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Abstract

Hydropower dams in Korea were built for power generation at the time of construction, but they have been operated with the additional
purposes of supplying water, controlling floods, and environmental improvement through an agreement with the Han River Flood
Control Office. However, these operations will result in losses of power generation, and may adversely affect the energy utilization.
Therefore, it is the time to re-evaluate diversification of the dam operation method. In this study, the concept of resilience is introduced
to evaluate the multi-function of hydropower dams. The resilience of the hydropower dams was defined as the recovery capacity of the
dam water level, and framework was proposed to evaluate water supply and flood control performance. The applicability of resilience
in hydropower dam was reviewed as a simulation result using historical data. In the future, if the economic feasibility of the dam perfor-
mance such as power generation, water supply, flood control, and environmental improvement is evaluated, it can be utilized in
establishing the operation standards for hydropower dams in line with the policy.

Keywords: Hydropower reservoir, Resilience, Performance evaluation, Power, Dam operation
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Fig. 1. Resilience of hydro-power reservoir
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Fig. 2. Examples of resilience at hydropower dam
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Table 1. Comparison of resilience by year

Contents 1971 1981 1986
Annual Mean Water Level (EL.m) 171.6 171.1 169.3
Annual Mean Inflow (m*/s) 100.91 | 116.64 98.13
Annual Mean Outflow (m’/s) 88.84 81.82 85.35
Spillway Discharge (m*/s) 6,329 | 14,556 7,666

Power Generation (MWh) 422,421 | 385,426 | 376,201

Resilience (All Season) 0.6100 | 0.5901 | 0.5153

0.7464 | 0.5354

Resilience (Flood Season) 0.7741
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Water Level (EL.m)
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Date

Fig. 3. Comparison of water level in Hwacheon dam
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P A= Golo] 21 27] RS Zo] 15912 G Aok
< ’ Ho] GelshY, TH91E GAok= AL BLu]sle] Hlekst
o] REke Zol AL SHE o] Bajoh). Z, 3uEte
o o] 0B MAEH o= 248 2 4 9loLt 55 9]
F} A 2]7] wjRe] St 0 2 2|2 o] L AEL AN

2 37 1eslo] 4IRS L4510} SHl(Fig. 5).
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u A A S ) e ST a8 ) 2B
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Golale Aolc). He] § e AARRE T|ito 2 AHE
=

Fig. 4. Comparison of resilience in flood season ot="HITLSTM 5 71AIsHS E-83 =S dl=stod
Atgot= 1 52 Fol AR 4= QLo 28] Aol A=
o)

o=
Ch(Fig. 4). BFHFE 242 385,426 MWh (91.2%), 376,201 A Gk A A2 AR5

SEE W 2L AT, 5
MWh (89.1%) % 24-8}5ct. B YR, 7 PR 502 AT 4 U, ST 1L
1981'39] ABF WAYRFS 1986el W) AT A wiwhn 5o AALG T 5o el W A 4 5L AT
A

(e} =
PP TRe o Yt o] ¢9l2 Ag T AR 1 g4 SHTHMLTMA, 2011). s AH=2 ¢lgizto 2 v 8 d
U=t 1981 ofli= 87 0] o] H2A] ARt 2 SJEAA 0| -g7kA] S=hsh= Zlo] 1A o|th. ol AFt= 24=9],
TR AAAR AL R BRI YT AA| 2 7F Ak O] 6 H 9] R, R 52 AESH S

A v w et 1981 69 A A4TFO] 38,547 MWh 3.8 nlg o] A et HEC-ResSim-2 A5

2, 19861 20,826 MWhX.t}t ¢F 21 717k =A] UEftTh. 2HAof A= 1A 4] 4t2E 2 Aot W7, o]
ol AL SN 9] F RS BT 9o T7)s, A571 e BIRIt W7 52 A=k Power Ge-
o, slEErg o] o] 5 Hgsh= AR A-S IS = 9t 2 nertaion, PG), 057’62 =G917F A4=9] ol = ol A
=, -8 H o] i) 2ol Qo] T £4-S F At AT LRE AAT 4= $= 7Ha 18 Y 4+(Drought Risk

LN}
alA= SEerE gt 22 274912 3] T oA Day, DRD)®} 2 F-Z2K Water Deficit, WD)(Lee et al., 2013),
o] i 2ojo] Fasirt wpEhA], o] x| 4= 7]5-& T 2{sHH A G715 5P HIATERIE Holri= 3491 U< (Flood

[e]

=
P £48 2] 4s)ele 292 FleliE dEeE g 44 Risk Day, FSD)?} o]4=& 152K Spillway Dishcharge, SD)
H- 8 B P Eo] B oSt o] 2 2 Aol AMSE S ARSI S e Abde] th2 7] wj R Afslst
12} g of glo]E] HEIE 0~ 140 9] gho 2 Hgtst it 3TA ol A]

L7t ege aERe e Bolsk Bkl 80



284 D. H. Kim et al. / Journal of Korea Water Resources Association 54(4) 279-287

Step 1. Dam Operation Step 2. Power Generation

Operation Scenario Operation Estimation
= Operation Rule = Power Generation (PG)
= Inflow Data = Spillway Discharge (5D)

i * Flood Risk Day (FRD)
HEC-ResSim

* Drought Risk Day (DRD)

= Water Deficit SH'D]
Index Normalization

= Dam Operation Model

Step 3. Resilience Assessment

where,

*R : Resilience of Hydro-Power

* Wt} : Dam water level with time
* Wiawes : Low water leve of Dam

tep 4. Optimal RuleCurve
Comparison of Scenarios
= Resilience
= Estimation Index
- Pl {Power Index)
- Fl {Flood Index)
- DI {Drought Index)

Decision of Rule Curve
= Maximum Index

14
R = fr: W(t) — Wiggese

Fig. 5. Resilience assessment method

o] TAIE AR mRA|Hf o 2 4TA o] = 2l EE=E A
7} Z8 3 71| 4~(Estimation Index) 2] TAE E&51L ©]-
24 752 1S g A8 24 S EEEAd 3=

St offg Bl EEE A gt S o2 g 5
HetE A Ao = AR EH FAE A S(ED= 2 Bt
2] S of| whet Febd 4= JIh(Eq. (5)). & StellA=
TAP7N A A 71218 S LotA Agoh= A o= 7t
A5kt

r o

I
o,

ro

PI= PG/ PG, ()
FI=1—-FR/FR,_, ,FR=SD/FRD 3)
DI=1—-DR/DR,_, , DR= DRD/365 (4)
EI=w,PI+w,FI+w,DI (5)

A7VN Pr="T77]5 B7HA %, PG ol 717He] A2
A, Fr= 25715 97114, FReEA4S19%, FR,, +
25913 E HAFL, SD= B ATEL[E, FRDE= A
TR-ALS, DI ©o1571%5 B7HAS, DRE o791k,
DR, = o518 = L, DRD= A+t ol 4,

w;(i=1,2,3)= ZF B7FIAe] 7HgA] oot

3EEHEdS B8] flol B o= F5t3al, HEC-
ResSim= ©]-§3F 20|24 7]7F2 1992 ~ 201 1'H 0= 2F20
W U EA=E ARSI

A2 @ E A5 flote] mUl A 297152 A
HESIATE 9] 7 AT g4 o= 4=98 sy

op

d

Fgo] oA Q1A ghord, do] 853 F 52 711171 Sl
A QR PR T8 RT 4 S Ba

A1 O

Sht}. o] T 71A] 272 WHEA17]7] flste] F 9 AluE 2
= BT RACEA T~ 9] Z-2 F7] AlRFr91~A]
T21) tollA w1} o] AzE ARt} o7t W5 o8sk=
20 = PS5t AU = I 371 = A sEal o H,
A9 7hs st H AR E HWYRE 7Y0k= Case A
(Table 2), &7l | NFFE 5-Y5h= Case B, T71°]
T 50%E H-75t= Case CO|TH(Table 3).

32 AlLf2|2 WHeH slBere s B

[=] |

1-8H9] 7} 71'5-& B7Fot7] flote] Alve] @ R ojy
2851t Case AQ] 7% -9 7S 7]
2 Rt H R ARl E 100712 Alue] 2
2 1}r0] ATE EE5619THTable 2). 9l S0], Table 2¢]
Al =917FEL.156.8 m Q] 739 Z - FaF2 145.0 m¥/s0]
I agkell Wt a = 0509 o] 50% W<l 72.5
mY/sE WHoHE 202 AU 95 T4t Case A
AIE EYZ Case B+=367l A|U2].2, Case C=22702] A]
U] @ 2 /4451t Table 3).

O Ay R S7H A et 27 ol | 2171 A
stE]o] Hd ko] 7140t = 4K Zone A)yS HOL, o] 2]
O| T RE= | 9= oA AR R S7H= <lsh
A eko] Z7151H= Z(Zone B). 2.2 UETH(Fig. 6(a)). A TH
A0z = pRE R[5k Zlo] M4t o [t A e
B2 UEIT ApS AN = R ST A5 P A
< 7FA .31 FRREe] oF 60%01/d 2] 27 (Zone C)
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Table 2. Outflow discharge conditions of scenario A (« is ratio to maximum outflow)

Case A
Outflow (m*/s)
W?SE.I;:)V el All Season «

0.01 0.02 0.03 0.99 1.00
146.1 ax0.0 0.00 0.00 0.00 .000 0.0
156.8 a % 145.0 1.45 2.90 4.35 143.55 145.0
173.0 a % 165.0 1.65 3.30 4.95 163.35 165.0
175.0 a%x401.0 4.01 8.02 12.03 396.99 401.0
179.0 ax3619.0 36.19 72.38 108.57 3582.81 3619.0
181.0 a % 6283.0 62.83 125.66 188.49 6220.17 6283.0
182.5 a % 8595.0 85.95 171.90 257.85 8509.05 8595.0
184.5 a % 11929.0 119.29 238.58 357.87 11809.71 11929.0
Note a=0.01~1.00, (100 cases)

Table 3. Outflow discharge conditions of scenario B and C (G and -y are ratio to maximum outflow)
Case Case B Case C
Water Level Outflow (m3/s) Outflow (m3/s)
(EL.m) Dry Season Flood Season Dry Season Flood Season
146.1 £x0.0 0.0 vx0.0 0.0
156.8 0% 145.0 145.0 v % 145.0 72.5
173.0 £ %x165.0 165.0 v % 165.0 82.5
175.0 £ % 401.0 401.0 v % 401.0 200.5
179.0 B x3619.0 3619.0 v x3619.0 1809.5
181.0 6 % 6283.0 6283.0 v % 6283.0 3141.5
182.5 £ % 8595.0 8595.0 v x 8595.0 4297.5
184.5 £ % 11929.0 11929.0 v % 11929.0 5964.5
_ - - N 0

Note ’ 306(1121se: o Maximum Outflow ! 202-0c1ase§ . Maxinign/: g{ltﬂow

UG FREY ), ] 22 0] SlEekely ghe 0.899
ofc}. ThA] wrel shEied TelA 1 St ool
aFe QP Rk 2ol At K os A

715 A4, Zone 2+=

W52 50t 557

H

=
Case A2} 73-%- Z| 72| 14%, Case BS] 7358771 3]
o, Blg=r7olls 2R oF 1%, Case C9] 7
G2 RO 50% R, v 870l oF 3% 0 RS
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Fig. 6. Results of performances (Case A)

Table 4. Comparison of results

Case Past Data A B C
Resilience 0.4330 0.6473 0.6193 0.7526
Power Generation (MWh) 238,431.7 205,714.0 217,316.4 214,728.0
Risk Day (day, %) 960(13.1%) 939(12.9%) 290(4.0%) 485(6.6%)
. . 1% (Dry Season 3% (Dry Season
Out Flow Rate (%) Firm peak discharge 14.0% (All Season) 10 00/: ((F:zo d Seasc))n) 5 0%:) ((Fll:(,) d Seaso)n)
1.00 4.4 =
0.90 !
‘oo | AT Q7|22 HpS v ST PR e B
¥ . ) _ _ _ _ _
B 0.60 i ETAA Y Fo2H, T2 AA-S 9184 A
a Z ) R Z m - — —
5050 Giop | YA 24 1 g4l 717 A7k et et Jeid
£ 040 : -89 Tadr|so] B2 HHS o|F 2ol ot |
& g';g 1 =+ 4 G7tol oA 71 I E-S of-8oto] -3kl
o ; Qb Aotk WA EH | AL o] 7 @75 Ale] 7]
0.00 | S st B 9B F0) 52 v v 8587
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