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Development of Preliminary Hazard Ranking System
for Underground Storage Tanks Using
Geographic Information System (GIS)
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Spills or leaks of hazardous organic compounds from underground storage tanks (USTs) are

common contaminant sources of soil and groundwater. It would aid in managing USTs to assess and rank the

potential environmental hazard posed by the USTs. Therefore, a preliminary hazard ranking system of USTs is

developed in this study. The system is combined with GIS and consists of five steps: 1) selection of significant
factors, 2) determination of the hierarchy of the factors, 3) determination of the weights, 4) calculation of the
potential hazard, and 5) hazard assessment. The system is applied to the gas stations in Kwanak-gu, Seoul. The

results indicate that the gas stations can be categorized in three groups as highly hazardous, less highly

hazardous, and weakly hazardous. Seven gas stations belong to the highly hazardous group. Through the

sensitivity analysis, four stations appear to possess high hazard potentials regardless of weights assigned to the
factors. It appears that a user can make flexible application of the hazard ranking system with the user's

experience and particular purposes. However, the system still needs validations against field survey data.
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Figure 1. Flow chart of preliminary hazard ranking determination
for underground storage tanks.
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Table 1. Index values representing relative importance of two factors
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Figure 2. Hiecrarchy of the selected factors.
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Table 2. Factors selected in the case study
Tank age, Tank volume

Leakage potential

Soil texture, Aquifer media, Distance to
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Table 3. Weights of the selected factors
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Figure 3. Hierarchy of the factors in the case study.
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Leakage potential Vulnerability Weights
Leakage potential 1 3 0.75
Vulnerability 1/3 1 0.25
Tank age Tank volume Weights
Tank age 1 6 0.85
Tank volume 1/6 1 0.15
Soli texture Aquifer media Distance to stream Distance to well Weights
Soil texture 1 5 7 1/3 0.32
Aquifer media 1/5 1 3 1/5 0.11
Distance to stream 1/7 1/3 1 1/5 0.06
Distance to well 3 5 5 1 0.51
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Table 4. Weights of the attributes
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o, 1996b). A 2RE Q] FR/HA7A Y A2lE 20 m v|RE,
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Soil texture Sand Sandy loam Loam Weights
Sand 1 7 9 0.77
Sandy loam 1/7 1 5 0.18
Loam 1/9 02 1 0.05
Aquifer media Gneiss Granite Alluvium Weights
Gneiss 1 3 1/7 0.16
Granite 1/3 1 1/7 0.08
Alluvium 7 7 1 0.76
Distance to stream 0~50 m 50~200 m 200~500 m 500 m~ Weights
0~50 m 1 5 6 7 0.62
50~200 m 1/5 1 4 5 0.23
200~500 m 1/6 1/4 1 5 0.11
500 m~ 1/7 1/5 1/5 1 0.04
Distance to well 0~20 m 20~50 m 50~100 m 100~200 m 200 m~ Weights
0~20 m 1 5 6 7 9 0.53
20~50 m 1/5 1 5 7 8 0.27
50~100 m 1/6 1/5 1 5 7 0.12
100~200 m 1/7 1/7 1/5 1 5 0.06
200 m~ 1/9 1/8 1/7 1/5 1 0.02
Tank age 5~7 yr 3~5 yr 1~3 yr Weights
5~7yr 1 7 9 0.77
3~5yr 1/7 1 5 0.18
1~3 yr 1/9 1/5 1 0.05
Tank volume 56~100 ki 100~150 ki 150~200 ki 200~250 ki 250~280 kI Weights
56~100 kI 1 1/4 1/7 1/8 1/9 0.02
100~150 kI 4 1 1/5 1/7 1/7 0.06
150~200 kI 7 5 1 1/6 1/6 0.12
200~250 kI 9 7 6 1 1/5 027
250~280 ki 9 7 6 5 1 0.53
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Table 5. Estimated hazard potential of gas stations in Kwanak-gu

ID No. of Hazard

. . B C D E F
gas station potential
5 0.56 7 120 3 2 50 200
6 0.55 7 160 3 2 10000 10000
7 0.55 7 104 3 2 200 200
8 0.54 7 86 3 2 200 10000
9 0.54 7 160 1 2 10000 10000
11 0.54 7 145 3 4 200 10000
12 0.52 6 120 1 4 10000 10000
17 0.23 4 190 3 3 50 10000
23 0.19 2 280 1 3 50 200
18 0.18 4 250 1 2 10000 100
15 0.18 4 180 3 2 10000 100
13 0.17 5 210 1 2 200 10000
16 0.16 4 150 3 2 10000 10000
2 0.15 4 60 1 1 10000 200
26 0.10 2 160 3 2 200 100
4 0.10 2 190 1 2 10000 50
3 0.09 1 56 3 2 50 200
10 0.09 2 80 3 1 10000 10000
20 0.08 3 150 3 2 500 10000
14 0.08 3 100 3 2 50 10000
1 0.08 2 72 3 2 200 200
24 0.07 2 200 1 2 10000 10000
21 0.07 2 160 1 2 10000 10000
25 0.07 2 200 1 2 200 10000
19 0.06 1 160 1 2 500 10000
22 0.06 2 120 1 2 10000 10000

A : Tank age, B : Tank volume (kl), C : Aquifer material's code(1:
Gneiss, 2: Granite, 3: Allavium), D : Soil texture's code(1. Sandy
loam, 2: Loam, 3: Sand, 4: Unknown), E : Distance to stream (m)
(50: below 50 m, 200: 50~200 m, 500: 200~500 m, 10000: a-
bove 500 m), F : Distance to well (m) (20: below 20 m, 50: 20~50
m, 100: 50~100 m, 200: 100~200 m, 10000: above 200 m)
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Figure 4. Hazardous potential ranking of gas stations in the case
study.
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Table 6. Change in weights for the sensitivity analysis
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A Leakage potential Vulnerability Weights
Leakage potential 1 1 0.5
Vulnerability 1 1 0.5

B Leakage potential Vulnerability Weights
Leakage potentiaf 1 5 0.83
Vulnerability 1/5 1 0.17

C Leakage potential Vulnerability Weights
Leakage potential 1 1/5 017
Vulnerability 5 1 0.83

a Tank age Tank volume Weights
Tank age 1 1 0.5
Tank volume 1 1 0.5

b Tank age Tank volume Weights
Tank age 1 6 0.86
Tank volume 1/6 1 0.14

< Tank age Tank volume Weights
Tank age 1 1/6 0.14
Tank volume 6 1 0.86

1 Soil texture Aquifer media Distance to stream Distance to well Weights
Soil texture 1 5 6 7 0.62
Aquifer media 1/5 1 3 5 0.22
Distance to stream 1/6 1/3 1 4 0.11
Distance to well 1/7 1/5 1/4 1 0.05

II Soil texture Aquifer media Distance to stream Distance to well Weights
Soil texture 1 5 6 1 041
Aquifer media 1/5 1 3 1/5 0.11
Distance to stream 1/6 1/3 1 1/6 0.06
Distance to well 1 5 6 1 042

I Soil texture Aquifer media Distance to stream Distance to well Weights
Soil texture 1 5 6 1/7 0.21
Aquifer media 1/5 1 3 1/8 0.07
Distance to stream 1/6 1/3 1 1/8 0.05
Distance to well 7 8 8 1 0.67
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