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Abstract

This study evaluated the instream flow of the existing dams and major water-level stations in the Imjingang
river basin by the operation of Hwanggang Dam in North Korea and proposed a solution for securing instream
flows. First, stream flow, basin inflow, and dam releases were reasonably estimated by water balance
analysis using daily averaged data in the Imjingang river basin. Second, streamflows at major water-level
stations in the Imjingang river basin decreased significantly after the Hwaggang dam operation, which
confirmed that the Hwanggang Dam in North Korea had a significant effect on the streamflows of the
Imjingang river basin in South Korea. Third, the instream flow analysis for the Imjingang river basin confirmed
that instream flows were not consistently satisfied in all water-level stations. Finally, the Hwanggang Dam

operation was one of the main reasons for the lack of instream flow, since the total amount and period
of shortage increased up to 14,156% and 16,800%, respectively after the Hwanggan dam operation. We
then suggested how to utilize the existing dams and shared river basins to secure instream flow. In the
future, various long-term and well-planned strategies would be needed.

Key words: instream flow, shared river, Imjingang river, Hwaggang dam
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Table 1. Description of dam data in the Imjingang river

Huingsan station
(Pilseung bridge) Dam i
D
Total release Basin infguw
Gumam station =983 m¥s “l24m¥s
(Imjin bridge) v >
=1107 m¥s
Total tfmgang
Basin inflow release Han

=2L1m3s ——m—o--— | —@—
Iy
Juksung station |

(Biryang bridge)
L D — i AN
Junkok station
Bagin inflow (Sarang tridge)
=408m¥p —> =758 m¥s
Tongil bridge —————»
=248 42 m3fs

Figure 2. Water balance analysis using daily dam and station
data in the Imjingang river basin

fem g satn) | (o suton | (kg ston) | ok saron | T 1°
Data length 2002.01~2018.12 2001.01~2018.12 2001.01~2018.12 2004.01~2018.12 2005.01~2018.12
Unit Daily average
Used data Inflow, total release, instream flow, water-level, streamflow
Note Tongil bridge: no data 2010.01~2012.12

Table 2. Notification of instream flow in the Imjingang river basin

River Station River grade Instream flow (m%s) Classification criteria
. ) Imjingang bridge Local 732 Water quality
Imjingang river - - - -
Biryong bridge National 11.84 Ecological flow
Hantan river Sarang bridge Local 6.04 Ecological flow
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Figure 3. Comparison of daily average precipitation and streamflow of the Imjin station according to
the Hwanggang Dam operation

Table 3. Difference of monthly average precipitation and streamflow of the Imjin station before and after the Hwanggang Dam

operation
Seperation Total period (monthly) Dry season (monthly)
(operation of the Hwaggang Dam) Inflow (m%s) Precipitation (mm) Inflow (m’/s) Precipitation (mm)
) Before (~2007) 138.7 115.5 457 453
Imjin After (2008~) 9834 113.9 2158 463
bridge
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(c) Time series of streamflow and instream flow in the Biryong bridge station

23& gt

<Figure 4> AR T BZ29 HET BZ20
3t B A FE, S FARE, A AAFEF
FEF AAES Yeid Ogo|t) 93n gH 4 A}
55 A EH, <Figure 4>, (a)oll Zo] FAEHA] H3}
Ao K-water(2016)9] ‘SHebde ZH7] o3 W<t
T B i FHREY da #5409
WS WS frARATE 538, A5 os 2
Zo] 219 20143 5-H 2015374 & s f-Fo] o
E sfjof Hla) Ao s wg AA #SHES & 5
Atk <Figure 4>, (b)ol A& g 3hFol SIAI <

Z
A
ol 714 SHAAFH] HEYA Aoz BSH

o Ol E v 854 d%d ARE YR

—Shortage of instream flow

streamflow (m?/s)
=
-

0
2002-01-01 2005-01-01 2008-01-01 2011-01-01 2014-01-01 2017-01-01

(b) Time series of shortage of instream flow in the Imnam bridge station

8

—sShortage of instream flow

Streamflow (m3/s)

0 I
2001-03-01  2004-03-01 2007-03-01 2010-03-01 2013-03-01  2016-03-01

(d) Time series of shortage of instream flow in the Biryong bridge station

Figure 4. Comparison of streamflow, instream flow, and shortage of instream flow in the Innam bridge and Biryong bridge stations
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Figure 5. Comparison of shortages of instream flow in the Biryong bridge station during dry seasons (2014-2015)
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