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Shatt Al Arab River in Basrah province southern Iraq is a tidal stream and it represents
the main feeder of water to Basrah province. The river is characterized by having many
branches during its course from upstream to downstream. The main aim of this study is
to model a 2D hydrodynamic model for Shatt Al-Arab River with seven branches inside
Basrah city which are Jubyla, Muftya, Robat, Khandek, Ashar, Al-Khora, and Saraji in
addition to Karmat Ali river by the Hydrologic Engineering Centre’s River Analysis
System (HEC-RAS) software, where most of the previous studies relied on the
consideration of the river as one-dimensional, i.e., neglecting the transverse or vertical
directions. Accurate input data like Digital Elevation Models (DEMs) were provided and
enhanced with the help of Geographic Information Systems (GIS) as well as a data for
the year 2014 was used as boundary conditions to develop the hydrodynamic model. The
discharge values at the Qurnah station were extracted from the results of a
previous one-dimensional HEC-RAS mathematical model. To prove the efficiency
of the model, mean absolute error (MAE), root mean squared error (RMSE), and Nash-
Sutcliffe efficiency (NSE) were implemented to check the convergence between
observed and simulated data through calibration and validation processes. The result of
NSE was 0.836, and this indicates an acceptable convergence between the simulated and
observed values. Also, the methods of RMSE and MAE support that convergence to zero.
It is worth noting here that the NSE method was more sensitive to the change in the
resulting values and therefore it can be recommended to use this method in hydrodynamic
models. The hydrodynamic model can provide important information for models of
sediment transport or water quality. Therefore, it is essential to have a good understanding
of the hydrodynamic processes in a water system, before embarking on studies of
sediment transport, or water quality.

1. INTRODUCTION

Magal port in Basrah province (downstream of the river). The
Danish Hydrologic Institute (DHI) created Mike 11, for the

Surface water system is any water that accrues on the
surface of the earth and certainly open to the atmosphere such
as oceans, seas, rivers, lakes, reservoirs and estuaries. These
types of surface water, although their characteristics differ, but
they share the same uses. Surface water is extremely necessary
as it makes up about 80% of the water used on a daily basis,
and it also makes up most of the water used for aquatic life
support, water supply, transportation, industry, and irrigation.
Surface water, is an interactive system, that continually
changes because human and natural forces. Modeling surface
waters such as rivers is complex for several reasons, including
the change of geometric shape during the flow and the change
of hydrological properties with time and space. Previously,
most studies relied on simplified methods such as a one-
dimensional model in representing the Shatt al-Arab river in
southern Iraq and neglecting these studies for the impact of the
many branches of the River within the borders of Basra
province. 1D wunsteady flow was adopted to study
hydrodynamic simulation of the Shatt Al-Arab River by using
HEC-RAS was made [1]. Al-Mahmoud et al. [2], were used
Mike 11 hydrodynamic (HD) model to simulate the
hydrodynamic demeanor of 64 kilometers of Shatt Al Arab
River, from the Qurnah confluence (upstream of the river) to
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river modeling system. It used the Saint Venant equations to
produce an implicit finite difference computation of unsteady
flow in rivers. The simulation process was executed at Basrah
University's Marine Science Center. Abdullah [3] studied a
systematic monitoring and modeling on water availability,
quality and seawater intrusion into the Shatt al-Arab River.
Hamdan [4] find hydrodynamic simulations of river water for
whole length of 200 km by controller gates in the Shatt Al
Arab River. Hamdan et al. [5] focused on tracking the sea
water penetration into the river from the Arabian Gulf. One-
dimensional HEC-RAS model has been used to understanding
the dynamics of total dissolved solid in the river. The study for
the purpose of studying the Hydrochemical of the River’s
water was conducted by AL-Amiri and Disher [6]. Al-Asadi
et al. [7] investigated dimensional variability of the temporal,
spatial, and vertical salinity in the transitional zone between
the water of Shatt Al-Arab River and the gulf (estuary region)
that helps to display the saltwater propagation into the river
during 2019-2020. Al Murib [8] used CE-QUAL-W2 to
develop a two dimensional hydrodynamic and water quality
model (width averaged) of the main stem Tigris River from
Dam of Mosul to Kut Barrage (880 km). Alzahrani [9] focused
on the implementation and making a comparison of two
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models (1D and 2D) by relying the results of the water level
of the main channel as well as flood plain. Fan et al. [10] used
HEC-RAS model combined with Qual2K model in their study
to examine of a tidal river’s water quality. Because its
popularity and ease to use. The empirical hydraulic
characteristic constants used in their study were adapted from
previous study, which are required to compute velocity and
water depth using empirical equations. Hydraulic
characteristics like slopes of riverbed, wetting perimeter, and
roughness coefficients were gathered to establish the hydraulic
factors for the Manning equation. To estimate the influence of
tidal impact on water quality simulation, the HEC-RAS
software was used. HEC-RAS assisted with Qual2K
simulations, on average; agree with river monitoring data as
the results showed. For comparison, a Streeter-Phelps method
(in conjunction with HEC-RAS) was run, and the results show
very good conformant with the observed data.

This paper looking to build an improved two-dimensional
hydrodynamic model by evolving input data using and HEC-
RAS tools and it includes an overview of the study area's
topographic and hydrographic data using HEC-RAS and
Geographic Information System (GIS) software. The study
area covers the entire course of the river from the confluence
of the Tigris and Euphrates Rivers in the Qurna district to its
mouth in the Arabian Gulf. The river situation was unsteady
and the influence of the tidal phenomenon was taken into
consideration in the model-building, as well as the main river
branches were taken into account which was overall the most
important reason that made the simulation of the river complex
A seven branches inside Basrah city which are Jubyla, Muftya,
Robat, Khandek, Ashar, Khora and Saraji. So, most of studies
did not cover the total interested area of the entire Shatt al-
Arab river and used a one-dimensional model as well as
neglecting the effect of main branches. To prove the efficiency
of the model, mean absolute error (MAE), root mean squared
error (RMSE), and Nash-Sutcliffe efficiency (NSE) were
implemented to check the convergence between observed and
simulated data through calibration and verification processes.
It is worth noting here that the NSE method was more sensitive
to the change in the resulting values and therefore it can be
recommended to use this method in hydrodynamic models.
The results showed that the Shatt Al Arab River is a complex
stream has varying hydrological properties along its course
with respect to tidal period. Therefore, it can be considered
that this model is a basic step for studying sediment transport
or pollutant concentrations in the Shatt Al-Arab River. Cross-
section data, land cover classifications, flow data, and
boundary conditions are all provided in this research. The
topographic data sets were created in raster format by the
Space Shuttle Radar Topography Mission (SRTM) Arc-
Second Global is adopted in model building procedure.

2. DESCRIPTION OF STUDY AREA

The Tigris and Euphrates Rivers meet near Al- Qurna
district in southern Iraq to form the Shatt al-Arab River (Figure
1). The Shatt al-Arab River is a 192-kilometer-length tidal
river that flows south-eastwards, passing through Basrah and
then, discharging into the Arabian Gulf [11]. The province's
seven creeks (Jubyla, Muftya, Robat, Khandek, Ashar, Khora,
and Saraji) are linked to the Shatt al-Arab River and they are
affected by the tidal phenomenon. The river's width changes
along its length, from 250 to 300 meters at the Euphrates-
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Tigris meeting and reach to 600 meters around the town of
Basrah and 2000 meters at the estuary [12]. For the last 95
kilometers of its course, the river forms part of the border
between Iraq and Iran [3]. In addition to transportation, Shatt
al-Arab River has an important role in delivering water for
domestic use, irrigation, and manufacturing [13]. The river
serves as the region's primary supply of water it promotes
agricultural and industrial operations, as well as navigation
and ecological biodiversity. The water is diverted for irrigation
purposes, mostly in the upper stream for grain production and
in the lower course for palm forest. Several water treatment
plants along the river divert water for household use. Several
tributaries of the Shatt al-Arab River, including the Al-Sweeb,
Ezz, Garmat Ali, Karkheh, and Karun Rivers, discharged into
it over its course. These rivers connect Shatt al-Arab River to
the marshes. This work aims to complete the hydrodynamic
description which necessary within the field of Water
Resources Management. Currently, these contributions have
been decreased as a result of surrounding governments'
strategies, which resulted in a very significant increase in TDS
values in the Shatt al-Arab River due to the effect of the
Arabian Gulf [5].

Figure 1. Shatt al-Arab River and its branches



3. MATHEMATICAL MODEL DESCRIPTION

The area of study can be considered as shallow water
surface because of the ratio of width to depth is more than 10
[14]. Therefore, depth-averaged 2D hydrodynamic model is
adopted to simulate hydrological parameter variation in plane
view (longitudinal and transverse direction). The default
solver is the 2D Diffusion Wave computational approach,
which allows computations to execute faster and with more
stability. While the 2D full Momentum (Saint Venant) flow
equations, which adopted in this study, applicable to a wider
set of conditions than 2D Diffusion Wave approach because
can account for turbulence and Coriolis effects, but require
more processing resources, resulting in longer run times. It is
worth mentioning here, the Implicit Finite Volume solution
system is used by both the 2D Diffusion Wave and 2D Saint
Venant solvers. With allow variable time step option offered
by HEC-RAS, the computational process adjusts the necessary
time step during the solution depending on the selected
Courant number. However, the 2D Saint Venant equations are
[15, 16]:

oh ~ 0(Hu) d(Hv) |
at 0x ay ( )
du du ou dh 10 du
EHu v —fv= g2+ (v, H)
x TURT ay ¢ 8ox Tiox WVexxH o ) + 5
10 ( au) Thx  Tsx ( )
H oy tyy ay pR pH
av av av dh 10 ov
TruZ vt fu=—gl 4o (vH D)
T U%RT 6y+ c g6x+H6y exxH )+ 3
10 ( av) Thy Tsy (€)
H dy tyy ay pR pH

where, t is the time and H (depth of water) = h+zy,, h and z, are
defined in Figure 2, u and v: velocity components in the x and
y direction respectively, q: source/sink flux term, sinks are
negative, and sources are positive, g: acceleration of gravity,
h: elevation of water surface, vixx and viyy: horizontal eddy
viscosity coeffi.in the x and y directions, 1t x and t,y: bottom
shear stresses on the x and y directions, tsx and tsy: the surface
wind stress directions, R: hydraulic radius, and f.: Coriolis
parameter.
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Figure 2. Schematic geometry of water and bed elevation

4. MODEL DEVELOPMENT
4.1 Digital elevation model

Topography data in the form of Digital Elevation Models
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(DEMs) is used to create a hydrodynamic model as well as to
map the area of flood inundation. Digital Elevation Models
(DEMs) are topographical elevation models that are free of
vegetation and man-made features. It shows the height of the
earth's surface as a digital image, with each pixel containing
an elevation value for the pixel's center point. DEMs are a
major input to any modeling or process quantification that
involves the earth's topography and are employed in a variety
of development fields, including water resource management
(WRM). WRM and all of its subcategories rely on precise
elevation or topographical information, which is often given
as elevation map layers [17, 18]. The topographic datasets
used in this investigation are freely available on the Earth
Explorer website. The topographic data sets were created in
raster format by the Space Shuttle Radar Topography Mission
(SRTM) Arc-Second Global, which is widely used as the best
free worldwide digital elevation data [19].

4.1.1 Digital elevation model modification

A depressionless DEM is the desired input to the flow
direction procedure. The existence of sinks can lead to an
incorrect flow-direction raster. There may be legit holes in the
data in some circumstances. The capabilities in the ArcGIS
Spatial Analyst extension's Hydrology toolset can help to
create a depressionless elevation surface as appear in the upper
part of Figure 3, where, Sinks/peaks should be treated to
ensure correct basin and stream delineation. This treatment for
the DEM is clearly recognized in the lower part of the Figure
3. This part explains the direct comparison between original
free DEM and treated DEM since many of holes is filled with
the minimum elevation along its watershed boundary.
Depending on how the surfaces were processed, DEM data
sources may include a high or low number of sinks [20]. The
Fill tool iterates over all sinks within the chosen z limit. Figure
3 shows a number of holes which filled during this process.

| | = DEM before filling process
{| = DEM after filling process

N s T ——

Figure 3. Terrain profile before and after filling process

4.1.2 Including channels bathymetry into terrain

It is necessary to have a detailed and accurate terrain model
to create a detailed and accurate hydraulic model. The problem
is that the area under study includes many rivers that have no
bathymetry data characterized in the digital terrain model. This
is a generic issue as most sources of terrain data are collected
today by different techniques that can’t penetrate water [9]. By
having cross-section data along the channel, the channel
terrain model is created by HEC-RAS 6.1 capabilities by right
clicking on the geometry layer and selecting export layer, then



creating Terrain GeoTiff From cross sections (XS’s) by
choosing (channel only) from the popup menu. Then it
combines with the original terrain in the RAS Mapper window
to create a new comprehensive terrain. Fortunately, this can be
accomplished within HEC-RAS. This strategy has been
pursued in determining the geometric shape of Shatt al-Arab
River and its branches, as shown in Figures 4 and 5.

Ty

A) Created Terrain of Channel Data

== Final DEM with bathymetry.
" Original DEM.

T
250
Staton (m)

(B) Comparison between original DEM and final DEM

Figure 5. Properetes of final generated DEM
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4.2 Cross sections (XS)

One of the basic inputs required to build a hydraulic model
is a series of cross sections (XS) that extend across the channel.
These have traditionally been generated by field surveying
several XS in the stream reach to be modeled. Data for river
XS are derived from the Ministry of Water Resources
(MoWR).

For the Shatt al Arab River the 181 cross sections recently
surveyed in 2014 were included in the databank of MoWR. A
digital terrain model in the form of a Triangular irregular
Network (TIN) in ArcGIS with HEC-Geo RAS toolbox is
another option for creating the needed cross sections [21-23].
HEC-Geo RAS extension has been used under 3D Analyst tool
and Spatial Analyst tool in ArcMap Software. The River
Geometry is extracted step by step in the study [21]. Terrain
models can portray the bare earth surface of the branches, but
this method does not allow looking into the channel bed (i.e.,
under water surface). To correct this, additional surveyed
information is required to represent the channel below water
surface. This done by using GUT775 ultrasonic water depth
meter detector, Leveling device, ruler and tape measure, see
Figure 6.

Figure 6. Site measuring instruments

The surveyed Readings can be categorized into two types,
wet and dry reading. A wet reading when it is measuring river
bed level and a dry reading when it is measure on the river
bank level. The elevations are referred to Water Surface Level
(WSL) during survey to catch with references of elevations in
DEM. This strategy has been pursued in formative the
geometric shape of the Shatt al-Arab River’s branches. See
Figure 7.

Figure 7. Cross Section of Shatt Al Arab River’s branches
(Jubyla, Muftya, Robat, Khandek, Ashar, Al-Khora, and
Saraji)



4.3 Generation of land-cover data from satellite images

Coefficient of Roughness (Manning's n value) for 2D flow
areas is generally related to landcover classes in HEC-RAS 2D
modeling. Manning's n values for 2D modeling are influenced
by a variety of characteristics, including but not limited to
overland surface type and texture, pervious or impervious
sections, 2D flow depth, channel irregularities, channel size
and shape, and so on [9]. There has been a lot of research done
on n values in the 1D channel, but not so much on it in 2D
domains. RAS Mapper can generate a land cover layer and
associate it with topography data for 2D models. Modelers can
additionally provide manning's roughness values with various
land use categories, which are defined in the land cover layer,
as shown in Figure 8. Table 1 shows the variety of Manning's
n values utilized for each land cover definition and value in the
National Land Cover Database (NLCD) [24].

Figure 8. Region classification of land cover layer

Table 1. Roughness coefficient for land covers classification

of NLCD

NLCD Land Cover Definition Range on

Value n value
11 Open Water 0.025-0.05
21 Developed, Open Space 0.03-0.05
22 Developed, low Intensity 0.08-0.12
23 Developed, Medium Intensity 0.06-0.14
24 Developed, High Intensity 0.12-0.2
31 Barren Land (Rock/Sand/Clay) 0.023-0.03
41 Deciduous Forest 0.1-0.16
42 Evergreen Forest 0.1-0.16
43 Mixed Forest 0.1-0.16
52 Shrub/Scrub 0.07-0.16
71 Grassland/Herbaceous 0.07-0.16
81 Pasture/Hay 0.025-0.05
82 Cultivated Crops 0.025-0.05
90 Woody Wetlands 0.045-0.15
95 Emergent Herbaceous Wetlands 0.05-0.085

4.4 2D flow area and meshing

Spatial commands describing 2D area polygon can be
generated inside HEC-RAS environment. In Figure 9, the
study area covering both the river and its banks from Qurna
city to Al-Faw city has been identified. The computational
mesh was also generated with a uniform size for all the study
areas at first, and then the process of mesh refinement for the
region representing the channel was performed to make a
better representation of results by using the break lines feature.
Concerning the narrow branches of the river inside the city of
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Basrah, the size of the cell was refined by using the refinement
polygon to reach 34763 cells in the whole study area.

4.5 Flow data and boundary conditions

Previously, Euphrates, Tigris, and Karun Rivers were the
principal water donors to Shatt al-Arab River. The Euphrates'
water quality deteriorated as a result of upstream water
resource scarcity. Furthermore, the water resources Policies in
Iraq exacerbated the problem after 2009, when the Euphrates
River inflow into Shatt Al-Arab River was separated by
establishing an embankment on its stream, approximately 35
km distance west of Al-Qurnah location [25]. As a result of
construct this embankment (Figure 10), the water from the
Euphrates may no longer meet with Tigris in Qurna, this
means that the flow Shatt Al Arab River is no longer impacted
by the Euphrates flow.

Figure 9. 2D flow area perimeter and mesh details in
different regions

Figure 10. Embankment across Euphrates River upstream of
Al Madina [26]

| lan: 2014 full openning n9 River: SHATTALARAB Reach: Basrah South RS:73.7
00 Legend

Flow (m3/s)

Feb Mar Apr May Jun 2\[111,#4Aug Sep Oct Nov Dec
Time

Figure 11. Hourly discharge values during Simulation period
at Qurnah station (River’s upstream)



Garmat Ali river also prevents flow to Shatt Al Arab River
owing to establishing an embankment on it, as well as Karun
river's flow contribution is small or almost approach to zero,
therefore, Tigris now represent the main water supply to Shatt
Al-Arab River. A boundary condition (BC) is used to input
data of discharge at upstream BC and data of water stages at
downstream BC. Unfortunately, there are no data available for
discharge at Al Qurnah station, upstream of the Shatt al-Arab
river. Therefore, a previous one-dimensional HEC-RAS
mathematical model, done by Najm [27], starting from Qalat
Saleh regulator where sufficient data is available. The
discharge values at the Qurnah station were extracted from the
results of this model as shown in the Figure 11. A recorded
hourly water stages for year 2014 for the period extended from
1Feb. up to 30June, (see Table 2), were chosen as input
downstream BC, as shown in Figure 12.
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Figure 12. Water stages during simulation period at river’s
downstream

Table 2. Station’s location of data collected during
simulation time

Location Coordinate

Station E N Data type Purpose
Al- 47< 31° Flow Upstream
Qurna 26.581" 00.267" hydrograph BC
Al- ar 30° Stage Verification
Magal 46.768' 34.154' hydrograph
Abu 48° 30 Stage Calibration
Flus 01.215' 27.542' hydrograph
48< 30° Stage A
Sehan 11.623' 19.587" hydrograph Verification
Al-Fao 48< 29° Stage Downstream
30.256' 57.879' hydrograph BC

5. CALIBRATION AND VERIFICATION PROCESSES

Model calibration is the process of adjusting values of
model parameter to be within tolerable ranges so that the
differences between simulated and observed value were
reduced and within some tolerable limits of precision.
Verification process is the following test analysis of a
calibrated model against another independent data set to extra
verify the model's capacity to represent the waterbody
correctly [28].

Statistical indicators of (MAE), (RMSE), and (NSE) are
expressed by the following equations [26]:

1
MAE =235, - 0] 4)
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where, N = number of observed- simulated pairs, O; =observed
data, Si= simulated data, and O, = mean of the observed data.
The data from the stage hydrograph at Abu Flus station in 2014
have been used to calibrate Manning's roughness coefficient;
the simulated stage hydrographs were compared to the
observed stage hydrograph at this station to arrive at an
optimal value for the abovementioned model. In the
calibration of the HEC-RAS model, three distinct values of 'n’
were considered: n=0.02,n=0.025 and n = 0.035; then chose
an appropriate 'n' value that give allowable criteria ranges
between simulated and observed water stages. A performance-
checking strategy using various statistical analyses can be used
to attain the acceptable criterion range. Six statistical
indicators are known to be used to assess the performance of
calibrated and verified numerical models. They are the Nash-
Sutcliffe efficiency (NSE), the root mean squared error
(RMSE), the normalized (RMSE), the correlation coefficient,
the mean absolute error (MAE), and the standard error of
estimation (SEE) [26, 29].

6. RESULTS AND DISCUSSION

The methods (RMSE, MAE, and NSE) were adopted to
analyze the performance of the model in the current study.
Data recorded of hourly stage at Abu Flus station is used in
calibration process. The results of calibration are shown in
Table 3. As it appears from the table, there is an acceptable
convergence between the calculated and measured values.
Where it is known that if the results of the NSE are close to
one, it will be more acceptable, in contrast, the RMSE and
MAE are accepted where they close to zero, so the best value
of n when it equals 0.025. Figure 13 represents an example on
the graphical comparison between observed stage and
simulated stage which calculated at different n’value at Abu
Flus station.

Al-Magqal and Sehan gauge stations are other recorded stage
hydrograph data available through the simulation date (1 Feb.
to 31 Jun. 2014) that were used for the verification process and
the same statistical analysis methods have been used to prove
the performance of the hydrodynamic model.

The results of the verification process were encouraging
because of the criteria of the statistical methods match the
results and as shown in Table 4. The results of HEC-RAS, the
water surface elevation, energy grade line elevation, critical
depth elevation, and so on, can be shown by generate profile
line. A profile line was made along the Shatt al-Arab River’s
center and its results for Water Surface Elevation (WSE),
velocity, and depth were recorded and discussed in the
following sections.

Table 3. Model performances statistic during calibration

statistical analysis method

en?

n” value RMSE MAE NSE
0.02 0.182 0.144 0.806
0.025 0.176 0.140 0.836
0.035 0.178 0.145 0.812




Table 4. Model performances statistic during verification

Gauge statistical analysis method
Station RMSE MAE NSE
Al-Magal 0.223 0.185 0.928
Sehan 0.248 0.212 0.841
e Observed Data e Simulated Data n=0.02
1 Simulated Data n=0.025 ———Simulated Data n=0.035
&6
= 62 AN e
g -0.2 —K A v
548 W | o
.0-% L]
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2-Mar-14
22-Mar-14
11-Apr-14
1-May-14
21-May-14
101 S
30-Jun-14
20-Jul-14
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Figure 13. Graphical comparison of stages at different
n’value with observed stage at Abu Flus station

6.1 WSE results

The profile of WSE of Shatt Al Arab River during high and
low tide time at Fao station is illustrated in Figure 14. As
shown in this figure, the effect of tidal phenomena is
significant along the river. Thus, the tidal range, the difference
between high and low tide, has approximately 3 meter in Fao
city and then reduce gradually toward the upstream to reach
0.5 meter at Qurnah city during one tidal period. At low tide

the water surface gradient was toward the Gulf along the River,

while at high tide the gradient was divided into two parts. The
first one was from Fao city toward the upstream until reach the
inflection point, after this point the gradient is revised to
become from Qurnah city to downstream which is the second
part. The reason of this behavior is that the two masses of
water, the one comes from upstream and the another comes
from Arabian gulf, were in same direction in low tide period
and in opposite direction in high tide period. The inflection
point is located at station 100 000 m which is Um Alrasas
Island for this day.

15
1 4
~——WSE at Low Tide
o 05 4
8 \—\ ——WSE at Higt Tide
R
m 0 ‘ .
14 150000 200000
B -0.5 4
-1 4
-15 - Distance From Confleunce point in m

Figure 14. WSE during high and low tide of 21 Feb. 2014

Figure 15 represents instantaneous of WSE during entire
tidal period (approximatly13 hours), the time of result is fixed
at the top right angle at each window. It can be seen that the
effect of flood/ebb on the elevation of water along the river is
starting from downstream end then penetrate toward upstream
end. The rising level is about 1.1 m at stations (0-140000) m
and 1.3 m at st. 180000 in hour 09:00, Figure 15-A, then it
increases next hours to reach 1.55 m at station 0, 1.8 m at
station 140000, and 2.1at st. 0 in hour 14:00, Figure 15-B. This
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increase occurred during 6 hours that represent the daily flood

period. Similarly, the falling level is recognized through next

6 hours (ebb period), Figure 15-C, D, to reach 1.2 m at station

0, 1.0 m at st. 140000, and -0.2 m at st. 180000. The

fluctuation values of water level due to the effect of tidal

phenomena will be maximum range at River mouth (2.1-(-0.2))
m, (1.8-1.0) at st. 140000, and (1.55-1.2) at st. 0.

Water Surface Elevation on ‘Profile Line: main channel *
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— T
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Figure 15. WSE profile along Shatt Al Arab River during
entire tidal period

6.2 Velocity results

Figure 16 represents instantaneous of velocity value during
entire tidal period, the time of result is fixed at the top right
angle at each window. Velocity value at the beginning of flood
is about 0.02 m/s along distance 140000m from upstream at
hour 09:00 and it increases to reach 0.08 m/s along last 40000
m of river length, Figure 16-A. Then the value of velocity
increased during following hours to become 0.04 m/s at st.
50000 m, 1.02 m/s at st. 150000 m, Figure 16-B. Similarly, the
variation is recognized through next 6 hours (ebb period),
Figure 16-C and 16-D. it is can be clearly noted that the
velocity value in ebb period will be more than that recorded



during flood period because of the direction of fresh water
come from upstream is same the direction of ebb flow, while
during flood ebb the direction of fresh water versus the flood
direction.

One of the 2D hydrodynamic model’s advantages is that the
velocity variation across the river is substantial as shown in
Figure 17. The figure illustrates velocity profile at four main
stations (Qurnah, Basrah center, Abu Flus, and Sehan) along
the Shatt Al Arab River. It is recognized from the figure that
the velocity (tangent velocity) has significant values at solid
boundary condition (both sides of the river) because the HEC-
RAS dials with this boundary as slip condition.
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Figure 16. Velocity profile along Shatt Al Arab River during
entire tidal period

6.3 Depth results

The Shatt al-Arab River is characterized by a change in
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depth along its course. First, the depth was recorded at
upstream in the Qurna station with value ranging from 4.5
meters to 5.5 meters. After that, it gradually increases within a
distance of 40,000 meters from the upstream, reaching value
within a range from 10 to 13 meters depth. The greatest depth’s
value was observed in Al Magqal city, where it reached between
15 and 20 meters. While during the remaining length of the
river, the depth ranged from 8 to 12 meters, ending with a
recorded depth of 9 meters at Al Fao city (10 km away from
the Arabian Gulf), Figure 18.
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Figure 17. A: Velocity profile a cross Shatt al Arab River at
Qurnah station
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Figure 17. B: Velocity profile a cross Shatt al Arab River at
Basrah center station
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Figure 17. C: Velocity profile a cross Shatt al Arab River at
Abu Flus station
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Figure 17. D: Velocity profile a cross Shatt al Arab River at
Sehan station
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Figure 18. Depth profile along Shatt al Arab River

In addition, it is possible to display the results obtained from
the model analysis in a spatial distribution shape in order to
get a comprehensive view of the study area for a specific
parameter such as Figure 19. The figure shows spatial
distribution of velocity and WSE. The focus in this figure was
on showing a clear image of the river with its branches inside
the Basrah center. As appear from the Figure 19-A, the
variation of WSE is not significant and has same color. From
Figure 19-B, the velocity will be higher value (yellow color)
at narrow section than wide section (blue color).

Figure 19-A. Spatial WSE
distribution at Basrah center

Figure 19-B. Spatial velocity
distribution at Basrah center

7. CONCLUSIONS

The study area covered the entire course of the river from
the confluence of the Tigris and Euphrates Rivers in the Qurna
district to its mouth in the Arabian Gulf. The river situation
was unsteady and the influence of the tidal phenomenon was
taken into consideration in the model-building, as well as the
main river branches were taken into account which was overall
the most important reason that made the simulation of the river
complex A seven branches inside Basrah city which are Jubyla,
Muftya, Robat, Khandek, Ashar, Khora and Saraji. So, most
of studies did not cover the total interested area of the entire
Shatt al-Arab river and used a one-dimensional model as well
as neglecting the effect of main branches. The topographic
data sets were created in raster format by the Space Shuttle
Radar Topography Mission (SRTM) Arc-Second Global is
adopted in model building procedure. The treatment for the
DEM is made to minimize flow error caused by unexpected
holes by using GIS tools. As mentioned earlier, the data
collected in 2014 were used in the construction of the model.
These data are represented by the values of discharges and the
level of the water surface. The discharge was used as upstream
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boundary conditions and the stage hydrograph as downstream
boundary conditions in AlI-FAO city, while the measurements
recorded at the Abu Flus station were used in the calibration
process. The verification process was also carried out by
relying on the data of the stations in Sehan and Al-Magqal. The
results of both calibration and verification showed a clear
convergence between the calculated and recorded data based
on the previously mentioned statistical methods. The NSE
method was more sensitive to the change in the resulting
values and therefore it can be recommended to use this method
in hydrodynamic models. The Manning’s values (n) of the
Shatt Al-Arab River were 0.025. the results showed that the
Shatt Al Arab River is a complex stream has varying
hydrological properties along its course with respect to tidal
period. Moreover, the effect of main branched on River
characteristics should be considered.
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