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Numerical models simulating groundwater flow are often used to estimate groundwater discharge into a tunnel.
In designing numerical models, the grid size should be carefully considered to ensure that groundwater discharge is
accurately predicted. However, several recent studies have employed various grid sizes without providing an ade-
quate explanation for their choice. This paper suggests the optimal grid size based on a comparison of numerical
models with analytical solutions. Discrepancies between numerical and analytical solutions result from the effect of
model boundaries as well as the grid size. By nullifying boundary effects, the errors solely associated with the grid
size could be analyzed. The optimal grid size yielding accurate numerical solutions was thus derived. The sug-
gested relationship between tunnel radius and optimal grid size is analogous to the relationship between the equiv-
alent well block radius and grid size.
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Table 1. Various grid sizes used in recent groundwater flow models simulating tunnel excavation.

Publication Grid size (m) Publication Grid size (m)
Ji (2002) 22 x 17 Cha et al. (2005) 10x9
Lee et al. (2003) 125 x 125 Chung et al. (2007) 62.5 x 62.5
Jeong (2003) 7.5%x7.6 Lim and Chang (2008) 30x 15
Choi et al. (2004) 25 %25 Lee et al. (2009) 15%x5
Lee et al. (2005) 35 x40 Lee et al. (2010) 14 x12
KEI (2005) 10x 10 Kim (2011) 10x 10
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Fig. 1. Comparison of calculated equipotential lines
around a tunnel: (a) an analytical solution, (b) numerical
solution with a coarse grid (n=1), and (c) numerical solution
with a refined grid (n=8).
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Fig. 2. Numerical errors of the calculated groundwater
discharge into a tunnel associated with grid refinement.
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Fig. 3. Discrepancy between analytical and numerical solutions associated with model boundaries: effects of proximity of a
tunnel to (a) the lower impermeable boundary and (b) the water table.
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tunnel radius was calculated from the analytical solution
(Eqn. 2).
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and g, represent the analytical and numerical solutions,
respectively.
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Table 2. Numerical errors in the rate of groundwater discharge into a tunnel for the various grid sizes used in recent studies.

Publication Grid size (m) Tunnel radius (m) [Optimal grid size (m) 40/ 44
Ji (2002) 22x 17 11.7 58.5 0.79
Lee et al. (2003) 125 x 125 1.5 7.5 1.61
Jeong (2003) 7.5x7.6 3.75 18.75 0.80
Choi et al. (2004) 25 %25 5.6 28 0.98
Lee et al. (2005) 35 x40 2.0 10 1.27
KEI (2005) 10x 10 5.5 27.5 0.78
Cha et al. (2005) 10x9 3.6 18 0.87
Chung et al. (2007) 62.5 x62.5 9.4 47 1.06
Lim and Chang (2008) 30x 15 6.65 33.25 0.98
Lee et al. (2009) 15%x5 8.2 41 0.78
Lee et al. (2010) 14x12 7.7 38.5 0.78
Kim (2011) 10x 10 53 26.5 0.79
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