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4- Classical Advection-dispersion equation
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2- Storage zone
3- Transient storage model (TSM)
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Figure 1- Schematic of long-tailed breakthrough curvein a
natural stream
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1- Fickian diffusion
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1- Multirate mass transfer model (MRMT)
2- Advective storage path model (ASP)

3- Continuous time random walk (CTRW)
4- Solute transport in rivers model (STIR)
5- Fractional Calculus
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1- Uvas Creek
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Table1- O, valuesfor different o and k

o 1.0000 2.0000  3.0000 4.0000 5.0000 6.0000 7.0000 8.0000 9.0000 10.0000
1.0 1.0000 -1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.9 1.0000 -0.9000 -0.4500 -0.0165 -0.0086 -0.0053 -0.0036 -0.0026 -0.0020 -0.0016
0.8 1.0000 -0.8000 -0.0800 -0.0320 -0.0176 -0.0112 -0.0078 -0.0058 -0.0045 -0.0036
0.7 1.0000 -0.7000 -0.0150 -0.0455 -0.0261 -0.0172 -0.0123 -0.0093 -0.0073 -0.0059
0.6 1.0000 -0.6000 -0.1200 -0.0560 -0.0336 -0.0228 -0.0167 -0.0129 -0.0103 -0.0085
0.5 1.0000 -0.5000 -0.1250 -0.0625 -0.0390 -0.0273 -0.0205 -0.0161 -0.0130 -0.0109
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1- Cross validation
2- Particle swarm optimization
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Figure 2- Schematic of Uvas Creek tracer experiment
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Table 2- Hydraulic and mor phological properties of Uvas Creek reaches
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Station Distance between Distancetothe Discharge Dispersion Cross section
No. consecutive reaches (m) injection point (m) (m%s) coefficient (m%s) area (m?
1 38 38 0.0125 0.12 0.30
2 67 105 0.0125 0.15 0.42
3 176 281 0.0133 0.24 0.36
4 152 433 0.0136 0.31 0.41
5 186 619 0.0140 0.40 0.52
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Figure 4- Observed concentration in station two vs

. X . Figure 3- Observed concentration in station onevs
prediction of fractional ADE and classic ADE prediction of fractional ADE and classic ADE
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Figure 6- Observed concentration in station four vs
prediction of fractional ADE and classic ADE
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Figure 5- Observed concentration in station threevs
prediction of fractional ADE and classic ADE
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Table 3- Optimized valuesof & and ,3 for each reach using PSO algorithm
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Table4- RMSE and R? of fractional and classic ADE for each reach

R? RMSE
Jae gy Classic FADE  Classic FADE
Model Type

R

Station
1 0.9872 0.9872 0.3951 0.3951
2 09875 0.9983 0.1943 0.1743
3 0.0151 0.9892 1.4878 0.2727
4 0.0184 0.9947 1.6304 0.1738
5 0.0220 0.9728 1.4941 0.1652
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Table 5- Sensitivity of the FADE model to the changesin the order of fractional derivativesfor station four

ol
il a+10% a+5% a+2% a+1%

O a a-1% a-2% a-5% a+10%
Variations
R*(%) 86.9 92.2 95.4 99.5 983 98 99.5 96
RMSE(mg/L) 0.748 0.536 0.404 0.174  0.231 0.266 0.272 0.498
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Table 6- Sensitivity of model to the changesin the skewness coefficient for station four

Sl B+20% B+10%  B+5% B f-5% B-10% B-20%
Variations
Rz(%) 96.4 97.7 99.5 98 97.1 96.8
RMSE(mg/L) 0.399 0.322 0.174 0.341 0.399 0.417
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Introduction: Solute transport modeling in water bodies and especially rives, provides a useful tools for
decision-makers and consumers, to take a timely decisions in order to prevent or avoid any catastrophic
consequences. Many factors such as velocity, cross-section area, bedform and etc. affect the transport of any
solute particle in the media. The aforementioned factors vary both in width and depth, which cause some of the
particles to deviate from the main channel to areas in which the particle stays for a longer time. Those particles
are released to the main channel gradually causing a heavy-tailed breakthrough curve in downstream of the
injection point. The areas where solute spends more time than the main channel is called deadzones. Any area in
the channel that reduce the velocity field to relatively zero could be categorized as deadzones, such as areas
behind a boulder, in pocket beside the river, behind or inside a vegetation cluster. In streams containing
deadzones the classical adevection-dispersion equation (ADE) cannot meet the requirements. Scholars proposed
many different approaches to capture the heavy-tailed behavior. One of the renowned and novel approaches to
quantify the role of deadzones in natural streams is using Fractional Calculus. This field of mathematics helps to
change the fundamental assumption of ADE, which is laid upon “central limit theorem” and subsequently
generate a new equation based on fractional partial derivatives, The Fractional Advection —Dispersion Equation
(FADE). The FADE provides a better description of solute movement in natural streams, because of its general
form and non-locality.

Materials and Methods: In this research, FADE for a non-uniform but steady condition in natural streams
has been investigated. FADE is a product of central limit theorem generalization and hence can capture the
anomalous behavior of solute transport in streams containing deadzones. One of the important points that can be
inferred from tracer study in such streams is that the concentration of a point is influenced by the point in far
upstream; that is either the solute particle comes faster than the main cloud or slower and defy the basic
assumption. Since classic ADE just considers the points in the closest proximity of the study point to calculate
the bearkthrough curve (BTC), it cannot be used in cases that the deadzones are involved; which calls for a more
comprehensive consideration of the stream. Interestingly, factional derivatives are non-local; fractional
derivatives consider the state of the function in its whole domain. Hence, FADE can accurately describe and
calculate the BTC in streams affected by deadzones. The big difference between FADE and classic ADE is that,
the former is based on Levy motion while the later developed and shows Brownian motion. Also, the order of
spatial derivative in FADE is a valuel < & <2, unlike the classic ADE in which the order is fixed to2 . To
investigate the FADE in depth standard Grunwald definition of fractional derivatives were employed for
discretization, and an algorithm is proposed. The more the order of the fractional partial derivative decreases, the
more would be the effect of the deadzones, this means that while the order is equal to 2 , the streamflow do not
experience any deadzones in its way. In order to fit the data, two variables in the FADE needs to be calibrated;
the unknown parameters were estimated using Particle Swarm Optimization (PSO) technique.

Conclusion: The model was validated using a set of data from a small stream. The comparison shows that
the model can accurately recreate the BTC and perform dramatically better than classic ADE which even in
some stations is incapable of predicting the peak concentration and the arrival time of the particle to the station.
Quantitatively, the difference between the FADE and observation represented by RMSE in average is 0.236
while for classic ADE is around 4 times higher. The difference in the first two stations is negligible for the
stream does not contain any deadzones. This shows that not only the FADE is capable of considering deadzones,
but also if needed it can easily reduce to classic ADE. This flexibility offers vast opportunity for application. In
addition, the sensitivity of the model to the calibration parameter was analyzed, the analysis shows that both
variables (order of the derivative and skewness parameter) should be treated with great care, since a little
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variation in their value drastically alter the shape of the BTC, and decrease the accuracy of the prediction. In this
research, the capability of FADE were investigated and proved that this model performing far better in predicting
solute transport in natural streams in which the variability of the morphology may hinder the solutes movement.

Keywords: Deadzones, Fractional advection dispersion equation, Numerical solution, Pollutant transport,
Stream



