
Citation: Lee, J.; Ahn, J. Analysis of

Bed Sorting Methods for One

Dimensional Sediment Transport

Model. Sustainability 2023, 15, 2269.

https://doi.org/10.3390/su15032269

Academic Editors: Daeryong Park,

Momcilo Markus and

Myoung-Jin Um

Received: 29 November 2022

Revised: 14 January 2023

Accepted: 19 January 2023

Published: 26 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Analysis of Bed Sorting Methods for One Dimensional
Sediment Transport Model
Jeongmin Lee 1 and Jungkyu Ahn 1,2,*

1 Department of Civil and Environmental Engineering, Incheon National University, 119 Academy-ro,
Yeonsu-gu, Incheon 22012, Republic of Korea

2 Incheon Disaster Prevention Research Center, Incheon National University, 119 Academy-ro, Yeonsu-gu,
Incheon 22012, Republic of Korea

* Correspondence: ahnjk@inu.ac.kr

Abstract: Proper estimation of sediment movement is very critical for the management of alluvial
rivers. Computing the sediment transport with single particle size is possible. However, particles on
the river bed and in transport have a size distribution. It is very important to estimate bed material
size change, such as bed armoring, in case of scour. In this study, the applicability of the bed sorting
method, which is available with HEC-RAS, was analyzed. Bed sorting methods divide the bed
into two or three layers. Numerical simulations were conducted in the Geum River, Korea. The
performance of the simulation with respect to bed sorting methods was evaluated by considering the
temporal change of bed material size during the scour and armoring process. Three layer methods
are not applicable for a natural river and had oscillatory temporal bed material size variation. The
two layer method has stable temporal bed material size changes and predicts the armoring of the bed
properly even with limited field data. Consequently, the active layer method is reliable for natural
rivers to simulate the bed material size change while applications of three layer methods require
sufficient investigation.

Keywords: active layer; bed sorting method; Copeland method; deposition; HEC-RAS; scour;
sediment transport; Thomas method

1. Introduction

The fluvial process is a dominant factor in the shape of a river. The change of to-
pography affects the hydraulics of the river. Furthermore, the safety and the functional
performance of hydraulic structures are affected by the change of topography. Sedimenta-
tion causes floods by reducing reservoir capacity and reducing flow area [1]. Flood level
rise and water storage capacity reductions in reservoirs due to sedimentation should be
solved. Scour dominant cases cause bridge failures [2,3]. Many cases of bridges failure
due to excessive scour induced by flood have been reported [4,5]. Scour caused 60% of the
destruction of more than 1000 piers in the United States over a period of 30 years [2,6]. Nu-
merous European bridges were damaged due to scour as well [7]. Similarly, bridge failures
were observed in South America and Asia [8–11]. Therefore, it is necessary to estimate the
amount of sediment erosion and deposition properly to respond to the sediment problems.

Numerous studies were conducted to understand the behavior of sediment particles.
Ahn and Yang (2015) suggested a method for determining the recovery factor for the
simulation of non-equilibrium sedimentation to reflect the spatial and temporal delay of
sediment particle movement. The applicability was verified by comparing the simulation
results with previous studies [12]. The flow instability during a flood affects the structures
and particle behaviors. Previous studies demonstrated that the analysis of sediment particle
behavior is important for an unsteady state by showing that the sediment transport can
vary depending on flow conditions [13].
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There are empirical and analytical methods for analyzing the sediment transport in
rivers. The empirical method analyzes the relationship between hydraulic characteristics
and sediment behavior with physical experiments or field measurements. The results of
the empirical analysis are reliable because they are realistic. However, it has disadvantages.
It takes significant effort to collect the data and has a distortion or scale effect when the
physical model is used [14].

The analytical method obtains mathematical solutions using the governing equations
of flow and sediment transport. Numerous models were developed for sediment transport
analysis. HEC-6, developed by the U.S. Army Corps of Engineers (USACE), is one of the
most famous numerical models that can simulate river bed change [15]. The analytical
method is commonly used for sediment transport analysis because it can reduce the effort
for model construction and has no distortion effect on the model. In general, a three
dimensional model and a one dimensional model are used separately according to the
spatial extent of the basin and simulation time duration [16].

Various approaches have been suggested to estimate sediment quantities. Guo et al.
(2020) investigated the relationship between the inflow sediment concentration and the
outflow amount of sediment with respect to the magnitude of the flood, using the observed
flow rate and sediment load data to understand sediment transport characteristics of the
Lower Yellow River. As a result, sediment concentrations for deposition, erosion, and
equilibrium were determined according to the magnitude of the flood at the Xiaolangdi
station [17]. Wang et al. (2007) studied the alluvial processes at several cross sections of
the Yellow River and one of its tributaries, the Weihe River, after the construction of the
Sanmenxia Dam. As a result of analyzing the observed data from the river bed, it was noted
that the flood level increased and the reservoir capacity decreased due to the deposition in
the upstream part of the reservoir. Furthermore, at the downstream part, the stability of
the dyke reduced due to the lateral migration of the channel in the future [18]. Ahn et al.
(2013) evaluated the flushing efficiency according to the operation of the dam spillway
gate in order to manage storage capacity reduction due to sedimentation. Flushing with
the gate operation scenarios was simulated and the flushing efficiency was evaluated [1].
Kwon et al. (2008) simulated a long-term river bed change of the Gokreung Stream using
the HEC-6 model to analyze the effect of the removal of weirs on the river bed. After the
weirs were removed, the change in the amount of sediment transport over time and the
pattern of bed elevation change were confirmed. The time to reach the equilibrium bed
of the Gokreung Stream was predicted [15]. Kiat et al. (2008) simulated the change of
the Kulim River bed with respect to the sediment transport formula and the roughness
coefficient. They noted that the basin characteristics that change after urbanization can
affect the sediment transport and river bed elevation [19].

HEC-RAS, developed in the 1970s by the USACE, is a representative numerical model
that can compute water surface curves and sediment transport. HEC-RAS is commonly
used for numerical investigation of water surface and flow velocity with the construction of
bridges [20]. In addition, it has the capacity of urban flood simulation due to the backwater
of reach [21]. The computation of sediment transport is analyzed by a sediment continuity
equation, the Exner equation [22]. It is necessary to compute the amount of sediment that
flows out of the control volume to analyze the sediment continuity equation. However, it
is very difficult to figure out a solution for sediment transport, because the relationship
between sediment and hydraulic properties is very complicated. Flow characteristics are
the dominant factor for the sediment transport. Flow characteristics are very complicated
and change continuously due to the effects of turbulence, vertical flow velocity distribution,
and many other aspects. The complexity and continuous variation of flow characteristics
make the analysis of the sediment transport very difficult. Therefore, various approaches
have tried to improve the accuracy of the sediment transport computation.

HEC-RAS was updated consistently to improve the performance of the model. Brunner
and Gibson (2005) explained the improvements of functions related to sediment transport.
In order to confirm the performance of the updated HEC-RAS, previous laboratory data and
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simulation results were compared [23]. Gibson and Piper (2007) compared and analyzed
the sensitivity and applicability of the bed mixing algorithm options available with HEC-
RAS [24]. Gibson et al. (2017) introduced additional functions and features of the upgraded
version of the HEC-RAS model. Sediment transport modeling for unsteady flow and the
Copeland method for the bed sorting were added to this version [25].

In general, the scour process occurs from the upper part of the river bed. The HEC-RAS
model divides the river bed into an active layer and an inactive layer during the process
of computation of sediment transport. The active layer is where the sediment transport
occurs, and there is no movement of sediment particles in the inactive layer. Armoring
affects the sediment transport on the river bed. The armoring of the river bed reduces
the amount of erosion. The finer bed materials are transported first and then the coarser
materials are placed on the river bed surface [26]. In order to apply the effect of armoring
to the computation of sediment transport, three methods: the active layer, Thomas, and
Copeland bed sorting methods, are available with HEC-RAS. The Thomas and Copeland
methods divide the active layer into a cover layer and a subsurface layer. Both methods
have three bed layers and reflect the effect of armoring in the computation of the sediment
transport. Active layer methods divide the bed layer into two layers only: active and
inactive layers. Since the armoring is an important factor which reduces erosion from
the bed, the application of a proper method is essential for the computation of sediment
transport [23,25]. Therefore, the applicability of the two bed sorting methods according to
the bed conditions was evaluated to suggest a proper way to select a bed sorting method.

2. Methodology
2.1. HEC-RAS Sediment Transport Modeling

Sediment transport is computed with the sediment continuity equation, the Exner
equation, as shown in Equation (1).

(
1 − λp

)
B

∂Z0

∂t
= −∂Qs

∂x
(1)

where B is channel width, Z0 is bed elevation, λp is the porosity of the active layer, t is time,
x is length, and Qs is sediment discharge.

The porosity of the active layer is required to convert the mass change into volume.
HEC-RAS calculates the change of bed thickness with time using the deviation of the
inflow and outflow of sediment in the control volume, which is the right hand side of
Equation (1) [22,27]. It is necessary to calculate the amount of sediment flowing out of the
control volume. However, the process of finding a solution for the relationship between
hydraulics and sediment characteristics is very complicated. HEC-RAS calculates the
sediment transport capacity, which is the transportable mass for each grain size of the
active layer. The deposition and the erosion amounts are determined for each grain size
class by comparing the calculated sediment transport potential and the amount of inflow
sediment from the upstream. If the inflow sediment amount is greater than the sediment
transport capacity, an excess amount of sediment deposits. Contrarily, the sediment deficit
is eroded from the river bed, satisfying the sediment continuity equation [22]. In HEC-RAS,
several sediment transport equations are applicable to calculate the sediment transport
potential. However, the sediment transport formulas suggested were developed for a
specific grain size, so experts’ engineering judgment is required to apply any formula.

2.2. Active Layer

Hirano (1971) suggested the active layer approach [28]. As shown in Figure 1a, this
approach classifies the river bed into two layers, an active layer, capable of sediment
transport in the time step, and an inactive layer that does not affect the calculation of the
sediment transport [24]. The amount of erosion or deposition is applied to the active layer
only. This means that the volume of the active layer is a sediment amount that can be
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transported within one time step. Therefore, the thickness of the active layer is a sensitive
variable for computing the amount of sediment transport.
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Figure 1. Schematic of the bed sorting method with HEC-RAS. (a) Two layer method, active layer
method; (b) Three layer method, Thomas and Copeland methods (modified from [22]).

The active layer sorting method has a sensitive effect on the computation of the active
layer thickness. Therefore, various methods for computing the active layer thickness were
suggested. The Thomas method defined the equilibrium depth as the active layer thickness.
Equilibrium depth is the maximum depth that sediment can be transported by the hydraulic
energy. A river bed deeper than the equilibrium depth is an inactive layer. Therefore, the
active layer thickness is determined by the difference between water depth and equilibrium
depth [22]. Equilibrium depth is determined from the relationship between hydraulic
energy, bed roughness, and sediment transport intensity, as shown in Equation (2).

Deq =

(
q

10.21 d1/3
i

)6/7

(2)

where Deq is the equilibrium depth for particle size i, q is water discharge of width, and di
is the particle diameter.

Copeland noted that the Thomas method often tends to overestimate the active layer
thickness, especially for the sand bed. Copeland suggested that the active layer thickness
is 15% of the flow depth or 2d90, whichever is greater. There are several other approaches
whereby the active layer thickness is a function of flow depth. Park and Jain (1987) sug-
gested Equation (3) for the determination of active layer thickness [29].

La = Cdh (3)

where La is active layer thickness, h is the flow depth, and Cd is a coefficient between 0.1
and 0.2.

Similarly, Orvis and Randal (1987) defined the active layer thickness as a percentage
of the water depth [30]. This percentage means that it is a calibration parameter. They
found that 20% of the flow depth was appropriate for their application to the Colorado
River [24,30].

The Thomas and Copeland methods divide the active layer into a cover layer and an
additional subsurface layer. In other words, these methods divide the bed layer into three
layers, as shown in Figure 1b. The cover layer is a concept to apply the armoring effect to
the calculation of the sediment transport amount, in which the small size material of the
bed is eroded first, and then the coarse particles remain to reduce the amount of sediment
erosion from the bed. The Thomas and Copeland methods calculate the armoring ratio of
the cover layer with the equivalent particle diameter (deq) [22].
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The armoring ratio is calculated using the sum of the equivalent particle diameters
for each particle size class. The calculated armoring ratio is applied to the calculation of
the scouring volume. The armoring ratio by the Thomas method is linearly interpolated
in the cumulative coarse equivalent thickness range from the lower boundary where the
cover layer has no effect on the scour of the subsurface layer to the upper boundary
that completely prevents scouring. The armoring ratio by the Copeland method uses a
polynomial line, as shown in Figure 2 [22].
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3. Model Setup
3.1. Study Area

To analyze the applicability of the bed sorting method to a river system, the Geum
River was considered as the study area. The basin area is 9912.15 km2 and the total
channel length is 397.79 km [31]. From Daecheong Dam to the Geum River Estuary bank,
130.47 km of river reach was selected for this study, as shown in Figure 3. According to the
investigation of the Ministry of Land Infrastructures and Transport (MOLIT), the shape
factor is 0.286. For land use, 61.42% of forest and 19.73% of paddy fields in the study
basin [31] were used. The percentages of gravel, sand, silt, and clays are 7.61, 73.48, 12.91,
and 6.00%, respectively. This indicated that most soils are composed of coarse grained
particles, which are bigger than sand [31]. Because more than 80% of sediment is sand
and gravel, the Geum River can be analyzed by applying conventional sediment transport
formulas which were developed for non-cohesive material. Therefore, the methodology
used for the Geum River can be applicable for the most sand rivers in Korea.
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3.2. Numerical Model Design

Input data required to simulate sediment transport are the flow rate or water stage
data, topography, and roughness coefficient. In addition, it consists of water temperature
data, sediment inflow from the upstream boundary, and grain size distribution data. The
upstream boundary condition was flow rate, discharged from the upstream Daecheong
Dam, and the observed tide level at the Geum River Estuary bank was used as the down-
stream boundary, as shown in Figure 4. The upstream flow and downstream tide data
were taken from 8 July to 12 July 2016. The downstream boundary was directly affected by
the tide. The channel geometry data and roughness coefficient from MOLIT (2016) were
applied [31]. MOLIT periodically surveys cross sections and the roughness coefficient of
the channel bed to make the master plan of river restoration. A reliable model should
be built by using surveyed field data for a plan to manage the river. In order to make a
numerical model, 106 cross sections were used along 130.47 km of the study reach. The
cross section was measured every 1 km along the river in general. In case of important
sections, such as hydraulic structures and confluence, the distance between cross sections
were shorter than 1 km. Spacing exceeded 1 km in cases of inaccessible areas. The average
distance between the cross section is 1.231 km, and the longest and shortest are 3 km and
0.315 km, respectively. The dynamic equilibrium sediment transport was assumed at the
uppermost cross section for the upstream sediment inflow, and the average value of the
observed water temperature was used. The bed material size distribution data surveyed
by MOLIT (2016) was applied. Bed gradation was not measured for all cross sections. The
interpolation method of the bed gradation for cross sections without measured data can be
found in the user manual of HEC-RAS. If any cross section is located between one cross
section with observed data and the boundary, HEC-RAS copies the bed gradation from the
closest cross section with observed gradation [32].
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3.3. Model Validation

Simulations were performed using upstream flow and downstream tide levels as
boundary conditions, and the applicability of the model was analyzed by comparing the
computed and the observed values at three gauging station in the study area, as shown in
Figure 5.
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(126.8 km from the downstream boundary); (b) Second station (101.87 km from the downstream
boundary); (c) Third station (98.95 km from the downstream boundary).

In Figure 5, the model underestimated at the first and third stations, while it overes-
timated at the second station. Along the study reach, three gated weirs were built. The
HEC-RAS model has three options for the gate operation based on upstream water surface,
the specified reference, and the difference between the upstream and downstream water
stages. The specified reference option would be the most accurate for the simulation deal-
ing with the actual gate operation. However, it is difficult to secure the exact time of the
opening of the gate, the opening speed, and the time it closed on the particular day in July
2016. In this study, we used the option of differences between water stages. Therefore, it is
considered that errors of the simulation results are due to the gate operation in the field.

Indicators used for accuracy analysis were RMSE (Root Mean Square Error) and AGD (Av-
erage Geometric Deviation). The indicators were computed by using Equations (4) and (5). The
results are summarized in Table 1, indicating that an appropriate model was established.

RMSE =

[
∑n

i=1(Pi − Oi)
2

n

]1/2

(4)

AGD = [∏n
i=1 Ri]

1/n

Ri =
Oi
Pi

f or Oi > Pi

Ri =
Pi
Oi

f or Pi > Oi

(5)

where Oi and Pi are the observed and computed value, respectively. Ri is the special
discrepancy ratio, and n is the total number of data.

Table 1. Evaluation of the accuracy of the model.

1st Station 2nd Station 3rd Station

RMSE (m) 0.06 0.07 0.13
AGD (-) 1.00259 1.00579 1.01474

4. Evaluation of Bed Sorting Methods
4.1. Result of Bed Change with Respect to Bed Sorting Mehtod and Sediment Transport Equation

The results of bed change with respect to sediment transport equation and bed sorting
methods were compared. The simulation duration was 500 h with a time step of 60 s.

Two sediment transport equations and three bed sorting methods were applied for
sediment transport simulation. According to the literature, the Engelund-Hansen equation
is the most suitable for sand transport computation. Because it is a dimensionless equation,
it has advantages of application [33,34]. According to the investigation of MOLIT, sedi-
ment particles of the Geum river bed are composed of 73.48% sand, and it is one of the
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representative sand rivers among Korea’s major rivers. Therefore, the Engelund-Hansen
equation was selected. The Laursen equation, which is suitable for size ranges between
the 0.011 and 29 mm range, was selected as well [22]. This study focused on selecting the
proper computational method for the bed armoring process of sand rivers. Regardless
of the sediment transport equation, the suitable and stable computation of bed armoring
is essential. If the bed armoring is not simulated properly during the erosion process,
no sediment transport equation can simulate the sediment movement properly after the
erosion process. A total of six cases of simulations with respect to the combination of
sediment transport equation and the bed sorting method are indicated in Table 2.

Table 2. Simulation case definition.

Case Sediment Transport
Equation Bed Sorting Method

EH_A Engelund-Hansen Active layer method
(Two layers)L_A Laursen

EH_C Engelund-Hansen Copeland method
(Three layers)L_C Laursen

EH_T Engelund-Hansen Thomas method
(Three layers)L_T Laursen

Simulated bed changes are shown in Figure 6, indicating differences in amounts of
scouring or deposition with respect to the combination of simulation options. Both bed
aggradations and degradations exist along the river, as summarized in Table 3.
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Table 3. Number of deposited or eroded cross sections (total 106 cross sections).

Case Number of Deposition Cross-Sections Number of Erosion Cross-Sections

EH_A 60 46
L_A 46 60

EH_C 63 43
L_C 6 100

EH_T 45 61
L_T 37 69

4.2. Capabilty of Simulating Armoring and Grain Size Variation

This study tried to indicate the computed temporal change of median bed material size,
d50. Furthermore, d50, d10 and/or d90 are commonly used as representative particle sizes of
sediment mixture. The trends for d10, d50, and d90 were similar for this study. Therefore,
d50 changes were considered in the evaluation. In order to analyze the applicability of
the bed sorting method, the relationship between bed material size change ratio, d50_R,
and cumulative river bed volume change during the simulation, dV, was used. The bed
material size change ratio is defined in Equation (6).

d50_R =
d50, f

d50,i
(6)

where d50,f is d50 after 500 h, and d50,i is d50 of initail condition.
The relationships between bed elevation and bed material size changes are visualized

in Figure 7, indicating the d50_R and dV for each cross section with respect to combination
of simulation options. The left side of 0 on the x-axis indicates the scour, “-” value of
dV, the right side indicates deposition, “+” value of dV. The upper side of 1 on the y-axis
indicates the increase of d50 and the lower side indicates the decrease of d50. In other words,
d50_R > 1 means that the bed material becomes coarser while d50_R < 1 indicates that it is
becoming finer.

In general, fine materials are eroded earlier and coarse materials remain in case of
erosion, the so-called armoring process. Thus, it is reasonable that bed particles should
become coarser during the bed erosion. In Figure 7, the third quadrant indicates scouring
with a decrease of d50, with the bed material getting finer, which is not realistic. Therefore,
the values on the third quadrant are a clear indicator of the poor capability of simulating
the armoring process. The number of cross sections found from the third quadrant is
summarized in Table 4. There are several cross sections found from the 3rd quadrant for
cases EH_A, L_A, and EH_C, as shown in Figure 7a–c, and Table 4. However, the amounts
of scour at cross sections on the third quadrant are very small for these three cases of
simulations. One of the examples of the cross section, which has very small scour with bed
material becoming finer, is at 41.99 km, as shown in Figure 6e. In this figure, the scour is
not significant for cases of EH_A, L_A, and EH_C. In Figure 7a and Table 4, seven cross
sections are found in the third quadrant. Cross sections in the third quadrant have a steep
slope or reverse slope in terms of thalweg. They are at 55.94, 54.73, 48.5, 43.29, 41.99, 26.14,
and 19.18 km. Cross sections at 41.99 and 19.18 km have a steep slope and horizontal slope,
respectively. The other five cross sections have a reverse slope. The cross sections at 43.29,
41.99, and 19.18 km have an island. The cross section at 26.14 km has a braided pattern.
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Table 4. Number and ratio of cross sections in the third quadrant (total number of cross section
is 106).

Case

Number of Cross
Sections in 3rd

Quadrant “Scour,
Become Finer”

3rd Quadrant
Percentage

Average of dV
in 3rd

Quadrant

Standard
Deviation of

dV in 3rd
Quadrant

Average of
d50_R in 3rd
Quadrant

Standard
Deviation of
d50_R in 3rd
Quadrant

EH_A 7 6.6% −30,820.8 22,353.3 0.60 0.27

L_A 0 0% - - - -

EH_C 6 5.6% −21,711.5 21,251.0 0.23 0.16

L_C 28 26.4% −810,803.6 504,738.3 0.44 0.22

EH_T 29 27.4% −184,628.4 126,136.3 0.16 0.25

L_T 24 22.6% −673,414.6 311,869.8 0.63 0.24
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In Figure 7d–f, 26.4%, 27.4%, and 22.6% of points were located on the third quadrant
respectively, more points than are located on the other cases. This means that the relation-
ship between the erosion phenomenon and the bed grain size change was not explained
properly. From Figure 7c,d, the Copeland method has a different result with respect to the
sediment transport equation. The Copeland method with the Engelund-Hansen equation
simulates bed armoring reasonably, while the Thomas method does not. As shown in
Figure 7e,f, the Thomas method is not applicable regardless of the sediment transport
equation. On the other hand, the third quadrant is almost empty in Figure 7a,b. This means
that the active layer method, the two layer method, reflects the tendency of bed armoring
reasonably, regardless of the sediment transport equation.

4.3. Temporal Bed Material Size Variation

Figure 8 indicates the bed material size, d50, on the river bed with respect to the time for
all four quadrants, except for Figure 8b, which does not have the third quadrant value. The
bed material size of active layer method is stable for all quadrants, as shown in Figure 8a,b,
while the Thomas and Copeland methods have oscillatory changes, as shown in Figure 8c–f.
This oscillation is a clear sign of instability. Thus, it is only suitable for a specific state
river bed sediment transport simulation. Therefore, sufficient investigations should be
made to apply the Thomas and Copeland methods to natural state river sediment transport
simulations. However, the active layer method is generally applicable with a limited field
data set.
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When scour occurs, the average particle size typically increases. Because finer particles
move earlier than the coarser ones, the finer material flows downstream earlier. Therefore,
some cross sections are affected by the fine material, which was eroded from the upstream
part. In Figure 8a,b, it is shown that d50 decreases temporarily. However, the simulated bed
material size was increased compared to the initial size.

The cross-section in Figure 8 (125.66 km from the downstream boundary) was on the
second quadrant for all simulation cases. The cross section at 125.66 km was selected as
a representative one of the bed material becoming coarser with scour, which suggests an
armoring process. The deposition is dominant for the cross sections in the first of fourth
quadrants. The bed materials on the depositional cross sections are directly affected by the
characteristics of incoming sediment from upstream. Thus, the temporal change of the bed
material size for the cross sections in the first of fourth quadrants varies with location.

5. Summary and Conclusions

Sediment transport computation is a necessary process to solve the river sediment
problem. However, there is a lack of research on the applicability of the bed sorting
method for river bed armoring algorithms. In this study, simulation stability with respect
to the bed sorting method was analyzed by using HEC-RAS. To simulate the sediment
transport, a model was constructed using the Geum River, which is a representative sand
river, with geometry and river bed characteristics. The model was validated by comparing
the observed water level and simulation results. A sediment transport simulation was
conducted using this model setup. The performance of the sediment transport model
with respect to the bed sorting method was analyzed for six simulation cases. The bed
material size changes during deposition or scour processes were compared with respect to
the bed sorting method and sediment transport equation. The applicability of the methods
was evaluated by considering the ability to simulate the bed armoring process and the
temporal bed material size changes. Based on the modeling results, this study concluded
the following:

1. The bed material size should be increased for eroded cross sections. A comparison
of the simulation capability of the armoring process with respect to the bed sorting
method indicated that the active layer method, which utilizes two bed layers, simu-
lates the general phenomenon. On the other hand, methods with three bed layers are
too sophisticated to simulate armoring processes with general field data.

2. Temporal changes of the bed material size variation with the two layer method are
reasonable. However, the three layer methods provide oscillatory profiles of bed
material size, especially for erosion. Because the three layer methods keep updates
of the properties of cover layer for every time step, the oscillatory profile of the bed
material size on top of the river bed is inevitable.

3. Copeland suggested the applicable particle size range for three layer methods, which
means that the bed material size distribution data should be sufficient to apply the
three layer method. However, the river bed particle size distribution varies along the
reach. In addition, the measurement of bed material size distribution requires effort.
Therefore, the three layer method is difficult to be applied to a river with multiple
sediment sizes.

4. The three layer methods are not very applicable without sufficient field data. In
general, a sufficient amount of data is required to solve localized problems. In this
case, the field data for the localized simulation may be enough for the application
of three layer methods. On the other hand, the management of the entire river
system does not require as much of a data set as dealing with a localized problem.
Consequently, the two layer bed sorting method is reliable for long reach simulation
for engineering purposes. This study focused on a sand river. Further studies with
some other river basins may improve the accuracy of the bed sorting prediction.
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