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ABSTRACT

The Hwanggang Dam in North Korea is located upstream of the Imjin River which is a
shared river in the border area. It is known to have a reservoir capacity of 350 million
cubic meters and releases a discharge primarily for generating hydroelectric power and
partly for transferring to the Yesung River basin. Due to the supply of water from the
Hwanggang Dam to another basin, the flow of the Imjin River has decreased, which has
a negative impact on the water supply, river maintenance flow, water quality, and
ecological environment in Korea. However, due to the special national security issue of
the South and North Korea border region, the hydrological data is not shared, and the
operation method of the Hwanggang Dam is unknown, so there is a risk of damage to
the southern part of the downstream area. In this study, the monthly diversion as the
long—term runoff concept was derived through the calibrated hydrological model based
on optical remotely sensed Images and water balance analysis. As a result of the water
balance analysis from January 2019 to September 2021, the average diversion of the
Hwanggang Dam was 29.2m’/s, which is equivalent to 922 million tons per year and
45.6% of the annual inflow of 2.02 million tons into the Hwanggang Dam.

KEYWORDS : Remote sensing, Satéllite, Imjin river, Hwanggang Dam, Border area, Diversion
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FIGURE 1. The location of Imjin river basin including contributing area of Hwanggang
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FIGURE 2. Optical Sentinel—2 satellite image
showing diversion channel of Hwanggang dam
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FIGURE 3. Thiessen polygon of Imjin
river basin using weather stations in
North Korea
TABLE 1. Weights of weather stations for the Thiessen polygon in the study area
Station Yangdeok Wonsan Singye Pyeonggang Gaesung Total
Upper basin 0.224 0.183 0.211 0.382 - 1.000
Lower basin - - 0.099 0.114 0.787 1.000
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FIGURE 4. Drainage basin system and water balance components in study area
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TABLE 2. Parameters of Clark unit hydrograph and Muskingum flow routing

: Clark unit hydrograph Muskingum flow routing
No Basin Name Te(hr) Kih) ) ci c2
01 Upstream of Imijin river 6.60 9.21 0.0266 0.4160 0.5575
02 Upstream of Gomitan stream 8.66 11.98 0.0162 0.4097 0.5741
03 Icheon water level sta. 4.84 6.79 0.0316 0.4190 0.549%
04 Upstream of Pyeongan stream 6.30 8.64 0.0368 0.4221 0.5412
05 Confluence of Yeockok stream 3.88 5.39 - - -
06 Bongrae lake 6.49 8.97 0.0303 0.4182 0.5515

07 Gunnam flood control reservoir 1.99 2.84 - - -
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TABLE 3. Spectral bands and spatial resolutions of the Sentinel—2 optical sensors for
NDWI calculation

Seninel—2 bands Sentingl—2A Sentinel-2B Spatial resolution(m)
Central wavelength(hm) — Band width(nm)  Central wavelength(nm) Band width(nm) 10
Band 3 (Green) 559.8 36 559.0 36 10
Band 8 (NIR) 832.8 106 832.9 106 10

120.0 EL.m

< % P
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0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Water surface area(km?)

FIGURE 5. The contour map through water level and
relationship of water level—surface area for Hwanggang dam

reservoir
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FIGURE 6. Example near infrared imagery of Sentinel—2 optical satellite(left) and
waterbody detection imagery(right) for water surface variation monitoring
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TABLE 4. Monthly water balance components of Imjin river basins

(Unit = m/s)
Year 2019 2020 2021
Month Iy Op 1, Oy Iy Oy 1, Op Iy Oy 1, Op
1 30.0 14.4 12.5 31.9 34.9 16.5 22.5 29.0 30.0 14.4 10.9 33.5
2 30.0 14.4 1.8 32.6 30.0 14.4 16.8 21.7 30.0 14.4 1.2 33.2
3 304 14.4 10.0 34.8 30.0 14.4 16.1 28.3 30.0 14.4 15.6 28.8
4 30.0 14.4 8.9 8616 30.0 14.4 8.0 36.4 33.0 16.7 29.3 20.4
5 30.0 14.4 8.2 36.2 73.7 40.8 47.4 67.2 51.8 30.3 66.4 15.7
6 30.3 14.7 12.0 32.9 50.9 18.9 32.1 31.7 31.2 14.4 57.8 -12.1
7 85.2 56.9 33.5 108.6 82.7 20.9 92.5 1.1 40.6 20.8 55.0 6.3
8 66.7 25.2 74.2 17.7 704.3 381.0 1548.2 —462.8 41.3 29.6 25.3 45.6
9 73.9 24.1 56.8 4.2 149.8 34.2 3126  -128.6 50.8 19.1 33.5 36.4
10 30.0 14.4 19.3 25.1 30.0 14.4 25.8 18.6 - - - -
" 3.2 15.4 13.8 32.8 30.0 14.4 16.5 27.9 - - - -
12 30.0 14.4 14.3 30.1 30.0 14.4 12.8 31.6 - - - -
Iy * Inflow of Hwanggang Dam, Op : Runoff of lower basin,
I, Inflow of Gunnam flood control reservoir, Oy, : Diversion of Hwanggang Dam
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