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Study on Dispersion of a Conservative Solute in Stratified Confined Aquifer
Satoshi ToHMA

Abstract

The dispersive transport of a conservative solute in the two dimensional stratified confined aquifer is
analyzed by applying the integral moment method. In this analysis, it is assumed that the aquifer is of con-
stant thickness and of infinite lateral extent, the permeability is a known function of the vertical coordinate,
and the flow is unidirectional, parallel to the stratification.

Analytical solutions are obtained for the time derivative of the second moment of the tracer concentration
distribution for the cosine permeability profile.  The results of the analysis are applied to measured per-
meability profiles, and predicted values of the macroscopic-dispersion coefficients are compared with ex-
perimental results.  An important conclusion from the analysis is that non-Fickian behavior occurs early in
the process, macroscopic-dispersion coefficients have been demonstrated to depend in a complex manner on
heterogeneities of the permeability. The mean transport process can not be represented by conventional con-
vection-diffusion equation. For large time, the dispersion process becomes Fickian transport, macroscopic-
dispersion coefficients approah continuously to a asymptotic value. Macroscopic-dispersion coefficients mea-
sured in the laboratory tracer tests may be inadequate for predicting dispersive transport in the stratified

aquifer.
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Table 1. Stratified aquifer parameters measured by

1.0 ————
Pickens and Grisak. | . e Field data
Parameter Value AN ——i‘i‘;f{:"imm ’
Field single well tracer tests:
Aquifer thickness 8.2 m
Mean grain size 0.12~0.21mm

Permeability 2X107*~2X10"%cm/s
Longitudinal dispersivity 0.256-L*m

Laboratory column tracer tests:
Column length 30.0cm
Mean grain size 0. 20mm
Velocity 9.26X107*~8.60X10~3cm/s
Longitudinal dispersivity 0.035cm
* L: Mean travel distance.

Fig. 3 Measured and simulated permeability profiles.
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Fig. 4 Transient development of ¢ |/ a for the Fig. 5 Transient behavior of macfoscopic dispersion

cosine permeability profile. coefficient, skewness and kurtosis.
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Fig. 6 Spatial concentration distribution of the stratified pse time (days)
aquifer for several times. Fig. 7 Measured and simulated breakthrough curves.
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Table 2. Five-layered sand aquifer parameter values. » =20 Io 'Experilmental' value' °
Thoretical curve ——
Layer | Thickness | Grain Size | Permeability 201 35 \ll:g:ggfmm/s 7
hy (cm) da (mm) ks (cm/s) 8 Did.0080cn/s
Ist 6.0 0.15~0.30 0.03 s 1s5F
2nd 6.0 0.30~0.40 0.10 i
3rd 6.0 0.40~0.60 0.25 oF
4th 6.0 0.60~0.71 0.36
5th 6.0 0.71~0.85 0.46
sk
0o s

0 15 20 25 30,
t(sec) x010

Fig. 8 Measured and simulated breakthrough curves at
distances of 20cm, 35cm and 50cm.

Table 3. Microscopic dispersion coefficients and dispersivities.

Layer | Velocity | Dispersion Coefficient Dispersivity
V(cm/s) | Di(em?/s) | Da(cm?/s) | &1(cm) | &2(cm)
Ist 0.005 0.0006 0.0001 0.13 0.02
2nd 0.015 0.0030 0.0003 0.20 0.02
3rd 0.038 0.0083 0.0008 0.22 0.02
4th 0.054 - 0.0124 0.0016 0.23 0.03
5th 0.069 0.0159 0.0021 0.23 0.03
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Table 4. Macroscopic dispersion coefficients evaluated from breakthrough
curves from sampling points for chloride tracer tests.

Head Velocity Dispersion Coefficient
Gradient | Method | V(cm/s) K1 (cm?/s)
J . Kia?’ Kis?’ Kiw>
0.0571 ar’ 0.0375 0.256 0.453
b*> 0.0360 0.445 0.540 51.652
0.0714 a 0.0453 0.384 0.701
b 0.0450 0.437 0.674 67.245
0.0929 a 0.0665 0.483 0.890
b 0.0580 0.716 0.870 89.367
0.1286 a 0.0843 0.536 0.998
b 0.0809 0.998 1.212 118.254
0.1429 a 0.1130 0.738 1.457
b 0.0894 1.104 1.340 132.702

1) a: Experimental, b: Analytical. 2) Results for K,a and K,s were
obtained from sampling devices located 35.0cm and 42.5cm.
3) Kiw 1s large-time limit of K.
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