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Numerical Simulations on Persulfates Transport in Aquifers and Developments

of Predictive Models for the Radius of Influence of Persulfates
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Abstract: In situ chemical oxidation (ISCO) using persulfates is widely used for remediation of soil and groundwater contaminated
by organic pollutants. During ISCO, injected persulfates transport in aquifers and undertake complex physical and chemical
processes, dependent of aquifer characteristics and injection systems. How the transport and distributions of persulfates in aquifers
vary with aquifers and injection systems remains poorly understood. As a result, it is difficult to predict the radius of influence (ROI)
of persulfates in aquifers, denoted as the border at which 1 g/L persulfates occur and is the lower limit to ensure the performance of
persulfates. In this study, we developed continuous single-well injection system scenarios in distinctly different aquifers with
different injection parameters, and carried out numerical simulations on the transport and distributions of persulfates in aquifers using
the numerical model FEFLOW. Totally 11 parameters were taken in considerations, related to aquifer characteristics, persulfate
consumption and/or injection systems. Different combination equations of individual and/or interaction items of the 11 parameters
were proposed to represent the impacts of hydrodynamic dispersion, persulfates consumption and their interactions on persulfate ROI
in aquifers, respectively. By using the combination equation and mathematical simulating result data, we developed a comprehensive

model for the temporal and spatial distributions of persulfate ROI in aquifers, with the determining degree (R?) of 0.990 (n=2 083).



The external verification of transport of persulfates in aquifers had a R’ value of 0.992 (n=11), based on the Advection-Dispersion
Equation of persulfates in aquifers used by the model FEFLOW. Sensitivity analyses indicated that effect porosity and thickness of
aquifers and injection flow rate and injection time of persulfates have great positive or negative impacts on persulfate ROI. Their
impacts decreased or increased in magnitude over time, and the decreasing or increasing rates drastically varied with aquifers. Effects
of injection and hydrodynamic parameters on persulfate ROI in typical aquifers were discussed to identify the best design of
alternative injection approaches. Simulations on continuous single-well injection system scenarios showed that persulfate ROI values
were 5.2~7.7 m in sandy aquifer on 30" day, as compared with 0.7~3.8 m in silty aquifer. The finding may have practical interest in
the evaluation and optimization of persulfate-based ISCO, based on the site-specific conditions including aquifer permeability and
heterogeneity as well as natural oxidant demand.

Keywords: aquifers; in situ chemical oxidation; persulfates; radius of influence; numerical simulation.
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Table 1 Concerned parameters used for the simulations on persulfate transfer in the subsurface.
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Table 5 Scale sensitivities of parameters related to persulfate ROI (at the injection phase) in aquifers

P WK WmEEKE
0.5h 1h 2h 3h 05h 1h 2h 3h
HFENRR(Q) 0.51 0.69 0.93 1.12 0.48 0.65 0.89 1.07
TENI R (t) 0.51 0.69 0.93 1.12 0.48 0.65 0.89 1.07
HENHE(Co) 0.12 0.15 0.18 0.20 0.09 0.12 0.14 0.16
SOKERE M) -0.51 -0.69 -0.93 -1.12 -0.48 -0.65 -0.89 -1.07
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Table 6 Scale sensitivities of parameters related to persulfate ROI (at the transport phase) in aquifers

S WiE /K= WieKE
3d 7d 14d 30d 3d 7d 14d 30d
BIE AR 0.68 0.66 0.63 0.58 0.78 0.77 0.75 0.72
AR (ne) 0.68 0.66 0.63 0.58 0.78 0.77 0.75 0.72
IKITREEED) -0.68 -0.66 -0.63 -0.58 -0.78 -0.77 -0.75 -0.72
K EIE (M) -1.16 -1.66 -2.48 -4.25 -0.79 -0.78 -0.77 -0.76
HAFIBREE (o) 0.18 0.21 0.25 0.34 0.14 0.14 0.15 0.17
TENERALEELE (B) 0.49 0.64 0.84 1.19 0.26 0.25 0.23 0.19
AU (Crom) -1e-3 -3e-3 -0.01 -0.02 -0.03 -0.06 -0.12 -0.25
R A (kvom) -1e-3 -3e-3 -0.01 -0.02 -0.03 -0.06 -0.12 -0.25
HEAE(Q) 0.48 1.00 1.85 3.67 7e-3 0.01 0.02 0.04
HENIKEE(Co) 0.48 1.00 1.85 3.67 7e-3 0.01 0.02 0.04
PN A (6ig) -0.03 -0.06 -0.09 -0.16 -6e-4 -le-3 -2e-3 -3e-3
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