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ABSTRACT

Petroleum and its refined products are major global resource used inindus-
trial and transportation sectorsfor energy requirement throughout the world.
Thesoil contamination ismost common problem found inall over theworld.
The soil gets contaminated by petroleum product by various ways. Litera-
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tures suggest that the geotechnical properties of contaminated soil altered
and result in detrimental effects. Here an attempt has been made to study the
effect of Diesel contamination on geotechnical properties of black cotton
soil. It was observed that various properties of black cotton soil are affected

due to this contamination.

INTRODUCTION

The petroleum products may bereleasesfroma
variety of activitiesincluding exploration, production
storage, distribution, and accidental spillage of petro-
leum products. M ost petroleum contamination in soil
comesfrom |eaking storage tanks, containers, pipes,
and equi pment; transportation accidents; and improper
handling and disposal practicesthat lead to spills. The
process by which the transportation and spread of
contaminant in thesoil massiscarried outisknown as
the soil contamination. Many other processthat de-
terminethefail of acontaminant withinthe soil mass
includes physica, chemica and biological processsuch
asleaching, precipitation into corporation into miner-
als, absorption photodecomposition, oxidation, hy-
drolysisand metabolism.

A contaminant isdistributed in the soil in solid
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phase, liquid phase and vapor phase. The solid phase
involvesundissolved particlesof the contaminant and
dissolved particles, whichiscontaminant into asolid
form the reaction between contaminant, other dis-
solved constitute and the soil matrix. The contami-
nantsget dissolved inthesoil water intheliquid phase.
In the vapors phase, some contaminants are trans-
ferred from the solution phaseto vapors phase by the
chemical exist abovethecapillary zonewhereair voids
normally occurs. The equilibrium condition between
all these phases is depends upon the properties of
the contaminant. Extend of contaminant partitioning
which governstheimpact of contaminant in the soil
environment.

The petroleum products, including gasoline, diesel
fuel, heatingail, jet fud, lubricating ail, bunker oil, and
tar - al of which arerefined from crude oil contains
many petroleum compounds and, sometimes, other
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additivesthat also can be of concern as contaminants.
Depending on the petroleum product and how it isre-
leased into the environment, it may evaporate, atachto
soil or sediment particles, be carried into surfacewa-
ters, or becarried into ground.

Singh et d . conducted an experimenta studieson
changesinthe geotechnica propertiesof artificia ex-
pansive soil dueto interaction with most widely used
petroleum hydrocarbon based contaminants. Soil with
high compressibility (CH) used for thestudy wasfabri-
cated by mixing kaolinite and montmorriloniteinthe
proportion 85:15 by weight. Laboratories studieswere
conducted onvirgin (uncontaminated) soil samplesand
s0il samplessmul ated to varying degrees of contami-
nation (i.e. 3%, 6% and 9% expressed asadry weight
of soil w/w) to compare the geotechnical properties
beforeand after contamination. Theengineering prop-
ertiesvis-a-vis behavior of soils modified upon con-
tamination. It was observed that geotechnicd proper-
ties of the soil are get modified in the presence of pe-
troleum products.

Rehman et al.'¥ studied the oil contamination of
theclay samplesof activehigh plasticity clay obtained
fromtheAl-Qatif areaof the Eastern province of Saudi
Arabia. The selected soil isconsidered to be highly
expansivein nature. The crude oil of grade 35 was
used asthe source of contamination and mixed with
the pulverized soil. Theoil and soil wasmixed in quan-
titiesto makethe soil fully saturated at its natura dry
density of 12 kN/m?3. A significant changeintheengi-
neering behavior of the clay was observed if it was
contaminated by crude oil. The contaminated clay
behaves more like acohesionlessmaterial, owing to
theformation of agglomerates. The coarse-grained soil-
like behavior was obviousin the strength behavior of
theoil-contaminated clay. The swelling pressureof the
clay after contamination suffered threetimes reduc-
tion, while no change was observed in the percent
swelling of the contaminated clay.

Rehman et d.® studied theresidud soilsoriginaly
developed from in situ weathering of granitic and
metasedimentary rocks. Thetypes of mineralspresent
ingranitic soil samplearequartz, kaoliniteand gibbsite
whilemetasedimentary soil consistsof quartz and ka-
olinite. The engineering parametersfor the contami-
nated and uncontaminated soilsi.e. Atterberg limits,
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compaction and soil shear strength werestudied. The
amounts of hydrocarbon added to soil werevaried at
0, 4,8, 12 and 16% of dried weight of soil samples.
TheAtterberg limits value decreased as aresult of
increasing amount of added hydrocarboninto the soil.
A similar behavior was observed with the values of
maximum dry density and optimumwater content with
increasing hydrocarbon content. The maximum devia-
tor stress, g, for granitic and metasedimentary soils
ranged between 6-28 kPaand 8-27 kPa, respectively.
The overall unconsolidated undrained shear strength,
Cu showed adecreasing trend with theincreasein
hydrocarbon content.

Theliteratureindicatesthat soil contaminated with
petroleum products gresatly influenced various proper-
tiesof uncontaminated soil. Theblack cotton soil isabun-
dantly occurredin central India. Also major depot of
petroleum products are stored and transported in the
area. Therefore, an attempt has been madeto study the
influence of contamination of Diesel on geotechnical
propertiesof black cotton soil.

EXPERIMENTAL WORK

Thedifferent geotechnical propertiesof black cot-
ton soilswere determined as per Indian Standard pro-
cedure (SP: 36). Thesetestsincludessieve analysis,
specific gravity, liquid limit, plastic limit, shrinkage
limit, DFStest, standard Proctor test and direct shear
test. Thetestswere a so conducted on contaminated
soil to evaluate the changein behaviors of expansive
soilsdueto interaction with petroleum hydrocarbon
based contaminants. The soil was contaminated at
2%, 4% and 8% degree of contamination by weight
for further studies.

Theblack cotton soil was collected fromlocd area
The contaminated soil sampleswere prepared by mix-
ing therequired amount of Diesd with black cotton soil
and the contaminated sampleswere kept for 24 hours
inairtight container to bring equilibrium. Thesoil con-
taminant mixturewas pul verized with handsand thor-
oughly mixed. During thisperiod, soilsweremixedtime
totime. After oneday of interaction between soil and
contamination, geotechnical propertiesof contaminated
s0il wereevauated.
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RESULTSAND DISCUSSION

Thevarioustestsare carried out on black cotton
s0il and contaminated soil for determining thedifferent
geotechnical properties. The soil was contaminated to
2%, 4% and 8% by weight with Diesd. Thegeotechnica
properties obtained from experimental studiesfor the
soil before and after contamination are tabulated in
TABLEL

TABLE 1: Geotechnical propertiesof soil beforeand after
diesdel contamination

) Contaminated Black
Uncontaminated  cotton Soil with

Properties Units  Black Cotton Diesal

Sail 2% 4% 8%
Sieve analysis, Cc 0.89 059 059 043
Sieve analysis, Cu 5.61 218 211 211
Specific Gravity 2.93 25 238 248
Liquid limit % 51 778 923 875
Plastic limit % 32.33 25 333 333
Shrinkage limit % 16.18 179 149 119
D.F.S. % 92.85 50 72 70
Y4-MDD gm/cc 1.56 139 145 15
OoMC % 17.3 182 222 23
Direct Shear, C KN/ m? 22 24 3B 25
Direct Shear, ¢ Degree 8 15 10 10

Thespedficgravity, liquidlimit, plasticlimitand DFS
decreasesand thenincreases. The percentageof shrink-
agelimitincreasesinitially and then decreaseswith the
contamination. Maximum dry density and optimum
moisture content obtained by standard Proctor test
showsvariationsinit dueto contamination of Diesdl.
ThevarigioninMDD isnot cons stent with variation of
contamination. TheDiesd may beactingasarepe lant
materid induringcompaction, whichmay resultinvaria:
tion of MDD. The optimum moi sture content of con-
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taminate soil increaseswith percentage of contamina-
tionfor al thethree petroleum product contamination.
The shear strength parameters such as cohesion and
angleof friction showsvariation with increase percent-
ageof contamination.

CONCLUSIONS

Thegeotechnica propertiesof black cotton soil had
been studied with various percentages of diesel con-
tamination. It isobserved that itsbehavior got modified
duetothe presence of petroleum products as contami-
nants. It can be concluded that the black cotton soil
subjectedto Diesdl contaminationwill resultin changes
inavariation ingeotechnica properties. Hence, asite
contaminated with the petroleum products shdl bein-
vestigated for affected areaand geotechnical proper-
tiesshall be properly investigated with respect to con-
tamination.
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