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AZEE Aske AF A B HES At AFEE A35 AFAE #AT. AFE
& Agtee Wiadn], A4 A o o]&ste AR FAE don, At AF
TAY £ FHETFHTA L8, AZAS HlA AFELESZE AHE3te AHTE ol
o 52 F7HAl g8 FAF(E 2.12)
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I|&® 212 ZHAE=& A&t ®MF Ao et HEO 28 AEAA

HY
EERS ANPEE=Y (km® | XA
)
QAR | 9AHA 203 | 1965. 8. 24
1963. 6. 1
=A Ew o . 0.
SCE N o77 1972. 4. 3
L |7FPRAAL SEReRA], QA AT, oA, ETHA,
APRTERTR | Lo 253 | 1972. 4. 3
e PP G OlEIZIORA, FpbAA, B, debalieAl, | 1972 4.3
T olHBEIA AR, ok, FhlrloRA] 1974. 6. 28
Al 48 1,597
A5 www.gims.go.kr
A GA o 28 Fol| 23 FAR A3l dB Ao gUdd f£EE o]&FHa
on, Z+ AAAGA A A DA GA zH-27F FOo2 AEF A B

ot X 3o

National Groundwater Committee, NGC)= B EE Z2%5t1 =7} X5+ H
A | 7

ezt Y

A AN A FAsh 232 ARSI, BF FPEFLAY
FYEs L, A% AL 71E4, AAAANIAE AT A5G w@

a4, o8 Mae A,

NGCe tiE71#o =2 8747 £x92(Department of Environment and Water Resources),
=52 B (Department  of  Agriculture, Fisheries and Forestry), 34X &E5E
(Department of Sustainability and Environment), JES} R|A}A] A ¥]AX (Department of
Territory and Municipal Services), AFAALFE (Department of Natural Resources), 373
7 E3}% (Department of Environment and the Arts), 73X ZHE(Department of

Environment and conservation), A3+ 4A1H (Centre for Groundwater Studies)”7} A<

i)

b AAol4E AN, ot BF

ol

3) AL&: www.environment.gov.au
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5 B, QA6 gESE Asse AHQ Bpele BE, AFEAL
W 9%, VA BETE 59w, A5 A P4 52 =

| Astsst
3 B4 o

feieid
=1 =N

oo X,

)

Fo| Rte Bals % F YL BT e
T SExE =l 2 KNS KD US.

CERI

AxTH, FH

o3+ 19699 A8t (Groundwater Act)o] =3)|E =
7 W3t A (Water Act)o] H 71714 ddHo g &
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» Ward¢} Dillon(2011)& 729
sto] WA E o] QA o} T3

171&Hslz Qs E322 2&8M0o| Zolx|1 U7| w20l =AY SEHHHo| Adstoz M
2lchel 3H(Security through Diversity)] Mg =

» AEF ARe 7|FHEE d3 Eead ESEAAS E0l7] Sfste] 20059 g thds
(Security through Diversity)” &S =48 ol & FFol Ao 715 7439 d&S
0]7] Y3t =¥o 7 “BEIAEZFA I (Integrated Water Supply Scheme)’d] FH = A T3}
(18 2.6).

uﬂ N o

n =2 A A o= FAY FRE Q3 | 1Ay F= degrd, st Aolg 3
F A% 450kme] FIAFE X7 XEJT, ZF45 20 g 8 FFo] gdEFH EF
9] FAE &g
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B Seeary through Diversay

2}2: Water Corporation, Integrated Water Supply Scheme
Source Development Plan 2005—2050, 2005
|08 2.6 S5 SEH=3=HE He

H(EPA)2 XISt Z A8SHE & AlAHE Wo ojdEdelxe fels U7 s JI7tF
H =
=] =

At B A2HS PR FHEH
Ao AAAH E2AZ A

s HAaA77) A7 24

2l AYZALE AMA[StD ol w2 S

|
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oo
lo
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2
[¢]

F RS A 2AE FSFE EIeAY, Asts L9dS AAstH, dAH
KX

D A7INEAT, A7l Ak 3ool8jbel] dek A, 2001
5) AAg: ARG A AT - G T, 20049 HSEESS] F715E3] (olsEe} o]FE)
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Y XIstM =X W& 7|2ld7t B0

x
=
Do
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Hl
=
o
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wa
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(N
AL
1z

= 19809 AHHVY(NRAIE A4, FA49 o Avke] AHS ERSHET, o] F 19959
FAHENE ABHDN FA87S FFAD PAES B, oF, A4, 33
874 2 £27A 5 FHH FA4Y BUE AFHD £49 el D] 0% uAE

e

i skol,
m 1989W EHNAS 53t AR E 10719 9B H(RWA)S WUIAAAE HAEstar
7129 187 AR dax: AEIJAH(EAE 16712 &5, 54 715A8S AAe F=

n gAZIEoRE EMH A G (OFWAT), 84 72A1ZHDWD) 2 A8 AFA 8] 223 9] 5] (CSC—
%} A B

HAA= E48HY3, WaterVoice Counci)E A X, WI7FAG A

u
o>,
N

A
ol flol AFAA &7 F7tel si" . webAd, MEAle] of 1.1v W3

o
g4rtrgol AFstal oy Ad FAEY FALe] 5025 T oo ojEsta 3l

g
)

= AZMEEZE A9 $RE ) $EE AL 2 FF, A, A o=
(water loop)2] ZwEA <l
AgelA] gFetn Qx, %7 AERAeNA] S bl (the Four National Taps)’
FH8 JeEd, F2 FAY R G AFASFA FH, do|rJol A4, d)
s

T AelE, WA= AL, dedEarst § ad

o
o
=2

N 2
o
of
ot
R "
0y
fr
-
c
o
)
o
=N
=
=
E:
w
(@}

a

=

2

o

rr

0

N

e
o o ofd o

m o]F 34 A o]&(NEWater Factory) o2 A 84929 50%, lFE5arde] A|L8F
108 59 30%= FH3ITE ZXE AT o] FF 503 Fo B
o tis] divlsla A=
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Impartad
wiater

Damestic Water from
lecal ealchimant

Water from
local catchrment

sr.'stc-r MEWator [S0%*
T0%

HEWater [J0%]*

DEMAND IN 2010 SUPPLY IN 2010 DEMAND IN 2040 SUPPLY IN 2040
= % of demand
A+ &: Public Utility Board
138 2.7 A7lxZ=29| 2060 X2 +=82=

FH

Of. Z|EFX|

n Golzggtgsare] £AY 2 A-E(DWAR) A E ‘AL deEr (DWAF, 2004)d0 <1
T g Aol AYHojorsittn A A5t . WAE FALY a84 &89 F
8 #BYAA Y HHAP e doz AFFSY AFPHoz2 BHEF Hsy &8,
oA AeAA, 2 NS g A5 viAY &8 T Eofol A =gt U

o) FAAR (CGB, 2002)= AFEF et 171 vf~EHEZRS S vt . ©] A
g9 FYF éﬂisﬂr T Ay 7vkste] AatrAtd RES A2 FHE. v&
Ao FdA G BAFH A5, TAXAY, 7 aga S e Ae 5 F8S
T3S Aedd FAHoZ A, =g AT TGl ALY FRE fste s WA 13 E
oletdt A JES MAsAN, WFAFL 450,000kr08] F ikE 4z 5HAYA AEE F
2k
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1. =2 =sEY AlE sl A MY

7h FHAIE HY ¥ M

A X|stRI "I E]  (International Groundwater
clzgtekof| st =271 XI2E =AlLgH HE °'EP
%* | Ald=E e I 57700l Al =

Z M9 1074=0| cist ME= citso 75*%.

FUNESCOZt FEXHo=ZE RHdH31 Us
Resources Assessment Centre, IGRAC)
X|Foll EXst= 25570 =7} so{IH 3
& 468710[2tn =AZADE HA[EF bt QU

—
[
[=13
=
K=}
= .

13E 2.13 QISEY A3 =7t 7IF E2 &2 1071=2 &4 (UNESCO-IGRAC, 2012)
IS ox=A X ZHH] 4\_%17}' b [oE|
AR= of o} ol3e | oEFg A
of
India 9 21 1 91 30 152
United States 0 24 0 0 58 82
Netherlands 0 6 26 1 5 38
Australia 0 10 0 4 19 33
Spain 0 6 0 1 8 15
China 0 3 0 1 7 11
United Arab Emirates 0 0 0 9 0 9
Germany 0 0 8 0 0 8
Iran 0 7 0 1 0 8
Hungary 0 2 5 0 0 7
= add ) ARE AARGE 493 34 Wbd Aoz fuEn. og 59 feluete
A ATz e AFTE #FAFGo] 20707F AAHe] oy 7] ZAMEF o= 002
Aol AAT wepd 47 AEE A AANA AgFEe] APE T Y= Ao Al E
HoF3 vka Jad

IGWI(2010)= MAH2Z ASRe S 10 A3/ [379%km/ d]OID4 2020H0l= 50
/el o ZE He=E oFE. 2020A7IK] g MHA 2 MAX[H[ES $400 9ok
Hoe = oAt sS.

Mok

1= 7|87 E s X5t Ad=Fe E 30001 Hel HIM I =22 $HSI| 45}
0 AF. 1990 FE{2| 7|ZHE U7l I Heks TAlsHH O3 2.83 2o, 20004CHF
H 74 2 SIMME 2ol USE & F US.
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L

HI

160

140

120

144
110

10D

B0

=11]

42
a0
20 17
o - —- o . n

15951-1995 1996-2000 2001-2005 2006-2012

122 2.8 x|t XA 2o} Fuel =2HE BaM U =2 3000{He] 7|2 Z7}

I M ASR AIAR{9| HE o[&t0] O|=olM LSl UE E FH=d (GWI, 2010)1, LM
A #2222 g3, Lt &F, Hotzg|gt & SSA[Ho| 2=

o012 AN B WY

1 EPA (2009)= o|=olA ASR Al&o| d&stn U2
o2 WHMSIRICtD X[X5i}U 2, EPAS &E & 5
stie LIHZ| 2E FollA ASR #HEO| %

o 2 Aol FAtHAE|e| F Cfet
S5 ¥ HFE F4E Region 18 H <
Mt A2 LIENGS (O 2.9).

* |n Operation

©I008 Mational Graund Water Association

128 29 O0|=2 f 7IS&¢2l ASR A (NGWA, 2008)



I National Groundwater Association (2008)2 o|=W ASR &A2| 7i£7} 16957}

Y AstM=X| JHE (gl 20N H 2 & 2 S8

3}

pul

g

=

olj

2= 90
T =

a2 2

Je] ASR Al&=Hlo] =3 d(GWI 2010). Pyne(2005)-

ASRA]2=H] o] 2005kjoﬂt 22 7o FHAS 100787F 74

20 A

FAR Y AR D 345 (ASR) A" AFE wE &
, 1983 W= “EEMOM HxE AYF S5 2 AFEE o]|F A v|Io vk 957] 9]
1983yel 370 EFPd

ol 3
ES

EE S7FEL gle

solghal Bkl

T

&0

50

i}

20

Humber of ASR systems in the United States

1965 1970 1975 1980 1985 1940 1995 2000

‘ear

122 2.10 1968—2005 O|= U X|5} ASR A|AH] I

005 o

o| 8435} (Pyne,

2005)
= EPA (2009 "= Well 559 671 5 AAS YA 4097 Fole 1203709 9F
FF BAol EAste Aoem etd vk =l o) 19999 o] F 4u) o]} S FAY.

203 H} e, £k X[ & ASR =

21} ol7l 6oimwel Z25E S

ZALO[A] | ZLolFoAME=

IRl Hez Hxoz ZALEHE 2.

g =3lsictn
°F 1009 m e XMEs

Z2z2|cllME & 50720l 2 1,059,800m/del EF2E ASR ZHO| JISEHL A2 g

nl %l%(www.evergladesplan.org/docs/asr_wh|tepaper.pdf).

n 5w 04'@“7;4 22 FAHARE JuZdolz EY A9 d3ow AFFTUA
33370 &l A F 6,300,000m/dY] EFE FAE AYS 7HA Joh ZZAE A= oF
20do] 2% Aoz diad.

o|= ol SAIIX] LA J1E 2 olTZeret AlM2 BiAH|7IAOA 1987 HE 2009L=|7J|-

x| 2004 7} =X & 443X 0 (380,000m%/d) 22 7|0 FTstn Ao FLste 2Y

xS X2 US

— :3{9 —
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n x7)dE 2709l #AHo 7 AFAFPoU 2009@ AAol= 787/ HAHo] JIE A
(Goff, 2010). GWI(2010)= AlA Hd] &= ASR A|=¥e v 22| 7} iZHé}i A

N
= Ao 157 MGD (594,245 m/d)tar A& B} okzk xol7h UYE FXE AA|
gk Bk S

ldzlzUole X FIRE[M = X[slTES AIAEHOM 3EAH IEXElEl steE tsS
Flsta 266,000m /de| X|5t4-E MASED A2 (www.gwrsystem.com).

T2 1004719 F=UAS slietdS ol 2.6kmA ]l 8] X]skaL 28,500m'/d

=0
Agl 2~ 71 E 47 3 T2AEE Esle @ 35S st 391,000m’
FZ

n
_VE,

Z1o}e] San Bernardino ZFEEOAE 20119 A ¢ 2000m/dE FUem ok
?‘ 9000m/d2 FTHAIZA AES 7L U5

s EAl2s F9] Bl PasoAldlME 200436 F 2,192,000m'e] A24FE dgFo FUAS.

I]AE FoME Ax=St ZZF XH9 VYakimaAl, Walla Wallarl, Palouse & 9,
Foster-Moses Coulee <%, Whitman 7f2El &3 MZ X[He| Lakehaven Al FE=,
Whatcom ZH2El, Yelm Al, LOTT County partnership, Sammamish A| SollA ASR Il %
AT = E Z2HEE $d511D U S(Washington State, 2000).

KennewickA] 9} RichlandA] 3% B 25 F5317] $138le] ASRO| gk g3 ZAE &

B3 e

® LakehavenA] &5 199138 ¥ 10937 ASR HId&E AFE F33tm ¢
o] #AY IYUFFToZ FAAEH ASR A&HS FFd e 27 BHoE 4T AYS 7t
A3 Pon, AJdNFFY AF7bsHS 3d5WTm'e] o] &

» Walla Wallarl9lAE 19994d9] 3F 7] #AFoZ ASR T2 1
570,000~760,000m'e] F¢ 8L 7l dom, ASR #A S

WAL AYS 7HAA U

® YakimaAlolAE 20003 FA] A AFE st o, 3 she] ASR #AA 25Y
7 B3 6,600m/d= Zma—m 5597F B 11,000m/d2 % AL S92

I SAM52 28| FoME Cis2l ASR AlMo] 2=

Ojo

= SalemAldIM = 7o) HF £85 wEE7] flsked 20039 @A 4749 ASR #Ho=
34,065m/dE FFAIEE ZHFaL g5 75700m/d= 7 AYS AL AU
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® BeavertonAlolA = 19959 FH ElFA AFE S35t 2003d A 27§49 ASR AP S
7He Soln T 2749 A AFES /MR Y. 27HA&9 ASR A|ACAM = 77]
11,355m'/de] E& FF3G=d ole 1719 HFF29 18%° 3T = ol sdEH (A

T 5, 2003).

I ol2ZI =Ll F TucsonAlolA{= EAX|E 0[E5I0] laed2 Al7|1 AFE2 S5t Lsl=

EQr ==& =ZEHSHsoil aquifer treatment) wHS=z Sx o7+ 3,950,000mE &SF
8,000,000m§ Al EZ AlEE JIR|D US(Thomure?l Marra, 2005; Tucson Water,
2004).

n o]fo|x ofgFEY F9 ScottsdaleA], Peoriar], Z8]i Glendale*], 18]a ¥ X[ o}¢]

FairfaxAlo| A& Q1F & ko] A3PE 1 & (Monterey Pennisula, 2011).

IASRS 0|3 L) AL SXS HFEE HMEYsel oS JIARA o TS 93 HBd Fe,
B Y Olf HEE 93 2B AR (AN, HalzYol), Z=2alct ofeZalol=2] YeyH
23 2471x] ol&te] A2k ERHET US.

I ASRe| EZ& Mol Chet 371X FL o|f& FFHMEIAM Cie| MBS MdX(H| S0 AREY 22
xtole] EE8X &8, 4F Mt g % —’FI{EIAIM s 2sAl (o, oto[22 F2[ Des

Moines A| M {) 58 S8 32, 12l U3 dXMAM (X[LH2|A[M)o] mE
I F

10l = 199449 EAofl= 2HE2 ASR A|A2 Lee Valley?l Enfield-Haringey & 7H20f
=359 5.

T OAAE R A "' XY A7 6HdTIME %%@‘3}% Aoz AEEdY
(Connorton and MclIntosh, 1994). %§=2] ASR &S st 1998 dFE 3dz Ao A
A AHAZALE A3 b S (A8H 7 7184, 2010).

» South Londong XT3 47) A oA odE A == gBlFGA FAF 3 =0 Ro=w &

#HA QS (DWAF, 2007).

1 258z AM= JH30l did|st Sg=rAtalaa] XfAoM X[strelsetete EfgdMd s HESH|
GABARDINE ProjectollA E5 Algrave X|ofl 3702 AIEHA|MES
n AP F2 A FABAYY A APH At HvE
S ZAEFYE e JHE FElE A7 Ul
Oliveira, 2007).

2t S AE

Olot
o
£
o

rok

F5 xodo] Z9 ASR ZaHEo| gelMe
Zh &=, 2) B Mo WEE SHS s AlM, 123 3) gael A wx ¥
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i
a
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HI
19

2 23 SHolzt g+ US.

olxtiu] 283 (Abu Dhabi Water and Electricity Authority)& o}thH] A9} 2 A
o] £ BHAAE thHlste] 90¥ZE 40 MIGD (181,800 m/d) &#9 % HY 729
o

ASR ZZAEE A3l YL

A}AE =78 A (Sharjah Water and Electricity Authority)® 20094 AL3HE 23 §3FS A
Aste] od8H HF %A (peak load cacpacity) ¥=3 F£AY FFS dASL 44
929

7O YL BolY] AR AFE AWAAT FAAANH HES pHHS

A5 ABEe £d7 ol 35 %7 Fo FAY BAY Agolg ot ALSTiclehrloh
JHES Ze Fa FNAE TG PF A5 AUSFE ABE 9AA @Agsed B
8% AMAde] REG AFY. oldF A ASRE AHSE 35FF FEAA AU
S 3 BASSE BET 5 YE 715E AFB

v 1, 7HEtE, glHlope} e Frbe diIgh Ao QA ZA|e
T LAEAE WAL o2 QA% AT IF %

0% ¥rs o5 Ael4E 28I Aol ol

o

n F
o,

u
B
o

%;51 E 1= ST E‘ O]-—r«l:]-l:]]o]]/\-] ;ﬁl‘g‘
shal = FATA el J—Z—}%Xl (Ponds)E &3 AEANES X Foll Aok
of of=z2[7 AlE #e o MY
I Sotzz|7te] L XA = 19704 =HIFEH Y NEAT-E &3& S FALAS AE3SIN
Z(Nebhana &), 198044 HH{IRE = MY+E T HFE &8st UAZ. AL E2 X5t
2ol BEitet = sk9 Ha ZTE JIHIUAS.
1 SlUX|olM= cH2f 700{702e] 50| B 146% =2 Tt X5t Y Zfig 0 AU

AL
om, o|F 570 ti5oll 1,500 m'/d ~ 37,500 m'/d HIEE MYFE Fstd 1 HEME
dEstD UAS.

L3, Mornag Wl45=9] A42 R=37] 95t 1991dREH kA= 98t ¢}
2004W@7FA & 10,000,000m'e] ClEdeko] o]Fo]A AT HrylyEw Yo E3 96 dF
B 3dzhe Az Hd 1,700,000m'e] JAFEFLo] o]F oA Mornag WFZF2 A skEH7

10m A% &R Ao = Hrlstx UL (Mhamdi and Heilweil, 2007).

I otZ 2|7tz 35t=2 otZa2|7} EHEOHA‘I olzstet vbHo| Ji& gdstAH MEx1 Js 2710
ct. 24 o&Z2F9 2oz FUX|, =52 &8st 42 & & MM, XEzL-XS)
T AAEE S ClYst o=z %%EPE S (Murray and Ravenscroft, 2010).

1= MU2 A 20M7] S © MAX 2o FIiet TAlE-MYEle| dgoz FAH HF

_42_



Y XXX L 7|20t HM Moo & 2 S8 U A BA

—/

12
|0
Hu
ol
\N|
r'u'oj
o
[0
Hu
2
Jw
il

sigon, 8 425 ® MAXoz Zuw

® Goldman Sachse= %< A MAZHLoZ Ed digh =27} 20dvitt F w2 S/ F

7} € (The Economist, 2008.)

R B

FalA Az AgAoYwl giA7}t Fhsshd B tiAte] ME the Wol
A g o 4

1248 .

& 2.14 20M7| MA 217 B71 ¥ TAISE 50|

o= MA el (F) Al 2 (E) TAIEE (%)
1900 1,619,886,300 232,694,900 14.3
1970 3,610,034,400 1,354,237,000 37.5
1985 4,781,124,000 2,053,544,000 42.9
2000 6,055,049,000 2,881,079,000 47.6

* ZtR : Greenway and Monsna, 1989; Barrett and Johnson, 2001

1832 2 M2 2/MX[7[22] GWI(Global Water Intelligence)oll 2™ MAH 2 A& 727}
200740l = 3,620 EE{ollA 2025H0|= 8,650 ez MFE HWoz HMAUE).

B 20079 V|FoE WA AF(2,8009] EE)oly XA (2,500 )R 9.

= B AR 76.8%2 45 Fopt AASL Qom, BF sruioie Aolgs Boke 4
4 S50t 2 Aoz ABH

IE 2.15 MA EAE 72 ¥ M

T=E 20074 2025 AgT 78
AA & A% 3,620 8,650 4.9
4 1,720 3,880 4.6
3t 1,630 3,550 4.8
5l < <=2} 120 440 7.5
THEFTHESF 240 570 4.9
A o] 8- 10 210 18.4
* A8 ! Greenway and Monsna, 1989; Barrett and Johnson, 2001
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7) AHE: GWI(2010)
8) ALE: GWI(2008), = Ea %5 2 (2011) A&

_43_



MY RBNSR L 7|27 BIA M 2% Bkl Su

= J1FWEG} EXolg WE SOz WA

=
wol 7149 £29 FRE 98 FAH =o|

o ¥ FuE
At

Different views of the water sector

34w, = 400

* Capacity building; institutional support

1 Included when specifically relevant o increasing potable supply for

~500¢

Traditional water

= 20079 J1F0E B W ABAA YIFE AL Bobol wa) FRsb gout @
e lo] F47%0] =, ¥ A% Ao o JE A
5 7 F geo] olE.

2
b
N

HI
z

AslE Ao g Holr] uj
=2 .

(R
of |

()

700~900

D'evei opment aid? Water resources
view

view’ view (this report)
Category of expenditure Sub-categories Capltal Oneratl-ng Capltal Operating| Capital Operating
* Dedicated hydropower dams
5 * Hydropower generation technologies
rgfﬂ;:c::iﬂ:lg;ﬁim * Dedicated flood control infrastructure T
* Watershed management
* River restoration / protection
* Desalination plants 12
L psg::mﬂ;?istﬁlume *  Multi-purpose damsireservoirs ' r _ Iﬂ"I &
* Wells, groundwater abstraction sf . 1
Di i = Irrigation system rehabilitation
stribution . |igation system development .
Agriculture * On-farmfirrigation technology (e.g., sprinklers) ] 10-15
On-farm use  » Yield-increasing practices (e.g., no-til)
= Yield-increasing inputs (e.g.. fertihzer) -
* \Water treatment o
m Uoablirnt * Wastewater treatment =, 2
Treatment * Water treatment plants. technologies
* New distribution networks (urban) "
= New distnbution networks (rural) 13
e ieerl Distribution = Existing distribution network rehabilitation 430
water supply & use * Packaged water
& sanitation * End-usertechnologies (e.9., plumbing fixtures) 10-18%
* Sewer networks
Sanitation & « Wastewater treatment 14
treatment * \Wastewater re-use o 10-183
* Other sanitation e

consumplive reuse; astimated at 10% of total wastewster treatmant Total
2 Dala from 2007, Global Waler Intefigence Markel Repor 2008
3 Data from CamdussusGWP 2002
* Mot estimaind
SOURCE 2030 Water Resourcas Group

128 211 MA = NE 12

= FF AS, AAATL 5%8 AART Yo AEEANL 195 BYHOE Fo| B
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sht AFE A BFRD % 55% wEd YFsn 3l
A2 B5ReRg B A3 9
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- 9, HEYS A2 A AAME A8 F.
ofAlol | — & W lzele] §E50=2 e U IAST7} Al9)) 7 dskes Al FA)
- JJ—Z‘ YE FIt A & FoF Az gAY did RIAFAE HAFHo=
At Joy, e ey, HA-AEH FA vFe
— SEAPEE AAIRITY] 5%Z AXERL o} THEFAIS 1%2 THIER] & B
- QA7E AA FaEg o 55% waA s glo] B REFLe gS 4
3l dAtE.
I — 201597kA 1,2709 28 2 A3tz FA7F 4, 53 553 F
e A A A At dsEss A% IR A,
- RE Ex 2 dAYoly BRELS FY v= 7FolA FAtEta S
(B Foby FAEL 253 277 sigx FEolH, AZZYol u$- o
o)
- JAFS7IRE E F8v AHFHORE Frtstd, E EoF B AFg 4%
(F7FAA 5) 4.
olzg]7}l | — WUEA= ADB =& IBRDSY AFAYLS 27HoZ FZ ‘0&M ASF
EE “Lease A2 = 3P 9L,
— olzg)7} 579 GovernanceZ tjF- 4 Ul A HA Aol F ek
- JAFSF7IE E 8+ I35, & Az R
- 90L41‘41TE1 IBRDE 7‘447]44 X}ﬂriﬂ"i E Fof W3l 4.
— AAL7, B&2H, Fu 208, AT 5 AXWEA diFE] T3 Fx)
=] A4 *‘JH, EHTT Zepa J=r v B 71go] Hegk A .
er - ??iZH iR FldAgde 28 & 797 dX & 7IYgol Fetsta 2
- vl ail A= JrﬁJr Aoz At UEA 7|Fe gl HWola, dF =
7}°ﬂ/ﬂ NG LA 253} 3t 92(Bolivia, Uruguay, Venesuela ).
A7 AA ' AE "Eﬁﬂﬂ 4 & 73%* (o] 7%, 2008)

14=2 MHA =

» KOTRA EI14(2009)°] <]
Fgaua 2] QPow

re

o A
ol

off & o
tlo "

199 & MA 70047Hof
7t &

=2| 7|g=

$, 2025W7HA] AA EA1F AHES 6%(1F2800099 X

ANF Bg fie £4 Y Ny S 23 JIEED US.
shw, YrhEe, =9, 209 5o IollME ATl B3PS
AANE FeFsHE 990 M w L.

714 Zol 7] 9]

A5 AA%.

AR FA Ads &v, dl7Idae] 371 29, = A" 71 A
snstd 27|19 £ 104 164702 28f o4 7L, 53| HYU=4

Stgt.

99 AE E7|Ye 86%7F OECDI| Y=oy, dAl= 49%1to] OECDI Y=<,
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Y XotX=x| JHEY Z|&HA+ 21N M o2 F el S8 U B 24
&% 217 8 ME7|Y FOo[(FAD
72 = '99 '01 '03 '05 '07 '08 '09 '10 '11
= 7} &= 13 16 18 28 27 28 29 30 31
71 o 4 73 87| 103 128| 146 151 159 166 167
+ OECD =7} 63 73 75 81 81 85 85 83 83
e F A = 5 11 14 28 45 45 52 55 60
A T = 5 3 14 19 20 21 22 24 24
Z}E : Pinsent Masons Water Yearbook 2011—2012
12 HE7|d2 Efst 3710 7|1 == ‘99A o|F ‘087Xl 104 SoF 28f o[& HIt=
A=S.
& 2.18 & ME7|Y FOo[(FAD
2 = '99 '00 '01 '02 '03 '04 '05 '06 '07 '08
= 7} = 13 15 16 15 18 22 28 27 27 28
71 o 4 70 81 82 84| 102| 117| 128| 142 145| 150
+ OECD =7} 59 69 70 68 73 72 77 74 75 78
v X 2 2 2 2 6 13 13 18 19 20
I = = 9 10 10 14 23 32 38 50 51 52

A5 : Pinsent Masons Water Yearbook 2008—2009

o2 7(Yel Al

s AAZA AY 5719 (Veolia, Suez, SAUR, Agbar, RWE)9 A|&AAFE] 019 73%E A

=t

~
=

o
=

zU2

Hoz ‘119 31%7+A 3t=d.

= 50 719 F Sueze 20109 2#R1e 2 E7|Q Agbargs 14 - WSt AW E7]
Aoz AAg
|E 219 AT MRS 88 - MElA ARIE B9l woky
2+ =2 '99 '01 '03 '05 '07 '09 '10 '11
Veolia 74.8 95.2] 104.5| 117.5 133.9 122.4 124.4 125.4
Suez 81.7 94.71 104.2] 104.5 110.4 90.0 87.9 124.3
SAUR 27.6 30.4 34 13.7 13.6 12.3 12.3 12.4
Agbar 31.2 35.3 35.2 34.9 22.1 29.7 29.5 0
RWE 23.7 56.5 70.1 67.2 35.7 18.3 18.3 18.3
Al 239 312.1| 348.0| 337.8 305.7 272.7 272.4 280.4
MA A 350 430 490 565 681 802 861 909
v & 68 73 71 60 45 34 32 31
A& : Pinsent Masons Water Yearbook 2011—2012
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FMAAS = 7|H2 A &oistn MAY EMolM Veolia, SuezE 2FHF 23t &

H
7| =

H'|
_Ol

Veolia
Suez
RWE
Agbar
Sabesp
United Utilities
FCC
ACEA
Severn Trent

Saur
A}& : Pinsent Masons Water Yearbook 2008—2009

0000000000 .

0000000000

» US Filter 5 A8 AZFAE gt A Fo Al AlF, obx2ds T3l aA00A &
d A2 A et

.

dYMETA H = vl
VEOLIA AR AGAL B AA71e B
SUEZ AR AEAL Bt AA7E B

Simens, Doosan H= A A% 24

B 2 oRckEass) [ ] dagok@Ea) [ | madRor@en )
= 20119 AFEAEZ ATVE AA 100 BU1Y @S AuHd, wgolel Folz,
FCC, A5 AEAQ A5e Mulze] 228 7dEe] 2 €98 AXsa oy, F

s
]

= 7] E(Shanghai Industrial Holdings, Beijing Capital, Beijing
Ze] 2WASL JWer B AEEL YL e,

nterprises Water)o] =}
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I E 222 MA 10cH 7| &€& (20114H)
- T
20 o = 5| on
=R 2B B e aemor | O e | Al
Veolia 5 ) oz
' VEOUIA | T | =T T
1 Environment | () VEC 2714 AUA, $% | 12.128 125,416 | 81%
(Z=g2)
Suez 2 297, oz
2 Environment | =530 | 93714 [NV A], 7], 7292 124,287 | 90%
() 7t 5 ’
=, 5, oo
3 FCC(2#Q) | ifesns,.., | MR | ST A, Loos | 28220 | 52%
54 5 '
) [ Y 2 |m sojas| DRL
4 Sabesp(H.&+2) FNE | =, e 9391 26,200 0%
Shanghai =5, 5=, HKD
5 Industrial @eaigananc | W7H7)Q [ 9ok An|A], 5 978 21,780 0%
Holdings(F =) FEA 5 '
g = RMB
6 Beijing Capital | @248 | 017}719) | &, =25 3037 | 19585 | 0%
=, 2497,
7 RWE(5Y) ) w7y | A7), Tbx, - 18,265 | 28%
*E 5
ACEA =
ac L = ] X
Beijing
) . |HK$6,35
9 Enterprises |[BRuwsmmimea | 9177190 | AT E 0 17,790 | 0%
Water(5=)
American Uss$
10 Water Works U714 | Betr= 5710 | 16800 | 2%
(5¢ RWE) ’

= g GWI (2011), 719¥ &9 o] 2 & Annual Report

12 AME2 EZFE 2 AZNY =2 &dstA zd 4.

kI

n A EFE ) T(IS0)E #OA FZ7)7(AFNOR) 2] AoteZ 2001 49Y 2kslo) AEY
3 (TC224)E FA43t 20079 10€ AFEEA v~ 24 TF US B2z 3y 9.

Aqul 2 Foke R ol =(UR) 84S 7
o AJEHAeH, 20013 11¥€ WA=
olH, 2000 11€ E4Oﬂ§jl(EU)o A

N

12 AATI7)F(WT0) 9 At FA A A
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s A AAA FEE AAHE WT0 AZAY AL gad v, 27 2kl Adse
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rfT el e e ™ rrrr ey T e
1990 1992 1994 1906 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Annual addidonal capacity
(in milions m*% day )

= 27 : “Water: a market of the future”, SAM Study, 2010
108 2.12 EFsAMH o SKj0|& A|EE

ISolM = 2 MY ABUFHAEZCEN 334 FHo| Y=xHol oL, 22 50| MA
Hol 27/¥el ol w2t Mol ol AN ASF
FeEvet = e AR ARATE FEG HHd A g5 AR 20049 A B
FEO AFE 90%, 3% 80%E ol AT FE =2

A FEARde] F27F 20039 FUE AA B G 109299 84.5%5 A, =

WZ=A2HGDP)9 1.3% 3o 23
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| E 2.23 8 Ml Hokd 2 AIF 72(2003 7|F) (Etof: =)
g A ol ] ol H o g7 7|
10.9 5.14 4.05 0.97 0.19 0.41 0.12
(100%) | (47.3%) | (37.2%) | (8.9%) | (1.7%) | (3.8%) | (1.1%)

Ag 0 B2 §A9H(2006.2)

12U A sHEEAIRS T A SAoldolt #HAel ojZole A . steEAlMel Sx Bl
Ati2 Maisel. Eot XSEel MEe AMME HAAIT JHHo| WL
: 22| AlLC
24y : e ;
=3 « > -
20_L ................
— E ke el A
10 Jél-‘al._J'\-_E :"_":‘ _________
MB Tz ? NFAEE
8 ; : -
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1995 2000 2005 : 2010 2015

138 2.13 =W & -5t AlEel MY

71 XIZ 8 XSt “G-7 EIEI|EHLAIE (1992~2001)"0f
a i

& 2.24 24 o JlsZE HWIIAD
-+ 2 =

A A A& o AR tiE] 50% = W]
N 1070d S FA S - IY7E REE 419 5

(2002.7, &73%) — st ax=AE 2 Aol FEL 63% TF
T AEH ZAHEA o HEVF oY dolxAL A FHS £F ols)h
(2004.10, &7 w|do]) — 2T F£F 525%, TAF = F3Y FF 32.8%

Zare] & Alurel o AX= tiEl 70~80%

- A(75), BE(55), (80), HE(70), HEAE
(2006 27 76, %) o T o [e] }“l‘ ]‘T =
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3 E3 oe@ Urke] F5e AT PAFIA AWelA Pgow Artg.

o i _ S| _ ofEH| _ T M I A
(2 Y mE /I Y e I Y |o'E ¥}
(8HaHR) (&) (SHaHR) (&) (SHaHR ) (&)

A& 577.5| 33,271 29.7| 12,557 11.2| 84,879 75.8
¥4 802.7| 19,137 53.0 7,057 19.5 36,831 102.0
= 575.9 9,463 31.6 3,964 13.2| 12,048 40.3
Jd A 590.6| 10,582 35.4 3,011 10.1 15,850 53.0
3+ T 622.1 2,682 20.0 766 5.7 3,824 28.4
o A 530.4 4,313 26.1 2,290 13.9] 10,477 63.4
< A 874.2 5,107 50.7 1,759 17.5 796 7.9
A 3 907.8 2364 59.7 533 13.5 2,457 62.0
A= 727.4] 152,913 30.3] 47,216 9.4| 255,894 50.7
7%?5'” 629.6| 84,559 34.1| 31,406 12.7| 164,708 66.4

1 2EFoME 1997858 TMX[H A3 STAEE Al Jol| US. 1E
FE 2004A7HX] 2370 A=, 12370 =AMoll =10 2181f¥& FXAIsH0 4‘-
A, A, Xlsk J"-F@ oz § MY AU S(EREl S, 2009).

= 2005A%E 20009704 AAE 284 ALAA 214 AR 1094 £HY FFE FFAY
& 9% 3 3004 FAANS. AY UBORE B, SUAL BFAY, AFY3
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of &R FE AH AGE AL, Fo AQRERE FA4 2 FFAE A2, WA

8 B2, %S AL, AFRFAA Sol THY.
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7V TR ao A 3% vt ) (Stuyfzand and Timmer, 2001)
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71 GABARDINE Projectoll Al 35 Algrave Ao 3709 A] S|
(Lobo—Ferreira and Oliveira, 2007).

—g'—{s]-ookzé 207]]5—; 7Hul—3].g§\
A A7 AFA A
BB g st AdfatAo g AFFFol AzEE 2T,

n xEEo] AgTY FuelRs ATE FAEE AN 24 NE LS BEF SR
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M5y Bhe A% SR, 22 AseA AUz, A559 2 £2 w24
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PEREEEREE
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Werner et al., 2009; Mao et al., 2006; Oswald and Kinzelbach, 2004; Thorenz et al.,
2002; Watson et al., 2002; Zhang et al., 2001; AL 5, 2005; o]&F 5, 2008).

e e e 13 3
29 HFAF/ARE AL AP TELAAT (2007) AT Al THobHA B

CRE 2 FRY AT

19743 m]=eo] oAZ S84 (Safe Drinking Water Act)olA+ X|3FLA A E
(Underground Injection Control, UIC) Z 218 A3) <A AA], u|=Z373d (EPA)E UIC
2O #d HAE AHuE T 29 13 22 AA st 93], A 2 F Aol A
UIC 223388 9 Fo 5. 2007 71€ 1670 F7F FAASAFA dd HA=S B

TI‘O]'—]— M 1:: .

oj=o] UIC Z2a9e Adks: &89
ARsty o, A, Fe

KR =
= o

¥ 37 54 dEsuel #9454
2] 3

A7, O1F AZE R A Bl tE
Ao ot AR, B, B UrET GPAL WA Ren Ae

u]= ] EPA FE3te] U<l UIC Z2ax o] ek H-Add gt oF4e] du
om, AAH HAASAFA AL e, HE L Pac] 5 LET £

oMol 8751 YL [Prospects for Managed Underground Storage of Recoverable
Water, 2008].

oHHtE 884 » Part C of SDWA A4 S 37 ol
gl Safe Drinking Water Act |- Section 14212| 774 UIC Regulations (Part 144-148"
(SDWA) s «ClassV Rule (ASR Well Zgt) |-

= N

o :: 0|= 2t H=(EPA) I EE TR IE
ks Ui Z=a 2 Underground Injection (National Drinking Water Standards)
Control (UIC) == 74 <
Zadet x|

o)

HFnE

* Title 40, Protection of Environment, Code of Federal Regulations

128 2.18 0| FHXIStA X WA A A
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n 5F9 A IF7ALAE (The National Water Initiative) S F23l= 718 A 3FA 54
M E&Fola AAHA FAY FFS AT T8 AFo =z AAHT Y. AASF
A ES 3 AT} Az ok Hete g 3AHR I (Environment Protection Act)
7} 7)dHel (Development Act) 52 @'3}04 oo Retso] AAHJo Y, AHAFA
o FdF AR, & 2 &8 Fol S A, &AFA ‘Ffﬁ AFES Wl wHgE B ' A}
= (John Ward and Peter Dillon, 2011; Water for Good, 2012)

HEgol FoM=
kel (MAR) 7hol=gkele
s FEaeAde] 485 AEst

el = &

s 7hAaL

o)lo.
=

A A .

347\“01]5 A S &t
Lo NizwaX| Gol|A2] ASRZZAEo]| wl= 1),
Wk vl89 oF 10%0] Esitta Yehla
ASR A Xx|u]go] A= N v]89] ¢F 46%°] EFHsitta FA4

ASR AAH&&

a3+

A=,

Zol 4= ASRe] B8 FHH
j=5

=
TGl vls) oF 30%~46% A= 7

A olkal YERHAL

A A FA] o] BQd 27AMEg 9T 2
AANHo 7 Mutsle] 23t glon,
A5 (Water for Good, 2012

ASR(Aquifer Storage and Recovery)l0)9] AlgdlEe 2

A
).

=

Ax] AFAE N
AL, vl FZE T ASR ZEAHE] H§

20099 Dillion® Ao W=, ASRY A$ 3

LI, CH3IA 3t E[XMS0lAM A2k 1,0000Hr EEE 98t £X EM "Il 7[& Y

Hi

=

(1) D3IA 317 E&E £X S4 "Il 7| WY

| tistd ol A S HMTE o7

= et 2R HAZoU gFEe HAZe g3 HARA O AT(RAAT v

A, 1988; ZogAs} vk, 1992; HFgot 5, 1995; vH8<F 5, 1997, d54Y &, 2002; &

10) % & A7HA BYANALA ALE AL FUE 2] ol oelol fEHE WRGist i, fis

out), ASRS] %ol FUE Prgol Shfolme, 4 uFel FUT Bl Agow fEeE(irst in,
g

last out) Z]-led ]
11) A8 =4 http!//www.ismar7.org/proceedings/0311p.pdf
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o= A= o]Fojy oy, digtd 3ty HAS

;w4 9], 2005 A 5, 2004; =72 9], 2011)

71ES 95 d AT A7 Al FF 2R AFARFEEZR 9, 201D AT AYE
FRIE Uha AFARFEZ 9, 20008 3oz FIdsou, A FAT FFA
ol ha A= olFolAA Pk

7IEe Age "HAY, AdSA, ST HA =2 pH, Eh, Salinityel Wa A77F o]
FolRou, HAE W 224 4A0F, 154, FFAF S)e ol FoAAA &gk

STl G5, @ 5 o sk AlgelMe Aste (i) TS EEsA d s
Al o, tiskd sk HAIA  AskE e o] FoIAA Fd
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B 4 5 -
8-~ - — 84 _ =1
B a y Tfansgression
104 E 8" - —
1247 Smm _| _ 4 o
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£ T leroor | - ] B
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o

|
Unit I g

2610
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30+
LEGEND I
35V AN
XJFitings [CIson mug [ sifr mud [—Jsand - 2 SRR
E)cravel [E=]shelt fragments [F>]oyster shetis [ L]Rootiets ¢ Fluvial channel
[ =Jriant fragments [= Joxidized [MFissures Bedrocks 4 s
[==IMud 1aminations[——]Sand laminations 8 Cretaceous basement
M: mud, S: sand. G: gravel «-7,991: 'C age (yr BP) Ysm: sedimentary facies MS G

138 2.19 ZMF M4sSZ XA F 138 2.20 ZM7F+ MU4sSZd XA E
MEo| E[MA, meletH 3 Hr2(F HMEs SMAd EHAFNyESAFE=Z 9,
=2Z 29|, 2005) 2005)
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ENd H U=EE(FEZSL2011) 2l 222 Zs SEX| EFZU
= TEH(FEEZ 2,201D

sk st BN

Al
0|)|'
4>
Ho
_L?E
il
Am
0x
N2
4

=2 HFYY AFH dFSE U (HEY 5, 2006, AY

S, 2008; Chung et al., 2010; hollander et al., 2009;
Houston, 200 lot, B AFdAE A deselre Ass gFFe 43
% 8z ¥

=3

=
HU
ofs
e

FAYLALEAS o] &3l Be AFoa HFAH A5 7 , T8AA, ] &3]
& 58 AP (AT 5, 2008; ARG 5, 2007; & < 5, 2003; mELHE 5, 2000;

Aeppli et al., 2010; Aji et al.,, 2008; Chen et al, 2011; Choi et al. 2010; Millit et. al.,
2012; Subyani, 2004; Stewart, 2012; Vanderzalm et al., 2011; Z.Katta, 2010).

AN, HA5 FAME, A5 2IWFY 54 FHSL, o5t FBYL A
_9_
A T

(Cay, T. and Uyan, M., 2009; Butera et al., 2009; Liu et al., 2012).

Chung et al. (2010)2 53 AZF—A 3 B SWAT-MODFLOW EF S o]&3 &
FA AEAA 79 Aoty FgSEF FAHIIHE ol 8ot ] ms ol AL AS.
o] 71 ¢] ﬂ@~ ALE = Astrzty AaAAAS Este AAA LS AR S
= WEeE HAsE = gle Aol o 2dEH o] YIHE B ZIHl wiste Aske
ol ﬂﬂl Uehu= Aako] #4149,

Huang (2011)9] 9J3h9 As5 g AxAge 4gol Exolgel Fge wg. 4
U Grole FES FR) Grole FATLNNY EAolge] BE FE ol
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AFSHAL, G40l e Ao]|E o]&dty A3l FUHo] FaFHE A
9l Guyuan® Xifeng A HollX 7HIAS. B =8 A5 FHEA

o) Zol2 v B 297} e

Stewart (2012)& YZAEZ Christchurch A tFANA B2FILL(CY) FHo=
Tritiumell oJs) 4= At Aol 2 % & AL ysdon, ALTAdRE ]
o Agtr FRLS FEFAS. 10014 1,000d Atele] Aak ARFHols ga

A27} v FEARSS FHHAL

0

Millit et al. (2012)e =2~ FA3E oA Eocene Epoch Al719] thdZ=A oA §°0
o} §°He 5¥E #AS YehhA Esgou, b tgEdds A8t o] Age Al
= AFY triedso] Mo As BAFAS. @Es, S2d 2 2SN B F
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g Aoz FEACY. Ligt §Li 94 2714 7199S Yega IS

X
A

M
0x

A

-

E
=

12
ot

I tistd st E[X &2 2|

gyt A dA7tA = o] 2Ry FA AFHUFFAA A3 sfete] o] Fo
o, o A&F e FYP7Eo] glo] AFut e FHodS o]l FIEI Q)
I 3l e

2

. 5
° — h
2. 9EF Zucinse] A% A% 30~40m WY AFHNFFS ol gl
2.23).

20— 20
| — — Infmed bioundary
| 5 -
Fiakdang Bicer !
L'. - - o | - |_|
E FEr e :
§ -0 e
il - L
-
A
Lu ot
A0 —fi - 4]
.4 4 o e A
e I o ARy e I
5-5?@+iqliv‘uphv\vawwwa‘: e, --?-J:-E-\.-E-\?-'?\. ﬁ-\.-\?'\-\. -\h'\-\. . L]
e e e e e e s e e e e e e -'\-Q-.-'-\?-.-":-\.-Aw.-'.l\:-\.-.-'l\:-.- g e e Ll
5l L:E'_'k_'i:"'_.'t 't'uq:tb\it_'._'h_'._'h. .'..'Eh.'t.‘..'t"' &E.ﬂilwiﬁ:ﬁTMﬁﬁiﬁiﬁiﬁﬁ i} _|.'|.5
[eCHD 40 00 ] 1< 8]
Distancaim)
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o] 2 FAY X = g 2 FF PHew &89 peAdo] g & Aoz Hu}
3G S (FHe7)1E R, 2004; 299%).

W oFpe] ALY A%H SR ST AL (BA71EE, 201DAH BFee]
AfFHRFFoE FHE AFE ASRIFFY 2 AF) PEE =dsted AFFYA

A4sAE. 28 o AFFFAE B9 ARRGE FF2A/50l .

455 o]&3te] 34,065m/Y

3, 29 EF9 Beaverton AldA= HF th4=o] ASRE s

o &4E FFE. 7 Ld|&F9] Tigard AllXE ASR WA o2 &5 ¥
Total A (HE7|EH, 2004).

o 59 SalemAlol & 2003 7]=oE 4719 ASR %
&

él&w-
[ T
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Beaverton's Aquifer Storage and Recovery System

Wiomsr it stored balowgvound n @ besstt aquiter. Whan damand incaies in the sney of in 0= srergeacy
tha water con b pueped back ol and ased

I 22 2.25 BeavertonA| ASRIfHE=(n}str| &5,
2004).

G3 oz IR Fo M= AAFE dELN ASR A E
and Tredoux, 1988, 2002), thx &<l Al# 7} 47]]/\ e =
o 1959 ¢ 21l4m/hr £52 F¢, Karkams Hr}et tj$Z0) 138Y

A Fot
ET 2 F 6,567 m F¢, Polokwane &% @ #Aulet 5= (F3=Z =4
FA 60m)ol ¢ AHgF FY, Calviniad ZdEdlolze Ady EUY

105,000m" A= AFedS 2t Jed AFE FY3)

47.6m'/day 2]
20m, =3}oj

Harare b
Zimbabwe
Namibia
Wingnaek Botswana e — ozambidue
Waivis Bay L fex-Petersburg]
Gaberone
Preforia | Marcito
Swa @=
M
a L a
wraratl  South Africa
T
FapsTﬂwn +
I 28 2.26 OFZR|7} o] FHUSSOIN ASR HBIHY X% (2epr| &,

2004)
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Hongfei (2012

Fﬁ
=
3
of\e
oy

FEFAF, AFATIE Fo7] 43 AFANDAA A=

B4 ALEY =4 HZ3 7 (chaotic sequence optimization algorithm)< ©]-&3st] A F
ol AxE AL, 13U chaotic sequenced] Zo]9} coarse search loopd & 7]19%
o] 7I'Hel e FEFe X vAY FFAFY 7] FAGS o] 7IHY SR FFS
= F oy, HIFTAHA ANAY AIgele FFS PIAA XS, Chaotic sequence

5O
o =
optimization algorithm-& 7]&¢ W1 vwste Y$5E A4S AR5 d), HstEAE

AR 7ol A+,

Taheri et al. (2012)& XFo]&¢9 Kermanshah Province A 99 Mahidashat plain ol 4]
Schlumberger FAAFMES o] &3 HA7IEA AL AAIGAS. o] A9 AL F2 Wt
7] A3t AW 3719 mpo]e Al FAor FAE UL AI|FALEZFE] Mahidashat
plain®] F3 WFFdA T HNEES TS A7) o] 7o e, F582 0.18
~0.66, HIMtEE&L 0.152 UERS. o] FAA= A 4" d3 & dAHUYE. o
i HAYEANEEY A2 & T4 5 S

S
o .

Kloppmann et al. (2009)2 REF % FYLA(6"B and §'LI)E o] &3] o]xgtdl e
Shafdan 7HZHAFFAY B diFF FHE strA 5 Assts 548 AT+, B
EFYY928"B)E B4 ol Bty 3ol BaEA gskAw, JEEHY
2L HeEZE e F250 e BEHUe. oA HEo HEZE ¢ & F
AEg= gAS FJUde. "t HEFYUALTE ASR AlAEH A AFFUL FHAZA
ol ZHA|7F Udtke Aol ¥ oY, oA FHARA

AE =992 2 Al A8t
o] 7} sAd et e v 2e 287 H93H

Cay et al. (2009)2 B]7]9] Kenya A9 A&t¢] WHEol| i md o) ArcGISet A A

TEAZIHA TS o] &3A s, wAHSAA Ast49] stde]l 17% AA F=49° A

o2 YEHATH 582 & de LAHAW S o] Aol =] mdo] A5k
o

Aol e fPAY FH0) =g

T35 54 H7MY ooy 29Ed FH oy oFd wAe EaEA
(heterogeneity)ell 71918, FFEFAFe] 3314 W7t g5FadA B8449 Fa2l0].
Butera et al. (2009)2 2A&d o5 Fd&2Y FHE AN +F, FFZFAT F LH4=4e
A dgsted FAsAE. o d& FASA Addd, AP F3274 (Cokriging)
S o] &3, 2¥e Monte Carlo A3l o8] AFHAS. =, stve kst EddAd o
o wste, o2 stue Z3 EddA dieFed disted A5 EHAS. AE fEke =3
Zdo] ojgElon, AL Ay oHdEH olF AR FAH AFHN} U I
< 0= 3ol HIHS.

A3 g BudAAY I8 WEAdo]l vl AT Liu et al. (2011)2 292 s &l
et AALGS S (FBAE, nAHE, A 8 B2)S UsESAY e, FEEEE As
I FEd 54 Aol A&, AV wAdHe] ostd A s Wug=sh
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o
HrEg o AJS. FE555F &5
A AskrE 759 60%7F 55
A%

l
Q X J]OJO]X]-“ Mpqol,]

MAIFY-MAYS KSR SR FAASD YA HH MADY N

Pyne (1995), Rasmussen (2008), Maliva®} Missimer (2010)& A|3t5 38 2Edgo] A
g:Eé] 7;”;5_:]3]_ —‘?—Oé, z’:%g §]-/\1/H J:]7}_ ‘,4}\ u]ﬁ_oi E._L 1:1-/\3 %% _?4?‘5]_ ASR /\474]
o] AMAAS Qi Yo}t vddE s/wE MODFLOWE A A& v} 9. MODFLOWE g
g AeET Y AL WYy wrrt AR A4 520z =3 Z|gEdolmg
ot A AY dFet G5t daAES e AGeHE HET

_hﬂu
1

hal

Bloetscher & (2005)2 Ed&o] ASR A|2=H = H 3|4
e w

122
2@ As5rsE 2dgdel Badd odd weel ougde
M2 glon] o] Robe] ATl Basitn AHHEE

] =2] National Research Council (7}979¥8) (2008)= Al=H ZAd H7l 7|&, &8
B7t, A5, T8, 589 HA viA (optimal placements)ol gk A2} Al 2E A5
o] HASIE 3t FU-AZ-LF F7] (Hx, 717 283 Fx)o gzt A7 Za3it

=] o
A s =

K
3

National Ground Water Association (2008)2 %9
FZol & AFY & o] o, Akl dlsh
) o glem A7k Azl ARHn EA o

Lo

Pavelic 5 (2004)& 333 Salisburyx 99 ASR A|2H ] XHAE 938t FEFLOWEY S
ol-&3tdth aHy FAZY Y HAHuAE 2 7HA Eﬂ?lgi T4E Aol o
st wdly] Aol 33 B ZASIY AA 3 vk .

NRCY dHZdol= 83U B9 ¥3)(2001)+= ASR Z2ZAE A o] thd HEL 0|
Al ASR B}/ B7tel #9AQ 55 RdY AFE W Fasiva Bure vk s

AFFF 27

E QoM 2dYo] FPHYOL YR FY EE

#E O FUES A P ALY AT A% W EE AT FAALE (Ward 5

2004b).

5 AR GFL WE AT A AsE AL R Bel HF ATE 1471 WA A
Qo A APEe AEH ATE 19909 © o F AZHo] 20009 T o] FRE B

m\?l rﬁ
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SHAl Y= Q)
(clogging ), Wl
2d #AH o] AF+= AZE vk gl

do ol
=
o
N
re
Y

st A At Aol thk HHANY AF= Asky S5 g iAot HA3sE 7IHE
HEAZL AT (Park¥ Aral, 2003; Cheng 5, 2000)°] 3. siAsiRtt Aofo] HE ZA
W oRdo] ARgHE AF=E oy AFA] st FFHJAY (Mantoglou®t Ppantoniou,
2008; Ayvaz®} Karahan, 2008; Park®} Hong, 2006 5; Alnahhal %, 2010; Bhattacharjya
S} Datta, 2005). 8¢t A9 At EF0 it AlEdold Rdzs 3539 84 5 &
do] 7b JEE Z]soluh e Agto] e Ae HAVHMIA FEA7IE e AL At

o] 3+

Bloetscher (2005) T2 dA7IA FPd ZZAE Fox Axe Tz EAo] F3hd
A7 AR gloy Rdge v Faste o At Hesioha FEgut ok 53
Aol gk Yo FF ASR A|2H9 AE ¥ I)5& HUb 5 A=
st At g Edyo] BQsittal 35S

Pyne (1995)2 Ed&o]

PR ES !
5ol A% Bk, A £ Wsh 5o neld Agd F dvkn By

Jonoski 5(1997)& AFALNE Agate] FYANA FIA 2L H557] AF F4A
o A%, 9A B FrEe) A4 23 EESAE WAL AN 7 5F Al 48

3w 9le

A3 Qo

Ho E& FFstn 9L, = ~8A 9 Hosterwitz A543 T 2 A9ox A2 959 F
e AW HARFFAFe AHAH A g Hev A FREHY, HAFE =2 SH,
A 2 FHARE AAHA A AgE F JAFFLEAANA A Atz FFAIZ & FH53)
of ARgSFaL S+

e2Ego} Hldye thgr o= 379 Freudenau LWL Add w2 Ao A
strds AFAHoE &85t s AT EE B8 o 30MAE AA 9 Fol
Ao, T AAAR] A3t F FABAYE At Astr FF 2 FUB 4874, A
A #HSAE 96MA, FE ASH T/HA B AAY 2 #ASAE VL 55 958 As
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HE XISHM K| I J|Ed7 2N H o2 & 2o S8 Y s 24

(3) ==+ HE & FTEHI I

1352 223 54 4 uid X5t £X[TEEy SEHEN T

. AT At (R 71EY AS 7l A& s A Ak FE(LdEE 2 ¥
AE)E AT AAuAY AA/A S S0 &) 2HE(2E 273 29 28, Choi et
al., 2012). 19 28 v&x FH FHZF Asts HoAY IR AL S ATFF
A 7S &8t TSR EAG AoEZAN, A% EAStE 715 A9 (riparian
zone)o] Wl WolA A= AA T8 vEE- 7] Fel] o) AAgALe 2 IR
AHAH AAE dojds FAF. F, AEH FAHS 874 Eue A ¥ Tl £x3e A
55 FLFATF T g 2dHGHe] A% 2, 1 olfe AME FHITITH
FEHY A AF7 Bt &olda Aatre 4 AE7A AESE S fAE] Wi
(Min et al.,, 2003; Chae et al., 2004, 2009). ¥, HEH FHZ(HEY FHF)o] £
ste A YoM e FUA Ao Aujygez Ao @& (denitrification), B3 59
Hh-g-o] dojupAIRt i} wzre] ghako]l FrtsHAl He d-wzt gdo]l WA (Kim et al.,
2009).

n GojoAe FAHFT AAvAY £X 2 FIhdse] B3 ARE s, olE MAAJN F
s zte Agd R &&sta s 5, 0SS AdmjAoA e dFe Ld=de] w3t
(transformation) 2} 7+ ZHg ol tigh o]ai7}F b

£E

T

i

w

~ —
e H1TH

Coneentration (mg/L)

EREN!
GEEL:

%m- ] ) 10 20+
g 10 30+ %% ‘u-%é o’;é o o E
128 227 3XF XA Sdo| ME SHXISte 2 Ha | A7 Al

(Chae et al., 2004, 2009)

108 228 &3y S5 a9
A& A3 (Kim et al., 2008)

2=} X5t
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Y RIstM =X W& 7|27 EOM H 2 & 2 S2

i
a
o
N
HI
>

n 53], ] 2 AAAFeRE sFEFo] B FHF AYG9 AdFe 4P 2FGH A

= Ao ByFy o, 53 HiE T dLEFY Fe vsF W A es =

@_6}04 259 3 (5A)d FEFS FE= Aoz G A (Bohlke 2002; Kim et al.
—Z

o)

=
2008). WiAAstE W 2A4E 5 EFEFE A} HEC FA dd A5 W 54 F=
2(ZEY, By, AERE )9 A oAF 2 FFS Ast AFATIe HEAA AN F

2 Wl & 43S 1 2 (Konikow et al., 2001; Herczeg et al., 2004).

AAGA ol glol, FY oA WANN FHZF Askre] AAH 24 ATE F
AGS(5A) S Wl AL FA AN BlS B opde A3 49X 4, FY P
(A W) S28d 9 1) 4A, FUP B 5 APl o] ANHA AP

A (Herczeg et al., 2004).

old, ¥ AFlME T FA FAF A}t A AstFo] MAFE ZANFIE 1
PHEANL 24 1, 4B LAY 5 49)E ANCE FAPORM, 94 HEE
AF gElel #EE 9y A RE Agsnd

Folx HE o AHE BN J|&
n FRA50 F3ter AL A AR F&U|Eo 93 FH AAEan 2 F4F A (FRA
Ay 5o AgjFoeg Fe3dte] "=l AAE] E4-grlE ool $(Brown and Misut,

2010; Bekele et al., 2011). A7) FAA Hr7tE FFHS AAujA| A3 EAAAREE &
st Aol X FAF(AEHE) & (simulation) o2 X4, F9] olF %
AT AT 2 FE WEE 4952 A olEs 2Fde HH FA AZH -
TRl Ao HZA FANAR ALBRE AT T T A &85,

of

o
td
{0, o
3

i

yogoz wo

O:

2 A7dME FAF-SAHT ADMA WSl o7 Aty s W
J

4 AstAFA GA AGeNA Y FAF-AF-AAWA(FHZT) T FEHELS
recovered water®] & (53], 4t -8 o] WA AY FHAFHE St F4d 2 FFEH
o]2), T A& WHIHET, SAAEFE A g F=2A A ¥ ol AF i
A5 FEAd 54 WS (53], 2233 E9 A o3 AR W)= v D3] #
# = (Brown and Misut, 2010; Page et al., 2011). w&}x o]2]3t A5 285 A A7 o
Aol A3 dF-FrHEDR)st, FA-AF FHANE AFIHE BHAA AAHO=E

RUE Y3t HrHEA) st of 3

A AsAFA Ve HE Folle F71AA F3E 3 AL (s, 24, & 594
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2007; Hollander et al., 2009). Watx H2 AA o|HRE FYol o]

Ayt oo we) 23

3}
.

o} A of

=
-

7}7} o]

[e]

5]

I

=i}
=

=

S=

3] Azt oz X v (Sedighi et al., 2006; Misut and Voss,
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(2)

Y XotX=x| JHEY Z|&HA+ 21N M o2 F el S8 U B 24

A A7HA Ttk 2SS AASt ZAFE EAA Yo WA @, ASR E=
ASRTO| #T#E"E A7 HZ &3 AP JL(Page et al.,, 2007, Page et al., 2010,

Barry et al.,, 2005, Harris et al., 2005, Herrman, 2005, Pavelic et al.,, 2005, Pyne,
2005, Rinck—Pfeiffer et al., 2005, Stuyfzand et al.,, 2005, Baski, 2007). Page et
al.(2010)9] AFo|A] Managed Aquifer Recharge(MAR) AMHE A78tn o8] 71A 24
= FJEE 3 A8 S AASFYS. Harris et al.(2005)2} Stuyfzand et al.(2005)¢]
= e F23HY ASR F9o FFwsglel] disiA oFa il Page et al.(2007)=
ASTROIA AsfE2S F-d el AAI8AS. Harris et al.(2005)E ASR ¥5%F Zdi
of tigh A+E AAISIHNI Herrman(2005)2 H IS0l A ASR &5 H A3l o
A5 SFA=. Pavelic et al.(2005)= od] #AHEZFE] F-5olA ASTR BEHS HA8
¥, Pyne(2005)& HZ vl=oA 9 ASR 7]&9 sl A713F9<S. Rinck—Pfeiffer et
al.(2005)E =AIRHe] T Al ASR EE ASRTE A9Hel2. Baski(2007)= ASR
Aol g BlaA AAE AW A BZo HAAHe 4% AA 2 Asey 2 24 A
Aol oA 7fstar ARl RG] WEo] tes] 27iE & ¥y Baski(2007)
EES AT 71EY ZE HuAe} =RoA §5FHE YA ASR T ASTRS 2§
g A= e o AlFAHRD AHIY A AE AL g gk e e A
Baski(2007)¢] =&& FaEFe] 3 AE AAHA & Ho' Hop ASR Hl o
gk oA Fud whgk FA A AR M-S MG febto] FEASHo| Y
SUHE A RUEHPGAI=He] Add

B AT ME AEY ALEH fAR BB

FUA 2 FFAHAAMY Fo FA Fol stve A (Es FHI)IFCRE o= T4, 3
&2 aga AESH 3y F sk = i3

HAgEg e Be AT wEw FAAAAMY HAN4ARS tEE =4 #HA
(physical clogging) He B 23HO e FHEAC 7|d3Ta AASAS
(Harpaz, 1971; Hauser and Lotspeich, 1967; Vecchioli, 1972; Olsthoorn, 1982). ¥/&2
g2oz FUA A F2 a9de AEFZH HA (biological clog ging) ¥ (Oberdorfer
and Peterson, 1985). ¥teF FYH= Fo] A AHYHA FhS B Ao e vAES

of TFE F Qom, ot F9F 24 s
7 &

o
ol
rl

Tl Ao B3 ATE FHL 5(2012)

KR
HAAYS dovle =29 543 Fddde Ao, dis 222 dFitses
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Y XotX=x| JHEY Z|&HA+ 21N M o2 F el S8 U B 24

=

HOoR(F2 A9 =2
(backwashmg) o1 (surging), AAFZHME FHESE jetting 52 71AIZA W
Azretar 3ehE WS dA49 e A3A (oxidizing agent) 9t @3z Ed e SHAS
FAstH, 3tekx walo] Ag Afole Aacid) S FYF(Olsthoorn, 1982; Pyne, 1995;
Perez—Parico and Carrera, 1999; Bouwer, 2002; Pavelic et al., 2007).

A2 w3 WA AN@Y Aol B ATFE FAF(2012) ANAY AA &N

N ;Y wAEA, BT -Bedl WA, Tk BARGA, Zehga 52 tige] o

Agstgon, A5F YE WARYS. FARFFAAE 1Pk BAIE GudFE
H,

Ne A% e b A" e aa) gl ¢ Ao Adae.

Azt AFA S A7 Tk AFHOE g&F 0| pFF R TP A FAHE 2

FAR Y FFHOZ o]Foizl AA A|2H Yoo FHAPG tigh 11}
om, olF 93 #HF A" Y FF €L oy wstet 22 Yy AT 55 2Y

2S5 & 2yt 95 (Gonzalez—merchan et al., 2010). Perez—Paricio and Carrera(199

o} Pyne(2005)= #AY FAFA A Ao HAA] Fe, A, Iz SHUR dis] i

2.349} o] At =.
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Y XotX=x| JHEY Z|&HA+ 21N M o2 F el S8 U B 24

| A4 o .l A .
29| = A Sl Ol ’HiX M7 =X al 7[1Hd
- vga | - 459 dAA A
EE w ) A, 5F RREAY | L. — TSS, 8=, MFL
A7% AA _ Ao A% 293
FHED | AdRn e |- 2§ 4% s | D 00 S5
o JAF | = A3 8l AA - A px g = | BRI 2
(o, Miam)) | = oAa wy 4z | B A T b ol
- FAAARNA Y | Ee JAAAY Hx & — g HIge] wist
=5 43 259 37}
- B N
— 9z=0o 2 = - oéi _7l:?:i %7]' _ 2 & AF
’LT-’i Ll i‘—‘q 7H — A} 7—@ (%A]'Xi) sy L
A el T | H, 58 9EER A | g g (&4 W) TV
PAE | 71 - (substrate) | A B2 94 T4 _ Slojo] ey Fhe kel o3 A}
g (53, Az, 9| - AR e g | D EAST | - B9 gigs 4
AOC) — JAA AF Aol (multieon;yme SOTHEOHS‘:)‘ ol g stekA o
o HAG A AR | e T ST e vz 2
ZrolWi 7] (scraping)
o s - ZFABN(EF A
— 23l -3¢Y T OEI__ S5 o
s puini! . sl—3kd F A3 w1y
. E‘l‘% - @X{E] 7H/1\j 2 ) ) ﬁ:{.]]ﬁ)"% ]ﬂ
SoH | g Ase 3| - A%el pH wE % | D ) G S s me sy
Ad, | m#a AA | ol v® 24 — Solo] H A Qo= W= SEM
olg—a | Afele] @AY | - fa o) DO WA | T s v
3} (incompatibility) T AlA (scraping) = —'(;11411) A 1
- Eﬂ'% @EQ} ‘E‘ - o:]/\ﬂzJ HE %71' P E]_Tln(-ﬂ-@ Lﬁ)o TV
e /3 -
A (B &/2H) Fhegbel o)k 2A}
FAHN | - Af dok | - ks e - 93 _ E ew amm
Zhamiel | - gl kel & | - Ageldel A wE | - kel S8 W | 2w b e n
9 A — 7}2& §kE wR|(4), | A 719" ;EL = S8
(binding) | — A=ABRE Rk | N2 A2h) - g A9 A o

AOC = assimilable organic carbon; DO = dissolved oxygen; MFI = membrane filtration index; SEM
= scanning electron microscope; TSS = total suspended solids

= ANPFS ASE] A3 BE Ay

m{n

of HolA gkow, F8 7|l I 242 G

— AW column 43 EGH eSS 7%= Ho(core) WiE i F HFE o]E35

+ AU column 7= HAY Az, F¢ 5 AAgd izt 2eds AT = d
(Rinck—Pfeiffer et al, 2000; Wood et al., 2005). 18]} A3} 4= EAY F703 HEA
(variability) W&o o]#dt && R AW column AL @A FAZFHC 7loluvwts A F

s, A A B Hss BEsA dFer] sl H8H7] ofEeol

%0,
alle

- T34 71 JA S 58] Hsh gk 8F 7ol JfEEe]A ko™, Hutchinson

and Randall(1995) W4%9 E3-8 (transmissivity) ¥ MFI(Membrane Filtration Index) A}

5E o] &3t FAAF9 E'?JZ]J HA &S o537 Ag EF5M(type curve)s 7033
L3 Taylor and Jaffe(1990) AW column AT o2 Aol AFJE o] &3] thFA W
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FA £= &3 FA(mass balance) ZAH: F=&3 F5A4 A Oish dF =S 2
M ER) 334 w4 (biogeochemical reaction)d] Wal &3 44 (flow and transport)e] 2
A u gt

FEEo] MdEo] AL 231 9L (Perez—Parico and Carrera,
]

- 9 =
1998). e} o] @ =EE WS BPSn we do ARE AFsol ¥ Bast Jon. @
=]

A7MA] AFEZ o2 o]g&E i QL. Pavelic et al(2007)& &3, 3tstx = vy ESHH

4
Bgo] 5o AL GFS FA5] A Hok B BA F4 2de 539 9 9

2949 ANFS Bk FFHo2 £AF 24 93 Lu et al (201D vIAPR
o AFNA RIS} FFANS 2GR FARYL ARSI

XdHast Mz 7=

FUEEe Tl AeHeE 25 FAL W FHYF 239 FH dES WA Ask
e AEste, o2 s A §71(ground uplift) S Bo7E HEFe FaEEH Fad
(Budhu and Adiyaman, 2010). °]¢}= W2 FFgdS T3 =< Fr-g 45 das e
FrEEHS A, o2 s A¥F 3SH(ground subsidence)7} WA 17 2.29& AW
kel g7l &S VA= Askre] Faok Fdo a3 a9y Ak AFeds HE
d A

Groundwater level decreases

X
ini —
w0 Groul}dwater leyel dec!mmg, 2 S
g effective stress increasing, =3 3 8
3 soil becoming denser, % = g
S decreasing water storage. g8 a
= o~ 4]
© = o
Q =] &,
£ & &
= v g
|172] A C O
£ z 8
2 =
- L=
g . . .
i Groundwater level increasing, effective
stress decreasing, soil becoming looser,
increasing water storage.
\ 4
=LA
X| 5t~

= EGS g HoA o, olg Qs Ayt Hste} g7 AstrY dF

do] Foll AFA o= vt A] Fe. ANHH R GdUHE EGAA A3ty 599 w3t

Ze AR §71e F2 FHske] ¢ TYsHA %5 (Budhu and Adiyaman,

2010). Yutxlog FAo HE FEokorMol Aut §7)o e FAE $ELE F7] Fo
A Ak 284 kol 20~30% HE whol = A] &3 (Budhu and Adiyaman, 2010).

N
N
do

>~
2

o
B

Aahs ol @ Awt Asjel Y ATE AW $4Y AR BUASA AT go
U(Gambolati and Freeze, 1973; Gambolati et al., 1973; Booker et al., 1985; Booker and
Carter, 1986; Small and Booker, 1984; Leake, 1990; Leake, 1991; Leake, 1992; Leake

_88_



L

HI

M
Al

Y RIstM =X W& 7|27 EOM M o2 & 2ol S8 Y &

and Prudic, 1991; Burbey, 2006; Harada and Yamanouchi, 1983), ¢}&7}l#] Al vt
ST ofF] ALE A k. olHI} Fo YUL a) AHk /gl U EA4A
olall, b) T EJE A3 Fx, o) #AHY AH, Bx % Zlo] gl Y5 Y
@ AAe Nz A9 2 ) FHA Are] 2=,

= r?h ol

A8 ASE =317 Y% QEFE AFE F2 F/) =99 MODFLOW 23& o]&
sty Sl E ol &S (Leake, 1990; Leake, 1991; Leake, 1992; Leake and Prudic, 1991;
Hill et al., 2000).

FUH HWZ =9 T3l 95 A== AN §7
U= #Ao)m (Teatini et al., 2010), o]o] 3k A+
]‘ﬂ F71= S84 fde] BAsHA] F& vE A

REUHY Al2"S F5E a7 flvar o
of o3t AW §71¢ wWAYZ g -T2 olE& AXFAeH, v=, Ay
il FH F8& ASRAGNA TAHE A¥k §7] #SF B 4 g AtHATFE AA
S-. Schmidt®} Burgmann (2003)& InSAR(Interferometric Synthetic Aperture Radar)
ol-&3ste] #ZE 1992 d%-E 1999d71A LA E v= 7“313140} & Santa Clara 7
ASR A HolA o] At §719] AAE AASFAS. A AR §7]< 4emelH, ol I
T359Y poroelastic #H-g-& REYGste= AP (™ 2.30). Al &9 FaFoxe= AEAH
W g7 Asrt 2@ 7|3t 24 FHEE S UEAS (2" 2.31). Z7IzF 28
Az A Wy tiFEF XY Astg 7Y WSt o3 Ao Adsie
Amelung et al.(1999)¢} Bell et al. (2008)& w©|= Md|ult} F Las Vegas AlFol X3
ASR Ao th3)] Persistant Scatter InSARS ©]-&3}e] Xut 7|5 #B=3 A7 AEF F
o Adk g7l AFEFL HF 7|zbEt vid 195E 39717 #AS AT AA SRS
(19 2.32).

fr

g Z3tol] wlE] w9 =EA Lo
] wulg A9, olo] thI+ o]
Zow, AARZ ARk F7lo st
AR 7] WE. Teatini et al.(2010)<

EEEENINR‘JQ-W%HU
R
]o

T T T T ™ & T
1985 reag Lii o) b 1895 oo Lo SE L W 1888 2000

138 2.30 Zi2|=Z Lo} F Santa Clara AH=0fA
98 ~994 104, (b) 98t4 8&l~99i4 38

TEE AHHHE, (2) 924
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Y X|stMX| g 7|1=od7 HON o2& Ile ST Y S 24
40

'i'E* - "

e E

5 i

e 50
Al
B

sl

v

128 2.31 (a) 1998 7R€=E 19994 19 7HX| InSARO| ol === 0|
= Ze|Zo} F Santa Ana FHOMe| X2t HE, (b) (a)oM
A-A' BHHE o2 X g 87| 7S

S5

syEes
.
-

=
+

.- "
ok -t
5

s 2000 2005 20040 20048 0058 05
Wear

138 232 O/= udHict F£ Las Vegas HZ SSX o]
CHSH 2003t 4852 E| 200504 5&I7}X| Persistent Scatter
InSARO|| ofsf Z=E &7 LM ==o ofst Xz

X
=
>_15
o
it
5 1
i

5 T
" Ak Hatel]l g 2AME FdsoH, ol Azstr] g Wy

EEENE RELY

-0,
r
- o
)
|o
fru
e
)
N
=3
B o
Ho
ins
o
f
o

[e)
o] AFTL, 4) EolE&S AT AZANAE By H &%, 5) #Y o (administrat
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Y XXX L 7|20t HM H o2& 2 =3 9 A

s

HI

M
Al

measure), 6) A& o]&d I &F
atoll e RUEH.

o

}, 7) Tianjin TYAAFY =4 4, 8) Awt

®m Giao et al.(1998)& ez W= Ao x5+ AIT s AHAA Rwt s A7+E 93
WAL whhEy) A8 ATFE WF APL Bl T G2 AW Papsh Auk gl
e EPAe. AIT We AW U B5Fe 2dEn FEZOE oFo wHiE
(aquitard)e]™, 19943 3€3XE 6¥€71x WY 250% o

10217 B FYatAds o
717} At g o HEZGAE
Aol lo] A=A Aol g

oo o

o2 ZHE o]FofX thFFoM= o 3mme] AR
k= )

R R

flo
N
0,
2

=
Mo 7184 TR A

® Hung(2007)& A|§k 33le] Al
T4E HsiAe o Al ] =
Aol Aele o3 22 AERS 13E Z9vt

spatial sampling density), 2) 54 A= %4, 1gil 3) =

o
5
R
ko
T o

= Hung et al.(2010)2 A|xF s #AAT 5+ 3
2.35¢F o] AASAS. 1™ 2
o, 1% 2.34% leveling® Z5-F

)

X

(o]

o\
g @
[
o o
=2
N 2
N e
LY
L
oo
£ o
SRS

I E 2.35 CIE-MA HZ

Leveling AL GPS 2HEH DInSAR
TN = 1.5~2km 10—15km 5~10km 25m
S N= 1a 1Y 144 35Y
= 0.5~1.0cm 0.5~1.0cm 0.1~0.5cm 2.0cm
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HI

12007 120 45'
2352 23 52

® H Cmonin ks
e S Contumuoun Station and Mosoring Well
b
wh
IS
. A WA Lo ok )
23730 S Vb ey 23730
120°07! 12045

1 18 2.33 leveling 22, 2L EZ 24X 2|1 GSP 7|X[9 o

12007 12045
2352 2352
E Ni <
s .
klomeiers
Lepend
e Hligh Speed Rail
o WRA Leveling Notwork
5 s e 3
2330 23730
120°07" 12045'

128 2.34 leveling@2FE ZH™E 20024HFEH 2007
H7tR o] =5 X|gt ZSIEE

A Fste] WiAYEES Ho 2 oldsty] A= teEs W HE HE EGS Akl
P Ee AR e SAo] TaF 2670 o Fe viaudlE Fo] AT Wt we} #=
d W AR bE o] HdAF Y (2™ 2.35). A4Z49] wiaHY P ol 1mme A

g = 7% indium—alloy® wEo|z =4 g o]xZo] A4 probeo| 93] ZAXE. F 719
A & Afel9] zZlo] 29| Wsle F & Atol9 AT WIS Yehy: v T & Alolg
ARt Aol ATH, AFE ¢ EE FE AY. DI e olg Wl
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Y RIstM =X W& 7|27 EOM H 2 & 2 S2

ogk
a
b
N
HI
I

(a)

Recewerand |
indicator

Magnetic ring

@6 Survey pipe =3

o
...: %
~— Radio transmitting probe 5

Base ube———

Magnetic ring
Inside ¢ cmuwcrer

Rod(or Gm‘:l strafum

128 2.35 (a) Multi—level compaction monitoring well, (b) &
24, 321 (o) 8% £ XAE T

2 B84 ZIS A S L 8IS

(1) S8T=EM9 M2z &EE 28t FF XsAsXo 8 sies AMNz27|s L

m HACCP(Hazard Analysis Critical Control Point; ¥l A=A A 7|=)& NASAZF 19594
of Aoz, FQlolA AT AFY A GERE fal AFHAAN a7Rd #HYUIFE
. ol F H=olA WA T Y3 AFZo] WAL AFANAY s aiTt FUteH
4] HACCP7} 2% ¢ /‘g 2 bdA FHE Y3 gicte g HHFHIS. HACCPS 7159 A%
A A HAGNA o] &Y A TS v A © HAHLLE EHskaL,
AL AE FAAASIAY AP E FREY F Ue TAdA FoAYALS APt F
SAAAH R FHHE 5}% AbdStai el 71 FAAFTE A Y3 (Codex
Alimentarius)= HACCP &H&2 f3 AAIS A (F 2.36)9] At AMAZHeZ Z} B
o]:oﬂ}ﬂ HACCP #ZAEES ;ﬁu%;]' 2. HACCP H& 7‘]2101] ?11'7‘1 TH| 5‘;]'74]— E}Eﬂ]

© (1) HACCP ¥ F#4, (2) A3
54 . (5) &% E%— %@rﬂ.

L
L
Jlm
o
N
1y
e
2 o
o
lo -
>~
_,d
05
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]
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Y XotX=x| JHEY Z|&HA+ 21N M o2 F el S8 U B 24

| £ 2.36 HACCP HZZ 7CHA

T - AEshd, Beld, S8d 9 54 e S48 4o
e e RAg op] £F v, T A A% 2

: T T,
(A, Hazard Anclysis) | o g2 qalas Awe 98 248 HA 24

2. T2 o9 AA » HA 23S EUE HZF CCP AA
(CCP, Critical Control | = J}%} AA, Ar], 98 == FdaA o wet HF CCP AA
Point) - a3 CCPE AAsIA #2 A3}

- CCP B APYL DAY /1F 4

37 = 7;] :‘ sl
5. #el7lE 44 - AROA AA BT & b X EE B4 ARE B8
(CL, Critical Limits) | _ A wAE > Q= gety 2Ae] s)Zate A7

- 7 uAME A AFS 2UEY 83 s}
1RO P8 A3 |- 2UHY G5, 9249, 3y, 77 2%
- BUHY B A% 2 2

5. Mz 44 = HEled WA Al 2453 AR AFE AA
(CA, Corrective Action) | = o]& Al3te] A= ¥WE 7A|F /MAHAZEX AF
= HACCP #ZEAg digt §&4 H7
Azwry AR
6. BTYE 2% - HACCP @aAge A4 A4

W oag | " LA 715 9 292AS FRY F AEF HACCP #¥ A
=° e AAHeR 7SS Pt vhd

=

7. 715FAR

O+

=

= HACCP =922 AHAE AFAAALS SR & glom, AFHdge] 73E 24 |, A
Foll ®A1E HACCP viasE w3l A|F A4 T T B FFACNAE e
de A AAA] A8 AA 75 2 HATHA A BYE Tkl A8 oA <
g AFS AME & ey, AdudY aeAe 3 A+=. HACCP v=2E 8=
oz AFY oA Aast MY FFE VU F e vIE AFgFaE=(FDA),
uI FER/AEGA AAS(USDA), v HEHd4d AAE(FSEP) # #+4 T4
oA HACCPE Z&3to] 2F 3B oJofF HdAd FHo] =¥t & Tl e 4F9

FFE A, FAEHACCP7IEY Sol4 HACCP A& B #elE Fx3a UF.

’

0>i

o

~

1 X3 etz 7ls

. FAA UMY sk HEe HEFAH AFRkAA FRIHA AAA ks EHAL,
z3%, H71E A7 59 EokdA T2 AFHY dles FYUE AF F ookEF ¢ o
Hold|A] A}, WHO(World Health Organization)E 21ZdxHAE 93 HACCP ©]¢
9 , Aol&, #AVIEAY Fol #3 et VEs 2B 3}
A

do rlr
i

(WHO, 2012). &3 He== rdgr <t oiwd (WHO, 2006)= &3 <tdsh &
A

2

[¢)

e AT B S AT viwdele 89 fAdax 24, T3 dAWES
4, EUEE Wyol AlgE. Bl tHFgRAR iydel ©E S8 FA dAses
ggtow FA Asfesdd Ad= #e FAEAE Ao, 4 AsiedEE deUds
Het o % w2 AR, AMS 2], 83 RUE Y WHEZEA 2FE A 53l

do o Ay ko2 W2 of
Y
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FE AstN =X e

m  Greece9 Aspropyrgos AFAdA+&
(Damikouka et al., 2006).
-5 48s

3 A5 54488 29

S

|§Io

=

a9 2362 AEAHQA AEAYA(LE—AF-HS5
AAE A5 S

A2 % 2o S

FAg @ IFHY Aol HACCPE A&

&3
-4
2]

NS

Ao 2 HACCP A&7 7944 = EEH_E-_ %

Process step Hazards Preventive measurss CCP parameters’ limits Monitoring procedure Corrective actions
Catchment area Mierobiological Define protection zone- Acute  In accordance with Faecal index bacteria Inerease treatment.
{Momos Lake) Algae growth, pathogens, toxicity detectors T5/440/EEC Spexific pathogens turbidity  altemative supply
bacteria, viruses, protozoa
Chemical Define protection zone- Acute  In accordance with Frequent chemical analysis  Increase treatment, use of
Heavy memls. pesticides. toxicity detectors 75440 EEC PAC, altemative supply
PAHs, PCBs, solvents,
fertilizers 3 : : P 7
Bre-dilasination Chemieal Gpirize dose-and conmet time - Chlorine dos Q1: Do preventive measure(s) exist for the idenlified hazard?
Overdose, formation of of disinfectant Trace levels l 1 \
disinfection by-products chlorine at fi
(THMs) YES NO Modify step, process or product
Coagulaty biel Optinuzing coagulant, Turbidity < e
floceulation/ Viuses. p Qocysts d dose and nuxing  sedunentatic .
sedimentation conditions Is control necessary at this step for - YES
safety?
Chemical memzmg wamllmr Turbidity < l
Poor floc f ion and 21 d dose and mixing
removal of inorganic conditions NO —_— NotaCCP ——— STOP*
substances
Filtrition Chemicl Regular backwashing and Twbidity<| Q2. s the step specifically designed to eliminate or reduce the likely occurrence of the
Inorganic constituents, filter cleaning filters outlet hazard to an acceptable level?
defects Particle comw! P !
Post-chlorination Microbiological Optinize dose and contact time  Residual cor
Survival of pathogens chlorine: 0.4 ~—
Bacteriologll’y ey YES
organisms
Chenueal Careful chlorination THMs < 10¢ l
Overdose, formation of THMs g s i
Stornge of reated Microbiological Itegrity of tank constmetion.  Total colifor Q3:  Could contaminalion occur at or increase to unacceptable level(s)?
water Recontamination Air filmation Residual chl l
Reduce residence time water YES NO Not a CCP STOP*
Distrit Microbiological Positive pressure. Total colifor
Regrowth, re-contammation Reduce biofilm potential. system Pose l
Residual chlorine, replacement  Inaccordand Q4: Will a subsequent step or aclion eliminate or reduce the hazard to an
and flushing programs 98/83EEC | acceptable level?
Chemical Reduce residence time In accordang
Integrity of pipe construction 98/83/EEC
Replacement l l
YES NO \
Nota CCP —_— STOP* CCP
*stop and proceed with the next hazard at the current step or the next step in the described
process

I 212 2.36 Greece Aspropyrgos XA 2|Z&to| M| HACCP
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Y RIstM =X W& 7|27 EOM M o2 & 2ol S8 Y &

L

HI

M
Al

(2) 89 AstMFX2o| XH7tsT 2HS flet FaAdF A2 Il MY

M No additional treatment

M Disinfection

i pH adsutment

M Disinfection and pH
Adjustment

I 18 2.37 Pre—injection treatment methods at
potable water ASR schemes (beyond existing
treatment)

= W o) ASR #§ Abdlel w2 73% o de] AAY gol AFFYFE STl FFse
D_]‘L__\:!

Aoz JEgd. ot i3 228 AuFe] 0948 A
Astst A7 AAE ) gEo 2 AR EH(AWWA, 2002).

SAT A2 ASR A8 AIE BY $H/AA, DENS, BoF 5 GEd AR IS0l
AgH5 Qg ot NEAE ABFYS URES FHFE ASAAAT H2olE 24D
A5 FRARA FFALF, FSHES F OIS A5E A8l gt DEPFAY
40 WA V1&r A4HT gdon, B 45 JFon IS5 oo] APl
Wl Ash g4Ee] 4 HAL a4 nrh 949 A5 ¥4 =dE Aow A

(Charlesworth and Bristow, 2002; Duijvenbode van and Olsthoorn, 2002; Gerges et al.,
1996; Pyne, 1995; Schottler, 1996; Stuyfzand and Doomen, 2004).

a8 AAYI3AHE BTt Ao F4& MAE ABF S W clogging A o] AR
T FasHe 7230 RuHT s wEA E FU 2 FEY 319 HHAd S
S 93 =8 - 33 AETHA AAY 71eY FHEo] HA FUiHI Jow T HAE
TS B FUF W 58 2LE9ES AAdde A7 oA UAS(Bouwe, 2002;

Rinck—Pfeiffer et al., 2000; Bouwer, 2002).

S 9 AAbElel S 9aE R BARE BASow, F95AT clogging®] AT

TFHEe A E 237945 ASR FAHAAN FHF FEF diFS A ZA
clogging A £22 Yeldom, TSS9 TOCZF 1 mg/L ©lstd 7
Ad Z27A HFH +9 = ¥l TSS9 TOCZF 10 mg/Lo]’de

Y
o -
$ clogging’t 7438 AYHE A0 et HWHA Y 9L AhNE U5
42 Y5E 540 479 NG & 3



H o2 & =2

o =G U5 U AP 2LV BEE W SE AU EAEE 2 U0 287 o
F5 &7l cloggings 2 4 Jdom, ASR FAHANA vAE = Ao 23 clogging
PAE A5 NaOCl F¢ A THMs B4l olfd & glo] He® $4L 938 a2
T A5 wH7A AR AsAFA AT Al FAFY 2 54, desY ASEE 54, 4
& 34, $48 34 55 A4 2 &t HolA ATE EAVF HAs & 7 AEF S
o]; ‘;ch

I & 2.37 Rates of clogging at 14 aquifer storage and recovery sites according to
aquifer type and quality of source water (Pérez—Paricio and Carrera,
1999; Pyne, R. D. G., 2005)

Source water quality

Low Moderate High
TSS>10 mg/L TSS>1-10 mg/L TSS>1 mg/L
TSS>10 mg/L TSS>1-10 mg/L TSS>1 mg/L

Aquifer Type
Limestone
Sand and gravel
Fractured rock

Rate of Clogging
Low—moderate
Moderate—severe
Severe

No data available
Low—moderate
No data available

Low—moderate
Low—moderate
No data available

» Clogging®] #4& TSSS TOC ¥ ofuje} Eel-sleh- Y= s oz @ Al o3 v
EhAl |, 3E 2.389) AFelM = cloggmgq o7} o @ clogging WA Dolo] w}
2 AW AT Q. AT fE Y BAE cloggingS A ASE 7o) Lol
A ¢ko} clogging WS oWate Aol UH% z9a3}

I & 2.38 Comparison of Major Engineering Factors for Engineered Groundwater Recharge

(Murray and

Harris, 2010)

Recharge Basin

Vadose Zone Injection
Wells

Direct Injection Wells

Aquifer Type

Unconfined

Unconfined

Unconfined of

Confined

Pretreatment

Requirements

Low Technology

Removal of Soilds

High Technology

Estimated Major

Land and Distribution

$25,000~75,000 per

$500,000~1,500,000

Capital Costs(US$) System Well per Well
) 100~20,000 1,000~3,000 m'/d per|2,000~6,000 m'/d per
Capacity
m'/hectare—day Well Well
Maintenance ) ) Drying and Disinfection and Flow
) Drying and Scraping L .
Requirements Disinfection Reversal
Estimated Life Cycle > 100 Years 5~20 Years 25~50 Years

Soil Aquifer

Treatment

Vadose Zone and
Saturated Zone

Vadose Zone and
Saturated Zone

Saturated Zone
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Y RIstM =X W& 7|27 EOM

1E 239 2928 ¥ 52 7158

Hz2d =l S8 H 2

Az 7=

XMy =2 Xe|7tset Hel 53 g = SH
RIzlA Q& E X 224 =z 4+ 7 3
A A nE =2 22 A won, vz} sH+IA 2 of 3}
(Lwk A=) ’ 97 +uke 7}

=
LE,

GAC, BAC, PAC, AOP, RO

2 E+PAC (GAC, BAC)

=72, RO, BAC

LE+GAC

AEA Y, o], RO

Gitol 2 o] 213 RO -
I U= Air stripping, GAC, PAC, AOP Air stripping+AC
THM A5 AOP, PAC, 2, GAC, 2o} SEFGAC
AOP+GAC
1At (X2 H&E)
| Surface Water
| Bank Filtration |
| Intake of Raw Water
Coagulation/ Filtration, )
. . . . Mechanical
Sedimentation Coagulation/ Ozonation,
. . . removal,
and/or Sedimentation Activated ] )
) ) Microsieve
Gravel filtration carbon

Artificial Groundwater Recharge (infiltration and underground passage)

138 2.38 229 Al HE 753
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HE XSHAEX| I J|Eei 21N o2 & el S8 U 82

=]

L

HI

M
Al

IE 2.40 0O|=F ASR A[d HX{z| Atz

2| | 22k (m'/d) T3 ANz 3H
HAF — HAd > F=F —> MF — AOP —
A} A Wichi Bz
A2~ Wichitarli 100,000 A= Q2R — olgatar
Zzgo 18,000 . 24 — o F(Filter tank) — UV &% —
Okeechobeertl ’ R ol F g — AT E7
Z 2t} Peace river| 68,000 HesE |3 — JHd — g3 —» &5 — PAC
dlAb 2 Kerrvilletli 9,500 HeEE -
(3) H=E 35S 2t ERE AH M - 2F - FXlzel S8 7|IseY (7XHe] 7|=)

E No additional treatment or
disinfection only

M Disinfection and
iron/manganese removal

ki Disinfection and pH
adjustment

M Disinfection,

iron/manganese removal
and pH adjustment

I 18 2.39 Post—injection treatment methods at potable water ASR
schemes

 QFFYe 93t HEFE A3 5L 50~60Y 7MF B THS U EAEE 29
Eo] 54, &3, ol2ud wAE o3 AAXZ, tFT Fol g A7, 1y X
gtz wh-gol 98] =AMl YEFUA EH (Hiscock and Grischek, 2002). £3] g%, ¢oFE
A, Aslol &, vteglo} 53 e AESH QHE AAE ¢ Ao A U g
I QFFdel 93 FYUYEADR TS FIE FhE L2ERAE S 50~80% AT 7HA
AT Ao E Ba¥(Weiss et al., 2003).
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Y RIstM =X W& 7|27 EOM

o2 & 2l

1 241 &, 27t Xe2|gtH (Sung and Morgan, 1981; Davies and Morgan, 1989;
Katsoyiannis and Zouboulis, 2004; Pacinim et al., 2005)
SEHE Helsks d4 =2 d, Y2 A g elx
e Fe : 1.0~10.0 ppm 7153 23 E Fee AA E7F5
2l Ry A I
SZIEZIFA < on MiAIAE SISINE R 4542 98
&3 2 A 8h+ o 3} Fe : < 2 ppm #7185 2% Fee AA 27bs
Mn : FHEH obd Mn A A= FAF
KMnO4 + o =} Fe, Mn ¥% A gl | KMnOsZoh FYA| A5 A4 HA
B ‘ oEmT #9A KMnO, 349 met
A2 +KMnO4+o 2 Fe, Mn 5% Al$ §l| KMnO4d ok F=UA] M5 A WA
Fe 5= Algt gl = o]l i = sl s .
ClO2+ 7} Mo EE A5 9o MnA & fsiAe TEs AFAIT 228
N — s _ TOC 1ppm ©]7Ql Eoll= A%
El = o
éﬂio 5]—:-1— éuHquH Fey Mn %E xﬂﬂ— g}]\g O:]XH% _Zr‘7]1—‘1?_]_ Zﬂxgo‘l jEJ__g_
Fe : Zn, H2S s%o] 93
AME o]z A = L=Recul ’ )
Y22t Fe Mn ol 2y 70 Hos, NH, 0] 9%
£ 242 EY % o|24 EF Aeldy
Energy consumption
H| 7
Technology (kWh/it) |3
i MED — Seawater : 7.9~18 — Y x| ALnlzk It
°=n MSF — Seawater : 84.5 - 2ALD g4 EA
67]]":!:;64 _ B k h t . ~2 x“i‘:L /\;_ﬂo] a/(-] E!Xﬂ
(Electrodialysis) rackish water - STl ee
— J&=AA7 Z]0l&} ofAR A o] L
. — Seawater : 4.0~9.0 ]E be e} ]oﬂ AL RS) 1_76 =< o
welghy (RO) | penEer e TES 1
rackish water : _ modoz ola asAs}
— Seawater : 2.5
. : ' — yuA aHF g
ZH2ed CDI —  Brackish t o = = N —
=74 W (CDID) o 4rac is water _ goisl 2194 (1%A= Be)

*based on 1,000m’/d plant, AWWA
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Y XIstM =X W& 7|2

I  2.43 ASR Water Site Data for sites 1 to 20 (Brown et al., 2006)

O

—

T2 EHIAM

H|

ol

2 ¥ = SE

: Site T |in—TSS Well : Cost
.Slt(.e Geology| (m/d) |(me/L)| Clogging Water Quality| Purpose ($/m)
}éleg:tltlflee S & G| 277 [1.0—4.0| yes—algae radon seasonal 2.04
Columbia South Shore 1.0—4.6|yes—inversti
Portland S & G| 251 7 gated none seasonal 1.10
B(e)averton B 1,242 |1.0—10 no none seasonal 4.77
regon
Salem _
Oregon B 2,973 10.3—1.0 no DBPs & radonlemergency NR
SE Sal%%ﬁlke City S & G| 460 <1.0 | yes—algae none seasonal 0.34
Soutouon GS | 372 | NR NA atrazine | restore | 1.89
Was}ﬁ%?/a(ézunty GS NA NR yves none seasonal 5.68
yes—TSS,
(C:a%.lggruqs S 929 [1.0-3.0 air mangan & ironemergency| 2.46
altioriia entrainment
—TSS
Las Vegas yes— peak &
Nevada S & G| 2,349 | <1.0 entra?lnrment DBPs seasonal 2.84
_ yes—TSS &
Antelop Valley S & G| 232 1.0-1.6 biological DBPs seasonal NR
California 7 arowth
. yes—TSS &
ngh%nii }sanch SS 93 [1.0-2.0 air none seasonal NR
cnve entrainment
Denver Basin Demo biological
South Denver SS 79 <1.0 no arowth seasonal 9.27
Alamogordo iron
Mexico S & G| 232 <1.0 none precipitation seasonal 0.38
Greenbay SS & _ arsenic,
Wisconsin LS 102 <1.0 yes—TSS mangan, cobalt] peak NR
Oak Creek _ . peak &
Wisconsin SS 305 <1.0 yes—TSS |mangan & iron seasonal 0.42
. yes—TSS&h
Hilton Head Island | yq | 3530 1.0-2.0]" ydrulic none peak & | p
South Carolina offects seasonal
yes—TSS &
Sl\gZ{}tlleCaBr%a]licnha S 149 [1.0—1.5 bigorlgv%itchal mangan & iron| seasonal 1.82
. _ iron hydroxide
Wildwood S 1,078 | <1.0 yes—TSS precipitate seasonal 0.38
Lyc%entgg[égster C 200 <1.0 none fluoride seasonal NR
Nagill?iih(j)xeflﬁica FQ 1,951 NR none none seasonal NR
¥ S ¢ Sand, G @ Gravel, B : Basalt, GS : Glacial Sand, SS : Sandstone, LS : Limestone, C : Chalk, FQ : Fractured

Quartzite, NR : not reported, NA : not available
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I  2.44 Key water quality hazards in source water, groundwater and aquifer

materials
Hazard Origin Examples Preventive measures
Pathogens S, (G) Viruss Adequate aquifer residence time
Inorganic chemicals | G, A, S Arsenic Control Eh dur}n.g r_echarge (avoid
mobilisation)
.. . .. Increase volume of freshwater
Salinity and sodicity | G, (S) Salinity recharged
Nutrients S, (G) Nitrogen Pretreat water (eg activated sludge)
Orgnic chemicals S, (G) Pesticides Exclude prone sub—catchments
Turbidity particulates| S, (G) Su;gleigged Pretreat water (eg wetlant)

Radionuclides G, A, (S)|Alpha—radiation Aquifer selection (avoidance)

¥ A aquifer minerals, G : groundwater, S : source water for recharge

AT (BXE HE)

I Coagulation/| | Coagulation/| | ©Zonation, Mechanical
Bank Filtration Activated removal,

Sedimentation| [Sedimentation carbon Microsieve

Artificial Groundwater Recharge (infiltration and underground passage)

Extraction of Recharge Water

Filtration, Filtration, Degassing
Ozonation, Activated Ozonation, and/or
Activated carbon Activated Aeration,
carbon carbon Rapid Filtration
Neutralisation Neutralisation| [Neutralisation| [Neutralisation
Disinfection Disinfection | | Disinfection | | Disinfection

Drinking Water

0F0
N
or
o
o
i
OH
0

138 240 2AZ3FQ Al H

- 103 -



H o2 & =2

A F o

A
L

gol olfHen, F

2] Ald HE Al

X

(=)

T

2.45

vy
ar

P ==%] 7Y

1 X|5

X
o o

o | Hr N
X
N mn _ MAT w .l o]
4 o Nwe |8 <
% Mg ! X
L2 AL %
‘|r N |~
=1 L A —_—
R0 > T 4 - W wm &
Ho Nr R ko K
[ w [ N
" |3 AR | R T
o+ o] mM TFRE | s 0
~X ~ )
! 1T zwﬂ v N
o, A AT
1 x| =
T g | W e
T op Mo Ho | B o 2
B S o | Egp =
ﬂo o 70 EO N
o
ol g g 3 g g
@ | 2% = | = | E3 | = E 25 | £%
mw | S5 | < < | 85| T = 25| 85
ol i= 5= i i= i=
S | g | 8| g | g | s s | g8 | g
E S S S S S S S S
- o sl o o o o o Oy
N S | % | & 21 g | S
£ £
£ = 2 g g
E = e = T Z =
3 o S 2 S 2 iy
_ = £ 0 < 1% RS o/
K @ = i s S s 2 foR
oF = = = 1 < A o
A = o o ns
- E 5 4| W !
o Hr I o N
Hr o ™ 5
I =

. o

oo
oo

X

<

- 104 -



HAY X|sSR| Y 7|2eiR 2TA A o2 & 2ol S8 U A 2

o #AMMED o|x= JeelX Y A 2 o F7|s MY

% AFFAN N A Fo At AFA

2 133t Jd= Y43 (confined aquifer)S thihe
, TAREES FHE AFFAF Fagol U&] Exe ATE 33 Algle Folr
71 A=
A FSdA AdEE F8 RS (A -3, F3 o]2ud, HH F)o] vl ¢Sl
A AEE wew 34 2= o} H]J]%}ﬂ]—r%( nconfined aquifer)< thdoz 233t
AF7} A3 H soil aquifer treatment (SAT) 7]|&Eo A FHAY LS ZolE F L
H A F=SH Asks IS 259 X2 3e AAF 3 7€ SATe F29 +
Aol BZF3k war Arizona A9 o]t Tl AFsde] &ibs] o] F (1™

SATE &3 E3l=7t & AT FHEES 2 E3d)oA &E/77E, ALA LH9E,
ol So sk A axns 2dEd As(fate)BHoA H e (Amy et al., 1993; Wilson
et al. 1995; Quanrud et al.,, 1996 (a); Quanrud et al.,, 1996 (b); Drewes and Jeckel,
1998; Drewes and Fox, 1999; Viswanathan et al. 1999).

4 % uFoAs FH SATY % AFFANEZ(IFEE, 3 Hs=2E) AALZHY ok
A77F R v 98 (Heberer et al.,2004; Cordy et al, 2004; Kathleen et al, 2010).

Cleaner water 1o
Recovery  Observation Treated supply network
well
w— I Unsaturated zone
DOC, NH4*N,
emerging contaminant
/ (pharmaceutical hormone elc.)
Saturated zone
UVAzs,, NO4-N, phosphate,
Water percolates down 10 the groundwalter emerging contaminant
becoming puriied as it travels Brough the sall

B

2l 2.41 Schematic diagram of soil aquifer treatment and treatable contaminants at
unsaturated zone and saturated zone

AR, A e (53], A des) Fho o
a _

Ve, FEe &l BE &
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HE XISHM K| I J|Ed7 2N H o2 & 2o S8 Y s 24
IE 2.47 Clogging types, causes, diagnosis and methods for management
(Pérez—Paricio and Carrera, 1999; Pyne, R. D. G., 2005)
Clogging Minimisation and Renovation Mesurements and
. Cause . . .
mechanism prevention technique techniques
Particulates in Improve pretreatment
source water or of source water, TSS, turbidity, MFI,
. . deposited in especially removal Pumping particle size
Filtration . . . NN
of pipes of susp_ended solids Surgmg distribution o_f source
Treatment Prevent light(algal Jetting water and soil/aquifer
suspended . . . 5
. byproducts (eg growth) Basin drying or Bypass filter testing
solids . . o
alum) Backwash wells or dry scraping Changes in specific
Algal growth in out basins more capacity (wells)
basins frequently
Improve source water Pumping
pretreatment Chlorine shock .
especially nutrient dosing Water quality ana.lyses
Abundant . . Photography (basins) and
. removal or chlorine Acid treatment
. . substrate in . down—hole TV camera
Microbial source water dosing Heat survey
growth (especially N, PBackwash more ere. brushing Chemical and microbial
frequently Multienzyme .
and AOC) . ; analyses on soil and
Adapt duration of solutions aquifer samples
wetting and drying Basin drying or q p
cycles in basins scraping
Water quality
Redox reaction analyses(es'p.emally
o redox conditions and
Incompatibility . .
Improve pretreatment mineral saturation
between source - .
water Adjust source water indices)
Chemical ’ pH or cation Pumping SEM analysis of
o groundwater and . . . .
precipitation, aquifer concentration Wire brushing backwash water or soil
ion n?aterials Avoid or removal DO Acid treatment and aquifer
exchange in source water Basin scraping samples(scrapes of
Presence of
. Backwash more well face for deep
reactive
clays(swelling/di frequently systems) .
spersion) Photography (basins) and
P down—hole TV camera
survey
. Free falling water Avoid cascading Pumping
Air o
. Presence of gas Gas trap Waiting for gas to Analyse water
entrainment ™ . .
as in souce water Degas source water redissolve temperature and
, 84 Biogeochemical Prevent reactions (eg Improving well specific gases
binding . . .
reactions N2 production) design
(5) tiE & MESA HMEL HI7|= L

n S Fo R AtpA g FHS T A7V FERoll AFEdFE ARESHY] g
o2 S Aty LEEE AR Ay ol #g dFE =5

n Yol A s QI EFo 2 QE 249 Astr AHYd FHS T AYAFY A7 B
J AP SEELS FE NO;—oAS(BHEH 2, 2005)

oA X|EgY FAS AFAe LEEEY AAC i Rirt vlud BE. HTo
= JUFEZoA NOMe A E3) (Kolehmainen et al., 2008; Heberer et al., 2008; Maeng
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et al., 2011)9} A3} w7 (Farnsworth & Hering, 2011)¢] A &E32 A3

15 9L, Cyanotoxins® WA AA/Ea7F Eg1A 807 HEA Q59 oz A
74 “““P otyzl, tia3s &4 WAV EEC] AETS FAsAY A 9%
F2 e EFvAEH Holo i AAT A wel £ gAagtha By

Toze, 2003; Langmark, 2004; Stevik et al., 2004; Bournea et al., 2006; Grutzmacher et
al., 2002, 2010; Eleuterio & Batista, 2010; Toze et al., 2010).

Elacaeind b= Oiﬂif

3 U EAAGE BATE PYAGE AT GAE AGFAYRALE o
Fe BAHol HEHYL A

Iti3 old= 24T J|aHe

i)

2o BAA=EY 7S o] &t diaFe mAE Al g A= RudAs.
TN EFUATE Asty o o B2 A q4AE A5 (Page & Dillon, 2007;
Humphreys, 2009). diF3odA wAE #79 24 35 EY 2 AxF #3x24% ¢
23 A=, HA=2 glEc] He3ddA mAdE add8s A3 2d3vda A
(Boyd et al., 2007; Flynn et al., 2008; Giebler & Lueders, 2009; Rousk et al., 2011;
Smith et al., 2012). 3 MAE F2 FE AP EA Edo|y vpe] W 7
sty A& biofilmsS FASe ALE H1EQL(Page & Dillon, 2007; Giebler &
Lueders, 2009; Humphreys, 2009; Zhu et al., 2010).

s ey nAE BUHY v £Ane) RRBAE £EF ATE ob RuEA 2.

I XI3t& $=X|2| biofouling H0f 7| &7H&

2] %’45& A 71e=2A

L] Biofouling A4
g s 2vdel AAE &

%
Fab=ol ot
a2l Al71H

FHelME B B pge] FHE EE PA0) BAR w4 B 1 4% 2A(ded 9,
2008)0] T AN Sk 5T ASNFE ol §F P FE AP F ASH F
AR VYR % FAEF F7h L FEYY dAHATy BusAe. BEFA v
Hotel olF 0 FHel UF AT(1RF 9, 200NeNHE HE D BAAFES B I
S8 @ oA Al ATl o Bol PAHE RO UEhge

1-41 i

ol A =Voudouris (2011)& WFFe] A34E o]&ste AlAA By @42 T35
nyE Fethle agla BFE 93 B3-S, Taylor et al, (1997)& A3}
3|4l A biofoulingol]l Tt vAEL 23 A b A ol F

A Eoletal B asgls. Vetter et al. (2012)= AstrEAUAE A= AET 7l A
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12 7|70l e QABoY AT S8 NHEE 20451H F 2.482 23,

1E 2.48 2L 2l3&t AT S8 29
=X =27/Xq | H=x = UE
o 2010 A 1FFF & Ax 3807hm%/d
A
GWI A A 2010, 2020 1,9009km%/dol] @8 Aoz o
IGRAC, . _
UNESCO A A7 2012 |« A AA 57 468720 Al HA 1EFE A
o 2 el 22S 9FE W AFY Ao o=
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ol Aoz Rz}
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Y XotX x| JHEY Z|&AT 21M H 5 % olEeiAE 2 2204 AY
M 2 8 AQ0AH MK
1. MHMAIY A0 A
(St atel
= 1R 2XHA 3XHA 4AXHA 5RHA A
38 Al HEzis A7 HE ozt | B35 | ug | B% | oz | 85 | oz | 2 |z | I% | oz
A oA 700 200 5500 1900 3000 1000 1500 500 1300 | 400 | 12000 | 4000
o 300 90 3850 1330 850 285 400 131 400 | 120 5800 | 1956
TEZ-1 HAARAFNATA FHE 913 total solution 7NE 20 4 150 50 130 43 130 42 135 40 565 | 179
FZ-2. AP 7= 9 &9 260 30 3620 1250 630 207 180 59 185 57 4875 | 1653
ZZ-3. ASAFA #E H A @ A AT 20 6 80 30 90 35 90 30 80 23 360 | 124
Looisd sy SASAN A5F 1,000%m FRE AT A 150 41 550 200 480 160 300 100 250 69 1730 | 570
AA 71E
1-1 gk st 35 ¥4 54 37t 7E 100 26 350 120 180 60 60 20 50 14 740 240
1-2 Y4 2 45 A2=" HH A= 20 5 50 20 150 50 100 35 55 15 375 125
1-3 A3tAFA BUEY A|2H A7 15 5 50 20 50 15 90 30 95 30 300 100
1-4 F4F A5 2 4 37t 7E 15 5 100 40 100 35 50 15 50 10 315 105
2. A3 AFAEA 9 2 FR#Y 90 24 250 36 570 190 360 120 400 | 130 1670 | 550
2-1 A3t AFA B 9 7E 30 5 70 26 160 60 100 40 150 50 510 181
2=-2 ¥4 Al At AFA 9 7E 20 0 40 0 100 0 60 0 50 0 270 0
2-3 A1=H #£A #E 7E 20 9 70 30 160 65 100 40 100 40 450 184
2—4 ARy 4 9 (A7) 7E 20 10 70 30 150 65 100 40 100 40 440 185
3. A8 T TS A% 2] 2 88U 90 22 300 105 790 260 440 147 430 140 2050 674
3-1 4 =3 HTXI FAEIeA AT 71E 30 12 70 20 150 45 70 15 65 20 385 112
3—2 ARAFAI X&rts 95 At ?—"J%F ﬂx{ﬂl 7\& 15 5 75 30 170 55 90 35 85 25 435 150
3-3 He B IS Sk ZHE HF 44 29 A 5] e 15 5 75 40 190 60 105 40 90 25 475 | 170
3—4 EXEEA diss 729 A 548 W VIE 20 0 40 5 140 50 90 30 90 40 380 125
3-5 U5 29 AESA NHEG 7t e 10 0 40 10 140 50 85 27 100 30 375 117
4. 22714 30 o]’F—50m’/d o] AASE ] AFAFA J|E 70 23 250 85 260 86 100 33 70 23 750 250
4—1 S 7)1FA-A73F AeAG5A A= 40 13 150 50 110 36 50 17 30 10 380 126
4—2 B2 AFEANAER £9 L FARD & 30 10 100 35 150 50 50 16 40 13 370 124
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HY X[stM x| JHY 7207 20N H o5& elzselAe o a0t &Y
=
2. MEofAed Ao A
7. & 94|
AN EHD)
o AdE | 220dE | 3APEE | 434k | b=
= = = = = o
}_&H]Prsgg- @t |« # < # il ¥ il g < 3 A e
g W= S o o 9 o 24 (%)
(dFe)| 4 4 4 4 €
= (3) B 8 = (3) E 3) = (3) =
(%) (%) (%) (%) (%)
#1995 | 90,000 | 1 5 1 5 1 5 1110|1110 31,500 0.4
Aol | 75,000 | 1 5 1 5 1 5 1 5 1 5 18,750 0.2
HelgF 65,0000 2 |10 2 (15| 2|15 210|210 78,000 1.0
o]
4| 9F 480001 2 |10 | 2 | 15| 2|15 |2 10| 2 |10 57,600 0.7
Ul mx9d 36,0000 2 10| 215|215 1]10]1 5 34,200 0.5
ka4 | 30,000 | 1 5 2115|2152 |15| 2| 10 34,500 0.5
A 121600 4 | 15| 4 | 20| 4 | 20| 4 | 15| 4 | 15 73,440 1
SR 12000 4 | 10| 4 | 15| 4 | 15| 4 | 15| 4 | 15 33,600 0.5
27 57,310 | 86,430 | 86,430 | 68,110 | 63,310 | 361,590 4.8
712 A /A A4 8] 85,000 [4,000,000| 700,000 | 150,000 | 200,000 |5,135,000| 66.2
A 21 40,000 | 60,000 | 60,000 | 61,000 | 61,000 | 282,000 4.0
A ZFE A 2 - - - = - 0 0.00
;_q
A o H] 50,000 | 95,000 | 35,000 | 20,000 | 20,000 | 220,000 2.8
H]
TN/ 50,000 | 130,000 | 135,000 | 20,000 | 30,000 | 365,000 4.7
714 R®&5H | 60,000 | 60,000 | 60,000 | 60,000 | 60,000 | 300,000 3.9
AF4d 40,000 | 40,000 | 40,000 | 40,000 | 40,000 | 200,000 2.6
27 325,000 |4,385,000|1,030,000| 351,000 | 411,000 | 6,502,000 | 84.2
4] 7,690 | 708,570 | 18,570 | 111,890 | 45,690 | 892,410 | 11.0
S1EFA A7) b n] - - - - - 0 0
A 390,000 |5,180,000|1,135,000| 531,000 | 520,000 | 7,756,000 | 100.0
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Y RlotX x| JHLY Z|&HAT 21M M 5 olsseie g A0 Ay
L. 1 MEDHA|
NG (H D)
d 1A | 2xdE | 3R | 4x9% | 5ARAE
A
L ARgE 9 % 5 5 3 5 H
%olﬂl-r& i} ol = ol s . 2 ol 3 ol = 27 |&(%)
= (d&4) o o o o o
= = = = =
(8) (8) (8) (8)
(%) (%) (%) (%) e (%)
994+ 190,000l O O | O] O|O|]O]O]O]O]| O 0 0.0%
Aol | 75,000 | 1 7 1 8 1 8 1 8 1 5 27,000 1.2%
A+ | 65,000 | 1 5 1110120 1|15 | 1 | 15| 42,250 1.8%
1l 9 [48,000] 1 51211101 |20| 1120 1| 20| 40,800 1.8%
A
w)| B9 36000 2 | 10 [ 2 |35 2 |35 |2 |25 1|10 79200 | 3.4%
kAl 30,000 | 4 | 15| 6 | 35| 6 | 40| 6 | 27 | 6 | 20 | 237,600 | 10.3%
A4 21,600 6 | 15| 8 | 38| 8 | 40| 8 | 30| 8 | 30 | 257,904 | 11.2%
S8 12000 6 | 15| 8 [ 35| 8 | 30| 8 | 30| 8 | 30 | 130,800 | 5.7%
27 66,340 | 209,564 | 223,720 | 172,590 | 143,340 | 815,554 | 35.5%
71 A A /A A4 8] 10,000 | 20,000 | 20,000 | 20,000 | 10,000 80,000 | 3.5%
A 2] 12,000 | 98,503 | 81,447 | 50,743 | 36,493 | 279,186 | 12.1%
2| AIRE A= - - - - - - -
]
‘j] ol H] 10,000 | 41,800 | 40,000 | 20,000 | 20,000 | 131,800 | 5.7%
H
FE8Y/FTR 11,000 | 61,800 | 61,000 | 25,000 | 20,000 | 178,800 | 7.8%
7% B 9,827 60,000 | 48,000 | 20,000 | 20,000 | 157,827 | 6.9%
AT 15,000 | 50,000 | 42,500 | 25,000 | 16,000 | 148,500 | 6.5%
27 67,827 | 332,103 | 292,947 | 160,743 | 122,493 | 976,113 | 42.4%
4] 26,833 | 108,333 | 103,333 | 66,667 | 53,167 | 358,333 | 15.6%
S EF -7 kn) 30,000 | 100,000 | 20,000 - - 150,000 | 6.5%
SHA| 191,000 | 750,000 | 640,000 | 400,000 | 319,000 | 2,300,000 |100.0%
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Y RlotX x| JHLY Z|&HAT 21M M 5 olsseie g A0 Ay
CF 2 MISahR|
AR (H )
o = | 23R | 3XRYE | 4XPdE | 5REE
2
L ARgE 9 % 5 5 3 5 H
g 173 ;7} al FlalFlalFlal®lal®| 22 1€(%)
= (dFa) o S S S o
= = = = =
(8) (8) (8) (%)
(%) (%) (%) (%) % (%)
$195 {90,000 0 | 0 [0 0O |O|O|0O|O0|O0]|O 0 0.0
Ael5F [ 75000 0 | 0 | O | O[O0 [O|O0]|O]O 0 0.0
AF 65000 0 [ 15| 0| 20| 4 | 20| 2 |35 2|35]| 143000 | 6.44
| a5 148000 0 | 15| 2 |20 | 4 | 20| 2|35 | 2|35 | 12480 | 5.62
A
w | W& 36000 0 | 15| 2 | 15| 4 | 20| 2|35 | 2 |35 | 79200 | 357
WAL 30,000 | O | 15| 2 [ 30 | 2 |15 | 2 | 35| 2 | 35 | 57000 | 257
MAp4| 21,600 | 7 [ 30 | 8 | 40 | 8 | 40 | 8 | 40 | 8 | 40 | 321840 | 145
sHy-7h4| 12,000 | 4 | 30 | 4 |40 | 4 | 30 | 4 [ 30| 4 |30 76800 | 3.46
2 59,760 | 136,320 | 211,720 | 186,020 | 208,820 | 802,640 |36.15%
ZAAA/AAE | 2,000 | 10,000 | 50,000 | 30,000 | 30,000 | 122,000 | 5.50
) 5] 488 10,216 | 48,936 | 20,776 | 23416 | 103,832 | 4.68
R 500 | 20,000 | 100,000 | 10,000 - 130,500 | 5.88
7
‘j] o] ] 9,500 | 30,000 | 55000 | 45,000 | 50,000 | 189,500 | 8.54
H
F8¥l/4FE | 2000 | 15000 | 50,000 | 30,000 | 40,000 | 137,000 | 6.17
71EAREEA | 5000 | 20,000 | 50,000 | 25,000 | 30,000 | 130,500 | 5.86
AT 11,952 | 27,264 | 42,344 | 37,204 | 41,764 | 160,528 | 7.23
2 31,440 | 132,480 | 396,280 | 197,980 | 215,180 | 973,360 |43.85%
Ll 22,800 | 67,200 | 152,000 | 104,000 | 58,000 | 448,000 | 20.0
ek T/ ] - - - - - 0 0
A 114,000 | 336,000 | 760,000 | 480,000 | 530,000 | 2,220,000 | 100.0
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Y RlotX x| JHLY Z|&HAT 21M M 5 olsseie g A0 Ay
2}. 3 M otA|
AR EH D)
o e | 23d% | 3xdE | 43k E | BAMEE
A
L ARgE 9 % 5 5 3 5 H
a s i} o Z ol 2 . Z ol e ol = 27 1€(%)
= (d&) o o o o o
= k=3 = k=3 =
(8) (8) (8) 3
(%) (%) (%) (%) (%) (%)
A¥x 1900000 0L O O] O[O O|O|O|O]|O -
Y3 | 75000 0 | 0 | 1 [ 20| 1 |3 |12 1]|20 71,250 | 2.6
AdE 165000 1 |20 | 4 | 20| 4 |35 | 4|20 3130 266,500 | 9.8
A 2 [48000| 2 |20 6 | 15| 6|35 |6 20|33 264,000 | 9.7
A
)| B39 36000 0| O | 5|15 5 [30]5 (20| 5]20 153,000 | 5.6
HAbA 1 30,000 | 2 | 10 | 3 [ 15| 3 [ 30| 3|20 | 3|30 91,500 | 3.4
M4 21,600 | 3 | 10 | 4 | 15| 4 | 35| 4 | 20| 4 | 30 92,880 | 3.4
St 12,000 0 | O | 2 |20 | 2 [ 35| 2 | 20| 2|20 22,800 | 0.8
e 44,680 | 168,460 | 337,690 | 200,680 | 210,420 | 961,930 | 35.3
712 A /A A ] 3,000 20,000 70,000 30,000 25000 | 148000 | 5.4
R 11,420 20,540 | 102,310 40,920 70,580 | 245770 | 9.1
2| A A 3,500 40,000 | 160,000 88,000 25,000 | 316500 | 11.6
]
‘j] ol H] 15,000 10,000 40,000 20,000 20,000 | 105000 | 3.9
H
FEH/FER 6,000 10,000 25,000 15,000 30,000 86,000 | 3.2
7147 BgE ] 3,000 10,000 25,000 15,000 15,000 63,000 | 2.5
AT 3,000 5,000 40,000 20,000 20,000 88,000 | 3.2
27 44,920 | 115,540 | 462,310 | 228,920 | 205,580 | 1,057,270 | 38.9
Hea bl 22,400 71,000 | 200,000 | 107,400 | 104,000 | 504,800 | 18.5
i - 50,000 50,000 50,000 50,000 | 200000 | 7.3
A 130,000 |1,150,000| 460,000 | 640,000 | 360,000 | 2,740,000 | 100.0
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A XXX L 7|25 HM M 5 & olHECIAHE U AQ0lA A
of. 4 ME DA
NG (H D)
o IAEE | 23pdE | 3REE | 4xPEE | 5ARPEE
A
L ARgE 9 % 5 5 3 5 H
gol/ﬂl-r& i} ol = ol s . 2 ol = ol Ea 27 ]&(%)
= (d=4) o o o o o
= = = = =
(8) (8) (8)
(%) (%) (%) & (%) e (%)
AY9F 190000 - | - | - - |- -|-1]1-1-] - 0 0
Ae)F (75000 - | - | - | - | - | - | -=-| - | -] - 0 0
AelgF 650000 1 |10 2 (30| 2120|2120 2| 15| 117,000 | 11.7
U 9 [48000] 1 10| 2|20 2|2 |2 |15]| 2| 15| 72000 7.2
A
w)| &Y (36000 1 |10 | 1| 15| 1 |10 1 5 1 5 16,200 1.6
wrAl#A4| 30,000 1 | 10| 3| 25| 2 | 15| 3| 15| 2 | 10 | 54,000 5.4
AXA216000 4 | 20| 5| 25| 5 [20| 5 |20 3 | 15| 97,200 9.7
R4 12000 4 | 20| 51 20| 4 | 20| 3 ] 10| 3| 10 | 38,400 3.8
27 44,780 | 125,100 | 89,000 | 80,900 | 55,020 | 394,800 | 39.5
7] AL A/ A] 2D R] 10,000 | 60,000 | 15,000 | 15,000 8,000 108,000 | 10.8
A FH) 5,000 20,000 | 10,000 7,500 9,000 51,500 5.2
2| AEREE AE) - - - - - 0 0.0
]
‘ﬂ] ol H] 5,000 35,000 8,000 8,000 5,000 61,000 6.1
H
FEH/FTR 5,000 6,000 5,000 5,000 3,000 24,000 2.4
7= AR5 4,000 10,000 4,000 5,000 1,500 24,500 2.5
A 19,000 | 10,000 | 10,000 5,000 44,000 4.4
27 29,000 | 150,000 | 52,000 | 50,500 | 31,500 | 313,000 | 31.3
ZHm| 19,220 | 59,900 | 205,000 | 1,600 6,480 292,200 | 29.2
FIEA 7] ] - - - - - 0 0
SHA) 93,000 | 335,000 | 346,000 | 133,000 | 93,000 | 1,000,000 | 100.0
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A X|stX X L 7|20t HM M 6 & DA Mot

" FEG BRL 95d-97d Alole] JHE Aol RE A E7F 3FF
olste] it £ds Hivhe He. FF VIFHsE 4dsd sle
2 dHs ke 9 SR s AdAd ofdds 713
Ao 2 didd. WA FA d4E FHT F e Wkl AF
g A4,

Ut daes Tl HoFstARt 719 do AXFE F9
st A7)0l Fgste AR AsHAFEAE e AAE ¢ AE
Aoz dAdy

puatd 271 2 oleE HMID, 2 =
of X[six%x| 7|2 AT} Wl S8 =|ofokst,

2 =5} 18% Algde A7
maf oo we <l
I R d
Cederstrom (1947) ©]& Goyal S (2008), Ward 5 (2008),
Miontlinski (2011), Pavelic & (2006), CDM (2004) 52 o
St RO FH/EF ANES FHAS.

1

» QA &

(1947)0] 7] 3 = @uFSl FFE Fdska 3
st AFS I3RS, v B59 AT dHg £do=
2 37 oElE Aolgte e Vfd EFsitda AEWd
vk A=

s YAE FAAAE A7Y HF EFLE T8 st o
79 JAFFLe] JAPHAY AYHI JtH(Washington State,
2000). AlfE A] P& X3 Lakehavenr] FE=L 19911

® Goyals(2008)2
13t ASR 719 & Adsta 4 AlPES P AUHAEE
7} 28,400pS/cmel]l Este @ Askgrt FEE AJHFFAA <
FTTAANES FH5A =
m Pavelic 5(2006)2 ZFoA 33 ASR AFolA FFAF7H
oF 3m/d AEQ HgufEZe] 7L ZH 900~1300m°/de] &
ZFo g ZA3la 47089 A 717+ o] 1300m°/de] FFFo s

958 Nt
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® Miontlinski 5(2011)&
< gEY At
MEP 1 e R b e
= o] 9191%.
Agtel dmp=z, W7o, W=, 2949,
7 =7kl A 97 71l 1996 d%-H 39
olgt= H7I AFHA =
vl )& (Stuyfzand and Timmer, 2001).
Zo A=
o BHEAS
Algrave Aol 379
and Oliveira, 2007).
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HEY XstMX| et 7|20 ETA M 6 & DA MQtRTA

A4 2 FEEFAA o]Fof AP ALt EAlde 2
oA Aot G v dlgF A7) AAE A F5 FH ol
St g AFLFE o] F oA S . (Boufadel, 2000; Goswami

and Clement, 2007; Nakagawa et al., 2005; Simmons et al.,
2001, Werner et al., 2009; Mao et al.,, 2006; Oswald and
Kinzelbach, 2004; Thorenz et al., 2002; Watson et al., 2002;
Zhang et al., 2001; 2% &, 2005; o]&7A &, 2008).

Qr7k BASE UFFel 95E AWY W 95 A79 W
Bkl BaG 339 Fxo AFWF/ASE AL AP LeE

oA (2007) AT ol Fobe A Fete

?.
19743 w=9o] <FA3 S-8H(Safe Drinking Water Act)ol A=
oAAE (UIC)AA A3 =A AAl, 2007d 7]& 1670
1%

F7F At AT w4 HAEE Bt

5o UIC 223y Aty S8 s23y oA F9

B4 #Elo] dig HAETe AAsn Jdod, A, I 5o
°ﬂ°ﬂ st HAEE v mHlg 2o Add. 22 FUF §F

5 WollA F4 AF AL olF Az F AR Tl ds |

Xﬂ‘:7H‘:‘e‘% Fgstar Qo A=sH, stehy, EEdtd giaFt

eSS RvhdaetA Rt s

nj=o] EPA FE3le] YAl UIC =21 o tha 2dA
of tigk el di low, Nd HAHAGAFA AL

& 2 9Fagl 5% 1# 220 Y Md Z8do] 8

3 9 (US NRC, 2008).
79 A A3AFA NS A A7 A=l g H
2 $74R3H (Environment Protection Act)¥ 7j&
(Development Act) & E&dt] o9 ®tso] AAEH
U, AstAFA Y] FA5 AR, 2 28 Fol dg Ag &F
AR A2 W ARk Aoz FAME(Ward and Dillon,
2011; Water for Good, 2012).

339 FaFo vEg ol FoAM= A5
ZAE T A8 @ ML 7&E gk
s AAHoZ et &§stal Jlon,
Hol tigd FdHYrAEY HES HES

A e BQ3 o
#g] (MAR) 7}ol=z}
EA A EGA A H

sl S (Water for

A

Good, 2012).
UEo] A FAVIEH SAF7|E X TAE IAsHY, 2L
gHAHS 53 44 HlE VeSS E@= FeERY A3 HEE
AL A=
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s AT BAE BT T Pk A B o, A
£ AR, FRAAE A AE
S Fuelne A FH BN F5A AR o

3 e %

g AAVIeS TEE oy, FAAY dAVIE
ple=g

oyt A ASAFA gl oA, A|A A3 AT &E
A FAA, F5d, 3= B olgS Adst= B¥E wdd W
AAE d=elMe AlFdA O, Sl = A5 A=,

" Y, FrA, BSAS sHFY] FHAe s, 2AHEE 7 AR
el e F2HA BUEEY Al&de] dAA0 ZEe Il
IT 7€2 SEZ 3oz %

s ol e Akl AdeFAdd e A= /1] Wi, 4
o At AFAUAA L AsH F2o HEo te 24 e
o JiEH UA FF. HFAME AFFHl AlAEA|ER o

Asete] AFE EHAZoY UE5Y HAHI U EH3A
gt A+e o= HAZ o]FojFH o}, gk sk divtE EHA
Zo) 3 - (ALY o]¥3F, 1980; F=Z2 9, 2005 FEZ
= 2004; F52 9, 2011)E o}F 259

2011)¢ okzh glont, ZIE U (@3, 374, I3, AA)
rud 459 3443 ATe A9 L.
Ao iR Fwd s

2008; Chung et al., 2010; Hollander et al., 2009; Houston,
2001) o2 &3 LS. B AFdMes 1t dFEFolaMe] A&

=4
= ol&3sted #we ATolAM HA Askre 71d, 4
, w8, e dHlE Fol AHAHAS (AT 5, 2008;
ARG 5, 2007; & & %, 2003; &AW 5, 2000; Aeppli et
al., 2010; Aji et al., 2008; Chen et al, 2011; Choi et al. 2010;
Millit et. al., 2012; Subyani, 2004; Stewart, 2012; Vanderzalm
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et al., 2011; Z.Katta, 2010).

s At FAHE, T FHAWE, A 2T EAS 78
stal, o]ExtY AA#Ae]l EAHHSIUS(Cay, T. and Uyan, M.,
2009; Butera et al., 2009; Liu et al., 2012).

"  Chung et al. (2010) B AEF-AsF =g
SWAT—MODFLOW E &S o83 E4% A& 7ute] x5}
T FdF FE7IHE o8t = HEaFo
o] 7Y AL AtdE FIFH #S A3
aEste] A A A < WHEsE HAE
o] ot o] 7IHE B 7Yl Hlste Aetr FF
vt Aako] #FA14.

I Oiskd o7 ElxSel $aXAsty S4 o

= ZfelA FAAAE REe] aFRe] 2 AfARFEAM A
s Mol oleigom, Ui Ass e FU75el 9
o] Fst dhe BEciHe ubtao] FPHT UL HEY B
Aeizee] A9 A= 30~40m el AfARFZL o]8stn
olo
A .

= Bep)ER el FAYe A&H PR VEAE AL (e
. 2004)°01 4 94%424]~ THOE ASRKRIFTFY 2 35)ol o
F RAQ AT7E FPsRon, 1 AR ATFY WA AT
ol Mz ?M su me A 4 2 Yoz ¥ed

7hsrdol v =& o Z HIUME S

n 87)ER Fo] ‘il A&F R J)Ee A Y(HEH)E
220114 AFUY AFHUFEor FAH AFE ASR
719 % EYete] JAFFLFAE A Aw. 2-H o] AF FUA
= A9 AFEUE FFxdo] = 5F4L.

T Jﬂ%fq SalemAl oA E 2003 7]ZF0 =2 4719 ASR A3E
S o]&3ted  34,065m/¥Y &FE  FFSa, dHEFY

= d5F gl ASR% 7k ;}04 11,355 m/
k3l

+(F8H7]= 5, 2004).

e 2HA FIdgutal ASR 3 E JfEtsted
£42 FF8H (Murray and Tredoux, 1988, 2002), thiE <l
A Z7E 47 a 2. &, Windhoek A 9& ¢ tidFo 195¢

=0} 214m‘/hr Ex 2 F9, Karkams AL #HAnlet t-E9)
138Y F<F 47.6m'/daye] £=2 F 6,567 m' 9, Polokwane
A& %7(—1% ‘3! Hepet 43 (F45 T4 20m, I3 T4
60m)el st AElg F91, Calvinia A99] Ztgyojze= AT
mofol whaete] ™, 105,000m XS ARSHS 2t YEd §
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FA=(Fet7]1EF 2004).

o

A5E F9

o W Y5 ALY A MAY|E

I AAFA-MA Y X5tA X FUA ST dTHSe 2HEH MAZ
==
® Pyne (1995), Rasmussen (2008), Maliva®} Missimer (2010)&
At 5E Bdygo] Al~E Ay o, dFFe B3A 3
7h, A4 vlgom Bx 94 T8 9% ASR AAlY AAH o
22 3oy wddy s/wE MODFLOWE AA% #F 2.
MODFLOW= g2 AR YA 2§ W7l 27t 443
A8ty sE2o7 FaHE JERdolnz FQ XA H 3
Fot g7t A5 AES st AgdAae A48T F e

—

= Bloetscher & (2005)2 Ed&o] ASR A|2=H9f AL 2 3|+
& Bt o Ex AolE 13 Adrsg Rddgo] o
olegt W&o ou|gle Edgo] i ZRAEV HFE glow
o] foke] A7t Bastoka A

Zi

w St A Azt el v HAHNE A= Aty g
& aiMelot HA3 7IMS AEAI A7 (Park3t Aral, 2003;
Cheng &, 2000)°] U=, siAsty Aofo] 2o A o
AHEE A= oY dAFAbdl olste F3 EUS (Mantoglougt
Ppantoniou, 2008; Ayvaz®} Karahan, 2008; Park®} Hong, 2006
%; Alnahhal %, 2010; Bhattacharjya®} Datta, 2005). 8¢ A<
Astg BEC Ui AlEEHoAd BdEe 359 £3 4 2d
o] 7 XKEH 7lwoly} a4 AlZte] e Ae HAHV|IWMH} HE
A7 Hle @43 Aol S+

bt 5(2003)F FAFE 5(2009)2 FAL] A&7 FHRI|E
A ZEE o] Ae d7e] dBow Ft A Asts A
2 #Aglol st @Fr-dlg BAW 55 Edd HAH3IIHES A
&3te] HAE TEste A7E FIS vk s T AFeAE
5 A

o5 93t @ FUA £ g A HE A

299, % 421 343 84 2T A 430 L
AGA5E JFGR 5o A% egHgel @A Eeu,
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ok
o)
o v
HL
Kl
x

H 6 Z otH HeteTA

T el AR 3HFA5E o
=

stu Astre 4 A

=
s HoAE F4% AQuA) BE 2 s B AxE 4
2 #544 Fuo B 2.

S
oA e e edEde] Watel A3 AA

=
T 38t 54 A AFA &&7)sd g FE A
(F27 A ) Agzez Faste
Al AAIB] BA-FH e oloF sH(Brown and Misut, 2010; Bekele
et al.,, 2011). A7) FAAA FHr7lE =A== AAuA g3 &

=
RS B&3te] Ao deixl FAF(IE ) o v
(simulation) 3o 24, FYF9] olF3 YA 7353 7AF 3% +4
H3tE d5d 5 s o3 e HAH BA A4 AA"
FAA ] HA FANLL AdBEE AT 9 3 A
&84,

B AFdM e FAF-FHS AAA gl A AlEdA F
2 =2 5

mojgtogn, RUEY H3 dAo &g

X[ sl-x|HolH XI55 ASEE BA 7|

AsATA GA Aol o] FUG—Ashg— A A A (57
o A(53], A5-8e]

23 ole), BY 589

A=}

24) 2 ol 4%

4
o
o

L
Mol

ol
o
)
L~

(o
-
D
o
(@}
<
D
-
D
[eN
=
o
&
D
—

(e

o

AV

eug, P49 o

53], 22359 Hde g A
17435 TE " (Brown and Misut, 2010;

>
ofjr ot
o -

.
‘h l"?’_;
& o f
RO

i

du 2R oY ol o
o oy Lo

o

3
%
o
i

al., 2011).
AN F7140 313 RUHPH $HLL EUH
gH(Kattan et al., 2010). 3}8 ZUHHY 259 4
FUTY olF FH(EHH £X), Adpr—AHvjA -
H o #d HFOUNdaE), 22 A4
4 EAR 22 AAE)Y TR BEE 55 HIEHA
T

AL&S 2HIFEA A

)
o
[0je}
@

e

o T
An)
ot —

n
Ut
)4

i
_l

0
Y
fo ox 8 o
T
oo
=2
lo,
o
N
jincs
i
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0;

AAQ ZUEHS A
2882 d ¥ (Phreeqc), &

2 Bgste] FYF-AsE-A A A (34

I XI5t MX| Sgh2das 7l

N

N

do

o

X

4 ¢

2

R

off

R
f ool M FMo ox
Z o 4y o2

4>
ox
sk
A\
ox
|o
fru
-z
o,
o
N
ol
7
o
rlo
> Mo
¥
i,
Lo
XE
¢
N,
o2 ox
oo
o2

>
[>
)
. o
b
T
z,
ol
2
i
4|
ox
r
o
o
e
=5
4
i)
o
ot
fz
p‘L
rr
>
[>
)
(0 o 1x ol ot

S

UEE Al2E"S Jigste] Al2"l &9 23 oAk #A 8l
AN BUEG] 5E & YRS shel A&sty 3
P .
A7E 7€ A9 Hluws) B v ASReO|Y ASTR Al=¥3
ARE vR7E QUAIRE o] H gk AlAHlol M= FAAT AN F
, FFE, T g oA ThA FEo] diaiA A7 A @
SAS AAlsta AR5 BAMA &l st F.
SR HE+ ASRTel #HE dAv= H @8] IPHa U+
(Page et al.,, 2007, Page et al., 2010, Barry et al.,, 2005,
Harris et al., 2005, Herrman, 2005, Pavelic et al., 2005,
Pyne, 2005, Rinck—Pfeiffer et al., 2005, Stuyfzand et al.,
2005, Baski, 2007). Page et al.(2010)9] AdAFo]A Managed
Aquifer Recharge(MAR) Al#|E &St o8 7MR] 224 3
250 i3 73S AAEARS. Harris et al.(2005)¢}
Stuyfzand et al.(2005)9] =®Me FHZHH ASR 59 F
A sle] i thF3 Q3 Page et al.(2007)= ASTROIA A
A4S FAd dsiA AAEAs. Harris et al.(2005)= ASR
FrF Sl i d7E AAEJL Herrman(2005)2 H 9 F
F3olX ASR Y#F HHsto W ATE A=
m Pavelic et al.(2005)= o8 #AFRLEL oA ASTR =dF

My o o riz
o o

]
>
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3, Pyne(2005)& H vwl=rol 4] ASR 7]l dis|
<. Rinck—Pfeiffer et al.(2005)= EAIRHF9 T
Ay Al ASR E= ASRTE At +. Baski(2007)= ASR #
St vl A A AW A #BAHo AAFHE ZF AA
2L FH 2 A ZAA A Avhetar A"l 34 W
o] 73] AUl s Yy Baski(2007) =ES ALt
718 EE HuAe =fdA &FFHE 9siA ASR Ee
sk oy AR Auly Al 2H
& AFE3I A Baski(2007)8 =&
gt AE AAHA S FoF Hol ASR MY &9
A FaE vhek FAHA A57F JASS A

30 2

-

s 7YY 2 GG Fo BA Fol b AA(EE F %
3 94, B934 agdn BN B F st
WY, AFAA FRE FQG A4

o] 71¢e1gtthar A A8t S(Harpaz, 1971; Hauser and Lotspeich,
1967; Vecchioli, 1972; Olsthoorn, 1982). /&4 t}go=w F
AA Ao Fo g AESZH #HA (biological clogging) ¥
(Oberdorfer and Peterson, 1985). ¥FeF FAFH = Eo] A =g
HA ks B "ﬂ% e MAESe] 23E F
T 2H dFFo ddIes AFse

= U3 32401]/‘14 A Ee] o A ]
Aol T3} 247t B F AL FYH % Alolol Fwo] WA
= oW FYA ARE LA

FrE Astrded =2 A E

and Schwarz, 1968)& A|Al3}A <.

oA HAe B ATE FFL F(2012) FAF 484 4
l Aetg B MY ANEGS dove B9 547 3
40 Ao, dxd EHe A ER 3 Ad=
FE 7IQE Atk Hohsk vk 9l

s EYPANA HAEE FAEGE FAF] AXE FH(HALA o]
& 5)S B3 FdHeE & YA fAF B FAEEL, fU1E
4,

FEEF 55 v F FYsar FAAF HelA st Wty
S RUEHYS FUHoR(FE AP FAFRYG 52 4
o] A% (backwashing), o174 (surging), oNoAF=HME FrHt3t
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jetting 52 71AIAA WHE T3 Agsty sy WHe 94
9} & AbgA(oxidizing agent)9} F3ZEFH 2L SHAE F
A3, Fsky  FHAol A Afole AMacid)E FIE

(Olsthoorn, 1982; Pyne, 1995; Perez—Parico and Carrera,
1999; Bouwer, 2002; Pavelic et al., 2007).

nH2 By el el AMAL A tF AFZ FAG(2012)L
ARG AA ANEATANA DGF FApEA, F7)-ne 3,

ApTEE BAREA], FoRkl T8 oo #AAC FHEsidon,
ATZF B7HE Hre s, SAUFITAAE 17k BAE o
N rFdAde @F A wet AAE EdE et gepd
T Aok AFstA =
m A3} AFA Y G| FF AEH T FEF 0| MAFH R ¥
FE7] Hl FAAEY AdAAN FAZH FFHOE o]FoF #
A Al =E ol Ao HAge i IES & devt o, o
s 98 #8 A=" W 2 2 4" wEe 22 FdE As
< EUHHEE ¥ 287l As(Gonzalez—merchan et al,
2010)

7]”“’“ Eﬂﬂ Oﬁk‘_ =3 Zs.
— AW column AF: EYH dFIS FAstE Zof(core) WA
ag8a FY ¢ = AW column 9= HA9 AE,
T 459 AAHFe uig Fdeds FAF £ U
(Rinck—Pfeiffer et al, 2000; Wood et al., 2005). 28 A3}l
T EA9 7 WHEA (variability) W] o] 3 e 7w
9 A column A3 @2 AAAQ spoluwke A FESH, HA
TEAAMY B AsS B odFsl7] Al HE=H7] oH =
o] 9.
- Z313 71 HAE A Fslr] g degt 2 7Y &l
Fojx ¢kow Hutchinson and Randall(1995)& W32 T34&
) A= &
ETE=

r.

[o

o

(transmissivity )@ MFI(Membrane Filtration Index
st FHAY =gHd HAANES dSe] HF xF
curve)S N&EFR L. I3k Taylor and Jaffe(1990)& AW column
Ao dojzl AARE o] &3t oA wiE WelA ] nio]onj
29 Ard g T4 A HAE ZASAS.

— 32 B E2 $A(mass balance) RAY: FFE&3 T34 A
ste izt @7 oSS s AWEAFEE w8 (biogeochemical
reaction)o] W3l EE3 44 (flow and transport)e] AT A
g Fx B ol MdEol AHEH 21 UF
(Perez—Parico and Carrera, 1998). 181} o|83s I+ wj-$
Efdsta e 4o ARE Aol & dart o, dAAA
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Adiyaman, 2010). d%+-7
e g AR

20~30% B= Hfel =
Asts Gl g7 A
AL A AT
Gambolati et al., 1973; Bo
1986; Small and Booker,

rEE

< =94, 3%

Tl vAe 9SS 48] ¢
=94< #

A2 B4 98] Lu et al.(2011)L

(Budhu and Adiyaman, 2010).
3t it A= Ad FH4d9 JAEH

¢ko 1} (Gambolati and Freeze, 1973;

oker et al., 1985; Booker and Carter,
1984; Leake, 1990; Leake, 1991;

Leake, 1992; Leake and Prudic, 1991; Burbey, 2006; Harada

and Yamanouchi, 1983), ©

14714 Mf—m W A SETE o

AR B3h= ]Eﬁf} T8 AJL a) AWt Hsp/ g7l T

e olsl, b)

B A% 12, o) B39 9

A, A% 9 o] awlm P Bhg AA sFEe] 49 1w
=]
5

— 3L __
o T

=]
gREEY Aye F2 3 Z2aH
3}04 TEEQOVQ $kS-(Leake, 1990;

el wAHE A FrE AW P

A doAYys dgo)H (Teatini et al., 2010), ©]
st ]l old tigk o] fF=E At §7)
o)

W v Aow, AAR A
2 %% "ast gotn o

0 FYl g% AW §719
@y eleg AsAoE, v, A

fe=]
o 283 38 F8 ASR(Aquifer Storage and Recovery) A9
oA WAE ARE §7] #HS 9 B i A dTFE AASHA

2 Schmidt®} Burgmann (2003)2  InSAR(Interferometric
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Synthetic Aperture Radar)E ©¢|&3le] #=H 1992WdHE 1999
W72 A | w5 Ae]Ey ol 5 Santa Clara A3 W ASR A
oA A¥k §7]9] ARE AN A AW §7]= 4em
o, ol IYHEZ2 poroelastic ‘ﬂ%% Hrgstes AY. Al
HEo] FdERoAe AFEAA A¥ §7] AE7F ;W 7ghe] A
A SHEE A4S YRS, A7 ada AdF A HE
< dFF WelAe Aats 579 WSt og zoz At
<. Amelung et al.(1999)9} Bell et al. (2008)2 ©l= dult} F

Las Vegas AlZol ¢33 ASR A Yo W3] Persistant Scatter
InSARS o] &3t AWg7|E #5S A7 A-A HAd A¥k &
7l AdFFFe] HF 71 w2t vid 1495 E 3€71A] #ASEA
ot A A S
SETEAMY AMEE =
e AMMEZ|I|s i
mfaf e s Hee ATAQ AFEokdA olHxew, XA, A
4, H71E A, AF 2 okF 9] o FokollA *}%X—*‘
1 L. WHO(World Health Organization) 21Zd#HAlS
HACCP o]9loll ==, Aol&<, H7IEA T &3 faia
#e 71Es AAsta wds viE
ARt vl wmd(WHO)S T3 kA
2t 55 AFstL A
» 53] Greece®] Aspropyrgos AFFoM < 38 2 sa34 &
Zlol HACCPE #&3t=% flslanuelel AEEopt Ak bol

;(]J‘—r_ )‘1‘— ZH]O]

At iz 3 XsAFXe

T fll|ll|

o,

o2 bt N

=25 AKX o XH7tse 2EE 2E FAF HxEl Js A

ruE—‘

m o5 ) ASR Z-& AElel @2 73% ool A glo] AF

TFUTFE 5Tl Fdste Aoz Yehd. AT HZ ASR 3
EAtEE BA TS5 origle] et ggst 1= FHE0]
&= e FALY.
1Py JAYFTAHS Bt A5 FEAES MAE FE d5s
W clogging ¥ o] FFHEE HAEHE AFZEAASe] BuxH 3
ot A Q1F F9 2 FE2Y 239 AP TUE Y E
g - 38t - AAEHQ AAY 71e HEo] HA FUMEI L
H E3 dAHE FHE T FHF W 58 LA9ES AASE
AT7F ol AAIL UE.
[o2Fe4E 284 +WJIE22 XalY 4 YE SUE =H A
A - 249 X2 58 7lam

- 263 -




Y RlstA =X ML 7[2AT 20N M 6 & DHH A2t TA

s T A BEANEF (2147 ZEE]ATALAY - 52
A%H FRE ABADSE ABAR(AAAL 8271%E o
8 AFHSHUS/ATHARA A& 5 FHow
%3 FA U ATk AYHPo, £ pre
% UAY EYAAN 298 Rho 04%5491%

[ ]
H
=
fo
N
ol
_‘
O
_‘
R
k0
OH
ol
12
mZ
X
&g
oo

Y
z
Hﬂ

Cpd
Al

1
o
=
x

E

AWelnse 7, F4olv, gAY F ?&i?ﬂal’“i a9
Q o]

ox Jj_, 1-‘0 (¢
(4 o R i

_&L_ll
e
%
i
a2
o
TN
I
o X Wo|g
e U e

oy
E
ofr of

ofr
-

g
wv]5e] ASR B5AE 4 AS 57% ool F7HH 4
Heiskest, #7142 A 390

m oX
°
L of

122 - X2ty di=3 2 7Id &8 7t 71 7He

m 0] 9] ¢t =5 (unconfined aquifer)S Wdo=2 3 AAF 3
71€Ql SAT= FA9 FAdo] F53 1|5 arizona A 93} o)X=
g Sl A7 o] FuE] o]FojP. SATE Fa Ta=v}

oe ] THEESN B 23l §E=R/71E, 2aA 24
=, ¢ 5o U3 Asads LHEZ Y AF(fate) B3 H7t
Ha 9 T R v=olMe HT SAT o3t AFH=d

o9, 4
(SFEA AT ZE) AAET Y A7 Rag
103 2o YE5N JHMEM Yopr|e My

A NOMe Aafel d3 7ty A& gkl tf
3 7F B8, Cyanotoxins¥ WA A A/ 7 &
A 87 AEF 805 2= AALD By oflg}, dFF

rg
-
ol
o

B701 WANPABEC] AESS FUNAY TAA @
24 mE EARAER wold da) AYdel e ATdn}
Rz A=

IS EolME 1997WREl TMXA A4 STALS AY B0

2. 1251 Alio= 97HREl 2004u7tx] 237 A2, 12870 Aol
2T 21814 WS FAB0] SAX U HSERE AM, HPA,
o 2y, H2 S A Al (E7E] S, 2009).

B 20054 5B 2009WA7HX| Al E 2CHA ALAollAM 2170 Al 10974
EMo| M HEAMUE ¥ P# & 39803 FAISIAUZ. A W
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I SAFA-SA LS Xt R FUA ST dTAS2 =Y HARZ
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®Pyne (1995), Rasmussen (2008), Maliva®} Missimer (2010)+=
Aoty 55 BEAFHo] A2" Ay 94, e B4 #

7h A vlgog BR 24 52 93 ASR AAY 4FHA 2
A28 stgoy rdg s/wE MODFLOWE AAE v IdS
MODFLOW= g AH&53 AT A8 He7F 2=r 94
Aoty BEOR IFIHE Z|BErdolmg et Aoy
F¢ G5 A5 ARS e AGAME LS 5 g2

m Bloetscher 5 (2005)& = dgo] ASR A|2Hl9 ddx 9 34
& 97 S 95 x}o) H3 AslrsE mdgo] 3y
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ol#d W&o rigle Edo] FiE Z2AEV HE glow

Bl

AT Azt 5 o
& sidaet HAs Ve AH5AY A7 (Parkd} Aral, 2003;
Cheng &, 2000)°] <. siAsinct AlfFo] A AAW Zdo]
AHEE AFE oY AFAtel 9t FREJAS (Mantoglout
Ppantoniou, 2008; Ayvaz®} Karahan, 2008; Park®} Hong, 2006
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et al., 2003; Chae et al., 2004, 2009). ¥+, AEZRA Z=F=(

gd FHF)o] EEI =
A H g4, g8 59 %J%l °‘OMX1EJ H3 e ¥
ZFol F7I8HAl Hv H-%7 o] AT (Kim et al., 2009).
il s FAS AduAe] Ex 9 FHste] #g A=E
Zgstal, o]5 AL FRHE e HE4Y R &8s )
=, Oket AdujA gAY s S AEHD] Wslel A7 7

=]
n FYFo FEE 542 AsAFA FErEel A FE JfA

2274 TH ) ddHoE FQasto v

[ ol

Fojok 3 (Brown and Misut, 2010; Bekele
et al, 2011). 7] FAlA H7tE F2HF ALviA A3}st
o Aol & FAFGrsdE) et 2o vt
=2 drol olsd AT AT & F
HIlE o 5T F A ol Ade HFH FA ABH HA
FANA] HAH FAMNAG AABHE A% FH T AA
Dj—_%_ﬂ
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%
-\N
=2 r.\ﬂ WY, oo _Ilm

—A[st-XIZoi A X[=5 4SEHE B4 JE

PA Aol o] FAg—A st - A DA (F4

282 recovered water®] FA(53], Aksl-3kgo] wl

%Q% ‘:Z_‘r/‘“’ﬂ FAA B TEE o), B 59
+d 27 A) ¥ okt AR

d 53, 228E2 Hd 9 A

Hab) ot ol 2LH3] FHE (Brown and Misut, 2010;
Page et al., 2011).
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TEoRE 53

n 20 2 kAo Ay wix)o] g H = XA, Pilot Plant 7}
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A= T 71Fe] AR FRE wolx] F3

7GR EUEHY B dAA] Al2E FEHS 9% AAs #4
AEdA e 3502 73
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ISt st ElME 74 54 €7t 71l&

2l

A ,

F %), AFF(A)Y A skstd 54 (pH, Eh, Salinity, ECS)
sk sk HAFY s 54 AT At A#E, A3l
4o &3, At AFAIZL, Askg 7149, Ass FIFF, A
sk 77t

ss S HAFe FESH 54 9

bz
=

= H4 A%, 794
MAE AT AEH ol -
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“EY % FFH AR AAE, B
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I XIS X DUEE A|AE MA7|&

n UG/ GG/ 2A/ARE Y BUHY g Al 2 oA A
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B2 dAA AR, ks 9 2 F2 EUHY 94A0 4
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of A%, e2F B WA RUE P A2E 75 AAR
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» e deSol &7 AsAsA MR TS
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2007).

(Page et al., 2007, Page et al., 2010, Barry
et al.,
2005, Baski,

Harris
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Aquifer Recharge(MAR) A& A8t o8 71A] 254 &
Z2Ed o 8= AAFYLS. Harris et al.(2005)%}
Stuyfzand et al.(2005)9] =ZqAE FA=AHI ASR ZF9
ARstol] tiefr o7 glar Page et al.(2007)= ASTRoIA )
NEAS 2o el 2A SRS, Harris et al.(2005)E ASR
ST Sl gig AFE "a”\]d?ﬂi Herrman(2005)-2 v 3]}
rFol A ASR F=F HA S| tig A5 A=
m Pavelic et al.(2005)= o8] #FAHEE ZHFox ASTR ZdF
AN SR, Pyne(2005)& 2 Ul%oﬂfﬂ«l ASR 7]l tisf
27038 S. Rinck—Pfeiffer et al.(2005)& E=AIXYY &
WAl Al ASR = ASRTE A|¢tslSds. Baski(2007)= ASR &
Aol ik vl Mg AEy A #AAd HAH= A4F AA
A5 2 A A A Avietar Al=" 34 W
o] 7+3] AR L. 2#HY Baski(2007) =S AL
71Ee EE HIAS} =N FFFEE fs)AH ASR E=
ASTRE Z&3 Aldle Alsta oy AR Fry AJ2~H
%0301] g3 A5 AFg AAY. Baski(2007)9] =

> o

o %2

chd = T':“\%
FuFEPol 3 Ax AXHA Fe& Hog ®ol ASR FHY &9
of thgh o]¥ e Fud whgk ¥ AT IS ARG
133 8 Ud=d wX|&2 7|&
nF9Y W FFFAAY Fo BA B e AMEE 3 9
@agow o Teld, gy 1w YRS 3P F s

e F oS B3 HAE. AS7A FAE TR HAP G

e o] wawW FUAAA L FHAIFFL UgEE B3
#H A (physical clogging)?l FHH= Eo X3 Jde FHEZD
o 71e13ttar A A)SF S (Harpaz, 1971; Hauser and Lotspeich,
1967; Vecchioli, 1972; Olsthoorn, 1982). ¥f&%2 oz F
44 #HAMe Fa ade HETH HA (biological clogging)
(Oberdorfer and Peterson, 1985). ¥} FA 5= Eo| A A
HA Z%E A AT e vAESC] 2FE F JdoH, o

o
=
FUE 2 dFsel FFIES ATse BHl £4E F
[e=]

- Sl
5. FU9Y ALY vAE AR} AFFLS FAH G
Aol T8I 847 2 F Ae. FHH FF Atolol Fo] A

AS W FUA AEHEEAE @ EE FHSIAT @A =
drd Aol =2 A dFgT AT = S (Rebhun

and Schwarz, 1968)& A|AstgS.

oA o] Bt A7 FHQ F(2012)L ¥k FAHL A
g Asts A oA HAAIALS oy BEAo EXI
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0;

AhQs Ao, R 24 FFAEEE 3 AE=E

8 Z1dsdval Hkg vk S+

FHAANAN DA A8 T AA-Y FH (A o]

& )2 T duHer F dAY FA B FAEE, 77

d, dYEF 55 FHT F FAsta FAA ol dEe W

FFe EUHASY FUIHoRZ(FE AT FUAFEH =
o] M & (backwashing), A% M E

e o] (surging), ollo}FZ
gk jetting T 7IAARJ] WS Tl A7t 33
29} 2 4+EA (oxidizing agent) 9} A3t Zad 2L $HA
Tk, FshA Aol A Afde AHacid)E FIU
(Olsthoorn, 1982; Pyne, 1995; Perez—Parico and Carrera,
1999; Bouwer, 2002; Pavelic et al., 2007).

A2 29 YelXel AR Azl e ATE FHP(2012)L
A AA AT LGS BAEA, BB P,

[€)
Zopgal 5 oY BRO AHgsgon,
A

02 T
oo wn rlo ot rlo b mm

, 5
AT B7HE Hrhstds. SAWTITAAS L97hE A ¢
N rFade @ A ot AAE EdE e gepd
F A At

A8t AFA Y G|z S ALEH T gEF o M H R #
FE7] Sl FAAEY AdAAN FARH FFHoE o]FoF #
A Al2=E do A o] HAPG g gs & Hav) Jlow, o
E 98 #8 A=" W % 2 4" e 22 FdE As
< EUHHEE ¥ 287l As(Gonzalez—merchan et al,
2010)

=3
719l g ok oS3 25
AW column AF: EYH dFSES FAstE Zof(core) WA
aga F AFE o) &3he =
T4 A5 HAA o deAds 1T F Ue
(Rinck—Pfeiffer et al, 2000; Wood et al., 2005). L&} A3}
FZ A9 37 WFA (variability) w&Eo] o]#d e FE
o] AW column AL @A FAHH 7tol=vks AT, A4
TEAM B A5s AFsA d53t7] Hal L= AAHE
o] S+
zad 71 HA S dSehr] A% dedt =813 7]

Hol 74
Ho]x ¢tom, Hutchinson and Randall(1995)& W39 F3-&
) o]-&

hya

N

(transmissivity )@ MFI(Membrane Filtration Index k=
st FAA EYFQ AAES dFslr] A £FF
curve)S /3L, T3 Taylor and Jaffe(1990)E AW column
Ao dojzl AARE o] &3t oA wiE WolA ] nio]onj
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— X =t 24 X (mass balance) Rdlg: FZ&7 54 W
5|

sto] gt @R d5S s A=AssHE  ¥-8-(biogeochemical
reaction)o] tha] ZE3 <% (flow and transport)o] ZA¢E Hu
g Fx Edy =Sl JiEEol AHEEHo a US
(Perez—Parico and Carrera, 1998). 18} o83 Z=+ u]$
Bt B Y ARE dgsior & et don. AATA
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2 e mAESE RAAo] BEFA vXe FFS EA46] ¢
 ®Ho west =42 FF E@- T3 vk s E93Q H

o °

sO5Ee FASE EFe eaHelA gom, oz 8| A 3
st g71E Asked Fast FAY Pl AHHCE WA
g QA U BN A
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s ool MEsh ALY
Fo Hate] dH YA 5 (Budhu and
Adiyaman, 2010). 4%H4 w29 FLE EgoAMY AW &
e e AR fE 1 osteld AW Gatel oo
20~30% AL Hlo] X (Budhu and Adiyaman, 2010).

m Ak ol o)gk Ak Hstel] Wi A= Ad FHd AEH
FHstA Aol goy(Gambolati and Freeze, 1973;
Gambolati et al., 1973; Booker et al., 1985; Booker and Carter,
1986; Small and Booker, 1984; Leake, 1990; Leake, 1991;
Leake, 1992; Leake and Prudic, 1991; Burbey, 2006; Harada
and Yamanouchi, 1983), o}&7}x] Alg8g w3l =T FE= o}F
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2000)
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