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Abstract

Due to geographical features of being close to DPRK (Democratic People’s Republic of Korea), the Imjin River basin has difficulties
in hydrological observation, and is vulnerable to unexpected flood occurrence. As a countermeasure, Gunnam Flood Control Reservoir
construction was planned in 2005. Despite such a structural measure, damages by DPRK’s illegal release continues to occur. Futhermore
the Imjin River’s flow has been decreased due to the effect of continuous drought in the Korean Peninsula since 2012 and DPRK’s
unilateral storage of water. A new operation method is derived for the Gunnam Flood Control Reservoir in order to cope with drought
damages on the Imjin River basin and to ensure efficient response time upon flooding. The operation method maintaining Gunnam Flood
Control Reservoir’s water level by raising from EL.23.0 m to EL.31.0 m during the flood season for securing reservoir capacity enables
to secure additional 14,000,000 m® water compared to the existing operation methods. The operation method to store inflow by
controlling release to 250 m’/s in the early stage of flood has increased 2.66% on average in terms of detention effect of reservoir
compared to the existing operation methods. The method enables to secure 19 hours to prepare flood compared to the existing methods.

Keywords: Gunnam flood control reservoir, Reservoir operation, HEC-ResSim, Flood control
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Fig. 1. Gunnam flood control reservoir basin

Table 1. Area and river length for Gunnam flood control reservoir basin

Basin Area (km®) Proportion (%) River length (km) Proportion (%)
Republic of Korea 108.0 2.6 14.8 8.3
DPRK 4,082.9 97.4 164.1 91.7
Total 4,190.9 100 178.9 100
Table 2. Physical characteristics of Gunnam flood control reservoir
Unit Gunnam flood control reservoir
Type - Concrete gravity dam
Crest elevation EL.m 45.0
Dam
Length m 658.0
Height m 26.0
. . 3 Step 1. : 10,400
Design flood discharge m’/s Step 2. : 11,300
. 1.: 9,100
Design effluent flow m’/s Step )
Reservoir Step 2. : 11,000
Flood water level EL.m 40.0
Total storage 106 m’ 71.6
Effective storage 106 m’ 70.6
Roller gate : 7
Spillway Gate EA Radial gate : 6
Uncontrol gate : 2
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[Case 1] Existing Operations
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[
-
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® Gate Operation
T EL36.5 M oo
)
f
o
8
o EL.34.0 - T
Release below 9,100 m?/s
through Gate Operation
EL. 31.0 - -
EL. 23.0

[CASE 2] Operation Alternative 1

Release 11,000 in®/s through
Gate Qperation

Release 9,100 m3/s through
Gate Operation

Release below 9,100 m®/s
- through Gate Operation =

EL.23.0m~EL.31.0m
=> Maintain the Water level at
EL.31m

411

[CASE 3] Operation Alternative 2

Release 11,000 m?/s through
Gate Operation

Release 9,100 m3/s through
Gate Operation

Release below 9,100 m?/s
through Gate Operation

EL.23.0m ~ EL.34.0 m
=> Controlled Release to
250 m3/s or Less

Fig. 4. Operation alternative according to reservoir water level change
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Table 6. Analysis of case 1 simulation results
. Reservoir
Case Flood event Peak stage Flow control ratio (%) - - -
Discharge ratio (%) Storage ratio (%)
Actual operation O 2 EL.352m 5.0 99.9 0.1
Case 1 @ 2 EL.353 m 5.1 99.9 0.1
®-@ 0.1 m 0.1 - -
Actual operation @O 3 EL.31.52 m 2.5 99.9 0.1
Case 1 @ 3 EL.31.54 m 2.4 99.8 0.2
-0 -0.02 m 0.1 0.1 -0.1
Actual operation @ 4 EL.27.9 m 6.1 100 -
Case 1 @ 4 EL.27.4 m 9.5 100 -
-0 0.5m -3.4 - -
Actual operation D 5 EL.27.5m -1.0 100 -
Case 1 @ 5 EL27.4m 7.9 100 -
-0 0.1 m -8.9 - -
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Fig. 5. Analysis of

case 1 simulation results
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Fig. 5. Analysis of case 1 simulation results (Continue)
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Table 7. Analysis of case 2 simulation results

Case Flood event Peak stage Flow control ratio (%) - - Reservoir -
Discharge ratio (%) Storage ratio (%)
Case 1 @ EL.353 m 5.1 99.9 0.1
Case2 @ EL.353 m 5.1 100 -
®©-0 - - -0.1 0.1
Case 1 © 3 EL.31.5m 2.4 99.8 0.2
Case 2 @ 3 EL.31.6m 23 100 -
®-© -0.1 m 0.1 -0.2 0.2
Case 1 © 4 EL.27.4m 9.5 99.8 0.2
Case2 @ 4 EL.31.0 m - 100 -
®©-0 -3.6m 9.5 0.2 0.2
Case 1 © 5 EL.27.4m 7.9 99.9 0.1
Case2 @ 5 EL.31.0m - 100 -
-0 -3.6m 7.9 -0.1 0.1

Table 8. The number of days that Imjin river river instream flow can be supplied

Wind and flood damage measure period (May 14 - October 15)
Case Initial water level | Reservoir capacity | Maintenance flow The number of days that water supply
(EL.m) (10° m®) discharge (m’/s) (Assumption of inflow 0 m’/s)
Case 1 23 - -
18.7
Case 2 31 14.0 9 day
Table 9. Analysis of case 3 simulation results
Case Flood event Peak stage Flow control ratio (%) : : Reservoir :
Discharge ratio (%) Storage ratio (%)
Case 1 @ 2 EL.353m 5.1 99.9 0.1
Case3 @ 2 EL.36.5 m 1.0 97.6 2.4
-0 -1.2m 4.1 2.3 2.3
Case 1 @ 3 EL.31.5m 2.4 99.8 0.2
Case 3@ 3 EL.35.5m 1.1 97.4 2.6
®-0 -4.0m 1.2 2.4 2.4
Case 1 @ 4 EL.27.4 m 9.5 99.8 0.2
Case 3@ 4 EL.34.3 m 19.7 96.5 35
©-0 -6.9m -10.2 33 -3.3
Case 1 @ EL.27.4m 7.9 99.9 0.1
Case 3@ EL.343 m 7.8 99.9 0.1
0-@ -6.9m 0.1 - -

Table 10. Emergency response time

Case ];L(::: (H0engZa;l;itgl?;ga;?;trx)siiurrnt)l?Zaching) Controlled discharge end time Available time (min)
2 08. Jul. 2013, 14:20 10. Jul. 2013, 00:30 2,060
Case 3 2 11. Jul. 2013, 10:20 11. Jul. 2013, 20:20 610
Case 3 3 26. Jul. 2011, 22:00 27.Jul. 2011, 09:10 680
Case 3 4 05. Jul. 2016, 08:30 05. Jul. 2016, 18:50 630
Case 3 5 26. Jun. 2011, 21:50 28. Jun. 2011, 02:10 1,710
Average - - 1,138




2)

3)

4)

W. Yang et al. / Journal of Korea Water Resources Association 50(6) 407-418

Y= AAsh=E =20l et &2 A7E T3l 2 2

= Tk £t

B Ao A FE3HHEC-ResSim g Q] A F] = & %5}
3878 Sloll 715 P A A P2 Bl L skeiet. vl
A GFZHEL 9F 3% F & 2o 7L EAYSH oW, A
F 2] RS A F-E 2ol 2F0.15% B2 A
VB A A] 9 FARSHA] KO B = 22 gele
R

T2 EA Y FSAG A 7|3t 71E2D
©12 EL31.0 m7HA] AFakste] 936 Case 22 W7}sH

it
1)

T 100'd HlIkof| sigots AT Udw 2 Al Case |
(71E2D) T -FABH 2 F == 23S el Sl &
HAH 715 1009 W= o]5ke] U= EAY A Case 1 (7]
T2 EA AFA G RaEZ Case 201 2 2o &
SRAF AR, I 2|7t FEF2EE2 9F 4.3%, A5A]
RS A 782 9F0.1%= 2o|7F 2.2] ¢rot 487}
Soltta = ot mebA, A= ARk sRol 9
s s 2] 2 7HEtiHE 91984 oF 14.097 m* 9]
St 7} 755, 7he 45 A8 Al "Water Vision 2020
Report (Ministry of Land, Infrastructure, and Transport,
2011); oA AIAEE A7 SR 21-8418.7 m/s & 7]

W F7HFED S ol 7t TolkE AR BEE 4 e
a9 digtog waE|Qict.

Y A A 422] 9] EL.34.0 m 7HA] 403 9 RS
27 5PAA 250 mYs 2 2EF e LG Case 39
AT = BpAP gl tisiA Case 1 (7152%) Hrt

242 AF-&-o Frst. o, 442 g8 4s)

EL.34.0 m 7}2] 250 m’/s 2 ZALHFZ A 51o] o 2%
ZF] th- A B shR A QIR AIRHE

A A A SR E A 7] & Hok oF
L& F7r RS A Qe A o= SRIH 0 IEA%
Al 288 5 Qe Bl 2ddiete = wet
2 AN AFE At T E SR E A A 0] 59
A=Rhe o 0 2 5104 2011~20161 & 671 2ol &

417

=
G- Gl QA Ho| B ek ERAME S T 4]
2 T 27149 A= 850l FRssiehe Hk Azl
& AF5Po] FF5 o Bl

H

B Adqe FENSH/AENENSH &5 U] A9
2 TP DA E 17AWMP-B083066-04).

References

Hydrologic Engineering Center (2013). HEC-ResSim: reservoir system
simulation use’s manual (version 3.1), U.S. Army Crops of
Engineers.

Jang, S. H., Lee, J. K., Oh, J. H., and Lee, H. S. (2016). “Drought and
water deficit analysis in Imjin river basin: focusing on influence
of Hwanggang dam in North Korea.” Crisionomy, Crisis and
Emergency Management: Theory and Praxis, Vol. 12, No. 5,
pp- 79-95.

Kim, D. P., Kim, K. H., and Kim, J. H. (2011). “Runoff estimation of
Imjin river basin through april 5th dam and Hwanggang dam
construction of North Korea.” Journal of the Environmental
Sciences, Korea Environmental Sciences, Association, Vol.
20, No. 12, pp. 1635-1646.

Kwak, C. J., Choi, W. J., and Cho, J. W. (2015). “An assessment of
flooding risk using flash flood index in North Korea -focus on
Imjin basin-.” Journal of Korea Water Resources Association,
Korea Water Resources Association, Vol. 48, No. 12, pp.
1037-1049.

Lee, C. S. (1997). 4 study of flood propagation analysis and Yunchun
dam failure in the Imjin river basin, Kyonggi University.

Lim, H. T. (2001). The study on effects to lower basin water surface
elevation by the flood in watershed of the Imjin river, Kyonggi
University.

Ministry of Land, Infrastructure, and Transport (2007). Basic and
detailed design report of Gunnam flood control dam construction

project.

Ministry of Land, Infrastructure, and Transport (2011). Imjin river
master plan.

Ministry of Land, Infrastructure, and Transport (2011). Water vision
2020 report.

Ministry of Land, Infrastructure, and Transport (2014). Disaster
status management information.

Park, S. S. (2000). The study on estimating flood discharge & measure-
ment for flood disaster control in watershed of the Imjin river.
Kyonggi University.



418 W. Yang et al. / Journal of Korea Water Resources Association 50(6) 407-418

Song, M. Y., Lee, G. Y., Baek, K. O., and Han, S. H. (2015). Yu, M. S. (2016). Development of observed and forecasted rainfall
“Preliminary assessment of decreased river flow and its adaptive application technique to improve the reliability of flood
management in Imjin basin.” Gyeonggi Research Institute, prediction for ungaged watershed. Ajou University.

Vol. 2015, pp. 1-105.



