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Gyoo-Bum Kim and Myeong-Jae Yi, 2013, Optimum design of oxygenized water injection wells for an in-situ
removal of iron and manganese in groundwater. Journal of the Geological Society of Korea. v. 49, no. 5, p.
579-586

ABSTRACT: There is a growing interest in an in-situ treatment technology of Fe*” and Mn”" because their high
concentrations in groundwater at the river bank filtration site can cause the high cost for water treatment and the
reduction of facilities lifetime. Under the aquifer condition of the study area, which is Jeungsan-ri, Gilgok-myeon,
Changnyeong-gun, Kyeongsangbukdo province, it has been revealed at the previous research that the oxygenized
water injection rate with a dissolved-oxygen saturation degree of 30 mg/L should be 30% of groundwater pumping
rate in order to achieve the target saturation degree of dissolved oxygen, 25 mg/L, at the pumping well. The purpose
of this study is to determine the optimum number and location of the injection wells using a numerical model under
the above injection condition. It is predicted that it is impossible to achieve the target saturation degree of dissolved
oxygen in cases of one, two or three injection wells, but more than four injection wells can satisfy the target
concentration and therefore four wells are enough for an optimum injection effect. Additionally, it is analyzed that
the square allocation of four wells around a pumping well can produce the best reduction effect.

Key words: River bank filtration, In-situ iron-manganese removal, Injection well, Numerical model

(Gyoo-Bum Kim, K-Water Institute, Daejeon 305-730, Republic of Korea; Myeong-Jae Yi, GeoGreen2l Co.,
Ltd., Seoul 152-719, Republic of Korea)
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st A 7S A2shr] fg AsAY
71E2A AapE ATl FYste] AEHE B4
T 2H JAA 7= 7ol YR FH AGAA 5=
A AZE ARGE A JEH ™ 1), HEA QA AR
AZ=2 3 (Eggersdorf) 4ol 72, 1984 dFH
3,000 m’/day 9] A4S |5 FYste] £ B
0.048 mg/L, &= 72 0.005 mg/Le] H=7HA]
A5HA|7] A 18,000 m’/ day 9] Tt 427} o] %
oJR| 2 ItH(Kim, H.S. et al., 2007; Kim G.B. et al.,
2011). Aol Ak2E FUsh= ol gt shed
AZo=A @ A 93t HF Zdo] o3t &
3t 7t A7) Gl gt AH e B 50| =3
Holon, AA| @A 8 5 e Ve &
272 ¢lth(Hallberg and Martinell, 1976; Fan,
1988; Appelo et al., 1999; Mettler et al., 2001; Sharma
et al., 2001; Houben, 2004; El-Araby et al., 2009;
van Halem et al., 2011, 2012). <oA= Kim et

Aeration

m
Injection Injection
; ﬂ%\
r

Aerabic zone H H

Pumping well

Fig. 1. General concept of in situ iron/manganese
removal system (Lee et al., 2012).
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Fig. 2. Location of the study area and distribution of pumping and observation wells.
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tH(Kim and Kim, 2009).

A7E gI5to] Aol A VAAIW-L, W-
2), ¥ 27§4&(PW-1, PW-2), #=H 11714
(MW-1, OB1~OB6, OB9~OB12)0] AX]|=rH 1
P2, 1) PeAS FHO2 S0 42t EL o
24 g s YT BESAS WX siged #
24719] 7] oF 510 m A= §AI5}elch

397 iy

AR Gof| gt A st A} Y1t F= o A7
< Hsto] AFA o] Bagh Aago] FRU7RS 2
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ol A 2 HE 35 8 B9 9o
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slo] HFHoT T2 A= FH(IW-1)0)4
350 m’/day 2 F5H 2ol AL F9l5}e] Ahaks
=30 mg/LE ESHA|Z] T F29]H (MW-1) 22 o
2] 30%] Fh= 105 m’/ day S FY3H= Ao
7V aat e Aoz SAE bt gl

E Ao B 2 thZolA] AR ¥ 7t
53 Zojeo] Siaks oF 1,000 m’/day 9] FR 2
F7t o] 2o1W AL g2 A} Uiyt AL I
s}3}7] $lsted WaghFelg o) vix| o} AjE Bt
At 2] mEE 71 HS SEstct ARG
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Table 1. Design of the pumping, injection, and monitoring wells (Lee ef al., 2012).

Content TW-1 IW-2 PW-1 PW-2 MW-1 OB-1~0OB-6 0OB-9~OB-12
Purpose Injection Pumping Pumping Pumping Monitoring Monitoring  Monitoring
Depth (m) 36 35 38 38 36 38 35
Diameter (Inch) 6 6 10 6 2 2 2
Screen 29-36 26-35 28.5-36.5 25-35 29-36 Full screen 24-35
(m, depth) (Gravel)  (Gravel) (Gravel) (Gravel) (Gravel) (Gravel)
Distance to 5 40 - 40 10 10~24 10~24
pumping well (m)
8 / //Lﬁ
i D // |
& \qk\\\jj\zﬂ Study area F3
- 1 ‘
> %nstam head )
boundary

o 70 140 210 280 350 420

(a) Model area and boundary condition

210 280 350

(b) Grid distribution

Fig. 3. Boundary condition and grid composition of a numerical model.
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48° 3| Aste] Y5ts 55
530 m x 200 me] A7|&2
3). 2o ¥H 9| AL 1
ARstgon AAY £ A9 1m x 1 m=2
o& AlES}stlnh Hs7dat AR el A oF 500
m o|ZH A HE& dAFF FAZ AAsHt

ARoA 3 E 71E9 FeAlE A (Kim and
Kim, 2009; Kim et al., 2012)0)| 4 AA|E F2| A=
5 EYE BY9 BiE RS AR FRAHE R
#Ze 93x10* cm/sec, RO mal| AL
1.7x10° cm/secS 2839 0m, Wl a1 o] E3tE
22 1.1x10° cm/sec® AASIFHE 2). T2
2 71& £ ARE EUE B HAYIHANA 4
F g ste] 285131

2 AFA ol gt 2H FUAFRE T
10%, 20%, 30% L 40% = A A5}o] AA| 25t A},
30% = Aot ) 8] &EATE 25 mg/L
ooz 2|&E|o] QPYSHE|Glom o] uff FrollA
o] 82 H2 01 mg/L, &= I 021 mg/L7HA
Wolx| 23 Qo2 AAH vt Uk(Lee et al.,
2012). o]¢} 22 A FYU=F 242 o] A3
o AR ZARE ARSI F8(IW-1)ollA 350
m’/day2 F45 Bof| AT F30810] At 30

o

Table 2. Parameters used for a numerical model.

mg/L2 ISR T FPMW-1) o= g
30%9] Sg3H= 105 m’/day & FUshe Ak 3
A AlFS 57 sk A o= RASHSIT

n39] B % AFolA S8E Aste9et
Bdo] A3k E sk WS ARSRR o,
F9) 5 R A] AR §EARA O] HRS- A7k} 4=
o] &AL e WS A B Aue} uedd 5
U=E AT Ast9lof] tigt B2 547t
o] Y = Ao G == A FolA Y] mE 9| ot
Aieh A AT A A S =915 Bl ast
o] £=33FTH2Y 4(a)). 2 AL 9J5te] RMS
(Root Mean Square)®} Normalized RMS7} 7Fs
g a7t H =8 n S vhE 23k gint

RS = | L3 (x,, - X
n

cal obs

)

RMS

i=1

Normalized RMS =

(‘Xubs )m ax (‘Xcul)min

7|04, X, = B 24 25k X, - 29 A
I} =gkolth. RMS2} Normalized RMSE 242t
115 m, 895%7} HE2 nd BAL W5hA LT,
Normalized RMS Fto] 10% oW 24 AFAH A

Layer Components Hydraulic conductivity (cm/sec) Specific storativity (m")  Porosity
Zone 1  Sand and silt 9.3x10" 1x10™ 0.2
Zone 2 Sand and gravel 1.7x10° 1x10* 0.3
Zone 3 Weathered 1.1x10° 1x107 0.1

.. tD ; gzs oA " VI’wl-vl
E° . 3 £ 1
58 - 3 S j
’ O Layer#l 2 °
5L LT o ) - ’ ’ Ehapsedtime oy ®

Observed head (mo) w08 asia
(a) Observed and calculated heads
unit: 0.01day)

Fig. 4. Three approaches used for a model calibration.
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Fig. 5. Simulation of DO changes for each injection case using MT3D (Q: after 1 day, @: after 20 days, dark color
boundary: 25 mg/L).
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SHRAE Bl A 2 wkeggte} shlct. 2=, of9t
e e ap g mElo] Ay mpgol A @] o
ot B3t A5 9 54 AETT HeshE o
B = 7] YR Bk
g AN FAFMW-1)ollA Aasps 39
o FFAIW-1)0llA AR E= §E4R] 27
SAIZEE oF 2417k 2 vehted), mdle] Pgt
A& motstr] 9lste] MODPATHS At 29
185t AA7E =gshe AlRto] oF 2A1ZH(9F
85¢)o] H=E BdE FASTATHLY 4(b)).
EE?SP AR @A SAHE FeAolA e &3t
E29] 25 mg/ L7} Al A SAHEE 2 2

\l

o

A& oI, 29 40 e g 2ol
2700 244 SR/t G243 7L o 5
o] s A ksl Y 02 W

S HAZt) o3t Aits EEAAAE HEA &
@E Theol A2 A AR ARl wad

FARE 2 5=} Aolrt Ak 25w
1 4TS AL Wy SA0lE Bal e
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5 XA FA A
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BoA AA A ( =
F52] 30% %—?4)4 L}i s A% F
Aok A FUER T $E B/ $E G
oA TR B SEE SABE A oF
4317 o]%2 Lebytth(Lee et al., 2012). waba] 3
Aoz FH o] YA EHehe 5t 5
B3 Abshkgo] Yojutol §& A/ wztel AE
£0] ¥7 e 202 o) oj9} e 9y
A ARE B2 YolH 153 37 vde =
2 A7) ¢ 2] AA| 74 P4 1,000 m*/ day 2]
ol aeg ARt 79 A9 F94 &
A AAE 9% $ARGL ST B4
gl A} HhS FAAZHABAIZH S melol
4% A3}, 2T P Az o 15mel 3
ol AR B3} EPshe Ao ehdon, of
72 4% 225t FA oA 1,000 m’/day 2
W5 v F42] 30% 2 300 m*/day S E Fol
A FQsk= Ro] o] &8-S Lol dis)
o) 5 5 35HArH 1Y 5).

30mg/LZ

1719] 1742 o)A 15 m HojRl 2o
378} 300 m’/dayo] g U Ao, 1
¥ 5(a) 2] TA Hi= ule} o] 20%0] HTsto]
= FAol A 2] §EAA FE7}25 mg/LE 23}
317 oFe A0 2 el 2709] YA olA] Zkzt
150 m’/day 2 37H] Z<1A o)A Z+zH100 m®/day
< 303 A ollE, 2090] ARsol = P4 oA
9] §&AA 57} 25 mg/LE 2T of= Ao
Urebge 2 5(b), 5(c)). ¥Haol, 4709) Z9l e
A 22k 75 m’/day, 5709 FPANA 2k 60
m’/day @ 6712] 2ol A Zk2t 50 m*/day 5 4
7 ool 217l Aol 100] H oA &
F42 527} 25 mg/LE 238K A0 |2y
k(™ 5(d) ~ 2 5(f), 19 6). E3E, 1 69]
A B upe} o] 281 o] 37 o]slel 9o 30
Qo] Aol = FAoA 2] EF FE 25 mg/L
oAk HolZ] g gloH, 23] 4712l ol
E10Y0] AAsAA BB 55 27617 A&}
3 QM 3, 0ol 47 olio] EH ool
A o] g2 T F7PL ESE 0] MTHL Kol
Lo, o) 2 FUHL 57 o AAsjeekE 42
R 5 2717 E8) 4K S AL elelsi,
ol Z 47l AL Wi HEH= Fo] 8= Ak
7re) A EHE GASHEA AT uES A0S
4 Qe A $20= PR 4 9l Bz,
3, A7A) L PR 1T A g oz A A5}
GolA sHo R0 550 ofste] Abag F9]0] &
hol 2|7 EAyEt 4= Sick. whetA, oA A4 A
2 239 49 YRS 33 73} 20 3744 &
Foz AT 459 Zzke] ¢ mifo] T =]
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Fig. 6. Graphs for DO concentration at a pumping well
after oxygenized water injection.
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Fig. 7. Simulation of DO changes for each allocation case of injection wells using MT3D (Q: after 1 day, (: after

20 days, dark color boundary: 25 mg/L).
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