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Contamination of soil due to an oil spill influences its subsequent behavior. An investigation was conducted to
study the effect of oil viscosity on compaction characteristics, coefficient of permeability, and shear strength. Water
permeability was also determined by using Kerosene, Engine oil, and Crude-oil as contaminants. The test results
indicate that the compaction characteristics are influenced by oil contamination. Direct shear test was conducted to
investigate the effect of oil in the pore space in sandy ground. angle of internal friction of sand (based on total
stress condition) decreases due to presence of oil within the pore spaces in sand.
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Table 2. Basic physical properties of Jumoonjin sand.
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Table 1. Kinematic viscosity test results (unit : cSt).
Measurement Engine oil Kerosene Crude oil
4°C 498.58 2.02 250.87
10°C 261.13 1.66 112.12
Viscosity (cP, centi-poise)
30°C 83.77 1.2 32.53
40°C 53.47 1.04 20.13
Specific gravity (at 4°C) 0.8552 0.7979 0.8787

¢St @ centistoke, cP : centi-poise = 1/100 g/cm-s



1.70 T T T T T T

& 165 4
£

o

L

2 160t _
-

=

2

o 155 4
3

=

S 1501 @®  Jumunjinsand |
Hi

W Crudeoil
E‘ .
O 1451 € Lampoil
A Engine oil
1.40 1 1 1 1 1 1 1 1 1 1 1
0 4 8 12 16 20 24

w (%)

Fig. 1. Compaction test results.
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Fig. 2. Permeability test results (D,=45%).
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Fig. 3. Permeability test results (D,=75%).
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Fig. 4. Constant viscosity results (D,=45%). Fig. 5. Constant viscosity results (D,=75%).
Table 3. Results of direct shear tests.
0.32 kg/cm? 0.62 kg/cm? 0.83 kg/cm?
D, (%) W, (%) Maximum | Shear dis- | Residual | Maximum | Shear dis- | Residual | Maximum | Shear dis- | Residual
shear stress| placement |  stress  |shear stress| placement | stress |shear stress| placement | stress
(kgem®) | (mm) | (kgfem) | (kgem’) | (mm) | (kglenr’) | (kgfem?) | (mm) | (kglem’)
0 0.427 2.5 0.296 0.539 3 0.412 0.632 3 0.355
1 0.342 2 0.247 0.448 35 0.382 0.537 4 0.337
D=45 2 0.295 35 0.211 0.398 3 0.361 0.484 4 0.322
4 0.270 3 0.202 0.368 5 0.339 0.449 35 0.344
Kerosene 6 0.228 35 0.175 0.321 4 0.290 0.399 35 0.309
0 0.490 2.5 0.321 0.619 2.5 0.451 0.728 3 0.44
1 0.418 2.5 0.275 0.538 3 0.394 0.638 3 0.4
D=75 2 0.367 3.5 0.299 0.486 3 0.405 0.583 2.5 0.367
4 0.303 35 0.233 0412 35 0.358 0.503 35 0.376
6 0.275 3 0.211 0.381 35 0.304 0.469 35 0.362
1 0.222 4 0.211 0.325 3 0.288 0.411 35 0.349
3 2 0.208 5 0.185 0.305 3 0.281 0.387 3 0.341
D45 4 0.202 3 0.179 0.294 4 0.262 0.371 5.5 0.339
Crude 6 0.201 35 0.175 0.290 5 0.260 0.364 4 0.329
oil 1 0.323 2.5 0.236 | 0.438 4 0.394 | 0.535 3 0.335
2 0.283 4 0.236 0.392 4 0.405 0.483 2.5 0.304
D73 4 0.275 4 0.239 0.377 5 0.358 0.463 35 0.349
6 0.271 4 0.226 0.369 4.5 0.304 0.450 3 0.331
1 0.222 4 0.211 0.331 5 0.300 0.422 2.5 0.288
2 0.209 5 0.134 0.303 5 0.268 0.382 3 0.246
D43 4 0.198 4 0.179 0.288 3 0.255 0.363 4 0.223
Engine 6 0.196 3 0.176 0.284 3 0.248 0.357 35 0.206
oil 1 0.287 3 0.210 0.398 4 0.341 0.491 35 0.395
D75 2 0.272 4 0.227 0.374 4 0.322 0.459 2.5 0.362
4 0.273 35 0.210 0.370 5 0318 0.450 35 0.352
6 0.270 4 0.220 0.360 5 0.306 0.435 3 0.327
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Table 4. Changes in the volume of the oil content and relative density.
0.32 kg/em? 0.62 kg/em® 0.83 kg/em?
Measurement W, (%) ¢ ¢ ¢
D,=45 D=75 D,=45 D=75 D,=45 D=75
0 0.47 0.736 0.741 0.921 0.564 0.733
1 0.45 0.632 0.574 0.782 0.315 0.556
Kerosene 2 0.364 0.52 0.472 0.521 0.255 0.573
4 0.336 0.48 0.33 0.483 0.269 0.480
6 0.328 0.344 0.220 0.40 0.155 0.275
1 0.065 0.336 0.331 0.550 0.381 0.437
. 2 -0.102 0.22 0.18 0.442 0.259 0.336
Crude oil
4 -0.197 -0.167 -0.15 0.42 0.110 0.143
6 -0.294 -0.257 -0.211 0.34 -0.219 -0.128
1 -0.127 0.33 0.212 0.471 0.344 0.349
. . 2 -0.222 0.214 0.09 0.36 0.315 0.346
Engine oil
4 -0.295 0.179 -0.211 0.321 0.254 0.302
6 -0.418 0.118 -0.30 0.301 0.200 0.267
Table 5. Changes in the volume of the oil content and relative density.
D=45% D=75%
W, (%) - — - —
Kerosene Crude oil Engine oil Kerosene Crude oil Engine oil
0 35.8° 35.8° 35.8° 41.8° 41.8° 41.8°
1 34.3° 33.2° 35.2° 38.5° 37.2° 35.8°
2 33.2° 31.5° 30.2° 37.7° 35.1° 32.8°
4 31.4° 29.5° 28.9° 35.1° 32.9° 31.2°
6 30.2° 28.5° 28.2° 34.1° 31.4° 28.9°
Maximum 5.6° 7.3° 7.6° 7.7° 10.4° 12.9°
decrease
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06 T T T T T T 0.6 T T T T T T
4 Sand 45% 49— Sand 75%
05 @  Engine Oil (w=1%) 05 .o @ Engine Oil (w=1%)
o« W Engine Oil (w=2%) | “— * W Engine Oil (w=2%) |
g 04 PSS A Engine Oil (w=4%) 5 04 ¢ * A Engine Oil (w=4%)
2 * ¢ L S9N .o ®&  Engine Oil (w=6%) s> - ) . TN *& — Engine Oil (w=6%)
£ *o0 £ ’ MRS
D 03 . L G S S o 03}
] S e® 2t
s = /l’ * . : '
2 L 188284, . ? el & L= EEER!
2 o3t S SRS R E T ] 3 'ﬂ
7 *¥ ! » B
01 F 01| '
Il | 1 ‘ 1 ‘ 1 ‘ 1 Il | Il | Il | 1 | 1
0.0 0.0
00 10 20 30 40 50 60 70 80 90 100 00 10 20 30 40 50 60 70 80 90 100
Shear Strain (mm) Shear Strain (mm)

(c) Shear stress vs. shear strain for engine oil contaminated sand

Fig. 6. Shear stress - the horizontal displacement relationship (vertical stress=0.32 kg/cm?, Dr=45%, 75%).
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