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b}, HoflA 9] H]Z-8-88K(inactive storage)> HlA-8(emergency storage) ¥ AF=8-H(dead storage) 0.2 FAJE] o] 9lom,
WP TR 2 M) SRS HES o1 AT AR BAPL sk F7ho R sAele) dniEo s
AFAQ1 ol 8ol BV 8F o= oA Utk L 2 AFollxE A ZReAlel HE T HEe] A8 YRS
THT 5 G YebS DA, MG HAISediment Level, SL) 919] A8 FH40 2 BEE 4 Kk
7P51aL, o] ke o] A-gaFoleial AREAl HEeirh. A-870] AF3E flolkle R EXF] Aol AddEojoksln
2, 2 A7oH SMSe] RMA-2 9 SED-2D 8 olgsio] ajel wjafe] 9 A47e] Bxsle Aasigos, 27}
olg 7t S 1eet | FH o8 Ae-8FS A5tk RMA-2 3 SED-2D B3 152 9o e A B5
=g o]gsl¥ o, nals x5 7 2 (Representative Concentration Pathways, RCP) 8.5 Alutg] o 2J5)] njzf 7]&
QAE o&SHal TANK R o]8sto] | felee 24t H nlg) 7I7PE BAIE diEstaint. @Aet nigo] HAE
HiEto = Z-85:S AARE 21} 283 4 Sle 25832 @Al Hlol| AAaE o 59, nlef 7|3te] JPdrs 283

% ol ool HAHOE gAske AuE Bk ok, 7| Wate] WEHe] Z7Hshe Aol Jldlstel, vlehe] 28 4+
e D48 ZTHE 9ol 715 23 ofH 2 BARRS BEHOR AUT 4 9k APt AR R oz waEn.

g

MEO : HSE8, 4485, EAM], RMA-2 & SED-2D 19, tiE 5= 2(RCP), TANK 23
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Abstract

The purpose of this study is to suggest a structure plan for improving the utilization of inactive storage in the dam for
overcoming the drought. Inactive storage in the dam is composed of the emergency storage and dead storage. The
emergency storage can be used for the case of emergency such as drought. But, in general, the dead storage for
sedimentation is not used even for the emergency. Therefore, this study considers the part of dead storage that the
sedimentation is not progressed yet can be used during the severe drought period and is called “drought storage in a
dam”. The accurate Sediment Level(SL) analysis for the computation of the drought storage should be performed and so
the present and future SL in the dam reservoir is estimated using SED-2D linked with RMA-2 model of SMS. After the
consideration of additionally available storage capacity based on the estimated SL, the drought storage is finally
determined. Present data based on historical data, future predicted future climate factors by Representative
Concentrarion Pathways(RCP) 8.5 scenario. Then, using the TANK model, dam inflows were determined, and future
period such as SL and drought storage were suggested. As the results, we have found that the available drought storage
will be reduced in the future when we compare the present drought storage with the future one. This is due to a increase
variability of climate change. Therefore, we should take the necessary study for the increase of available drought storage
in the future.
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Sauetol el vlZ-g-gek(Inactive storage)®] LWHA<l
o= | v AHE Ae(LWL)7HA] o] o= A A
ol &EAoR #o|7] e FHor E&EFo|HE
Stk HIZE-852 Al ogol E7FsRE Ft ofiR
Hol A28 (Dead storage) T 7Haat 2 v Aol o4
o] 7kt Ha FE-29] -8 (Emergency storage) 0=
s 4 ITHMOLIT, 2011).

alaelA] Aofekal Sl HlEG8elt £ WY EE B
27 Ao s HAHOE olgT > Gl AT 919
Hoge oulstel, B FEolt Talel BAlsh e ulg
A 27N NBEEFe 7E 4 grkn B gk

-

(US. Dept. of the Interior, 1987). T&t, wl=1-& HIESE iy
9] yete] mgg-8] oul= EluEte] wIg-g- 8T
22 gos 2oli glom, A49J(LWL) He HZ-8-8%
olgkal AoJstar QIrkFig. 1).
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Table 1. Total storage and inactive storage in multi—purpose dams, Korea

Mulipupose Dam |04 S| R O | uicpupose Dam | T Sy
Soyang—gang 2,900.00 650 Seong duck 27.9 2.2
Chung ju 2,750.00 596 Bo hyun-—san 22 0.8
Hoeng seong 86.9 13.5 Dae cheong 1,490.00 450
An dong 1,248.00 248 Yong dam 815 70
Im ha 595 124 Bo ryeong 116.9 8.2
Hap cheon 790 150 Bu an 50.3 5.7
Nam gang 309.2 9.5 Seom jin—gang 466 82
Mi ryang 73.6 3.8 Ju am(main) 457 45
Gun wi 48.7 5.5 Ju am(regulation) 250 20
Bu hang 54.3 3.7 Jang heung 191 12
Total 12,741 2,499 (20%)
= MEA Akt o714 Hel 248K Drought storage)
E Crest level ojgh HIZEEF T THAE & AYS 4 7k WA &
- Y, go| 7153t Ao B 4 ek 71 vjEHEETFL 1
I AT s g ZhgAlel 8 4 o, & dAtollA] Algkst
z H: © A58 e g o] 7Rl A8 4R
e | AL L 717 888 4 QItHTable 2 & Fig, 2). A4-82L Qukxo
N : 2 Asgae Sea] otk wATde] wek ool
of, AL Slol EAeke AL-eke RSl AR e
X g % 2 " 7] wizoll ZA4-87o] ARt S flsid= FA |l F
§ @ 5; S A2 (Sediment Level, SL) E-4lo] Asj=]ojof it}
@ | = v LWL
s 3 !
S| 8 sl & make
S| g* :
; ug‘; (;) Emegency outlet E Crestlevel
‘_5 ;z DsL - o
g| I VA 5
NN ZN 2N _q it
Fig. 1. Definition of water level, storage capacity distribution, and . E v owaw 38
inactive storage in dam 5 3% }
HE ™ :
F, Seuet oEARe] & A58 12,7429 3,
-8R 2,5008 T 0.2 oF 0% o2k Az ZARH g3 it
SHK-water, 2017)(Table 1). o= 49k Wel & A4-g%  § & i
& 2HSHe 8FoR A7) g SAo)Y] R viggsF ¢ e ,
7V Nl AT o uoke mAslor & Aoz Wk & § if O ke
A b emogoyoutet
B g 7 st §
2.2 GHo| Zteg3F Aot £ % Sediment level a
2 AFolME 7FAl HIZE-80] &8 Al Ueke =AY - T N
Std &, vlg8-85F Yo] 845F RE 5| He| A4-8=F Fig. 2. Definition of drought storage in dam

Table 2. Comparison of inactive storage and drought storage

Classification Definition

Structure

Inactive storage

Emergency storage : Use of storage during drought

Emergency storage + Dead storage

Dead storage : Unavailable storage

(Emergency storage only available)

Drought storage

Usable storage in inactive storage

Emergency storage + Usable storage in dead storage
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ozHE A(De] olste] Axtdh

S

; Z] Hj)A; @)

o7|A, Qij% tdo] £4&% (mm), i= TANKS| &,
j= TANKS] §5% % ST/ i97] TANKS] A5
(mm), H;;= 094 TANKO] jHA §532] &£°] (mm),
Aye FEE AF (FAY), ST F9ARE tol uhe A
FrHoR A (2 Zo] Akttt

S STt*lJf_Rt E];,‘_]i,t_Qi.tfl ®)

oA7|A, ST}, | & t—149] i A TANKS] 4 (mm),
R= 90 ¢ mm), ET,= 534
HA TANK®] ¢ — 1949 #&%,
9)2} o] Aptgier.

(mm) tafl‘— i

I t% HEZF(mm) o=z A

)

[z,t = STi,t X B; ©)

A7|A, B, & i¥A TANKS| FEAS(EA) oIt An
et al.,, 2015)

" Yeongyang-gun

\ Cheongsong-gun

Fig. 3. Location map of Imha dam

= = H4=89F 5950 Wyl o, SEASLTF 424,00
o, AEYEES 164.7m, AT 163.0m, A4
137.0m, HAFESF 84,5990 ', AF-85F 40.0 m’o=2 FAE
o] glow, HVgRFIA AEEE Hd HEg8RR
124,595k o2 248 % 9Ichk-water, 2017),

4.2 L8 MYS 2IE EAR] 24

421 XY EMS =4

2 A= dshde] B 24E s SMSS] RMA-2
& SED-2D B2 o]-gsto] HAIE 4Hgstalon 20189
< A=t iaé}}] oA 201782 AR ARl R st
Aok, di-2e] |2 FAR] A Al FEl B S EA
A7F EASHARE @A1e] A= ele 47t glctk @A
ARIE APES] RISl st BAEE 24 1AHK-water,
1995d) % 2xH(K-water, 20079)7} olFolzl  AJHE<d
1995~2007'd¢] ZtmE olgste] KPP H-EHAS APt
%, 20079 1= 110.00 EL.me] A& 7|02 o]%9)
Aag st

e 71ES] SHARE geR sialed, | A
FUFS 200818~201797H] B5H 4 5% A=RE ol
SR frAlE s AR 7IRPESE UEE AA] d fEF
;q'ﬁg Hrgow Qohd QT HEAH O FE-—RARE BAA

o]-&5FATHMOLIT, 2002)(Eq. 7).

Qs = 3.7419 x Q1129 @)

A AR AR AR @ ApAss
3 /\} AtdollM e 2R FdstA AAskL
slons B ATE o} FUshl A8t ok, @4
0% PHEFE W ASA oA HASlE Teslolol

L} = W 24l EAsH] mize] 2 AFelMe o
WHQ) FALlE el el RS Tejslon] 4t
A de] EAge dA oF 111.21m= E495ckFig. 4 &
Table 4).

. 165.96
159.57
153.19
146.81
140.43
= 134.05
127.67

121.29
. 114.91
108.53

Fig. 4. Simulated SL in Imha dam reservoir by RMA-2 & SED-2D
model (present)
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alie] EARIE 5T 4 AR T HE JES 28
slo] RelAlg A1gelehi Az Wstels 9
7\] 3= EAPE AZ1Eo @31 Qi whEbA, 2 AFollA
nlgf 715 A5 = Sl 7% AUR| E REgst

o] RAM-2 & SED-2D B9 ggztag F=a1grh
nlef sk AeR19] FdE2 A5k st A 2018
WEE 298 period 1(2019~2048), period 2(2049~2078),
period 3(2079~2108)& o] shd} QIR QHer |
oz ol wdriAe] TR A o
T IPCC Al 52k BuA(UK & USA, 2013)0ll4 AAIT
E 5572 (Representative Concentration Pathways, RCP)
AUl E o]8strt. RCPY 4717 tid 2A47tA 5k
(2.6, 4.5, 6.0, 8.5)= & © 522l 7|Fof Ztoto] mlae
T @At o] 2A7IATE HiEETAl 7HYshs 8.5 Al
QO AqHstqon, A Auas F4E EPTT 72,

ZAE
=

I A

5=,

AEE, ARA7Eo] ZStE| o] Qo) oigt Z|AA AR
= RCP AlUa]eo] A9 B o] BA 77k} Ao)st

Oﬂ Et—ﬂ

121009 o|Fof= A2 xl%W %7 wiEo] &
(AV-SWAT)S ZH o]gslo] &3 ARAS AKX

7] ERE U9 S Sl TANK 239 &

S SHOE TAY B9 99l 47F got tppESE B
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ARg S TASH ﬁ‘?l a7
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(MOLIT, 2011)el|4 A|AIgE At <
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600 ——————F——————— 200 —;

Fow, TEF I AE v V1% FE F Ve, F
&, AUlsE, dXARES dVde =2 Rim(2008) 5ol A-83F
HF QL= Penman XS 0|85l AFgstGI). of=et 7

D A SR D fEg A
O

AR hen FUNHE Aache AL HolAW
71 Asiel WA, Hgtel o) Fhed el &

ol BRIl o2 ARl de 8T 4 A B
B AT Ao ASHm, ol £ Ayoln gk

v 2882 E8 A SHelA £ o,

FA7E A 28 Ao= Amd

423 02 EAY 24
Aol vl 71$E =g 7 71k

Xéﬁ} At b4 AEgh Hiel Zol m
TANK 3o = ztgrt Hol 9 BidaE i
% RAM-2 & SED-2D R3¢ 9 A=7} ;4% HFA]
APston, fAbsE= vlefolle @At wigho] glrkar
“gotelet. o]2A 49 EXRel= ZF ]l 717he] mpxjet
(20484, 20784, 2108)2] E|AFQIE vebd Folct,

EAIIE BAE AT} 112.13m(2048%), 113.25m(2078
), 115.28m(2108) 22 AH=o] |4 EAe] Hrth ZHzt
0.92m, 2.04m, 4.07Tm7} Z71%t Ao yepgton, ujzf 7]
Zto] APELE 0.92m, 1.12m, 2.03mz HHHo=r Z7}5}
= A% E9tHFig. 6 & Table 4).
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Dam inflow (CMS)

T
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T T T
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Period (year)

(©

T T T T
2080 2100 2020 2040

Fig. 5. Future climate change simulation by year ((a) Precipitation, (b) Evapotranspiration, (¢c) Dam inflow)

Table 3. Climate statics by period

Annual total precipitation Annual total evapotranspiration | Annual total outflow(Dam inflow)
Classification (mm/year) (mm/year) (CMS/year)
Max. Min. Mean Max. Min. Mean Max. Min. Mean
Period 1 (2019~2048) 1143.6 729.6 922.0 325.7 234.2 2719 561.1 390.9 467.1
Period 2 (2049~2078) 1182.4 681.6 921.5 319.6 219.4 270.1 590.0 382.4 487.4
Period 3 (2079~2108) 1326.7 640.6 969.5 310.5 215.8 257.7 639.1 375.2 491.3
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159,90
153.52
147.14
140.76
I 13438
128.00
121.62

. 115.24
108.86

(@)

s
161,63
155.25
148.87
142.49
13611

129.73

123.35
. 116.97
110.59

Table 4. Calculation of present and future SL’s

(b)
Fig. 6. Simulated SL in Imha dam reservoir by RMA~-2 & SED-2D model. (a) Period 1, (b) Period 2, (c) Period 3

- 170.59
164.21
157.83
151.45
145.07
[ 13sie0

132.31

12503
. 119.55
113.17

(©

SL (EL. m) Variation in SL (m)
i i i R k
Present | Period 1 (2048) | Period 2 (2078) | Period 3 (2108) 2-0 | -0 | -0 | -0 | -0 | @0 emar
® @ ® @
111.21 112.13 113.25 115.28 0.92 2.04 4.07 0.92 1.12 2.03 | Upstream of dam
43 Z48Y MY % 84.5WThi ) A8 40095 Foll F7HoE o
8 2 9L gaF kS ghaket Zhol e
431 3xe| HAagay - T Q= 85 33,524 &5}l 118.02 m’7}
2%579) 24-8%0] TcHTable, 5 & Table. 6). T, 2
= = @—_Q_Q_E]: ska HlolS. 9] 2k _ — = -
Arolds V88w B8 AL RS SN DFET garo gasp) g AT BAS) Aele] B2 A%
< Aigtetder, EXRIE HE & A48 APgotsitt. |

ghagar Yoi 2oz e Jps3st

ST A8 Ul

|

s SIa weto] Wastel FF, ol54 A4T 5 oA

shetsto] o2 sidsiel & Aol A7, Ahgeel HeL
o] gFo|| SFEE A4=2](124 EL.m)RE EAF(111.21m) wo] 2zAl tjHo]Aut H4dto] A A4S W oAke
g"]; i:ﬁiﬂ?‘_}i}lﬂi‘;ﬁ:ﬁ"i j:ggﬂ; -Erz}aoq SHlsl 18 FEsl A} sl B Aol 2Ae}
$9 33.5290he]) g Aol Ao WS wgagy g,
Table 5. Drought storage of imha dam (present)
LW.L (EL.m) Calf(:ﬁncilﬁiyofyml;.\)x/.L Remarks LW.L (EL.m) CHI(anCilﬁiYO:Ym];.\)W-L Remarks

137 118.02 L.W.L 120 17.97

136 109.14 119 14.56

135 100.65 118 11.38

134 92.99 117 8.68

133 85.53 116 6.25

132 78.21 115 4.01

131 71.54 114 2.23

130 65.13 113 1.45

129 59.25 112 0.9

128 53.42 111.21 - SL

127 48.15 111 -

126 43.05 110 -

125 38.18 109 -

124 33.52 D.S.L 108 -

123 29.21 107 -

122 25.23 106 -

121 21.41 104.5 - Bottom level
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Table 6. Comparison of inactive storage and drought storage in imha dam (present)

Inactive storage (million m’ )

Drought storage (million m’ )

Total available

Dead storage
storage

Emergency storage

Total available
storage

Usable capacity in

Emergency storage dead storage

84.5 40.0 84.5

84.5 33.52 118.02

ShE, QstelNe] FrhHoR S gere AuckE

Se] 5 A48T o) & el 4]

og Az Aoz worHnh

432 02 28 MY R o 28| HlW

A d=H vl EAYE vigfo 2 uafo] 28 o
Zotrt. 7I7HE vg8-8gollA] FrrHoR gH Mg A
4§52 A9l (124 ELm)sb EAFS (] 713 =02
112.21 EL. m, 113.25 EL.m, 115.98 EL.m)]| aigd=x 17t
O = 257680hn’(2048), 15.289 %y’ (2078\), 5.198why
(2108W) 2 A=}, Tt Z-gake ujA-gafy stH 7}
LS5t -85k 3RS 110,269 (2048'), 101,788
(20784), 89.69¥Rtm’ (2108 )= APt ol 7]7HE
Za-geko FAxjo) vlsl 22t 7.76, 16.24, 28.33 Wby’ A4
Sto] | A2 We] Eaprp Mede]| whep A-gRke] A
2 el Z4ggo] HEFer FAshs Hig HI
(Table 7 & Fig. 7). E3L, 7]7k0] APE4= &8 7He3t 2
T8 776, 848, 12.09 WiRhm'E FRH o= TAsiylon

Table 7. Future drought storage of imha dam

s—=—= Present (2017)
—o—o Period 1 (2048)
F—&—+F1 Period 2 (2078)
+——+—+ Period 3 (2108)

120

80

40

Drought storage(million m3)

0 o) & i
100 110 120 130

LW.L (EL.m)

Fig. 7. Comparison of present and future drought storage in imha
dam

LW.L Capacity by L.W.L(million m’ ) LW.L Capacity by L.W.L(million m’ )
- - - Remarks - - - Remarks
(EL.m) Period 1 Period 2 Period 3 (EL.m) Period 1 Period 2 Period 3
137 110.26 101.78 89.69 L.W.L 119 6.8 5.30 2.39
136 101.38 92.97 79.89 118 6.02 4.54 1.74
135 92.89 84.66 71.58 117 5.24 3.72 0.89
134 85.23 76.81 63.72 116 4.41 2.95 0.09
133 71.77 69.35 56.27 115.98 3.75 2.54 - (perissd 3
132 70.45 62.2 49.12 115 3.46 1.30 -
131 63.78 55.43 42.35 114 2.73 0.60 -
130 57.37 49.05 35.97 113.25 1.01 - - (peris(?d 2
129 51.49 43.03 29.95 113 0.84 - -
128 45.66 37.35 24.27 112.21 - - - (peris(?d D
127 40.39 31.96 18.87 112 - - -
126 35.29 26.83 13.75 111 - - -
125 30.42 20.99 9.54 110 - - -
124 25.76 15.28 5.19 D.S.L 109 - - -
123 21.45 13.14 4.52 108 - - -
122 17.47 9.07 5.72 107 - - -
121 13.65 6.90 4.94 106 - - -
120 10.21 6.13 3.11 104.5 - - - Bottom level
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Table 8. Comparison of present and future drought storage in imha dam

Storage (million m?)
Period (year) Emergency Dead Inactive Usable capacity in | Drought | Variation in future Variation from
storage storage storage dead storage storage drought storage drought storage of
@) @ O+Q ©) @+® | compared to present | previous period
present (2017) 84.5 40.0 124.5 33.52 118.02 - -
Period 1 (2048) 84.5 40.0 124.5 25.76 110.26 (=) 7.76 (=) 7.76
Period 2 (2078) 84.5 40.0 124.5 15.28 101.78 (-) 16.24 (-) 8.48
Period 3 (2108) 84.5 40.0 124.5 5.19 89.69 (-) 28.33 (=) 12.09
(Table 8), oli= ml&fl 7% W2te] HEAdo] F7loh= At F Tm'E G oz FAastoinh ol dstd Ko vl 7%
WoHA] Y= Zo= wHHnh 58, W2 o AERH Al Hste] Mgl F7Iske Aol 719lshH, 715 e} A5 o
Zro] Zabdel wet o= A= EARIZE S7ISHAARE, 94 Ay F7rHog | Ao £4 52 S HAR A b
24 s Rl 2 o st {99 7%= olF H A 5 sHole] % A8 U8y S & A=W
o 7EEeke Aolm mj 7% Ag oA B | Ao 4 Qo] H Qg Zolch
5o &% HARE A FUHAQ) A9E FHlste] % A 718k ThE SES 918 HollA ]t T AolHA
T8 teE gHT 4 Qle Wete] Had o Alm thas 252]0 Weto =k 2942 gheh, of=gt Ak mid
ok E3F, A8 A2 82 oM 5 e R E= 7heo 2 Sotgton, Fenks oJEsto] 7hgol s
& FiHE g9eE HIXR o 59 2540 SHE 11y Z=715 71di3ch &2, Seuehs ofg a%los Qls ¢
Sflof & Zojrt. et 7he oA fA] 2 HolAh, F o A7 HolHA A
S2Q1 Wjto] st} & AtellA Aljtehes A8 11
5.4 2 23t FHAofl Br7hiths AollA aFAolzt dtss, % 9
Ag 2 EFAoNE B8] Aolof Ajtste] Algle] &
B oo 71 2R o5l ¢S tiato s H|g VE R ARt e 4 gl ol
88921 B8 Az ke Aiston], HLEE el
o] Zpgolets M2 T§ 77+ ANt u} 258 At Ab
2 J1ze] WS B8] 99 ASBTE BET 4 o
o 7Hdsiel7] miEe] RMA-2 & SED-2D Eo%ﬂ o4 o] B2 20]17dE % T(J)ra;b] HHEAR) o] Aje]0

Al AF8S Adgstalom, @A) EARRE 1995~2017d7F
219] 7|1& 9 #5 AwE LEoialrh v EAgl= ml
71748 377HZ)7H: 2019~2048, 717¥2: 2049~2078, 71713:
2079~2108) & LA 5, RCP 8.5 AU S o83t 1]
@ F8 7|5 AAE d=35te] TANK 29 18 Aaz2H
ggEglon fH 7t 7I7hE | felgo s EARIE A5
o 4 AQlth 11 Ay At vl 7IxbE A8 AlA
9 v 4= qlgloem, 1 ANE Qofetd ohat Zth
1) @A (20179)0f Ab-gFiold S o2 &-grbast
B2 AE91(124 ELm)et EJARRI(111.21m)oll sig== +
Zrolm oF 33.528igkn’ 0 2 4HYsit). o]z AR tREAH
ol & A8Fe Aok Sgoltt. AR or utesk
84.58uhy’ s} 71 02 SRS 4 gl gaF 33 528wk’ S
ShASE ZFel 118.02Wh’S ¢lstsio] Z=aeFo 2 AA|SH
o= Sk ofRk, Z-83F0] &85 QoAM= ol FHat
59 @ 7 2GS vEsfof & Aolrh
2) vlgf 717hE BolE FRt A48 4 Ay}, 2048'A0
£ 110.26Why, 2078W|efl= 101.78% ¢y, 2108dell=
89.69WRn’ 2 AP EIQIT mig Z|3HE ZA-87e A of
v 7Yzt 7.76, 16.24, 28.33 ¥Wgtm® Ft4stg)on B3|, 7|7t
o] MPALE &g 75Tt A8 7.76, 8.48, 12.09 9

_4

FATAT] A9E Wob Sy
3005695).
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