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This study assesses groundwater vulnerability to contaminants in industrial and residential/commercial areas of the city
of Changwon, using DRASTIC technique and groundwater data. The DRASTIC technique was originally applied to situa-
tions in which the contamination sources are at the ground surface, and the contaminants flow into the groundwater with
infiltration of rainfall. Mostly the industrial area has higher DRASTIC indices than the residential/commercial area. How-
ever, a part of the residential/commercial area having much groundwater production and great drawdown is more contami-
nated in groundwater than other industrial and the residential/commercial areas even if it has lowest DRASTIC indices in
the study area. It indicates that groundwater contamination in urban areas can be closely related to excessive pumping
resulting in a lowering of the water level. The correlation coefficient between minimum DRASTIC indices and the degree
of poor water quality for 10 districts is as low as 0.40. On the other hand, the correlation coefficients between minimum
DRASTIC indices and the groundwater discharge rate, and between minimum DRASTIC indices and well distribution
density per unit area are 0.70 and 0.87, respectively. Thus, to evaluate the potential of groundwater contamination in urban
areas, it is necessary to consider other human-made factors such as groundwater withdrawal rate and well distribution den-
sity per unit area as well as the existing seven DRASTIC factors.
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Fig. 2. Administrative districts of the study area. EC:
Euichang-Dong; MG: Myeongog-Dong; BL: Bonglim-
Dong; BS: Bansong-Dong; YJ Yongi-Dong, JA:
Jungang-Dong; SP; Sapa-Dong; SN: Sangnam-Dong; GU:
Gaeumnjeong-Dong; PY: Palyong-Dong; WN: Wungnam-
Dong; 8J: Seongju-Dong.
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Table 3. Groundwater quality to the drinking water standard.

Use Degree of good quality  Degree of poor quality
Classification
Drinking  Domestic  Industriat  Total nos. Nos. % Nos. %
GU 38 28 4 70 70 100 0 0
MG 17 19 2 38 31 81.6 7 18.4
BS 4 11 2 17 13 76.5 4 23.5
BL 5 10 - 15 13 86.7 2 13.3
SP 52 7 - 59 49 83.1 10 16.9
SN 9 1 - 10 3 30.0 7 70.0
Y] - 52 29 - 81 67 82.7 14 17.3
EC 6 18 - 24 21 87.5 3 125
JA 25 26 1 52 43 82.7 9 17.3
PY 34 38 6 78 62 79.5 16 105
WN 11 7 5 23 20 87.0 3 13.0
SJ 28 31 25 84 714 88.1 10 119
Total 281 225 45 551 466 84.6 85 154
100 1 10000 5
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Fig. 3. Box-Whisker diagram of groundwater contaminants in the study area.
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Table 4. Groundwate recharge rate.

DRASTICS} st %ol ol Bela] sl og35iopy %7}
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Rainfall Direct runoff Direct runoff Evapotrans. Groundwater recharge rate
Year (mm) (mm) (%) (mm) (mm)
1993 1640.6 675.47 41.17 265.99 699.14
1994 814.2 199.19 24.46 479.2 135.81
1995 956.2 223.13 23.34 411.94 321.13
1996 11132 296.27 26.61 378.14 438.79
1997 1549.8 771.69 49.79 382.38 395.73
1998 1821.3 701.08 38.49 320.07 800.15
1999 28974 1713.27 59.13 346.72 837.41
2000 1407.7 527.14 37.59 359.23 519.33
2001 1071.9 310.23 28.94 379.84 381.83
2002 1873.2 818.25 43.68 337.64 717.31
Ave. 1514.6 623.77 41.19 366.12 524.67
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Table 5. Hydraulic parameters in industrial and residential/commercial areas.

Well no. Transmissivity (m%sec) Storage coeff. Test methods

BL - jugu 2.17 x107* 143 x10°7° pumping

BL - jugu 6.78 x10™* 10 x107 slug (injection)

JA - oedong 4.00 x10™ 5.202x1072 pumping

JA - oedong 3.82 x107° 1.0 x107™ slug (injection)

JA 2.361x107 8.748x107! pumping & recovery
JA - bokji 1.20 x107 1.0 x107™ slug (injection)

GU - gaum 1.25 x10™ 1.121x107 pumping

SP - buigok 329 x1073 7.506x1073 slug (injection)

PY - jj 1.025x107 3.891x107° pumping & recovery
PY - qa 5.23 x107° 1.0 x10™ slug (injection)

PY - qa 5.23 x107° 1.0 x107* slug (withdrawal)
PY - fr 7.202x10710 2.25 x10™ slug (injection)

PY - fr 7.202x107° 1.115x107 slug (withdrawal)
PY - migan 1.29 x107° 7.08 x1072 pumping

PY - migan 2.95 x107 6.486x107 slug (injection)

Sy -1 7.071x107 6.985x107! pumping & recovery
SJ-2 8.207x107° 3.717x107! pumping & recovery
WN - 1 7.96 x107° 3.984x1072 pumping & recovery
WN - 2 1.746x107° 7.907x1072 pumping & recovery
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Table 6. DRASTIC analysis.
District D R A S T I C Drastic
DAME  rating index rating index rating index rating index rating index rating index rating index index
GU 17 535 38 1232 4-8 1224 4-10 820 59 59 8 40 1 3 85163
JA 1-7 535 38 1232 48 1224 4-10 820 59 59 8 40 1 3 85163
EC 37 1535 38 1232 38 924 46 812 15 3 8 40 1 3 92-156
MG 37 1535 38 1232 3-8 924 46 812 3 3 8 40 1-4  3-12 94-154
BL 5-7 2535 38 1232 38 924 46 812 19 19 8 40 14 3-12 110-152
sp 57 2535 38 1232 3-8 924 46 8§12 15 15 8 40 1 3 110-148
SN 3 15 3-8 1232 4 12 10 20 9 9 8 40 1 "3 111-131
BS 57 25-35 3 12 3-8 924 46 812 5 5 8 40 1 3 106-127
YJ 1 5 3 12 3 9 10 20 5 5 4 20 1 3 74
PY 1-7 535 38 1232 48 1224 410 820 59 19 8 40 1 3 81-163
WN 37 1535 38 1232 68 1824 24 48 1-10 1-10 36 1530 1 3 68-142
SJ 37 1535 3-8 1232 38 924 46 812 15 15 6-8 30-40 1 3 82-147

D; depth of water, R; net recharge, A; aquifer media, S; soil media, T; topography, I; impact of vadose zone media, C; hydraulic

conductivity
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