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available at the end of the article (Stream Synthesis and Reservoir Regulation Model). Changes in the river bed were

simulated using RMA-2 and SED-2D, which are hydraulic models. As a result, it was
found that the river bed variation is significantly affected by the inclusion of
sediment in flood flow at upstream. A comprehensive evaluation of above results
revealed that the river width has significantly affected flow rate, and the inclusion of
sediment in flood flow from the upstream has a huge effect on changes in the
riverbed. In this regard, there is a need to devise measures to mitigate future flood
damage to artificial structures by reflecting sedimentation trends downstream before
the construction of large-scale artificial structures at downstream of river.
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Introduction
These days, the irrigation facilities and the facilities in the vicinity of river are classified
into different categories and managed based on the purpose of low flow (occurs mostly
in winter season) and high flow (occurs mostly in summer season/monsoon season),
and are constructed according to the plans designed to maximize economic effects.
Both hydrologic analysis and hydraulic analysis need to be conducted as part of prelim-
inary basic investigation and analysis before these facilities are installed. The hydro-
logic analysis has been taken to an advanced level through many applications. On the
other hand, the hydraulic analysis was based on hydraulic model experiment and there-
fore much difficulty was involved in its application in Korea. However, the advance-
ment of computers in contemporary era has helped resolve those problems to some
degree, enabling the hydraulic properties to be analyzed based on numerical model.
The model commonly used for the experiment of numerical model is the HEC-RAS
(Hydrologic Engineering Center-River Analysis System), the 1-Dimensional Gradually
Varied Unsteady Flow, which has the advantage of both easiness in model application
and usability of survey data. In fact, the 1-dimensional analytical method is applied to
the most river basic fundamental planning. Hongwei et al. (2008) used one-
dimensional numerical model capable of calculating total-load sediment transport.
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However, the 2-dimensional model needs to be applied to meet the engineering need
for more elaborate free analysis, such as the analysis in conjunction with the river bed
variation analysis, 2-dimensional water quality analysis, analysis of the changing pattern
of local flow based on the variation of channel flow or analysis in case that various hy-
draulic facilities - such as bridge, weird, etc. - exist or in case of the confluence where a
tributary joins the channel.

The hydrological model tends to be divided into lumped model and distributed
model. This study investigated application cases with a focus on distributed model due
to the limitations of input data. Narut (1978) analyzed the characteristics of parameters
by using SSARR model and how each parameter works in runoff. Lee and Kim (2001)
applied the SSARR model to the Nakdong River watershed, exhibited the excellence of
seasonal discrimination using a Genetic Algorithm (GA) for calibrating parameters and
presented the advantages of flow calculations. Jeong et al. (2006) presented basic data
necessary for figuring out the scale of water supply from the Hwacheon Dam and oper-
ating the dam in the future using the SSARR model through the identification of runoff
characteristics based on past hydrological data (1998-2005). Lee et al. (2009) estimated
and verified the long-term runoff volume using the SSARR model as well as hydro-
logical, spatial information in a small catchment of the Geum River watershed. Based
on their data, reliable hydrological information in connection with rainfall-runoff man-
agement module was presented.

With regard to researches on numerical analysis, Han et al. (1993) studied effects
of rising water levels due to obstacles resulting from riverbed slope, flow coefficient
and roughness coefficient using the BPR (Bureau of Public Road) method. The law
of energy conservation is applied to analyze the effects of rise in water levels
caused by bridges during flooding. Jeong et al.(2006) calculated a new expression
for the transverse riverbed slope by applying linear relationship and exponential re-
lationship equations.

Song et al. (1994) conducted an analysis by applying existing transverse riverbed slope
prediction models to river bend of selected watershed and apex potion of bend for esti-
mation of transverse riverbed slope at channel bends. Maeng and Lee (2007) analyzed
the hydraulic properties on the downstream of Hwacheon Dam to select a point where
fish ladders are installed in Hwachon Dam downstream.

Nagata et al. (2000) has developed a 2D sediment model for banks of river. Hung
et al. (2009) developed an unsteady 2D depth-averaged model, applied at alluvial chan-
nels where there is no uniformity in sediment transport. Duan and Julien (2010) applied
2D numerical simulation considering river bed changes, suspended sediment transport
and bedload. Li and Millar (2011) developed 2D morphodynamic model of gravel-bed
river with floodplain vegetation, considering the effects of riparian and floodplain vege-
tation on bank strength, floodplain flow resistance, shear stress partitioning, and bed-
load transport. Serrano-Pacheco et al. (2012) conducted two-dimensional bedload
transport simulations, in which bedload transport is computed by a power law of flow
velocity and by a flow/sediment interaction parameter.

This study presents a prediction of river bed variation in near future on assumption
that the changes in upstream flow rates and past flow rates.

For that, the hydrological analysis of Hosan Stream Basin was conducted first, which
was followed by the analysis of hydraulic properties based on the 2-dimensional
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numerical model by using the daily discharge, derived by the hydraulic analysis, and
the observation precipitation as the input data.

Selection & characteristics of the model

After conducting the hydrological analysis of Hosan Stream Basin watershed to simu-
late the variations in downstream part of Hosan Stream, the hydrologic characteristics
need to be analyzed based on 2-dimensional numerical model by using the daily dis-
charge and observation precipitation, of each river which are obtained by hydrological
analysis as the input data. To ensure objectivity of results in this analytical process, it is
very important which model to select from many hydrologic models and hydraulic
models that have been introduced in Korea and abroad. It requires to be the long-term
model from the standpoint of analysis period because the long-term runoff analysis has
to be conducted for the hydrological analysis. The lumped model must be selected
which makes it relatively easier to obtain the input data than the distributed model
which requires the detailed river information from the standpoint of analytical method.
Model was selected which was deemed suitable for the purpose of this study and had
been used in many cases both in Korea and abroad (Fig. 1). In addition, the 2-
dimensional model was selected which enabled the simulation of river bed variation
characteristics for the analysis of hydraulic characteristics. Both RMA-2 model and
SED-2D model, which are GUI (Graphic User Interface)-supported, were selected.

The SSARR model is the model that has been constantly calibrated since its development
by the US Army Corps of Engineers (USACE) in 1956, and has been widely used for the
purpose of predicting real time daily discharge of large-scale basin, reservoir regulation, etc.

To implement the RMA-2 model, the bed material characterization coefficient and
boundary condition must be introduced from finite element grid (Fig. 2). The general
boundary condition includes the discharge, velocity of flow, and water level. In
addition, there are the n values of coefficient of roughness of Manning, the coefficient
of bed material characteristics, and the eddy exchange coefficient of eddy viscosity term
that can indicate the turbulent components based on flow characteristics.

The SED-2D model is continuously modified and refined as the revised edition of
STUD-H program which was developed by Ariathurai and Krone (1976). SED-2D
model can be simulated for river bed sand and river bed clay, but cannot be simulated
for concrete structure. Moreover, the simulation can be conducted for only one repre-
sentative grain size when effective grain size is considered, and therefore simulation
must be performed separately for other effective grain sizes.

The finite element formula for SED-2D model was proposed by Ariathurai and Krone
(1976), and can be summarized by the 4 important calculations such as advection-
diffusion equation, bed shear stress, river bed specification, and river bed model.

Characteristics of the concerned basin

Overview of the basin

Hosan Stream is the local river and originates from Icheon-ri (most small administra-
tive unit in Korea), Samcheok city. It flows southeast and joins the East Sea. Hosan
Stream has the stream length of 20.5km and watershed area of 64.8km?. The stream
slope of Hosan Stream is relatively gentle, ranging from 1/58 to 1/195 in the middle
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Fig. 1 Simulation process of SSARR Model at the stream
.

and downstream, while it maintains the mountain stream with relatively steep stream
slope ranging between 1/17 and 1/28 in middle and upstream.

Weather & Climate

The meteorological observation scope of Uljin Weather Station, which is geographically
adjacent, was selected as the survey area in order to determine weather conditions of
Hosan Stream Basin. The meteorological characteristics were analyzed based on major
meteorological elements by using the meteorological data that have been collected over
the last 13 years (from 1999 to 2011). The observation scope of Samcheok city is cov-
ered by Donghae Meteorological Agency, but the meteorological data of Uljin Regional
Meteorological Office were used because the target area located in the southern part of
Samcheok city is closer to Uljin Regional Meteorological Office (Fig. 3).

The temperature data which had been collected by Uljin Regional Meteorological
Office over last 13years (from 1999 to 2011) were investigated. The annual mean
temperature was 12.9 °C, while the seasonal temperature was 11.9 °C in spring, 22.0 °C
in summer, 14.8°C in autumn, and 3.0 °C in winter. The maximum difference in sea-
sonal mean temperature was 19.1 °C.
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Fig. 2 Modeling process of RMA2 (Environmental Modeling Research Laboratory (2003))

The highest monthly mean temperature was 23.5°C in August. The highest monthly
temperature was 36.3°C in August, while the lowest monthly temperature was —
13.3°C in January.

As it is important to acquire the long-term precipitation data for the hydrological
analysis, the precipitation data of Uljin Regional Meteorological Office were collected
for period spanning from 1972, the observation reference year, to 2011. The annual
average precipitation was 1096.lmm. The seasonal distribution of precipitation was
195.6mm in spring, 485.6mm in summer, 312.9mm in autumn, and 102.1mm in winter,
suggesting high level of precipitation in summer which is consistent with the typical
weather trends in Korea, and the precipitation concentration ratio was found to stand
at 44.3% (Korea Meteorological Administration, 2011).

Hydrological analysis
Physical parameter
The parameter set in the hydrologic model can be classified into physical parameter,

hydrologic meteorological parameter, and internal processing parameter. The parameters
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Fig. 3 Hosan Stream Basin

\

that had to be determined in SSARR model include the hydrologic meteorological input
parameter, rainfall and snowfall data, weighed value of index, maximum intercepted
amount, and temperature.

Internal processing parameter

The SMI-ROP, BII-BFP, and S-SS, which are the internal processing parameter of
SSARR model, were estimated. The internal processing parameter must be estimated
through the calibration with the discharge simulated by SSARR and the discharge
observed at the Hosan Stream. However, it is impossible to conduct the calibration
through the comparison of SSARR model-based simulation discharge and observation
discharge because there is no observation discharge data for the target stream of this
study. Thus, this study used the internal processing parameter estimated when the
SSARR model was applied to the Pyeongchang River basin which is geographically
close to the target basin, has similar physical properties of basin, and generated reliable
observation discharge data (Korea Water Resources Corporation 2008). Table 1
presents the SMI (Soil Moisture Index) - ROP (Runoff Percent) BII (Baseflow Infiltra-
tion Index)—BFP (Base Flow Percent) and S-SS (Surface-Subsurface Separation) which
are the internal processing parameter applied in this study. In addition, the values

Table 1 Internal Processing Parameter

SMI (cm) ROP (%) BIl (cm/d) BFP (%) S-SS (cm/hr) Surface Comp.
(cm/hr)
0 8 0.0 40 00 0.00
1 30 1.0 14 05 0.15
2 51 1.5 1 1.0 0.57
3 65 20 10 1.5 1.07
4 81 25 10 20 157
5 59 30 10 25 2.07
10 100 50 10 30 257

999 100 10.0 10
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presented in the SSARR Manual were used as internal processing parameters such as
infiltration, storage period, maximum infiltration, maximum ground water discharge
ratio, etc. (USACE 1991).

Estimation of simulation discharge

The daily discharge at the end of Hosan Stream Basin was simulated for the period
spanning from 1972 to 2011 based on SSARR model by applying the parameter and
input data which were determined. Figure 4 presents the daily mean discharge of Hosan
Stream Basin for the period from 1972 to 1980, the period from 1981 to 1990, the
period from 1991 to 2000, and the period from 2001 to 2011, and the daily mean
discharge for the entire period of analysis.

The years with the maximum, medium, and minimum discharge at Hosan Stream
Basin are 2003, 1984, and 1979, respectively, among the daily discharges which were
simulated for the period of 4 decades spanning between 1972 and 2011. Moreover, it
can be found that the discharge after 2000 was relatively higher than the level recorded
before 2000.

Flow regime analysis

It is very important to determine the discharge, the input data of RMA-2 model,
when the flow velocity distribution and river bed variation characteristics are
analyzed for the section of the target stream. Thus, the flow regime analysis was
conducted to determine the flood discharge, abundant water discharge, normal
flow, low water discharge, and drought flow of Hosan Stream Basin, by applying
the discharge of Hosan Stream which was simulated based on SSARR model. The
results of analysis showed the flood discharge of 89.5m®/s, abundant water
discharge of 0.8m>/s, normal flow of 0.4m?/s, low water discharge of 0.3m?/s, and
drought flow of 0.2m?/s.

—--1970s Average
————— 1980s Average

~~~~~ 19905 Average

-=-2000s Average

——Total Average

Discharge (ni/s)
«

EARECA LN

0 30 60 90 120 150 180 210 240 270 300 330 360
Day

Fig. 4 Average daily discharge by year
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Fig. 5 Map of Current Status of the Analyzed Section

Hydraulic analysis

Longitudinal & Cross-Sectional Analysis

The cross-section of river was divided into 9 sections (from No. 0 to No. 8) as shown
in Fig. 5 to determine the shape of river bed and material properties for the simulated
target section. The geometric data were arranged as shown in Fig. 6 as the pre-
processing process of RMA-2 model in order to analyze the river variation characteris-
tics of the section illustrated in Fig. 5. The grid network was arranged as shown in Fig. 7
by using the geometric data.

Flow velocity distribution

The discharge, which is the boundary condition for the upstream, was set to 89.5.0m"/s,
flood discharge which was determined when flow regime analysis was conducted. The
water elevation, the boundary condition for the downstream, was set to elevation (EL).
4.40 m based on the Trial and Error Method. Water elevation and boundary condition for
the downstream, was set to EL. 4.40 m based on Trial and Error Method. Water elevation
and boundary condition of downstream, was set to EL. 4.40 m based on Trial and Error
Method. The coefficient of roughness (unit-less coefficient that changes according

Mesh Module elevation

s

e

Fig. 6 Arrangement of the Geometric Data for the Analyzed Section
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Fig. 7 Arrangement of Grid Network for the Analyzed Section

roughness of the surface as indicated in the manual) was set to 0.030 as river bed mate-
rials consisted the mixture of sand and gravel. For the analyzed section, the water level
distribution, water depth distribution, flow velocity vector figure and flow velocity distri-
bution figure are presented in the Figs. 8, 9, 10, and 11 based on results of analysis.

The water level distribution for the analyzed section was EL. 440 m to EL. 4.99 m as
shown in Fig. 8, and maximum water level occurred at right bank of section between
No. 0 and No. 1 which corresponds to the upstream of analyzed section. In addition,
results of numeric simulation showed the changes in water level at each cross-section,
which is attributed to longitudinal and cross-sectional spread, the most typical charac-
teristics of 2-dimensional numerical simulation.

The maximum water depth was 4.37 m which occurred at section between No. 7 and
No. 9 in analyzed section as shown in Fig. 9. That is consistent with the geometric
spatial distribution figure shown in Fig. 6, and water depth exhibited relatively high
value because the maximum depth thalweg was lowest in the analyzed section. The
maximum flow velocity was simulated to be 3.25 m/s at the section from No. 1 to No. 2
as shown in Figs. 10 and 11. The flow velocity drastically fell by approximately 0.2 m/s

Mesh Module water surface elevation
4970
4890
4810
4730
4550
4570
4.430
4410
4330
4250

Fig. 8 Water Level Distribution Figure
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Mesh Module water depth

Fig. 9 Water Depth Distribution Figure

because the river width expansion was larger in downstream compared to the upstream
as flow traveled to downstream.

The results of simulation showed that the average water level variation based on
cross-section was EL. 440 m to EL.4.75 m in analyzed section. The maximum flow vel-
ocity was 1.89 m/s which occurred at No. 2, inlet area of upstream, while the minimum
flow velocity was 0.11 m/s which occurred at No. 9.

The mean flow velocity distribution based on cross-section ranged between 0.22 m/s
and 1.63 m/s. The maximum mean flow velocity based on cross-section was 1.63 m/s
which occurred at the cross-section of No. 1, while the minimum mean flow velocity
based on cross-section was 0.22 m/s which occurred at cross-section of No. 8.

River bed variation analysis

The major data fed into the SED-2D model for the river bed variation analysis are daily
discharge and suspended sediment amount. The daily discharge was defined as dis-
charge recorded in 1984, year positioned at middle in terms of total discharge. The sus-
pended sediment amount was based on the suspended sediment which was actually

Wector Legend
331 mis —
003mis -

Fig. 10 Flow Velocity Vector Figure
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Fig. 11 Flow Velocity Distribution Figure

measured in Geoyeon Stream, a mountain river similar to the Hosan Stream (North
Chungcheong Province 2012).

Based on aforesaid conditions, the simulation of river bed variation was performed
for 1 year (a total of 8760 h) based on SED-2D model. The simulation days was divided
into 180 days and 365 days based on the start date and end date of simulation for longi-
tudinal section and cross-section (No. 0 to No. 8) of the Stream. The results are illus-
trated in Figs. 10, 11 and 12.

Based on the results that have been observed in the 356th day and thereafter since
the start of simulation as shown in Figs. 12, 13 and 14, the river bed variation was rela-
tively significant in the upstream, compared to the downstream, in the section from
No. 0 to No. 9 as the flow travels to the downstream. The sedimentation of approxi-
mately 0.1 m occurred in the left bank of No. 0 section, while nearly no river bed vari-
ation occurred in the right bank. Almost no river bed variation occurred at left bank
and right bank of No. 1 and No. 2 sections. However, approximately 0.3 m sedimenta-
tion occurred in the maximum depth thalweg. The maximum sedimentation was ap-
proximately 0.42m in No. 3 section, which is attributed to the large difference of
elevation between left bank and right bank, compared to other cross sections and vari-
ous facilities installed for the construction of bridge in the vicinity of No. 3 section.

[Me<h Module bed change - 0.000
[ 0as2
0.402
0382
0302
0252
0202
0152
0102
0052
0002

Fig. 12 River bed variation distribution on the start date of simulation
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Mesh Mocule bed change : 4320000

Fig. 13 River bed variation distribution 180 days after the start of simulation

As shown in Figs. 12, 13 and 14, no variation was observed in the right bank of the
upstream based on the results of simulation for longitudinal distance of approximately
1.1km from the upstream to downstream in analyzed section. The sedimentation of
0.15m to 0.30 m occurred from the No. 3 to No. 6 sections which are the right banks
of downstream. Later, the sedimentation of longitudinal section in downstream was
found to decrease sharply.

Regarding the variation characteristics of the left bank and right bank of the stream,
the downstream showed a decreasing variation compared to the upstream while the
sedimentation of approximately 0.2 m occurred in the upstream.

Conclusion
In this study, a hydrologic analysis of the Hosan Stream was performed using SSARR, a
long-term runoff model, and two-dimensional hydraulic characteristics were analyzed
using SMS, a general-purpose program of RMA-2 and SED-2D to simulate two-
dimensional flow patterns. Results of the hydrologic and hydraulic analysis of the se-
lected watershed are as follows.

For the estimation of flood discharge, abundant water discharge, normal flow, low-
water discharge and drought flow, the simulated runoff of Hosan Stream watershed,

Mesh Module bed change : 8760.000
0452

Fig. 14 River bed variation distribution 365 days after the start of simulation
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which was estimated by the SSARR model from 1972 to 2011, was used. The results of
simulation on the analysis section using the estimated flood discharge as input data for
RMA-2 model showed that the maximum water level and flow rate occurred on the
right side in upstream of the section analyzed. As a result of the simulation for 365 days
from start date of the simulation using daily runoff of 1984 as input data of SED-2D
model, maximum sedimentation occurred in the upstream of the section analyzed.

A comprehensive evaluation of above results revealed that the river width affects flow
rate significantly, and the inclusion of sediment in flood flow from the upstream has a
huge effect on changes in the riverbed. Therefore, the concentration of sedimentation
inflowing from upstream is a very important element in the analysis of riverbed
changes when applying the SED-2D model. Measurement of sediment discharge needs
to be carried out.

In addition, there is a need to devise measures to mitigate future damage to artificial
structures due to flooding by reflecting sedimentation trends of the downstream before
construction of large-scale artificial structures in the downstream of the river as in the
case of the Hosan Stream.
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