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Priority Assessment for Groundwater Contamination Management
Using Analytic Hierarchy Process (AHP) and GIS Approach

Moung-Jin Lee * Yunjung Hyun* * Youngju Kim * Sang-Il Hwang

Korea Environment Institute

ABSTRACT

In this study, priority for groundwater contamination management was assessed based on regional vulnerability in
Goyang-si area, Gyonggi-do, Korea using analytic hierarchy process (AHP) and geographic information system (GIS). We
proposed a concept for regional vulnerability to groundwater contamination with using socio-environmental vulnerability
factors, which can be classified into three properties including regional hydrogeological property, contamination property,
and groundwater use property. This concept is applied to Goyang-si area. For AHP analysis, an expertise-targeted survey
was conducted. Based on the survey, a total of 10 factors (criteria) and corresponding weights for regional vulnerability
assessment were determined. The result shows that regional contamination property is the most weighted factor among the
three property groups (hydrogeological property: contamination property: groundwater use property = 0.3: 0.4: 0.3). Then,
database layers for those factors were constructed, and regional vulnerability to groundwater contamination was assessed
by weighted superposition using GIS. Results show that estimated regional vulnerability score is ranged from 22.7 to 94.5.
Central and western areas of Goyang-si which have groundwater tables at shallow depths and are mainly occupied by
industrial and residential areas are estimated to be relatively highly vulnerable to groundwater contamination. Based on
assessed regional vulnerability, we classified areas into 4 categories. Category 1 areas, which are ranked at the top 25% of
vulnerability score, take about 2.8% area in Goyang-si and give a high priority for groundwater contamination
management. The results can provide useful information when the groundwater management authority decide which areas
should be inspected with a high priority for efficient contamination management.

Key words : Analytic Hierarchy Process (AHP), Geographic Information System (GIS), Groundwater contamination,
Management priority, Regional vulnerability
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Fig. 1. Study area.
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Step 1
Define the subject of the AHP

Step 2

Identify the criteria to be used in the AHP

Step 3

Questionnaire from groundwater specialists and data collection

Step 4

Creation of value tree (decision hierarchy)

Step 5

Weighting of the factor

Step 6

Check consistency of evaluation

Step 7

Model construction using the WLC and application

Fig. 3. AHP procedure (Kim et al., 2009).
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DAEBECES

1. Which category of requirements is more important for the comparison of groundwater

quality management priority, and to what degree?

Criteri extremely equ extremely Criteri
_

riteria important ally important riteria
Hydo | @ @660l 0|o|®®l 6 |6|® © | Comtami
-geology nation
Hydo | © @660l 0|o|®® 6 |6|® Groundwt
-geology er use
Comtami | @ 166|600 |0|0|®l6|6|0 © | Groundwt
nation er use

2. Evaluate the relative importance of each secondary factor for groundwater quality

management priority.

1 Depth to groundwater =~ ——————————— O 08 @6 6 @ ® O
2 Groundwater recharge =~ ——--———---- 2@ ®® 06 6O
3 Aquifer media =0 ——————————- [(ORONONONONONGEONC)
4 Soil media 00— (ONGEORONONONGEONC)
5 Slope = (ORGEORORONONGEONC)
6 Impact of unsaturated zone =  ————————-—- O @08 @6 6 @ ’® O
7 Hydraulic conductivity =~ -—————————— O3 @6 6 @ ® O
8 Point contamination source =~ = -—--——--——-- 208 @6 6 @6 0
9 Non-point contamination source = ——————————- @08 ®6 6 @600
10 Contamination status ~ ~  -———-——-——-- 20 ®06 6 @69
11 Groundwater use = —--——--———— 2@ Q®®066e 6O
12 Ecological zones ~ ———-——-———- 208 @6 6 @6 O

Fig. 6. Questionnaire sheet for primary and secondary factors used in this study.

Table 1. The 9-point scale for pairwise comparisons by Saaty
(1980)

Point Definition
1 Equally important or preferred
3 Moderately important or preferred
5 Strongly important or preferred
7 Very strongly important or preferred
9 Extremely important or preferred
2,4, 6, 8 Intermediate values to reflect compromise.
Tilrll;i?:r Used when the second criterion is dominant.
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Table 2. Weights of the primary factors at Level 1
Factors F F, F; Weight CI CR
Hydrogeologic characteristics F 1 0.760 1.426 0.337 0.0043 0.0074
Contamination characteristics F, 1.316 1 1.423 0.404
Groundwater use characteristics F; 0.701 0.703 1 0.259
where, CI: consistency index; CR: consistency ratio
Table 3. Matrix and weights (/) of the secondary criteria and consistency index (CI)
F; (Factor 1: Hydrogeologic characteristics)
Fll F12 Fl3 F14 FIS Flé F17 le CI CR
Fi 1.000 1.519 0.700 0.610 1.769 0.718 0.575 0.122 0.0078 0.0059
Fi, 0.658 1.000 0.564 0.595 1.488 0.717 0.580 0.102
Fis 1.428 1.774 1.000 1.355 2.338 1.566 0.822 0.190
Fiy 1.640 1.681 0.738 1.000 2.239 1.301 0.946 0.174
Fis 0.565 0.672 0.428 0.447 1.000 0.478 0.452 0.075
Fie 1.392 1.395 0.639 0.769 2.091 1.000 0.616 0.140
Fiq 1.739 1.725 1.217 1.057 2212 1.624 1.000 0.198
F, (Factor 2: Contamination characteristics)
V! Fy W Cl CR
F 1.000 1.518 0.603 0.000 -
Fy 0.659 1.000 0.397
F; (Factor 3: Groundwater use characteristics)
Fs F3 W CI CR
F5, 1.000 1.940 0.660 0.000 -
Fy 0.515 1.000 0.340
where, W;: weights for Fj; CI: consistency index; CR: consistency ratio
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Fig. 7. GIS-based data maps for regional groundwater contamination vulnerability.
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Table 4. Data types and sources of primary (Level 1) and secondary (Level 2) factors for groundwater vulnerability assessment

Primary factors Secondary factors Data Type Data Source
Depth to water Point/Grid Observation data of groundwater in Goyang-si area
Groundwater recharge Point/Grid National Groundwater Information Management and Service
Hydrogeologic Center
characteristics Slope Grid Numerical map
Unsaturated zone medium effect Polygon Geologic map
Hydraulic conductivity Polygon Soil map
Point pollution source Point/Grid Distribution map of contamination in Goyang-si area
Contamination Non-point pollutant source Polygon/Grid  Land Cover Map
characteristics i i i
State of regional contamination  Polygon/Grid M?a'surement stgtlon of regional groundwater quality of
Ministry of Environment
Groundwater use Use of groundwater Grid Observation data of groundwater in Goyang-si area
characteristics Ecological zoning map Polygon Ecological zoning map

Table 5. Ranges and weights for primary and secondary factors used in this study

Weighted input

Level 1 Level 2 Subdivision and grade Grade
factors

<5 6
S5<and <10 54
10<and <20 42

Depth to groundwater (m) 20<and <30 3
(0.06) 30 <and <50 24
50 <and <100 1.8
100 <and <200 1.2
200 <and <350 0.6

<35 4
Groundwat N 5<and <10 3.2

roundwater r

fvartirivs 05 <20
20 <and <30 1.2
30<and <50 0.4

<5 5
Hydrogeqlogic 5<and <13 43
Cha“zf)t;r)‘ms Slope (°) (0.05) 13 <and <21 - 3.6
21 <and <29 2.1
29< 0.7

very good 7
good 5.6
Impact of Unsaturated slightly good 42
zone (0.07) slightly poor 2.8
poor 1.4
very poor 0.7

0.01 < 8
0.001 < and <0.01 6.9
Hydraulic conductivity 0.0001 < and <0.001 4.6
(m/day) (0.08) 1E10-5 < and <0.0001 3.4
1E10-6 < and <1E10-5 23
<1E10°® 1.1

J. Soil & Groundwater Env. Vol. 18(5), p. 26~38, 2013
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Table 5. continued
Level 1 Level 2 Subdivision and grade Grade Weighted input
factors
30< H 14
Point contamination source 15<and <30 M 7
(number) (0.14) 10<and <15 L 3
<10 - 3
residential area M 5
a manufacturing area H 10
commercial area M 5
recreational facilities area L 1
trafficked areas L 1
public facilities area L 1
paddy M 5
field H 10
growing in plastic house area H 10
orchard M 5
. o other plantation area M 5
Contamination Non-point contamination broadleaf L |
characteristics source (0.10) )
(0.4) coniferous L 1
mixed forest L 1
natural grasslands L 1
golf course M 5
other grassland L 1
inland wetlands L 1
coastal wetlands L 1
mining area M 5
bare ground L 1
inland waterways L 1
marine L 1
10.0< 16
8.5<and <10.0 12
Contamination status (mg/L) 6.0<and <85 3 3
(0.16)
3.0<and <6.0 5
<3.0 3
960,000 < and < 1,430,000 20
550,000 < and < 960,000 17
300,000 < and < 550,000 15
. 230,000 < and < 300,000 13
Gro““dwateé o (m/year) 160,000 < and < 230,000 11
Groundwater use (0:20) 11,0000 < and < 160,000 9
characteristics 60,000 < and < 110,000 -
(0.3) 20,000 < and < 60,000
720 < and <20,000
grade 1 or separate management area 10
. grade 2
Ecological Zones (0.10) orade 3
no grade
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Table 6. Classification of regional vulnerability scores into 4
categories and areal ratios of each category in Goyang-si area

Category Grade interval Area (km?) Ratio (%)
1 22.7~40.7 741 2.80
2 40.7 ~58.6 90.48 34.23
3 58.6 ~76.6 100.63 38.07
4 76.6 ~94.5 65.78 24.89

Table 7. Statistical summary for NOs-N concentrations in each
category

Category Mean Minimum Maximum  Number of
(mgl)  (mgl) (mg/L) data
1 4.7 0.30 18.0 9
2 4.0 0.20 13.3 16
3 82 0.05 455 20
4 33 0.10 12.3 9
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Fig. 8. Map of priority groundwater management areas based on regional groundwater contamination vulnerability.
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