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Water Supply Alternatives for Drought by Weather Scenarios Considering Resilience:
Focusing on Naju Reservoir
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Abstract

Resilience has been widely used in various fields including design and operation of infrastructures. The resilient infrastructures not only reduce the
damage scale of various disasters but also reduce the time and cost required for restoration. However, resilience rarely applied to promote efficient
management of agricultural infrastructures. Recently, drought is an aggravating disaster by climate change and need countermeasures. Therefore, we tried
to demonstrate evaluating measures in case of drought under consideration of resilience. This study applied the robustness-cost index (RCI) to evaluate
alternative solution of the supply problem of a large agricultural reservoir under drought conditions. Four structural alternatives were selected to estimate
the robustness index (RI) and the cost index (CI) to obtain the RCI values. Structural alternatives are classified into temporary measures and permanent
measures. Temporary measures include the development of a tube wells and the installation of the portable pump, while the permanent measures include
the installation of a pumping stations and the pumping water to the reservoir (Yeongsan River-Naju reservoir). RCI values were higher in permanent
measures than those of temporary measures. Initial storage of the reservoir also affected RCI values of the drought measures. Permanent measures
installation and management of early stage of the reservoir storage shortage was identified as the most resilient system.
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Befo] 71558 AR B9 BIAUR HEobis
2 ArE 4 Itk (Holling, 1973; Vugrin et al., 2010).
AL xS AHEE), o3k Alglsk W HAEr S thoksh
T wofoll Al A of] whe} theFsHA| A ow o] g o] %
QE':]- 247+o] AFAES 3 EEEAdS 7411 (robustness),
54 (redundancy), AHEEE4] (resourcefulness) & 41454
(rapidity) 9] 47H2] &2 &-8stof 7Ngs}stitt (Garmezy,
1985; Rutter, 1987; Folke, 2006; Shin et al., 2009, Bruneau et
al, 2003). Ao SRErelAe oET BelE 74 b
%, 710) 1% o]0) A% P4, THI0R Qlat A|Adle]
W3}, 183 7 RS0 Foao| ox3trty A olEY
t} (Gallopin, 2006).
53] 7IHkA 9] SjEEte o tis) NIAC(2009)%

Aol

)9k A& Zolt oz Rolst, Blueteiael
L) Fe A Al thet e, 54 B
58, 2132 9w sjEelo] oEsin, sjuetelye] S
£ ARSI A 2% Asle) Tajo) g AuAd B
gk oftjet o] haul AT Bol Sl £ Ha

3} gt} (Vugrin and Camphouse, 2011). Yu et al. (2012)=
Aol T a3 Bnige] 3o sEetelA Hgol
e Holshn AR olel Aslvk wAIsto] eiAtale]
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= BEA7]7] o Q5= HEo] HAH]
skoact 53] Aal ool A <] IjEere A
A=) S8l agt WA A, 95 E
7] 93l Tast Alze] Ao s E R, A
of Aol elzt Mele AN Sfe FxA
(structural alternatives)2] =24 (robustness) .9} of =
TRs3t ] Aol thet B A (apidity) HEZ )
3t &3}t ]2 A |9t (nonstructural alternatives) 2] 4= 0]
=983t} (Kim et al., 2011; Woo, 2011; Lee et al., 2014).

ol2|3t 3|EE o] 7 d-e thelRlt fofollA] B8 o]
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£ thHlsto] theket 23] diokS Alggstar glou, 24
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Lee et al. (2016)-2 TA] S~ AlgQl & 2
TS SHOR 7|E AT FHE A (F2A
o Wr4e Wslged, 1 lEem W4 A%
(robustnessindex, RI), H]-&%]4> (cost index, CI) @ Uj7A3-H]
£-%]4> (robustness-cost index, RCD)E A A|3}SL) o5 o]&
3to] Afsfel i (Fd ol whE 2 2 digke] kA
T A TYS BT 24 I EEE AL AR 7|WAA
F= 9 olr) slEEtE Z LA (resilient city) A4S 93t
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Fig. 1 Procedures of evaluation of resilient agricultural water supply alternatives for drought scenarios
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Table 1 Main specification of four agricultural reservoirs in Yeongsan-—river basin

Total storage Available ) )
. . ) Basin area Full-water area Benefit area
Reservoir capacity storage capacity (ha) (ha) (ha)
(X1,000 m*) (X1,000 m*)

Naju 107,810 106,540 10,470 780 9,054
Jangsung 103,883 99,707 12,280 750 11,139
Gwangju 17,360 15,200 4130 186 3,155
Damyang 77,608 76,670 6,560 441 6,245

ais&g A e ] *éﬂ fg cHzﬂOiowP 24 1+%
Ee QUTT pA9E)S AAskSinh 2 AvE el
FALET dibd WA HEA5E el HEAe
e o= RCI= RIX CI 3)

2 WA (RC)7F 2 2 ojob sl
o W e FEYLe AEHS Bk
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SANAE RSN TeA A0 Gabg el
i U 78S 0ol 34300ae) 5734000 8
S3F T 5 A Heok 20004 o] 5
WITR 5484 3 Al Py 9tk Tabe |

B AR R YA AL RofaL sl
2 QAP 4k Ao 1 B
of mlia] Aol whd A4:ef Shue] Teke 4

el 2 R R B A

o
404'

_E. rlo

2. Gt &Y & 2N AU 23

7h WY X2t HIE Xl

& AFodE s s Aluel el 24 bigh]
it W=+387He 213l Lee et al. (2016)0] A|Het Wi-H/d-v]
& Zl S Eiste] @ 7[Rl 2 kel olag
d2 7Rk webd Wit Al RDS} vl (CT)
1 (1), 4 ()2 o] AoAstAaL, YAt B84l

sto] UTLA-B18-2)4> (RCI) 3HS Al

w e _ISE‘. o
S o

i

CA+)Y AA
= 72/@ 1)
DS(l—ﬁ)

o7]A, CA= FAIEY &5, AAE 24 gt &3,
DS At (Z55%), AE= A+ Advle=A 5
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Table 2 HOMWRS input data

Division Naju reservoir Remarks
Benefit area 9,054 ha
Basin area Total : 10,470 ha Indirect basin
Direct basin : 8,460ha, Indirect basin : 2,010 ha : Gumjungbo
Meteorological station Gwangju
Rainfall data 1967~2016 (50years)
Infiltration rate 3.4 mm/day
Waterway loss 15 %

Basin inflow
estimated factor

1% basin : 2,900 ha, 2™ basin :
Subtotal : 7,681ha (Except full water area)
Indirect basin : 2,010ha (Maximum 7 m/s inflow)

2,900 ha, 3™ basin : 1,881ha
Full water area:

779ha

Landuse of watershed Rice field 11,3 %, Upland 3.8 %, Forest 78.3 %
Lower stream flow 34,000 m'/day
Ponding depth Maximum : 60mm, Minimum Omm

New pumping station

Discharge tank

Fig. 2 Naju reservoir, irrigation main, and planned pumping stations which deliver Yeongsan river water to the reservoir

WHslol 74 71 Aluteled B4 BaS A
AETEIt) %ﬁ% BYEASAS) 2R ol A
FEYAEE RO ZAA|AE] (Hydrological Operation Model
for Water Resources System, HOMWRS)2- 0]-83}31t} (Table
), B4R BN FUFS UFE] FoISAS 71Kl
Eslslon], 14 AR Fol AEH et gl
SepoR B WESS MBI, o2 B2 27] A
23 QAT @, o] AR R (e B
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Table 3 Water deficiency determined by HOMWRS model according to drought scenarios and initial storage

(Unit: X1,000 n)

Drought scenarios (compared to normal year)
80 % 68 % 61 % 56 %
Required amount of water 91,671 95,597 100,385 101,880
Available quantity 68,334 58,444 53,535 49,784
70 % 10,147 23,964 33,661 38,906
Deficiency 60 % 16,742 30,559 40,255 45,501
according to
initial storage 50 % 23,337 37,153 46,850 52,096
25 % 39,824 53,641 63,337 68,583
(1977d), 80 % (1992d)2] Hlo|E}S 2251}, 2heE olx geato] AZHAE BAStE o, a7t RekE 1979~
o) s ARE B2 7 Atkelod B HEFE Tle  1986A7HI 198799] Fel2 FAsA Agslel 0174 12
33} Zro] 4HEE|SITh o 7|Eo 2 AA7IAIEEES =4 (1,621 HY)soiTh
U50] Bt A8S 619 % HAASEHE 65048
melS 7ok o, HEhH] 70 % Z27|A5E9 Aed 2) 24 sk &9 sa 2 BlE
46,164 Am’, 60 %= 39,569 Hm', 50 %= 32,974 Hm’, 25 FZA ot At SF o g2 JLESG o, 9
%= 16487 Hm'e] 27| FH-ETFo] =t & R55F Al IR, 7] AR 2 SRSkl e e
< 7k AZEAIR] g 50 %7t 7)ol H, Alue] e X EHREAY e A, AR UTE A FeARE Y
2RETR 80 % AR B 27|AeE 70 %olA o] Hjustgley. FrAvE el & REEE e o 3l
10,147 Hm'e] §p7F HE3F 202 Uepylal, Aue] el = TR AVAES shelom, sigAgel whet B8-S 4t
Z|FERL 56 % AU H 27|48 25 %ollA= o). AAI Aol thet v[-g-2 FHSFAREF oA WXE
68,583 Hm'e] g7 HET Floz AEHIH: Sk ghelfthaidtae] AAE ©7HE 28515 om, AA =]
A e ke #2234 9 SV EARE S8kl &
Ot 723 ook AdAE 2 HIE TefAe] wet AAshes FAA], QAU E AA &
) Y2s dA) 7]uka o] vjg FAF= A ARAEIE F8l AFIHIE APEstelth Ax]H]
U5 19743 49 22510] 1976\ 9 SH2E #2423 £ A et fAdE s A A7 Aol AEES
220134 AR & o)7] AFS Edto] A Q] Aol H| A LA v B7H 4= Qe A7 &R AP S
A =] Qe (Statistical yearbook, 2017). 197611 9 &3~ TA]
2,9379uk9l 0] 77} EQlE]g) o 2013 A4x| & o 3. M ANUZIRE FII 35 ¥ 4R - 29F
7] AR = 595999 =alE FAskGIch 7|HA A R]8-9] HIE 4+
FAAZI A A 22 tioke] AT E HASH ] § T2A gioke B AU e (ABEE ko] 80 %, 68
sto] §H=23) EAA|AEl (Economic Statistics System, %, 61 %, 56 %)Z B3] AL B HEILES Fadt 4 QuE
http://ecos.bok.orkr) Al (S [FL3W, AA-5H)E AAFRE ARFA00, Table 5= T2 A djobd (T

Table 4 Water supply and total cost per unit of structural alternatives

Water supply Total cost . )
) ) ) Installation cost: Operating cost
Structural alternatives per unit per unit (millionw) (milliont) Remarks
(X1000 m*) (million¥t)
Temporary Tube well 3 55 50
measures Portable pump 30 245 240 Ope’att'”g
cos
Pumping station 3,000 2,030 2,000 30 .
Permanent — (electricity
measures Pumping river 'water 7,500 9.050 9,000 50 fee)
to reservoir

S3ets=2a A0d A53, 2018 « 119
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Table 5 Total water supply, total cost of structural alternatives under different drought scenarios and initial storage conditions

(Unit: X1000 m?, million)

Initial Water supply (X1000 m*) b Cost (million¥) by
Structural ) ) ) )
storage ) rainfall scenarios rainfall scenarios
alternatives
rate 80 % 68 % 61 % 56 % 80 % 68 % 61 % 56 %
10,149 23,964 33,663 38,907
Tub Il ' ’ ’ ’ 186,065 439,340 617,155 713,295
ube we (3.383)| (7.988)| (11.221)| (12,969) : : : :
10,170 23,970 33,690 38,910
Portabl ' ; ’ ’ 83,055 195,755 275,135 317,765
oo oriable pump (339) 799)|  (1123)|  (1,297) ’ ’ ’ ’
‘0
12,000 24,000 36,000 39,000
Pumping station ’ ’ ’ ’ 8,120 16,240 24,360 26,390
Ping (4) 8 (12) (13)
P i i t 15,000 30,000 37,500 45,000
umping river water : : : : 18100| 36,200 45250|  54.300
to reservoir (2) (4) (5) (6)
16,743 30,561 40,257 45 504
Tub Il ’ ’ ’ ’ 306,955 560,285 738,045 834,240
ube we (5.581)| (10,187)| (13.419)| (15,168) ’ ' ' ’
16,770 30,570 40,260 45,510
Portabl ’ ’ ’ ’ 1 24 28,7 71
. ortable pump (559) (1.019) (1.342) (1.517) 36,955 9,655 328,790 371,665
'0
18,000 33,000 42,000 48,000
Pumping station ’ ’ ’ ’ 12,180 22,330 28,420 32,480
P ®) (1) (14) 1) - ’ ' '
i i 22 2
Pumping river lwater ,500 37,500 45,000 52,500 27.150 45.250 54.300 63.350
to reservoir (3) (5) (6) (7)
23,337 37,155 46,851 52,098
T Il ; ’ ’ ’ 427,84 1,17 1
ube we (7.779) (12.385) (15.617) (17.366) ,845 681,175 858,935 955,130
23,340 37,170 46,860 52,110
Portabl ; ' ’ ’ 190,610 303,555 382,690 425,565
o0 o ortable pump 778)|  (1239)| (1.562)| (1,737 : ' : ’
0
24,000 39,000 48,000 54,000
Pumping station ’ ’ ’ ’ 16,240 26,390 32,480 36,540
Ping ®) (13) (16) (18)
P i i t 30,000 37,500 52,500 52,500
umeing river water ’ ’ ’ ’ 36200 45250| 63350 63,350
to reservoir (4) (5) (7) (7)
39,825 53,643 63,339 68,586
Tub Il ’ ’ ’ ’ 730,125 983,455 1,161,215 1,257,410
ube we (13.275)|  (17.881)| (21.113)| (22.862) : : 1oL 0
39,840 53,670 63,360 68,610
Portabl : : : ; 2 4 17,44 1
- ortable pump (1.328) (1.789) (2.12) (2.287) 325,360 38,305 517,440 560,315
0
42,000 54,000 66,000 69,000
PumBIngG. Stati ; : ; : 28,42 4 44 4
umping station (1) (18) (22) (23) 8,420 36,540 ,660 6,690
Pumping river water 45,000 60,000 67,500 75,000
54,300 72,400 81,450 90,500
to reservoir (6) (8) (9) (10) ’ ' ’ '
* () Number of installations of structural alternatives
o, 7] AR, e A, JaPURES QA AT o] F ZF-eol| wlhet XHﬁHﬁLE (RD)7F o8 A wrEA] 24H
TR A 0] UE 580 2 BRI A ok gebd 274488 MR SelEr] Agels A
A« v APgSt Folot BHEAES] 70 % (A, 60 % CFATA), 50 % (2
A 9 25 %ol gt WgAe RDE ZH2 AEsto
Z7] sl FFE esteict E3E Table SofA AFH v|-&
. = ¥ nE < B2 7R EH]E- (1,621 ) “A] (2)70ll tidst
H|- QX CHE AHASHY
1. ITA-HIZX| (RCI) AFY oA S AR ;
A7) 2] Eof wE A el FHO| YiAd-H]E-
2R A Ao AL FFsshs Hmolu,
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Table 6 Robustness—cost index (RCI) of the structural alternatives

IS 70 % of the annual average 60 % of the annual average
RS
SA 80 % 68 % 61 % 56 % 80 % 68 % 61 % 56 %
A tube wall 1.97 0.47 0.30 0.24 0.94 0.4 0.29 0.24
Portable pump 2.80 0.80 0.53 0.44 1.48 0.72 0.52 0.45
Pumping station 417 1.60 1.27 113 2.60 1,67 1.38 1,28
Pumping river water to the 414 156 117 1.05 2,58 1.58 126 116
water reservoir
RS 50 % of the annual average 25 % of the annual average
SA 80 % 68 % 61 % 56 % 80 % 68 % 61 % 56 %
A tube wall 0.66 0.36 0.27 0.24 0.39 0.28 0.23 0.21
Portable pump 1.1 0.66 0.51 0.45 0.71 0.53 0.45 0.42
Pumping station 2.22 1.67 1.44 1.36 1.87 1,61 1,53 1.45
Pumping river water to the 2.21 1.48 1.31 118 173 148 132 128

water reservoir

*|S: Initial storage, RS : Rainfall scenarios, SA : Structural alternatives

Initial storage water rate : 70.0% of the annual average Initial storage water rate : 60.0% of the annual average
45 45
a0 Y\\ a0
g 35 g 35
& \ &
£ 30 g 30
3 NN z .
525 25 A,
3 NN\ 3 N~
g 20 5 20
£ N e £ :
® 15 B 15 e
H . H .
2 \\ \%‘ ] S —
£ 10 \ 210 \
0o : - - ) oo : : -
80% 68% 61% 56% 80% 68% 61% 56%
Rainfall scenarios Rainfall scenarios
—+=Tube wall ~8=Fotable pump —+=Tube wall ~@=Fotable pump
~fe=Pumping station === PUm ping river water to reservoir ~fe—Pumping station i PUMping river water to reservoir
(a) 70 % (b) 60 %
Initial storage water rate : 50.0% of the annual average Initial storage water rate : 25.0% of the annual average
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80% 68% 61% 56% 80%
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Rainfall scenarios Rainfall scenarios
—4—Tube wall —B—Potable pump —+—Tube wall —B—Potable pump
=r—=Pumping station == Pum ping river water to reservoir == Pum ping station =i PUmM ping river water to reservoir
Oy [o)
(c) 50 % (d) 25 %

Fig. 3 Comparison of robustness—cost index among structural alternatives according to drought scenarios (80, 68, 61, 56 %) and
reservoir initial storage conditions (70, 60, 50, 25 %)

A4= (RCDE Table 6 3! Fig. 29} #o] Lehfon, kAl A A At AE2] 50 %ol FAND 5 A= AlEA 2
= Aueled g e sl (Aeol ke AdAE & Ysk] Ui Ae SEEES Sk B3 UitAgol &
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RCI of Pumping station
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a0 \ Initial storage waterrate : 70% of annual average
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650%
50% \

o N\

10 T T

80% 68% 61% 56%
Rainfall scenarios

Robustness-Cost index, RCI

(a) pumping station installation

RCI of Pumping river water to reservoir
50

« Initial storage waterrate : 70% of annual average
1.0

30
60%
50% .\
20
% ‘Qﬂh\%
10 T T T

Rainfall scenarios

Robustness-Cost index, RCI

(b) pumping river water to reservoir

Fig. 4 Effect of initial storage conditions of reservoir on RCI of structural alternatives

HE MRS U8AS (C)F Ftol TFA-IEAS
(RCDE AT RCL gho] 345 Ssaegol o 2
deros B7h @ 4 gtk

P2 ot 3 0
o] 3ol WrolA4E thA-H§A4% (RO} 1mlgke.

A 80 %, 70 %, 60 % A slekEE 2, A8 (7}
) 7k 7] wheh Adx]ulgo] Solub QAT (2
g, o] AA)E TgAol sletele] 7hEo] Ai4E A
% ojgo] opd Ao® eRith (Fig 3)

shlol] Sojal (4 AX, IAFUES A7) 4
)& AR H8R|50K 71 A] AAIghRlo] Ha) o

E2H2) YIS o 4 9lek B3] FUVFH Gt
535 Q7 AR WA BARIGl QR4 AR el
3PS HolT Glok, Alu|e] AEFAY} BAT
RIS A A Bl ule) e 853 3
249 Bl ket vl A fg5h] Heldh o A
¥o] o gelal T2 ookl 2 Sl 4+ Uik 6%

o
Aol B AR AL FAHES Wehiof dAgo s 2o ¢
4 3

2 o
b A0 FREENS AT S otk S U

ESL FUSH 2 A dioke Syttt 271A &
opet Yd-ml8A19= RCD7E 2A] Zfolub= A& & 4= 9
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o, ol A3 (7HR) 271 A4S mefat ZheriHe 4
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