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Abstract

The objective of this study is to evaluate the instream flow in the North Han River basin according to the operation of Imnam Dam in
North Korea. The water budget and instream flow satisfaction were analyzed using hourly, daily and monthly data of Water
Management Information System (WAMIS) from Jan. 1991 to Dec. 2018. As a analysis result of water budget using hourly data in the
North Han River basin, although inflows compared with dam release in the upstream basin of Peace Dam-Hwacheon Dam and
Chuncheon Dam-Soyanggang Dam-Uiam Dam were calculated as negative values, the reasonable results using daily and monthly
average data were estimated. It showed that the results of water budget analysis of dam inflow and total release may be different by time
units of data. The monthly average inflow of Hwacheon Dam decreased significantly after the construction in 2003 of Imnam Dam,
which confirmed that the operation of Imnam Dam had a significant effect on the dams in the North Han River basin. The operation of
Imnam Dam is one of the main reasons for the lack of instream flow and total shortage amounts and shortage period increased up to
+330% due to the decrease in inflow and total release of dams in the North Han River water after the operation of Imnam Dam. It is
necessary to study various plans to secure instream flow including transboundary river management

Keywords: Instream flow, Shared river, North Han River, Imnam Dam
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Table 1. Description of the North Han River basin

Item Description

River length |- 317.5 km (mean river width 400 m)

. . - South Korea: 10,834.8 km?/ North Korea:
River basin area

3,901 km?
- 17x10° ton/year from North Korea before
Inflow .
operating Imnam Dam
Basin - Mean rainfall amounts: 1,170 mm

characteristics |- Major water source in the metropolitan area
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Fig.1. Purpose & specifiation and inflow & release at each dam in the North Han River basin
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Table 2. Description of dam data in the North Han River basin

Item Peace Hwacheon Chuncheon Uiam Soyanggang | Choengpyeong Paldang
Dam Dam Dam Dam Dam Dam Dam
Data leneth 2004.01 1998.05 1998.05 1998.05 1992.05 1998.05 1998.05
ataleng ~2018.12 ~2018.12 ~2018.12 ~2018.12 ~2018.12 ~2018.12 ~2018.12
Unit Hourly, daily average, monthly average
Used data Inflow, total release (hydroelectric, spilway, etc), intake, instream flow

Table 3. Notification of instream flow in the Han River basin

Basin Station River grade Instream flow (m?/s) Classification criteria
Chungju-si National 23.10 Mean droughty flow
Yeoju-si National 30.00 Mean droughty flow
. Yangpyeong National 32.50 Mean droughty flow
Han River
Paldang Dam National 61.20 Mean droughty flow
Jamsil submersible beam National 62.20 Mean droughty flow
Hangang bridge National 63.50 Mean droughty flow
Hwacheon Dam National 4.64 Ecology
. Chuncheon Dam National 5.20 Water quality
North Han River - 3 .
Uiam Dam National 19.13 Water quality
Cheongpyeong Dam National 9.58 Water quality
Naerin stream National 7.17 Ecology
Soyanggang Dam -
Soyanggang Dam National 10.53 Ecology
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Fig. 2. Examination of dam operations using hourly, daily average, monthly average data
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Table 4. Comparison of monthly average inflow and rainfall for the Hwacheon Dam accordiing to operation of the Imnam Dam

Seperation Total period Dry season
(operation of Inflow Total release Rainfall Inflow Total release Rainfall
the Imnam Dam) (m*/s) (m’/s) (mm) (m’/s) (m’/s) (mm)
Before (~2003) 73.7 74.9 93.0 289 38.8 36.0
After (2004~) 51.84 49.04% 99.0 1574 2534 48.0
Total period
(199132018) 62.0 61.1 96.0 21.8 31.6 42.0
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Table 5. Instream flow at each Dam site in the North Han River basin

Peace Chuncheon Uiam Soyangngag | Choengpyoeng Paldang
ftem Dam Hwachoen Dam Dam Dam Dam Dam Dam
Instream flow 1.12 4.64 5.20 19.13 10.53 9.58 61.20
(m’/s)
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Fig. 4. Comparison of time series of instream flow storage using hourly, daily average, and monthly average data in the Hwacheon Dam
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Table 6. Shortage amounts of instream flow at each dam in the North Han River basin
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Item Peace Hwachoen Chuncheon Uiam Soyangngag | Choengpyoeng Paldang
Dam Dam Dam Dam Dam Dam Dam
Instream flow (m®/s) 1.1 4.6 5.2 19.1 10.5 9.6 61.2
Total stortage amounts of
; ; -38,081.0 | -581,440.6 | -578,909.4 | -1,471,113.2 | -1,192,871.5 | ~-755,495.8 | -235487.7
instream flow (m”/s)
Total period of instream
-33,050.0 -125,733.0 -111,676.0 -77,921.0 -119,076.0 -79,670.0 -4,455.0
flow shortage (hr)
Average shortage amounts 12 4.6 52 -18.9 -10.0 95 529
of instream flow (m?/s)
A 1 I sh
- t;).ta . Omﬁe 372 145.8 163.5 595.4 315.9 299.0 1,667.0
amounts of instream flow 108 <106 106 <100 <106 106 106
(ton)
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Table 7. Shortage amounts of instream flow at each dam in the North Han River basin according to operation of the Imnam Dam in North Korea

Hwacheon Dam Chuncheon Dam
Ttem Before After s Before After S
Total Imnam Imnam ratio (%) Total Imnam Imnam ratio (%)
Dam Dam Dam Dam
inflow (m*/s) 60.2 86.2 50.5 40 122.3 109.4 127.3 +20
Total release(m’/s) 51.1 73.8 42.6 —40 79.2 101.7 70.5 -30
Hydroeletronic (m’/s) 443 52.5 42.0 20 54.5 57.3 54.2 -10
Spilway (m*/s) 8.8 8.4 8.9 +10 17.8 34.0 16.3 =50
Intake (m’/s) 0.0 0.0 0.0 - 0.0 0.0 0.0 -
Instream flow (m®/s) 4.6 4.6 4.6 - 5.2 5.2 5.2 -

Total stortage

amounts of 581,440.6 | 135,140.4 | 446,300.2 +330 578,909.4 | 153,392.8 | 425,516.6 +280
instream flow (m*/s)

Total period of instream flow

125,733.0 29,160.0 96,573.0 +330 111,676.0 29,519.0 82,157.0 +280
shortage (hr)

Average shortage
amounts of 4.6 4.6 4.6 - 52 5.2 52 -
instream flow (m*/s)

Paldang Dam
ftem Total Before Imnam Dam After Imnam Dam Change ratio (%)
inflow (m*/s) 523.4 607.6 491.7 -20
Total release(m’/s) 522.7 591.7 496.7 -20
Hydroeletronic (m’/s) 284.6 302.9 279.4 -10
Spilway (m*/s) 197.7 195.4 198.4 +1.5
Intake (m’/s) 0.0 0.0 0.0 -
Instream flow (m*/s) 13.2 0.0 18.2 -

Total stortage
amounts of 61.2 61.2 61.2 -
instream flow (m*/s)

Total period of instream flow

23,5487.7 130,980.4 104,507.3 -20
shortage (hr)

Average shortage
amounts of 4,455.0 2,157.0 2,298.0 +110
instream flow (m*/s)

A glom o5 siag & e WetES HESIok it s getoldoll= E4E FIt (gate) ] AA = o A 22

argetol tigh A= 2 A7 SIS Hold Aol B2 AA|3] B2 olg Ax7hssitte Az ol B ashH, 714 o

OE e fleu e 7 et HESHE va . ol 71E e RSk Algste] Jaystojof itk th=

£ O 2 {Jtd Aol ARt 7€ He 288 4 9leH, o]
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THS 8T e tE 2 = k. A7 Aol
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