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Influence of Oil Contamination on Geotechnical Properties of Basaltic Residual Soil
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Abstract: Problem statement: Oil contamination due to accidental spillage akige brings hefty
damage to the environments. It percolates steaditysubsurface environments and contaminates the
soil and water system. Hydrocarbon contaminaticsri@ just affected the quality of the soil butlwil
also alter the physical properties of oil-contartedasoil. Approach: This study presented the
geotechnical properties of oil-contaminated sodsweell as uncontaminated soils for comparison.
Testing programs performed on the studied soilduded basic properties, Atterberg limit,
compaction, permeability and unconsolidated un@aitriaxial tests. The base soils used were
originated from weathered basaltic rock of gradesahmd VI. Soil samples were artificially
contaminated with 4, 8, 12 and 16% oil of the dsight of based soilfkesults: The results showed
that the oil contamination decreased the liquiditliand plastic limit values for both grades of
weathered soils. For soil grade V, the decreagdaistic limit and liquid limit were represented B¥
and 39%, respectively. Meanwhile, for soil grade Mie drop was significantly high for liquid limit
(39%) and lower for plastic limit (19%) if compartal soil grade V. The oil-contaminated soils also
indicated a lower Maximum Dry Density (MDD) and wpgm water content if compared with
uncontaminated soils. The MDD for soil grade V &fidlecreased from 1.67-1.50 and 1.60-1.55 g°cm
respectively. The OMD values dropped from 23.5-% for soil grade V and 23.0-16.5% for soil
grade VI when oil contents were increased. A reduacin permeability was observed as a result of
the oil contamination. The permeability of soihde V and VI decreased from 3.74-0.22 and
2.65-0.22 cm sed, respectively. In terms of undrained shear sttengt was clearly affected by the
increase in oil content in contaminated soils. Bl grades showed stress dependant behaviorawith
brittle mode of failure. The Qvalues for uncontaminated soils of both gradesevié¥6 and 106 kPa
and then dropped to very close values of 35 ankP#Pat oil content of 169 onclusion: The results
showed that the addition of oil has adverse effexthe geotechnical properties of the studieddtesi
soil. Contaminated residual soils might be usedyémtechnical purposes and these results will litenef
to engineers or decision makers in recycling ausieg of contaminated soils.
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INTRODUCTION migration substances control the rate of migration,
changes of composition and properties of migration
Accidental oil spillage or leaking has caused seve substance. In addition, hydrocarbon contains un-
damage to the environment. Oil contamination cardissolved components of Dense Non-Aqueous Phase
adversely affect the soil microbes and plant ad al Liquid (DNAPL) and Light Non-Aqueous Phase Liquid
contaminate groundwater resources for drinking ofLNAPL) which can travel vertically or horizontalin
agriculture (Honget al., 2005). Hydrocarbon itself can long distances under gravitational influence which
separate into solid, liquid and gaseous phaseshwhiaequire different treatment depending on the natumg
either remain closely to the leaking places or atigr extent of contamination (Zogak al., 2009). Cleaning
within the groundwater system or absorbed on grasns of oil-contaminated soil commonly depends on
an immobile residual fluids. The properties of s@hd excavating the material followed by subsequent
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treatment, incinerator or disposal in landfill. $hi highly and completely weathered basaltic rock was
usually involves a complicated task especially teda selected. The sampling site is located in Kuantan
under storage facilities by virtue of high cost déindted  Pahang of Peninsular Malaysia (Fig. 1). Geologycall
disposal facilities of excavated soil (Stetfal., 2003). the basaltic magma flowed out through dolerite dyke
The hydrocarbon contamination will not just affect and overlain the granitic bodies of Mesozoic age at
the quality of the soil but will also alter the gigal  north and southwest of Kuantan (Bignell and Sngllin
properties of oil-contaminated soil. This will lead  1977). Basaltic rocks of quaternary age are largely
geotechnical problems related to construction offound in this area. The basaltic rocks have expeeéd
foundation structure on this oil-contaminated ditest  drastic weathering which change its physical
associated impacts of oil contaminant are excessivappearance into dark reddish brown (2.5YR3/4) color
settlement of tanks and breakage of pipelinedue to high iron content. The soil posses friabid a
(Mackenzie, 1970). The effect of temperature onporous in dry state but become sticky and plastit &
strength, permeability and compaction was studigd ba typical characteristic of clayey soil. Developnseof
Aiban (1998). The utilization of highly weatheredils petroleum-related infrastructures e.g., fuel stesag
for road base led to causes of damage from raimwateinderground pipelines and petrochemical facilitiese
erosion and traffic (Millogaet al., 2008). Attempt has extended to areas which are dominated by this
been made to use oil-contaminated sand in asphalteathered basaltic rock.
concrete for secondary road material (Al-Mutairdan
Eid, 1997). A number of related studies were cdrdet = Sample preparation and experimental program:
in order to investigate the geotechnical behavibr 0 Base soil for preparing contaminated samples was
contaminated soil (Evgin and Das, 1992; Al-Sanad ancollected from two profiles to represent the weeghe
Eid, 1995; Al-Sanad and Ismail, 1997; Petrial.,  pasaltic soil of grade V and VI. These disturbed
1994; Shin et al., 1999; Shin and Das, 2001; samples were collected using auger at 30 cm below
Khamehchiyanet al., 2007). Jamrafet al. (2007) the ground surface. Disturbed samples were stored
investigated the geotechnical properties of uné®at gright plastic containers before being air driat
contaminated soils of Oman and comparison had been 4, temperature for 72 h. Seven uncontaminated

made Wi,th the trgateddsoils. i i dcl soils were initially analyzed for index propertiaad
A microscopic study on oil-contaminated clay was | ssified as per unified soil classificatisoheme.
also presented by Habib-ur-Rahmetnal. (2007) in

order to understand the fabric and interaction betw
oil and clay mineral under Scanning Electron
Microscope (SEM). Meegoda and Ratnaweera (1994
studied the compressibility behavior of contamidate
fine-grained soils of low plasticity and high plagy
clays (CL and CH). The results showed that
compressibility is controlled by the mechanical and
physicochemical factors. The purpose of this stisckp
present some of studied geotechnical propertiesilof
contaminated soil originated from weathered basalti
rock of grade V and VI, in terms of consistencyitfm :
compaction effort, permeability tests and soil shea iﬁ“f‘{‘ﬂﬂw o
strength. The geotechnical properties of contamathat &) '
soil were made a reference to uncontaminated Isad. e

also vital to understand the behavior of oil-coriteated

E103°17" E103°18°

03°50"IN F03°50°N

03°49°N

soil since many of this weathered earth materiafdely ‘-{;1‘”“”’ ey,

being used in many geotechnical works e.g., ldndfil g

liner, embankment, base material and backfill. tbmd k- '
%;{lﬁiiﬁ,pw By

MATERIALSAND METHODS

Background of the study area: For the purpose of Fig. 1: Location of the sampling of the basaltidl o
preparing the oil-contaminated samples, base &oifs study area
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The uncontaminated soil characteristic variablesewe samples were pressurized under confining cell
particle size distribution, clay minerals, specdiavity, pressuresg; of 140, 280 and 420 kPa.

Atterberg limits, compaction, permeability and

unconfined compression strength. Dry sieving and RESULTSAND DISCUSSION

hydrometer (size passing sieve number 200) tecksiqu
were used for particle size distribution analysis.
Dominant clay minerals of the studied soils were
determined using the x-ray diffraction analysis. A

(F;h'“p X‘(;?‘y. diffractometer eaqowlf\p/)ed (;ngz) N':'“@‘_“h Fig. 2. Results from the XRD analysis indicated the
uK, radiation generate at an MA WIth @ esence of quartz, feldspar and clay minerals of

scan speed of 482min"". Prior to analysis soil have 10 aqjinite with minor amount of gibbsite and goestiit
be pulverized into powder state. Pycnometer bottlg,q, soils. Illite mineral was detected in soilgrade V
technique was adopted to determine the specifieityra (Tapje 1). Kaolinite and illite can be alteratiorogucts
of soil samples. Methods applied for particle Sizepom chemical weathering of feldspar. Gibbsite is a

distribution,  specific gravity, —consistency limits, jmnortant ore of aluminum and aluminum hydroxide is
compaction, permeability and unconsolidated un@@in 5na of its mineral forms. Meanwhile goethite is alyu

strength tests for soil were referred to the BHitis f5rmed from weathering of iron-rich minerals or

Standard Institution 1377 (1990a; 1990b; 1990Cjyjteration of kaolinite mineral. The specific grgvior

1990d) Part 2, 4, 5and 7. the basaltic soils ranged between 2.64 and 2.91
Furth_er tests of t_he effects of hydrocarbon ONTable 1). The high value of specific gravity magvh
geotechnical ~ properties were carried out  ONpeen influenced mainly by the presence of goethite

contaminated soils (four samples). The tests woulghinera) as this supported by the XRD analysis.
involve Atterberg limits, compaction, permeabiland

undrained tests. Contaminated soil was divided mto Table 1: The soil characteristics of uncontaminaieiti of weathered

Uncontaminated soil properties: The soils from the
weathered basaltic rock of grade V and VI are ofilya
loam and silty loam textures, respectively. Thetipiar
size distribution curves of both soil grades arashin

number of sets. Each set contained different l@fel _basaltic rock
hydrocarbon contamination namely 2, 4, 8, 12 arf 16 Properies ofsail__ Grade v Grade VI

. . X . . ar- Particle sizedistribution (%)
of dried weight. In this study, engine oil spedlfior 2-  gang 50 39
stroke engine that is available in market was used silt 47 58

i i i i lay 2 3

represen_t hyc_irocarbon Contammatlon I.n soll SampleiRD analysis Kaolinite, gibbsite, ~Kaolinite, gilites
The engine oil had the following properties: Deyéiit goethite, illite goethite
15°C) = 0.889 kg [, pour point = -6°C, flash point = Mean specific grgvity 2.64 291
266°C, kinematic viscosity (at 40°C) = 98.2cSt andﬁgﬁgﬁn%ii'“\?v'fs(/") 6 o
kinematic viscosity (at 100°C) = 11.1cSt. Oil ergin pjastic Iimii,ws 41 35
was thoroughly mixed with soil and the mixture wasPlasticity index,y 21 31
permitted to cure in closed container at ambienﬁ%“;pécgom’,’s;’haraCter'St'cs o7 Lo
temperature for fourteen days. After curing peritie,  owc (%) 24.5 235
Atterberg limits and permeability of contaminateidls  Permeability (k, cm sé§ 3.74x10°° 2.65¢10°°
were determined at different contents of added oilSwkPa 126 106

; ot i~ XRD: X-Ray Diffraction; MDD: Maximum Dry Density; ®ID:
Compaction characteristic tests were performedgusin Optimum Moisture content;tndrained strength

2.5 kg standard proctor while permeability tests of
contaminated soils adopted a falling head permeamet 10 &
method. For unconsolidated undrained tests, three oo
contaminated soils were evaluated for each pergenta
of added hydrocarbons in order to establish the
undrained soil strength. Therefore, a total of weel
contaminated soils and three uncontaminated s@few £
generated from the compaction mould in order to :
perform unconsolidated undrained triaxial tests at
Maximum Dry Density (MDD) and Optimum Moisture
Content (OMC). This would be carried in 3 : = = O
conventional compression unconsolidated undrained Diameter (mm)

triaxial tests. All soil samples were sheared atstant

strain rate of 1.00 mm mih Prior to shearing, Fig. 2: Particle size distribution curves of thedéd soils
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Table 2: Variation of Atterberg limit values of daminated soils for weathered basaltic rock of gsad and VI

Liquid Plastic Plastic
Oil content, (%) limit, w(%) Diffr *(%) limit, wy (%) Diffr.¥ (%) index, b (%) Diffr.” (%)
Soil grade V
0 62.1 42.0 20.1
4 58.5 38.4 20.1
8 56.2 21.0 35.0 39.0 21.2 17
12 52.3 30.0 22.3
16 49.1 255 23.6
Soil grade VI
0 66.0 35.0 31.0
4 56.1 32.0 24.1
8 49.1 39.0 31.8 19.0 17.3 19
12 44.2 30.4 13.8
16 40.0 28.2 11.8

“Diffr: Value of w_or w, or |, at (0-16%)

90
80

[ =C=Liquidlimit  ==C-=—Plastic limit =f==Plasticity index ! CompaCtion tests performed on uncontaminated
: soils were to establish the Maximum Dry Density
(MDD) and Optimum Water Content (OWC) of both

)
~
=}

5 'L‘_"“O—‘——og‘__c 1 soils. The results indicated that both soils hauéeq
N e h—_"_‘ close values of MDD and OWC as shown in Table 1.
£l T — - Permeability tests of uncontaminated soil of gratle
g .0k — ‘__\j—\AE( and VI gave 3.7410° and 2.6%10° cm sec,
- : : . . . 1 respectively. The results of unconsolidated undin
A= | I [ - triaxial tests were performed on uncontaminateds soi
B2 & & 8 0 ows 4w s W are shown in Table 1. The undrained soil strengthe
= m(“:)m e uncontaminated samples ranged from 106-126 kPa.
5 Geotechnical properties of contaminated soils: The
g0 | —O—Liquid limit_ —o—Piastic limit_ —A—Plasicity index| effect of hydrocarbon contamination has clearlynsee
& 70 I , , ! the geotechnical properties of the studied soilse T
= 60 ‘\_, - Atterberg limits consists of plastic limit and liguimit
§ so )\-c,\_o\ i are the state at correspond to soil behavior atinget
3 w0 ] [ Q condition change. The results of the liquid limit, |,
£ % QL\\N‘-—*—- ! plastic limit (w) and plasticity index ) on the
= 29 contaminated soils of grades V and VI are summdrize
71 ! ! - in Table 2 and graphically presented in Fig. 3a and
e 2 4 6 s 10 12 1 16 18 It is clearly seen from Fig 3a and 3b that bothuitig
Oil content (%) limit and plastic limit decreased with the increas®il
(0) contents. The decreases in the liquid limits foe th

_ o contaminated soil of grade V and VI were represknte
Fig. 3: The r_esuI'Fs of the Atterberg limit valuesr f by 16 and 38%, respectively. However the plastittli
basaltic soils for (a) grade V (b) grade VI for the contaminated grade VI soils has indicated a
slight change (20%) in moisture content with the
The average values of liquid limits for increase of oil contents if compared with the
uncontaminated soils are 62% for grade V and 66% focontaminated soil of grade V (38%). Plastic index
grade VI, respectively. For the liquid limit, increased with the addition of oil for contaminaseils
uncontaminated soils of grade V and VI gave averagef grade V. In other hand the plastic index deadas
values of 41 and 35%, respectively. From the licand  With increase in oil for contaminated soil of grade
plastic limits results, the plasticity index, Plrfo due to slightly drop in plastic limits. Generallthe
uncontaminated soil of grade V was 21% while gradeoresence of oil has decreased the moisture conténts
VI gave Pl value of 31%. The plotting of the finms  the liquid and plastic limits of the contaminateslls
the Casagrande plasticity chart classified thessad ~The explanation for this condition is the presenfe
MH and MV materials (below a line) under the urdfie Water around the charged clay particles lesseroas n
soil classification system. polarised liquid of oil occupies the soil. Oil wdunake
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earlier contact with clay particles, causing a reahaf 1.70 e
interaction between water and clay particles. Watés //'\\ 1%l
as binding agent between clay particles that domieis 160 - —— %ol
to the plasticity characteristic. Khamehchiyah al. < %qﬁﬁ \ —o—12%eil
(2007) observed a similar behavior for SM and CL 2 b %f“‘\; \ A 16%oil
soils. Meanwhile Shalet al. (2003) showed that the e \ \
contaminated soils increased the liquid and plastic r P A \

limits and decreased the plastic index as comptred 1.30 N \
uncontaminated CL soils.

The results from the compaction tests performed 1.20 N
from the British Standard compactive effort (2.5 kge oo B w e m s
shown in Table 3. The compaction characteristiceewe ME’;;““"“‘“‘ )
also presented in graphical plots as shown in E&.
and 4b. The compaction curves for contaminated soil 170 ———
clearly moved to the left the uncontaminated soils’ 0= 4%0il
curve as oil content increased. The affect of oil  _ " —— ol |
contamination on the maximum dry density and E 5 ,(//%@\ O 12%el |

. . . = L [AY —— 16% oil
optimum moisture content can be seen from Fig. 5a. 3 \‘%\\\\
The maximum dry density values for contaminated soi i 140 \\ L
of grade V showed a drastic drop from 1.67-1.57g m g D/ \\§
when 4% oil content was added to soil, then thedro 1.30
continued linearly from 8-16% oil contamination. \T
Contaminated soil of grade VI showed a steady dop 1.20 '

. . . . 5 10 15 20 25 30 35 40
maximum dry density as oil content increased, hat t

drop was slightly smaller than the contaminated soi M"i(s;)“)‘"“mt(%)
from grade V. These results are consistetit thie
results presented by other workers who studied &ig. 4: Compaction curves for basaltic soils ofdegde

similar oil-contaminated material (Khamehchiyeiral., V and (b) grade VI
2007; Shahet al., 2003). Al-Sanad and Eid (1995); e
Meegodeet al. (1998) and Bignell and Snelling (1977) 166 O Gadev

found that the maximum dry density for SW soils o T
increased as oil content increased up to a paaticul el
values, then followed by decreasing trend beyord th 158 ]
particular oil percentage. Fig. 5b shows the retwthip

between the moisture content and oil content from ol
which it clearly indicated that drawdown trend of 150 ]
optimum moisture content with the increase in oil s
content. Bl o 5

b

1356 +

Max dry density (g om

154

Table 3: Compaction test results of contaminatéls $or weathered
basaltic rock of grades V and VI
Maximum Optimum g
dry density moisture content §
Oil content (%) MDD (g crT?) OMC (%)
Soil grade vV E
0 1.67 23.5 ;
4 1.57 21.4 g
8 1.55 20.0 <
12 1.53 18.5 140 i | | |
16 150 175 0 2 4 6 8 10 12 14 16 18
Soil grade VI Oil content (%)
0 1.60 23.0 (b)
4 1.58 22.5 . . .
8 156 290 Fig. 5: (a) Max dry density-oil content curves (b)
12 1.55 20.0 moisture content-oil content for basaltic soils of
16 1.55 16.5 grade V and VI
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It clearly suggests that the moisture contentThis can be explained from the soil texture of gratl

required to achieve maximum dry density has deekas
when oil content increased in contaminated soils Th
probably due to the fact that oil has partially waied
the inter-particles spaces and the occurrenceldfasi
changed the soil to a state of looser material than
uncontaminated soil.

The soil permeability was investigated in order to

establish the capacity of soil to permit the wdtew
within the soil media. The permeability of basattail is
generally low due to high percentage of finer phat
and a small void ratio. Basaltic soil contains ghhi
fraction of sand and silt, in which silt occupieger-
particles space of sands that can reduce its péilifea
As expected that the permeability of both soils ever
reduced as oil content increased (Fig. 6). Theedeserin

permeability of the contaminated soils has Iikelygra

associated with the clogging of some inter-pamicle
spaces by oil. Therefore, an increase in oil cdnten
contaminated soil will reduce the available intartigles
spaces for water seepage. The results also shdwéd t
the permeability for the uncontaminated soil ofdga
V has a higher value than soil of grade My(®).

Table 4: The maximum deviatoric stressesma{g and applied
confining stresses o) for the uncontaminated and
contaminated soils

Confining Qil Maximum deviatoric stressy§ kPa)
stress, content,
a3 (kPa) (%) 140 280 420
Soil grade V
0 159 254 345
4 99 120 149
8 97 99 105
12 77 80 96
16 50 74 89
Soil grade VI
0 194 200 244
4 95 101 129
8 88 100 120
12 84 90 110
16 38 a7 97

O GradeV

& Grade VI

Permeability, k (10 em sec !

Oil content (%)

Fig. 6: Permeability curves for the basaltic sails
grade V and VI
959

which is dominated by sand fraction (50%) whild sbi
grade VI contains sand and silt fractions of 39 &8,
respectively (Table 1). It can be expected here tthe
permeability of both soils would not change furttiehe
oil contamination level is increased; however thisreo
any data to support that assumption.

The unconsolidated undrained tests were also
performed on contaminated soils at different oll
contents. The effect of oil contamination then was
examined from the undrained strength, €xtracted
from Mohr circles (assuming that friction angig,= 0)
(Craig, 1995). The results of the undrained tests a
different applied confining stresses; and oil content
were shown in Table 4. The stress-strain curveshier
tests were shown in Fig. 7 and 8, representing sdil
des V and VI, respectively.

Based on the stress-strain plots, all samples stiow
a drastic linear increase in deviatoric stress,pgta
axial strain between 1-2% (Fig. 7 and 8). Then q
increases at lower increment up to peak value befor
the samples collapsed. The soil samples fioth
grades showed stress-dependant behavior withebrittl
type of failure. It indicated that the maximum deweric
stress, fax Of oil-contaminated soils was lower than
that of uncontaminated soils (Table 4).

[} 5 10 15 20 o 5 10 15 5 10 15 20

Axial strain (%)

@)

Axial strain (%)

(b)

Axial strain (%)

()

Fig. 7: Stress-strain curves for soil grade of V at
different applied confining stress; of (a)
140 kPa; (b) 280 kPa; (c) 420 kPa

300
280
260
240
220
200
180
160
140
120
100
80
60
40 2

300

5.q (kPa)

Deviatorie stres

10 15
Axial strain (%)

(©)

0 5 10 15 2
Axial strain (%)

(b)

20

Axial strain (%)
@

Fig. 8: Stress-strain curves for soil grade of Ml a
different applied confining stress; of (a) 140kPa;
(b) 280 kPa; (c) 420 kPa
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Contaminated residual soils might be used for
OGradeV geotechnical purposes and these results will beteefi
100 %) ©Grade VI engineers or dec_ision makers in recycling or regisif
contaminated soils.
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