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ABSTRACT

This study aims to investigate sediment dynamics and scouring processes in the Shatt Al-Hilla reach of the Euphra-
tes River, with a focus on the hydraulic characteristics and soil properties influencing meandering behavior and
erosion susceptibility. Bed material samples were collected from 20 river sections to assess sediment character-
istics. Laboratory analyses included specific gravity measurements, grain size distribution, and soil classification
using the Unified Soil Classification System (USCS). Specific gravity values ranged from 2.61 to 2.77, and grain
size analysis revealed d50 values between 0.166 mm and 0.339 mm. Soil classification identified a range of poorly
graded sands (SP) and well-graded sands with silt (SW-SM). The study finds significant variability in sediment
characteristics across the river sections. Sections with higher specific gravity and well-graded sediments show
greater stability, while those with lower specific gravity and poorly graded sands are more prone to erosion and
scouring. This variability affects bed stability and sediment transport dynamics. The results highlight that sediment
composition and gradation play critical roles in scouring processes and riverbank stability. The study is limited to
the specific reach of the Euphrates River and may not be generalizable to other river systems without similar sedi-
ment analyses. The findings emphasize the need for detailed sediment characterization in river management but do
not address the long-term impacts of sediment dynamics on river morphology. Understanding sediment variability
and its impact on scouring processes can aid in predicting erosion patterns and designing more effective river man-
agement practices tailored to specific sediment characteristics. This research provides novel insights into the rela-
tionship between sediment properties and scouring behavior in the Al-Hilla reach, filling gaps in the understanding
of sediment dynamics in meandering rivers. The detailed analysis of sediment characteristics and their influence on
river stability offers new perspectives for future research and practical applications in river management.

Keywords: sediment dynamics, scouring processes, grain size distribution, hydraulic characteristics, riverbank
soil properties, stream restoration.

INTRODUCTION

Rivers are vital geomorphic and ecological
systems that shape landscapes and sustain diverse
ecosystems. However, processes such as erosion,
sedimentation, and meandering, while fundamen-
tal to their natural dynamics, can create signifi-
cant challenges for human infrastructure and set-
tlements (Frasson et al., 2019; Ghadampour et al.,
2020). The Shatt Al-Hilla reach of the Euphrates
River exemplifies these challenges, exhibiting
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complex hydraulic conditions and diverse sedi-
ment properties that contribute to ongoing issues
of riverbank erosion and sedimentation (Giovan-
ni, 2006; Alfatlawi and Alsultani, 2019).

The Shatt Al-Hilla reach is particularly prone
to severe meandering and sedimentation issues,
largely driven by its unique sediment dynam-
ics and hydraulic conditions (Harrelson, 1994;
Salahaldain et al., 2023). Recent studies have
noted that meandering behavior in rivers is influ-
enced by various factors, including flow velocity,
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discharge variability, and sediment load (Kunt-
joro et al., 2017; Ikhsan et al., 2019). However,
specific research on the interplay between sedi-
ment characteristics and hydraulic conditions at
localized river segments like Shatt Al-Hilla re-
mains limited.

Prior research has indicated that sediment
properties such as grain size distribution and
specific gravity significantly impact riverbank
stability and sediment transport (Sinnakaudan et
al., 2010; Alfatlawi and Alsultani, 2018a). For
instance, (WRDS, 2018) found that variations in
sediment grain size could lead to differential ero-
sion rates along riverbanks, yet detailed studies
integrating sediment density and hydraulic pa-
rameters are lacking. The influence of sediment
gradation on meandering patterns and erosion dy-
namics remains poorly understood, particularly in
regions with complex sedimentary environments
(Bowels, 1970).

This study addresses these research gaps by
investigating the sediment dynamics and hydrau-
lic characteristics specific to the Shatt Al-Hilla
reach. The hypothesis posited is that variations
in sediment properties, including specific grav-
ity and grain size distribution, play a critical role
in influencing meandering behavior and erosion
rates. Specifically, it is anticipated that areas with
higher specific gravity and well-graded sediments
will exhibit greater stability compared to sections
with lower specific gravity and poorly graded
sediments (Alsultani et al., 2023a). This hypoth-
esis is informed by preliminary observations and
previous findings that suggest sediment charac-
teristics are pivotal in shaping river dynamics
(Brockman, 2010).

The Shatt Al-Hilla reach’s susceptibility to
severe meandering and sedimentation under-
scores the need for a detailed understanding of
sediment-hydraulic interactions. The unique sedi-
ment dynamics and hydraulic conditions in this
region create a context-specific scenario that has
not been thoroughly explored in previous studies
(Dakheel et al., 2022). By providing a detailed
analysis of sediment characteristics and hydraulic
parameters, this research aims to enhance predic-
tive models for river management and offer tar-
geted strategies for mitigating erosion and sedi-
mentation impacts.

This study makes a novel contribution by
combining detailed sediment analyses with hy-
draulic modeling tailored to the Shatt Al-Hilla
reach. Previous research has often addressed

broader trends in river dynamics without focus-
ing on localized sediment-hydraulic interactions
(Thair et al., 2018). By filling this gap, the study
offers new insights into how specific sediment
properties influence river behavior, thereby im-
proving the understanding of river dynamics and
informing more effective river management and
restoration strategies.

METHODOLOGY

Due to the absence of direct studies focus-
ing on the hydraulic geometry relationships in
the Shatt Al-Hilla region, this research aims to
evaluate and validate universal hydraulic rela-
tionships within this context (Dash and Khatua,
2013). Subsequently, the study endeavors to de-
velop new, more suitable relationships tailored to
control the meandering processes along the Shatt
Al-Hilla reach (Eaton et al., 2010; Alsultani and
Khassaf, 2022; Forti et al., 2023). To achieve
these objectives, a comprehensive work program
was designed, consisting of both field and labora-
tory work. The fieldwork was conducted over the
period from January 2023 to December 2023.

Case study selected

This section describes the Shatt Al-Hilla River
and details the data collected from the study area,
including geological, climatic, hydrological, and
location-specific information. These data points
are crucial for understanding factors that directly
or indirectly impact the study (Griffiths, 1980;
Frasson et al., 2019; Alsultani et al., 2022a).

The Shatt Al-Hilla River flows through the
center of Al-Hillah in Babylon Province, Iraq,
with coordinates 32°3’16” N and 44°46°29” E.
As the largest branch of the Euphrates River, it
stretches 100 km from Babylon Province to Di-
waniyah Governorate. The river draws its water
from the left bank of the Euphrates, just upstream
of the New Hindiya Barrage, irrigating extensive
agricultural lands and the center of Hilla city,
while also recharging the shallow groundwater
system within the studied area at varying rates
(Alsultani et al., 2022b).

The river serves as a vital water source for
nearby cities. During operation, the flow rate var-
ies significantly, from 230 m?%s at the Al-Hillah
Head Regulator to 45 m3/s at the Shatt Al-Hill-
ah Regulator (Maaroof and Kareem, 2022). The
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study area covers the reach downstream of the
Al-Hillah Regulator to upstream of the Al-Saadda
Regulator, as illustrated in Figure 1.

The Shatt Al-Hilla lies within the Mesopota-
mian plain on the unstable shelf, also known as
the Mesopotamian zone within the Geosyncline
Basin, situated between the Zagros Mountains
in the northeast and the stable Arabian plateau in
the southwest (Alfatiawi et al., 2020). The region
is predominantly covered with Quaternary sedi-
ments from the Pleistocene and Holocene epochs,
characterized by floodplain deposits from the Eu-
phrates River and its branches. The area is also in-
fluenced by regional tectonic movements, which
have created a symmetric concave fold in the
sedimentary plain, continuously filled with river
sediments, in addition to deposits from branches
and depression fill deposits produced by floods,
mainly composed of fine sand, clay, silt, and silty
clay (Maaroof and Kareem, 2022).

Climate of the region

The Shatt Al-Hilla flows through a uniform
climatic zone characterized by hot, dry summers
and cold, wet winters. The region receives sparse
rainfall, averaging 75 mm annually in Al-Hillah
city, with most precipitation occurring during the
winter months (McCandless, 2003). The average
annual precipitation in the study area is 80 mm,
with maximum rainfall typically occurring in Jan-
uary and February, and no precipitation during July
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and August. Summers are particularly harsh, with
daytime temperatures reaching up to 50 °C, while
the average temperature is 24 °C (GAGW, General
Authority for Groundwater in Al-Hillah city).

Geology of the region

The geology of the study area is dominated
by the following formations (Alfatlawi and Alsul-
tani, 2018b):

e Al-Sadda Deposits: located on both sides of
the Euphrates River;

e Al-Hilla Formation: composed of pebbly
sandstone;

e Al-Hashimiyah Formation: a cap rock over the
Al-Hilla formation, formed by capillary action
due to underground water oscillations, con-
taining secondary gypsum and sandstone, as
presented in Figure 2.

Hydrology of the region

The annual average inflow of the Shatt Al-Hilla
River, until 1989, was 27.4 BCM. However, from
1989 to 2012, the average annual flow decreased
to 17.4 BCM due to climatic conditions and the
construction of upstream dams. This variability in
water inflows has caused fluctuations in high, low,
and dry periods throughout the year, with the min-
imum recorded inflows being 9.02 BCM in 1974
during the impoundment of the Syrian nd Turkish
dams of Tabaga and Keban (Nanson et al., 2010).

Figure 1. Location of the selected study area
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Figure 2. Geology of the Shatt Al-Hilla

Zone selection

This research examines the effects of the Shatt
Al-Hilla River’s characteristics on the meander-
ing process. The study area covers a 51.1 km
reach between Saddat Al-Hindiyah (32°43°41"N,
44°16°10"E)and Al- Hashimiyah city (32°22°29"N,
44°39°06"E), as depicted in Figure 3.

Field work

This section outlines the phases of fieldwork,
which involved collecting and measuring the hy-
draulic characteristics of river sections, determin-
ing the longitudinal slopes of the stream, and soil
sampling. The tools and equipment used in these
processes are also described. Most cross-sectional

data were measured using an Acoustic Doppler
Current Profiler (ADCP). Longitudinal surveys
were conducted using a level with tripod, level
rod, tapes, pins, and a laptop to log data. For bed
material analysis, standard equipment such as
cans, tubes, and cutters were used. Additional
equipment, including a computer, internet, soft-
ware, GPS, and GIS techniques, were utilized to
collect and analyze the meandering characteris-
tics (Alsultani et al., 2023b).

The ADCP is used to measure water veloc-
ity and profiles by sending sound waves across
the river’s cross-section, which collide with
particles in the bed. The device calculates the
difference between the frequencies emitted and
received, representing the speed of water flow in
the river. Certain procedures must be followed

Figure 3. Location of the selected reach (Google Earth)
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before measurements using the ADCP to ensure
accurate results, such as compass calibration,
system checks, and inputting values for salin-
ity and magnetic declination. Local slopes were
measured following the methods outlined by
(Odemerho, 1984).

Main channel slopes were computed for each
surveyed section using Google Earth, with the av-
erage slope calculated as the difference in elevation
divided by the distance between points (Odemerho,
1984). The study area was divided into 20 stations
representing key meandering points along the Al-
Hilla River. Table 1 lists the coordinates and dis-
tances of the selected sections. Twenty boreholes
were drilled, with a depth of 10 m at each station.

At least one sample was collected from each
of the 20 sections in the reach. Particle size dis-
tribution graphs were produced, and the median
particle size (d, ) for each sample was determined.
Soil classification was conducted according to the
Unified Soil Classification System (USCS).

Laboratory measurements

The laboratory work included tests for mechan-
ical and physical properties, conducted at the Con-
struction Laboratories of Babylon. Test scenarios

varied depending on the sample type: Disturbed

Samples (DS), Split Spoon (SS), and Undisturbed

Samples (US), following ASTM standards.

The physical properties tests included:

1. Grain size distribution: ASTM (422) — sieving
and sedimentation processes.

2. Moisture content test: ASTM (2488) — visual
classification of soil properties.

3. Specific gravity test: ASTM (854) — deter-
mination of specific gravity using a water
pycnometer.

4. Atterberg limits test: ASTM (4318) — classifi-
cation of soils based on moisture content.

5. Unit weight test: ASTM (4318) — determina-
tion of wet and dry unit weights.

The mechanical properties tests included:

1. Consolidation test: ASTM (2435-02) — mea-
surement of soil compression under controlled
conditions.

2. Direct shear test: ASTM (D3080-04) — Mea-
surement of shear resistance of soils.

Measurements of hydraulic geometry

Hydraulic geometry relationships (HG) were
assessed for the Shatt Al-Hilla River based on

Table 1. Coordinates and distances of selected sections on Shatt Al-Hilla

Station No. Latitude line (°) Longitude line (°) Outer Bank length (m) | Inner Bank length (m)
1 32.41.27 44.16.51 212 204
2 32.40.04 44.19.21 271 258
3 32.39.57 44.20.02 347 346
4 32.38.02 44.21.50 200 198
5 32.36.41 44.20.34 167 110
6 32.36.10 44.21.27 118 97
7 32.34.46 44.22.27 70 50
8 32.36.03 44.23.59 193 152
9 32.33.56 44.23.44 171 147
10 32.33.28 44.25.22 137 99
11 32.32.17 44.24 41 216 150
12 32.31.05 44.25.00 117 93
13 32.30.40 44.26.21 204 192
14 32.29.44 44.26.54 107 96
15 32.29.13 44.26.21 286 215
16 32.26.59 44.26.42 197 193
17 32.26.23 44.28.09 214 208
18 32.23.12 44.34.54 205 194
19 32.23.20 44.34.24 165 148

20 32.22.10 44.38.54 134 115
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data from 20 stations along the reach. Measure-
ments included channel width, depth, and water
surface slope, which were analyzed to evaluate
the HG exponents and coefficients.

This section describes the process for deter-
mining hydraulic characteristics and the geome-
try of the river. It also includes a detailed descrip-
tion of the field and laboratory methods used to
gather data and how these data were analyzed to
determine the HG relationships for the Shatt Al-
Hilla reach. The ultimate goal is to develop site-
specific relationships to predict river behavior,
including meandering processes.

RESULTS AND DISCUSSION

This section provides an overview of the re-
sults obtained from various measurements, both
in the field and in the laboratory, which will be

Table 2. Average monthly temperature in Al-Hilla city

analyzed to establish hydraulic geometry rela-
tionships for the Shatt Al-Hilla River.

Climate outcomes

The climate data for Al-Hilla city was col-
lected from the Babylon climate station, covering
the period from 1980 to 2023. The data includes
temperature and rainfall, with results summarized
in Tables 2 and 3, and visually represented in
Figure 4. The climate diagram shows the varia-
tions in temperature and rainfall, highlighting the
seasonal changes that might influence the river’s
hydraulic characteristics.

Hydrology of the region

The hydrology of the Euphrates River at
Al-Hilla is characterized by three distinct flow
regimes:

Table 3. Average monthly rainfall in Al-Hilla in (mm)

Month Min. Temp. C° Max. Temp. C° Month Average monthly rainfall (mm)
Jan. 52 16 Jan. 19.8
Feb. 7 19.9 Feb. 16.9
Mar. 1.1 237 Mar. 15.4
April 16.9 30.6 April 12.2
May 22.5 37.1 May 4.6
June 26.3 41.7 June 0.04
July 28.6 44 July -
Aug. 27.5 43.5 Aug. -
Sep. 24.2 40.3 Sep. 0.04
Oct. 18.6 33.4 Oct. 4.3
Nov. 11.8 242 Nov. 13.5
Dec. 6.5 17.9 Dec. 15.4
25 50
= 20 40
E, 15 - 30 =
E 10 - 20 =
5 - 10
0 -0
Jan. Feb. Mar. Apnl May June July Aug Sep. Oct. Nov. Dec.
Month
mmm Average monthly rainfal  ——Min. Temp. ——DMax Temp.

Figure 4. Climate diagram for the selected river reach
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e high flows: occur between February and June,
accounting for approximately 75% of the an-
nual flow;

e low flows: occur between July and October,
representing about 10% of the annual flow;

e moderate flows: occur between November and
February, contributing about 15% of the an-
nual flow.

The analysis of flow data from 2000-2017
shows a declining trend in the annual flow of the
Euphrates River, with only a few years exceeding

the historical average flow. The development of
water resources, particularly the GAP projects in
Turkey, is expected to reduce inflow and affect
water quality. Figure 5 presents the average an-
nual flow of the river for the period 2000-2017.

Results of the field work

This section presents the data collected from
the field measurements, including the dimensions
of the selected river reach, cross-sections, water
discharge, and longitudinal slopes.

mmm Anuual flow (BCM)
——Annual average flow 2001-2017 (BCM)

——Annual average flow 1943-2000 (BCM)

Figure 5. The average annual flow of the river for period 2001-2017

Table 4. Discharge values in each section

Discharge(Q) Discharge(Q) Discharge(Q)
Section no. Section No. Section No.

m?/sec m?®/sec m®/sec
1 65.45 35.35 15 78.64
2 63.12 33.86 16 74.08
3 66.33 10 52.35 17 58.65
4 56.75 1 53.19 18 57.35
5 41.62 12 47.46 19 52.57
6 33.41 13 62.04 20 34.43
7 37.75 14 68.72

Table 5. Width values in each section
Width (w) Width (w) Width (W)
Section no. Section no. Section no.
m m m

1 111.92 53.78 15 184.12
2 107.91 48.01 16 140.48
3 112.02 10 82.12 17 96.55
4 93.78 11 83.9 18 97.24
5 62.19 12 71.92 19 84.22
6 47.81 13 103.02 20 49.46
7 56.05 14 115.77
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Cross-sections and water discharge

The cross-sectional survey involved detailed
measurements at various locations along the river
to capture the hydraulic properties of different
river sections. Tables 4 to 9 present the results, in-
cluding discharge, width, mean depth, area, mean
velocity, and maximum depth at each section.
Stations with high curvature, such as stations 7
and 14, exhibited higher velocities. Figures 6 and
7 illustrate measurements taken by the ADCP de-
vice at sections 7 and 10.

Main slopes outcomes

The slope analysis was conducted using both
Google Earth and field data, with results summa-
rized in Table 10 and Figure 8 compare the main

Table 6. Mean depth values in each section

slopes obtained from Google Earth and fieldwork.
The findings show that slope varies significantly
between sections, with narrower sections exhibit-
ing steeper slopes

Laboratory measurements

This section presents the results of laboratory
analyses conducted on bed material samples col-
lected from the river.

Specific gravity

The specific gravity values of the bed mate-
rial ranged from 2.61 to 2.77 across the differ-
ent sections of the river, as shown in Table 11.
These values suggest variations in the mineral

Section no. Mean depth (dm) Section no. Mean depth (dm) Section no. Mean depth (dm)
(m) (m) (m)
1 1.48 3.46 15 1.66
2 1.79 9 3.8 16 212
3 1.76 10 2.83 17 2.64
4 2.27 11 4 18 2.45
5 3.13 12 3.06 19 2.65
6 4.53 13 2.89 20 3.79
7 3.34 14 2.29
Table 7. Area estimation in each section

Section no. Ar(i?zga) Section no. Ar?rizfa) Section no. Ar«(analz()A)
1 213 305 15 297.1
2 248.9 215.6 16 293.6
3 152.3 10 251.2 17 539
4 404.6 1 206.7 18 251.5
5 194 12 2451 19 2391
6 210.5 13 260.9 20 205
7 133.2 14 249.7

Table 8. Mean velocity values in each section

Section no. Mear(];/eslce)gi)ty v) Section no. Mearzr;/;eslggi)ty v) Section no. Mear(];/eslce)gi)ty v)
1 0.31 8 0.12 15 0.27
2 0.25 9 0.16 16 0.25
3 0.43 10 0.21 17 0.1
4 0.14 11 0.26 18 0.23
5 0.22 12 0.19 19 0.22
6 0.16 13 0.24 20 0.17
7 0.28 14 0.28
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Table 9. Max. depth values in each section

Section no. Maximum depth (dmax) Section no. Maximum depth (dmax) Section no. Maximum depth (dmax)
(m) (m) (m)
1 3 8 4.4 15 2.8
2 3.1 9 9 16 3
3 2.3 10 4.6 17 3.7
4 3 11 79 18 3.3
5 7.8 12 5.3 19 5.3
6 7.5 13 3.7 20 6.7
7 6.1 14 2.9
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Figure 6. Measurement by ADCP in section No.7

composition and density of the sediments in dif-
ferent parts of the river. Higher specific grav-
ity values (e.g., 2.77 in Section 9) indicate the
presence of denser minerals, possibly including
quartz, feldspar, or heavy minerals like magne-
tite. Conversely, lower values (e.g., 2.61 in Sec-
tion 15) could suggest a higher proportion of
lighter minerals or organic content. These varia-
tions in specific gravity are crucial for under-
standing the behavior of sediment clusters. High-
er specific gravity sediments are more prone to
settling quickly, leading to coarser sediment de-
posits in areas of the river with slower flow rates.
In contrast, lower specific gravity sediments may
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be transported further downstream before set-
tling, contributing to finer sediment deposits in
areas with higher flow velocity. The range of spe-
cific gravity values implies that sediment trans-
port processes will vary significantly along the
river. Sections with higher specific gravity values
are likely to experience more pronounced depo-
sition of coarser sediments, potentially leading
to changes in riverbed morphology, such as the
formation of gravel bars. On the other hand, sec-
tions with lower specific gravity values may have
finer sediments that are more easily resuspended,
leading to greater sediment transport and poten-
tial scouring during high-flow events.
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Figure 7. Measurement by ADCP in section No. 10

Table 10. Main slope values for reach sections

Section No. Main Slope Section No. MainSlope Section No. Main Slope

1 0.00055 8 0.00220 15 0.00116
2 0.00002 9 0.00831 16 0.00109
3 0.00120 10 0.00645 17 0.00038
4 0.00356 1 0.00895 18 0.00087
5 0.01085 12 0.00060 19 0.00606
6 0.02000 13 0.00581 20 0.00929
7 0.00069 14 0.00142

Tour Guide

Figure 8. Main slope by (Google Earth)
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Table 11. Specific gravity values at each section

Section no. Specific gravity (gs) Section no. Specific gravity (gs) Section no. Specific gravity (gs)

1 2.64 8 2.75 15 2.61
2 2.63 9 2.77 16 2.62
3 2.63 10 2.71 17 2.66
4 2.67 11 2.69 18 2.68
5 2.73 12 2.74 19 2.67
6 2.77 13 2.65 20 2.76
7 2.75 14 2.63

Grain size analysis of bed materials

Grain size analysis is a fundamental aspect
of sedimentology, providing insights into the tex-
ture, sorting, and sediment transport mechanisms
in the river. The mean size (d50) values, shown in
Table 12, and the grain size distribution curves,
presented in Figures 9 and 10, offer a detailed un-
derstanding of the sediment composition across
different sections.

The grain size distribution varies across the
sections, with d50 values ranging from 0.166 mm

Table 12. Mean size values for each section

(Section 6) to 0.339 mm (Section 15). These val-
ues indicate that the sediments are predominantly
in the sand to sandy silt range, with some sections
exhibiting finer or coarser materials.

The grain size distribution curves for Sections
1-10 and 11-20 highlight the variability in sedi-
ment sizes, which can be attributed to differences
in hydraulic conditions, sediment supply, and riv-
erbed morphology. Sections with finer sediments
(e.g., Sections 6 and 8) are likely to be located
in areas with lower energy conditions, where fine
particles can settle.

Section no. D50 (mm) Section no. D50 (mm) Section no. d50 (mm)
1 0.263 8 0.187 15 0.339
2 0.249 9 0.173 16 0.325
3 0.267 10 0.214 17 0.23
4 0.225 1 0.222 18 0.229
5 0.189 12 0.199 19 0.218
6 0.166 13 0.237 20 0.186
7 0.188 14 0.269
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Figure 9. Grain size distribution curve for section (1-10)
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Figure 10. Grain size distribution curve for Section (11-20)

In contrast, sections with coarser sediments
(e.g., Sections 15 and 16) may be in higher energy
areas where only larger particles can settle. The
results demonstrated that, as indicated in Table
13, the sediment type of beds load transfers are
sand badly to highly graded as well as sandy silt
in certain stations. The bed load transporters’ av-
erage diameter values (D50) range widely from
0.1 mm to 1.2 mm.

The discharge values have an impact on the
bed load transport values, which vary widely. The
outcomes of results are consistent with previous
studies (Xiaoqing and Yang, 2003; Ollero, 2010;
Hasan et al., 2024). Table 13 classifies the soil ac-
cording to the Unified Soil Classification System
(USCS), with classifications ranging from poorly
graded sand (SP) to well-graded sand with silt
(SW-SM). Poorly graded sands (e.g., Sections 1,
5, 11) suggest a uniform grain size distribution,
which can result in higher porosity and permeabil-
ity. These sections are more susceptible to erosion
and scouring, particularly during high-flow events.

Well-graded sands with silt (SW-SM), found
in several sections (e.g., Sections 2, 3, 9), indi-
cate a wider range of grain sizes, leading to better

compaction and lower permeability. These sec-
tions are likely more stable and less prone to ero-
sion, providing a more resilient riverbed structure.
The grain size analysis and soil classifica-
tion results have significant implications for sedi-
ment transport dynamics and river management.
The variation in grain size and soil classification
across the sections suggests that different parts
of the river will respond differently to hydraulic
forces. Sections with finer, poorly graded sands
may experience higher rates of sediment transport
and deposition, leading to potential issues with
sediment accumulation and channel instability.
In contrast, sections with well-graded sands
may be more stable, but they could also contrib-
ute to sediment starvation downstream if sedi-
ment transport is limited. Understanding these
dynamics is crucial for developing effective river
management strategies, including dredging, sedi-
ment trapping, and bank stabilization measures.
The findings in this study are consistent with
previous research, which also observed signifi-
cant variability in sediment characteristics and
their impact on sediment transport and river
morphology. The alignment of results with these

Table 13. Classification of soil according to USCS in each section

Section No. Soil classification Section No. Soil classification Section No. Soil classification

1 (SP) 8 (SW-SM) 15 (SP)

2 (SW-SM) 9 (SW-SM) 16 (SW-SM)

3 (SW-SM) 10 (SW-SM) 17 (SW-SM)

4 (SW-SM) 11 (SP) 18 (SW-SM)

5 (SP) 12 (SP) 19 (SW-SM)

6 (SW-SM) 13 (SW-SM) 20 (SW-SM)

7 (SW-SM) 14 (SP)
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studies enhances the reliability of the findings and
provides a solid foundation for future research
and river management practices.

The laboratory analysis of bed material sam-
ples provides a detailed understanding of the
sediment characteristics in the river, highlighting
significant variability in specific gravity, grain
size distribution, and soil classification across
different sections. These findings are critical for
understanding sediment transport processes, riv-
erbed stability, and scouring risks. The results un-
derscore the need for targeted river management
strategies that consider the unique sediment dy-
namics in each section of the river.

CONCLUSIONS

This study investigated the hydraulic dynam-
ics and sediment transport in the Euphrates River
at the Shatt Al-Hilla reach. Key findings include:
1. The river exhibits high flows from February

to June, low flows from July to October, and
moderate flows from November to Febru-
ary. Discharge rates and velocities vary sig-
nificantly, influenced by river dimensions and
meandering.

2. Bed sediments vary from well-graded sands
to sandy silts, with specific gravities between
2.61 and 2.77. Median grain sizes (d50) range
from 0.166 mm to 0.339 mm, affecting sedi-
ment transport behaviors.

3. Riverbank soils, classified as sandy and silty,
impact erosion and stabilization efforts.

4. High curvature meanders significantly influ-
ence sediment deposition and erosion patterns.
The study observed pronounced sediment ac-
cumulation in areas with sharp bends, affecting
overall sediment load distribution.

5. The presence of vegetation along the river-
banks appears to mitigate erosion and sediment
movement, highlighting the importance of ri-
parian vegetation in river management.

6. Historical climate data show that variations in
rainfall and temperature patterns have a sub-
stantial impact on river flow regimes and sedi-
ment transport. Climate change could further
exacerbate these impacts, emphasizing the
need for adaptive management strategies.

Future research should focus on long-term
monitoring to refine sediment transport and hy-
draulic models, and assess the impact of climate
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change on river dynamics. Investigating the role
of riparian vegetation in erosion control and ad-
vancing sediment transport models are crucial for
accurate predictions and effective management.
Additionally, evaluating sediment management
practices and adopting integrated river manage-
ment approaches will be essential for sustainable
river health and resilience.
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