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ABSTRACT

Shallow alluvial groundwaters in Korea often exceed the Korean Drinking Water Standard for dissolved iron (0.3 mg/L),
which is one of the important water quality problems, especially in the use of bank infiltration technique. Using the
reactive transport modeling, in this study we simulated the effectiveness of injection-and-pumping technique to remove
dissolved iron in groundwater. The results of simulation showed that pumping of groundwater after injection of
oxygenated water into aquifers is very effective to acquire the permissible water quality level. Groundwater withdrawal up
to several times of injected water in volume can be applicable to yield drinkable water. Potential problems such as
clogging and permeability lowering due to in-situ precipitation of iron hydroxides may be insignificant. We also discuss on
the mechanism and spatial extent of iron removal in aquifer.
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Y] AHEol do HHY FAE FriEz gtk
(Hiscock and Grischek, 2002; Tufenkji et al., 2002).
a8u 8% ARl a4l o8 NEERE F
He= A ERe o3 do] Al 9o, =
NME =3t HIE ARROZ 915l Fo FAMIAALO)
2Tt A BaEA o AAE L, 2002; &9,
2003; Min et al, 2002; Chae et al, 2004). S}A|7F A
A7 (electron donors) &S HEsh= f718E<0] Ui
% Uol R EAE Aaddrs 9d W
(denitrification)l] &3l A}AH o7 7= 7w 3} o]e}
W oleid B Yol tieSele A5NsE Ee
AR B9 WMol BN A5 el 8 3
o] %7} Z7IE At} ool mal, HER SavlE
= 28k rEse] A o) ARlrollA] v el
LA =, ol At FEE 93 ZHodu)e] 8
o] Fdlst EA7F H7]1% $cKBourg and Bertin,
1993; Hiscock and Grischek, 2002; Tufenkji et al.,
2002). B 2 77 #3ls 2R EREAE A
Tk £ T, Al BT Tl ¥3S & Wk oluzl JA
&8 F4(cloggingysle] 8 & Bxo| A5 A
FANZIG BEgE 271 Hof ke BEYE AMIsAA
s24HE AAd 43S vA7IE FohBrown et al,
1999). WP AARZA7IFH(WHOYE HeEe] d 552
03mg/L °l&tE FHAlskaL o, Fuje] HeE VIEs
o)¢} FYstA A= Ut

A3l W] 8 Hg AP SlEie iy At
TE ¥rgh & ZJ|(aerationys T3 AAAZ F 2
HBE AANAY BellE o]83le] FEALEERE o]
AMEETL JTHEIZTE 5, 2000; Sharma et al, 2005).
FRE frgdolxde i Woll k) 3538 22 54
] ehe die] 38 doA 85 H9

k-
EE YFe o] AME-EHI tiAppelo et al,
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1999). o] RIS 2 ok & Wwo] =Xy} Bgs)
A A Hasd 4 o, g RIS s &F
T3 Foll= A ol AAV} ALH R FsErk=
o] Utk F, FUH &l 9 & 8lo] RS
A ol&9] AA FEo] TTRIE AoF HriEIT o
o that zpAIgE 712K Appelo et al.(1999)] 28l AlA]
H u}

oldl], B Aollre 7Ry Fo AHoA HEZ
82 Al 2 ARl sl Atsket Z2 el
PHREEQC(Parkhurst, 1995)2] ¥kg-Ad8-do) s els)S 2
B3 BoZHN, UG5l o5 8& H AA 7Y &
438 Ao HEsaA £ okge], -
W 7ol 9% 8 E AA 72 2 3 AA
Helofl tisked 2ksl-2dukg-0] I BEslar, A=
7 8 geFe] g At 5 B 7HY 8ol 93
ke = 9y 2313 A9 7FsAddl tisl HESIA
th B JFE 53l s B4 UieE Ak &8
Zo) 2 A AAA e =w2Ehe shie] A7t 5
715 nigch

2.1. 47 vl

275 22003y U] 407 F9e] 22T A8l
4 B 1Es 49, 8F o] 74 VS 298}
o] 27%E AR LR RPFAA FHellA
1 HlEo] 40%E A3Sta Hasith(Table 1).
St A FAHF AlollAe] & Y HT v
27 mg/LZ B3I, §3] a4 38 AYdMe
Hil 50 mgL oS Vet st mebr] 8 A
< S A5 Ak 72E ke 83 8110
Hi LS & 5 AUt w8 ol 839 Al
Ae FAYE s ABA u1ge] A7k B8, 7wy
7 F& E83l ol& 71E3 85 FRHE X
A - F23 EAZ g

b

kg ore e

Table 1. Summary of the concentrations of dissolved iron in alluvial aquifers, Korea (after Kim et al., 2003)

Watershed
Geum River Nakdong River  Yeongsan-Seomjin River =~ Han River Total
Number of groundwater samples 68/230 58/146 16/35 6/53 150/563
exceeding KDWS (29.6%) (39.7%) (45.7%) (11.3%) (26.6%)
Mean conc. (mg/L) 4.5 (54.2) 2.1 (58.3) 1.5 (10.6) 0.3 (5.0) 2.7

KDWS =Korean Drinking Water Standard
! Number in parenthesis indicates the maximum concentrations
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2.2. Fel-2k=0] 25t B2 & HA 7=

FU-L) g &5 He] AA 71Fel dere
Appelo et al. (1999 &3] A}A|E] 715t ol 7t
@3] Aejsie] avlsid o 2ot
A8} Adele] FUFE Tl HW UlgE TAER
ol2 gk Alo|Ed Y3 Fe(ll) o] &7 FU59] ok
ol o oj&mto] WMAYSIHA Fe(lly} A2 U
A Bk, o] Fe(I) Y459 4o} 9ES31] Fe(lll)
2 AElEEA FalelEg A "ot o)2A A
H e digse] oleud sHS TMIE
2 HEks S =, XEGE S Wi Fe(ll)
ojgo] FAkIE-S A F2E 0
3P, i
O]%ﬂ%]—jﬂ. = ’\]@]— ol 31 ifjl—o]r)r.
A gtetrdyge] &3] A% PHREEQC(Parkhurst,
1995y Egapl olemlsl ¥ £ nEE wulag
g =], H44kslE-S HFO(Hydrous Ferric Oxide)=
X5} A}t PHREEQCOIA AMESh= Fedl o]2mwdt

lo

+ Hfo w2 F3¥ch $h8, HFOo] x4 2 &3+ A}

Fe?"+2X =FeX,
log k=0.44

<Fe F& Whg>
Hfo_sOH +Fe**=Hfo sOFe"+ H"
log k=—-0.95

Hfo wOH + Fe?* = Hfo wOFe"+H"
log k=-2.98

Hfo_wOH + Fe*' + H,0 = Hfo wOFeOH + 2H*
log k=-11.55

PHREEQCIM= 12Md ¥k&Ad-8Aolsrd™o] 71
sh, olge} B2 & Lzl $415 ARSSHAl Ho(Zhu
and Anderson, 2002). &, HulE EQ] o|4(advection)
3} Eak(dispersion) 2 Ulg gEQl A18pEt HRgo] &
Alell Ak

. 2 . . n
? =piZCCL § g
! at x5

Multilevel monitoring wells
Paddy rice field
Vegetable field
Greanhouse field
Residential area

Artificial embankment

River flow direction

Fig. 1. Location map of the site examined in this study.
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Table 2. Mean values of chemical concentrations of alluvial groundwaters in oxic and sub-oxic zones, Buyeo area

Ca Mg Na K Fe Cl NO; SO, Alkalinity
pH
mg/L
Oxic zone 57 42.8 20.8 9.5 24 <0.01 272 117.5 67.6 17.2
Sub-oxic zone 6.1 159 19.0 12.5 3.8 273 41.2 <0.05 <0.05 168.2

Table 3. Input parameters used in the reactive transport modeling in this study

Input parameters

Injected water' pH, pe, Ca, K, Mg, Na, Si, Cl, NO;, SOy, Alkalinity
Goundwater in sub-oxic zone' pH, pe, Ca, K, Mg, Na, Si, Fe, Alkalinity
Equilibrium phase Ferrihydrite
Surface properties of ferrihydrite Hfo_wOH Ferrihydrite 0.2 mmol, 53000 m*mol, Hfo sOH Ferrihydrite 0.005 mmol
Ion exchange condition X 0.025 mmoL
~cells 30
— shifts 20

~time step 21600 # seconds

— flow direction forward
—boundary conditions flux flux
— dispersivity 30*0.4

Conditions of transport model

! Unit: mg/l. except for pH and pe

24, X2 oo Injection Pumping
£ el mage)] ASE SllElE Table 30 B > =
sttt BE4(conservative) 49 G4 o]L Uiy

Qelie] F315ee] o) Azle 97 sl mAREIEt,

FRIollt EAST BT Askeol gl Aoz 7}

Faliet. B3, sk HtehE]l sjElslel=zalo)e

(ferrihydrite)oll sl B3 Alejol Yok 7F3IAT). ¥ Oxic groundwater
Z3lol=lo|Ex ZH X (goethite)dl] Ble] ddstxozm High nitrate
EQHelar Hgdoeln, A4elE A 7 WA 3 Verylowiron LU

JE|3 WA o] HrlHouben, 2003). o] 2252

=l vl e EAE Ha FHEQ 35-38% (3

FALZAL, 19950 ST 30%2 7FEERARL, Wek Sub-oxic groundwater
1.8 gem’2 7FYsIAT) Ul EREA 428 2|5} High iron

o o8} $% 7}e3H(leachable) ¥ EEE 2wt %= 7} Very low nitrate 4l

AL, SET s o83l HgslEe] %S

ARk om 1 el 10%E i3 Wl S5k v)A
2 dgslolmglelEY] T2 713 th(Parkhurst,
1995). HFO9] EA Ztol thslA+= Dzombak and
Morel(1990)2] ZALEE 283+ PHREEQCS] 71E3k& A} 83e] AXKITHAppelo and Postma, 1994).
B3], AL 600 mYg, 2Kl BE AR|E Fre

0.2moL/moL Fe, 7%t &3 APIE FHEE 0.005 moL/

Fig. 2. A conceptual diagram of simulation in this study.

CEC (meq/100 g)=0.7 x (% clay)+3.5 x (% organic carbon)

moL Fe= A48Tt o] LuPAIOE sre A7AY ojFgA AXE CECE olewd HX)E T3leul A

tireel dEst 718 g 18] ol 4 o] gl O WAlE v saos wEEd
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Fig. 3. Changes of the concentrations of dissolved iron, as a result of simulation under different injection time. A. initial condition (before
injection), B. 30-hour injection, ¢. 60-hour injection, D. 120-hour injection.
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o] @i, Akk, AA] Aie FYUSlT EFEAE
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F7} o158 AdE vehdth. F8 Eiole U
S olFapaAr Aot EFEY] WE FARNAM A
7} e O Frdle 44 o F9) o)A
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t}. 30113 FUg A<l <k 6 m(Fig. 3B), 60AI3E
9] Aldle ¢ 13mFig 3C), 12087 T Alolle
23 m(Fig. 3D) 7HA] $38] A AAES HAFE
A, $220D0x FY F =7t 43 Fasked,
olAL A olLe] 4Bl Tl BT ARSHA 11
o}5o] XA wiEolrt. SR 1 A MAE T
$9] olF A} vlmdhH 2ot ke FEY davt
At} oA FF4kho)] osiagt A o9 syt WA
b gkt =98] B3 AF, & EENAY E
SH7} 00] Ee AFAMTEEE E o] AAHRA &
o AskE W £ F) FxvF a2 fAE o &
Aotk a#y mdy AdE By, §8ikAT) 3]
H A7 o)Foe §F AL AAHT o A
28] F5n7E 020 AR olFoAof A olo] EAF
o 4 Ut w3 AskAEA G SRS v
2 P4 o]0 Blg) ojFe] AT Jor o= A
WAALTE AART PSS ERdT) ol B E
[2of) oja edo] WHASIAA FAlel 8 Fol At
552 JASKE ool 2o wkgHog MuE 4 9lo
™ olzgt ¥re-e z A SIr(Straub et al, 1996;
Benz et al., 1998).

o 10 AN

2o N té

™

(<]

:

10Fe?" + 2NO;™+ 14H,0 — 10FeO - OH +N,+ 18H"

2718 wkgo] Y oARE RIS Yo, TEH &
#d N, 7129 F5 ¥3lE Fig. 49 vERTH ¥
oAE ZFt 30, 60, 12073 9 ¥ ©Z(denitrification)
o oa) WAsk= N, 7129 = ¥stE veERidET,
o] AT}E Fig 39 TAIE AMgAAe] T Hsle} v
wal B FidAAe] FrF 2SN N, TEE
Al Z2713Re & 5 Qo wlebd B mdye] An=
3 o] A} vEo] g2 vkgo] oS AAJehH,
B 9] A7 AHE(Vanek, 1990; Rott and Laberth,
1993014 AF3 vie} o] F9-45= 7HE &8sl

ARG} B BT AAY & 9ee BoiFw ok

32. TR ¥ ¢ W DAL A AlZH IE BE 0f
289 s M}

Fig. 5 %) & &k Altell e 8 olE
9] F= HaE Yepilth £ rdeldbe 12007 F
d £ HlE IE Bl ATE BARII. 5 ARE
gelstget, Fig sAdAE U AREL Y3 1204
ZH5Y)] 9=, BAlAE 240417H(109)] e, CollM=
360A7H(152)2] 5=, DAME 480217120 YrE
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