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Figure 1.  Spatial snapshots, at t = 20, of the solution to the unretarded (no 
immobile phase) classical ADE, along with the total mass, immobile mass, 
and mobile mass of the retarded (transformed) solutions.  ADE parameters are 
v = 1 and � = 0.1.  The fractional time derivative is order γ = 0.3 and β = 0.1
in the retarded transport equations.
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Figure 2. Spatial snapshots, at t = 20, of the unretarded (no immobile phase), 
skewed, 1.5-stable solution to a spatially fractional ADE with v = 1 and � = 
0.1, α = 1.5, along with the total mass, immobile mass, and mobile mass of 
the retarded (transformed) solutions.  In the retarded transport equations, the 
capacity coefficient is β = 0.1 and the order of the fractional time derivative 
is γ = 0.3.
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Figure 3. The mobile solute fractional ADE predicts that mass decline 
converges to Mm(t) = tγ−1/(βΓ(γ)) with time: a) convergence for various γ
when β = 1, and b) effect of varying β when γ = 0.3.
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Figure 4. Linear and log-log plots of the observed fraction of injected mass 
from the MADE-1 bromide plume (circles) compared with a single-rate MIM 
(dashed line) and the fractal MIM (solid line) models. The fractional time 
derivative is order γ = 0.33 and fractal capacity coefficient β = 0.08 d−0.67.  
The initial mobile fraction, due primarily to sampling bias, is 5.0 and 4.7 for 
the fractal and single rate (exponential) models [Harvey and Gorelick, 2000].  
Also shown on the log-log plot is the late time approximation (dotted line) 
given by equation (26).
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Figure 5. Log-log breakthrough curves, at x = 5, of the unretarded solution to 
the ADE, and the solutions to the total, mobile, and immobile time-fractional 
ADEs. All parameters are the same as in Figure 1.
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Figure 6. Breakthrough (arrival) of fluorescent dye 306.4 meters downstream 
of the injection point in a mountain stream.
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Figure 7. Log-log snapshot, corresponding to Figure 2, at t = 20, for the 
unretarded solution to the fractional-in-space ADE and transformed mobile, 
immobile, and total solute solutions.
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Figure 8. Increasing the capacity coefficient β decreases the mobile mass of 
the plume and affects the skewness.
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Figure 9. MADE-1 bromide snapshot 3 (day 179) scaled in time by Cm(x,t) = 
tγ−1t−γ/αCm(t−γ/αx,1) with γ = 0.33 and α = 0.9 (lines) compared with test data in 
the final four snapshots (filled circles).


