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ABSTRACT

Diverse geostatistical tools such as kriging have been used to estimate the volume and spatial coverage of contaminated
soil needed for remediation. However, many approaches frequently yield estimation errors, due to inherent geostatistical
uncertainties. Such errors may yield over- or under-estimation of the amounts of polluted soils, which cause an over-
estimation of remediation cost as well as an incomplete clean-up of a contaminated land. Therefore, it is very important to
use a better estimation tool considering uncertainties arising from incomplete field investigation (i.e., contamination
survey) and mathematical spatial estimation. In the current work, as better estimation tools we propose stochastic
simulation approaches which allow the remediation volume to be assessed more accurately along with uncertainty
estimation. To test the efficiency of proposed methods, heavy metals (esp., Pb) contaminated soil of a shooting range area
was selected. In addition, we suggest a quantitative method to delineate the confident interval of estimated volume (and
spatial extent) of polluted soil based on the spatial aspect of uncertainty. The methods proposed in this work can improve a
better decision making on soil remediation.

Key words : Remediation of polluted soils, Heavy metals, Geostatistical approaches, Estimation of spatial extent and
volume of polluted soil, Uncertainty estimation
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Variogram Value Nugget Sill Major range

Cutoff 1 63.55 (25%) 0.156 0.206 68.87
Indicator variogram Cutoff 2 112.38 (50%) 0.183 0.301 115.11

Cutoff 3 274.59 (75%) 0.184 0.187 110.64
Variogram (SGS, OK) 0.190 0.380 44.06

OK = ordinary kriging, SGS = Sequential Gaussian Simulation
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Fig. 5. Maps showing the distribution of Pb concentrations estimated by A) Ordinary Kriging (OK), B) Sequential Gaussian Simulation
(SGS), and C) Sequential Indicator Simulation (SIS).
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Fig. 6. Contaminated soil volumes (%) estimated from different
methods.

Table 2. Statistical summary of the results of kriging and simulation

OK SGS
Average 134.69 135.83
Median 130.35 120.54
Maximum 356.43 727.31
Minimum 10.13 1.82
SD 70.37 79.86

OK = ordinary kriging, SGS = Sequential Gaussian Simulation
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Fig. 7. The results of SGS, showing the probability of Pb concentrations exceeding 100 mg/kg (a) and maps of the uncertainties at a given
critical probability value (b: >50%, c: >80%, and d: >40%)).
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