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Soyang Lake is the largest lake in Republic of Korea bordering Chuncheon, Yanggu, and Inje in Gangwon
Province. It is widely used as an environmental resource for hydropower, flood control, and water supply.
Therefore, we conducted a survey of the floodplain of Soyang Lake to analyze the sediments in the area.
We used global positioning system (GPS) data and aerial photography to monitor sediment deposits in
the Soyang Lake floodplain. Data from three GPS units were compared to determine the accuracy of sam-
pling location measurement. Sediment samples were collected at three sites: two in the eastern region of
the floodplain and one in the western region. A total of eight samples were collected: Three samples were
collected at 10 cm intervals to a depth of 30 cm from each site of the eastern sampling point, and two
samples were collected at depths of 10 and 30 cm at the western sampling point. Samples were collected
and analyzed for vertical and horizontal trends in particle size and moisture content. The sizes of the
sediment samples ranged from coarse to very coarse sediments with a negative slope, which indicate
eastward movement from the breach. The probability of a breach was indicated by the high water content
at the eastern side of the floodplain, with the eastern sites showing a higher probability than the western
sites. The results of this study indicate that analyses of grain fineness, moisture content, sediment
deposits, and sediment removal rates can be used to understand and predict the direction of breach
movement and sediment distribution in Soyang Lake.

� 2020 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and
Higher Education Press Limited Company. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

River floodplains have attracted increasing attention in recent
years. This interest reflects the ecological significance of flood-
plains and river corridors in the landscape, their importance as a
buffer between rivers and the surrounding land, and their role in
providing storage capacity for flood control. There is also growing
awareness of the importance of their potential to absorb river
sediments and the associated nutrients and contaminants. Due to
its dynamic nature, sediment stored in river floodplains can be
reworked in the future and may pose a problem for future river
management [1]. Given this background, there is a clear need for
an increased understanding of the evolution of flood geomorphol-
ogy and its role in sediment dynamics.

Many artificial lakes have been created in Republic of Korea in
recent decades due to the construction of dams. One such lake is
Soyang Lake, which was created in 1973 behind the Soyang River
Dam. Soyang Lake (Fig. 1) is the largest lake in Republic of Korea,
bordering Chuncheon, Yanggu, and Inje in Gangwon Province. Its
basin area is 2703 km2 and the total reservoir size is 2.9 � 109 t,
making it an inland sea. Soyang Lake is widely used as an environ-
mental resource for hydropower, flood control, and water supply.
The lake drains to the Han River and North River, and is used as
the main water source for metropolitan areas, including Seoul.
Soyang Dam has a flood control capacity of 5 � 106 m3, which
has prevented flood damage in the metropolitan area and helped
drive its economic growth. However, the Soyang Lake reservoir
may have adverse effects on metropolitan areas located down-
stream. The cumulative rainfall in 2015 was 780.4 mm, which is
62% of the normal value of 1241.5 mm. As a result, the reservoirs
of national multipurpose dams, including those along the Han
River system, have been drastically reduced, and maintaining
water supplies to metropolitan areas has been difficult. Shin
et al. [2] studied the severity of drought in the Soyang watershed
using vegetation information obtained from Terra moderate
resolution imaging spectroradiometer (MODIS) satellite images
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Fig. 1. (a) The location of the study area on a satellite image; (b) a digital aerial photograph taken using drone imaging techniques with global positioning system (GPS)
plotting sampling points.
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captured from 2010 to 2015 in order to effectively manage water in
Soyang Lake and prepare for drought damage. Lee et al. [3] used
Landsat satellite imagery to explore changes in the surface area
of Soyang Lake.

Remote-sensing techniques, which can acquire data in a peri-
odic manner, provide a cost-effective means to monitor seasonal
changes and hydrological patterns of floodplains on a large scale.
Landsat and MODIS time-series images have been used to map
land cover and monitor the temporal variation of inundation areas
for large lakes and wetlands [4–6]. However, satellite data have
low resolution, and thus cannot be used for research in small areas.
For this reason, remote-sensing approaches using unmanned aerial
vehicles (UAVs) have been employed in various research and oper-
ational fields. Thanks to the miniaturization of sensors and
onboard electronics for data logging and control systems, an
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increasing variety of sensors (e.g., optical cameras, light imaging,
detection, and ranging (LIDAR), and hyperspectral cameras) can
be operated from UAVs, allowing full utilization of the electromag-
netic spectrum for remote-sensing purposes [7]. Photogrammetric
surveys conducted using UAVs are useful for environmental
monitoring in mountains [8], agricultural areas [9], rivers, and
coastal areas [10]. Drones can provide surveys at a higher temporal
frequency than air photogrammetry or LIDAR air topography
systems. Because they are not subject to the same rules as other
aircraft, drones can fly at low altitudes, which is essential for
improving the resolution and accuracy of data.

In addition to monitoring by means of remote-sensing tech-
niques, field data is necessary for sample analysis. The samples
collected in the present research were analyzed to determine the
grain fineness number and moisture content, which were
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measured vertically and horizontally to facilitate the prediction of
breach movement. Previous research has analyzed breach move-
ment affecting discharge, which in turn affects water quality, and
has used this information to determine the best approach to con-
servation [11–14]. In this study, we aimed to survey sedimentation
using field measurement data supported by data from sediment
fineness analysis and moisture content analysis. The sampling
point was marked using global positioning system (GPS), and the
imagery of this location was captured using drone. From the drone
images, we obtained digital elevation model (DEM) data. Field
measurements combined with GPS and DEM data will allow more
accurate analysis and monitoring of the sedimentation rate in the
Soyang River.
2. Material and methods

2.1. GPS and field data measurement

The GPS is a radio navigation system that tracks time and posi-
tion, with a wide range of applications in environmental studies,
natural resource management, geographic information systems
(GISs) data collection, geodetic global surveys, and other measure-
ments. GPS works by tracking electromagnetic waves sent contin-
uously to the world from satellites, from which the system can
determine the position of the antenna (longitude, latitude, and alti-
tude, or X, Y, and Z coordinates). Ref. [15] is recommended as a
brief and clear introduction to GPS.

The data used in this study were taken from field surveys. We
collected aerial photographs using drone in field surveys to obtain
more accurate data. The drone took pictures using a photographic
scanner produced by Agisoft Photoscan (Agisoft LLC, Russia). A
DEM can be created from three-dimensional (3D) image data
obtained from a drone that has been processed to determine sedi-
ment height. According to Sona et al. [16], the Agisoft Photoscan is
more reliable than other software of the same type. This software
operates on Windows systems to build professional 3D content
from still images such as JPEG, TIFF, or PNG [17]. Agisoft Photoscan
is widely used to produce digital surface models (DSMs) [18] and
has been applied in both terrestrial and aerial photogrammetry
[19].

It takes four steps to generate a DEM: First, collect aerial photos
using an UAV. Second, process the images using Agisoft Photoscan
Fig. 2. Sediment sampling in the Soyang Lake floodplain at t
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software, which has three levels of accuracy and quality to be set.
The levels of accuracy were the built-in parameters that automati-
cally generated by the software. Third, analyze the DEM data to
determine the most suitable accuracy for the DEM [20–23]. Fourth,
the 3D image is extracted and the GPS data are substituted at the
positions where they were taken. We compared corrected and
non-corrected GPS data with image data taken using a drone to
determine the locations of the five sampling points (Fig. 1(b)).

Data were collected on 22 August 2018 near the south side of
Inje, at five initial sampling points around Soyang Lake. From these
locations, two sampling points were chosen (Point 1 on the east
side and Point 2 on the west side), and three sampling sites were
selected at these two points: Site 1.1 and Site 1.2 at Point 1, and
Site 2 at Point 2. Sediment samples were collected from those sites.
At each site, the soil was dug to a depth of about 40 cm; sediments
were sampled at depths of 10 cm (upper), 20 cm (middle), and
30 cm (bottom) from the floodplain of the Soyang River (Fig. 2).
Eight samples were collected in total, with three samples of each
sites at Point 1, and two samples at Point 2 Site 2. Other points
(Point 3–5) were still be used as the observation point for GPS pro-
cedure. The sampling points were plotted using three GPS hand-
held units and a GPS drone. Two of the GPS units were corrected
with reference points, and the other unit was not corrected. We
compared the sampling coordinates collected using the three GPS
units with those collected using the GPS drone to improve accuracy
(Table 1). The sample data were wet weights including moisture
and dry weights after water removal (Table 2).
2.2. Grain fineness number

Grain fineness number (i.e., particle diameter) is widely used in
sediment studies. A standard reference scale is needed to distin-
guish particles of different sizes, because the size of sediment par-
ticles varies greatly. For example, Udden [24] sets the reference
value at 1 mm. A particle size of double the reference value is
one unit larger in this scale, whereas a particle size of half the ref-
erence value is one unit smaller. A size difference of 1 mm is
important for particles the size of sand, but for gravel and larger
particles it is less important, because it can be considered to fall
within the range of measurement error. Krumbein [25] notes that
it is easier to express millimeter particle sizes on a logarithmic
scale to overcome this problem. Thus, the standard particle size
hree sampling sites: (a) Site 1.1; (b) Site 1.2; (c) Site 2.



Table 1
GPS point data of the Soyang Lake floodplain.

Point Coordinate Longitude Latitude Elevation (m)

Point 1 Reference point 128�5045.69000E 37�59042.56800N 181
Corrected GPS-1 128�5045.73700E 37�59042.37300N 177
Corrected GPS-2 128�5045.74500E 37�59042.37200N 178
Non-corrected GPS 128�5045.79400E 37�59042.40000N 179

Point 2 Reference point 128�5040.69500E 37�59038.89000N 180
Corrected GPS-1 128�5040.68200E 37�59038.82100N 177
Corrected GPS-2 128�5040.65300E 37�59038.85800N 179
Non-corrected GPS 128�5040.72500E 37�59038.84900N 180

Point 3 Reference point 128�5046.17700E 37�59038.51200N 182
Corrected GPS-1 128�5046.10100E 37�59038.51200N 181
Corrected GPS-2 128�5046.11500E 37�59038.48200N 181
Non-corrected GPS 128�5046.12900E 37�59038.46000N 183

Point 4 Reference point 128�5044.49400E 37�59039.97100N 181
Corrected GPS-1 128�5044.41900E 37�59039.94800N 181
Corrected GPS-2 128�5044.43700E 37�59039.93100N 181
Non-corrected GPS 128�5044.46200E 37�59039.91800N 181

Point 5 Reference point 128�5040.39500E 37�59038.89000N 180
Corrected GPS-1 128�5040.31400E 37�59038.95400N 180
Corrected GPS-2 128�5040.32600E 37�59038.97300N 181
Non-corrected GPS 128�5040.37700E 37�59038.97600N 180

Table 2
Sample weight measurements of the sediment in the Soyang Lake floodplain.

Site Sample Depth (cm) Sample weight (g)

Wet sample Dry sample

Site 1.1 1 10 1104766 593278
2 20 1552182 1161998
3 30 1067806 671722

Site 1.2 4 10 1076462 816810
5 20 1163746 733772
6 30 1067360 725112

Site 2 7 10 1180856 657672
8 30 1819276 1608122
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parameter that is widely used today was first reported by Udden
[24] and is defined as phi (/). Wentworth [26] also developed a
scheme, which is used as a standard classification scale. The classi-
fication of sediment particle size in this study refers to particle size
according to the Udden–Wentworth scale, with particle sizes in
millimeter and /, and provides the descriptive name of each class
of particle size in each section [27].

In this study, the particle sizes of dried sand samples were ana-
lyzed using sieve analysis with a standard sieve set. The sizes of the
particles on the / scale were determined as shown in Eq. (1).

/ ¼ �log2 d=d0ð Þ ð1Þ

where d represents the diameter of the particle in mm, and d0 is the
reference diameter, with a value of 1 mm.

Particle diameter can be determined using a filter or by direct
measurement from thin sections. The sediment particle size distri-
bution was analyzed using numerical values to describe the distri-
butions or shapes, such as cumulative frequency curves,
classification, slope, kurtosis, mean, mode, and median values. Sta-
tistical analysis can be performed using the moment method by
converting the particle size data to the / standard. Graphs based
on data using / standards are more commonly used than moment
calculations, due to uncertainty of the largest and smallest particle
sizes. In this study, particle size analysis was carried out as
described in Eqs. (2)–(5), applying the method proposed by Folk
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andWard [28]. For example, /16, /50, and /84 represent cumulative
weight percent values (16%, 50%, and 84%), which are used to cal-
culate grain size.

Mean ¼ /16 þ /50 þ /84

3
ð2Þ

Sorting ¼ /84 � /16

4
þ /95 � /5

6:6
ð3Þ

Skewness ¼ /84 þ /16 � 2/50

2 /84 � /16ð Þ þ /95 þ /5 � 2/50

2 /95 � /5ð Þ ð4Þ

Kurtosis ¼ /95 � /5

2:44 /75 � /25ð Þ ð5Þ

Sediments were collected to a depth of 40 cm from the east and
west sides of the floodplain, and sediment was sampled at depths
of 10 cm (upper), 20 cm (middle), and 30 cm (bottom) from the
floodplain of the Soyang River (Table 3). The vertical distribution
of the data was calculated by analyzing particle size relative to
the amount of sand collected (Fig. 3). The samples were classified
into size classes of 4, 2, 1, 0.5, 0.25, 0.125, and 0.0625 mm using
analytical sieves.

2.3. Moisture content

Accurate and reproducible measurement of moisture content is
essential for minimizing possible systematic errors in the quantita-
tive determination of a measured analyte. Therefore, measuring
moisture content with small uncertainty is of the utmost impor-
tance, especially for sample measurement. The moisture content
of a sample must be accurately known in order to determine the
quality of the sample.

We analyzed the sediment moisture content of each sample.
The method was based on removing soil moisture by oven drying
a soil sample until the weight became constant. The moisture con-
tent (%) was calculated from the sample weight before and after
drying. A uniform quantity of each wet sand sample was weighed.
The sample was then dried for 24 h, after which each sample was
weighed again. The weight of each sand sample before and after
drying was compared to determine the mass ratio. We used the
weight difference before and after drying as a reference to calculate



Table 3
Grain size percentages for each sample taken from Site 1.1, Site 1.2, and Site 2.

Site Grain size (mm) / Grain size percentage (%)

Depth of 10 cm Depth of 20 cm Depth of 30 cm

Site 1.1 4 �2 0.191 1.740 1.006
2 �1 0.437 1.842 0.401
1 0 3.023 14.188 1.584
0.5 1 14.743 35.989 6.522
0.25 2 22.657 20.745 16.987
0.125 3 17.447 15.838 45.747
0.0625 4 41.502 9.658 27.754

Site 1.2 4 �2 0 2.794 0.310
2 �1 0.586 0.608 0.856
1 0 7.113 3.916 7.746
0.5 1 31.905 14.301 22.436
0.25 2 34.504 15.545 15.669
0.125 3 6.245 34.309 34.488
0.0625 4 19.646 28.528 18.495

Site 2 4 �2 0 — 40.308
2 �1 0.145 — 18.182
1 0 0.439 — 22.190
0.5 1 0.568 — 9.190
0.25 2 2.575 — 4.031
0.125 3 46.469 — 3.131
0.0625 4 49.804 — 2.968

Fig. 3. Grain fineness number analysis of sediment samples. (a) Sieve analysis process; (b) filtered sediment sample.
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the moisture content of each sample. Fig. 4 illustrates the water
content analysis conducted in this study.

3. Results

3.1. GPS and aerial photograph analysis

GPS systems have become a valuable complement or extension
of conventional survey tools such as theodolites, tapes, bars, elec-
tromagnetic distance measurement, and stations. The GPS proce-
dure is based on measuring the coordinates, distance, or angle to
a series of targets from fixed locations used as reference points.
The difference between the measured value and the initial coordi-
nates provides information about the movement of the target or
Fig. 4. Sediment samples for analyzing moisture
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object. The spatial distributions of the observation points used
for the Soyang Lake floodplain surveys are shown in Fig. 1(b) and
summarized in Table 1.

GPS data can be used to monitor the coordinates of a sediment
sampling site. A total of five coordinate observation points on the
Soyang Lake floodplain were measured using three GPS units. Of
these, two units were corrected and one was a non-corrected
GPS. Sediment sampling was conducted at Point 1 and Point 2,
whereas Points 3–5 were measured as a comparison to determine
the accuracy of the three GPS devices. Fig. 5 shows a zoomed-in
view of aerial photograph (drone image) data to show a compari-
son of the accuracy of the three GPS devices at these reference
points. The difference in the distances between the three GPS
devices and each reference point is shown in Table 4. The error
content. (a) Wet samples; (b) dry samples.



Table 4
A comparison of the three GPS devices to reference points.

Reference point Difference range from reference point (m)

Corrected GPS-1 Corrected GPS-2 Non-corrected GPS

Point 1 1.83 1.73 1.93
Point 2 1.96 1.87 1.77
Point 3 2.75 3.00 2.64
Point 4 6.18 6.22 5.79
Point 5 2.15 1.43 1.44
Average 2.97 2.85 2.71

Table 5
Analysis of parameters at the three sampling sites.

Site F (/) C (/) S K

Site 1.1 2.333 1.172 �1.000 0.683
Site 1.2 2.444 1.273 �5.333 0.820
Site 2 1.333 0.955 7.000 0.717

F: average fineness number; C: classification or sorting; S: skewness; K: Kurtosis.
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tolerance of the three GPS devices was 3 m. Therefore, when the
coordinate measurement results of the data from the three GPS
units had values below 3 m, the three GPS units were obtaining
accurate data. There were no significant differences between the
non-corrected and corrected GPS data; thus, it can be concluded
that the non-corrected GPS unit performed as well as the corrected
GPS units. From the results of the GPS coordinate measurement,
the three GPS datasets showed poor accuracy at point 4, which
may have been due to an error in measuring the reference point.

Fig. 5 also shows a DSM of the floodplain area of Soyang Lake.
The DSM data recorded the sedimentation on the Soyang Lake
floodplain, enabling the identification of the sediment distribution
and sediment height. DSM data are obtained using digital aerial
photography data that are corrected using GPS data. Based on
the DSM data, sediments in the eastern portion of the Soyang Lake
floodplain were higher and thicker than those in the western por-
tion. This phenomenon may occur due to the direction of sedimen-
tation flow toward the eastern region, which builds thicker
sediment deposits there than in the western region. DSM data is
very useful for monitoring the development and distribution of
sedimentation in a study area.

3.2. Grain size analysis

The sedimentary depositional environment of the study area
was determined by analyzing data from three sampling sites, two
of which were on the eastern side of the floodplain and one of
which was on the western side. Three samples were collected at
depths of 10, 20, and 30 cm at each location of the eastern sam-
pling site (Site 1.1 and Site 1.2), and two samples were collected
at depths of 10 and 30 cm at the western site (Site 2). All sediment
samples were analyzed for grain fineness number, classification,
skewness, and kurtosis.

Table 5 shows the results of the particle size analysis. Three
sites were selected, and samples were collected according to the
local environmental conditions of the study area. The results were
analyzed by selecting locations where valid research data were
available. The average particle size at each sampling location was
calculated and classified according to the Udden–Wentworth scale.
The average particle size at each site ranged from 1.33 to 2.44 mm,
indicating that Soyang Lake floodplain sediments mainly consist of
very coarse sand. In general, values below 0.35/ (0.0 value) denote
very good classification or sorting, and those above 4/ (4.0 value)
show extremely poor classification. Therefore, as most of the sites
in the study area were in the range of 1/–2/ (values of 0.95–1.27),
Fig. 5. A DSM of the Soyang Lake floodplain showing a comparison of the differenc
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the classification of the samples can be considered to be moder-
ately to poorly sorted. The study sites showed differing amounts
of skewness. Sediments from sampling sites on the east side (Site
1.1 and Site 1.2) were strongly negative skewed, while those from
the west side (Site 2) were strongly positive skewed. The areas on
the east side were biased toward fine grain sizes, whereas the area
on the west side was biased toward a moderate grain size. Kurtosis
was generally positive; therefore, the distribution was generally
leptokurtic. Site 1.1 and Site 1.2 on the east side of the Soyang Lake
floodplain and Site 2 on the west side were compared. A particle
size of 0.125 mm dominated among the small particles in the east-
ern sites, whereas a 0.0625 mm particle size was dominant in the
western site, indicating eastward movement of the breach.

3.3. Moisture content analysis

Samples collected from three sites on the two sides of the flood-
plain were analyzed to assess the moisture content ratio vertically.
Table 6 shows the average moisture content ratios in a depth pro-
file. The average moisture content ratio was highest in sediments
taken at 10 cm, which indicates that the sediment at a depth of
10 cm has relatively poor porosity. In addition, we compared the
moisture content of the western and eastern sides. Higher mois-
ture contents on either side of the breach indicate the influx of
water, meaning that a breach is likely to occur. Thus, a relatively
es between the points collected using three GPS devices and reference points.



Table 6
Analysis of moisture content ratios in the depth profiles for each sample.

Site Sample Depth (cm) Sample weight (g) Water weight (g) Moisture content ratio (%)

Wet sample Dry sample

Site 1.1 1 10 1104766 593278 511488 46.298
2 20 1552182 1161998 390184 25.138
3 30 1067806 671722 396084 37.093

Site 1.2 4 10 1076462 816810 259652 24.121
5 20 1163746 733772 429974 36.947
6 30 1067360 725112 342248 32.065

Site 2 7 10 1180856 657672 523184 44.305
8 30 1819276 1608122 211154 11.606
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high moisture content ratio indicated that a breach will likely
occur on the east side.
4. Discussion and conclusion

The purpose of this study was to survey sediment deposits in
the floodplain of Soyang Lake to analyze the quality of Soyang River
water after the construction of the Soyang Dam. The grain smooth-
ness, water content, sediment size, and sedimentation rates were
analyzed in order to better understand the breach that occurred
in the study area. A total of three sampling sites were chosen, with
two sites in the east and one in the west. Three samples were col-
lected from each site at 10 cm intervals to a depth of 30 cm in the
eastern area, and two samples were collected at depths of 10 and
30 cm at the western site. The particle size in the Soyang Lake sedi-
ment samples ranged from a minimum of 1.33 mm to a maximum
of 2.44 mm, representing coarse and very coarse sediments with a
negative slope. Particle size analysis showed that the breach is
moving eastward. High water content at the eastern sites show a
high probability of breach compared with the western site, which
had low water content.

The use of GPS data and digital aerial photography is a practical
method for monitoring sedimentation in the Soyang Lake flood-
plain. GPS coordinate survey data and DSM data must be collected
continuously so that the distribution of sediment, sedimentation
rate, and development of sediments in the Soyang Lake floodplain
can be analyzed.

The results of this study indicate that analyses of grain fineness,
moisture content, sediment deposits, and sedimentation rates can
be used to understand and predict the direction of sediment move-
ment in Soyang Lake. However, because it is difficult to determine
trends based on the results of a single study, ongoing research and
data collection are needed, and the theoretical diversity and accu-
racy of the approaches employed in this study must be validated
with additional research. Further research will improve the com-
parisons of obtained data, such as grain fineness, water content,
sedimentation rate, and sedimentation direction, as well as GPS
and DSM, for use as a sedimentation monitoring standard for the
Soyang Lake floodplain.
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