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A Study on the Full-scale Soil Washing Process Improved by Multi-stage
Continuous Desorption and Agitational Desorption Techniques to Remediate
Petroleum-contaminated Soils
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ABSTRACT

In accompany with the transfer of US army bases, recent surveys reported serious contamination of soils by the release of
petroleum from storage facilities and heavy metals accumulated in rifle-ranges. These problems have made an increased
concerns of cleanup technology for contaminated soils. In this study, a full-scale soil washing process improved by multi-
stage continuous desorption and agitational desorption techniques was examined for petroleum-contaminated soils
obtained from three different remedial sites that contained 29.3, 16.6, and 7.8% of silt and clay, respectively. The initial
concentrations of total petroleum hydrocarbon (TPH) were 5,183, 2,560, and 4,860 mg/kg for each soil. Pure water was
applied to operate washing process, in which water used for washing process was recycled 100% for over 6 months. The
results of full-scale washing tests showed that the TPH concentrations for soils (>3.0 mm) were 50~356 mg/kg
(85.2~98.2% removal rates), regardless of the contents of silt and clay from in A, B and C soil, when the soils were
washed at 3.0 kg/em® of injection pressure with the method of wet particle separation. Based on the initial TPH
concentration, the TPH removal rates for each site were 85.2, 98.2 and 89.9%. For soils in the range of 3.0~0.075 mm, the
application of first-stage desorption technique as a physical method resulted 834, 1,110, and 1,460 mg/kg of TPH
concentrations for each soil, also additional multi-stage continuous desorption reduced the TPH concentration to 330, 385,
and 245 mg/kg that were equivalent to 92.4, 90.6, and 90.1% removal rates, respectively. The result of multi-stage
continuous desorption for fine soil (0.075~0.053 mm) were 791, 885, and 1,560 mg/kg, and additional agitation desorption
showed 428, 440, and, 358 mg/kg of TPH concentrations. Compared with initial concentration, the removal rates were
92.0, 93.9 and 92.9%, respectively. These results implied we could apply strategic process of soil washing for varies types
of contaminated soils to meet the regulatory limit of TPH.

Key words : Petroleum-contaminated soil, Soil washing with water, Physical desorption, Multi-stage continuous des-
orption, Agitational desorption
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Fig 1. Organic content via soil fraction of <200 mesh (A),
concentration of TPH according to average particle size (B).

Table 1. Physicochemical Characteristics of Soil Samples
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Table 2. Particle Size Distribution of Soils and TPH initial Concentrations

Sieves

Region Opening mass fraction[%] TPH conc. ' Contamir.lation lo'ading for
# . [mg/kg dry soil] each size fraction (%)
size [mm]
~4 ~4.75 11.1 1,890 4.8
A 4~200 4.75~0.075 59.6 4,317 59.1
200~ 0.075~ 29.3 5,370 36.1
~4 ~4.75 11.5 2,784 7.1
B 4~200 4.75~0.075 71.9 4,126 66.2
200~ 0.075~ 16.6 7,182 26.6
~4 ~4.75 30.6 3,530 354
C 4~200 4.75~0.075 61.6 2,571 51.8
200~ 0.075~ 7.8 5,011 12.8
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Fig. 2. Process of multi-stage continuous desorption system.
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Fig 3. Process of agitational desorption system

Table 3. Process Parameters of Soil Washing System

Pump capacity

Pump power (kw)

Spindle speed rotational (rpm) Hydro cyclone size (@)

Region Mixing ratio
(ton/hr) P-1 p-2 P-1 p-2 Ist 2nd
A Mixing 160 22 22 1,200 1,200 660 660
B ratio 80 11 11 1,200 1,200 430 430
C 1:3 120 18 18 1,200 1,200 530 530
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Fig 4. TPH concentrations of soils after 1st step (wet separation
with 3.0 kg/cm? of injection pressure with water) and 2nd step
(multi-stage continuous desorption) (Particle size =3.0~0.075
mm, solution mixing ratio =1 : 3, shaking speed = 1,200 rpm).
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