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ABSTRACT

This paper intends to develop unit water production cost (UWPC) between alternative water resources including desalination,
freshwater reservoirs, single-purpose dams, underground dams, and two indirect water in-take technologies - riverbank filtration and
aquifer storage and recovery (ASR). The UWPCs of water supply schemes including each alternative are determined based on project
cost, and operation and maintenance estimation models, which were developed based on real project cost data. The sensitivity analysis
of UWPCs reveals that ASR is the lowest cost option in producing drinkable water among the alternatives, followed by riverbank
filtration and underground dam. It is expected that economics related to the finding plays a critical role in supporting water resources
planning and budget allocation for central and local water authority in Korea.
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AGARIAL S T2 A B 2Ry o] 9, 13,
Al T AEAY S EialE A8k ofele 25t
A AR EE A2 EEgrdlo g QJilEt)(Park, 2011). tixl4
ARrpde] tigh gef7t vgks] o] QIAlE AN el
= ¥urd o 2 HlEolg, g3 Desalination, ©]&} DES),
A&l (Underground Dam, ©]3} UGD), “3*He]3KRiverbank
Filtration, ©]3} RBF), 2]4~8#]<=X](Freshwater Reservoir, o]}
FWR), 8<%1-8-7(Single-purpose Dam, ©|3} SPD)-s°] thall<=
AFAE R IAHAL Sl o]9]el of SjolA= AlAA
TEHARA HAR AYEL AE &2 AEASHATA
(Aquifer Storage and Recovery, ©J3} ASR)= ~1 %] shjo]ch

CHAASA AP G drkr o7 “FFg ol ghekr] 59
1A WS o]83te] AFFE sl FYATIAL I
7RE ZPEATIAG FretAR) F drete] ARgsh] 918k BRe R
E8EE e o] A S ZE(Son et al., 2014).
53], ASRE FAllo] F58E A7l 1 o A Ak
o APl ol& Eo] FE535k Ao rste] B8shs, UE
TFA A7 IsmolH, Askiarsel sAkdE Adshe 7IRE <t
ZAAsle] BIE 7IE = Qe vl A= 7] Tl

A AAR SR AR 29 Tl = 2508 ALl ke vl
AR AP Sl giie] ek A7) T, A 594,245
m'/) FE Etste] of 80% (0477} REHe] ek v
ASRE] =k AP gl g3t 7)es B8 S8oks A
2 WeF T, ARE & e B B4 siES 91g A
A7, SR AE, ARAE d 2EE s 7 9=
g8, ofF 23, WA BE, 23 44, T 5 F
247149 o] 2t}(Pyne, 2014).

FHY AT & FA i8S 8l dirss 23R sk
o 2 Aol 14220)9) ARARGONE T2 Bhe £
ZE#27) 52 2%, U B A9, vdes, = SollA
ASR WHAJ(3070)0] % AFAPON} APEH0Z AFEET
ATHDEMEALU, 2012). 35+ &4 efdAdzAF @9l 84S
E3sle] gk 157 Axe] AR Qe Ao A,
ABTE FALTE LES ASRE| B9 287 Ve
o] FEeh= RIS v Hiks B o] Fole] ¢t L
2 718531 YJTSKM and CSIRO, 2012). Ho= U=
HIZ3te] T, 71ERE, oMol E & SE=m7tellx] AIFAKd
75 92 AFskE Y8 B 7 =88 1ol drk

2 AA =7PE ASR AHIE Z2AFSE A3 ASR Z2AEQ]

612 Journal of the Korean Society of Civil Engineers

A Gk M2} Z150)S Holw O AFE 3-8Fopd
S EAS SR ARAoIA AdE F P B I
ko 2 R8Ywar ek et

AR 2 7 A ASR AR migold= dizgk 30% 7171e]
7} 71go v AR RS SEAITIA] Fekar 2719 Ao
2 Hol tiAlFAAN RN E 297 $13e] tha
Ao 2 Kol AR 2ejdek 23] A0 tigt efdd =7t
uje- 2938 Ao = Atg@rkBloetscher et al., 2014). ASRS]
AP Eg- g gl I o2 Asacle o] gk
(Alternative Water Resources, ©]&} AWR; thalssaA A d=t
o)zt AAA tigk a7} mu)Ek Holtk

712l AWRTE A1 Bl ke F2 AT A
FHAR] vlge) Ao LA 457 vl nle Y& Ee]c)
21 8E)%(SFWMD)2 2007d%9]] ASRS Z3ts}e] o o
rPIE] AGE A7) HEARE o]8sle] Hlasllont
FAE aHEA @al Ttk S35 71l Al
(CDM, 2007), Carollo Engineers (2006)= <2<t =]g] ]g]
o7 Zheln), Sefrl 9 s Aejeale vigol gk
JAGRE TAZ BT SAIRE o3t v1E- AR A
& Ah= 9Aj] e vl Hol(d, £30%) 1 AE =83}
= ofglgo] drk

o] $AR AV A B B3] A= ARk

] ko g H5F aaAldst 17 = 2709 sk
< vi$- A AHIE DA Hlal HESRE B9 Tk
B 7o) 542 Iuolr] A8-Ho] AR SgaL Sl o
toks==E=A(FWR, DES, SPD, UGD, RBF)Z} ASRe] 73
e 85 A B A AbdRIe &-gulel A sk
]l el Hl-&EIA] SHoA Tkl tiAlERtdA P A
= SF A g ol 2 8aEAe s
Alstarat gk

1.2 gro| He| 2 i

ASR9] AL AWRE &85t 58735 A1=5l(Water
Supply System)2] AJ2FE7HUnit Water Production Cost, ©]3}
UWPC)E H|ugto 24 37} & = Qltk: Fig. 1. UWPC 49
F3tEolof sh= AT ekt -85 AIERAIAE Kol
t} Fig. 1] AWRE ASRE A|9Jslal A oA AR-H
o] Q= F TN AV AdAsIlen O5 F e IR
HQl RBFe} ASRo[t) ZF AP 25 E Aitse Y4+ o]
FolahH w=4=(Transmission pipeline)e} zt thebads} 37
B FAUN - B FAe), A5 SAe), TeAeFig. 19)
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Fig. 1. UWPC Estimation of Water Supply Systems Using Different Alternative Water Resources

Post Water Treatment Plant, WTP) - & 53)] =202 -8
7} Az

oK $A AP DESO ARHM ofd}, A e 2
meale 5o TR, HEA ArALe 7, A4 U
Hejouts Qe 71EAR1 AeAfelsAelH, aeAee A

&2 WTPd| o, &4e, v 55 F7I8F FAle)eolch
Z}7e] gk EA S E8et S8 2EE UWPC
£ 2Pgap] HOIW Fig. 104 Holi= 943 ulgdjo|ElZ 35}
gom dash A d Fo AXE 7F 218 AMEsIsick
ASRE Ffol o] A¥o] gloms nie] AlelzRE] Sk
2AAo]ElE ANl 0T AkE UWPCS] 218)d SHE 95
Arreztel] G mxlE EEMAA Bl tiste] BIRE 4
AAEFAT
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2. HOERTIRAIA 5 AIHI X 2 2UiH| =7 22 JH

2.1 CHOEREXIRAIM Z2HNHE H0|E X

® ahAle] HE BEE F 6719 AWRS w4k, 19
FHEAEE B3l 5855 AW A BE Z2AE
FAKAH) 9} ddeplE arEek UWPCE 2Hdehe Aolnt of&
SEIME 94 Al Thelsl Bolae] EAdel disl ARt
D87} Ik Table 1 ks g 2492 9js) g 44
9 AFAE dlolele} 54 Awshe PRIz Zh giehd
A= AR EZF(End-use), % Y4(Source water), % ©Fd(Pros
and cons), ol Ae] &g A%
£ IFE g8 FFE A AF dlo]E] 4i(Data sampled for
this study), M= dlo]8] &2 ¥ @ 7 (Sample capacity
range and median), EA}AH] E3F A 2 Ax(Total project cost
components), 1|3l npR|UFo 2 2-8= A} Ak 7}
Moz Takslolok 3 FAIY M1EF(Total project cost
components not included for drinkable water supplies)ol] thalx]
gAIE] Akl k.

Table 12} 38 & AWR A2 tlolele] o <ra3-8a]
W= AR AJolsb] 53], FWRI} DES= 2 EAAY B=

(Current situation in korea),

AR e] st G4 STe ARSI QA VA Apde
I oPge] 4N BHo = F AgHrk B ASRE o}
Sl ARsA) eleb] skl v Exelcir 1171e] A5
A7 dolE] 7hev] ARSE 952 A8 LS THS
B0 2 sh= 4o mye B o] Lt doles sl

Al % SR 3 a7|m s
°‘°ﬂ*1 THE AE HlolElE ARgste] AYs7EAE Sl
ST H S 2ok S8 aAlasle] At AF

Aol dagh F ARr] 9 ¢ 4 mdS Jhderh
Table 2= UIQFEGEFAVIE F ARH] 4 mdda} 274
Tl sipEe] A8 7hs HElE HofErh DESE Table 19
Arsle] gl uie} o] F3kgko] v Zhowi(F, 30 m'/d)
thope] ZRAEZ} 1,000: vvke] Sqpraldolt) 1,000
o] = ARl © 37Nk g Qlo M2 DESE Ao}
Uit Table 29} o] F 7o) el 2(DES-small, DES-large)-
Taksick
Table 22] AWR-2 DESE AlQJ3lal B $xJg|xPde) 2]

o] S48 Aksith AWR AHEZA23 FWR, UGD, SPDE=
A0 2 Qo] o] satn] FAAR iFE %Qﬂ
glih2]e] WTPE ARSIl Qlvk h&pid2la) whoja) whAle 55
ARBEAL QL ot AL} uikg- A|gHA o E3, uie- e %%H
Aeapdex] F2 ARBEHEE FEEAPdE AWRS] 8. 17
FAHYAAR 7Pgste] F AdR|eh A RS JPEsieltE &
2471e] FEAePtAe] WIP A4 dlolHE 5istslon 7k
Z AkH| *XJEE:LI& Eq. ()7 %tk of7|A ARS-H 24719
WTPE Tt S405E AN 1719] 7 1709 3755
ARSEIL i Aog ZAREQITH

Yyrp= —0.20222%+ 621.762 + 5173.8, (1
R*=99.4(%)

z:1,000m*/d, y: M (2006118Y 7]5)
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Table 1. Alternative Water Resources Project Characteristics and a Summary of Data Collection

Hems Types ASR UGD FWR DES RBF
End-use Source Water for WTP |Source Water for WTP |Source Water for WTP |Drinkable Water Source Water for WTP
Surface water/ Seawater/ Surface water/
Source Water Underground water/  |Underground Water Surface Water

Recycled water

Brackish water

Underground water

* Cost-effective water

* No submerged area

» Stable provision of

* Continuous supplies

* Year-round stable

supplement * Reduced evaporation | clean water resources | of large amounts of water supply
* No water * Less susceptibility to |* Small effects on water * Prevention upstream
Pros evapotranspiration pollution ecosystems * Continuous water pollution prevention
losses * Less effects on * Low O&M costs production lowers the | * Simpler treatment
* Less adverse ecosystems * Less mineral content | production costs process possible
environmental effects * Reduced sludge
* Low recoverability in | * Site selection difficulty|* Water evaporation loss|* High initial investment| * High intake water costs
unfavourable hydro- |* Relatively high * High land acquisition | & water production costs| * High initial
geological conditions | mineral content cost * Occasional operation | construction costs
Cons * Greater risks in * Relatively high O&M |* Eutrophication and during drier or tourist | (i.e., collector wells)

predicting production
rates (vs. ground tanks)

costs
* Large water supplies at
one time are impossible

red tide problems
* High water pollution
possibility

seasons (small scale)
* Low O&M skills in
local Gov. (small scale)

* Initial operating cost is
relatively high because
of trial and error

Current Situation

No project track records

6 UGDs operational
5 for irrigation and 1 for

113 FWRs operational
Average storage capacity

101 (100 standard
desalination processes

6 (4 vertical wells, 1
horizontal collector

in Korea residential water suppl and water provision for |or slight variations and well, 1 combined)
PPY | living- 198,000n7, 746 1/d | 1 electro dialysis method)| -
. 1 fr | project, and|6 from detailed designs, |84 fr | projects and
Data Sampled for 14 (USA projects sourced 18 Or[:)l'zzte: E;(gfrlc :cr)lst 11 f;):)Irln erz'leits i:gir: 2 fro(r)rrln r:)i' ezigje:rfd?ﬁ 3 from real projects
this Study from SFWMD, 2007) | Projects pending projedts pending projects pending pro)
estimates cost estimates cost estimates
Sample Capacity Range Small scale : 100~ 1,000
P p3 ty Rang 10,000 ~ 45,000 5,000 ~ 77,000 200 ~ 15,000 Medium scale : 1,100 ~ {20,000 ~ 60,000
(m’/d)
50,000
Median (m’/d) 25,000 13,000 1,300 30 22,000
Total ject cost . . .
. o I?TOJGC cosh Total project cost, . Total project cost, Total project cost,
including pre-treatment |, . Total project cost, . . . . ..
. including underground |, . . including water in-take |including in-take
Total Project Cost  |and/or post-treatment, . including reservoir s . o
. water impermeable . facilities, desalination |facilities, water
Components injection wells, . . construction, , water . .
. barriers, water in-take |, e processes, operational |conveyance pipes, water
monitoring wells, e in-take facilities, etc. e
. facilities, etc. buildings, etc. treatment plants, etc.
surface facilities, etc.
Total Project Cost . . .
Water conveyance pipe-| Water conveyance pipe-| Water conveyance pipe-
Components Not . . . . . . . Water conveyance
Included for Drinkable line constructionto a  |line constructionto a  |line constructiontoa | Not applicable ineline construction
. WTP and the WTP itself| WTP and the WTP itself| WTP and the WTP itself] PP
Water Supplies

Table 2. Project Cost Estimation Model for AWR Projects

No. AWR Project Cost Estimation Model R’ (%) Model Applicable Range (m’)
1 FWR y=>5071.8z + 6881.2 88.9 200 ~ 15,000
2 UGD y = 6267.127456 88 50~ 77,000
3 SPD y=9328.2207319 91.5 4,000 ~ 220,000
4-1 DES-small y=4959.5z + 198.77 90 100 ~ 1,000
4-2 DES-large y=4801.920743 99.7 1,100 ~ 50,000
5 RBF y =—37.808z> + 5357.92 — 70626 99 20,000 ~ 60,000
6 ASR y=5462.7In (z) — 12136 83.2 10,000 ~ 45,000

x: 1,000m’/d, y: Million Won (at 2006.08)
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Table 3. Project O&M Cost Estimation Model for AWR Projects
No. AWR WTP O&M Estimation Model R’ (%) Model Applicable Range (m’)
Yepwr= Construction Cost < 0.3 N.A N.A
: FWR Yypp= —0.00492” 4 12.981z + 114.32 99.4 1,000 ~ 100 million
Yy ep= Construction Cost X 0.5 N.A N.A
2 UGD 3 o
Yrp= —0.00492° + 12.981x + 114.32 99.4 1,000 ~ 100 million
Y¢pp= Construction Cost X 0.5 N.A N.A
3 SPD Yyppp= —0.0049z% + 12.981x + 114.32 99.4 1,000 ~ 100 million
4-1 DES-small y= —73.6492% + 320.57z + 60.344 99 100 ~ 1,000
4-2 DES-large y= 4801.92° 743 99 1.100 ~ 50,000
5 RBF y= 707.53In () — 1498.4 99.5 20,000 ~ 60,000
6 ASR y= 50.368z — 1154.6 100 38,000 ~ 45,000

z: 1,000m’/d, y: Million Won (at 2006.08)

Table 3& TiRRAPdE gdey] 54 SELS HojFa
Aom F ApgdH] IR} FASH AF3)7 RS A
t} okg-gfolo] AAE B3l AAAGTT} wg- A ZEEHAoH,
ASR9] 739~ 100%= #21€ oi== 2@H]Hlo|ElE o 23of)ARE
TR 5 ASP] wiEe]Tk Table 39] 71 8250l B 7
FARES AL F e 58 AkE S AAIEo] Sick
Table 3ol)x:= FWR, UGD, SPD2] 75 78 APde] -JahzjH]
S TA 7] AR Aol Brbssl| whiel wES| Y
FAEANA AABIL =AM * 05% (H FF72] 739 - UGD
°} SPD) 7|5 AREBkaL 284 AE W FaE] vls)
FABEEgo] e Ao JFYEle] 0.3%S F83siTk

FWR, UGD, SPD¢} ¢IA1E WTPE= b4 A3t nje} 7o)
FE ey £3H oy 48 B £9H Fgrd
(Ywrr)S 70231301 Table 39 #|A)%]o] itk DES 23]
2R7IEe “dzle] TEY] MEQH A4S FAlJoo et al. 2010)
& 7=slsion, DES-large 2-d¥en] FgRde 271] ARIA
3] BarolM AFsshe 2-gn] dl= dlo|E1E ARg3IeIt) 7]
FHapde] SdeemlE MIE ol A B AlxAk
(KDI, 2012) AA8FR= $odH] 2g7132 AFa8sit). ASRE
4719] At 5 EF Ui B8 H2jo] FUgh 271e] 44
HloJElE ARS8l 2gH|E Fg3Iit) 53], Table 301 A4l
3|7|xEle] ZAAGTE & o ARl 7RE 3R] AR E
& AFESIAY 2gu] A Hlolelr) g AlgkAR] Al 71R1gk:

3. IS4 TBAIAEZH UWPC ME e JHey
31 S84 MM AR

hekeaa-A 128 UWPCE 28317 SJsirle & A1ede)
ZFAE WTP & ARR] Fgnd, tiokgg3Add g A4

BA7IRY, e, S wAlmTE Uiedss, WTPS
WeAs 5o Wsts AT o A AkEn|er At
S e I F85 AIREO 2 o] Rk E Al
i UWPCE 7 = Stk -85 A ke abgshzt] Slo
DES9] 739 WTP7} B8 a8k WTP| AgH|¢} &dH] &
e dart gk 2 giekd FEAPdRE WTP7EA|9)
SRS dojo} AlgEgel we FAME Uik E A
o] UWPCo|| 33t e mAIes o] 224 tijh 41X
o] ¥ wheEA] EsoR 3 Zlojtk o] R e
ATE FYE “FEAE FF2GY 9 TAM] A B
(DOE, 2015)°l] Aej=le] gle BFaAM] AFge2te E83isic
3.2 AT ok e 2Y

AV EAe AgShe EATREE Gk g APdE] Uig
Aok 2 Tk A she Zlo] Aubelr) & oA
Ateh= tiokeEFAIT I UR-da= AR Sielal A8
EaL oA B B3] 8-S Hxsklrk FWRS Uhgde+=
FAEAR - AR (A7 1219, 1982)0]] WEAlE]o] e nlot
2ol $13& 70 o= asigint SPDe "HAAIE - s
(KWRA, 2011)ol= 5013 #-88hk= Zlo] dukol2faL AATs}
AL Slar 7l 95 W @A) A 9 AEE He) A
Aol 28 WEAFE B 50dE A8 HelA 503
8390tk UGDRE frAkeh BEXr2as wdsle] ofe} s
0L H&31JrHK-water, 2013).

RBFe} ASRe] 79, "Rk Bl 1|9 2j9 5ol Ak e
AR ARTEME AR A e g - 45
& 7R R H83les Aglal e el A

AzAL (KDL, 2012)0 4% 4535 Zgalgjom g B oA

Y

Y

W
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Table 4. Factors Affecting UWPC and its Values

Influencing Factor Value (unit) Durability life Value (year)
Interest rate 5~6(%) FWR 70
RBF operation rate 90 (%) UGD 50
DES operation rate 90 (%) SPD 50
ASR operation rate 90 (%) DES 20
Water transmission pipeline (Average) 6,777 (km) RBF 45
Cost per unit pipeline construction 514,220 (won/m) ASR 45
Material cost for pipeline 694,971 (Won/m) Water transmission pipeline 30
Construction Cost Index KICT Data

*Water Transmission Pipeline Size : Steel pipe (900 mm), Soil Depth : 1.

T 4538 2 839ick DES9} ouk WTPS] Ulgi= - aht
B st 7R} Bk (K-water, 2005)9] 73412 EFA
AR Y&-S F=xste] Z7) 20, 30902 AASSIck

k8 FAIE M UWPCH] ks 5= 2913 -5
= Table 4¢]] )=o) Utk OB W 7= ASREgA}
Ho| A9 7-8% o, A= BE 5~6% s 83kl
glom] B o= 6.0%2 7FEIEKDI, 2001; KDI, 2012).
TFeEE AP A1 7 AlseA] ko AMSEAL ol
90%%E ARt AP FREAP AN 8 ABaks SIS
WTP7HA]e] $42 (o= FWRY & 197 Alle] Hvist
FFHAE AE319TE SRR AAPR| e} FAME TeEA
EFodR] @ FAM] 2B ®Ha1A(DOE, 2015)94 AlEsh=
e ARSIk

upREke 2 RE APdEe] UWPCE sl $J8ke] TR
o] AAHE Fetofof gt} & dtollx= ASRE] AFgdH| e}
oge] A2 ARl 2006 8EE VEe B B g ndy)
UWPCE 23k of7]oM ARH= H-8<] AR 24&
St gk=dr AT AN AFElaL Y AATARASG

AN =0
e A8t AEAMIAIgR= 20009 1458 AlE 7]

wfze] 21 ofzle] wlelel= 1999\ dlofelst arefsision] Akt

BTt SAH] RS Al 2883l

33 2Rl B4 4xie| BY HE

2 ERAE AR ol vIsh 2 e
934j2) RBFUE ASR] A4 347Fs 53
917) ol P Wrk AP S BE UL A
o) sk $-5e) Sl weh @guly] nhio] Ae] 2ol
4449 Y ok F A F5 pae 59 Jeo) uet
F& e o) AYHER oY) ¥ S S JTL
Fok v ) 210 el Sk 5 FvbeRe Abde) Tt
AYHEE A Gk wheb olefe aHA
S ) SR B TR 2ol F7 sk A
s Hel3Ael wsle] w2 SoulE vield Bash gk

£ A 718 U9 AlelE viEe R Sle] Table Sellx
A i} go] RBFS] 2§ /P54 5408 $48 vk
ofel s} o] fFME LRIAYE ¥ ATI4] RBF 3]
2] A8 3702] Hlelefs ol o] § 33} 4ol s
252 Ik TR 2ok of 50% opge] odul} A1)

55 273

74, A

el ot
]

-

%

=i
=

Table 5. Post Water Treatment Process Applicable to In-take Water Quality

Type | Water quality level after RBF process

Post Water Treatment Process

Cases in Korea

1. High | Fe, Mn quality criteria met

Indirect in-take — Aeration —
Sand filtration — Disinfection

None

Indirect in-take — Mixing — Coagulation —

2. L idi . . . . . kch
Good ow turbidity Sedimentation — Sand filtration — Disinfection Sokcho, Gapyeong
3. Good Fe, Mn rrhea Indirect in—take —> Aeration — Mixing - Cf)agul'fltion - Yonsan Military Base,
Sedimentation — Sand filtration — Disinfection Changwon Daesan and Bukmyeon
Indirect in-take — Mixing — Coagulation —
4. Low Odor, flavor Sedimentation — Sand filtration — Haman Chiseo

Advanced Treatment — Disinfection

*Updated and rewritten based on OWS (2005)
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= 202 AR 1 ol IS RIS
IEAFARE IR & A oRarldiE oha vt 2
I o) Ao AEn)ol o Be Sgulrt 285V
wjizo] ok

ASRE XI5 TR tioh AVde] B9 AR S WTP
& &8 A MR v gl F Qlnk A EE 2
Aol AR e85 Atk 53] ASRe] B AR o=
o As-pH 249 1Rt $AE] 38V AR 858 353t
I ek 2y B it} B53 Blal 21 AL
RBF9} ASRe] 24858 118d3le] Eq. (1)¥} Table 3]
AAE FEE WTPL] AlgH|e} 2-GH|E WHedste] RBF9} ASRS]
UWPCE 2319tk

4. [HOIRABTAIAED 284 UWPC HId

4.1 S84+ UWPC A&

ool 71455k wl} o] UWPC Jguide] ghe 44 ¥ 7
85 TIRREEARE Ao FAAEE BHeES A
WA ol RE ANk B8-S Tk,

el o W g FHel Aol QRE GO 2 LRl
850 AIEPHE APgE QRS H(Equivalent Uniform
Annual Cost : EUAC)S o]-&519t). e7Fs e 7+ 539
She] Gge] M AJolT A o8 45 24 ¥ wAge A
of#] thelke] g2 wlan Brksked) 7bg AR oItk
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Fig. 2. UWPCs for Each Water Supply System Incorporating Different
Water Resources Project

Table 6. Relative Cost of Each Alternative Water Resources Based

on DES
Pipeline| 30,000 | 35,000 | 40,000 | 45,000 Average
AWSS ton ton ton ton
DES 100% 100% 100% 100% 100%
SPD 81.6% | 783% | 783% | 78.7% | 792%
RBF 27% 43.5% | 45.5% | 46.6% | 40.7%
UGD 364% | 36.4% | 349% | 34.6% | 35.6%
ASR N.A N.A 28.5% | 29.6% | 29.1%

A= FWRe} UGD, DESe] sAt2 ALberbr) =tk ER)
T =X S R Hex] T2 GG gl AR FWRe)
DES+ wj$- Aot w2 AEAS & 5 ek 7HEg-o]
& dvkEex] 15%EE 77> FWR, DES, SPD2] UWPC 2jo|7}
w9~ W) gk Frto|w, kgl 1.5YRE o)l 499} DES
Sofn] FARAS #8sh S 9l SUEEVRA= DESS] UWPCH}
7P E=o) gRke] L5YRE mRiel % skt 2o &
FEA]90 2 FWRH UGD# 22 thfi AFJFA] wldde] &g
2| 92 79 DES7} tijle] & < & AR ket

BlHe] 53E o]FHE]= UGD, RBF, ASRE UWPC7} wj$-
vtom 53], ASRE E} tiRb&r3FAE Zhet 7P v
UWPCE =<1tk RBF2] UWPCT} 2~47K= W 9]0l X Zfeh=
oM AbR] FH R AR HlolEE ArRQYE 55)0
Me FEPEE ARsl] wizel ARIHIZE vk A oLt oS
B ARRFAS ARIste] AFQEI7E 5438] SV
71918kc) Table 62 AAkg-3F 3~4.59K=7k1)2] A3z Ak}
= JHER HojFEt) SPDe] A9 DES AAttlrke] ok 79%
<o RBF= ¢F 41% =23 FI13E = glrk whAs| UGD=
oF 36% G=Eo|1L 53], ASRL /85 4vkET] 4.5k S0
] DES AAFe7le] oF 29% 425291 Ao g EXEirk

4.2 QIZie 2M

A =EE IR EEEAISHE R UWPCY] A12)4S 3
s17] $fete] 71 gEFeo] wrial k= 34 Aje] S
IR ool tisl] Wi A4S AARIITE 53], ASR,
RBF¢} 171 $-3]2] rAePiS Table 62] Aol A8
EEAFA Y ved) s AR} B S A
H83 9H)E kst § s 93-S 212 15 km, 25
km, 35 km# 2 WHAA7|HA UWPCE] #3512 ZARIGIE 1%
Agiarde] AR S -odr] F7HES Rkdsle] FWRS
ALlgk VhA] BE tiotAAe] Bh) AFgo] 7l 47HER
4.5%K=dl| thefir] UWPCE A 2Fsialon, &4 23 ASR2

A=A 2GRS RHFEIE Aol 9 B2
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Table 7. Sensitivity Analysis on UWPCs Varying Pipeline Extension and Water Treatment Capacity

SO A A S84 TSAIG A - AT FA Tt 2 -

AWSS 40,000 ton/d 45,000 ton/d 40,000 ton/d 45,000 ton/d 40,000 ton/d 45,000 ton/d
DES 1,155 won 1,114 won 1,155 won 1,114 won 1,155 won 1,114 won
(100%) (100%) (100%) (100%) (100%) (100%)
UGD 439 won 417 won 482 won 456 won 525 won 494 won
(26.3%) (37.4%) (41.7%) (41%) (45.5%) (44.3%)
SPD 941 won 908 won 984 won 947 won 1,027 won 985 won
(81.5%) (81.5%) (85.2%) (85%) (88.9%) (88.4%)
RBF 563 won 553 won 609 won 594 won 654 won 634 won
(48.7%) (49.6%) (52.7%) (53.3%) (56.6%) (56.9%)
ASR 400 won 389 won 444 won 427 won 487 won 466 won
(34.6%) (34.9%) (38.4%) (38.3%) (42.2%) (41.8%)

*AWSS : Alternative Water Supply System

HETRE UWPCTF 5718 ofx18] B tiekithe vt
DES¢]| H]gle] 34.6~42.2% 59& & 5 rk(Table 7). H=3h
Ao/t Z/FAME UWPC/F Z718ke & 4= Qlth

3.2E

£ AFoxE AF7HA] A E AR Y52 oA
A 8o Tkl tAlAIAVE T o] & B83t 585 THA
25lo] BAE AR vlal- FAETE 2 Belx] 7+
tiehH zlolH, thket AR, ARIFAIS] TR, ol F 3
T old] 7HA] WellA o 2AtaREe] AR okt 71 fAke
ATFEL 2-3709] HIbES e vlgulolEd Uik oAS
AR BAE v Brretdvhs Al vlsl, & A dA)
Ao A AREEAL Q1 RS HIRFETE A B
w4, vl kel ghe &2 aefsglon, 53] HldtoEle|
i3k AE7ke] o7e] ohd, AA| 71RAA 2 AAEA] FF)
v gdlo|HE Egsle] d9Aibrle] & e o)ax
sl 7k Ak apaze] lvar & 4 9tk

AF7HAe] A 4 A, F o7l AR St
71-¢¥] ASR, UGD, RBF2] UWPC H]&o] T}2 ZFHoIE
HJsA] ARk ofstR vhe GFo|n 53], ASRO| H]Eo] 71
wke o7 BAEQ oA =EE dAETIEATE
UWPCe] 212lds ghar] $fate] 7k gakedo] srjar vt
3 e TR e dgdold) sl wizke BAS
2siolon, WIxke B4 7 ASRE E7APde] Sk A=
FAE GHE Bt Agol® B ok et At
71 o 71 =& DESo| H|sle] oF 40% UL
AATE

Tk SRS} RBFS] 735 AP} Setep] S e

-

=2,

ko
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A ZRAEe] 5L whe- RSl E R F7129) 1lgue]
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SuZin o ARE $ode) elas(th 22 @)=
Q1) B Tiekel HIsh ok 4+ QIrhe BARe] glek o
olefet Ty hAKEAEEFAI2E] UWPC A58 918 A7)
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7549 Pazk glom, o] Fa) el ARFAe] 529
SR SR WY % P, AL FES 913 T A8
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