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the physical-chemical clogging possibility in the groundwater artificial recharge area. Journal of the
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ABSTRACT: The study area, Galsan-myeon, Hongseong-gun, Chungcheongnam-do, is a drought-prone area
located in the upsteam region. An artificial recharge system for the unconsolidated and weathered layers is being
built to solve the drought problem of water shortage. In this study, the possibility of physical and chemical clogging
that occurs when injecting stream water, which is a source of artificial recharge, is evaluated. Because the turbidity
of stream water is lower than ambient groundwater, the possibility of bridging between particles is low. But, it
is necessary to install a non-perporated casing in the uppermost layer not to allow the inflow of fine particles. The
clogging rate is calculated using field test data (injection rate, hydraulic conductivity, etc.) of 11 injection wells
as well as MFI (Membrane filtration index) of water samples. It is 0.763 m/y under the present MFI condition of
stream water, 250.5 sec/L?, but it will be 0.009 m/y if it is lowered to 0.3 sec/L? through pre-treatment. The average
values of SAR (Sodium adsorption ratio) and SP (Sodium percentage) indicating clay dispersion are 0.68% and
25%, respectively, indicating that the possibility of clogging is very low. Saturation index indicates that hematite,
goethite, and magnetite, which are mineral species of iron, are supersaturated with a value of greater than 0.5 and
have the possibility of precipitation. Although there is a difference in the possibility of clogging depending on
the evaluation factors, pre-treatment system for stream water is required to minimize such physical and chemical

clogging.
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1. Mo

MAR (Managed aquifer recharge)®] £J3t 215
G 7IHE T WA A oMo FadtErstE A, A E o] #2 ¢
FHo g vHEY, AAAH R O &-go| F7HE
Ao 2 dAstal ek (Zhang et al., 2020). A\ 5=
AZF Q1TFF 7ol et A& Al AT} o]

oA gem ol& Fato dirHl =9 ARl o

& 9PYA)7 1A Eck(Bouwer, 2002 Youngs e al., 2010).
g ofgt 2272 XSl vAE] 48
e F443 welol Jled), ddFdsiol 771

o choret 7] Se] el Sith B, ATVE & cheret seky whge

g of| A WA == S 27 of et A A A A9 A op7|A71 2L 3] BdS
ok BHAbEg, AL, Ql4bg, E, 7 59 JAo) 7t

AFHF Ao S22 FF d te A &35 AL glon, uhe| o} Suj
Z md 2 7|E Ak s AT 524, 3lehy ¢
ABETHA QI 717t oo WAYEHA| El=t, 3719
¢, TSS (Total suspended solid)2] A, AJ=3}
2 A3, ek g, Akl A Sof e
F3to] o]F o] Ak Pyne, 2005 Maliva, 2020a; ¥
1. 3719) $20 79174 AolA YR BE 45
Aaro= 27)7h RN 27 Weol B4HT,
ol AR AN ZAAA) Ho] nlAE 3 9l lo] et Bl 2273 % 72
2 U Tk B, WY WA, 40 AN HhY AT Fo B o)
R 1L §lt}. B2 FAZ A Ho X AIFFFA
H3-EZ(suspended solid, SS)¢] 43} S| HA =

Y 24o] thE T girk

2% 9 Askeb
§4:2] 29X §71 80|} g4 7] Bo] 27
sitkel 9] 77 A5 0) R4S Wolmel Ay

Table 1. Summary of clogging types and processes (modified from Martin, 2013).

Clogging type

Clogging process

Chemical

- Precipitation of minerals e.g. iron oxides, calcium carbonate
- Aquifer matrix dissolution

- Ion exchange or adsorption

- Oxygen reduction

- Formation dissolution

Physical

- Accumulation of organic and inorganic suspended solids

- Velocity reduced by interstitial fines such as illite or smectite
- Clay swelling or deflocculation

- Invasion of drilling fluids

Mechanical

- Entrained air/gas binding
- Hydraulic loading causing formation failure

Biological

- Algae growth and accumulation of biological flocs
- Microbiological production of polysaccharides
- Bacterial entrainment and growth
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7HESIAZITHAL A JATHNWQMS, 2009). A=
4 227 e A9 42 0 840 getk i
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(Schuh, 1990; Pyne, 2005). A3+ 217 2] M3}
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2o FARRE Feld 2279 7Fs A4S Bl
v} QJth(Zaidi et al., 2020). & £2] FFE T} SS7}
EA8k= A9, Hre|g]oKPseudomonas aerugi-
nosa)®} SS9 Agte g YESHE F=27o| WAF
= A5t QIFReF T ol A F-oJsfiof ghrhar A
AJGE Bt QIEKCui ef al,, 2021). Q1EFRF 2] Soll
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T WA 24 F59H, 335Y A% Rt
7] fIste] Aoz, ol HsiAe BAAY Bt
7} 2 23S A A8 B} glth(Maliva, 2020b).
TFUellA 22700 digh d4e T2 AT g
S R 3 vk Qe o 4=
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o (Kim et al., 2010, 2012), Z}7] ¥ A F
FAIE oA 9] = TSA A 9 & Hat
7] MA Aghe ] wHo UE 37 HF
ol &gte] FX == Aoz F7HE v ioh(Kim
et al,, 2013). B Aehe] 2515 PAAA Lehet
227)0] skl YmEA, FEEA, XRD 2 SEM
5o Folo] Al WA BAL T v o]
(Choo et al., 2012), 7hH o3} =3 Z4=7] S21H O] A
U Ao Brol AiksiEe] Yao] 227E of
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(Kim et al., 2017).
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A 4 Y ALAZE EASHA B B ohet #
g o] JEEo] vl Wol ¢ g o2
o] 9lom, AT Y AFH-L A%o] Frol L
7] B4+ 3k g5Fo] 2,831 m’/dayol| Eakatn 7}
FAlE o] Bot &R 22 (3Fo] ZETHKim et
al., 2020). AR H Q| FF5&- AR E, FAES
AAHE o]Fo1 7 £A] o, 2 - A4 4
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Fig. 1. Location of the study area, planned recharge lines and sampling sites.
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71&9] A7 HIAZEHAL R A F2AL A= of5)
H, AFAGY FA5Y FA= 5~15 m HeolH,
sHiol S3H7t 510 m FAR TEsh= AeR
eyttt @4 FeA sk, AR S45
e Fidol W2 Ao o 1o, 35
HE ZFohe sHE S Aol Aid s ¢
33 Aoz FAE K (Lee et al., 2019).
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T o= LB Yo, AR vlsto] SHE 2|5
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Hrh= 15 m 3He| A5l AA|sh= A48 Ditch
2 2g51= A 02 AAS v} Qlk(Lee et al., 2019).
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Fig. 2. Filtration mechanisms of particles suspension injected in porous media (from McDowell-Boyer et al., 1986).
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Table 2. Analysis results for the physical clogging factors, turbidity and MFI.

Type Site Date Time TEJ;}?EC[IJI;Y (51:([:}:1{2)
DIW1 21.05.01 15:28 525.2 -
DIW2 21.05.01 17:59 10.3 860
DIW3 21.04.30 15:40 323.1 -
DIW4 21.05.01 11:00 286.5 -
BHI 21.05.02 9:23 2.6 25
) BH2 21.05.02 10:14 5.5 62
. é?g;’_lgl;er BH3 21.05.02 11:07 2318 269
BH4 21.05.02 15:40 56.1 1,519
BHS5 21.05.02 16:50 34.6 744
BH6 21.05.02 15:02 56.6 257
BH7 21.05.02 13:47 12.1 158
PW 21.05.02 11:56 43 1019
Average - - 129.1 545.9
SW1 21.05.02 13:53 2.8 175
Stream water SW2 21.05.02 9:45 3.1 326
Average - - 2.9 250.5

TF Y2 L E= PSS FF A b
SW Aste7h 2 Qe w"Ae] E48 Blas)
B, 729 A5k gert sheET 2 3
< Ro|u, X|3}4=0] Br=rl Wit 129.1 NTURA],
34 Bt 2.9 NTUR YeltTh(E 2). X512
g7t Jdd oz 24 yehd A2 A7 A3
oA dF SAFAA JHEl FLEUE 7Hs
A= oA & glou, A7 A3 AR o] X %3} 3
mEA A A Z0] HE~FHEZ Y gk e A
o=z HRItKKim et al., 2021). 47] XH(DIW1 ~
DIW4)¢] EoF A|&o|| tj3t g& 24 A3}, 0.074
mm ©|5}2] AJFE ] vl-&o] 8.7~32%, 0.005 mm
o]3te] HAE HILE 49~11.0% =S KHo|d], o]
o o] R =2 AIYE HlEo] B=9F Auol
YR Bk

S, 3P A= A3 XA Aol ol dwt
o] eEH= 5 HES FEAZ 82l A9 gle
Aol EFJo|t}. o]} o] FeF Y=<l 5P B
L7 Agke Bt Qs He s YA g
3 % 9= FHY gAE Alel9 E8F B o]
F7H o= WY E 7ol A ks & AA
giet Uigd=teel ¥ A9 U5 gerh 2 ~

5 NTU o]l ol 8-8stA] gL o,
oJatel A= BT A 2ol It ler o
A JcHHollinder et al., 2005). o]e} 22 H& 11
3 o], FFd4a 4o By 227 7K

42 3R S & Uk

—_

4.2 MFI (Membrane filtration index) 2! 22
=1

MFI= E842 S27)9] 7Hs4E B71eke A
42 gro] &85 31 Qlk. MFI= 045 pm 3=+ 7+
A WEdQ el 227 A4 FHofA Frt
&} HpHolhDillon et al., 2001). MFI AE-2 ASTM
D4189-95¢] 2Jato] 4=2f =, 500 ml2] Eo] of}
=& B¢t vl 30% ulth QRS 71=235te] AJ7bo|
w2 of gl H3tel H| Wah= 14 0 2 A CakeZ-o]
B XY IAE Y 1] 7]L&71E 2u|st
t} 2| &= 9 2| Skof] st MFL A E 23}, A 34
L 3 250.5 sec/L*2A] X5 B 5459 sec/L?
Hop 2 71e Bo] gro] gkt fARit ol
Wzl e FHA| Z|skert A #4 B g2
Hato] Wste] F27)9] 7hsAdol w2 <ngt
ok vgH=Y] e, AlgE 2o AT B¢
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Table 3. Estimation of clogging rate at the injection wells.
Well MFloi’  MFl.” e @y "B L Yy k Yy (ori) ”v(u-c)z)

(sec/L?)  (sec/L®) ()  (m’/h)  (m) (m)  (m/h)  (m/d) (m/y) (m/y)

DI-1 250.5 3 7539  0.078  0.025 10 0.050 1.13 0.328  0.004
DI-2 250.5 3 753.9 0478  0.025 10 0.305 9.21 0.997 0.012
DI-3 250.5 3 7539  0.054  0.025 10 0.034  0.17 1.539  0.018
DI-4 250.5 3 753.9  0.030  0.025 10 0.019 1.67  0.031  0.000
DI-5 250.5 3 7539  0.163  0.025 10 0.103 1.15 1.397  0.017
DI-6 250.5 3 753.9 0374  0.025 10 0238  2.82 2524 0.030
DI-7 250.5 3 7539  0.002  0.025 10 0.001 0.07  0.004 0.000
DI-8 250.5 3 753.9  0.121  0.025 10 0.077 1.98  0.405 0.005
DI-9 250.5 3 7539 0.010 0.025 10 0.006 0.82  0.007 0.000
DI-10 250.5 3 753.9 0220  0.025 10 0.140 6.78 0306 0.004
DI-11 250.5 3 7539 0396  0.025 10 0.252 7.66  0.852 0.010
Ave. - - - 0.175 - - 0.111 3.04 0.763  0.009

Remark: Voriginal stream water, pre-treated stream water

MFI7} H & 3~5 sec/L> A& o] 2AL Q7811 9
o] B xd9] ghergsa 18 E 513429 MFI7}
3] E22 & 4= Atk (Olsthoorn, 1982).

SHH, MFIE ARg-sto] AA & tig=3 el A
227 £=E H7IE 4= 94| (Olsthoorn, 1982;
Pyne, 1995; Buik and Snijders, 2006), MFI Z|4=¢}
SE AlY 9 A B4 AR 55 289
o FF FEANAY 227 £&E& S8 =tk
MFLo] ofgt 227 4k of) 2484l ojs}]
48 4 Jh(Buik and Willemsen, 2002).

v, =2X10 "MFI  u

b
meatteq (g \12
( 150 )

Y — Qv
b (2nrglL)

A71A, v, = E2A &%(m,/year), MFI,.,
£ 22 Wuel 045 um)ol ofste] 24
MEFI Z]4= gh(sec/L?), u,, = A7F SFHl et +
518 ARH(AZE ARE Hn) S AR 2o &
FH(m’/h) 22 e F, h), v FUAFES B Bt

AE £%(m/h), ke FAEE(m/day), Qe
O1F FUA LEL E3t it FUAFH(m?/h), rpe=

A4 o] ¥Md(m), L& 2372 FZo](m)f 3G
=
Pilot siteo]| Al AAISH 117 LAl st A3
27E EYE 227 $58 Ul BYThE 3).
Pilot site®] A A& EXfE FYAH A& 53
3l7] e o]& XM F27] £=E EYE F
JY2l A Wk sk 117 F474<]
FATFL Ao A AAIT HF FA FUANES 5
ato] Xl a3 FUF T ARESHE e, v
TR A Yt F=Fo 2 HE AYstch 3
FHAEEE ZF 3o FAA P et FEjiEE
£ ARg3EATY. Pilot siteW] 117] $29179 9] =)=zt
S EA 2L AA AFsF ERelAte] theket
JF e EAAS T = ota B, 27
425 Wrbe| Bolth AFddARe] &9 U2
Z4:7] 2097F A7 F 925 m’E FYsh= Ao
=g

B MFI 250.5 sec/L*¢] 345 A ] glo]
FYL B 227 S== Bt 0763 m/year 4
=2l Ao g WrtEloy, AAE 53t MFI
3.0 sec/L? o]3t2 Hojma] & FQlgtcial 7psh
Zf-olli= B+t 0.009 m/year= w9 WopdS oF
4tk FEAEETE 2 252 2R 2|50 v]st
of Bt g2 o] FYHA HuE S22 S
T o 3A "t F27 $5(v,) = FEEE(v,)2
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Table 4. Result of water quality analysis.
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Well

T
() PH

EC

S/cm)

ORP
(mV)

DO

Concentration (mg/L)

(mg/L) Na*

T

K

Ca2+ Mg2+

Si

Cr

SO~

NO; F

HCOs

2+

Fe

2+

Mn

SAR

SP
(%)

DIW1

13.8

6.03

212.8

202.2

5.57

17.3

433

20.0

6.03

9.97

6.8

19.8

446 0.13

68.65

0.016

0.159

0.87

32

DIW2

11.6

5.29

187.5

318.5

5.96

14.9

2.95

17.3

4.66

10.80

18.1

13.0

9.09 0.07

51.87

0.012

0.003

0.82

33

DIW3

11.3

6.03

345.0

358.2

6.70

24.6

6.48

35.6

8.82

6.10

333

338

28.70 0.12

74.75

0.308

0.125

0.96

29

DIW4

12.9

6.27

421.0

262.3

443

23.0

6.95

59.6

9.53

7.82

28.8

252

19.30 0.10

161.70

0.077

0.733

0.73

20

BH1

12.7

6.00

250.0

193.0

2.69

16.9

4.05

25.7

6.67

5.68

26.5

27.3

3.53 0.11

73.22

0.001

0.396

0.77

28

BH2

14.9

6.35

167.1

307.8

5.49

13.7

3.05

15.5

3.40

7.06

16.1

159

8.77 0.16

39.66

0.004

0.003

0.82

34

BH3

15.5

5.99

237.0

252.2

4.20

16.6

2.95

26.7

5.89

9.70

21.1

20.2

18.20 0.09

59.49

0.006

0.013

0.76

28

BH4

15.8

5.67

184.4

3344

6.13

15.4

2.66

18.5

4.11

11.40

16.8

12.7

8.65 0.47

54.92

0.024

0.005

0.84

33

BH5

14.7

6.62

360.0

255.0

5.64

19.5

6.45

50.4

5.76

10.50

26.8

20.6

36.20 0.09

106.79

0.005

0.003

0.69

21

BH6

16.0

6.15

208.8

202.1

6.99

152

2.09

22.6

4.63

10.90

17.1

16.2

23.20 0.10

39.66

0.014

0.007

0.76

30

BH7

15.6

6.08

252.0

122.8

6.60

12.5

2.83

31.5

5.34

9.22

17.5

22.8

46.30 0.11

38.14

0.015

0.002

0.54

21

PW

16.2

7.14

332.0

-36.7

2.21

16.0

3.00

59.8

6.09

14.50

17.5

0.2

0.02 0.12

202.89

0.008

0.743

0.53

16

SW1

15.8

6.31

245.0

138.2

9.63

15.3

3.31

314

5.36

8.93

17.4

18.8

32.40 0.22

61.02

0.007

0.005

0.66

24

SW2

13.9

6.63

231.0

217.2

5.67

15.5

3.61

30.5

5.44

8.56

16.5

14.6

13.00 0.17

70.17

0.046

0.191

0.68

25

£ AF, MFISR: 439 BAE Bol7] thie] 4=
JHEET} 2 A Zo) N Bt e F27jo] WAt
o 7Aoo 227 $ES olme)7] $JsAE
opisel shH4) MFIS A S Folo] Az
S} )RS 3] §AI5H o] Was) Belc.

Aslof| A Ueht= 9ubd] 545 & HojF=t,
LEE 113~162T 24 31 QI Ado] oRt %
2 EX& Holn, pHE 5.29~7.14, ABlE A 9=
SF+9] oF=A(PW)= A 9J3tal 122.8~358.2 mVE
A AR Aslpo] w2 ASEEE BoFa vt
(F4). T A2 12t st A= At
T AR 8 548 Holx T, ol A
Z9o] 3 km? o] 9] ZH fH OB FHGE E
£ 71ARE0l 9ste] sk 50| == 54
of 7] 1%tk

3t 7t o] 9] Fr GurEd = shdW
2% Al o] Fr Rk W2H|(Kim et al., 2013),
L Bt 0.04 mg/L2A HeE 5871503 mg/L)
B gon w7kl B 0.17 mg/L2A =&
A712(0.05 mg/L) BT} & Ho g, 25 gx
AGolA Aoz ta 52 4L Btk 1

AU, 35ty 227 7ol Uit 3 =9 A%
71221 0.01 mg/L Hr} £ 318 2ol 227 715
AJo] 24t} (Olsthoorn, 1982).

52 HEFE 240 o 222

SAR(Sodium adsorption ratio)= HEZA &3
of gt 33 = 4 AHE Hokske A2 A
L YEEY ZF o2 JE YAk EAks
S5k W 243} vh S S 2,
ol¢} 72 HEA BRI AFS EYY FrAdl
FEFZ H|X A Ho ek FF| G v|A|A
HoH(Phien-Wej et al., 1998). SAR= & 49| d&
W HEE Z20|E R PSS BAs= <

A= ALgHt.

N
SAR= Na

%(CaHJrﬂlgH)

7|9 A, Z+ ‘FT= meq/liter TS AME-3HTE
T4 di3ul A=Y B3 Bito] op7| Atk &
27o] TS Hol FUF A 52 oIS
Hrh gub oz A di-3 U A5k=2] SAR7E 3 ©]
st B 224 7FsAol jlem, 3~5¢ B¢ ¢
HZ27)o] dAYstaL, 5 o)l B¢ 279 7Hs
o] 2 A o= d#A tHKrone, 1970; Huisman
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Table 5. Result of saturation index for water samples.

0L
Ofol
S

oy
=1
0E

Site  Adularia

Albite Annite Anorthite Birnessite Bixbyite Chalcedony

Chlorite Chlorite

Cristobalite Diaspore Goethite Hausmannite

14A TA

DIW1 -091 -2.76 -430 -6.22 -17.6  -20.3 0.24 -219 254 0.29 2.30 2.98 -26.0
DIW2 -2.58 -441 -931 -9.73 -194 237 0.27 -289 324 0.34 0.96 1.24 -30.6
DIW3 0.75 -126 0.53 -2.87 -15.1 -16.6 0.18 -15.0 -18.5 0.24 3.45 4.48 -20.9
DIW4 -0.73 -2.68 -2.89 -5.64 -16.4  -18.2 0.15 -20.6  -24.1 0.20 2.49 3.44 -22.9
BH1 -2.88 -4.64 -8.22 -9.10 -17.1 -19.4 0.02 -254  -289 0.08 1.15 2.23 -24.5
BH2 -1.68 -349 -544 -6.94 -17.7  -20.8 0.08 -21.6 -25.1 0.13 1.88  -3.33 -26.9
BH3 -1.73 -340 -7.07 -7.17 -184 217 0.21 -223  -258 0.26 1.70 2.37 -28.0
BH4 -2.64 -433 -820 -9.40 -20.2 245 0.28 -28.6  -32.1 0.34 1.02 0.97 -31.8
BH5 021 -1.70 0.06 -3.91 -15.5  -17.5 0.27 -13.9  -17.4 0.32 2.45 4.82 -22.4
BH6 -2.01 -3.60 -6.79 -7.74 -188 223 0.26 -233  -26.8 0.31 1.41 2.55 -29.0
BH7 -2.15 -4.02 -835 -7.92 -19.1 -23.2 0.18 -23.7 271 0.24 1.33 2.06 -30.2
PW -1.14 -296 -299 -6.13 -15.8  -17.6 0.28 -17.6  -21.0 0.33 1.45 3.95 -22.3
SW1 -1.35 -3.14 -480 -6.33 -1, -104 0.16 -8.86  -12.3 0.22 1.84 6.05 -12.3
Sw2 -1.23 -3.08 -0.51 -541 -17.5 204 -0.07 -19.6  -23.1 -0.01 2.30 3.27 -26.4

and Olsthoorn, 1983). & T2 |FoA=, EC2t
SAR®| 2710] wre} Bo) 2] HEL B o
g 227 A TS B = skl 24t
H AE dgdo] d&o] F7HEH @A 9 EC
7} F7Vste] HEJRAL -S-8HA Hrk(Ayers and
Westcot, 1985). A1A o] BE & X729 SARE=
1 ngte=A HEA JAbo 93t 227) 7Hed2S
wron], v Aelgic 59 842l 512 SW19)
SAR7} wio} £9] P42 AFgl7lo] T Ao
HOItH3E 4). 3L SW19] SARE 0.660]H ECE=
245 yS/cmA A7 % 712 gt 227 754
T AY gl Ee o= A= 2 75 ol sl
Fetch

SARe}Waste] R 2278 Hrhshs )
A2 4] SP(Sodium percentage) & AME-517] = het.

Na®

Sp=
Ca* + Mg* + Na" + K+

SP7} 50% olskel A= 279 ZA7F &
312 ot 65% 5 Wi B 22 sl 2
20 & H7}E=d|(Krone, 1970), A5XH 9] 2|5}
e A 34% He2A HE Bt o 227
TFe 82 R o2 U THE 4).

53 ZE mX|¢
FUA A B = Fehy S 279 txF <l

7)2E && o] 9] Hh-g-of| o3t I A AT Atsteh
HA Lol W2 AR Z 9] I @Ate] ofsto] =
2 AR & A=l tidt Ejsksts] £4 Aat
£ o|-&3l FEE2] EFX|4=E PHREEQC (ver.
3.3.8) & &85l ARRIFTHE 5). EZSR|4(Saturation
index, SI)i= =& of|A] o] B ol Wy Af4=9] vl
W5 Fho] | RthGarrels and Mackenzie, 1967).

AP

S]Z Ing( 7)

7)o, Si= LSS, APE | LBHE, K
HRASS oju gt gopo] s7=00]7 o] B
o} g AFel ol EAISII glom, 14P7} KX
(57> 0) HESHEo] ow T F2e A
Al Eck. @, AJske] SloiA Fa el
1217¢] HALE —05< ST< 052 LHA

ojo off
g

S~
N

i
i

0 & gorlo
ok lo U
of

(=3
SRR A ATE B, R R
Al&ZoA F9] gk Holx §lo] Bx3} AJH ¢
o Qled, dixFor S27s TAAZ 5= 3
= A9 FEF?U FE 4 (Hematite), FE4(Geothite),
A E 4| (Magnetite) 5= 0.5 B} 33} AE|Z A
WAo] 157 AL & 4= 9lon, ol Aol ofzt
S27) 7Fs7do] AR §7He] FEF2] Birnessite,
Bixbyite, Hausmannite, =47+ (Manganite), &
47HY (Pyrolusite) 5= A 9] tjF-& —0.5X t} Zo}

o flo min
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Table 5. continued.
Site  Hematite Illite = K-mica Maghemite Magnetite Manganite Nsutite Phlogopite Pyrolusite Quartz  Silicagel
DIW1 791 0.82 6.87 -1.63 5.26 -9.37 -16.6 -18.2 -17.2 0.70 -0.31
DIW2 4.09 -2.60 2.54 -3.68 0.93 -10.8 -18.4 =222 -19.4 0.75 -0.27
DIW3 10.9 3.93 10.9 1.52 9.31 -1.37 -14.1 -13.5 -15.0 0.65 -0.37
DIW4 8.83 -0.05 5.93 -0.64 6.59 -8.25 -15.4 -17.2 -16.2 0.61 -0.40
BHI 6.42 -2.70 2.63 -3.00 3.11 -8.76 -16.0 -20.3 -16.9 0.49 -0.53
BH2 8.15 -0.56 5.27 -1.44 5.38 -9.66 -16.6 -18.0 -17.2 0.54 -0.47
BH3 6.70 -0.72 4.85 -2.95 3.41 -10.2 -17.3 -18.6 -17.7 0.67 -0.34
BH4 2.92 -2.55 2.58 -1.92 1.24 -11.6 -19.2 -22.6 -19.6 0.74 -0.26
BH5 11.6 2.16 8.28 2.01 10.0 -8.01 -14.5 -12.6 -15.0 0.73 -0.28
BH6 7.05 -1.34 3.98 -2.63 3.96 -10.5 -17.7 -19.3 -18.1 0.72 -0.29
BH7 6.08 -1.67 3.69 -3.55 2.50 -10.9 -18.1 -19.3 -18.5 0.64 -0.37
PW 9.87 -0.37 4.95 0.22 7.64 -8.11 -14.8 -14.6 -15.2 0.73 -0.27
SW1 14.1 1.70 5.52 4.40 13.2 -4.56 -10.5 -16.8 -10.8 0.62 -0.38
SwW2 8.51 -0.18 6.57 -1.17 5.85 -9.57 -16.5 -14.8 -16.8 0.40 -0.61
Y AR A he e Wi Wk 23RS 7ol Bk, §E3AAY T Tl AlekE B4
£ AR 7IE SRAS oI s e ARz o IS A=, @FAGUH = A=) st

A A FE39] Diaspore: Utk HH, 4
2 AN 3hla SW19) 28 4 (Hematite), 324
(Geothite), -84 (Magnetite)] XE3R|4+= FH
AT £2 g2 B, 95 2 AHodA+=
Qo] 7P 2R

SRS WA= HEHR] ASE2 g
To=A, AFA A A4 T Hep= H Als=
o FH 71540l EAJel, B B4 Aol
ol FR=h He0] 9l o= A lckSrisuk
et al., 2013). A2 oz W3le] gt HF2 <l A

< AtSh-2H A o] osto] FLah=t, AHdE Y
F*' e $EAEE X6 FTE BgAom
47 BAE el Baske gem 2wt 2 49
R RS SRt oA YL Eol 4t
slol2t A%, At AkskES Tt ol
Ao A B ulel Zro| Eh #izle} pH #idlr} Mo
shs} ukgol F03 W2 2-gate, Ehol pH 9
sloll e o) $2 9 Yol Azl wAe
et

3H,0+ Fe*"— Fe(OH);+e” +3H"

i
Eh  pH

A AollM Hzol, A|sku pHE s}, At g

Ao 3t pH-Eh diagram-& Z=3] B Id
3). tiF29 A&7t A= 4 AR ¢
28kl glom, 53], FYUFE == SWI A
o A x5 A EEAHE A= A= U
et oL, SI 24 At AskE JHo] 7Hss AL
2 F7iE Ao webs, ARRERE-o) Sof FRkE
ud 4= Ql= pH 24, Y7H| T /4], Akt 55, &
T 24 55 B0 AR Ao o SRS
24g a7t it

FeO,?

Fe**

Eh(V)

| O Surface water

@ Groundwater
e | \ | | \ \

o] 2 4 6 8
pH

Fig. 3. Iron pH-Eh diagram for water samples.
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e M2 21 HE

ol

sHo AAEYE St 24 S22 Y
St Hevh ol Ak A7 o A Al 23
S AT o] 32 PX= AR E=
771, 771 FE vdE 2 HEA 5ol Ak
o], & AFolAM= =2 Y SS(Suspended sol-
id) 9] A% 582 Brhstch AW 23 AP 2
AR 2 o AR BES AFtsto] AA
SHATHIH 4).

AARA &2 97 0.75 com O] A2 A&
70 cm Zo] 9] HP5 AMEste] 73 2.08 mg/L, f+
A4=9] SS= 100 mg/L2 A3 2™, SS meter

(KRK)2 243t §250] $59] =L 223 mg/L
24 108%9 A= At ¢, AR
2o 24 1.75m o) 0.7 cm2] BHE 50 com F
AZ Y2 F Z(Reed, Phragmites communis)
¢} o}r}A] @ (Miscanthus-Adagio) & 445t 43
stglen, SS9 F& 20 mg/LY FUSE AMESH
k. Ag AT} 559 FEL oF 179 o 7ol Ag)
4e5] A= A2 UEHTHE 6). o9 3
sl sHg0] 8 @ | A= E3AL BOD, TP,
TN thste] EAZ A} oF 152U At & A 3]
Hashs A2 Uehylth. BOD+= 2 2 d3 44
7|, TP} TN-2 Spectrophotometric analysis
(Hach DR300)o]] 2]ate] 2451t

Table 6. Result of pollutant removal test by a physical model experiment.

Date SS BOD T-N T-P pH T(imp
(mg/L) (mg/L) (mg/L) (mg/L) (©)

2020/09/04 20 142 11 0.49 6.81 24.5
2020/09/05 20 19.3 18 0.53 6.86 23.4
2020/09/06 20 23.2 24 0.6 6.91 225
2020/09/07 10 242 26 0.61 6.94 224
2020/09/08 10 21.1 22 0.53 7.06 223
2020/09/09 10 19.2 2 0.42 7.12 229
2020/09/10 10 15.5 2.8 0.46 7.12 224
2020/09/11 0 4.1 0.2 0.45 7.16 21.5
2020/09/12 0 4.2 1.2 0.48 7.18 21.6
2020/09/13 0 5 1.9 0.52 7.2 214
2020/09/14 0 6.1 2.6 0.57 721 21.2

Fig. 4. Pre-treatment system of stream water.
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FUYGRI HHp0] s T X|olpRT W
of JIFUI SRS ST 2 ol AR
BH7tEY, MFIO o3t 227) =5 XY sk
O] AAZ7t gt Ao FriE U AA AF
R FH A5 FYHEE thFYS Tefsiar
FYoll e MFI 5= BEsHA 4Hske A2
ojZo] 2AEE B} bAS =39 Y= gH
7} 8-tk MFIE 83t 227 &% o3t %
7k Frolsto] ARg-E|ojof k=T, Ydeh=ollA] 500
N AEFLF gt S22 =5 ST HF 3l
om A=Y & HolHE HES A, 20% FY
BolAut 27 Aol UstaL, ol AlkkellA
FAHE 227 ARG R3] *2 daE 2
v} Qlt}(Buik and Willemsen, 2002). ¥l 2, W2
MFIo| %= E+31al 52 S27] AHE Bol= 3¢
= o A5k A2 A ATh(Schippers et
al, 1995). 2 Aol AXE F27) £5& 2
7 WA £EE HojFe A2 A AFT
of Rof| it Ao 2= REF R o2 dEA §lof
TRt 227 Al tiet T HEE B3t
Y 7Hs /32 B7stofof gt

SHH, 2 AERolA nERel o E2A &
27AE Fas) 517] fsiMe, U HAe B
ofyg}, YR AERY AHES KRS AT
HE Y A"E fY9s YA 5 J=F FYFY
T25 AA, Algshs Aol Basieh YA A
5 7bol| A= Fg-oll &gt Alo| A= A5k
I PR zZlo] olstol| A3 S MAA|sH= Hijte| A
Ex|ojof gttt
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0
tol
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mju
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o] ¥gh= FUgol 23 gAY AR 7S
= Slow, v gjote] g dast AR AlF
517)% gtk wEbd, FUE R £ 24T S8
73 9] Ao F23 4E-Z sHA "ot @l Y
ol AA =, thget FEjo AY(FUH FUS
T 5= B0t HAH FY AU eE =28 48
7+ ek

A O] Agk= pHY| ok Wo| dh=t|, dytz o
2 pH7}1 A= F7He o Ao 4k} &=1= 1006
A= w=n, A7t E, B9 2%, f71E FF 2
YR o] 2 Fo] HY 4ts}o] S v A=
A A ok W2 GrtE| Eo A= AlgRRkgo] =g
A A=l Ae) A5k @ RA7 Folaka] ghed,
ob7tel s Mol Askarg- A pH itk 7h4 @ Floc
F4E JAske 92 ghrh(Hult, 1973). pHE} AF
2 =7t YAstH 2271 15% $71e o Akst
Z2hg-9] £=+= 108} A= F7lste A= dEA
JtHStumm and Lee, 1961). 3HH, o] A& Fof
A& Cu®’, Mn*, Co*" & HPO" 52 A8lahgo]
Zu] 932 5121 SO,” & CI': oAeHs Hehe 3t
£ Ao 2 957 v Itk (Sung and Morgan, 1980).
o|9} o] Y4 AR = Hi Y] F=
7H & Zo] 2=, spdeof 23tE dn
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7F ek
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