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Introduction

Hydrologists studying rivers must determine the relative importance of in-river processes to
understand the fate of pollutants. Storage processes are one of the most of this. Currently, the most
reliable method for determining the importance of storage processes in the solute transfer is to estimate
the stream-storage exchange coefficient (o)) and the cross-sectional area ratio (AS/A) in the transient
storage model (TSM) with tracer experiment data (Wallis and Manson, 2019). Calibrating the
parameters depends on the reciprocal coverage between parameter effects on BTCs and the model's
sensitivity to each parameter (Zaramella et al., 2016). Previous studies have quantified the sensitivity
of the TSM in inverse modeling (Kelleher et al., 2013; WIlostowski et al., 2013). Due to tracer test data
for these studies, their results cannot provide a comprehensive picture of the model behavior. In this
study, using Monte Carlo-based methods, an attempt has been made to investigate the effect of
different pollutant transfer circumstances in the river by defining a framework with Peclet and
Damkohler numbers and pollutant injection time series on storage parameters sensitivity.

Methodology

There are several equations for solute transport with transient storage, and the most well-known is
the TSM presented by Bencala and Walters (1983). The dimensionless form of equations better shows
the sensitivity and uncertainty of the parameters. The dimensionless TSM allows identifying different
aspects of the problem with fewer simulations and saves time and money. Using new scaled
dimensionless variables, x*=x/L, C*=C/max(Cin), and t*=t/T, after some mathematical manipulation,
the dimensionless form of the TSM is derived as the following;
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where L is the river length, T is the travel time in the river, Cin is the injected concentration, Pe is
the Peclet number, 3 is the dimensionless exchange coefficient, and the ratio of the cross-sectional area
of transient storage and flow area showed by n. In this research, the method of lines has been used to
numerically solve equation (1), which is a method for solving time-dependent PDE. For implementing
Monte Carlo, random samples are taken from 1 and B, and the model runs. As an index of results, the
standard deviation of the spatiotemporal network of simulated concentration is calculated for each
Monte Carlo algorithm iteration. Eventually, the model results were analyzed by regression analysis
and Pearson correlation coefficient (McCuen, 2016).

Results and Discussion

For Damkohler numbers [0.1-1], the results indicate that the time patterns of pollutant injection and
river Peclet number do not significantly affect the model's sensitivity to storage parameters. In contrast,
in the range [1-10] of Damkohler, the model is most sensitive to 1. As the pollutant injection time
increases, the model's sensitivity to this parameter increases by about 30%. The sensitivity of TSM in
the sluge injection to storage parameters is almost the same, but with increasing the injection duration,
the model's sensitivity to B decreases to 1/3 of the initial value. These results are presented in figure

).

0.1 =< Dal =1 1 = Dal = 10
o . . . . & : L < 2
-0.25 -0.25
i T N (NN By wy . 0.1t"
-0.75 “0.75 st o - = e = o = —
=1 = Iz — . -1 e — s o S— —
o 250 500 750 1000 1250 1500 (o} 250 500 750 1000 1250 1500
=
=1
= .
< -0.25 -0.25
o e
o OS5~ = == - = — -0.5 0.2t
g
E -0.75 -0.75
[ -1 i s i e S A
8 o 250 500 750 1000 1250 1500 o] 250 500 750 1000 1250 1500
o
-0.25 -0.256
k7YY DG VR (W [ (S — 0.5 0.at"
-0.75 -0.75
-1 B e e T S S
o 250 500 750 1000 1250 1500 s] 250 500 750 1000 1250 1500
Peclet Number (Pe) Peclet Number (Pe)
[——5-=-=-u

Fig. 1- Pattern of change in model sensitivity to storage parameters relative to Peclet Number, Dal,
and Injection Time Series

In the range [0.1-1] of Damkohler, Despite the large storage zone in the river due to the low
exchange rate between the river and the storage zone, the parameter 1 cannot play its role well in the
equations, and the parameter 3 appears in the limiting role, and the influence of the storage process on
the BTCs decreases. Therefore, in these conditions, the effect of the B parameter is enormous. When
the Damkohler number is greater than one, the exchange between the river channel and the storage
zone accelerates, and the importance of the storage process in the river becomes even more significant.
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By increasing the exchange rate between the river and the stagnant zone by ten times, the role of the
parameter 1 can now be well defined.
Conclusions

Storage processes are one of the most critical factors affecting the transport of pollutants in the
river. Storage parameters are highly variable in the river spatiotemporally in the river. Due to their
dependence on hydraulic and geomorphological variables of the river, there is considerable uncertainty
about these parameters. In this research, 90 different scenarios have been performed to quantify the
sensitivity and uncertainty of the TSM and storage parameters. The results indicate that the TSM is
highly sensitive to a for sluge injection. According to previous studies, the exchange rate is one of the
most important sources of uncertainty in the TSM, and its determination or estimation is significant.
For Damkohler numbers less than 1, due to the low uncertainty of the results, the high sensitivity of
the model to the a is not a cause for concern. However, for Damkohler numbers greater than 1, it is
better to spend more time and money to reduce the uncertainty of this parameter to increase the
modeling accuracy. It might include inverse modeling methods with higher capability. It is also
possible to reduce the effect of the a on the results by increasing the injection time of the tracer
experiment. For the [0.1-1] range of Damkohler, due to the low impact of the storage process, it is
recommended that the ADE model replace the TSM model. In addition to being more straightforward,
this model has better parameters for calibration with fewer parameters.
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