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ABSTRACT

For several decades, solute transport models have been used in order to predict behavior of solute in
rivers. However, most previous studies assumed that the subject solute is conservative, and few of
studies taking account of decay terms into the models which mostly employed optimization methods
to determine decay parameters. In this study, we added two decay terms to the Transient Storage
Model (TSM) representing volatilization and biodegradation, and proposed the method to estimate the
decay parameters based on chemodynamics theories. Using this advanced model, the reactive solute
transport simulation was carried out at natural river of Gam Creek, South Korea in 2020. The results
revealed that there was considerable difference in resulting breakthrough curve depending on the type
of chemicals.
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1 INTRODUCTION

Solute transport models have been used to predict the behavior or the fate of released solute into riverine
domain. Even though majority of chemicals has its reactivity in water, most of the studies assumed that the
solute is conservative because of the difficulty of experimental field-application with actual toxicant chemicals.

Runkel and Broshears (1991) produced OTIS model which includes the first-order decay term to consider the
mass loss of the solute in rivers. In later studies, however, the decay parameters have been mostly determined
by optimization method which has local problems, namely, the optimized decay parameters cannot be used for
other various types of chemicals.

To supplement the deficiency of previous studies, we considered the phenomenon of volatilization and
biodegradation of a chemical in rivers, and proposed the method to theoretically estimate the decay parameters
using inherent properties of a chemical representing its volatility and biochemical reactivity. Furthermore, we
evaluated how the decay parameters function in the model with sensitivity analysis, and suggested the
significant regime of the parameters using Damkohler number.

2 TRANSIENT STORAGE PARAMETER OPTIMIZATION

In this study, the governing equations were suggested as:

ac Qa_c=i(1(a_c>+a(c — )+ 1,C +A,C (1a)
at  Adx  ox\ ox s v b
E = a’z(c - Cs) +AbC (1b)

where C and Cs (g m) denote solute concentration within the surface flow and storage zone, respectively, Q
(m?3 s1) denotes volumetric flow rate, Ap and Ag (m?) denote cross-section area of surface flow and storage zone,
respectively, K (m2 s1) denotes longitudinal dispersion coefficient, « (s}) denotes mass exchange rate
coefficient between the surface flow zone and the storage zone, t (s) denotes time variable, 1, and 1, denote
volatilization rate and biodegradation rate, respectively. The x-coordinate was taken to be approximately
streamwise distance.
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The numerical modeling for these governing equations was conducted by spatial-temporally discretizing of the
concentration variables using Finite Difference Method (FDM) and Crank-Nicolson method. Since the estimation
of the transient storage parameters should be preceded the determination of decay parameters, a trace test
was carried out at Gam Creek, South Korea in 2020. The flow properties and numerical simulation information
were summarized in Table 1. The transient storage parameters were optimized to the measured concentration
data from the tracer test, and resulting simulation result yielded over 0.991 of determination coefficient (R?).

Table 1. Flow properties surveyed from the tracer tests and information for numerical simulation

Sub-reach  Mean Mean Mean Grid Time

Flowrate length depth width velocity Bed size step

Sub-reach (m3s-1) (m) (m) (m) (ms-1) slope Sinuosity (m) (sec)
RC1(S1-S2) 2.17 954 0.305 20.75 0.305 0.000825 1.07 10 4
RC2(S2-S3) 2.17 1,798 0.388 15.45 0.317 1.05 10 4
RC3(S3-S4) 2.17 1,105 0.395 16.75 0.315 1.02 10 4

3 DECAY PARAMETER ESTIMATION

The volatilization can be interpreted as a first-order mass transfer between two-phase boundary layer that is
refer to as the Two film theory (Whitman, 1923). In this theory, it is assumed that concentration gradient within
the quiescent boundary layers is linear due to molecular diffusion. Therefore, the molecular diffusivity dominates
the volatilization rate(4,) based on the Fick’s law, and the 4, can be determined by relating with reaeration rate.
The biodegradation rate can be also referred to as the half-life kinetics. To determine the 4,, we employed the
BIOWIN model which is a biodegradation half-life estimator for a chemical.

4 RESULT AND DISCUSSION
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Figure 1. (a) Resulting breakthrough curves for conservative solute, toluene, phenol, and sulfuric acid. S1, S3,
and S4 are the cross-sections 820m, 2,850m, 4,850m away from the injection point, respectively. (b) the relation
between the Damkohler number and decay rate.

We simulated the transport of Toluene, Phenol, and Sulfuric acid at the 4.85km reach of the Gam Creek. As
shown in Fig.1la, the simulation results for three chemicals were considerably different indicating the
inappropriateness of the conservation assumption. In addition, we found out that the relation between the
Damkohler number and the mass loss is independent on flow velocity and travel distance as shown in Figure
1b. Accordingly, the estimated decay parameters can be evaluated by the Damkohler number.

ACKNOWLEDGEMENTS

This research was supported by Korea Ministry of Environment (MOE) as “Chemical Accident Response R&D
Program (2018001960001)”, and the BK21 PLUS research program of the National Research Foundation of
Korea.

REFERENCES

Runkel, R. L., & Broshears, R. E. (1991). One-dimensional transport with inflow and storage (OTIS): a solute
transport model for small streams (p. 85). CADSWES, Center for Advanced Decision Support for Water and
Environmental Systems, Department of Civil Engineering, University of Colorado.

Whitman, W. G. (1923). The two-film theory of gas absorption. Chem. Metall. Eng., 29, 146-148.



