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A Joint Application of DRASTIC and Numerical Groundwater Flow Model
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ABSTRACT

In this study, we developed a technique of applying DRASTIC, which is the most widely used tool for estimation of
groundwater vulnerability to the aqueous phase contaminant infiltrated from the surface, and a groundwater flow model
jointly to assess groundwater contamination potential. The developed technique is then applied to Buyeo-eup area in
Buyeo-gun, Chungcheongnam-do, Korea. The input thematic data of a depth to water required in DRASTIC model is
known to be the most sensitive to the output while only a few observations at a few time schedules are generally available.
To overcome this practical shortcoming, both steady-state and transient groundwater level distributions are simulated using
a finite difference numerical model, MODFLOW. In the application for the assessment of groundwater vulnerability, it is
found that the vulnerability results from the numerical simulation of a groundwater level is much more practical compared
to cokriging methods. Those advantages are, first, the results from the simulation enable a practitioner to see the
temporally comprehensive vulnerabilities. The second merit of the technique is that the method considers wide variety of
engaging data such as field-observed hydrogeologic parameters as well as geographic relief. The depth to water generated
through geostatistical methods in the conventional method is unable to incorporate temporally variable data, that is, the
seasonal variation of a recharge rate. As a result, we found that the vulnerability out of both the geostatistical method and
the steady-state groundwater flow simulation are in similar patterns. By applying the transient simulation results to
DRASTIC model, we also found that the vulnerability shows sharp seasonal variation due to the change of groundwater
recharge. The change of the vulnerability is found to be most peculiar during summer with the highest recharge rate and
winter with the lowest. Our research indicates that numerical modeling can be a useful tool for temporal as well as spatial
interpolation of the depth to water when the number of the observed data is inadequate for the vulnerability assessments
through the conventional techniques.
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Fig. 1. Location of study area (a) and the topographic relief (b).
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Fig. 2. Distribution of different hydrogeologic units.

Table 1. Hydraulic conductivity of each hydrogeologic unit

Hydrogeologic Unit Hydraulic conductivity (cm/sec)

unit 1 3.125x 107
unit 2 2315x 107
unit 3 3472 x107°
unit 4 4.630x 107
unit 5 3472 % 107
unit 6 1.157 x 107
unit 7 4630 x 107
unit 8 4630 x 107°
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Table 2. Recharge rate of each stress period

Stress Period Recharge rate (m/day)

Stress period 1 (Mar - May) 0.000652
Stress period 2 (Jun - Aug) 0.002444
Stress period 3 (Sep - Nov) 0.000376
Stress period 4 (Dec - Feb) 0.000263
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Table 3. The ranges and ratings for DRASTIC modeling used in this study

Area (%)
Parameter Range Rating

Cokriging Steady Spring Summer Fall Winter
> 30.5 1 22.11 14.88 14.06 9.48 13.08 14.14
22.9-30.5 2 2.56 4.40 4.43 3.26 4.15 4.28
152-22.9 3 3.05 7.25 7.02 495 6.26 6.69
Depth(rtz) water 9.1-152 5 2.82 14.34 14.58 11.54 13.12 13.73
46-9.1 7 2.68 29.92 30.19 25.82 28.54 29.36
15-4.6 9 3.01 21.58 21.74 27.14 24.04 22.29
0-15 10 63.76 7.63 7.98 17.81 10.80 9.51
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Table 4. The used ranges and ratings and the corresponding percent area

% Area
Parameter Range Rating
Steady Spring Summer Fall Winter
0-50.8 1 22.73 0.00 0.00 10.01 11.32
50.8-101.6 3 8.91 11.32 0.00 31.58 88.68
Recharge 101.6-177.8 6 0.00 30.27 0.00 58.41 0.00
(mm/year)
177.8 - 254.0 8 0.00 5841 0.00 0.00 0.00
254.0 + 9 68.36 0.00 100.00 0.00 0.00
Massive Shale 2 55.08
Aquifer media Metamorphic/Igneous 3 44.15
Weathered Metamorphic/Igneous 4 0.77
Loam 5 17.16
Sandy L 6 29.70
Soil media ancy: Loam
Sand 9 52.00
Gravel 10 1.14
T N 6-12 5 0.11
Op((’sg‘p Y 2-6 411
0-2 10 95.78
Impact of Metamorphic/Igneous 4 44.92
the vadose zone . San'd and G'ravel 6 55.08
with significant Silt and Clay
. 47x1075-47%107 1 2112
Hydraulic 47%107°-14x 107 2 21.67
conductivity L i,
(CI’H/SGC) 14x107"-33x10 4 46.35
33%x10*-47x 107 6 10.86

AN, Fek 2ol ola] ANE Hle} o] T
2ol ofgh Askreie] 79 AEAQ] -l 23
ol MIJsA ek W FARA] o3 9k B9
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Fig. 6).
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