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Abstract

Climate change has intensified the severity of extreme floods, presenting substantial challenges to dam management and operation.
Traditionally, flood control strategies for dam operations have been based on theoretical scenarios, such as designed floods, without
taking into account downstream conditions. However, in practice, managing floods involves operating dams based on climate forecasts.
This strategy encounters challenges due to the limited predictability of climate forecasts, which in turn leads to uncertainty in decision-
making among dam managers. This study proposes a flood control approach for dam operations that involves gradually increasing the
outflow, considering the operational constraints and potential downstream damage, based on inflow data. The effectiveness of this
method was assessed through simulation, employing both a designed flood and data from the most significant historical flood. The dam
operation strategy for flood control presented in this study provides a framework for dam operators, facilitating consistent decision-
making in flood management by integrating realistic dam operational conditions.
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Table 1. A number of constraints on multipurpose Dam operation (K-water)

Total (ea) | Inundation vulnerable areas | Drainage facilities Hindrance Weak bank Construction site etc.

557 85 100 200 66 42 64
HRAefo] A | whzol 5P o] Brasol Al e WS AESkGinh ol 2 Al e | WA E O] 74
S RAIF ArGo] AR = 7] Aol ol ARYRE7A R flo] FEE M| FAD o o, 71| 2ot o4
& Atol= strAde Suels 271 Aol 7ol 2LA| SJESHAL Jlo] AA| Aol o E et thE 7
K-watero]] TF2H =207} 224 ShRo| EAISh= Ao ¢ HY] a&2Q o] of ¢ &= Sl

o A

AP, YA, T

o] & 557N artExse AR

2023a).

SHH, Aol A= A A A2 8

T, 2

FHALEFH) oIl 33120 7]
i} 5}70) Bl 2L B
Be g aloR

w}
EREER
o7h2 A%
SJAFago] WA
L QA= EAfIc ol ufe} 7| st

2ol thg 17| St et 3222

=
© x}s)

[elare)

=

r

£ 1>
O

o

531 Sl

Jung (2020)-2 7] =3}
7| ¢SS e %

S 0] 2 g 5tel, 547)

T

o 1o

o 1y
i

7I(

o

2%
)

—

l"

0,
ol FIF i

jdl

>

~N
i

T

C
o
r

1474

ofoh N
> o

]_

ot
D

=
4l
5

1o o o M o

ol

o
ok

1
tlo
2
2

Arge skt 5
Aol Hisl 291 | 8
=3It Kang ez al. (2014)=
oAl tisl S5
A& 918 | skt 91 & A5k

W91 el Lo @ WFHE 4, 5

ox, A
I'UlO :[o P
oY

2 ok
1 o o
£

£

s

o

)
o,
ok
o
>
40
r ~|
o
N
N,

oft H
lo rjn

=R

6~99) # 23Y?

_ﬁ
o

Al

r

i

oA, A9l o 7

=

Shgiek. shAlet @ :91ef <l

315511 Aol thet 2] o] 5428 oo
e Wb G 7 S Q1 o5 B
SF8157.9] S1 -2 SAI0 TefehaA
BN HE7RsT FH2 PAlo

==
!
1%
)
|o
Hu
ok
=il
ol &
e

oo Mt
Fo
of.
_O|L
=
30,

9,
N
o
o
ol o

AU 9 2]
st o4
1—5'_ 2Fo.

2
jaa)
filo
4
kJ
39
)
e
[

- 1
W5 R AOPARE Table |
=

AFE] ATH(K -wat

>
EN
2
ok
1>
»N 1o
1 B
xS

T
ol
b U

)
o
o

4 -

2 o
i)
I
ke
ot
o
%
)

w flo o
O,
o
<
N

_Iii ¥
O
Ho
=

rlr
rd
ot
i)
o
:
i)
uk
1o
~
)
o,
o,
gt
L)

olrt

i
rl i
o

6
it

O WE
B oox

B
e

O.O{N'UQL
Mo o of N i B g ff pd 4> 8 N

W
XN,

o S
b H1

e

oo

o

>

>,
SOk o
@ @ o> o -

0,
40 oxt

&
\ o

e

l

M o

o[N

38
L o 4y -
o 8

]
e

ol
Ex
i
ok
1

N

T
QL
rir

o
tlo
r =]
o
ol
-
rir
>

_,d
N,

E

e
fo
rO]l
i
o
o,
i)

Kwak (2021)-& 317 §9] 31 52 A Fol]
™ Z

¥2 A gstel g5ulst gl

e

]](:] AN Z

S171913 8452 thH] 47 A HH]S 4L, o]l
Wl §5 AR F5T 2714918 BHA9)2 45

re
R B

O__é*: rOll

er,

o @ N O N ox o o O ok

&
o

=
SFR oA Aok Tefele] BAA BRFFFL
2AYAE ANSIA Bk e A

=z
2 A6 a1, #4781 3¢l COSFIM (cordinate operation

o |o ek

—

ol >~ N e
lo rr HU mx

(RO

lo
o)
o

system for flood control in multi-reservoir) &2 Z<=HE-4 11
B 75, W EB(63) Ol F S UFAAL A2E 24
sho] Aol 27 RE °20.8E SAMS ol Hhish =
Ho| 45u7ke AAstrt T8 AL 4T R 2089 5

TR UPAPl 2 Aol AT

2.1. A A

oS24l #8514

So) thRAY F F4rhgel] FxA 0 2 okt v
A e B4 e Ao 2 AAstart

A7 el 7P L Ao, il &
AL 1928 TG WO 2 FFET, 1965E Al Ho|
FE Ao AR Fig. 33 2ol 7 AR 21991 A
off F1A1staL QLo sk s Al 2159 B

HN

e

=
= =
}:}'ITO

-

of Fefpro 2 g8 Yzt -9 WAL 763.0 km®, TAHTE
F 466 T m’, TF74-855-2 30,3 mPo] ok, | AL
= EL.200.0 m, A& 8<49+=EL.197.7 m, 857 AIgH=$]
L EL.196.5 m, 214=9]= EL.163.0 m°]tHK-water, 2023b).
Table 2= X173t -FdH A o] FARSH A, 8

Al ekl 20 2 47

H'v4H, O 1 _O:I

2100d Hle o S E

= A E]o] Qlo SA 0 2 200 Wk 2 A 5= thE A

ol v]sf Z2d-§Fo] A

oA
S T d8de A
O] TAZ AL
o] 842 Hs
Z] o

frgmo] fAR B,

4
ek 717 0] 2uf o] 4o}

2o B2, 9510 AANES 2t}
=
o

0 2 915} 2020.8Y A7}



252 Y. Lee and K. Jung / Journal of Korea Water Resources Association 57(4) 249-261

The Access road to
JangGun-Mok

Farmland in )
Non- B@ﬁk area .~

Fig. 3. Current status of the Sumijin River Basin

Table 2. Facility specifications of Yongdam, Hapcheon, Sumjingang Dam

Description Yongdam Dam Hapcheon Dam Sumjingang Dam
Catchment Area (km?) 925 930 763
Total Capacity (10° m*) 815 790 466
Capacity of Flood Control (10% m®) 80 137 30.3
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Fig. 5. The access road to JangGun-Mok (Operational constraint)
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Fig. 6. Farmland in non-bank area (Operational constraint)

Table 3. Flood control approach for dam operations that involves gradually increasing the outflow

Description Water level Inflow Outflow
Preliminary lower than R.W.L (EL.194.0 m) - ~400 m¥/s
Release
~800 m*/s 3
(observed or predicted) ~400 /s
(observed) higher than R.W.L (EL.194.0 m) 800~2,675 m*/s @ ~800 m*/s
Flood control | (predicted) lower than F.W.L (EL. 197.7 m) (observed or predicted) @ ~50% of predicted peak inflow
Release s~
alhiuint ~1,810 m’s
(observed or predicted)
(observed) higher than R.W.L (EL.194.0 m) 3,268 m*/s ~ 3
(predicted) lower than F.W.L (EL. 197.7 m) (observed or predicted) 1,810 m/s~Full open
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Fig. 8. Simulation result of Dam inflow (2020. 8. 7.~8.8)

Table 4. Performance evaluation standard

) PBIAS (%)
Performance Rating NSE RSR
Streamflow Sediment
Very good 0.75 < NSE < 1.00 PBIAS <+ 10 PBIAS <+ 15 0.00 < RSR < 0.50
Good 0.65 < NSE < 0.75 +10 < PBIAS <+ 15 +15 < PBIAS <+ 30 0.50 < RSR < 0.60
Satisfactory 0.50 < NSE < 0.65 +15 < PBIAS <+ 25 +30 < PBIAS <+£55 0.60 < RSR < 0.70
Unsatisfactory NSE < 0.50 +25 < PBIAS +55 < PBIAS 0.70 < RSR
S(Q,—Q)° Table 5. Evaluation result of simulation
o i
NSE=1— , (17) NSE PBIAS (%) RSR
2(Q,= Q) 0.9878 (Very good) | 1.2221 (Very good) | 0.1100 (Very good)
SAQ,— @ )¥100 (Very good), Z-3(Good), TE%(Satisfactory), BFE3F
PBIAS = (18) (Unsatisfactory) 42A| 2 A= o] Q)
2Q, TR RS T RS2 A, Table 59 ZOINSE
+=0.9878, PBIASE=1.2221, RSR20.1100°.2 3 = L
I - 2 0-¢ Z-3(Very good) 5822 UEIHE 5 2@ 9 HE
Q*Qf L oAx3F A0 3lo o]
RSR_ RMSE ° (19) L TT?} /\———E- = JH Mq—

- STDEV(QO) - \/Z(Q _Q )2

A71A, @ = BEFAZmYs), Q A= ROFAZ (ms),

Q o= B BERAFmMYs), Q & Bt LR

N

N
.?_IE
B[
g -
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N
N
i,

J}H=Table 42 o] 4THA| Q1 o 9 =

ot
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d

34 2R EUAZS MBS JEM

A Ao thet FFEAS SloiA] Aol A T4
2] AL Z4F) AAE - d= At g g
Al ] AITFES] TSR IS A8t A7 H o) A€
T2 1009 HE SaFo] dllgohE 3,268 mY/Z0]H 2]
EATE2 24 A|171o o), o] F|of ZeAE-2 20201 8.7~8Y
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Fig. 9. Simulation result of Dam operation employing design flood
Table 6. A comparison between dam spec. and simulation result
Peak WL Peak Qin Peak Qout
Dam Spec. (Designed flood) EL.197.7 m 3,268 m’/s 1,868 m*/s
Simulation result EL. 196.3 m 3,268 m’/s 1,810 m’/s
5,000
990 L : EL.197.89
F.W.L:EL.197.7m WL * EL.197.89m 1 4500
197 1 4,000
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195 | =
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Fig. 10. Hydrograph of observed data (2020.8.7.~8.8)
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Fig. 11. simulation result employing the most significant historical flood (2020.8.7.~8.8)

Table 7. A comparison between observed data and simulation result

Peak WL Peak Qin Peak Qout
Observed data EL.197.89 m 3,401 m’/s 1,868 m’/s
Simulation result EL.196.7 m 3,401 m’/s 1,810 m/s
th ol HFIRF(8I0mMY/R) 7RO RSANNHRE 4 AR
U AFTF T S 0 2 5P 0] o S BT 7 A o]
N7V o] WA st el gl A o = T8t 4= Gl AXHA] 2 Aol A= E TR ESAR 7| Hef &S
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