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ABSTRACT

The objectives of this study were to identify the characteristics of groundwater in the petroleum contaminated site and to
evaluate the applicability of house-type landfarm facilities heated with briquette stoves in winter season. The six
monitoring wells were installed at the site where pH, dissolved oxygen, and temperature were all measured. Also
groundwater contaminants, benzene, toluene, ethylbenzene, xylene and total petroleum hydrocarbon, were analyzed twice.
House-type two landfarm facilities (12 m x 40 m x 4.8 m) each installed with four briquette stoves were constructed.
During four rounds treatment process, VOCs, moisture, temperature were monitored and soil contaminants were analyzed.
The pH was 6.37 and considered subacid and DO was measured to be 3.12 mg/L. The temperature of groundwater was
measured to be 9.48°C. The groundwater contaminants were detected only in the monitoring wells within the
contaminated area or close to it showing that the groundwater contaminated area was similar to the soil contaminated area.
During the landfarm process, 73.3% of VOCs concentration in interior gas was decreased and moisture was lowered from
17.7% to 13.4%. In the momning, at 8:00 am, the temperature was decreased showing soil (5.5°C)> interior
(4.8°C) > exterior (3.5°C). In the afternoon, at 2:00 pm, the temperature was soil (8.6°C) <interior (9.9°C) < exterior
(11.5°C) with solar radiation. The temperature difference between interior and exterior was 0.7°C in the morning, but it
was 1.6°C in the afternoon. A total of 130 days were taken for four round landfarm processes. Each process was
completed within 33 days showing 80% of cleanup efficiency (1* order dissipation rate(k) = 0.1771).
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Table 1. The physical characteristics of soil collected from the site
Water Cumulative Size Distribution (%)
content  Density Soil classification No.4 No.10 No.40 No.200
(o) (@476mm)  (20mm)  (042mm)  (0.074 mm) 2 pm
Ref. (1~3m) 19.6 2.65 Clay 100 100 682 384 13.5
MW 3 (I~2m) 323 2.70 Sandy clay 100 100 923 68.7 23.5
Average 36.0 2.67
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Fig. 1. Groundwater monitoring well locations.
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Table 2. The comparison of heater considered in this study
Feul Calorie Price of a heater  Quantity Cost Operation Total cost Heater required
(1,000 %) (fuel/day) (#/day) (day) (1,000 ¥%)
Diesel 9,000 kcal/l 1,305 66.7 103,333 88 10,347 1
Electricity 860 kcal/kw 6,800 697.7 48,837 88 11,073 1
Coal 8,300 kcal/kg 2,500 723 43,373 88 6,295 1
Briquette 16,560 kcal/ea 594 36.2 17,826 88 2,154 4
Table 3. The result of the measurement of groundwater level
o Absolute
Monitoring well . Ground water level (m) Absolute Ground water level (m)
elevation level (m)
Ist 2nd 3rd Average Ist 2nd 3rd Average
MW 1 10.80 0.94 1.01 1.37 1.11 9.86 9.79 943 9.69
MW 2 10.88 0.61 0.54 0.59 0.58 10.27 10.34 10.29 10.30
MW 3 12.70 0.42 0.42 0.40 0.41 12.28 12.28 12.30 12.28
MW 4 12.29 1.40 1.61 1.70 1.57 10.89 10.68 10.59 10.72
MW 5 9.33 0.20 0.20 0.28 0.23 9.13 9.13 9.05 9.10
MW 6 10.83 1.55 1.62 1.60 1.59 9.28 9.21 9.23 9.24
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Table 4. The results of the analysis of slug test

Depth to water

Initial displacement Hydraulic conductivity

Monitoring well Test date (m) (cm) (K. cm/sec)
MW 1 02/08 15:25~16:13 1.01 92.4 1.01 x 1077
MW 2 02/08 15:40~16:00 0.54 82.5 6.09 x 107
MW 3 02/08 16:25~17:10 0.42 80.8 3.14x 107
MW 4 02/08 16:09~16:31 1.61 93.0 6.78 x 107°
MW 5 02/08 16:39~16:55 0.20 143.1 1.86 x 107
MW 6 02/08 16:52~17:10 1.62 55.6 1.57x 107
Average 2.55 %107

Table 5. The results of measurements for pH, DO, Temp. and the results of contaminants analysis
Field Measurements Contaminants (mg/L)
Monitoring well pH (nlljg(/)L) ];ilélf ’ Benzene Toluene blzrtlhz}e/lrie Xylene TPH

MW 1 Ist 6.67 434 12.60 ND ND ND ND ND

2nd 6.40 2.88 9.20 ND ND ND ND ND

MW 2 1st 6.59 2.09 9.60 ND ND ND ND ND

2nd 6.54 2.60 6.80 ND ND ND ND 0.462

MW 3 1st 6.48 2.37 7.40 0.003 ND ND ND 0.241

2nd 6.53 2.92 7.40 0.022 0.001 0.003 0.001 0.939

MW 4 Ist 6.53 3.31 12.70 ND ND ND ND ND

2nd 6.47 2.75 9.20 0.002 ND ND ND ND

MW 5 1st 5.73 6.16 10.50 ND ND ND ND ND

2nd 5.66 3.94 9.70 ND ND ND ND ND
1st 6.42 1.90 10.40 ND ND ND ND ND

MW'6 2nd 6.39 2.21 8.20 ND ND ND ND ND

ND =Not Detected
LR AT 3.3. 3 UM PEE (VOCs) R =2
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Fig. 4. Regression analysis for the TPH removal from the contaminated soil.
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