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Abstract

In order to properly evaluate the spatio-temporal variations of groundwater flow, the data obtained in field experiments
should be corroborated into numerical simulations. Particle tracking method is a simple simulation tool often employed in
groundwater simulation to predict groundwater flow paths or solute transport paths. Particle tracking simulations visually
show overall the particle flow path along the entire aquifer, but no previous simulation studies has yet described the
parameter values at grid nodes around the particle path. Therefore, in this study, a new technical approach was proposed
that enables acquisition of parameters associated with particle transport in grid nodes distributed in the center of the
particle path in groundwater. Since the particle tracking path is commonly referred to as streamline, the algorithm and
codes developed in this works designated streamline analysis method. The streamline analysis method can be applied in
two-dimensional and three-dimensional finite element or finite difference grid networks, and can be utilized not only in the
groundwater field but also in all fields that perform numerical modeling.
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Fig. 1. Schematic diagram for assuming the streamline segment
as a cylinder with radius 7.
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Fig. 2. Schematic diagram for calculating the vertical distance
from the cylindrical axis to an arbitrary grid point.
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Fig. 3. Schematic diagram for determining whether a grid point
is located inside a cylinder.
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Fig. 4. Schematic diagram for determining whether a grid point is located in the gap between cylinders; (a) occurrence of gaps between

cylinders, (b) filling of gaps with spheres.
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Fig. 5. Flow chart for streamline analysis.
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Fig. 6. Change in number of captured grid points depending on streamline radius; (a) =5 m, (b) »=10 m, (c) »=20 m.
Table 1. Evaluation results depending on streamline radius
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Fig. 7. Simulated multi-streamlines.
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Table 2. Evaluation results of multi-streamlines
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Items Streamline length (m) Streamline velocity (m/day) Darcy velocity (m/day)
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Geometric mean 736.495 2.417x107 3.690x10

Standard deviation 16.829 4.349x107 5.871x10°
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Fig. 8. Simulated multi-streamlines captured at a well.
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Table 3. Evaluation results of multi-streamlines captured at a well

= 2,76770019, Darcy MA &5

Items Streamline length (m) Streamline velocity (m/day) Darcy velocity (m/day)
Minimum 236.475 1.344x10! 7.680x10*
Maximum 405.553 2.585%10™ 2.381x107

Geometric mean 318.674 1.802x10™! 1.537x10°
Standard deviation 40.839 3.008x10% 3.676x10™
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