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Performance Evaluation of Soil Vapor Extraction
Using Prefabricated Vertical Drain System
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ABSTRACT

Soil vapor extraction (SVE) is an effective and cost efficient method of removing volatile organic compounds (VOCs) and
petroleum hydrocarbons from unsaturated soils. However, soil vapor extraction becomes ineffective in soils with low gas
permeability, for example soils with air permeabilities less than 1 Darcy. Incorporating PVDs in an SVE system can
extend the effectiveness of SVE to lower permeability soils by shortening the air flow-paths and ultimately expediting
contaminant removal. The objective of the research described herein was to effectively incorporate PVDs into a SVE
remediation system. The test results show that the gas permeability was evaluated for four different equivalent diameters,
increasing the equivalent diameter results in a decrease in the calculated gas permeability. It was found that the porosity
for the dry condition was greater than that of the wet condition and will allow flow rate for the same vacuum flow,
offering a low resistance to the air flow.
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(a) Schematic of core with PVDs (unit: mm).
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Fig. 1. SVE remediation system using PVDs.
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Table 1. Specifications of PVDs

Properties Units Dimension Test method
. Filter - Polypropylene KS K 0210
Material
Core - Polypropylene KS K 0210
Weight gf/m 90 KS K 0514
Width mm 1005 KS K 0505
Thickness mm 4+0.5 KS K 0506
Tensile strength kef/width 350 KSK ISO 10319
Drain Disch . 10 kPa cm’/sec 180 ASTM D4716
IScharge €apacity. 300 kpa cm?/sec 140 ASTM D4716
Filt Tensile strength kegf 50 KS K 0743
ilter
Effective opening size pm 50~90 KSK ISO 12956
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Table 2. Engineering properties of silty soils

Item Quantity
Specific gravity 2.67
Uniform coefficient 2.0
Coefficient of gradation 0.85
Optimum moisture content (%) 16.4
Max. dry unit weight (kN/m?) 14.9
Coefficient of permeability (cm/s) 3.61x 107
USCS Classification SM
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Fig. 2. Grain size distribution for silty soils.

(a) Photos of model test box.

(b) PVD extraction and piezometer installation setup

Fig. 3. Laboratory model test box.
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Table 3. Gas permeability values for different equivalent well radius
k [Darcy]
Flow Rate P,
(em/s) (atm) Atkinson-Eldred Hansbo Fellinius & Castonguay Long & Covo
R,=138cm R,=1.78 cm R,=1.13cm R,=1.62cm
3,333 0.7232 3.2074 2.9649 3.3978 3.0546
2,778 0.7687 3.3129 3.0624 3.5095 3.1551
2222 0.8083 3.2896 3.0409 3.4849 3.1330
1,945 0.8258 3.2058 2.9634 3.3961 3.0531
1,667 0.8442 3.1083 2.8733 3.2928 2.9602
1,389 0.8665 3.0653 2.8336 3.2473 2.9193
1,111 0.8848 2.8745 2.6572 3.0452 2.7376
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(a) Photograph of PVD system
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(b) Plan view of PVDs extraction and piezometer.

Fig. 5. SVE remediation system installation setup.
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(b) Compaction condition (loose & dense)

Fig. 6. Pressure head variation for different flow rates at two compaction efforts.
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Table 4. Henry's law constant of petroleum constituents
(USEPA, 1995)

Constituent Henry's law constant (atm)
Tetraethyl lead 4,700
Ethylbenzene 359
Xylene 266
Benzene 230
Toluene 217
Naphthalene 72
Ethylene dibromide 34
Methyl t-butyl ether 27
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