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Abstract

Intake ratio from river constitutes about 31% (8/26) that beings to “water stress country” as “Medium ~ High” with China, India, Italy,
South Africa, etc. Therefore, the present study on a dam that is the most effective and direct for securing water resources has been
performed. First of all, climate change scenarios were investigated and analyzed. RCP 4.5 and 8.5 with 12.5 km grid resolution presented
in the IPCC (Intergovernmental Panel on Climate Change) 5th Assessment Report (ARS) were applied to study watershed using SWAT
(Soil and Water Assessment Tool) and HEC-ResSim models that carried out co-operation. Based on the results of dam simulation, the
reduction effects of floods and droughts were quantitatively presented. The procedures of dam projects of the USA, Japan and Korea
were investigated. As a result, there are no estimating quantitative criteria, calculating methods or formulas. In the present study,
therefore, indexes for selecting suitable dam site through literature investigation and analyzing dam watersheds were determined, Expert
questionnaire for various indexes were performed. Based on the above mentioned investigation and expert questionnaire, a methodology
assigning weight using AHP method were proposed. The function of suitable dam (FSDS) site was calibrated and verified for four
medium-sized watersheds. Finally, automated model for suitable dam site was developed using FSDS and ‘Model builder’ of GIS tool.
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o -_— (= | = o = = =]
CHo| 2H =t EAM ) 22|MY elrdl U 2j52t 2 VY

nidel ER2gelt vpAlnby, Aol B2l wpaby, ‘A& AT

Ro| £ 2YE 0I8H2 26.3% 2 22 REQ| 2|4 HIE2 3%0| 2260, &=, 2, O|H2|0r, Hols 1t el 2 AE2A J|E
S~100i| SHFTHCE W2t 2 A0 M= B AL SEE fleh ARG} 2510 AASHACE Ol=, Y2 F eh=0| & 24 -t0)| Tt ZAL
20, AU VIE LAY Y = SA0| FASHAUCH & MR Y| Y 7= HAIS 2I5tH A 7|= Hel A|L2[ 28 ZAL 24512
O, IPCCAI 5 2t 2t 20 MOof| HAIE 12.5 km A2t olief =8| RCP 4.5 X 8.55 SWATHHEC-ResSimE 01 &5t0] 72 &710f A &35t &
AlZ20]d Z1E EUZ &4 L 730 24 20E HZH 2 AAISHACH 12|10 | 22| MY 2B Y1}, AHP 7|82 0|8310] BIIA &
of thet 27t D25 HAISI0] 7I52IE FOI5IA20, 012 Sall & 22| MY e-A(FSDS)E AASHACE. Ao B2 4229 7| 23IE &

of| CHoto] 2 LU AS SIR2H, FSDS2 GISQ| ‘Model builder'E AFE50] & 22| MY 2158 RH-S JHL5HICt

SHALR0]: CH Z2|MA, SWAT, GIS, RCP 4.5, RCP 8.5, FSDS

*Corresponding Author. Tel: +82-51-510-7654
E-mail: soulcooler@hanmail.net (G. Yun)

© 2019 Korea Water Resources Association. All rights reserved.



188 T. Choo et al. / Journal of Korea Water Resources Association 52(3) 187-194

>

T2 ANE A AR o= WS o] 228
S AZ1L Qo™ 25%01 ] Al A| /1= &2l o] A
g T A s do] B et A D REAX AL
aFz] o] A 31 QT Molinos-Senante et al, 2014; Choo et al,
2016). OECDOA = sHdHFE8E 7|F 02 5 AEHAE
TrEote] AR Ql=t = o] 7% S, Q1 ol o},
Foly 50 7 & AEY A 7]E <FollA] 2 of| sttt
whaba] ezt dof| s == P e FAteS aex o2 o
B0kl 7haat 8ot 22 A E A AA7]7] S1et dgke.
2 7P Aol a8 AQ Holghs XA e ok A
Zzof Hot] A5 AP sHTt

2 AFfA= v eof mhE Hol g8}
S e 2 0= Lyt o w, |l AL
TAEA NN EES 5= s
st 2 Ao Hele =
Vo= ofm, 7| SHskE 11
4247 252k 7o

N
-{O[l
rE
ol

S

0

M
i
o
iy,
=)
N
N

[e]
=2

i
e,

ol
oL
rr o
fin)
N
e
o

_ﬁ
o2 oy

2
o

o & o

==}

29
oot |2 N
do ©

A
o of

It

o omx N
N

o, it
Boae

A
oo o
J

40 ® £ o o2
N Ty o
1%

I,
s 5 X
N
—{Oll F{E
rE
LU
4
}1[ o
o S5
o 38
i)
Ho
of
ol
H
)i
x,

A,
4
do
uin)
Jo
o
ol
Wl
)
Ju
off
0%

fol
ok
e
ofr
e J
oo o

=

H Q0 SWAT (Soil and Water Assessment Tool) =&+ HEC-
ResSim 23 0] A-H A2 -3t} 12|11 7] 3} At
2 RCP 4.59}8.59] 7|AAIB & £&35f0] L= o] A8
o 24 O] fRof thE Bt o A AvE
A Y715 Fofl Ho] P aTE AR ¥ HA) A 2
sty /i E ) AAE E -f9 o sk, EY T, EA|]
B, Ad L, 53k, 52 2 @ & (DEM,; digital elevation
map), P4 e, FAE S 2 A PAEE of 2 A}

[e]

E
o|ES Folo] ST the BERATS T ¥ YA S 2

|

[e]

A2

=4
e
T,
Mk

o

=
ZAFS B53HAHP 7 £
{815 o]-85te] Hol A2 & Hgst= T4

T, o1& A HAIAH o gt Y& 7=

40
|r.][]

ol
opN
N

> 4T N rE
[
I

ol

32 e &

I

]_

[¢]

2, O|EA b E

2.1 SWATZ H

SWAT (Soil and Water Assessment Tool)+= 1]
SY AT A(USDA Agricultural Research Service, ARS)]|
Ofof] 7N ARG o], TheFet oA BRI &
= 7717bol TRt TR0 B EX|o|-§ B B A
Ejof| mhE B -FA 2 S ASteEE O A Fol gt Ex
2] HH o] FF= ol =57 flste] /I E AT SWAT= &
©910] HOP7L 7S Hr el R 2R A=
HYPogM g, EFRY, U=, st o Frg o
2 FE ol om, o {0l A TRt Ee| A 77 o] Ko
7} 75t 7122 SWATO| teh A+ 24= Lenhart et al.
(2003)°] =L ] 2P EAoll BA 7 H SWAT-G 237}
FLEES ol-§sto] Exo]g-0] ®slo] whE JFS S-St
9137, Eckhardt and Ulbrich (2003)= F5-G-3 o] L2 Akz]
£t & A5l ekt shd-f-Eol 719 eke] ZAj4]

o]l ti5te] A7 th SWATOlA B oJ5= 2451
Eq. (1)8] E4=2](Water budget) 14 A of] 273t}
DA77 FShol 242 9] gt =] TA

=}
574

L
ot
rlo

]_

mu ofN rlo of
€ 1
oo

k=
A,
ot
ol
2
o
ol
rid
L

t
SVV;:SVV;—FZ(RdayiqurfiEéiwscepngw) (1)
1 =1

1

A7, SW, e HAFTEFFEH (Imm), SW,E 7| EF
#Hmm), t= AZHDaily), Ry, = 35HH(mm), Q,,: AEH
= (mm), £ SELH(mm), v, EFSIM 71

(zadose zone) = F-75= F%Hmm), 191 Q= 3] ATT

(mm)°|tt.

e

2.2 HEC-ResSim 2.3

HEC-ResSim® -2 HEC-52] $4H 3 © 2 GUI (Graphic
User Interface) S =510 A|AES Bt A A5 =
O] g 4= Qe = N E| Rl o A2] 2 Hlo|E A 3
2], H11 7)5 5 A9H 0 & 71'50] 733} E] it HEC-ResSim
o2 dit B O] Al Folut Hat |, it 27 =] 9] dAA|
2ol 7Hsstal, o2 f o] |t 2 dH 0 = A A
T2 A 2RO B4 9 ZA o et Rate] = 2 AR
AAeFz=) ol whet of 2] Aluhe] @& A7 sto] 242] 29
< W 9|7} 7155ttt Hydrologic Engineering Center (2007)
L ) jo} A4 0] 232 Bolaly] 9IeHERA HEC-



T. Choo et al. / Journal of Korea Water Resources Association 52(3) 187-194 189

ResSim-Z ©]-§-0t0] 24=2] K.2] 9l WL A7l ET} ARG} 2]
7 Eof B5to] 4£715H. 2™, Mazlumi et al. (2011)2003
Aol 4] 2005 “F<toll DezZdoll 91218 Dez A 4=2] 2} 24
2| A -gato] A4z 9 2 HAE AA-2F5t] A1LE
25Tt Lili e al. (2009)2 = 2] 2] AHAFE O] FoFd &
7tz GIS 9 7S] F3-E o 8-ot] aggh v glom,
Babazadeh et al. (2007)2 Jiroft i} 84352 52 H
7¥517] S1all tF2 717t -5t 3HA o] Z7dstof| theFet Alu] 2.
2 RIS ofste] AE-S Tl & Aol 4= HEC-
ResSim 23 o] 7] $H3}RCP AlLHE] 2 4.591 8.55 486

of 9o] 34 2 7hgol thofl A o= Pristarat gt

2.3 GISE 8% 2|24

GIS (Geographic Information System)+= 7 = E 2] 2|2
37 A EE YA "2} 5t 422 2| & (Digital map) = 2Hd 5}
T R R SA7 a0l Allol, 8, A dE, S Bt
| e} R A Aof 8511t Sk P H A A o]t
Az 2ot Foi7l 7of| HedEe 2|9 AHsk= Ao
2, A4 0] A v A= B A E O] A, 24
Apm o] I A5, 713 QA Al e Ao mpel, FA g4
o] Fael 7HA Fof, mHFA, Avte] HE B o ARy,
2E A A o2 TR 4 Uk 1936 ml=of A
gz o] TtE]o] FAR HolA At O W2 AlE
o5 25kl L FotaA S H AR E B o= -
STAIE A5 oA FAVES theA HgloH
(Lee, 2009), ©]€ Al7| 2 ESE EX T EEE FHAA
F99] Bt FEATE Foto] Wrgshs o & ARelA
de] &85 Qe

2.4 AHP 7|

AHP (Analytic Hierarchy Process)< Saaty (1980)°1 2]
Stof 70 oA o 2 of 7 742] Hrr]Eo] EA4
Sh= 739, 4= vierA Q1 tiekEo] A|AIA 1 7 HE 2| ¢let
o} AHP= YAHE A O AlSFEE 7451 Yl 8471
A H] W (pairwise comparison)©f| 2]§H HH-S S51o] of
B7AEe] A4, A 2 AT HAERARE 5ol 22 ot
TR BZES A3tohs Wi Eoloh ot Hrt e 4
ol tigt Fax et tiekEel tigt A S =& Hrtstar 274
[ASO EAT 154 Aot oot Ao s o=z
-G E]o] JAAZZATAE T 4= Q= o 7HA] TijtE&
AAA S = FLet AAX D 7MSAE Hle A2 EES=
S A ATsHE B2 0] th(Kwon. 2008). Saaty (2008)=

‘ Hierarchical structuring of problems |

Sy =

‘ Composition of paired comparison matrix |

< _Lk

‘ Relative weighting computation |

L

‘ Verification of consistency and priority crder synthesis |

Fig. 1. The composition of analytic hierarchy process

AHP O] ZHAAE Fig. 13} Zo] AS722] 247, v
FE, i S2= A, =914 B AT H A
B2 7152 1] 4 DA TS AR HF QI o= A9
71| 710 SJsf -z=ststed il P E-g FAdstal, A
A ArPEH o 2 A 7S A1 E A, A A2
3l B7F Ao A1 ANE Feehe WS verdth

ojt do

2 Aol A= By o] m o] AdE A 717] flste] 7]
H AFH A DS Byl 485t A42] =915 o
= < AAekgrt 71 e st A uE| 0 5 85

18l el et RCP A2l 2 4,591 8.52] 714

A= E FESI AAER 5T, o] & A EGH SWAT

mgo] A-goto] F7|HEROE HAAlSHL, A E &

& T HEC-ResSim 2.3 9] 70 A X7 0 & A5}

ol o T2 7He 9 S0 A7 aikE Ao R 3

7okt st

3.1 SWAT 29]

SWAT 2ol 912 Az 37 Aga=et 1A=
Lhs 4 9lek AGARE EXNSE, EoE, SH A o]
o, JA R 9T, A1712, A7), BRYhEE,
ok, /MR ] 49 W 7ol A A3l
I} 2471, BRYRGE, BFEEL A2 FE59
T, AR W, T2, Hel, 45 A E FFS
Q9|2 TENGIE. 2699 B WP A5AL §

S TgRE A sto] 107]9] 45 0= TsHo0,
Eofm ol EXn o] ofs] F 24709 4R TIE 7

21(2001 ~2002), B4 717F 73 (2003 ~2009), 57178



190

|T"1F!r'r L

1 ’f' !

- Frecipitation

Q{m3/sec/month})

Date(YYY

lr" 'r|||'r""1|l'""|["""TI[""||"”|"|

T. Choo et al. / Journal of Korea Water Resources Association 52(3) 187-194

["|!1|'"‘I"'I"""I" [rTe

Precipitaion{mm/month)

011 2012 2013

Y)

Fig. 2. Observed & simulated flow hydrograph and hyetograph

-

(2010~2017) 0.2 A5 Tt AH2H §2 Hl st
9l
A

P27 7|02 A5l(*.gw), ES(*.s0l), FEHH
(*.mgt), =S THRI(* hru) 2 A5 2 Aol A=
oFA 2|4 o] T= FAFT SWAT 2 2] Loz o e
Sh= G252 vl aste] TEX] o I ojx] o 2ol 7} 2HS o
7HA] 7t 2 ol 7R 4= EE] A 2FQ W (trial and error
method). 2.2 A-HAS F3st3ict A G 3] S B E
YA G= 2171 0.7645, 0.8487 2 B4 5]
.o, A 7131 thet ZA A= 0.8069 = HA = et T
SF, WAl EL 2% Root Mean Square Error, RMSE)= K.
A717va AE7|7vo) 242 4.8263,3.6351 18] 1L A 7|7HS
4218302 FA LGt} A 717t thet FAd et =
o doFd g 9 BojH -2 RS Fig. 29t
2t 74 xF2 AR, A y 52 7, LEE yE2 7T
&, Shekofl f1x]et A2 dJd g4, A
A mold 254
3 vhe S Yehdich =55

o o

I o

¢

A

r

]
T

o)
Hog
Sl
1o

fE = |

2009'dIA RO FEarrAdo] T4t F3em, 2012
ol frAtsHAl 2o Aoz A=

3.2 HEC-ResSim 22|

HEC-ResSim®| 98 2a+= IA ¥ FU%, AP K,
‘Reservoir Editor’ ]| ‘Physical’ ¥} ‘Operations’ 2 7-53F 4=
ULk o714, AP = s, PR, | 912 o™
‘Physical’> H o] 224 £ 79- A5 T4, 591
FF T4 5] ok, ‘Operations’= 59101 e Al 2wt
FEFAAER A

S

Fig. 32 U £G5S Lheh BA otk Wy e
chE A do|ul, BAA GATAS S WSF 2 2L T

Dam crest
. Operation |
wF WL Rule
TH.HwW.L ® 0.0
52 ¢
583 0.0
3%
L. W. L.
Emergency No supply
Odischarge gate (Emergency @)

wD. 8. L

Fig. 3. Miryang dam operation rule

Tt e O2 AR 7 HIA S 2 7
G2 Tl AR 2ol IREH, RIE QA+
HEH S Tl s A8 B e 8rE st 19
I RPE Q2T EST TFOR AT U HE UEY
™, 2YE @ A9 #1792 BolRle 71
SRS SN ¥ETE T, ole B AR
SHA] k=t

o 7] 4], F.W.L.-2 Flood Water Level(Z%]), NH.W.L.
2 Normal High Water Level("3A]9H=9]), L.W.L.2 Low
Water Level(45=9]), D.S.L.2 Dead Storage Level(A=$1)
£ Utk

WY £QAAS TASALERARALD Water
Management Information System, WAMIS)J|A] dTH9]=
T=oFTt

HEC-ResSim 2] F-274 42 T=H A4 2] 42919}
Lol 421 9] =912 AAstl o, SRS vl
H4=2 AAJsto] RolE Faetelnt. A8 3] HA=4S 49
St Av} AAATE 09982 =2 AL BT} A4A]
TR H AT Q1S Zatel= H5FA] HEo A AA H 24



T. Choo et al. / Journal of Korea Water Resources Association 52(3) 187-194 191

..|||I

i |||‘“ M““ “\‘ ““nnl“h|||||||||u\|m| “‘Mﬁl\“\l“““‘l Mhuﬂl““lﬁl.nu"h“‘“

rge(m3/sec)

Water supply(m3/sec)

Plant dischal

Date| [vvm

Fig. 4. The results of plant discharge and water supply

2 W] ha WA ROl gl o ml, APXIRHSSloh 45
9] Apolol A A4 0 2 & AX|SHAt. 444 LG me]
23 Wl R WAR Y S5 TR Fig 491 2

o] moJ= gl

33 RCPA|LIEZ|2 A8
2 A= 7| FHRE A5 5l 717 oA &

A= 71T H X E ol A SAME 12.5 km 2] RCP Al U2 2
459} 8.52 thourekom woFdlo] Aolw HHE} 2.5 x
12.5 km @] AZFE i st W 192 F 4709 A}

off ZEE L oH, R4l SR oll ooz At
2 AADR e, B, 1172, A7, 35
O 712 =5 =531 Fig. 55 RCP AU 2 4,591 8.5
o] AZ}5=EFS T ASE e 2 2018WKE] 2100 712] &
g2 vt 23 RCP AW 2 8.57F4.5¢] B[l 3040.8
m T A2 FA=
C-ResSim 23] A7 HEEOE 5 =T
FAF 2N AT AAZH o= qhgsto] 447
1 o)E 435} RCP Al L] 2 4,55 20324, 2039
054'd,2090d Z-9-7F A1) 0, RCPAI L] 2 8.5
0524, 20634, 20644, 2071 A0 27} EHAYSEe] o &
o] 15 m¥/secS 215t ZA 0 &2 R OoJE|Q]ct.

O

ol

8

Az

-

=
z o
rit

o o

>

[\

o rr i Mo e

oy

_-es
LN
- |- measnoens |
ARERAS Lt . . . e 1000
o et T T e ot . . EAMPR
L |VREREE . :
2000 2 2000
g

009

e

Il |Ih |‘ o Il =

Precipitation fmm]

2000 |

i .

2020 230 40 40 2080 2010 2080 2090 2100

RCP 4.5 - RCP 8.5 jmnd

L 7000

Dot {yoar)

Fig. 5. Annual precipitation for RCP scenario 4.5 and 8.5

20
T 1000
= 20
=
£ F 2000
o
.

= F 200
g 1801 /
o
g — RWL RoP45)
R N RWL. (ROP85) F 4000

I Prediiation (ROP45)

[ Predipitation (ROP 85)

LY T T T T T T T T T 5000
014200 20212050 20312040 2041060 20612000 20612070 2071080 2081200 20912100

Time (yea)

Fig. 6. Stage hydrograph and hyetograph for each 10 year

7ido] 5 017* Fig. 62} Zo] Eﬂlﬂﬁh&} 200291
ol A 2017A7}2] 7% A A A 7|17t %4“220‘“*
m’S] 7FE A7 g3t YeRt o, S0
345,600 m*/day S A 7tet A 0.2 B it 71?‘%} At
2] @of ofof o] H 10 Fa A5A| 2] 9= A9 2L
2 goj2|7] ghofow, Algl 29l 2ol = Ao R
LEFTE RCP AlHH] 2. 4.5} 8.5 Z-85to] Z 7[7HE =
A A} e oo} 7 FE ARt A o= B4 E
Ak 10 Hot AA] 4=919] a5 AT EH, RCP AL
@ 459 HEL2 2040 ] ]—ril | F71E= 2FEL 190
mE 7|02 A5 oS BEESH 01, RCP AlLHE]2
8.5=2050E ] ©] && 2FEl. 190 mo]| $+Hsh= Ao 2 BA
At

4, T MR EA e

4.1 WA BO| 7}1&3| K0

GISE &8st =i 719 F579 9l 66712 ©
o2 24513 o™ EX T E(LC), F~EAE(GE), ZJAKSL),
SHEA(RD), de(TP)OiﬂﬂﬂZl S g5ttt B7EA] 3|
et 7 A& Fofstr] S AHP7 RS & 6}04 22t 9]
Zahod =+ ﬂi%ﬂi SHARZANE AN, oA 35kt
ARZALO] A2 28 YER = AT 2142003172 4
%9131, ZyZo] A= Table 17+ 2Tt



192

T. Choo et al. / Journal of Korea Water Resources Association 52(3) 187-194

Table 1. Pair wise comparison matrix SRS, FRA AL, EXTEE, 181 AR FEE
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Table 2. The results of verification
Nam River Dam Basin Milyang River Basin
Value Count % Value Count %
0-50 491,380 19.9% 0-50 478,235 31.0%
51-60 1,252,779 50.8% 51-60 767,777 49.8%
61-70 687,417 27.9% 61-70 279,526 18.1%
71-80 28,883 1.2% 71-80 11,729 0.8%
81-90 2,751 0.1% 81-90 2,250 0.1%
91-100 3,019 0.1% 91-100 739 0.0%
Total 2,466,229 100.0% Total 1,540,256 100.0%
Overlay — Weight
@ Forest, Wetland, Water
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LC I @ Urban
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— @ Original interstice + Fracture
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FSDS |<— S e S S
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Fig. 7. The function of suitable dam site (FSDS)
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