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ABSTRACT: To investigate the problem of groundwater contamination caused by multiple contaminant sources
in industrial complexes, we developed an identification method for contaminant source location and determination
of release history, and analyzed the results of sensitivity analysis on the constraints of actual contaminant sites.
The study site was the Woosan Industrial Complex, located in Wonju City, Gangwon Province. Numerical models
were constructed based on field measurement data and multiple contaminant sources were identified. The
simulation-optimization method was used for identification of contaminant sources and the genetic algorithm was
used as the optimization method. For multiple contaminant sources, the larger the difference in the initial
contaminant concentration of the contaminant source, the lower the average error rate of the contaminant source
identification. For the sensitivity analysis of the contaminant source identification method, bias was imposed on
the temporal or spatial characteristics of the contaminant concentration data. The average error rate increased with
decrease in the number of contaminant concentration data, increase in the detection limit, or increase in the
measurement error. The temporal or spatial bias of contaminant concentration data did not significantly affect the
contaminant source identification ability on the average error rate.
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Fig. 1. Location map of the study area, Wonju river and
Sacheon stream. Dashed arrows represent directions of
groundwater flow. A dashed boundary represents the
Woosan industrial complex area.
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Fig. 2. Geological map of the study area.
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Table 1. Properties of aquifer layers in a numerical model.

Hydraulic Conductivity (10~ cm/sec) Storativity
Layer No.

Kx Ky Kz Ss (1/m) Sy

1 95.0 95.0 9.5 0.0047 0.17

2 83.0 83.0 8.3 0.0045 0.15

3 4.0 4.0 0.4 0.0025 0.10

4 4.0 4.0 0.4 0.0025 0.10

5 2.0 2.0 0.4 0.0001 0.05

6 35.0 35.0 3.5 0.0033 0.13

7 8.0 8.0 0.8 0.0028 0.18

8 33.0 33.0 3.3 0.0031 0.11

9 10.0 10.0 1.0 0.0020 0.19
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Fig. 4. Configuration of contaminant sources, concen-

tration observation wells and expected concentration

contour lines. Numbers with gray lines represent hy-

draulic heads.
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Table 2. Results for identification of contaminant sources with various concentration configuration. C1* represents
contaminant original initial concentration and C2* represents optimized initial concentration.

Contaminant sources

Case No.

S1 S2 S3 S4 S5 Average
CI1* (mg/L) 100.0 200.0 300.0 400.0 500.0 -
1-1 C2* (mg/L) 93.4 205.2 281.8 346.7 3123 -
Error (%) 6.6 2.6 6.1 13.3 37.5 13.2
CI1* (mg/L) 100.0 200.0 300.0 500.0 600.0 -
1-2 C1* (mg/L) 94.3 198.0 283.8 459.7 555.0 -
Error (%) 5.7 1.0 5.4 8.1 7.5 5.5
CI1* (mg/L) 100.0 200.0 300.0 600.0 900.0 -
1-3 CI1* (mg/L) 99.7 194.8 3114 574.0 874.6 -
Error (%) 0.3 2.6 3.8 43 2.8 2.8
Table 3. Results for identification of contaminant sources with various temporal data.
Contaminant sources Error (%)
Case No.
Sl S2 S3 S4 S5 Average
2-1 0.2 3.1 5.6 2.9 2.2 2.8
2-2 1.0 1.9 3.1 1.7 7.6 3.1
2-3 1.5 4.6 3.8 7.4 3.1 4.1
2-4 3.8 1.8 3.4 6.8 9.1 5.0
2-5 3.8 5.0 3.9 4.0 8.5 5.1
2-6 3.2 32 4.7 7.0 34 4.3
2-7 0.4 2.6 4.7 5.6 2.2 3.1
2-8 3.8 2.1 3.1 3.7 5.6 3.7
2-9 3.6 32 4.2 5.9 6.0 4.6
2-10 2.9 1.1 53 0.6 3.1 2.6
2-11 3.0 2.6 4.7 32 52 3.7
2-12 3.8 1.6 43 6.1 8.4 4.8
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Fig. 5. Configuration of temporal data for sensitivity analysis of temporal data distributions. The number of temporal
data is (a) 30 for case 2-1, (b) 15 for case 2-2 and (c) 9 for case 2-3. Temporal data distribution is at (d) the early
period for case 2-4, (e) the middle period for case 2-5 and (f) the later period for case 2-6.
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Table 4. Results for identification of contaminant sources with various spacial data.

Contaminant sources Error (%)

Case No.
S1 S2 S3 S4 S5 Average
3-1 2.7 2.6 4.2 3.4 4.0 3.4
32 2.7 3.8 4.7 7.1 3.7 4.4
3-3 5.0 2.9 4.6 7.7 3.8 4.8
3-4 5.8 3.3 7.7 7.4 6.2 6.1
3-5 43 4.0 8.6 4.6 42 5.1
3-6 3.9 4.6 9.0 5.5 4.0 5.4
3.7 33 2.6 3.1 7.1 52 43
3-8 4.9 3.1 3.9 52 6.0 4.6
3-9 6.5 3.6 5.0 5.8 7.1 5.6
3-10 22 2.8 4.2 3.4 4.8 3.5
3-11 4.9 2.6 4.2 4.4 4.0 4.0
3-12 6.9 8.2 7.8 7.9 7.0 7.6
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Fig. 6. Configuration of contaminant sources, concentration observation wells for sensitivity analysis of spatial
data distributions. The number of spatial data is (a) 36 for case 3-1, (b) 15 for case 3-2 and (c) 9 for case 3-3. Spatial
data distribution is at (d) the short distance area for case 3-4, (e) the middle distance area for case 3-5 and (f) the
long distance area for case 3-6 from the contaminant sources.
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