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Abstract

Since the first introduction of one-dimensional transient storage modeling in the field of solute transport analysis in rivers, its application
has notably expanded for various purposes, including for hydrology and geobiology over the past few decades. Despite strides in
refining transient storage models, there remain unresolved challenges in simplifying complex river transport dynamics into concise
formulas and a limited set of parameters. This review paper is dedicated to cataloging and assessing existing transient storage models,
outlining the difficulties associated with model structures, parameters, and data, and suggesting directions for future research. We seek
to enhance understanding of transient storage by highlighting the importance of continuously evaluating residence time distribution
modeling, integrating hydrodynamic models, and using data with minimal assumptions. This paper would contribute to advance our
comprehension of the transient storage process, offering insights into sophisticated modeling techniques, pinpointing uncertainty in
parameters, and suggesting the necessary avenues for further study.
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Fig. 1. Various storage zones in a natural stream
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Table 1. Features of existing transient storage models
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Fig. 4. Tracer cloud shape flowing along a river channel at Gam
Creek, South Korea
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Table 2. Methods of determining TSM parameters

Depending on whether tracer data

is available WL

Pros and cons Examples

Direct measurement

Exact but not possible None

Observing Method .
Inverse modeling

Accurate but case-specific

- Numerical solution method
Runkel, 1998;
Runkel and Broshears, 1991;
Noh et al., 2019

- Analytical solution method
Hart, 1995;
Cheong and Seo, 2003

- Moment matching method
Schmid, 1995;
Worman and Wachniew, 2007;
Seo and Cheong, 2001

Theoretical estimation

Difficult to derive None

Predicting Method . .
Empirical estimation

accessible but less accurate

Thackston and Schnelle, 1970;
Cheong et al., 2007,

Rowinski et al., 2005;
Rowinski and Piotrowski, 2008;
Sahay, 2012;

Madadi et al., 2020;

Noh et al., 2021,

Femeena et al., 2019;

Ehteram et al., 2021

Highly applicable and
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