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Site Suitability Analysis for Riverbank Filtration Using Game Theory
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Abstract

The tap water supply in Korea mainly depends on the surface water. However, the advanced water
purification process becomes a necessity due to the deterioration of surface water quality and the risk
of accidental spill. High cost of water treatment and public concerns make the decision makers turn to
riverbank filtration as an alternative to the surface water. Riverbank filtration has been employed for
water supply in many developed countries for more than 150 years. In Korea, riverbank filtration has
drawn attention since 1990s as a supply source having potential to stably meet the ever—increasing
water demand. Some cities located in the Nakdong River Basin are currently supplying water through
riverbank filtration. This work studies the site suitability analysis for riverbank filtration using game
theory. Theory of games, which is a branch of applied mathematics used in social sciences (most
notably economics), biology, engineering and computer science, was applied to candidate locations for
the selection of riverbank filtration site. We proposed a policy game model as a new method adopting

a probabilistic approach. The model developed turned out to be an effective tool for site selection.

Keywords : Riverbank filtration, Game theory, Site suitability analysis, Han River
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g o] A A9 et ARE BT FrA6 o
3 w7k Brbsela, Auel 4o A S
WA A A28l ARl g EA40] tha] o] ol Hlok

150093 71] A3Ao 2 AMEEIL JTHGrischek er sl ©dol Q) olEid EAHEES Rsh] Yl Al
al, 2002; Tufenkji et al 2002). Table 12 =1<]2] dolEs AE A2 WHES AASA HST
Table 1. Some Examples of Riverbank Filtration
Location Well Field Description Progluctlon
(m”/day)
. . . N 70 vertical wells,
Rhine River in Germany Diisseldorf 18 radial collector wells 357,600
Llobregat River in Spain Cornella 26 extracting wells, 62,000
7 recharge wells
Limmat River in Swiss Hardhof ) .Vert1ca1 wells, 15,000
4 radial collector wells
Donau River in Austria Lobau 8 radial collector wells 136,000
. . 256 vertical wells,

Donau River in Hungary Csepel 30 radial collector wells 150,000
Missouri River in USA Nearman single radial collector well 120,000
Kansas River in USA Kansas City 1 collector well 151,200

Ohio River in USA Louisville 2 collector wells 75,600

Nakdong River in Korea Chanwon 36 vertical wells, 240,000

1 radial collector well
Tan Cheon in Korea Seongnam vertical and collector wells -
Han River in Korea US Army Camp 21 vertical wells 10,000
Bukhan River in Korea Gapyeong infiltration gallery 15,400
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Fig. 1. Concept of Riverbank Filtration
(Lee, 2009)
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. * Cooperative game
Cooperatlon * Non-cooperative game
o
™
* Onestage game
Stage « Multi-stage game
J
N\
Form « Strategic-form game
* Extensive-formgame
\ J
s ~
z * Complete information game i
Information * Incomplete information game
L * Asymmetric information game y
)
~
* Zero sum game
Payoff Z E
* Non-zero sum game
\ J

Fig. 2. Classification of Games

3
RS [
Q09 Hael Ak Al B i B
FAE A7) 8 BEAY RN FEE Felrks
el tal A8kl

Adel FFE Fig. 29 2ol 7% 4 glon, d=f
o] Fefell whe} ofe] Aol EdEo] HguojoF &

W= itk

oJapAA e oA A7 AEE = Qe dijbE S
& (action)o]g} F-Eu} ol AFES A7IAke] A
Z(strategy) 2.2 YER =0, 5= (pure strategy)©]
g dojd iAol A= BE A9l dsiA e A
7127 #Hsk el %k A& (complete contingent
plan) o2 Aol¥tHOsborne, 2003). &3 =H(mixed
strategy) gt A7127F 2] Je] dF 7he-d shvE
Aeets Folzl FEFE et o2 desh= 3
o majr)

Adell A dapdo] oW ks el Aol #7
ol Arlel B4 ¥ A wEs dgs Y
(dominant strategy)©]2} stH, Z+ A7|x7} ke
A Fold Ao B ARl A HAAgS A
& o o] HA Aere] #-& i F (Nash equilibrium)
o]g} ghtH(Nash, 1953). tii--9] o] 2491 Alqlo] &9
g2 o] WATES Foprls otk s AN
E7e A9 dlslwd@o] obd oA Alle] xIdE]7]
=

O:

3. MAEMES 918

[ =)

=
e
Hl
o

3.1 =9 7|27t

ARG ole] 74 AR B AR}
sesolof s Bgw oAdANAoR s @

97



AR 2o BAFRES A A EFAA $AE R ANUF HEFgo] HolAA Hi ud Agrst

A5 Aahdl Bk 712 oY PHESS 7l Qs FEAE B9 wg Aotk oF S0 Fu

okl $HwE 98] 2GS WhE AEAG FE AR 54 Auok Aoy, FRA1e) AeEgge Ao

A% ol 43 FAH At olst WRiEe] trRoltt. o P(z,)olM Plz,) Pk, ) w5 278 lolt). ukw,

gk 7 SR A i3] FUe el o RE o ARt Qs TR defe] Pla,) oA Plae,)P(k,)

Tkl ot gk A ARk Sls A FUEN ga gag ol A% Table 2004 UHFRE T

& P ARbgel AlejsiAY dAAke] 4d Sl Tz BT AR} Qe Ao@)o)A] oA A Hrk

ojgk 4 #& AMEE el §loh o] g o] fE & ) W8] 7F TRASL ARyt BeiE Aug 85

AT YAAGAA g FRA ] QIAHALE 9 o] molAAl Hruz Wo AuE w83l 98 Az

& AR AR el Al HALHl IS gy a9 5ol we vige Aga @ Rolehs 4

s Aol A8ste] 4 FRAE BN A ) yuay,

& =BE sk 9 ANE AYRHE Y Yrol w3 HUSES 1
AAEAe) APl B Agete] F FRA A =l o mepa AR solAel e He

wHE SAEAE Bk 7o) st An % shtel Yug dejsta ojdA Aed shte)

O 7 TEHAEL Ags A9 F oy A Ao E4 TnAst AeE s8] Eaz Aza
gAke] AAE Blofd & glvk Z= ot} 7+ AWyt el 5o Edsitii 7145

@ 7 FRAEL AYEE AS Hao] FxE g W o= A&E%W A (law of total probability)?] S4-a
w78 R, Bgol AgHm FuA7t ded FELS Bg (DR &

® AR WA ARA AYelm, g FuAL A Q| 2 o
gw e FuAE Az gehdd

32 7|2 A=y PAt) = ¢ Plty) + - PAty) (1)
FrA 1, 27v 47 Pay), Pla,) (0< Play) <1, +oeoe +%x P(tn):%i]lP(ti)

0< Plz,) <1)9 AAgES 7H o,

P(z) +Pla,)=1 Otk o714, ;3= 78 FRAE 9 A71A P(t) @ WA ARoA HNeE 3§

vah, Pz,)E 712U Aol &) 98 = gl n< Jre| 7

= AgHesold 3 & Ak o] AFHFEL V)E

Aus} 9 A% 7 FAE 59 gope spy O3 BHE A=Y

Aolty. $1A 1, 27} B4 ARE BAFoEN F7} 7182E AJdEgEe EH A A 7 A5

€ Hed 28 priority, Pk,) 2 Frh o] MA® Ro| Ak Table 29] 7FEL The BER
Table 2= 524 AxXol didl priorityE 1# 3k 7] sith sl @e ARE JAE FHRAVF @A)

P AYRFL vdehz gor, i RE AusE  ddmog Abd Al F98 Hgol v, A

& 03} 14e]e] gk 7hHof @k
Table 2014 & <=

=ol, & FrA

2l =
1, T FuAds gk, ARvt gl FEAE

Sol 3t mE7) o]Fod 4 gtk Aolth uwielA
AR 9 A Bdo] 7] eiME ZF HRAA ot
s penalty g FolgtoZH 7t FH A gt Ao o]

Table 2. Basic Game Model with Priority

Candidate Location 2

w/o Information w/ Information
Pz,) — Pla,) P(k
w/0 Information OP(z,), Plxy) ®P((x1))+P((z2))P((k2))y
Candidate 2 T2/
Location 1 o . ®P(z,)+Pla,) P(k,), @P(x,)+ P(x,)P(k,) — P(xy) P k),
W/ niormation P(z,) — P(z,) P(k,) P(z,) + P(,) P ky) — Px,) P(k,)
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Table 3. Policy Game Model with Penalty

Candidate Location 2
w/0 Information w/ Information
W/O @[P(Z‘l) ($2)P( 2)]+ [P((C2)+ P(zz)P(kQ)}wy
Information DPla,), M) [Play) + Play) PUR)I(1— o)
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Location 1 w/ @|P(z,) + Plz,) P(k)](1—w), + [Pzy) + Play) P(ky) — P(z)) P(k))]w,
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Table 4. Terrace Lands of the Han River and their Characteristics

Alluvial Thickness(m)
Average
Location Ll ‘Width River Bed Terrace Land
(km)
(m)
Average Range Average Range

Kwangnaru™? 12.8 82 5.6 45 ~ 6.7 13.0 9.0 ~ 17.0
Jamsil*? 5.4 109 48 23 ~ 175 11.1 96 ~ 125
Ttukseom” 9.6 36 45 40 ~ 50 16.8 157 ~ 179
Jamwon 5.2 56 4.0 26 ~55 15.1 149 ~ 153

Banpo 6.4 89 3.7 23 ~ 51 - -
Ichon™ 8.0 62 5.2 18 ~ 87 115 10.0 ~ 13.0
Yeouido 3.8 186 15.9 117 ~ 20.1 176 109 ~ 242
Yangwha*? 11.7 82 13.2 9.0 ~ 17.3 15.8 137 ~ 178
Mangwon 3.8 183 11.3 11.3 15.2 11.6 ~ 187
Nanji 3.2 242 20.2 14.0 ~ 30.0 15.7 10.0 ~ 21.3
Kangseo 2.0 170 29.1 270 ~ 312 28.6 27.0 ~ 302

(D The Office of Waterworks Seoul Metropolitan Government, 2005

@ Dongguk University, 2005
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Han River

Fig. 5. Locations of Terrace Land of the Han River

Table 5. Preliminary Information for Game Theory

Penalty Yangwha (Y) Kwangnaru (K)

w Information Plky) Information Plky)

(1) Aquifer Thickness 0.3 No 0.0115" Yes 0.1062

(2) Permeability 0.6 Yes 0.7235 Yes 0.7235

(8 Developable 0.9 X - Yes 0.0833

Amount

(4) Water Quality 0.1 Yes 0.3 No 0.1%v

(5) Connectivity to 0.1 Yes 0.3124 Yes 0.3458
Existing Facilities

D Priority from information newly acquired

Table 59l + FHA] /WE9A] HAAHES 9l &
A" AHE SR st ZF AR 3k BfofE
¢} penalty % priority7} Webt Itk 289 priority
= AHP (Analytic Hierarchy Process, Al&w4]314)2]
AR Addg o] &3t E =g, 2005). AHPE
oe V&S 7P & vl dikjks #e tlE

AR WY F SR, vl SES AsH e
=iete] 7 £49] FoEE Fefgtews HA dict
S AAshe 71olw Saaty (1980)l ©Js) = Ak
Table 5= AR.] et Ao AYREG] 48] 71
FAE Lot ] Sl B 7bH] A= pEhEdvkal 7t
gskaict

WA, T FEAE A A7 gle Ae® 7Hst
WoAgd gEe Pla,) = Ple,) =0.57F E Aotk

G g5 FAC o AR
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Table 6. Result of Basic Game Model

w/0 Information

w/ Information

0.5000, 0.5000

0.1383, 0.8617

0.8617, 0.1383

0.5000, 0.5000

w/o Information

w/ Information

0.5000, 0.5000

0.3271, 0.6729

2) Permeability
w/o
Y
w/
5) Connectivity to
Existing Facilities w/o
Y
w/

0.6562, 0.3438

0.4833% 0.5167%

* Bold figures mean Nash equilibrium.

Table 7. Result of Policy Game Model

w/o Information

w/ Information

0.5000, 0.5000

0.6128, 0.3872

0.3540, 0.6460

0.4812, 0.5189

w/0 Information

w/ Information

0.5000, 0.5000

0.6553, 0.3447

0.3447, 0.6553

0.5000, 0.5000

w/o Information

w/ Information

0.5000, 0.5000

0.9458, 0.0542

0.0500, 0.9500

0.5333, 0.4667

w/o Information

w/ Information

0.5000, 0.5000

0.5050, 0.4950

0.5850, 0.4150

0.5800, 0.4200

w/o Information

w/ Information

0.5000, 0.5000

0.3944, 0.6056

1) Aquifer

Thickness w/o

Y
w/

2) Permeability

w/o

Y
w/

3) Developable

Amount w/0

Y
w/

4) Water Quality

w/0

Y
w/

5) Connectivity to

Existing Facilities w/0

Y
w/

0.5906, 0.4094

0.4866", 0.5134%

* Bold figures mean Nash equilibrium of information.

Table 69 @, @& AegE ALEE drsha FRA B

et 2,
DP(,) +Pla,) Plk,) ~ Pla,) P(k,) =
0.54+0.50.3124—0.5 < 0.3458 = 0.4833
@P(w,) + Play) Plky) — Pla,) Plk,) =
0.54+0.5x0.3458 — 0.5 X 0.3124 = 0.5167
NEG AARGeN A WATFRL F FuA BT

7F ARE BFshs stolA A "nh mebA,

102

_‘—'—'_
gol NAFR NESER 7 FuAe] AusE
(P(1)& ARE 5 glow

T04326) % FUEATIE AeEr), By Te] A

1
2
@ A% AY

H
=4 Al e AR g A% At 9

< 0.5+ %X 0.5167 = 0.5084
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= O ARe] RS APEAIZIA AL o8 7hsdhe
= penaltyE 13 AIYEEH(Table 3)S 48315
penalty 7} 1/20] ‘d+= FspA7-2] 3L Ek)“}
AR FH5S 7|8k AlYe] Pk e ARl
FeA Tl 2FFAlTst BUTATe HrEe
penalty7} 1/2 EE]- x}o o xqzﬂgqu]. onPoﬂ/qt
AE FAS F Al s & Ao, 7Lt
S AAAGA JAdollA avke] wg o]
fotRE FspA = AR glol, § NErbed AR
Aol Fofshies & Zlojtk. 7F Ju
of tig AYRE A& A= Table 73 2.
Table 7] @, @A degE ArtaAS orlshd

e

OLP(z,) + Pla)) Plk,) — Pla,) Pk)(1—w)

+ [Play) + Play) P(ky) — Pay) Pk ]w
=[0.540.5 % 0.3124 — 0.5 < 0.3458] > (1—0.1)

+[0.540.5 < 0.3458 — 0.5 X 0.3124] < 0.1 = 0.4866

@LP(xy) + Plxy) P(ky) — Plxy) P(k)](1—w)

+ [P(z,) + P(x,) P(k,) — P(x,) P(k,)]w
=[0.54+0.5x0.3458 — 0.5 < 0.3124] < (1—0.1)

+[0.54+0.50.3124—0.5 % 0.3458] < 0.1 =0.5134

7} Auel ojs) Aud S8 NHEGe] @& ol
galo] FrAe] Hupg @ S 9.

N7l gt WHATES AR penalty(w)7}
120)dol B HUTATE ARE wie Aol
BEATE AR gl FejelA sk, A 4
N ARES T FRA BF ARE BESE 2o
W41t Fe] WSkl Ak web WE Ause) U4
FRolA e HES olgate] 7 FrAe Meat
£ 44Y 5 Qor), 244 5

(0.4013)8} 8141 (05987 & 5]

o a7l o A A

= %X 0.4812 + %X 0.5000 + éx 0.9458

+ %X 0.5800+ %X 0.4866 = 0.5987

NE7bew A4re] penalty7h 092 HE H5S
g oHlgo] diHor w7] el FaATe HEA
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