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ABSTRACT

This study carried out several kinds of investigations such as geology, hydrogeology, groundwater level and quality,
surface-water quality, and the quantity and quality of groundwater discharge from the subway to identify the causes of
groundwater contamination around the subway tunnel at Suyeong District in Busan City. Geostatistical analyses were also
conducted to understand the characteristics of groundwater level and quality distributions. There are Kwanganri Beach and
Suyeong River in the study area, which are basically influenced by seawater. The total quantities of groundwater
utilization and groundwater discharge from the subway tunnel in Suyeong District are 2,282,000 m>/year, which is 2.4
times larger than the sustainable development yield of groundwater. The lowest groundwater level around the subway
tunnel is about 32 m below the mean sea-level. The large drawdown of groundwater led to the inflow of seawater and
salinized river water toward the subway tunnel, and therefore the quality of groundwater didn't satisfy the criteria of
potable, domestic, agricultural and industrial uses. Distribution maps of groundwater level and qualities produced by
kriging were very useful for determining the causes of groundwater contamination in the study area. The distribution maps
of electrical conductivity, chloride and sulfate showed the extent of seawater intrusion and the forceful infiltration of the
salinized Suyeong River. This study revealed that seawater and salinized river water infiltrated into the inland groundwater
and contaminated the groundwater around the subway tunnel, because the groundwater level was seriously drawdowned
by groundwater discharge from the subway tunnel. The countermeasure for the minimization of groundwater discharge
from the subway tunnel is necessary to prevent the groundwater obstacles such as groundwater depletion, groundwater-
quality deterioration, and land subsidence.
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Table 1. Groundwater use and quantity in the study area
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Total Living Industrial Agricultural and Other use
District Use Use fishery use
Wells Quantity Wells Quantity Wells  Quantity  Wells  Quantity  Wells  Quantity
Gwangan-dong 157 838,692 150 761,220 4 3,612 2 1,860 1 72,000
Namcheon-dong 56 241,992 53 218,844 2 3,552 1 19,596 0 0
Mangmi-dong 51 229,428 47 196,404 3 8,868 0 0 1 24,156
Millak-dong 23 99,060 21 98,652 1 48 1 360 0 0
Suyeong-dong 19 121,788 18 81,564 0 0 0 0 1 40,224
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Table 2. Groundwater discharge from the subway in Busan city (unit: m*/day)
H Utilization
Subway Number Dlscha.rge Unus§d
Quantity Quantity Use Quantity
1 2,356 262 Cleaning & Domestic Use, River Control 2,094
2 6,197 1,325 Cleaning & Domestic Use, River Control 4,872
3 6,477 2,241 Cleaning & Domestic Use, River Control 4,206
Total 15,030 3,828 11,172
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Table 3. Groundwater discharge from the subway in Suyeong District (unit: m*/day)
i Utilization
Subway Station D1scha.rge Unusc?d
Quantity Quantity Use Quantity

Namcheon - - - -
Geumnyeonsan 281 20 Cleaning Station 261
Gwangan A 148 20 Cleaning Station 128
Gwangan B 27 - - 27
Suyeong 50 - - 50
Millak 551 20 Cleaning Station 531
Mangmi A 170 - - 170
Mangmi B 830 7 Cleaning Station 823
Total 2,057 67 1,990
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Fig. 3. Variations of EC at the Suyeong River.
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Table 4. General statistics of groundwater quality data

Component Max. Min. Mean Median  Standard Deviation Skewness Kurtosis
Temp. (°C) 30.0 14.0 20.1 19.6 2.0 0.6 3.9
pH 8.58 5.97 7.08 6.97 0.58 0.42 -0.37
EC (uS/cm) 25,600.0 206.5 1,040.5 571.5 2,679.6 7.7 64.1
DO (mg/L) 12.6 2.4 59 5.5 22 0.9 0.5
CI' (mg/L) 16,886.12 15.88 916.85 61.54 3,002.1 4.5 21.0

0, (mg/L) 2,068.00 13.43 179.53 53.84 404.7 3.5 12.3

Table 5. Selected variogram models and parameters of EC, Cl-and SO,

Data Model Nugget Sill Range (m) R? RSS

EC Spherical 10,000 16,270,000 5,110 0.841 5.68 x 10"

cr Exponential 2,400,000 17,010,000 8,031 0.349 1.60 x 10"

SO+ Exponential 47,800 228,300 4,353 0.445 3.01 x 10"
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Fig. 6. Distribution map of EC.
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