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ABSTRACT

Mike 11 hydrodynamic (HD) modeling is used for simulating hydrodynamic behavior of northern
part of Shatt Al Arab which has 64 Km length starts from Qurna confluence (upstream river) toward
Basrah city at Magal port (downstream river). Mike 11 is river modeling system developed by
Danish Hydrologic Institute, (DHI). Its performed an implicit finite difference computation of
unsteady flow in rivers based on the saint Venant equations. The process of simulation has achieved
in Marine Science Center, Basra University in Iraq, where the package softwere is introduced. The
study area grid has created by TM Landsate Satellite image, and five of cross sections distributing
along studied river part, which necessary data to make network file for simulation processes, as well
as, It is open boundary type of upstream and downstream, where the discharge(Q) value at upstream
is constant that equals 300 m3/s. And the time series file of water level (H) of Shatt Al Arab
downstream was created with 30 days period, which started 01 /03 / 2009 to 31 /03 / 2009. The
model relationship of (Q&H) appears a change zone in river discharge levels at starting the
chainage (45000 m), where fluctuate between (200-400)m3/s., but as 55500 of chainage, the
Discharge levels obviously is change between (2000 — 2500) m3/s. with average (50 -500)m3/s. The
max. Conveyance value was 12600 m3 at 41000 m of chainage as 3312m2 of cross-section area and
3.61meter of water level. But min. Conveyance value was 7000 m3 at 64000 chainage as cross-
section area equaling 2000 m2 and 2 meter of water level. Cross sections models appear
asymmetrical shapes, where begin with shallow depths between (1.5-3.5m) at right bank — towards
downstream-. These depths continue to mid of channel, then started the deep levels continue to end

of width of cross section.
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Shatt Al Arab channel is characterize with some complex hydraulic properties difficulty made for

which complex conditions to create a model to it, In spite of that Mike1l model have been reflected

actual results, user friendly model and feasibility to interpret it. The flexible and visible results of

model are a very useful as an application that can be helpful for decision support tool for designing

of large hydraulic constructions as dams, regulators, weirs or canals due to the simulation of

hydrodynamic parameters and predicting of river behavior is being used in forecasting of

hydrological changes at the same model in the future.

Introduction

Shatt Al Arab is a river formed from a
confluence of Euphrates and Tigris rivers in
Qurna city, north of Basrah Governorate. The
river considers the old stage of Euphrates and
Tigers, where pouring in the Arabian Gulf
after that its flowing more than 190 Km from

Qurna to Fao city, southern Basrah (Fig-1).

Shatt Al Arab water is mainly depended
on discharges of water which supplying from
Euphrates and Tigris Rivers. In the last two
decades ago, it has subjected to high slow
down water discharges which was coming to
Shatt Al Arab. The figure (2) shows two time
periods of Euphrates river discharges before
and after 1973 (2594 m3/s) and (831 m°/s)
respectively (ACSAD, 2000 in UNEP, 2001).
The reduction in discharge of Shatt Al Arab
River is mainly due to construction projects in
and out side of Irag country. Subsequently,
tidal waters from the gulf have become more

influence to river water, where the salinity

increases in the water e river (Al-Mansoury
et al., 2007).

Mike 11 is river modeling system developed
by Danish Hydrologic Institute, (HDI). The
results from a MIKE 11 simulation are an
easily assimilated and highly visual format,
highly facilitating interpretation and analysis
of potential impacts (Kjelds & Mdller, 2008).
The relationship between tidal water levels
and the discharge is a basic phenomenon in
Shatt Al Arab river because the river
considers a transitional estuarine environment
with tidal effects on the fluctuation of water
levels of the river. Therefore modeling and
predicating hydrodynamic behavior of this
relation, which is Complex dynamics
ecosystem, considers the mean important
steps for assessment of hydraulic and water
quality conditions where, the main aim of the
present study is a simulation of hydrodynamic
behavoir of northern part of Shatt Al Arab
River by using program technique of Mike 11
hydrodynamic (HD) modeling.
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Study area

The study area is the northern part of Shatt Al
Arab channel from Qurna city to Basra City
with a long 64000 m of distance, at about
47°30°-47°55"North and 31°10°-30°30" East.

Available data

The north part of Shatt Al Arab has 64 Km
length that starts from Qurna confluence (up
stream river) toward Basrah city at Magal port

(down stream river).

The required data of model simulation
file are (DHI, 2004):

Network file (ntwrk 11 ) : geometery of
studied channel has created using network
file (ntwrk 11). It deals with actual data
grid, where Eastering and Northing points
of study area (figure,1). So, TM Landsate
Satellite image of study area was based to
obtain actual coordinates grid of Network
file. Satellite image at the 38 zone of

southern Iragq was used. Figure (1) explains

this corrected image and rearrangement it
in GIS environment for preparing to export
to Mike 11 Network.

e Cross sections file : there are ( 5 ) cross
sections distributed along the northern
river part have been measured during 2008
year. Then, cross sections file ( xscll) is
created to input 5 sections data. It's
necessary data to modeling and simulate
morphological setting of river and then
estimate hydraulic parameters for each 500
m. (fig.1), The accuracy of bathymetric
data is directly reflected on the numerical
model accuracy.

The boundary conditions file (bnd 11). It is

open boundary type of upstream and

downstream. At upstream the discharge value
is constant that equals 300 m*/s. A time series
file of water level of Shatt Al Arab
downstream was created with 30 days period,
which started on 01 / 03 / 2009 to 31 /03 /
2009.
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Figure (2) the discharge regime for the Euphrates river before
and after 1973 periods (ACSAD, 2000 in UNEP, 2001).
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MODEL DESCRIPTION

The hydrodynamic model is a one
dimensional modeling system performing an
implicit finite difference computation of
unsteady flow in rivers based on the saint
Venant equations (DHI, 2004; DHI, 2007).

Figure (3) shows the geometry shape of
northern part of Shatt Al Arab. This segment
was selected to simulate the hydrodynamic
behavior of the river according to available
data.
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Figure (3) grid shape of northern part of Shatt Al Arab with actual

coordinates lines.

The process of simulation has achieved in
Marine Science Center, Basra university in
Iragq, where the package software is
introduced.

The word " chainage " is mean a release
distance from upstream point (0.00 meter) to
any point on a segment of the River by meter
unit, where the initial point is considered as

(zero meter) of distance at upstream.
RESULTS & DISCUSSION

The model begins from upstream at
chainage 0.00 m (distance) and finish to

downstream at (chainage 64000 m). Along

this distance (64 Km) and during 30 days
from time series of water level readings the
hydrodynamic conditions were simulated.
Figure (4- A, B, C, D, E) represent five
important sites on the river could be reflected
the variations, resulting from the interaction
of influence between the discharge (Q) and
water level (H), where : (A) the site at (0.0m)
of chainage, ( Qurna city) where no existence
of water level influence, while it appears the
tidal effect after chainage (55500 m), e.g.
after confluence Shatt Al -Arab with Qarmat
Ali river toward downstream. The model

relationship of (Q&H) in figure (5) appears a
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change zone in river discharge levels at
starting the chainage (45000 m), where the
discharge fluctuates between (200-400)m3/s.,
but as chainage (55500m), the discharge
levels obviously is change between (2000 —
2500) m3/s. The extremely of this range no
due to the increase coming from the river but
entrance of tidal water mass during flood
period and it withdrawal at ebb period,
anyway those the increase is no reflect
realistic behavior of the river but it represents
a condition extremely at limited short time
series was rarely frequent as shown in Figure
(4) at time 11/3/2009. The confluence zone
Shatt Al Arab and Qarmat Ali Rivers largely
slowdown the tide effect on fluctuation of
water levels, so, it observed clearly very little
fluctuation towards upstream after chainage
(55,500 m), as well, (Al Badran, 2002)
mentioned existence influence of confluence
zone on the hydrological behavior of Shatt Al
Arab by the sedimentation and erosion
processes of the river. It can be performed
relationship between water levels and the
discharge a long the river (0.0 m — 64000 m)

of chainges as shown in figure (7).

Regarding to one-dimensional numerical
models along of channel, the bathymetric
information is required in the form of cross-
sections of the river segment within the model
domain. The results of cross sections models
at (500m, 54000, 55500, 64000 m of
chainages) in Shatt Al Arab are explained in

Figures (9A, 9B, 9C, 9D). Also, are found out
to the figures show models of water levels
ranges at selected cross sections during

simulation period, ( 30 ) days.

Table (1) shows some  processing
hydrodynamic parameters, which have been
simulated at each section model along the
channel profile. It's estimated at each 1000m

towards downstream to 64000 m of chainage.

The Conveyance is one of important
hydraulic parameters which is consider an
important function of Hydraulic capacity of
the cross-section varies with the water level.
Conveyance is equal (r{AR?®) at selected
water levels (DHI, 2007), where:

rs: the resistance factor

A: cross-section area, m-.

R: hydraulic Radius, m.
Figure (10) explains the relation between the
Hydraulic capacity (Conveyance) with water
level and the section area. Also, the variation
of Conveyance along channel profile is
represented in figure (11). The max.
Conveyance value was 12600 m® at 41000 m
of chainage as 3312m? of cross-section area at
3.61lmeter of water level. But min.
Conveyance value was 7000 m* at 64000
chainage as cross-section area equaling 2000

m? and 2 meter of water level.

Generally, figures of cross sections models
appear asymmetrical shapes, where begin

with shallow depths between (1.5-3.5m) at
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left bank - towards downstream-. These
depths continue to mid of channel, then
started the deep levels continue to end of
width of cross section.

Shatt Al Arab channel is characterize with
some complex hydraulic properties difficulty
make for which complex conditions to create
an actual model to it, In spite of that Mikell
model have been reflected actual results, it's
user friendly model and feasibility to interpret
the results. The flexible and visible results of
model are a very useful as an application that
can be helpful for decision support tool for
designing of large hydraulic constructions as
dams, or canals due to the simulation and
predicting of river behavior is being used in
forecasting of hydrological changes at the
same model in the future.

As well, Present results is consider main step
to establish advanced steps for simulating
another conditions relating with water quality
and management planning of Shatt Al Arab
water, as well as, establishment of monitoring
program of hydrological conditions and their
changes with benefits to all governmental and
nongovernmental directions. It's concluded
that Shatt Al Arab river needs to Mike 11
system for establishing long term monitoring
program  of  hydrological  parameters
continuously in future. Also, present study is
a useful as an basic project that can be used
for adopting decisions of building a large
hydraulic constructions and selective suitable
locations on the river and then detection their

environment impact.
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Table (1) some processed hydrodynamic parameter results of the north part of Shatt Al Arab.

Chainage Level Cross- Radius Storage CoONVeyance

{m) zection width
Area _

1000 1.671 3028153 3.506 618620 2444 560
2000 1643 3033 011 5530 617857 0202 238
3000 1614 3036.572 5573 616.786 0545 208
4000 4585 3051037 5.607 615014 2507613
5000 1357 3023 307 3681 ol46el 2531 048
6000 1520 E 5.608 __ 613.571 905,717
7000 43 3053842 5.13 6125 9761617
3000 2471 3058 346 3.75 61420 BE1E 75
9000 14 3061.533 5.091_ 610.357 2577114
10000 1413 3067.620 553 609386 5035711
11000 1385 3071428 587 60814 Doy 52
13000 1 m. )1 AL To05%.
13000 1329 3081339 5051 606.071 10122897
14000 4329 3081 339 3851 606.07] 10122 897
15000 %)) E{ 2 10253.10
16000 1343 3097.692 6.08 602.857 10320.188
17000 1114 310342 6124 601786 10388 421
15000 1114 30TAT 614 BUL.7E0 TI5E
15000 1157 3114.388 6215 350.643 10528 398
10000 4129 3130.33 6261 388371 10800 524
21000 21 I3 TTE E.300 T3 0873
12000 2071 3132127 6357 396420 10748151
13000 4042 3138.183 6406 595357 10823.817
214000 1014 3124343 6455 394785 10800724
15000 3085 3150.600 6305 393114 10878 872
16000 3857 3156.579 6556 501143 11058.272
17000 3629 3163 453 6607 381071 11138 613
5000 kR £ i = -1 - [} 11220,
15000 3871 3176.717 6717 388.000 11303 648
30000 3843 3183 306 6766 387857 11338 34
ITG00 RS L BN R Y56.756 BERERCH
2000 3.786 3197399 6875 383714 11560 504
33000 3.757 3304.303 6831 384643 116=6.074
34000 320 ) b | - :
az000 37 3218.023 .04 5825 11826218
36000 3.671 313644 7100 581429 11921301
7000 3648 3136726 7164 380.357 12028 307
s000 3.638 3253 383 7036 310.086 12178 288
L] 3.629 3174.103 7308 578014 12326681
40000 3619 3107 886 738317143 12431 438
11000 T8l £ O S - S - 1)) :
43000 3,505 327715 7536 350.383 1259687
44000 3338 311861 T35 343780 12395 733
AZ000 10 3158.020 Ti8 TR 37
46000 3477 3091398 7613 312338 11966.353
47000 EEL 3022.723 TEE 496813 11734256
48000 T3S TS 78S JEL30% BEET
45000 3383 1871.348 T3 465691 11224 813
50000 3354 1780443 7.2 450.007 10824502
51000 133 7703 554 TES A (RS
52000 3281 2613.701 TESL 415845 1032443
53000 3.062 1518.754 7885 403.031 0981875
54000 3231 2431783 7811 387615 2515 509
56000 3.067 2278.216 T84T 358144 8954 438
57000 1833 1331657 708l 346.080 B766.504
58000 28 2183 081 7728 333433 8333 513
6000 1807 3087 T80 B .
60000 1333 2071 876 766 3071721 BO31.048
61000 ) 2010.247 762104857 7198 627
82000 1307 TEETET - 1) 1530861
62000 1133 1874837 7627 260.156 7265506
64000 ) 1801256 7.620 2563 6980261
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Figure (4) relation between discharge (Q) (black line) & water level (H) (blue line) at (A:500 m Chainage, B:
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Figure (5) Discharge (m3/sec.) of the northern part of Shatt Al Arab
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Figure (9) Sections models at (A): 500m, (B): 54000 m, (C) 55500m (D) : 64000 m of
chainges,
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Figure (10) relations among water levels with sections area and Conveyance
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Figure (11) Conveyance curve of the north part of Shatt Al Arab.
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