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ABSTRACT

This study summarizes advantages and disadvantages of numerical methods and compares ELLAM and LEZOOMPC to
develop an efficient numerical modeling technique on contaminant transport. Eulerian- Lagrangian method and Eulerian
method are commonly used numerical techniques. However Eulerian-Lagrangian method does not conserve mass globally
and fails to treat boundary in a straightforward manner. Also, Eulerian method has restrictions on the size of Courant
number and mesh Peclet number because of time truncation error. ELLAM (Eulerian Lagrangian Localized Adjoint
Method) which has been popularly used for past 10 years in numerical modeling, is known for overcoming these
numetical problems of Eulerian-Lagrangian method and Eulerian method. However, this study investigates advantages
and disadvantages of ELLAM and suggests a change for the better. To figure out the disadvantages of ELLAM, the results
of ELLAM, LEZOOMPC (Lagrangian-Eulerian ZOOMing Peak and valley Capturing), and visual MODFLOW are
compared for four examples having different mesh Peclet numbers. The result of ELLAM generates numerical oscillation
at infinite of mesh Peclet number, but that of LEZOOMPC yields accurate simulations. The simulation results suggest that
the numerical error of ELLAM could be alleviated by adopting some schemes in LEZOOMPC. In other words, the
numerical model which combines ELLAM with backward particle tracking, forward particle tracking, adaptively local
zooming, and peak/valley capturing of LEZOOMPC can be developed for not only overcoming the numerical error of
ELLAM, but also keeping the numerical advantage of ELLAM.
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Fig. 1. Comparison of (a) weighting function in FEM and (b) test
function in ELLAM (Celia et al., 1990).
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Fig. 2. Sketch for peak/valley capturing and adaptively local
zooming in LEZOOMPC, (a) refining temporally meshes around
the peak at time ¢", (b) tracking the movement of peak by
advection at time 7™, and (c) refining temporally meshes around
the new position of peak and kicking off unnecessary refined
nodes at time #™*'.
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Table 1. Velocities, ¥ and Diffusion Coefficients, D for four examples

Examples Problems V (m/day) D (m?day) Peclet Number
Example 1 . . R 0.5 0 infinite
Problem for solute transport having Gaussian distribution
Example 2 0.5 2 50
Example 3 Problem f p d f £ solute ¢ 0.5 0 infinite
roblem for an advanced front of solute transport
Example 4 P 0.5 2 50
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Fig. 3. Simulation results of (a) Example 1, (b) Example 2, (c) Example 3, and (d) Example 4.
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Fig. 4. Sketch of numerical dispersion caused by advection: (a)
lost sharp front because of large grid size, (b) numerical
diftusion, (c) adaptively local zooming for sharp front.
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Fig. 5. Sketch of numerical problems caused by advection: (a)

lost peak, (b) numerical diffusion, (c) spurious oscillation (Yeh et
al,, 1992).
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Table 2. Summary of advantages and disadvantages of numerical schemes for contaminant transport

Numerical .
methods Advantages Disadvantages
1. Have restrictions on the size of the Courant number and
Eulerian 1. Conserve mass globally (Healy and Russell, 1998). mesh Peclet number (Healy and Russell, 1998; Yeh et al,,
method 2. Treat boundaries in a straightforward manner. 1992).
2. Have time truncation error (Healy and Russell, 1998)
Eulerian- I H.a ve the significant advantage in the Courant number 1. Do not conserve mass globally (Healy and Russell, 1998).
o (Celia et al., 1990; Healy and Russell, 1998). . L s .
Lagrangian o . 2. Fail to treat boundaries in a straightforward manner (Healy
2. Improve in time truncation error (Healy and Russell,
method and Russell, 1998).
1998).
1. Conserve mass globally (Healy and Russell, 1998; Celia
et al., 1990).
lz).o /i:gz::/ fo(;{zfter::slc]{a;l;ie“corlngpglgect;ﬁe:?::t:l O§990) Critical aspect of ELLAM is evaluation of mass storage
ELLAM " e v ussetl ’ ” " integral from the preceding time level (Healy and Russell,

3. Do not have limitation for restrictions on the size of the
mesh Peclet number or Courant number (Healy and Russell,
1998; Celia et al., 1990).

4. Solve time truncation error (Celia et al., 1990).

1998).

LEZOOMPC 1. Consist of forward particle tracking, backward particle

1. Do not conserve mass (Healy and Russell, 1998).
2. Fail to treat boundaries in a straightforward manner (Healy
and Russell, 1998).

(a kind of tracking, adaptively local zooming (Cheng et al., 1996).
Eulerian- 2. Capture peak and valley (Cheng et al., 1996).
Lagrangian 3. Solve accurately by using mesh Peclet number ranging
method) from 0 to infinite (Cheng et al., 1996).

9o} =A] 5o daks v s, LEZOOMPCH]
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