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Abstract

The one-dimensional solute transport models have been developed for recent decades to predict behavior and fate of solutes in rivers.
Transient storage model (TSM) is the most popular model because of its simple conceptualization to consider the complexity of natural
rivers. However, the TSM is highly dependent on its parameters which cannot be directly measured. In addition, the TSM interprets the
late-time behavior of concentration curves in the shape of an exponential function, which has been evaluated as not suitable for actual
solute behavior in natural rivers. In this study, we suggested a stochastic approach to the solute transport analysis. We delineated the
model development and model application to a natural river, and compared the results of the proposed model to those of the TSM. To
validate the proposed model, a tracer test was carried out in the 4.85 km reach of Gam Creek, one of the first-order tributaries of Nakdong
River, South Korea. As a result of comparing the power-law slope of the tail of breakthrough curves, the simulation results from the
stochastic storage model yielded the average error rate of 0.24, which is more accurate than the 14.03 and 1.87 from advection-dispersion
model and TSM, respectively. This study demonstrated the appropriateness of the power-law residence time distribution to the
hyporheic zone of the Gam Creek.

Keywords: Solute transport analysis, Tracer test, Breakthrough curve tail, Stochastic storage model, Residence time distribution,
Power-law distribution
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Fig. 1. Schematic diagram of the stochastic trapping mechanism in a river
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Fig. 2. Modelling framework for the stochastic storage model
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Table 2. Estimated parameters required by each model

notation, | RCI1 RC2 RC3

model |~ parameter unit  |(S1-52)|(S2-83)|(S3-S4)
1DLDC" D,m’s'| 942 | 451 | 234
ADE
Flow zone area Ap,m? | 227 | 207 | 43.0
TSM LDC D, m*s'| 057 | 059 | 4.89
Flow zone area Ap, m? 20.9 19.6 35.5
TSM

Storage zone area As, m? 4.75 3.07 12.0
Exchange coefficient| o, 10*s™ | 3.76 | 2.92 1.54

Elder’s LDC D,m*s'| 012 | 0.11 | 0.15
CDE 5
. RTD time scale Th, s 5.88 19.3 17.5
with —
APM | Probability per | 31l 506 | g gr | 200
unit time

1) Longitudinal dispersion coefficient
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Fig. 5. BTCs measured from tracer test and simulated from each one-dimensional solute transport model (a) measured BTC at S1 applied as
boundary condition (b) BTC comparison at S2 (c) BTC comparison at S3 (d) BTC comparison at S4
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Table 3. Comparison of the power-law slope of the tail of BTCs at
each section

S2 S3 S4 Averaged error rate
Tracer test 3.789 6.298 3.811 -
ADE 92.39 103.4 16.35 14.03
TSM 16.11 17.46 6.001 1.866
This study 3.332 5.140 | 4.885 0.195
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