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Chan Hahn, Myeong-Jae Yi and Ho-June Jang, 2016, Application of reactive transport modeling to an in-situ
test for the removal of groundwater iron and manganese in aquifer. Journal of the Geological Society

of Korea. v. 52, no. 3, p. 275-289

ABSTRACT: Using the reactive transport modeling applied to the in-situ experiment for iron and manganese
removal carried out at riverbank aquifer beside Anseong River, Gyeonggi Province, we could guess the
hydrogeochemcal characteristics for the aquifer. As a result, assuming the dispersivity of 0.05 m, the cation
exchange capacity was evaluated as 0.05~0.06 mol/L pore water, which showed strong impact to the retardation
ofiron concentration. The selectivity coefficient for the manganese and the surface complexation parameters had
an influence on the behavior of manganese, and the evaluated values for the density of the weak and strong site
were 0.8 and 0.02 mol/mol HFO, respectively. It seemed that the precipitation of manganese was not proceeded
as an important reaction. The efficiencies of the system for iron removal through the in-situ experiment and the
modeling were in good agreement to each other. Applying the dissolved oxygen (DO) of injected water of 23 mg/L
and 11 mg/L, the volumes of withdrawal to 0.4 mg/L of Fe(II) could reach about 6 and 5 times those of injection,
respectively. The geochemical mechanism of in-situ iron and manganese removal and the behavior of solutes
presented in this study using PHREEQC can be applied to the analyses of similar field tests usefully.

Key words: in-situ iron-manganese removal, reactive transport modeling, iron, manganese
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Table 1. Major reations and their equilibrium constants defined in PHREEQC related to the subsurface iron/man-

ganese removal.

Reactions log K

Redox

Fe' =Fe" +¢ -13.02

Mn®> =Mn®" +¢ -25.51
2H,0=0,+4H +4¢ -86.08
Precipitation / dissolution

Fe(OH)s@ + 3 H =Fe’™ + 3 H,0 (ferrihydrite) 4.891

MnOOH +3 H' + ¢ =Mn*' +2 H,0 (manganite) 25.34

Cation exchange

Fe’' +2 X =FeX, 0.44 (log Krena)
Mn™" +2 X =MnX, 0.52 (log Kuna)
Surface complexation

Hfo sOH + Fe’" = Hfo sOFe +H" -0.95

Hfo wOH + Fe’" = Hfo_ wOFe" + H" -2.98

Hfo wOH + Fe’" + H,0 = Hfo wOFeOH + 2 H" -11.55

Hfo sOH + Mn”" = Hfo sOMn" + H" 0.4

Hfo wOH + Mn>" = Hfo wOMn" + H" 3.5

SHE-L 32 W &ZH(surface complexation)
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Fig. 1. Location map and distribution of test wells of the in-situ test (Yi et al., 2015).
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Table 2. Rate, volume and dissolved oxygen concentration of injection and extraction stages for each cycle (modified

from Yi, 2016).

Injection Injection

Extraction

Cycle rate volume rate DO of injected Comment
(m’/day) (m’) (m’/day) water (mg/L)
Preliminary 200 1,600 500 30
1 200 150 500 30
2 200 150 500 30
3 300 225 500 30
4 300 225 500 30
5 500 375 500 23
6 500 375 500 23
7 500 375 500 23 modeling
8 500 375 500 23 applied
9 500 375 500 23
10 500 375 500 11
Modeling is applied from cycle 5
0.06 Injections » « Pumping » 1
G Rest o Fe?
=
S
~0.04
=
=
c
=
,_\" 0.02
=
(]
(18
0

Elapsed time (hours)

Fig. 2. Observed concentrations of iron, manganese and dissolved oxygen in total cycles of the in-situ test (modified
from Yi, 2016).
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Table 3. Input parameters for PHREEQC transport model.

Cells: assume radial flow, radius 9.4 m, 40 cells
Transport model Shifts: 30 (forward), 10 (diffusion_only), variable (backward)
conditions Time step: 2,160 sec (0.6 hr)

Dispersivity: 0.05 m

Equilibrium Ferrihydrite (pe control)

phases Manganite (if necessary)
Cation exchange X 0.05~0.06 mol/L pore water
properties log Knmna 0.052~0.52

- Weak site

Surface proper- ~ Hfo_wOH 0.2~0.8 mol/mol HFO
ties of hydroxide surface area 53,000 m’/mol
(ferrihydrite) - Strong site

Hfo_sOH 0.005~0.02 mol/mol HFO

(cycle 5) 18 hr injection (30 steps) — 6 hr rest (10 steps) — pumping to Fe 0.4 mg/L —

Schedules (repeat to next cycles 7, 8, 9 and 10) [end]

(cycle l*) 18 hr injection (30 steps) — 6 hr rest (10 steps) — pumping to native Fe conc. —

(cycle ll*) same as above [end]

* cycle numbers in roman expression: pumping to the background concentration of Fe(Il) in withdrawal of ground-
water for the purpose of model analyses.

23 D HEZ2J|H of =g wi7tA] g ShaL, oAl 18AI7F FUS
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7}7‘* A3, o3 ARE ZopRHA ALY & YeRfIh vl Askee] ES 7]‘?}2i =R
E-2 AAFE 4= Qlth(Parkhurst and Appelo, 1999). 29} AkA = E A% YR FUeA =
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length(1)= ——— Q) ¢
Vi AF7I B 295 w2e HRE ¢S He
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Table 4. Mean values of chemical concentrations of groundwater and injected water used in the modeling.

Groundwater" Injected water”
Solution number 1~40 0
Temp (C) 16.2 16.2
pH 6.56 6.56
pe 2.54° 14.7~14.9°
DO - 0.3438 (11), 0.7188 (23)
Ca 0.8126 (32.57) 0.8126 (32.57)
Mg 0.2332 (5.67) 0.2332 (5.67)
Na 0.5833 (13.41) 0.5833 (13.41)
K 0.0491 (1.92) 0.0491 (1.92)
Cl 0.471 (16.7) 0.471 (16.7)
SO, 0.0781 (7.5) 0.0781 (7.5)
c ~3.9 (~140.9 as HCO:3) ~3.9 (~140.9 as HCO:3)
Fe** 0.1182 (6.6) -
Mn** 0.02 (1.1) 0.02 (1.1)

Unit of concentration in mM except for pe and pH (in mg/L in parenthesis)

"Carbon used for the charge balance
*Fe/Mn-rich groundwater

°Groundwater" equilibrated with oxygen (assume no Fe content)

‘Calculated values equilibrated with ferrihydrite and adjusted to redox equilibrium

ICalculated values adjusted to redox equilibrium with oxygen
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exchange capacity, CEC)9] 3= Hu| ojju] it
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Fig. 3. Changes of the concentrations of dissolved iron and manganese as a result of simulation under the presence
(ppt. on) and absence (ppt. off) of precipitation of manganite for cycles I and II ([X] 0.06 mol/L pore water; log
Kwmnna 0.52; weak site density 0.2 mol/mol HFO; strong site density 0.005 mol/mol HFO).
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Fig. 4. Calculated concentrations of dissolved iron and manganese in cycles I and I showing the influence of cation
exchange capacity (Unit in the legend is mol/L pore water).
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Fig. 5. Calculated concentrations of monovalent (Na” and K") and divalent cations (Ca’” and Mg™").
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