of Khor Abdullah in front of the Port of
Mubarak, Khor Shitanah, Umm Qasr and finally Khor al-Zubayr. The Rate of suspended
sediment in Fao area and the entrance of the Shatt al-Arab River reaches more than 3 g /L
in the tide, and (0.6) g / L in the ebb. This indicates that the sediments came from the
entrance of Shatt al-Arab River because of the erosion in the banks of Marget Abdullah.
While the area of Abu Flos, the suspended sediment was at least. It indicates that the
movement of sediments in the north of Shatt al-Arab has a little load, whereas Al-Siba is
affected by the sediments of the Karun River. It has been shown that there is a redistribution
of sediments in the area. This is due to the absence of the discharge capacity of the Karun
River, and remaining the energy of the flood tide and ebb, which constitute the main force
of the movement of sediments in the area. Therefore, these sediments are the same ones
that coming from the entrance of the Shatt al-Arab during the tide. In the ebb tide, the
region of Shatt Al-Arab estuary effected by the hydraulic nature of the sub-rivers that drag
clayey silt bed material for the main river.
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1-Introduction

During the last century, one of the most important problems facing the Iraq ports where the
processes of sediment transport caused toresult the huge amounts of sediments. Iraq still
spending money for the dredging operations and cleaning the navigational channels. The
lack of drainage, which appears clearly in the Shatt al-Arab Canal and its large proportions
at the present time, differs from the previous one that took place in the eighties of the last
century. The discharge reached more than 700 m? /s. In the nineties, it was between300-
600 m® /s. It was reduced in the last ten years, as a result of the establishment of dam
projects in the neighboring countries to become less than 10 m /s [1].

There are two phenomena that affect the dynamics of sediment movement in this
area, namely the phenomenon of tides, which is the natural phenomenon of two phases
occur in the water of the oceans and seas. The tidal phase involves a gradual rise in the
level of the ocean or sea surface water River. The ebb phase involves a gradual decline of
hydraulic gradient toward the gulf. The phenomenon of tide classified semi-daily, i.e., most
days of the month, two tides a day, two ebbs a day, or one flood tide and ebb a day and
vice versa[2].

The second phenomena are Carioles, which is known as a physical condition. It is
interested in studying the force affecting the rotation of the earth, as a moving object. It
depends on following the tendency of the earth on the right axis in both the northern
section and the southern section. This means the movement of water currents, which
come from the Shatt al-Arab River, takes the right direction, namely towards Khor 'Abed

Allah, and enters with loaded sediments,[3].

In study of, [4] pointed the northern part of the Shatt al-Arab in the calculation of the
river load out that the discharge of the Shatt al-Arab, at the port of the ALmakal, during
the month of April and June 1990, was between 5-9 kg / s.

In Al-Mansouri study [5],the suspended sediment of 15 mg /L, was observed in
the mouth of Karun River in May, 1995, and it reaches 10 mg / L in Al-Siba at the same
interval, and 20 mg / | in Ras Al-Bisha. Whereas the discharge of the suspended sediment
in Karun River reached 20 million tons per year, and the other half is precipitated. In 1996,
the coastal load, along the distance between the junction of the Karun River and the Shatt
al-Arab basin, had reached about 9500000 tons per year as a suspended load, and 85000
tons annually as a landfill. The sedimentation rates were estimated to be south of the
confluence of the Karun River at Shatt al-Arab River In the same year of between (167,000-
203,200) tons.

[6] Confirmed that the sediment of the Shatt al-Arab (Delta) sediments mainly
consists of 60% silt, 25% clay and 15% sand.
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The factors controlling the distribution of sediments in the mouth of the Shatt al-
Arab River consist of three main forces: river discharge, tide energy and wave energy.
They have made the shape of the delta a bell like [7], where the transported sediments
become bidirectional. As a resultof the confluence of the sea.

[8] pointed out that the discharge of the suspended sediments in the area of Fao
reached 1 g/ | in the periodflood tide and 0.3 g/ | in the ebb period between the years
1948-1960, [5] , reported that the discharge of the suspended sediments in the Fao area
reaches 6 g / L in the flood tide, and 0.82 g / L in the ebbs period between the two years
1994-1995.

[9] pointed out that Palinurus Shoal, Northwest of the Arabian Gulf was affected
by the high velocity currents of the Shatt al-Arab, so its environment was turbulent.

The current study aims to evaluate the changes in the movement and discharge of
the river load of Shatt al - Arab and territorial waters north - west of the Gulf.

2-The Materials and Methods

Nine stations were selected along Shatt al-Arab River And territorial waters, Abu Flus
port, Fao, Ras Al-Bisha, Khor Al-Umaya, Khor Abdullah entrance, Mid Khor Abdullah,
Khor al-Zubair at side the port, KhorShitanah, Umm Qasr(Figl).
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The Field work was launched on 20/6/2012 to 29/6/2012 on-board of the scientific
vessel (Albahth), The name of the trip pearl of Basrah. It was organized by the Marine
Sciences Center include nine stations, starting from the Shatt Al-Arab (Kornish) to Umm
Qasr. The journey includes were: set of field tests and measurements, which include:
measurement of the suspended load at the same stations using the water sampling device.
The number of samples in each hour is 7 samples to represent the river section in each
station. During the 13 hours per station, except for the Abu Floss station. The measurement
is 25 hours. The sampling was limited by the, and the Iraqi side and sea stations. The
samples are only from the location of the samples in all stations are about 532 samples.

The field measurement velocity current of the stations with half of a tide course,
i.e. 13 hours (tide and ebb) in most stations, except Abu Floss and Fao stations were 25
hours, because the tide course in the area includes two tides and ebbs per day, using the
ADCP device (Acoustic Doppler Current Profiler), The device is used to measure the speed
and direction of water currents. Bottom sediments from all the stations were taken using
the Grab Sampler. Pipette method was used to measure the sand, silt and clay as mention
by[10].

According method [11] and[12] suspended Load Calculation uses through which
the suspended load calculate uses the filtration method of water samples by the filtration
apparatus and sheets 45 Micron.

3-Results and discussion

The rate of velocities in the period of ebb in of Abu Floss station is 0.41m3/ s, and the
currents of the ebbs are two powerful vehicles, namely the discharge of the Shatt al-Arab
plus the mass of water returning from the tide. The overall current velocity of the ebb
downstream is greater than the velocity of the flood (upstream) currents, which was
0.326m?* / s. whereas the velocity of flood tide of Fao currents is 0.491 m® /s, and the flood
tide is 0.551m3/ s. (Table 1).

It is noted that cross section of all station (Fig 2) and the velocity of the flood tide
currents is higher than that of the ebbs near the mouth of the Shatt al — Arab River (Table
1) because of the proximity of the area of Fao to the Gulf. The Ras al Bisha and the external
dam of the Shatt al-Arab shall be the average velocity of the currents in the period of the
ebbs was 0.386m?3 /s, and in the flood tide period the average velocity of currents was
0.65m?* / s which is the mouth of the Shatt al - Arab in the Gulf. Then, velocity current
decreases, when we move towards the sea. The average velocity the current in the flood
tide in the Khor Al Umaya is 0.16m*/ s. While the velocity of currents the period of the
ebbs was 0.148m? / s.
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At the entrance of Khor Abdullah, the rate of the flood tidal currents is 0.994m3
/s.and the velocity current rate in the period of the ebbs was 1.23 m? /s. Because there are
sources of discharge and the movement of the currents represents the mass of the water in
the KhorAbd Allah channel. The average velocity of the currents,the flood tidal in
KhorShaytana area was within the rate at the limit of 0.987m?3 / s. While the period of the
ebb was 1.39 m?® /s,that are working on the erosion of the bottom bed, formation the
suspended load.

The average velocity currents of the period,ebb lowered in the Umm Qasr canal to
be 0.168m / s., and the rate of the flood tidal currents is 0.12m /s. Because the Umm Qasr
canal It got closed in down canal. But the velocity of currents of flood tidal in Khor al
Zubair became about 0. 32 m® /s. While the period of the ebb was 0.46 m3 /s., As a result,
the mass movement of the water mass entered at the time of the ebb.

In Abu Floss station the suspended load was 0.16 g / I, (Table 2) in the ebb period.
While the suspended load in flood tidal was 0.136 g/I. which is of a small quantity because
of the reduction of Shatt al-Arab discharge in this area,which is of a small quantity because
of the reduction of Shatt al-Arab discharge in this area,it's low rate of discharge in Shatt
al-Arab which is about 10 m3/s in this area, the low amount of water that comes from
upstream Shatt al-Arab River which does not exceed less 50 m3/s, and also , the suspended
load becomes few. As well as the limited effect of the sediments of the Karun River now
in the Fao in the ebb period and the return of the tidal water (back flow), The total load is
suspended 0.6 g / L, (Fig 4),While the suspended load in flood tide period was 3.08 g /
I.(Fig 3).This load consists of from the erosion of the bottom bed the Market Abdullah and
the Shatt al-Arab Delta(Fig 5) [13] .

And the hydraulic withdrawals of the sediments in the sub-rivers associated with
Shat Al Arab due to the high salinity of the droppings and the death of the protective
vegetation to the river banks [14].
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Table (1) the velocity and currents

Top | Meas. | Bottom | Left | Right Total Flow Flow
Transect Q Q Q Q Q Width | Area Q/Area | Speed | Dir.
mé/s | m3/s m3/s m3/s | m3/s m m2 m/s m/s °
Abu Floss - - -
(flood Tide) 141.1 | 626.11 |-126.3 | 11.43 | -6.01 | 420.5 | 2939.9 | 0.31 0.32 283.6
Abu Floss
(Ebb) 161.5 | 7153 | 158.4 14.72 | 9.28 418.1 | 2794.8 | 0.37 0.41 106.9
Fao - - -
(Ebb) 205.3 | 2073.8 | -256.8 | 765.0 | -82.7 | 373.8 | 3959.5 | 0.85 0.95 305.9
Fao
(flood Tide) 87.78 | 767.4 | 103.3 252.9 | 33.45 | 332.4 | 3199.2 | 0.39 0.49 121.3

the Shatt al-Arab
external dam
(Ebb) 130.4 | 9475 149.1 320.2 | 10.8 383.4 | 3164.9 0.49 0.55 324.3

the Shatt al-Arab
external dam -
(flood Tide) -4340 | -16569 | -3860 206.8 | -1618 | 28059 | 137323 | 0.45 0.65 305.8

Khor Al Umaya 142.1
(Ebb) 20.70 | 193.6 | 30.26 0 0 400.5 | 4786.4 | 0.05 0.14

Khor Al Umaya | - 322.1
(flood Tide) 24.23 | -205.7 | -36.1 0 0 400.5 | 4786.4 | 0.07 0.16

Khor Abdullah

(flood Tide) -30.0 | -15.73 | -3.12 0 0 146 | 127.7 0.17 0.99 306.0
Khor Abdullah

(Ebb) 39.0 | 1841 |5.32 0 0 146 | 148.2 0.22 1.23 126.0
Khor Shaytana

(Ebb) 989.2 | 2567.8 | 582.1 0 0 1159 | 4498.3 | 0.92 0.98 128.2
Khor Shaytana -

(flood Tide) 995.1 | -2719 | -622 0 0 1159 |4878.3 | 1.02 1.39 308.0
Umm Qasr

(Ebb) 51.45 | 518.66 | 47.9 0 0 323.7 | 3924 0.15 0.16 136.2
Umm Qasr -

(flood Tide) 44.65 | -453.3 | -39.6 0 0 323.7 | 3924 0.11 0.12 316.1
Khor al Zubair

(Ebb) 1.01 | 8.66 0.84 0 0 235 |28.8 0.36 0. 46 0.46
Khor al Zubair

(flood Tide) -13.2 | -7.89 -0.95 0 0 1.78 |28.8 0.38 0.32 180.37
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. Date Ebb g/L Flood Tide
Locations giL
Abu Floss 2012/6/21-20 0.16 0.136
Fao 2012/6/22-21 0.6 3.08
Ras al Bisha 2012/6/23-22 1.8 2.4
Khor al Umaia 2012/6/24-23 0.088 0.068
Entrance of Khor Abdullah | 2012/6/25-24 0.6 1.28
Middle of the Khor Abdullah | 2012/6/26-25 0.68 0.96
Khor Shaytana 2012/6/28-27 0.48 0.812
Umm Qasr 2012/6/29-28 0.964 0.804
Khor al-Zubayr 2012/6/27-26 0.832 0.612

Table (2) the suspended load rates at all stations for flood tide and ebb periods

The suspended load at Ras Al-Bishawas highest during the flood tide period (Fig
3).

In addition to the suspended load of the sediment which comes from Fao to cause
a redeployment of the sediments. And the bottom bed will be formed of the clay
precipitations and which affected quickly by erosion, as it is shown in table (3), due to the
lack of river discharge.

And in Khor Al-Umaia the rate of suspended loads reached in the ebb period was
0.088 g/ I. (Fig 4), and in the flood tide period was 0.068 g / I. (Fig 3).

The currents of the vortex occur, thus erasing the bottom, whereas the suspended
load in Khor al Umaia does not differ between the tidal periods, due to the weakness of the
drainage of the Shatt al-Arab. So the water will be pure and the effect of the sediments
will be clear too. The suspended load becomes in the ebb period was 0.6 g / I. (Fig 4).

In the Entrance of Khor Abdullah and in the flood tide period was1.28 g/ . (Fig 3).
This is due to the movement of the sea currents towards the right side of the Shatt al-Arab,
being affected by the phenomenon of the Coriolis force. This result agrees with [14].

This rate increased in the middle of the channel as a result of the sea currents
generated by the movement of ships. The Khor Abdallah canal is considered as the main
channel of the Iragi navigational movement, and the movement of the currents in Khor
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Shaytana is increasing. It is considered as the junction of the Khor Abdallah and Khor al-
Sakka.

The suspended load in Khor Shaytana in the flood tide period was 0.812 g /l.(Fig
3).The movement of currents in the tide period becomes high because of the currents of the
vortex in the area generated by the entry of currents of river discharge and the rise of the
mass of the tide the tide water appears and in the ebbs period in directions to become
0.48 g /l. This area refers to a source of high suspended load, formed by the erosion of the
bottom.

This is due to the currents which consist of the withdrawal of water in two
directions, and because of the movement of ships in Khor al-Zubayr, which is regarded as
the waterway to the port of Khor al-Zubayr. These Ships work to form currents that affect
the erosion of the banks of the channel. Which the Umm Qasr canal the suspended load
reaches in the flood tide period was 0.832 g /I. (Fig 3). This load increases in the period of
the ebbs in Umm Qasr canal reaches 0.964 g/I, (Fig 3).

As it is a closed one from one side, and the movement of currents includes the
decrease of the mass of water in the tide and its back to the main canal (Table2). Then the
canal of Umm Qasr then is the industrial one of the ports of Umm Qasr.

The changes that have occurred in the area caused by erosion and the redeployment
of sediments, the cessation of the Caron River from the processing of sediment, and the
construction of a dam on it. It is noted that there is a burden suspended load inRas Al-Bisha
in the tide, which is higher than it is in ebbs.
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Fig (3) the suspended load in the Flood Tide
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Fig (4) the suspended load in the Ebbs

The distribution of sedimentary deposits can be observed as in the table 3 below:

Table (3) The distribution of sedimentary deposits in station

No. | Locations Sand Silt Clay
1 Abu Floss 12 77 11
2 Ras al BishaMid 5 84 11
3 Ras al Bisha/right 27 49 24
4 Khor al Umaia 40 45 15
5 Entrance ofKhorAbdullah 33 56 11
6 Middle of the Khor Abdullah /L 4 82 14
7 Middle of the Khor Abdullah /R 1 87 12
8 KhorShaytanaMid 96 2 2
9 Khor Shaytana/R 4 72 24
10 | Umm Qasr/R 2 60 38
11 | Umm Qasr/L 2 69 29
12 | Khor al-ZubayrMid 21 64 15
13 | Khor al-Zubayr/L 1 77 22
14 | Khor al-Zubayr/R 5 74 21
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It is clear that most of the sediment in the area is silty clay, and the proportion of
clay, silt and sand changes according to the impact of the movement of currents, They are
large volume suspended load by the strong currents was because of the erosion of the
bottom.

The sediments suspended load in Ras Al-Bisha and Khor Abdullah are large
volume, where erosion that becaused of the movement of the tide and wave energy and the
phenomenon of Cariolos in which the currents move to the right and thus eat the delta(Fig
5), and this agrees With Abdul[12].

While in Khor Shaytana station we note the existence of high rates of sand of in the
middle of the channel, Because of the presence of eddy currents.
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Conclusions

1. It is noted that the suspended load at Abu Floss station is little in comparison with other
stations, because it lies to the north of the junction of the Karon River and thus it causes
less impact only in the tide period and a little as well as the lack of shortening, which causes
a clear change in the movement and distribution of sediments.

2. The suspended load at Fao is High altitude due to the erosion of the soil from the Fao
after the increase of salt and the death of the vegetation cover that protects the banks, and
can be seen by increasing sediment in the case of tide, by pushing the sediment to Fao.

3. There is a reshaping of the entrance of Shatt al-Arab through the erosion of the banks of
Abdullah (the Iragi bank) and the deposition of the higher in the opposite side (the Iranian
bank).

4. Clear change Shatt al-Arab Delta Because of redistribute its deposits at the entrance of
the Shatt al-Arab or the entry of those sediments to Khor Abdullah by the tide currents.

5. The effect of the sediment is clear at the entrance of Khor Abdullah because of the nature
of the sediments composed of Khor, which is a very soft clay sediment, moving by tide
and ebb currents, leading to instability in the shape of the bottom and the area in general.

6. Khor Shaytana exposed to erosion of the bottom as a result of the movement of currents
of the tide and ebb and the confluence of Boubyan Khor with Khor Abdullah and Khor al-
Sakka.

7. The increase in the suspended load in the canal of Umm Qasr because of the entry of
these sediments in the flood tide, and then starting withdrawal with less energy. Because
of the closeness of the Umm Qasr Canal, which increases the opportunity to enter the
sediment and start sedimentation in the area.

8. The impact of sediments in Khor al-Zubayr is limited on the area only, the movement of
suspended load due to tide and ebb currents, and without an effect on the depths of the
Channel because of the distance from sediment sources, whereas the effect of local
sediments remains.

9. The sediments are very few in the deep seaport station because the impact of the Shatt
al-Arab is not reached as a result of the leakage.

Recommendations

1. Stabilizing the banks of the Shatt al-Arab from erosion, especially the Ras Al-Bisha as
a border area on the joint between Iragi and Iranian borders.

248



Basrah Journal of Science Vol.37(2), 237-251,2019

2. Finding ways of treatment to stabilize the sediments at the entrance to the Shatt al - Arab
and the corridors of Abdullah, which maintains the entrance of the Shatt al - Arab deviation,
as well as reducing the movement of sediments in Khor Abdullah.

3. Making stations to monitor the movement of sediments because of the importance of the
area economically and intensifying studies around it.

4-References

[1] U. Q. Al-Whaely, Origin and Development of the Shatt al-Arab islands in southern
Irag. Dissertation (Unpublished) College of Science, University of Basra, 2015.

[2] B. M. Al-Ramadhan, and M. Pastor, Tidal Characteristics of Shatt al-Arab River,
Mesopotamian Journal of Marine Science, 2 (1987)15-28.

[3] H. K. H. Al-Mahmood, The properties of Iraqi Coast geographical Study,
(Unpublished) Thesis for PhD In Physical Geography. College of Arts — University of
Basrah (2006) 185p

[4] Abd Allah, Sadiq Salem, A study of the Nile River of Shatt al-Arab in Basra, MA,
(Unpublished), Marine Sciences Center, University of Basra, (1991) 98 p.

[5] F. Y. Al-Mansouri, Study of Sediment Transmission in the Southern Part of the Shatt
al-Arab, Master Thesis, (Unpublished), College of Agriculture, University of Basra, 1996.

[6] B. N.AlBadran, Delta Shatt al-Arab South of Iraq (Sedimentary Study). Journal of
Mesopotamian Journal of Marine Science,19 (2004) 311-322.

[8]N. A. Hussein,A. K. Hussein, H. T. Al Saad, O. H. Yousif and A. Ali. Shatt Al - Arab -
Basic Process Studies, Center of Marine Sciences, University of Basra, 1991.

[9] S. A. Nada, B. N.Albadran andU. Q. AlWhaely, Heavy minerals distribution and
provenance in palinurus shoal, northwest of the Arabian Gulf.Basrah Journal of Science, 1
(2019) 113-125.

[10] R. L. Folk. Petrology of Sedimentary Rocks. Hemphill Published Co. 3 (1974).

[11] D.E. Drake, Distribution and Transport of Suspended Particulate Matter in Sub-
Marine Canyons of Southern California. In: Gibbs, R.J. (ed). Suspended Solids in Water.
Plenum Press, New York, 1974.

249



U.Q.Khalifa Hydrodynamic of the Sediments Movement....

[12] J.DMillman, Y.Zuosheng, and R.H. Meade, Flux of Suspended Sedimentary in the
Changjiang Estuary. Symposium on Sedimentation on the Continental Shelf, with Special
Reference to the East China Sea, China Ocean Press Beijing. 1983.

[13] U. Q. Al-Whaely, Study of sedimentary and geomorphology of the Shatt al-Arab
Islands Between the Cities of Basra and Al-Seiba, Master Thesis (Unpublished), College
of Science. 20009.

[14] A. N. Al-Ghadban, Assessment of Suspended Sediment in Kuwait Bay Using Land
sat and Spot Images. Kuwait. Sci. Eng.,31 (2004) 155-172.

250



Basrah Journal of Science Vol.37(2), 237-251,2019

o mlall (e sl Jladlly oyl Jad e (agiad) giall 8 canlg )l A Aalingg jae
sl s auls dalugl
Bpad) daala jlall asle 40K
oaliiua

erdly ccpall Tl el (sl ehad) (8 auls N misis A duly ) ddlad) Al Cangs
ot b bl Ao jusy Aallall Galgyl) Aaadle Lyl Catanial L opell mdall oal) sl
Jade slall g )N i ke Jlad (uglis) Ll dabaia Jsha e cillasall cae s il
o cdilbai jsa (Dl sline sl dllae Hsa JRae chiaall Hed cAas)la) saudl Cupall Las
Jeas conll Lot Janag S & Gllall Jasdl o Jallall DA (e gdas sassllyod Dy ¢ uad
O e dulaay lfale 0.6 350m 0K el 8 Ll aall Alls & ilfale 3 e SSI )
dakia b Ll cllne Cliye 3 4l Gllee g cpall bl Jase Al e (Sl sl
Aganl) ALB (568 el Tad Jlad candg ) A o (Ao Ja 1aay L JBY) 4 CalSE asld o)
Caane Akl (& gyl g Bale] lia o Gaiis - plSH g5 nlg il g8 Al Ll
Gl Ml ASyad Ayl sgall (S5 lly ) dadly 2al A8l olig Gg)lSl) jedl Capuail) A8l Lt
el L) Cpall Tad Jane (ye Aedlall g it a andg Y 038 ol Jllg dabaial) b
S a5 i Aol el Ay pugl) Aaplall el Jad Cacma dilaie il ¢ jal) Alls

Ayl el sl ) Leling dxadal) A jall aslg) caa

251



