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ABSTRACT

Uncertainty associated with a sampling method is very high in evaluating the degree of site contamination; therefore, such
uncertainty affects the reliability of precise investigation and remediation verification. In particular, in evaluating a site for
a small-sized filling station, underground utilities, such as connection pipes and oil storage tanks, make grid-unit sampling
impossible and the resulting increase in uncertainty is inevitable. Accordingly, this study quantified the uncertainty related
to the evaluation of the degree of contamination by total petroleum hydrocarbon and by benzene, toluene, ethylene, and
xylene. When planning a grid aimed at detecting a hot spot, major factors that influence the increase in uncertainty include
grid interval and the size and shape of the hot spot. The current guideline for soil sampling prescribes that the grid interval
increase in proportion to the area of the evaluated site, but this heightens the possibility that a hot spot will not be detected.
In evaluating a site, therefore, it is crucial to estimate the size and shape of the hot spot in advance and to establish a
sampling plan considering a diversity of scenarios.
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Table 1. Number of sampling points and grid distance (after
KMOE, 2010)

Area (m?) Nur'nber O.f Grid Distance (m)
sampling Points

500 < 5 10~14
1,000 < 6 13~17
2,000 < 7 18~22
3,000 < 9 20~24
4,000 < 11 21~25
5,000 < 13 21~25
6,000 < 15 22~26
7,000 < 17 22~26
8,000 < 19 22~26
9,000 < 20 23~27
10,000 < 21 24~28
15,000 < 25 27~31
20,000 < 30 29~33
25,000 < 35 30~34
30,000 < 40 30~34
35,000 < 45 31~35
40,000 < 50 31~35
45,000 < 52 33~37
50,000 < 55 34~38
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Fig. 1. Graphical Representation of Sampling Planning: (a)
Simple random sampling; (b) Stratified random sampling; (c)
Two-stage sampling; (d) Cluster sampling; (e) Systematic grid
sampling; (f) Random sampling with blocks (after Zirschky and
Gilbert, 1984).
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Fig. 2. Outlook of the assessed site with presumed underground
structure.
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Fig. 3. Schematic layout of the assessed studied site and location
of sampling points.
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Table 2. Analyses results of soils sampled in the assessed site
Number BTEX (mg/kg) TPH
Number Depth (m) Benzene Toluene Ethylbenzene Xylenes (mg/kg)
Regulation Criteria 3 60 340 45 2,000
| 3.0 0.1 Nd 2.0 6.1 2,357
5.0 Nd™! Nd 33 3.7 5,483
3 3.0 Nd 0.1 0.2 0.5 Nd
s 5.0 Nd Nd 04 0.5 855
7.0 Nd 0.2 0.1 0.4 Nd
6 3.0 Nd 0.5 0.5 2.7 2,309
5.0 0.6 0.1 13.0 73.0 7,456
9 5.0 Nd Nd 0.1 0.3 1,578
1 3.0 Nd Nd 1.3 53 463
5.0 Nd Nd 4.1 13.4 5,197
12 5.0 Nd Nd 2.3 15.5 4,344
3.0 Nd 14 34 19.1 4,594
13 5.0 0.2 Nd 5.8 23.6 3,739
7.0 Nd Nd 4.6 272 8,236
14 1.0 Nd Nd Nd Nd 112
3.0 Nd Nd Nd 0.1 Nd
15 5.0 Nd Nd 1.8 5.9 2,094
1.0 Nd Nd Nd Nd 49
17 3.0 Nd Nd 0.2 1.0 7,202
5.0 Nd Nd 2.8 6.2 3,025

*I ' Nd: not detected

Petroleum Hydrocarbon)$} BTEX(Benzene, Ethylbenzene,
Toluene, Xylene) TE5 SH3I LAEE HrklIES
o] QOH(KMOE, 1996), TPHE 2000 mg/kg, BTEX
ol Benzene, Ethylbenzene, Toluene, Xylene2 212} 3
mg/kg, 60 mgkg, 340 mgkg, 45mgkg ZIA| QPO E
st A E thaat 22 Al o) asiaint.
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Fig. 4. Physicochemical description & the soil sampled at sampling hole #13.
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Table 3. Contamination estimation by depth
Depth
Item
1.5m~35m 35m~55m 55m~75m
Contaminated Area (m?) 75.16 241.57 192.83
Contaminated Volume (m?) 150.32 483.14 385.65
Contaminated Soil Weight (ton) 300.64 966.28 771.3
Contaminant Weight (kg) 24.09 54.03 103.83
Estimated area of contamination (m?) 324.74 756.11 439.65
Ak (kg), TPHy=TPH Y% (kg/lL). EY¥ U Lg&Ede

EEFEEEEEEEEEEFEETT

[TTTT]

"B E2EEEEEEEEEEEEE
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Fig. 5. Estimated contaminated area of assessed site by depth. (a)
1.5~3.5m, (b) 3.5~5.5m, (¢) 5.5~7.5 m.
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* SUBSURFACE POCKET OF
€—————— CONTAMINATION OF
ACONCENTRATION DEEMED
IMPORTANT TO DETECT

Fig. 6. Hypothetical subsurface pocket of contamination (after
Zirschky and Gilbert, 1984).
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Fig. 7. Curves relating L/G(L: length of semi-major axis, G: grid
spacing) to consumer’s risk, (3, for different target shapes when
sampling is on a rectangular grid pattern (after Zirschky and
Gilbert, 1984).

2. Skgke] HAE LS F3th
3. Stk BokS AA3)
BAZ s At
wkok 7pake] Rl thated ARZEAE 200 cmQ) 2570
o] XY ARE AEE AFske A9E 7T o

90% oz AET & e 99 skl a7E
Axrela okSat 2t} Fig. 79014 Bp=0.1, S=1, L/IG=
0.56°]2.2 L =200 cm x 0.56 = 112 cme]T}. waba] 112
em S 7HAAL Qe ¥F skAgke 200cm HE 4
A2 ABAFHAE 3PH 90% S FEoE HES 7 Uk
Fig. 8& Fig. 7% Rl W& Ax} 1+ sk
o] 7R IAE E=A1SE Aot} Table 1o ®<Q1 uf
o} o] fEuete] ENEANH AR Frid A
HZ o] 500-50000 m*Q] 73F- 10~38 mZ AARFAS A
== A= Stk Fig 8] oujsleE RS Ax} 7H
Zo] AAFE AET = e skago] AXYE Aotk
= S0 ZAAEA0] 40m ) 7§ kagke] Hix|Eo]
0m oPg=ojor s HES 4 ).
Fig. 8olA AzRFAS] =717} 10 meFd ¥EAE 4 m?]
hot spotS 2tS & U= FEC] 50% B AS &
I Aok mEA A=l = AdEiolA hot spotS 7
3= AL g ot A4S & 5 JdoH & F

Aol BUHPOR 9% AES Blshe 2e A

(O8]

o

o M2
Mo

ogw Fg9) Bae 1 Ae] Aoy, L9AA,

|
A, FLEE 5 Ml e FHse 3ol 53s F
a1 Asisjofp g Boltk £ Aolx AAIGE nRe} o)
A7 A0 AR 75 o] HEo| ot EY
o] Et4% (heterogeneity )y 7iRtsPA gl FAG7 =

h=|

b5 ol RAEA Heh A4S dels g



Fig. 8. Curves relating grid distance, G, and the radius of circular
hot spot, L, by confidence level, o.
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