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ABSTRACT
The study of sediment transport phenomena in rivers is criticallgssential Human interventions, such as
constructing hydraulic structures across river crosssections,disrupt the natural sediment transport
cycle, which affects ecological processes and alters habitat conditiorfihe presence of an upstream dam
results in the accumulation of sediment materials behind the dam wall, significantly reducing the
suspended sediment load in the river. This studinvestigateschanges in parameters such as sediment
concentration in the flow and variations in the gravel riverbed due to the upstream dam. Additiongllthe
study examines the impact of temperature changes and the accumulation of floating debris upstream of
bridge piers on the riverbed. This research emplys the HECRAS hydrodynamic model for quasi
unsteady daily flow and utilizes Yang's total sediment load equation. The results demonstrate that
constructing an upstream dam leads to increased erosion in crosections that previously experienced
sediment deposition in the absence of the dam. The peak flow sediment discharge entering the study area
for the no-dam and dam scenarios was 30640.83 tons/day and 9964.063 tons/day, respectively,
indicating a 67.48% reduction in sediment discharge due to the upstrea dam. The outgoing sediment
discharge from the study area was 12333.93 tons/day without the dam and 7,723.62 tons/day with the
dam, showing a reduction of approximately 59.75% and 22.48% compared to the upstream sediment
discharge.
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traverses the riverbed, it exerts hydrodynamic
forces, specifically lift and drag on sediment
particles. The magnitude of these forces is directly
proportional to flow velocity; as velocity increases,

1. Introduction

The study of sediment transport has long been

a focal point for engineers and scientists. Analyzing
the effects of human interventions, such as the
construction of dams, bridges, and other hydraulic
structures, on river crosssections is crucial for
understanding their impact on flow hydraulics and
sediment dynamics (Jaiyeola, 2019). As flow

the forces intensify, overcoming the submerged
weight of sediment particles and facilitating their
movement (Dey, 2014). Despite the generally
greater mass of suspended loathan bed load, the
bed load mechanismsignificantly modifies land

topography and riverbed morphology (Aranda,
2019). This proportion can be higher in certain
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conditions, such as in mountainous rivers in
temperate regions (Hanibal Lemma et al., 2019).
Additionally, the proliferation of drought periods
in various regions leads to the conversion of
perennial rivers into seasonal ones, thereby
disrupting sediment transport processes (Pathan
et al., 2020; J. Neverman et al., 2028)low regime
alteration significantly threatens the safety,
hydraulic performance, and structural integrity of
hydraulic structures within river cross-sections
(Lee et al.,, 2023). In recentdecades, sediment
discharge in these rivers has decreased by
approximately 60 to 90 percent. In extreme cases
like the Nile, Ebro, and Colorado rivers, sediment
discharge hasreachedzero (Yang et al., 2018). In
the Yellow River in China, sediment discharge has
decreased from 1.2 billion tonsannually to 150
million tons annually, approximately an 87 percent
reduction, due to dam construction and other
factors such as groundwater pumping and
agricultural irrigation (Vinh et al., 2016). The
particle size of suspended sediment at the basin
outlet has decreased from 17 micrometers irthe
1980s to 8 micrometers in the 2010s (Guo et al.,
2020). In semtarid and arid regions, such as the
Middle East and North Africa, the intensification of
water scarcity issues is a pressing concern (Zettam
et al.,, 2017). Much research has focused on
sedment transport processes under various
conditions. For example, Isaac et al. (2016)
employed a onedimensional hydrodynamic model
using HEGRAS software alongside a physical
laboratory model to assess the shorterm impacts
of a hydropower project on river sediment flux.
Similarly, Emamgholizadeh et al. (2018) applied
artificial  intelligence models to estimate
suspended sediment loads in the Kassian and Telar
sub-basins, comparing their results with those
derived from the Sediment Rating Curve (SRC)
method. Martin-Vide (2019) utilized field
observations from the Pilcomayo River during a
flood event and solved unsteady flow equations to
assess shorterm general scour. Zhao et al. (2019)
used numerical solutions of shallow water flow
equations with the finite volume method for non
cohesive sediment particles They found that
changes in riverbed slope significantly affect
sediment movement patterns, flow dynamics, and
bed load. Singh et al. (2019) investigated sediment
transport rates in mixed beds of sand, &j and clay
using a laboratory flume. Roushangar et al. (2019)
employed Gaussian Process Regression (GPR) to
predict zinc transport rates in 19 sandy rivers
across the United States. Naito et al. (2019) utilized
the EngelundHansen equation to examine
sedment transport rates in the sandy and silty bed
of the Yellow River in China. Lu et al. (2020) used
the MIKE21 software to calculate sediment load
and riverbed changes inChina's Hanjiang River
over various periods. Their analysis indicated that
during the first six months of the year (spring and

summer), the riverbed predominantly experienced
sediment deposition, while in the fall and winter,
the bed underwent more erosional changes. Ghosh
et al. (2021) implemented a onedimensional
sediment hydrodynamic model using HE@RAS
software to simulate the BagirathiHoogly River in
India. Wei et al. (2021) investigated the effects of
dam construction on sediment load in the Red
River basin in Vietham using the SWAT
hydrological model. Their results indicated a 90%
reduction in total sediment load following the
construction of dams. Of this reduction, 10% was
attributed to short-term climatic changes, while
the remaining 80% was due to hydraulic
structures, particularly dams. Fortesa et al. (2021)
conducted field sudies on two seasonal
Mediterranean rivers: the Bogarra River (Spain)
and the Carapelle River (ltaly). Their findings
demonstrated that hydrological changes in
intermittent and seasonal rivers are typically more
significant than those observed in perenniativers.
During dry seasons, river flow gradually
diminishes, leading to the accumulation of
sediment. However these sediments are suddenly
mobilized and washed away during flood events
Wang et al. (2021) investigated changes in bed load
and channel bed morphology resulting from the
removal of sediment sources upstream using a
laboratory flume. This study aimsto investigate the
effects of the presence of an upstream dam
compared to its absence on sediment
concentration in the flow, changes in the main
channel bed, sediment discharge, flow velocity,
shear velocity, shear stress, and water surface
elevation changes for the Saqqgez River within the
Saqgez County areaThis research leverages the
hydraulic modeling capabilities of HEERAS V6.4.1
software to analyze daily river discharges over
multiple years. Moreover, it investigates the impact
of river water temperature variations and the
accumulation of floating debris upstream of
bridges on riverbed morphology. The key
innovations of this study include the drect
integration of actual regional topography as a
digital elevation model (DEM) into the software,
the utilization of sediment rating curves, the
application of quastunsteady flow computations,
and the determination of sediment gradation
curves for theriverbed. Additionally, the research
incorporates comprehensive modeling of various
hydraulic structures, including bridges, culverts,
and weirs.

2. Materials and Methods

2.1. Case Study

Saqgez County is located in Kurdistan Province,
as shown in Fig(1). Kurdistan Province is situated
in the western part of Iran. Saqgez County shares
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Fig. 1. Saqgez River Location (Case Study)

As shown in Fig (1), the Saggez River is
geographically situated within the Urmia Lake
basin and is also one of the main tributaries of the
Zarrineh River. The river originates from the
mountainous regions of Kileshin, Vazneh, and
Gardaneh Khan, in the western part of $agez
County. The river flows between two dams,
Cheragh Veys and Shahid Kazemi, and traverses
the center of Saqgez County. The total length of the
river extends 80 kilometers up to the Shahid
Kazemi Dam. The study area of this research
encompasses a segmertf the Saqqgez River that
runs through Saqgez County. In this section, as
depicted in Fig (1), six hydraulic structures have
been constructed across the river. These structures
include: three traffic bridges, one commercial
bridge, a check dam, and one pedestrian bridge.
The geometrical details of these hydraulic
structures are provided in Tabe (1).

22. Physiographic Characteristics of the
Upstream Watershed

The upstream watershed of the river is
composed of 19 subwatersheds. As shown irFig.

(2):

X The number of subwatersheds on the right
side of the map is 7, with an average coverage
of 27.6% of the total watershed area.

X The number of subwatersheds on the left side
of the watershed is the same as on the right,
with an average slope of 21.36%.

X The central part of the watershed consists of
5 subwatersheds, with an average
longitudinal slope of 26.92%.
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(b)

Fig. 2. The basin area upstream of the Saqqez
River: a) Right subbasins, b) Left subbasing
¢) Middle subbasins.

2.3. Dataused

The required data for this researchincluded
daily river discharge for years before and after dam
construction, suspended sediment discharge, and
water temperature rangeacross different seasons
from regional sources in Kurdistan Province. The
water temperature range was measured between
0°C and 26°CFig. (3) shows that the hydrograph
represents the daily quasiunsteady flow over 261
days2.5.
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Fig. 3. Quastunsteady hydrograph

Only suspended sediment data have been
measured based on data from the Qabaghlu
hydrometric station upstream of the Sagqez River
These data are illustrated in Fig(4) for scenarios
with and without the upstream dam.
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Soil mechanics and geotechnical studies
conducted by the Kurdistan Province Soil
Mechanics Laboratory are presented, with the
sediment grain size distribution shown in Fig(5).
The depth to bedrock in the river is reported as 4
meters. The sediment gradation distribution of the
riverbed is non-uniform and consists of gravel
sand, andsilt. Thed16, d50, d84, and d90 valuefor
the riverbed sediment are approximately 0.62 mm,
1.10mm, 80.32mm, and 95.66mm, respectively.
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Fig. 5. Bed Gradation

24. Topographianap of the study area

The Saqgez Municipality has provided the
topographic map of the Saggez River within the
city limits. Since the HE®RAS software requires a
Digital Elevation Model (DEM) for its RAS Mapper
extension, the topographic map was converted to a
DEM using GIS software. This DEM was then used
in the HEGRAS software to define crossections
and determine the river's geometry The length of
the river under consideration is 3760 meters, with
cross-sections taken every 50 meters using the RAS
Mapper extension. At the dcations of hydraulic
structures on the river, crosssections were taken
3 meters upstream and downstream of each
structure. As shown in Fig(6), a total of 78 cross
sections were created for the Saggez River.
Additionally, Fig. (6) includes a 3D view of the
study area, highlighting the locations of hydraulic
structures and the limited topography.

Fig .6. Dem map and Crossections of the Saqqez
River and 3D View.

25. HEGras model

The HEGRAS software, developed by the U.S.
Army Corps of Engineerscan analyzesteady and
unsteady flows, hydraulic conditions following
dam failure, sediment transport, scour at bridge
foundations, and modeling various hydraulic
structures. The sediment hydrodynamic model
within this software performs sediment transport
analysis based on several defined conditions.
These conditions include the topography and
geometry of the river, sediment type and grain size
distribution, unsteady or quastunsteady flow,
upstream flow conditions (clear water, sediment
laden, or equilibrium state), and river water
temperature. For this research, a quasiinsteady
flow model was chosen for sediment analysis.
Based on the selected flow type, the boundary
conditions defined for the model include an
upstream boundary condition set as the quasi
unsteady flow hydrograph. The downstream
boundary condition is set with the normal
longitudinal slope of the channel, which is 0.0022.
Given that the riverbed isgrave, the total sediment
load is calculated using the Yang equation available
in the software. Additionally, due to the poor
grading of the riverbed, indicating a wide range of
particle sizes, the settling velocity of particles is
determined using the Ruby equation (Brunner,
2023). Assuming that flow power is dominant in
determining the total sediment concentration, the
Yang methodis defined by the product of flow
velocity and energy slope. The equation of this
method has been developed using laboratory flume
experiments and fietl data for a wide range of
alluvial rivers (Brunner, 2023). The Yang method
includes two equations for sediment particle
diameters: Equation (1) for diameters ranging
from 0.065 to 2 millimeters, and Equation (2) for
particles larger than 2 millimeters. Tlese
equations are shown below:
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The meanings of some parameters in Equations
(1) and (2) are as follows:Q is the total sediment
concentration, dm is the mean particle diameterK
is the kinematic viscosity,Sis the energy gradient,
and V and Vcr are the mean velocity and critical
velocity of the main channel, respectively. Rubey’s
method for calculating sediment particle fall
velocity uses a combined approach to analyze the
relationship between fluid properties, sediment
characteristics, and paricle fall velocity. This
combined method has been shown through
experiments to be suitable for a range of particles
including sand, silt, and clay, as it combines Stokes'
law for fine particles with a collision formula for
particles larger than the Stokesrange (Brunner,
2023). Equations (3) and (4) represent Ruby’s
method for calculating sediment particle fall
velocity:

fi= (¥, FD G, (3)
2 36 é¢ . 36 é¢
= 3* 0. - 0. Fp @

Floating debris, such as tree trunks or
wreckage, may be transported from upstream
during flood events The river under investigation
passes through an urban area, ana park along its
banks increases the likelihood of debris entering
the river. The HEGRAS software considers the
potential for accumulating such debris at cross
sections where bridge piers are present. The
software assumes a rectangular geometry for
accumulating debris upstream of the piers. Fig7
illustrates this geometry. The first part of Fig. 7
shows the natural rectangular shape of the debris

accumulation, which reflects the realworld and

modeled geometries. In 1989, Will Wood and Van
Wyk investigated the forces exerted on bridge
piers due to the accumulation of floating debris
upstream. According to their study, the maximum
width and height of the accumulated debris
geometry are 20 meters and 1.2 meters,
respectively, as shown in Fig7, which aligns with

the geometries observed in the field (Parola, 2000).

Fig. 7. Debris accumulation

Numerous formulas are available for
determining the roughness coefficient of sediment
materials in riverbeds. This study used four
empirical equations to examine the effect of bed
grain size on the roughness coefficient. Equation
(5) provides a general formula for the relationship
between the roughness coefficient and the grain
diameter of sediments, with the type of equation,
coefficient values, and tkir considerations and
applications detailed in Table (2) (C. Yen, 1992).

3

=G )
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Table 2. Factors determining the roughness coefficient 1456.8
of sediment grains o 14565 - - - Numerical model
Equation g <, Description S 1456.2 —6— Mesured data

Bray-Strick (1992) 0.0474 (9. Uniform sediment ‘:'__J 1455.9
Bray 0.0593  (q. Gravel bed O 14556

Henderson (1966) 0.034 (g. Gravel bed % 14553 22w ©

45—

FEETEEEISERET

2.6. Modelvalidation WA N NN % N A

N N

Considering the availability of hydraulic studies Cross Sections
on the Kurdmall Bridge over the Saggez River,
conducted by the Regional Water Authority of @)

Kurdistan Province, the hydraulic parameters for
several crosssections upstream and downstream 1456.6 -
of the bridge have been measured. These @
parameters include Froude number, channel é
. . . 1456.1 -
velocity, water surface elevation, and discharge =
rating curves for a 10Qyear flood event. §
Additionally, the lowest bed elevation of the § 1455.6
channel is provided by the topographic model of z
the Regbnal Water Authority. The accuracy of the x X NRMSE: 0.c%
numerical model used in this study has been 14551 ' ' '
evaluated by comparing measured data with 1455.1 14,\;’5'6 1456.1 14566
.. . esured data
predictions. The normalized root mean square
error (RMSE) is used to quantify the model's (b)
accuracy. Equations (6) and (7) are used to
calculate the root mean square error (RMSE) and Fig. 8. Min channel elevdion: a) Comparison
the normalization of the root mean square error diagram, b) Scatter diagram
(NRMSE), respectively:
1.0 1462 -
4/5'= &= | ( a4 F :5\) (6) 14615 1 — -0~ - Numerical model
v T 1451 4 _ 1 Mesured data
: E 146051
04/5':$ (7) G 1460 -
' = 14595

In Equation (6), n denotes the number of data B T Y T LT}

. NMOOLOMWMODONDOHOW
points, X, represents the measured values, ani, 332238 2J2g229
signifies the computed values. The variableZin RN Q
Equation (7) represents the mean of the measured Sections
data. Fig (8) comparesmeasured data numerical @)
model results, and their correlation plot. This
figure pertains to the minimum bed elevation and 14616 -
demonstrates the accuracy of the topographic map, B ’
with an error of 0.012%. Fig (9-11) display the S 14611
comparison and correlation plots for water surface E
elevation, average channel velocity, and Froude § 1460.6
number, with their respective NRMSE values being g
0.006%, 5.051%, and 5.913%. Fig12) compares S 1460.11 NRMSE: 0.08%
the dischargerating curve between the numerical

1459.6 . ; ; :

model and measured data at the Kurd/all Bridge
section for various discharges, with a wadr surface
elevation comparison yielding an error of 0.009%.

1459.6 1460.1 1460.6 1461.1 1461.6

Mesured data

(b)

Fig. 9. Water surface level a) Comparison

diagram, b) Scatter diagram
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Fig. 12. Rating curve: a) Comparisondiagram,
b) Scatter diagram

3. Discuss and Results

This study assesseghe impact of constructing
an upstream dam on the Saqqez River (within the
Saqgez city area). The research compares the
effects of the dam against a nrdam scenario on
various parameters including: total sediment load
and discharge of the river, changes in riverbed
morphology, water surface elevation changes,
temperature variations, accumulation of floating
debris, the mass of sediment displaced from the
bed, and changes in sediment grainsize
distribution. For the parameters of total sdiment
load, water surface elevation changes, and
displaced sediment mass, the analysis is limited to
peak flood hydrograph discharge conditions in the
longitudinal section of the river. Changes in
riverbed elevation are examined specifically for
peak hydograph discharge in the longitudinal
profile. For certain hydraulic structures, temporal
changes in the riverbed both upstream and
downstream, are presented, and the effect of
floating debris accumulation upstream on the
riverbed is also investigated. Additionally, the
impact of temperature changes and sediment grain
size variations due to sediment transport during
flood events is analyzed forslected crosssections.
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3.1. Impact of dam presence on sediment
concentration and total sediment load
distribution

The effect of the presence of a dam on the
concentration of total sediment load in the river is
clearly illustrated in Fig. (13). The decrease in
concentration is  attributed to sediment
accumulation in the upstream section.Reducing
sediment concentration can increase the likelihood
of riverbed erosion, which occurs in both the
presence and absence of the dam. In the dam
scenario, the concentration increases between
3369 and 3350 meters, where a sediment retention
weir is present. The weir causes sediment
accumulation behind it, leading to increased
concentration due to erosion downstream of the
retention basin. Part b of Fig (13) shows the
sediment discharge (total sediment load). The
behavior of the curves for each scenario is similar
to the total sediment concentration curves. The
constant coefficient in the sediment discharge
calculation equation derived from the discharge
and sediment concentration productis 0.0864 for
the upstream station (river inflow). This coefficient
increases by about 0.23% alonthe river, reaching
a value of 0.0866.
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Fig. 13. Total sediment load a) Sediment
concentration, b) Sediment discharge

3.2. Comprehensive analysis of riverbed

dynamics

The riverbed changes examined in this study
consist of several components, including changes
in the riverbed along the longitudinal section of the
river for peak flood hydrograph discharge and
changes in the riverbed upstream and downstream
of several hydraulic structures throughout the
hydrograph.

3.2.1. Riverbedchanges in the longitudinal
section

The effect of the upstream dam is shown in Fig
(14), which illustrates that the presence of the dam
results in a 29.54% increase in the number of
eroded crosssections along the river.The dam
influences the maximum depth of sediment
deposition and riverbed erosion for instance, in
the no-dam scenario, the maximum sediment
deposition depth is 3.965 meters, occurring at the
2072-meter crosssection (downstream of the
Kurd Mall Bridge). In contrast, the maximum
sediment deposition depth with the dam is redged
by 26.53% to 2.913 meters. The maximum general
short-term scour depth of the riverbed occurs at
the 1000-meter crosssection for both scenarios,
with a negligible difference of approximately
0.079%. The greatest bed erosion depth, 1.522
meters, is obseved with the dam in place.
Sediment deposition occurs in both scenarios
between the 26002000-meter range downstream
indicating a high potential for sedimentation in this
interval. Pedestrian Kewe Swar, and Kurd Mall
bridges are along this stretch. Théehavior of the
curves for the presence and absence of the dam
becomes similar and overlaps after the 2050neter
cross-section. This overlap is due to the changes in
the sediment concentration of the total flow until
reaching the 2050meter crosssection. According
to Fig. (4), the sediment rating curve indicates that
the total sediment discharge has decreased by an
average of 49.4% due tadam construction. The
dam's presence increases riverbed erosion;
however, before the dam construction up to the
2050-meter cross-section, there was more intense
sediment deposition, reducing the total flow
concentration. As a result, increased erosion is
expected downstream (beyond the 205@meter
cross-section).


https://doi.org/10.22034/CEEJ.2025.64073.2390

Hamid Ahmadi et al. / J. Civ. Env. EB§ (2025) 68
0.8 - ——a— After Dam
5 4 € ?
— — 8 After Dam = 0.6 1 wnepenn Before Dam b
E 41 a S
c
N 3 | P, A~ Before Dam E
3 ; O
s 2 5
— >
@ IS
g
-0.6 2
228888838 37+4
a L c L L = o L < oL
322252823823
J ™ ' . ™ o - .
OO0 000 ©WONOQOQ OO O O R VIR YRR
L O O WO N Ol W O WL o WwOo wn
N IO M O 0 WOH MO 0 O < 1 00 © < - .
m Mmoo AN NQAAAA Time (Dayp
Sections
Fig. 14. The total change in invert
3.2.2. Riverbedcchanges at pedestrian bridge
crosssections
Fig. (15) illustrates the riverbed changes
between the upstream and downstream cross (@)
sections of the pedestrian bridge. These changes
are considered for discharges above 70 cubic 12 - — & After Dam
meters and the last day of the hydrograph time 1.0 A ooty Before Dam vy
series. Upstream of the bridge, byanuary 22, 2020, E 08 - Lt
the riverbed has eroded in both scenarios, with fé.’, 0.6 - “
more erosion occurring in the dam's presence G 0.4+
Subsequently, by the end of the hydrograph, the g 0.2 -
general scour depth had decreased, with the g 00
erosion depth in thedam's presencereducing from - 'g'j i
0.444 meters to 0.157 meters (approximately a - 2828888 g8+
64.54% reduction). In the absence of the dam, the © 3 88 %32 &3 835 =&
curve’s upward slope is steeper, and sediment Pz =262z 0 =2
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deposition occurs after July 25, 2020. In this case,
the maximum bed erosion depth reaches 0.32
meters, but due tosediment accumulation, the
riverbed elevation increases by about one meter,
resulting in a maximum sediment deposition depth
of 0.683 meters. The effect of the dam on the
downstream crosssection of the pedestrian bridge
shows general erosion; however, du¢o sediment
accumulation over time, the overall scour has
reduced, with the riverbed eroding only 2.42
centimeters by the end of the period. In contrast, in
the absence of the dam, the downstream cross
section of the pedestrian bridge experiences
sediment deposition, with a  sediment
accumulation depth reaching 0.99 meters.

Times (Days)

(b)

Fig. 15. Invert changes in thecross-section of the
pedestrian bridge: a) Upstreamb) Downstream
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3.2.3. Riverbedhanges at the kewe swdnridge
crosssedcions

As shown in Fig (16), erosion and sediment
deposition occur upstream of the Kewe Swar
Bridge. The presence of the dam clearly increases
the depth of erosion. Initially, the riverbed in both
scenarios erodes until January 22, 2020, and then
sediment deposition causes annicrease in bed
elevation.
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Fig. 16. Invert changes in thecross-section of the
Kewe Swar bridge: a) Upstreanb) Downstream

The increase in riverbed elevation is more
pronounced in the absence of the dam.
Downstream of the Kewe Swar Bridge, only
sediment deposition occurs, and the absence of the
dam significantly affects the depth of sediment
accumulation. During the flood disbarge,
sediment accumulates upstream and downstream
of the bridge, with greater accumulation observed
in the absence of the dam. Upstream, the sediment
depth without the dam reaches 1.03 meters, while
downstream, it reaches 1.88 meters. In contrast,
with the dam present, these depths are reduced to
0.2 meters and 0.862 meters, respectively.

3.2.4. Riverbedchanges at the jihad bridge
crosssections

Fig. (17) shows that the general scour of the
riverbed occurs over a short period at the
upstream and downstream crosssections of the
Jihad Bridge. Without the dam, the maximum
general scour depth reaches 0.718 meters;
however, with the dam in place, this depth
increases by 9.82% to 0.788 meters. As depicted in
the same section, sediment deposition has caused
the maximum scour depth to decrease to 0.36
meters by the end of the period with the dam,
representing approximately a 54.31% fill of the
scour depth. In contrast, before thelam was built,
the general scour depth with sediment filling was
reduced to 0.242 meters, with a fill percentage of
66.3% at the end of the flood event. Downstream of
the Jihad Bridge, more severe general scour occurs.
The maximum erosion depth in the preence and
absence of the dam are 0.971 meters and 0.925
meters, respectively. Over time, sediment
deposition continues in this section, but the
amount is not greater than at the upstream section
of the Jihad Bridge. The shosterm scour depth fill
percentages for each scenario are 6.45% and
12.43%, respectively.
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3.3.Impact oftemperature on riverbed erosio

The viscosity of water changes with
temperature. As the temperature of the water
increases, the kinematic viscosity decreases, and
the density changes only slightly. According to the
Rubey equation, the settling velocity of sediments

is directly related to viscosity; as viscosity
increases, the settling velocity of particles also
increases. This relationship is also reflected in the
Yang equation for total sediment load, where
particle settling velocity is an influencing
parameter. The impact of temperature on bed
erosion is illustrated in Fig (18) for temperatures
of 0°C, 10°C, and 20°C. Over time, increasing
temperature increases general scour depth;
however, the percentage increase in depth due to
temperature change is relatively small. The
percentage increase for higher versus lower
temperatures averages between £%. At the end
of the hydrograph, the maximum bed erosion
depth occurs. For temperatures of 0°C, 10°C, and
20°C, the maximum erosion depths are 1.31
meters, 1.31 meters, and 1.34 meters, respectively,
indicating a minimal impact of temperature change
on riverbed erosion.
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Fig. 18. Effects of temperature on bed changes in a
cross-section of 1250 meters

3.4.Impact ofdebris accumulation on riverbed
changes at bridge crossections

3.4.1 Keweswar bridge crosssections

Accumulation of floating debris upstream of
bridge supports results in increased constriction of
the river cross-section, which raises flow velocity
and depth compared to scenarios without debris.
As shown in Fig 19, the riverbed upstream of the
bridge experiences erosion and sedimentation
under normal conditions (without debris). The
maximum erosion depth in this case is 0.243
meters, with the riverbed elevation rising by 0.2
meters by the end of the hydrographHowever,
floating debris changes the pattem, leading to
overall erosion of the riverbed. The maximum
general scour depth with debris accumulation is
0.424 meters, representing a 74.49% increase
compared to the normal condition. The effect of
floating debris is significant in the early stages,
causng extensive erosion, but this effect
diminishes over time. After the flood event, the
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riverbed elevation with floating debris decreased
by 0.218 meters, compared to a 0.4%&neter
decrease in the normal conditions The impact of
debris on the downstream section of the river is
similar to that of normal conditions, with
sedimentation occurring. However, the increase in
riverbed elevation due to floating debris is greater
than in the normal scenario, with an average
increase of approximately 58.5%. The maximum
sediment deposition depth occurs after the
complete passage of the floodl'his depthis 0.864
meters for everyday conditions, whereas with
floating debris, it increases by 12.29% to 0.968
meters.
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Fig. 19.Invert changes in thecross-section of the
Kawa Swar bridge: a) Upstream and b)
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3.4.2 Jihadbridge crosssections

As shown in Fig20, the accumulation of floating
debris upstream of the bridge supports increases
the extent and depth of bed erosion in the
upstream section. Additionally, this accumulation
causes more severe erosion in the early stages
compared to the later stages oftte hydrograph.

than the expectedcondition,where the scour depth
is 0.77 meters at the same time. After the complete
passage of the flow, theiverbed is eroded by 0.36
meters; the presence of floating debris increases
the erosion depth by about 72.22%, resulting in a
scour depth of 0.62 meters. In the downstream
section, the erosion patterns for both cases are
similar. However, the accumulationof floating
debris  upstream increases erosion and
sedimentation at the section. The increase in
erosion depth due to floating debris is
approximately 4.45% on April 24, 2020 (the
maximum erosion depth for the debris
accumulation condition) and 1% on July 9, 2020
(the maximum erosion depth in the normal
condition). The effect of debris accumulation on
the filling of the eroded bed depth is approximately
2% greater on average than the normal condition.
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Fig. 20.Invert changes in thecross-section of the
Jihad bridge: a) Upstreanb) Downstream

3.5.Cumulative Sediment Mass Due to Riverbed
Changes and Their Impact

Fig. (15) illustrates the cumulative sediment

mass displaced due to bed changes for peak flow
rates. Positive and negative signs preceding the
sediment mass values indicate deposition and

The maximum erosion depth with floating debris is
1 meter, which is approximately 29.83% higher
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erosion. The presence of the upstream dam has
significantly reduced the sediment mass
accumulated in the river's crosssections. On
average, the sediment mass removed due to
erosion has increased by approximately 7%lue to
dam construction. Before dam construction, the
maximum sediment mass from deposition and
erosion was 56,665.59 tons and 7,638.975 tons,
respectively. However, thedam's construction has
led to a 44.16% reduction in the maximum
sediment deposition mass 81,640.23 tons) and a
3.64% increasein sediment mass removed due to
general scour {,917.03 tons).
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Fig. 21. Cumulative mass of the change in the bed
elevation

3.6. Changes insediment grain size due to
riverbed alterations

The effect of dam construction upstream on the
sediment grain size of the riverbed is illustrated in
Fig. (22) for two cross-sections at 3750 meters and
1650 meters. The riverbed at the 375@meter
cross-section shows different behavior under each
scenario: with the dam present, erosion occurs,
while without the dam, sediment deposition takes
place at this crsssection. As shown in Fig(26),
the presence of the dam results in a coarser
sediment grain size at the 375@meter cross
section. The hypothetical &0 for this study is 10.1
millimeters, and with the passage of the flood, it
increases by 34.12% to a new d50 of 13.55
millimeters. This increase in particle diameter can
enhance the sediment particles' resistance to shear
stress from the flow, forming an armor layer.
Sediment deposition at the 3756meter cross
section, occurring in the absence of the dam, leads
to finer sediment particles. The average particle
diameter in the absence of the dam decreases by
36.63%, from 10.1 millimeters to 6.4 millimetrs.
This reduction in average particle diameter
increases the riverbed's susceptibility to erosion.
At the 1650-meter crosssection, the riverbed

experiences erosion in both scenarios, with and
without the upstream dam. According to Fig(22),
bed erosion increases the average particle
diameter of the riverbed. The average particle
diameter due to dam construction is approximately
3.26% larger than that without the dam. After the
flood's complete passage, the bed's average
particle diameter in the absence of the dam is 24.4
millimeters. With the dam in place, this diameter
increases to 25.07 millimeters, reflecting a growth
of 2.75%.
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3.7.Changesdn sediment roughness coefficient
due to riverbed alterations

Fig. (23) shows the roughness coefficients
calculated using empirical equations. The dashed
line represents the roughness of sediment grains
before sediment transport phenomena occur. With
the onset of erosion or sediment deposition during
the flood, the roughmess coefficient of sediment
grains in the riverbed changes in both scenarios of
having or not having an upstream dam. An increase
in the roughness coefficient indicates a larger
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average particle diameter @so), while a decrease in
the average particle diameter results in a lower
roughness coefficient. From the 2072aneter cross
section downstream, due to the similar behavior of
the riverbed in both scenarios of having and not
having a dam, the roughness coefilent does not
differ significantly between the two cases.
However, between the 3756meter and 2072
meter crosssections, the trend is quite different,
with the roughness coefficient of the riverbed
increasing due to the presene of the upstream
dam. The upstream dam's presence generally
increases the riverbed's roughness coefficientin
contrast, in the absence of the dam, the roughness
coefficient is lower due to the higher concentration
of sediment load in the flow compared to the
default condition.
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Fig. 23. Roughnesgoefficient: a) Bray-strick,
b) Bray, ¢) Hendersond) Gradeand raju,
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Conclusion

The effects of the presence of a dam on riverbed
changes and total sediment concentration,
compared to the nedam condition, have been
analyzed for an identical passing flood event. The
overall findings regarding the dam's impact on
riverbed changes and total sediment load are
summarized below, along with the effects of
conditions such as temperature changes and
accumulation of floating objects on riverbed
elevation changes.

1) With the construction of the dam, the
suspended sediment load at the upstream station
has significantly decreased compared to the nro
dam condition. The concentration and total
sediment load in the river flow have changed
accordingly. When entering the study area, the
total sediment discharge at peak flow was
30,640.83 and 9,964.06 tons per day for the no
dam and dam conditions, indicating a 67.48%
reduction in sediment discharge due to the
upstream dam. The sediment discharge increased
for both conditions until downstream of the stilling
basin (at the 3350meter crosssection) and then
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decreased. The most significant increase in total
sediment discharge occurred due to the dam, with
an 87.20% increase compared to the incoming
sediment discharge, resulting in a total discharge of
18,652.23 tons per day. The construction of the
dam has ledto an average reduction of 45.62% in
total sediment discharge along the river compared
to the no-dam scenario. The sediment discharge
exiting the study area was 12,333.93 and 7,723.62
tons per day for the nadam and dam conditions,
respectively,  representing reductions  of
approximately 59.75% and 22.48% compared to
the incoming sediment discharge.

2) The construction of the upstream dam has
altered sedimentation and erosion behavior in the
riverbed, leading to increased erosion along the
river's longitudinal profile. Within 2072 meters
downstream of the study area, sedimentation
occurred in mostriver cross-sectionswithout the
dam. The maximum increase in bed elevation due
to sedimentation in the nedam scenario was 3.965
meters, which was reduced by 26.53% with the
dam's construction. However, the maximum depth
of bed erosion between the two conditions lsowed
only a slight difference, with a depth of 1.52 meters
during dam construction, representing an
approximately 1% increase. Comparing bed
changes in crosssections upstream and
downstream of hydraulic structures indicates that
the dam has led to increaed erosion and decreased
sedimentation in the riverbed.

3) Temperature changes have not altered the
trend of riverbed changes (sedimentation or
erosion) but have affected the amount of erosion or
sedimentation. In this study, a water temperature
of 10°C was considered. For instance the
maximum erosion depth during a flood event was
1.31 meters in a crosssection where erosion
occurred. The maximum erosion depth remained
unchanged with a decrease in temperature to 5°C
At a temperature of 20°C, the maximum erosion
depth increased by 2.29% to 1.34 meters.

4) The accumulation of floating debris
upstream of bridge piers causes additional
constriction of the river's cross-section,increasing
shear stress on the riverbed. The presence of
debris affects only the areas upstream and
downstream of the bridge and does not
significantly influence the overall sediment
transport along the river's longitudinal path.
Upstream of the Kewe Swar Bridge, ithe absence
of floating debris, the riverbed initially experiences
erosion during a flood event, followed by an
increasein the riverbed elevation due to sediment
deposition. In the presence of debris, the pattern of
bed elevation shifts from a risingfalling trend to
soleerosion. Although theerosion depthgradually
fills, the overall bed elevation decreases. The
maximum general scour depth upstream of the
Kewe Swar Bridge innormal conditions is 0.243
meters, whereaswith the accumulation of floating

debris, this depth increases to 0.424 meters,
representing a 74.48% increase.
5) The average particle diameter in the riverbed

sediment is always subject to change due to
erosion or deposition. Thedam's construction has

reduced the river flow's suspended sediment load

while increasing riverbed erosion. An examination
of the average particle diameter at the 1650neter
cross-section, which has experienced erosion,

reveals that erosion increases the average particle

diameter both with and without the dam. An

increase in the aveage particle diameter of

sediment results in higher critical shear stress for
the sediment particles. The construction of the
dam, by increasing erosion, has led to larger
sediment particles compared to the nedam

scenario. Thisparticle size change can impact the

riverbed's hydraulic roughness coefficient
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