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Study on Optimal Location of Washland Based on Economic Analysis
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Abstract

In this study, methodology to determine optimal location of washlands based on economic analysis is
presented. Install costs of washlands are calculated by construction cost and land compensatory cost and
benefits of washlands are calculated from flood damage reduction and befit from using washland as wetland.
Indirect approach for runoff-flood damage relationship is suggested and benefit-cost analysis is used for
economic analysis. Economic analysis is added to existing models that used only flood reduction effect to
determine optimal location of washlands. Suggested methodology is applied to 13 potential washlands in
Anseong River basin to examine its applicability. Applied result of new methodology is compared with that
of existing model. As the application results, it is possible to determine the optimal combinations of washlands
can provide more economic benefit compared to existing studies. It is determined that considering economic
analysis can be better option for decision making problem searching for optimal location of washlands.
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Fig. 1. Flowchart for Runoff Calculation
683



%%
2

gl it

S

:rL

=

Eq. (2)°l oJ3f %

E2jolo]

o

i=]

L

L

o] @z}e] ]
o}

1

—Cost ratio)®

o)
A= |

A

1)

-
< 735l

= B/CHI
2}

.

st AB/AC7} 12T 3 Fapdo] 2 fjok

© &2 B/CH|7}1 o]teld 7
B/CH]7} & tiQto] HA|RE H]

Fa, 18tk

]

ZS|

o
3

.

1
4

Ay
gl

FETZEL AAGEA N AFEEE UX
= He]-H|8H| (Benefit

o)u

A

89 @7} ofA=
o] Zfelo]

H] W ol A AFg-H

35

=

(2008)

Off-line? 4]

Off-

L
L

=4

(<)

1

X
-

pu

2t

o] Aol A

}

Fe) =7 = =

AFA =

o O EE A

T

s

°

=4

[¢

o] BWARAZ T2 A% E 5
. 2010).

o 1

=]
LR
A
=

:g‘_"!

(2009)

5

3]

]

A

st7] wf

2Tt ZPAA A=

&5
z

she BEAdY met AFA Rt A
Q.

)

-9} ot

3]

oL
Aoz Ae
A

o

W F7H2 ol
)
i

[e)
H

PAPA
il
2] 7~ Off-Line
wl
~

St

S A

o
oF

AFAEE] 2]

. B

=0

7

o

el

Ak

=
i=]
- ©

=

SO T

=

SH

ki3

]

S 27 AT} EXujdu] g0 2 ko] 2

&

I

Eq. ()¢} #Zo] == A 72 9] B/Ch

H

2007).

Q=C+ L+ 0

Hagere] #97-/%432] (Hager, 1987)&

7|4

s

<
K

oF
R’
"

ol

4 7|

IH
<0

.I

: 2.3 ZH|

(2010)8] Aol A&} 2ol =

=N

2(2009) 2 S

]_

&

o~

ST
o

|

%

)
e

&

o

=A
aff

= A
1=
L

.

&=

= Al

]_

o

3l

3]

X] pS)
4]
outlet
DA fter

A =
.G

PBefore

=

T
-m
BEKE RS

outlet

ol 41 €]
Q

Lopiierr TTHETONA E] ZFHAA

BAAFAE

for j=1,--

A Q[?Utkt

)
er

outlet

BAEA F)are] AEATA ) 2

T
max
Vi=V

L

ATollAM=,

bsaet,

=

I8

=
=

°]
subject to
& ol A

2

At

HAAFA TFRsk 90 HAL A NFOR A
(AQ;MIC!)

(2009 FAATAE] FRUE A 241 o

8 A
Mazximize B

3]
=]

A5

A FA Al

%

SHsir.

°

ke 5o

3

22 dHANFX ZHH 24

USACE (2008)7} 53¢t 1.1
2

bs
684



AR AAS Hel FAF RS o183 Eq. ()3 A
o

Eq. 4)9} 2ol &

iAol oJs) A TR o H A
f}Bj AAE A7) A9k ke AAEA oM, b F9
Mazimize B=B/C=* @ e myRges AE Wl 4842 HE N
26 MR fele] WAL 1658kmolH, RIS 5951
(1037) S, HEEo s e FEHow
4714, B, AFA jel AT A £ B, WABoRE A o3 gakn ik
C; - AFA GOl A%t HE “QEIATA FAEHAFAE (AL AFH, 2007)" A
m AN AFA 5 £ B52Ae BHoR 1370 ZAARA FuAde
HESS oW, Fig. 37 Table 12 di’d F-9u A AF
Eq. (De} o] F¥= Adedaret e A FRA A AdS vERl AL vk
T2 ol&ate] HA e ARAFA AAE HAgetal o,
Fig. 2 & A70lA Aka oAAg71ye) 725
ERlar glck
Input Data
Hydrologic Basin Washlands Cost
Data Data
; :
Runoff Calculator
I
- v v v v
Case Objective Benefit Cost
Generator Function Cj Calculator Calculator
Optimization Tool B/C Calculator
Fig. 2. Structure of Suggested Algorithm Fig. 3. Ansoeng River Basin
Table 1. Characteristics of Washland in Anseong River Basin
‘Washland Name of Max. Storage Top El of Width of Rating Curve
1D Washland Capacity (m®) Weir (m) Weir (m) Applied
W1 Pyungkoong 575,000 6.50 30 H=0.411x Q"™
W2 Shinka 2,784,000 7.60 75 H=1.605x Q"
W3 Joongbok 3,543,000 8.50 75 H=2.487x Q"%
W4 Yangryung 1,362,000 10.49 100 H=13.825x Q"%
W5 Keonchun 1,060,000 12.70 7 H=6.047x Q"1"
W6 Shinkye 297,000 14.30 100 H=6.613x Q"1
W7 Doongchung 4,151,000 5.50 50 H=0.133x Q4%
W8 Bekbong 2,240,000 5.50 30 H=0.151x Q"*¥
W9 Uhyeon 4,662,000 6.00 70 H=0.203 < Q"+
W10 Moonkok 7,909,000 7.00 200 H=0.284x Q"1
W11 Hoihwa 3,293,000 9.00 70 H=1.439x Q"**
W12 Shinri 2,015,000 13.60 70 H=28.321x Q"™
W13 Madoo 8,976,000 7.70 70 H=0.642x Q37
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Fig. 4. Construction Cost Curve for Washlands
in Nakdong River Basin Depending on Storage
Volume
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Table 2. Annual Mean Construction Cost of Washlands

Washland | Storage Voéume Construction Cost Com;:;l:atory Total Cost Annual Mean Cost
1D (1,000 m”) (1000 Won) Cost (1000 Won) (1000 Won) (1000 Won)
W1 575 10,591,853 4,357,500 14,949,353 818,877
W2 2,785 13,211,466 15,892,500 29,103,966 1,594,220
W3 3,543 14,251,827 55,105,000 69,356,827 3,799,141
W4 1,362 11,459,111 10,780,000 22,239,111 1,218,186
W5 1,060 11,118,219 13,860,000 24,978,219 1,368,225
W6 297 10,301,454 3,182,500 13,483,954 738,607
W7 4,151 15,145,222 4,335,000 19,480,222 1,067,063
W8 2,240 12,510,710 24,920,000 37,430,710 2,050,332
W9 4,462 15,623,639 18,900,000 34,523,639 1,891,092
W10 7,909 22,053,804 31,200,000 53,253,304 2,917,070
Wil 3,293 13,899,948 54,390,000 68,289,948 3,740,700
W12 2,015 12,232,362 63,700,000 75,932,362 4,159,327
W13 8,976 24,537,071 45,650,000 70,187,071 3,844,619
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33.1 BEmUEe Hus| AT FEE A (AEAER, 2000 & e 3l
om 7}7ke] ZpwE| e LH|AETIAFE a1este]
FeTEE AR 3 WA= FeAETels At 08 %= 71302 3AketAT) Table 30] YER} 9=
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M7 7o) wsje) ol Ao iz Wlel AN FHs (D) FFF (R) WAE EEAPoM, B
Ao AgH I gl welth W olF AT £ B FRual- S @AM o Ba (DI 2
A% Fo| AGA Aot $EG B9 FEARA
L o 03 D= 1436.6¢"07F @)
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Table 3. Flood Damage in Anseoung River Basin (From 1985 to 2002)

Unit Converting | Damage in Present Value Total Rainfall
Rl Deiieigs (LUTD Wion) Factor (1000 Won) (mm/event)
2002.08.30 1,972,260 1.21 2,386,435 415
2002.08.04 11,143,509 1.21 13,483,646 241.9
2001.07.21 1,368,738 1.24 1,697,235 115.6
2000.08.23 2,195,488 1.29 2,832,180 138.0
1999.07.23 4,204,960 1.32 5,550,547 204.1
1998.07.31 8,774,826 1.33 11,670,519 230.1
1995.08.19 5,809,250 1.57 9,120,523 234.6
1994.08.28 4,337,950 1.64 7,114,238 121.0
1990.06.18 1,358,033 2.12 3,939,030 110.4
1988.07.20 1,477,135 2.44 3,604,209 66.0
1987.07.25 744,539 2.61 1,943,247 110.8
1987.07.21 1,789,251 2.61 4,669,945 163.6
1985.08.13 765,583 2.76 2,113,009 34.5
20,000
18,000 [ o Total Rainfall-Damage] - 9,000
A Total Rainfall-Q,
16,000 [ , 4 8,000
C
] B (-
2 1400 ! 7,000
§ 12000 |- : - 6,000 L
E 10,000 I 5,000 %
E 7= 280 year o
S 8000 | | 4000 3
o = ®.
% 6,000 |- D=1436.6e%007R | : 43,000
D T=100 year
4,000 | ! r | 2000
2,000 |- > ! soi'ea' Lo 1000
0 | | 1 1 1 l 11 l 0
0 50 100 150 200 250 300 350

Total Rainfall (mm)
Fig. 5. Rainfall-Damage Relationship
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Table 4. Flood Damage Reduction Depending on Flood Reduction at Basin Outlet

Annual | Sectional Sectional Annual Damage Depending on Flood Reduction (m®/sec) at Basin
Fred. | yrean |Annual Mean Outlet (Million Won)
(year) Prob
Prob. : 0 100 200 300 400 500 600 700 800 900 | 1,000
50 0.0200 0.0133  [160.80|157.15| 153.57 | 150.08 | 146.67 | 143.33 | 140.07 | 136.89 | 133.78 | 130.74 | 127.76
80 0.0125 0.0075 [103.88[101.52| 99.21 | 96.96 | 94.75 | 92.60 | 90.49 | 83.43 | 86.42 | 84.46 | 82.54
100 | 0.0100 0.0025 3814 | 37.27 | 36.42 | 35.60 | 34.79 | 34.00 | 33.22 | 32.47 | 31.73 | 31.01 | 30.30
150 | 0.0067 0.0033 55.65 | 54.38 | 53.15 | 51.94 | 50.76 | 49.60 | 48.48 | 47.37 | 46.30 | 45.24 | 44.22
200 | 0.0050 0.0017 30.66 | 29.96 | 29.28 | 28.62 | 27.97 | 27.33 | 26.71 | 26.10 | 25.51 | 24.93 | 24.36
Annual Mean Damage [389.13|380.29 |371.64 |363.19 | 354.93 | 346.86 | 338.97 | 331.27 | 323.74 | 316.37 | 309.18
Ann. Mean Damage Red. | 0.00 | 885 | 17.49 | 25.94 | 34.20 | 42.27 | 50.16 | 57.87 | 65.40 | 72.76 | 79.95
FDR=AMDRxa 0.00 | 3291 | 65.08 | 96.52 |127.23]157.26 | 186.60 | 215.27 | 243.29 | 270.67 | 297.43
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Table 5. Weighting Factors for Functions of Artificial Wetland

Weighting Factor Value
Weighting .. . Hich
Conditions of Each Function Natural |Half-natural g
Factor Tvoe Tvpe Rfficiency
yp yp Type
Detention Period < 12 hr 0.5 0.85 1.15
a, 12 hr < Detention Period <48 hr 1.0 1.70 2.30
Detention Period > 48 hr 1.2 2.04 2.76
No biological protected area in the neighborhood 1.0
Protected area for amphibians or wetland birds in the
. 1.1
Qs neighborhood
No protected area for amphibians or wetland birds in the
. 1.2
neighborhood
(Vegetated area in Wetland) / (Wetland area) = 40 % 0.4
(Vegetated area in Wetland) / (Wetland area) = 60 % 0.6
a.
’ (Vegetated area in Wetland) / (Wetland area) = 80 % 0.8
(Vegetated area in Wetland) / (Wetland area) = 100 % 1.0
Developing only artificial wetland 1.0
a, Developing simple walking path and observation deck 1.2
Developing park and ecological study area 15
Inside of urban area, near to urban area, or easy to 12
a access from uraban area '
Far from urban area or difficult to access from urban area 1.0

434 28k 20104 8H

689



Table 6. Annual Value of Washlands as a Wetland in Anseoung River Basin

DT | Washland Name | PGSR | e Note
W1 Pyungkoong 0.21 339,738
W2 Shinka 1.63 2,637,014
w3 Joongbok 2.06 3,332,668
W4 Yangryung 0.77 1,245,706 a + 10
W5 Keonchun 0.99 1,601,622 " (1).2
3 0 Y
W6 Shinkye 0.67 1,083,926 o 15
W7 Doongchung 1.02 1,650,156 a, 4 - 1.0
W8 Bekbong 0.56 905,968 V1 : 648 Won
V, © 644 Won
W9 Uhyeon 1.05 1,698,690 V, : 18 Won
W10 Moonkok 1.56 2,523,768 V, + 210 Won
Wil Hoihwa 1.47 2,378,166
W12 Shinri 1.30 2,103,140
W13 Madoo 2.20 3,559,160
a,_y; AFFEA AAAR ] B2 A7) eRE 74 71 4. Mg %
Vi Q@A e o ARl thek vl 7h] (/mP ) 41 Erel XEX|E 2Bl A
Vy A3%A e AEAAHRE tiat we] 4 (L/m’ )
Vy: QlegAe] a7 aA R gk ©e) 7hA] ($/m’d) A 71 o]-838te] M o] 137 $RAFH
Vo 1gAle] AvlE s s tEk 9] 71X (/m*d) A5l e AAYB7HE FHsATh 7 AFRAE @
A, AFEAe] A2 A (md) =0 43lae
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& A7t 9eiA+= Eq. (10)
171 2} ﬂﬂ% 2
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Table 7. Annual Benefit and Cost of a Single Washland in Anseoung River Basin
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|Fog2 AAE
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Hzee

F2 44

ol 24

Buhs FAdadE sty v 1S B oy

g ZA4 BAjol ot 43e Ao vk

Annual Benefit

Washland ngﬁig Ar.m.ual Cost Valie as a Flood Damage Reduction ol B/C

ID (m®) (million Won) Wetland FDR Benefit
(million Won) A4, (million Won) | (million Won)
W1 575,000 818.88 339.74 0.58 7.84 347.56 0.42
W2 2,784,000 1,594.22 2,637.01 88.30 33.61 2,670.62 1.68
W3 3,543,000 3,799.14 3,332.67 73.53 29.27 3,361.93 0.88
W4 1,362,000 1,218.19 1,245.71 37.98 18.83 1,264.52 1.04
W5 1,060,000 1,368.23 1,601.62 31.11 16.81 1,618.42 1.18
W6 297,000 738.61 1,083.93 3.85 8.80 1,092.71 1.48
W7 4,151,000 1,067.06 1,650.16 13717 4797 1,698.11 1.59
W8 2,240,000 2,050.33 905.97 83.89 32.32 938.27 0.46
W9 4,662,000 1,891.09 1,698.69 157.99 54.04 1,752.76 0.93
W10 7,909,000 2,917.07 2,523.77 247.02 80.24 2,604.00 0.89
W11 3,293,000 3,740.70 2,378.17 25.59 15.19 2,393.34 0.64
W12 2,015,000 4,159.33 2,103.14 2.03 8.27 2,111.39 0.51
W13 8,976,000 3,344.62 3,559.16 265.08 85.55 3,644.70 0.95
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Table 8. Optimal Combination of Washlands in Anseoung River Basin Based on B/C Ratio

Total Flood Total

Number . . Reduction [Annual Cost Total Aqnual
of Optimal Combination of Washlands at Outlet (million .B.eneflt B/C

Washland (m’/sec) Won) fenier (el
1 W2 88.30 1,594.22 2670.62 |1.68
2 W2, W7 225.55 2,661.28 4,361.09 | 1.64
3 W2, W6, W7 229.27 3,399.89 5,446.11 | 1.60
4 W2, W5, W6, W7 258.39 4,768.12 7,056.29 | 1.48
5 W2, W4, W5, W6, W7 296.96 5,986.31 8313.33 | 1.39
6 W2, W4, W5, W6, W7, W9 435.17 7.877.40 10,052.63 | 1.28
7 W1, W2, W4, W5, W6, W7, W9 437.26 8,696.28 10,392.98 | 1.20
8 W1, W2, W4, W5, W6, W7, W9, W13 63543 | 12,540.90 14,010.36 | 1.12
9 W1, W2, W4, W5, W6, W7, W9, W10, W13 729.51 15,457.97 16,561.77 1.07
10 W1, W2, W3, W4, W5, W6, W7, W9, W10, W13 838.90 | 19,257.11 19,926.57 | 1.03
11 W1, W2, W3, W4, W5, W6, W7, W8, W9, W10, W13 872.89 | 21,307.44 20,842.53 | 0.98
12 W1, W2, W3, W4, W5, W6, W7, W8, W9, W10, W11, W13 879.59 25,048.14 23,222.66 | 0.93
13 W1, W2, W3, W4, W5, W6, W7, W8, W9, W10, W11, W12, W13 | 879.96 29,207.47 25,325.91 0.87

Table 9. Optimal Combination of Washlands in Anseoung River Basin Based on Flood Reduction at Basin

Outlet
NTU\IOrflir . . Reljd‘llj)cot(ilon Ann?lthalCost Total An.nual

of Optimal Combination of Washlands at Outlet (million vaeneflt B/C

Washland (m*/sec) Won) omiliten] o)
1 W13 265.12 3,344.62 3,644.71 | 0.95
2 W10, W13 404.27 6,761.69 6,209.40 | 0.92
3 W3, W10, W13 504.57 10,560.83 9571.50 | 091
4 W3, W9, W10, W13 591.32 12,451.92 11,295.67 | 091
5 W2, W3, W9, W10, W13 677.21 14,046.14 1395792 | 0.99
6 W2, W3, W7, W9, W10, W13 732.83 15,113.20 15,624.42 | 1.03
7 W2, W3, W4, W7, W9, W10, W13 783.54 16,331.39 16,885.02 | 1.03
8 W2, W3, W4, W5, W7, W9, W10, W13 823.75 17,699.62 18,498.46 | 1.05
9 W2, W3, W4, W5, W7, W8, W9, W10, W13 856.14 19,749.95 19,41394 | 0.98
10 W1, W2, W3, W4, W5, W7, W8 W9, W10, W13 869.10 20,568.83 19,757.49 | 0.96
11 W1, W2, W3, W4, W5, W7, W8, W9, W10, W11, W13 875.80 24,309.53 22,13762 | 0.91
12 W1, W2, W3, W4, W5, W6, W7, W8, W9, W10, W11, W13 879.59 25,048.14 23,222.66 |0.93
13 W1, W2, W3, W4, W5, W6, W7, W8 W9, W10, W11, W12, W13 879.96 29,207.47 25,32591 | 0.87
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