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ABSTRACT

Soilccontaminationcis broughtcabout bycthe humancmade

syntheticcsubstancesorothercmodificationincthenormalcsoilccondition.Itcis

commonlycbrought aboutcby agriculturalsynthetics,cindustrialcexercises,

orcinappropriate transfercofwaste.Examplescofvariousccontaminants of

soilcare oilchydrocarbon,cindustrialwaste,pesticides,cindustrialcsolvents,

andcother significantcmetals. Anycmovement of substancescthat

promptscnumerous typecof soilcpollution (compaction, erosion,cand so

forth.)cmayincaroundaboutwayccompoundtheccontaminatingimpactscin

thatcsoilremediationcbecomesprogressivelycdifficult.SoilcRemediationdone

on thesecsoil reliescon the degreecof soilccontamination andcthis

cancbestbecconsidered by checkingcthe impact ofccontamination on

differentcproperties ofcsoil. Oil spillagecinsoilccan happencbecause

ofcnumerousreasons.Thiscresultsinsoilclayerdevelopmentblendedcwithoil.

Spilledcoil impactscand changescthe different propertiescof soil. Soil

wascmixedwithcdifferentpercentagesoftwotypesofoili.e.Dieselcoiland

motorcoil.Theresultofpermeabilityctestdoneonsuchsoilccontaminatedwith

oilresultedinlowerpermeabilitycvalueandformotoroilthecdecreasewas

morethan thatforcdieselcontaminatedcsoil.Theeffectofctimewasalso

studiedonthepermeabilitycofsoilcontaminatedcwithoil.Afterfourdaysof

continuousflow throughthesampleitwasseenthatvalueofpermeability

furtherdecreasedduetoreasonofaccumulationoffinerparticlesontheupper

portionofsamplewhichdecreasedtheflow andduetogasmoleculesbeing

accumulatedinthesamplewhichweremixedinthewater.
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CHAPTER1

INTRODUCTION

1.1Background

“Soilcontaminationcis broughtcaboutbycnearness ofmancmade

syntheticcmaterialsorcdifferentadjustmentscintheoriginalcsoilcondition”.“It

iscbrought aboutcby industrialcsynthetic substances,cagricultural

exercisescand illcadvised transfercof waste”. “The mostcregularly

includedcsyntheticsarecsolvents,lead,coilhydrocarbons,cpesticidesandcother

substantialcmetals”. “Oilcspillage happens becausecof

war,cmining,ctransportation ofcoil, mishaps,cstockpiling andcdisastrous

events”. “Oilcincthecwakecof discharging intocsoil dwellscin itscpore

space,cchanging the conductcofthe soil”.“Oilcspillage intocsoilresultscin

pollutioncand therecis a requirementcfor bioremediation”. “Ancessential

advancecfor doingcbioremediation is a comprehensioncon how

thecgeotechnicalcpropertiesofthecsoilareinfluencedbyctheoilcleakage”.

“Soilcremediationtobecdoneonsuchcsoilsreliesoncthedegreecof

soilcontaminationcandthiscanbecfoundoutbyccheckingthecimpactofcoilon

geotechnicalcproperties ofsoil”.“Bioremediationcofcsoilsccontaminatedcwith

unrefined petroleumcincludes hydrocarbonceating microscopiccorganisms

utilizingcoilwhich are present incwater (Kogbara,2008)”.“At thecpoint

whencwater moves to ancat first dryctaintedcsoil, the ratecof oil

consumptioncby the microscopiccorganisms increments ascit benefits

fromcsupplements thatcare present incthe water”.“It iscin thiscmanner



appropriatetocknow hydrauliccconductivitycofcwaterinthesoilccontaminted

withcoil”.



Treatmentcmethodscforctheccontaminated

soilcincludedcbioremediation, soilcwashingcandcincineration”.

Soilccontaminationciscaffectedcby thectypecof contaminantcascwellcas

thecsoil’scproperties. Hence,cancadequatecunderstanding of

thecgeotechnicalccharacteristicscof soilsccontaminatedcbyoilciscimperative.

Sandcand claycmixtures arecusedcas soilclinerscfor landfill.cWhencclay

iscscarce,camixturecofsandcandclayciscused.cSoilcmixturesareccommonly

thosecofcsand,kaolinitecand bentonitecorsandcandcbentonite.cWhencsand

iscmixedcwith naturalcclaycand bentonite,cthecmixture cancbecused

ascacwater barriercin landfillsc. Evaluationcof theceffect ofcoil

onccontaminatedcsoil usingccrude oilcor itscoilproductcas its

representativecwas important ascit couldcaid incdecisions oncusing

thecmaterialforalternativecpurposeslikecconstructionofcslabsandcsupport

ofcstructures. Bioremediation of crude oilccontaminated soilscinvolves

hydrocarboncutilisingcbacteria degrading oilcin thecpresence

ofcwaterc(Kogbara,c2008).cWhen watercmoves tocan initiallycdry

contaminatedcsoil,thecrateofcoildegradationcbythebacteriacincreasesas

itcfeeds oncnutrients that dissolvecin water.It isctherefore pertinentcto

determinecthehydrauliccconductivityofcwaterinctheoilccontaminatedsoil,cin

ordercto suggestcarea ofccontaminated soilcwith increasedcbacterial

degradationcof oil.cIncineration is anc alternative tocbioremediation

(Khamehchiyancetcal,c2007);incthis case,cthe soilis excavatedcand burnt

incanincinerator.

Differentpropertieswhichareaffectedbytheoilcontaminationareasfollows:

1. AtterbergcLimits

2. CoefficientcofcPermeability

3. ShearcCharacteristics

4. MaxdrycdensityandOMCofcsoil

cc

ThePurposeofthisresearchis-

1. Toperform theCompactionctesttocdeterminecγdandcOMCofsoil.

2. TodrawtheParticlecsizeanalysisccurveofsoil.



3. ToinvestigatetheAtterbergs’limitcofuncontaminatedcsoil.

4. To determine the hydraulicccharacteristics ofcsoilusingcdifferent

percentageofoilccontamination.

5. Todeterminetheeffectcoftimeonchangeofhydraulicccharacteristics

ofcsoil.



CHAPTER2

LITERATUREREVIEW

“The way wherecoil influences acsoil would decidecthe

methodologycof dealingcwith the contaminatedcsoil with thecpoint of

placingcitinto differentcuse”.“Oilccontaminationchas transformedcinto an

importantcissue, and there iscprerequisite forcremediation of thecsoil

contaminatedcwith oil. Accomprehension on howcoil influencescthe

geotechnicalcproperties ofcsoil is an essentialcadvance in planning a

powerfulcremediationframework.

Khosraviet.cal.statedcthat,“"Thevarietiesindiscoveriesconimpact

ofcoilonthegeotechnicalcpropertiesofsoilcarebecauseofvarietycinoiland

soilcmineralogy”. “The examinationcon different propertiescof soil

contaminatedcwith oils is acsignificant zonecof research”. “Hardly

anycinvestigationsareaccessiblecaroundtherecandthissectionauditscpast

examinations”.

BensoncandcDanielc(1990)

Hydrauliccconductivity diminishedcin light of the fact that

delicatecsoilclodscwereavailablecinthepollutedcsoil.Thedelicatecsoilclumps

weredelicatecand effectivelyccompressiblewhencthesoilwereccompacted,

bringingcaboutdecreasedhydrauliccconductivity.Forthecmostpartascmax

dry densitycand OMCcdiminished in thecsoil, the

hydrauliccconductivitycdiminished.





Puricetcal.c(1994)

Maximumcdryunitcweightforacgivencompactivecefforthappenedcataround

acsimilar levelcof saturationcnot depending oncwhether oil or water

wascutilized as thecpore liquid. Thecshear qualitycparameters ofcsand

arecunfavorablyinfluencedcbyoilccontamination.Thehydrauliccconductivityof

watercis subject to thecconsistency of theccontaminant oilcwhen

differentcfactors,forcexample,initialcdensityofcsand,temperature,ctechnique

forctestarrangementandcpermeantcontinueascbefore.

Al-Sanadcetal.c(1995)

Hecexamined the impactcof oil contaminationcon sand of

poorcgradation.Thesoilcwasblendedcwith2,c4,candc6%ofcoilsubstancecby

drycweight and compactedcwith 4.5ckilogramcrammer.Compactioncdone

usingc4.5kgrammercgiveshighercsoildensificationcthanthatofc2.5ckilogram

oftestcrammer.Therecwasadeclinecintheγd asthecoilsubstancecvaried

fromc2to6%becauseofclubricatingeffectofcoiloncsoil.γdincreasedcasthe

oil substancecvaried fromc0 to 2%con the grounds that thecoil

providedccohesiontosoilatc2%.Atthepointcwhenoilcsubstancecwasabove

2%,ctheoilgaveclesscohesionctothesoil,bringingcaboutdecreasecinγd.

EvanscandcFangc(1988)

Theycgave actechnique tocdecide shearcstrength and

hydrauliccconductivity of soilccontaminated withcoil (or of soilcwith

permeatingccontaminantscmixed with water).cIt requiresctechnique

andcequipment uniquecin relation tocthat requiredcfor ordinaryctriaxial

strengthcand permeabilityctesting. Strategycand hardwarecalterations are

requiredcto obtaincsaturation.Gradientscofpermeantscutilized arecgreater

than normallycencountered incnatural soilcconditions. Thiscoutcomes in

highceffectivepressurecanddifferentialcconsolidation.



RatnaweeracandcMeegodac(2006)

A numberofcUCS testcwas done onc3 finecgrained soilwith

3cchemicalscand a CDctriaxial testcwasdonecon granularcsoil with

onecsubstance. Changing measurementscof 3substances

-c1-propanol,cacetonecandcglycerolwerecblended with watercto setupcthe

required porecliquids forthe 3 finecgrainedcsoil.Glycerolwascused with

thecgranular soil.cUC testscdemonstrated thatcstress-straincconduct

andcshearstrengthcdiminishedwithcincreasingcontaminationcofclayeycsoil;

therecwas justa minimalcdecrease forcthe clayeycsilt.Forgranularcsoil,

residualcshearvaluescwhenplottedcagainstitsccriticalvoidcratio,agroupcof

curves thatccould becdistinguished by theircpore liquidcviscosities

wascacquired.Foracgivenvalueccriticalvoidratio,thecresidualshearcstrength

qualitiescdiminishedasporecliquidconsistencycexpanded.

Khamehchiyancetcal.c(2007)

Theycexpressed thatcoilcaused acdecrease in the measurecof

watercthat encompassedcsand and claycparticles.The mainccontact of

thecsoilwas notcwith the watercbutwascwith thecoil.Soilccontaminated

withcoildeformscasplasticcorcliquidwithinctheavailabilitycofwater.Thiscwas

not much whencoilsubstancecexpanded,subsequently,plasticclimit and

liquidclimitcdecreased.

Ahmedcetcal.c(2009)

Consolidationctestswereccompletedoncthereadiedcsandsamples

contaminatedcwith oil. Thecimpacts of oilcrate on

suddenccollapsecsettlementand the moduluscof deformationcare



consideredcand displayed. Thecutilized sandcwas siliceouscsand of

Egyptiancdeserts.Sandcwastriedcfor3cdiverserelativecdensities;20%,50%

and80%.cKerosene,usedcoilandsolarcoilwereusedcintestingcwhichhave

differentcvalues ofcviscosities. Forcdifferent oilctype,the triedcexamples

werecsetupbycblendingcleancsandwithcfourdiversecoilratescbyweightcof

the drycsand;c2%,5%,c10% andc15%.cAs thecrates ofacsimilaroilcgets

highercsuddenccollapse settlementcdiminishes.Forcunadulterated sandcand

sandcoilcblends,csuddenccollapse settlementcdiminishescwith increasecof

valuecofsandcrelativedensities.cIncrementofoilccontent,forcthevariouscoils

utilizedcshowsdecreasecinvalueofcsoilmoduluscofelasticityc(Es)forcvarious

sandcrelativecdensities.

Rahmancetcal.c(2010)

Theycexamined thecimpact of contaminationcof oil oncthe

geotechnicalcproperties ofcbasalticcsoil. The soilcwere of siltycand

loamctextures. XRDcexamination showedcthat thecsoil hadcquartz,cclay

mineralscand feldsparcof kaolinitecand containedclittle measurecof

goethitecand gibbsitec (Gibbsiteccontains aluminumcmetalwhilecgoethite

containsciron). Atterberg’scLimits werecresolved for differentcpercentage

ofcoil contaminationcas percBS 1377c(1990). Itcdemonstrates

decreasecinplasticclimitandliquidclimitasoilccontentincreases.Thiscwason

thegroundscthatoilcconsumed morecspacewithoutcadding morecunionto

thecsoil.

Ijimdiyac(2012)

Theycresearched thecimpact ofccontamination ofcoil oncgrain

sizecdistribution. The soilcutilized wascreddish darkccolored andcgotten

fromcacborrow pit atcShika,cZaria,cNigeria.cThe soilchad a lotcof

kaolinitecmineral andc87% silt.cDifferent percentagecof coil (1%,c2%,



3%,c4%,c5%candc6%)cwereblendedcwiththecdrycsoil.Thesoilccontaminated

withcoilwascgonethroughc2.4to0.075cmm sievecsizesandcweightofcsoil

onceach sievecwas calculated. Thecparticle sizecanalysis curvecmoved

fromcfine toccoarse ascpercentage ofcoil increased.cThe

investigationcdemonstrated thatcan expansioncin oilpercentagecmoved the

graincsize-distributionccurvefromcfinetoccoarse.

Khosravicetcal.c(2013)

Thecstudy consideredcthe impact ofccontaminationcof oil on

Atterberg’sclimitby mixingca low plasticcclay containingckaolinite withcoil

substanceofc2,c4,c6,c12andc16%bycdryloadcofthecsoil.Plasticitycindexand

liquidcwaterccontentcof-soilcexpandedasctheoilcsubstanceexpandedcinthe

soilcfrom 0ctoc12%.cIn anyccase, therecwas acdecrease in

thecpreviouslycmentionedparameterscfromc12to16%coilpercentageconthe

groundscthattheoilcdiminishedthecsoilcohesion.

Murrayc⁫R&Dc⁫Technicalc⁫‫ііReportc​P1-398/TR/2

Thec​procedurec​is ​consistentc​withc​that adoptedc​in the

Environmentc​Agency R​&​Dc​Contract ProjectcNo. ​P1-3398 ‘Validationc​of

c​thec​Acceleratedc​Permeabilityc​Testc​asc​anc​Alternativec​toc​thecBritishc​Standar

dc​Triaxialc​Permeabilityc​Test’. c​The

basicc​testc​doesc​notc​includec​measurementsc​toc​assessc​thecincrementalc​volu

mecandc​moistureccontentc ​(orc​density)

cchangesc​ofc​thec​specimenc​duringcthec​test, c​or

determinationc​ofc​thec​degreec​ofcsaturationc​fromc​Bcvaluec​determinations.

c​Calculatec​ thec​coefficientc​ofcpermeabilityc​inc​thec​verticalcdirection, c​kvc

​(incm/s),fromc​thec​equation



=k
v

1.63×q×L× ×R
t
10

-4

A -(-p
1
p
2
)pe

here,c​

q=thec​meancratec​ofc​​flowc​throughc​thec​soilc​specimenc​(inmL/min),

Lc​iscthelengthcofthecspecimenpriorc​toc​testing(incmm)

(p1-p2)isc​thec​pressurec​differencec​betweenc​thec​pressurec​appliedtocthe

topc​andc​basec​pressurec​linesc​(inc​kPa)

peisc​thec​pressurec​lossc​inc​thec​systemc​(inc​kPa)c​forc​thec​ratec​ofc​flowc​q,

obtainedcfromc​thec​calibrationc​graph.

Rtisc​thec​temperaturec​correctionc​factorc​fortheviscosityc​ofc​water.

SummaryofLiteratureReview

1.Thecliterature review showedcthat oil contaminationccaused

reductioncof finecaggregatecas evident incthe shiftingcof the

aggregatecsizedistributionccurvefrom finerctocoarser.

2.TheAtterberg’sclimits​increasedcordecreasedcdependingontheckindof

soilthatcwascontaminatedcwithoil.

3.MaxcγdcandOMCcincreasedorcdecreaseddependingontheckindofsoil

thatcwascontaminatedcwithoil.

4.Thechydrauliccconductivitycofsoilsccontaminatedcwithoilcdecreased.



CHAPTER3

MATERIALANDMETHODS

3.1MaterialandEquipmentsused

Thedifferentmethodsandmaterialsusedtofulfilltheobjectivesof

thisresearchwork.Thematerialandequipmentusedareasfollows.

Thesoilthatisusedfortheworkistakenfrom DTUgroundwhichis

nearthemaingate.Therearetwotypesoilusedforthisresearchworkwhich

areasfollows:

1.Dieseloil

2.Motoroil

3.2Propertiesofdifferentoilused

Properties Diesel MotorOil

Density(kg/m3) 820 861

Viscosity(m2/s) 2.87×10-6 19.8×10-6

Finalboilingpoint(oC) 349.8 370

3.3ClassificationofSoil

Classification of soilis CL-ML.The soilis collected fromcDTU

groundscfrom adepthof.6m.Acsampleofthissoilcwasenclosedbycplastic

sheetcforwatercontentcdeterminationwhichwassecuredwithtapectonotto

losethecwaterccontentwhich wasthen triedcforthecnormalwaterccontent.

The normalcwater content of soil was 17.46%. The CL-MLcsoil

characterizedcbyIndiancSoilClassificationcSystem (ISc1498(1970))cwithLL=



25.51% andplasticclimit19.45% wasctakenfrom DTUcCampuswhichwent

through4.75cmm IScsieve.Thesoiloughttobefreecfrom grasscrootsand

othercnatural materialcand it wascdried in oven forc24 hours before

performingcanytests.

As per Casagrande’scplasticity chart followingccalculation was

donectoreachatcCL-MLclassificationcofsoil.

PI=.73c(LL-20)

=.73c(25.51-20)=4.022

As thecplasticityindexccomes outto becbetween 4%-7% soiliscclassified

ascCL-ML.

3.4cExperimentsPerformed

3.4.1GrainSizeAnalysis

TheGraincSizecAnalysiswasdonecin accordancecwith IS:c2720c

(Part4)–1985(Reaffirmed-2006)tocdeterminethecparticlecsizecdistribution

ofcsoil.115gramssamplewastakenforsievecanalysis.Thesamplecwasfirst

dried incoven at 1050C temperature. Acsolution was preparedcwith

sodiumchexametacphosphate (33grams)cand sodiumccarbonate (7

grams).c115gramscofsoilwascthenaddedinthiscsolutionandstirredcfor10

mins.Thissolutionwasckeptovernighttocbreakthelumpscofsoil.

The soilwas then sieved throughc75 micron IScsieve and the

weightcretainedonsieveciscollectedinacdishanddriedcinoven.Drycsieve

analysiscwasdoneforcthissamplecwhichretainedcon75cmicroncsieve.The

materialcpassing throughcIS sievec75 microncis used forcdoing

hydrometercanalysis.Observation tablecof both hydrometercanalysis and

drycsieve analysiscis given in appendix. Following iscthe result

ofcsievecanalysis.



Table1cPercentagecofdifferentctypesofcsoil

Typecofcsoil Percentage

Gravel 2

Sand 27

Silt 53

Clay 18

Fig.3.1-GraincSizecAnalysiscurvecofsoil



Fig.3.2-HydrometercAnalysiscofsoil

3.4.2ConsistencyLimits

3.4.2.1PlasticLimittest

Thread rollingcMethod was done in accordancecwithcIS:c2720c

(Partc5)–1985(Reaffirmedc2006)ctocdeterminethePlasticclimitofthecsoil.

Inthiscmethodthewaterccontentatwhichcsoiljustcrumblescwhenrolledcinto

a dia.cof 3cmm werecnoted. The ratecofcrolling wascbetween 60cto

90cstrokesforceverycmin.Theplasticclimitobservedcisc19.45%.

Fig.3.3-Plasticclimittest



3.4.2.2LiquidLimittest

Casagrandecmethod is used tocdetermine the Liquidclimit of

soilcsamplesinaccordancecwithIS:c2720(Partc5)–1985c(Reaffirmedc2006).

250cgm ofsoilpassing through 425µcsieve is taken,enough

watercwasaddedandcsoilwasmixedforapproxc3minutes.Thissoilwasput

incCasagrandecupanditisensuredthatheightofsampleputincupis1mm at

itsthickest,thenthesoilcpatisstruckoffwithflatcspatulaandwascutcbya

groove ofcstandard dimensionc (11 mm widectop,2 mmcbottom,and 8

mmcdeep).Thecupisliftedcanddroppedbycturningcrankatcarateofapprox.

2crevolutionspercsec.No.cofblowscrequiredforthecsoiltoflowctogetherbya

distanceof2cmm isnoted.4csamplesofsoilcweretested and aplotof

waterccontentcvs.Log10Ncis plottedcand waterccontent corresponding to

25cno.ofblowscwerenoted.Theliquidclimitobservedis25.51%.

Fig.3.4-LiquidclimitctestApparatus



Table2–LiquidcLimitobservationctable

Noofblows WaterContent
30 24.5
17 26.6
10 31.2
7 36.4

Fig.3.5-FlowcCurve

3.4.3StandardProctorCompactionTest

ThistestwascperformedtofindoutcthemaxcγdandOMCcofsoilas

percIS :2720c(PartVII)c (Reaffirmedc2011).7ckg ovencdried soilcsample

passingcIS sievec20cmm was taken.Soilcwas compacted in 3cdifferent

layerscin compactioncmould whilecgiving 25cblows to eachclayer by

rammercofweight2.6ckgwhichcisdroppedfromcaheightof310cmm from the

topcsurfaceofsoil.Theblowscweredistributedcuniformlyovercthesurfaceof

eachlayer.Theobservationctableisgivenincappendix4.



Fig.3.6-CompactioncCurve

From thegraphwecancalculatecthat

OMC=15.3%

Maxγd=1.79gm/cc

or17.56KN/m3

3.4.4SpecificGravityTest

SpecificcGravitytestofsoilwasdonetoknowthespecificcgravityof

soil. PycnometermethodusedasperISc2720c1980(Partc3).Firstthe

weightofemptypycnometerisdetermined(W1)indrycondition.Thenthe

sampleofdrysoilisplacedinthepycnometeranditsweightwiththesoilis

determined(W2).Theremainingvolumeofthepycnometeristhengradually



filledwithdistilledwater.Theentrappedairwasremovedbyvigorousshaking.

Thewightofthepycnometer,soilandwaterisobtained(W3)carefully.Lastly

thebottleisemptiedthoroughlycleanedandfilledwithdistilledwaterandits

weightistaken(W4).Thespecificcgravityofcsoilisreportedas2.66.

Table3–Observationctable-Specificcgravity

Weightofdryemptypycnometer(W1)(g) 700

Weightofdrysoil+pycnometer(W2)(g) 857

Weightofdrysoil+pycnometer+water(W3)(g) 1673

Weightofwater+pycnometer(W4)(g) 1575





CHAPTER4

METHODOLOGY

4.1AcceleratedPermeabilityTests

Thectest iscconducted forcmeasurement ofcpermeability

ofc​DTUcsoilc​with differentcpercentage ofcoil contaminationcusing

TriaxialcApparatus. Thecfollowing outlinescthe testcprocedure tocbe

adoptedcin thecAcceleratedcPermeabilityc​Tests(AP tests)cincdetermining

thecpermeabilitycofsoils.

1.“Thecprocedure iscconsistentwithcthatadoptedcin thecEnvironment

Agency R&DcContractcProject No. cP1-3398c

“ValidationcofcthecAcceleratedPermeabilitycTestascanAlternativecto

thecBritishStandardcTriaxialPermeabilitycTest””.

2.“InctheAPctest,thecpreparationofcspecimens,equipmentctobecused

and testingcrequirements shallcbe incaccordance withcBS1377:

1990cothercthanasdetailedcinthecfollowing”.

3.“Thecbasic test does not include measurements to assess the

incrementalvolume and moistureccontentchangescofthecspecimen

duringcthetest,orc​determinationcofthecdegreeofcsaturationfromcB

valuecdeterminations”.

4.“Itcshould becnoted thatcthe procedurescforassessingcvolume and

moistureccontentchangecofthecspecimenduringcthetestcarepronecto

errors usingcconventional laboratorycequipment andcrequire

veryccarefulappraisalcofthecdatatocobtainmeaningfulcresults”.



4.1.1Experimentalsetup

1.Mouldcspecification:

Diameter 38mm

Height 76mm

2.Rubbercmembrane

3.O-Rings

4.Frictionlesscendplatescof38cmm diameter

5.Porouscendstones

6.Triaxialccell

Fig.4.1–Linecdiagram showingcexperimentalsetup

Airbleed
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stone
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Topandbottom waterbypass



Fig.4.2–Mould

Fig.4.3-Triaxialcellcwithmountedcsample



Fig.4.4-SamplecExtruder

Fig.4.5-SoilcSample

Fig.4.6-cLengthofcsample76mm



Fig.4.7-Triaxialcellcconnectedtocpneumaticcontrolcpanel

4.1.2SamplePreparation

Soilcsampletobecusedisdividedinto7equalpartsandthenoilwas

addedaccordingtoweightofsoil.Partoneofsoilwasleftasitis,itisthesoil

with0%oilcontamination.Other6partsofsoilweremixedwithoilno.1andoil

no.2withdifferentpercentageofeachcoili.e.1%,2%,and3%respectivelyina

mixersothatsoilismixedthroughly.

1.Forsamplecpreparation soilcwith differentccontamination ofcoilwas

takenasperitsmaxcdrycdensity.

2.Thenoptimum watercisaddedtocsoilandmixedcthoroughly.

3.Soilisfilled in thecmould in two layershavingcinternaldiametercof

38cmm andcheight 76cmm and eachclayer wasccompactedcwith

achammer.

4.Thecsoilspecimen wasplaced in samplecextruderandcsample was



extractedcwiththechelpofcplunger.

5.Thisprocesswasrepeatedwitheachsampleofsoilcontainingdifferent

percentagesofdieseloilandmotoroil.

Measuredcsampleheight=76mm

Measuredspecimencdiameter=38mm

4.1.3Settingupthesampleintriaxialapparatus

1.PlacecthesamplecinTriaxialccell.

2.Carecmustbectakentocpreventanycpartofcthecellcfrom disturbingcthe

sample whilecitiscbeing setup,cforexample,cbyknockingcagainst

bottomcofthecloadingcpiston.

3.Acseparatebasecporousdisccisusedcinthectriaxialtest,cthesaturated

discwasslided onto aclayerofwatercon thectriaxialbasecpedestal

withoutcentrapping air.Anycsurplus watercstanding oncthe disccis

removed,ensuringcthatthecporescremainsaturated.Acfilterpapercis

putcon thecporous disccand it iscensured thatcfilter papercis

saturatedcwithwaterctoo.

4.Thecspecimen is placedcon thecdisc withoutanycdelayandcwithout

entrapping air.cThe saturatedcporous disccalong withcfilter

paperctowards thecside ofcsoil samplecis placed, withcexcess

watercremoved,onctopofthecspecimen.

5.Thecsoaked rubbercmembrane iscplaced overcthe specimen,

aftercallowingsurpluscwatertocdrainoff,cusingacmembranecstretcher.

cAnunusedcleak-freecmembraneshallcbeusedcforeveryctest.

6.The cellcmust becproperly setcup andcuniformly clampedcdown

tocpreventanycreleaseofcpressureorcleakageofcwaterduringcthetest,

makingcsurefirstthatcthesamplecisproperlycsealedwithcitsendccaps

andcrings (rubber)cin positioncand thatcthe sealingcrings forcthe

cellcarecorrectlycplaced.

7.Whencthe samplecis setupcwateriscadmittedcand theccelliscfilled

untilcwaterescapescfrom thecairbleedcvalve,atcthectop,whichcis



thencclosed.

8.Thecpiston lockcis thencmoved downcby handlecuntilitcis justcin

touchcwiththecpressureplateconthectopofcthecsample,andclocked

atcthispositioncbeforetesting.

9.Ensurecthat thecspecimencaxis iscvertical andcthat thectop

drainageclinedocnotinterferecwithfittingcthecellcbody.

10.Pressurecsetupiscusedtocapplycellcpressureandcbackpressurecto

thecsample.

11.Allcthe valvescof Triaxialccell arecclosed firstly. Applicationcof

BackcpressureandcCellcpressureisdone.

BackPressure(p1) 343.35kPa

CellPressure 441.45kPa

p1 Inletbackpressure

p2 Outletbackpressure101.325kPa



CHAPTER5

OBSERVATIONANDCALCULATION

5.1Observationsandcalculations

“Incthe APctest, thecpreparation ofcspecimens, equipmentcto

becused and testingcrequirements shallcbe incaccordance withcBS1377:

c1990candcfollowing formula iscused forccalculating thecpermeability

valuecofsoilcisascfollows.

=k
v

1.63×q×L× ×R
t
10

-4

A -(-p
1
p
2
)pe

Where,

kv=permeabilityccoefficient(m/s)

A=Crosscsectionalareacofspecimen(mm2)

p1=Backcpressureatcinlet(kpa)

p2=Backcpressureatcoutlet(kpa)

q=Ratecofoutflowcfrom outletcvalve(ml/min)

L=Heightcofspecimen(mm)

Rt=Temperatureccorrectionfactorcforwatercviscosity

pe =Pressureclossincthesystemc(kpa)cforthcrateofcflow obtainedcfrom

calibrationgraph.

Valuesobserved

 P2=101.325kpa



 A=1134.11mm2

 Pe=0kpa

 q=ml/min(asreadfrom graph)

 L=76cmm

 Rt=1c(asnoceffectofctemperatureoncviscosityofcwateriscobserved)

5.2Calculations:

5.2.1Permeabilityvaluecalculationforuncontaminatedsoil

Thecequationiscasgivenbelow

=k
v

1.63×q×L× ×R
t
10

-4

A -(-p
1
p
2
)pe

Puttingcall thecvalues in abovecequation we getcthe permeabilitycfor

uncontaminatedsoilcas

Differentvaluesare

q=2.193(asreadfrom fig.5.1)

L=76mm

p1=343.35kpa

=k
v

1.63×2.193×76×10
-4

1134.11×(343.35-101.325)

=9.89× m/sk
v

10
-8

5.2.2PermeabilityvaluecalculationforcontaminatedsoilwithDieseloil

Forsoilwith1%contaminationofdieseloil

Differentvaluesare

q=1.4667(asreadfrom fig.5.1)

L=76mm

p1=441.45kpa

=k
v

1.63×1.4667×76×10
-4

1134.11×(441.45-101.325)



=4.707× m/sk
v

10
-8

Forsoilwith2%contaminationofdieseloil

Differentvaluesare

q=0.7224(asreadfrom fig.5.1)

L=76mm

p1=441.45kpa

=k
v

1.63×0.7224×76×10
-4

1134.11×(441.45-101.325)

=2.135× m/sk
v

10
-8

Forsoilwith3%contaminationofdieseloil

Differentvaluesare

q=0.4291(asreadfrom fig.5.1)

L=76mm

p1=441.45kpa

kv=1.38×10-8m/s

5.2.3PermeabilityvaluecalculationforcontaminatedsoilwithMotoroil

Forsoilwith1%contaminationofmotoroil

Differentvaluesare

q=1.017(asreadfrom fig.5.2)

L=76mm

p1=441.45kpa

kv=3.26609×10-08m/s

Forsoilwith2%contaminationofmotoroil

Differentvaluesare



q=.3958(asreadfrom fig.5.2)

L=76mm

p1=441.45kpa

kv=1.27111×10-08m/s

Forsoilwith3%contaminationofdieseloil

Differentvaluesare

q=0.1358(asreadfrom fig.5.2)

L=76mm

p1=441.45kpa

kv=0.43612×10-08m/s

Fig.5.1-Graphvolumevstimefordieselcontaminatedsoil



Fig.5.2-Graphvolumevstimeformotoroilcontaminatedsoil

Fig.5.3:Permeabilityofsoilwithdifferentoilpercentageofbothoil



Fig.5.4:EffectoftimeonPermeabilityofsoilcontaminatedwithdiesel

Fig.5.5:EffectoftimeonPermeabilityofsoilcontaminatedwithmotoroil



CHAPTER6

RESULTANDCONCLUSION

6.1Conclusions

Followingresultsandconclusionscanbedrawnfrom theresearchworkdone

forthisthesis.

1.ThesoilusedwasofDTUcampus.Fordifferentpercentageofoilusedit

wasseenthatoverallpermeabilityofsoildecreased.

2.Thedecreaseformotoroilcontaminatedsoilwasmorethanthatofthe

dieselcontaminatedsoil,itisduetothefactthatmotoroilhadgreater

viscositythandieseloilandpermeabilitydecreaseswiththeincreasein

viscosityofpermeantliquid.

3.Thesamesampleswerecheckedforpermeabilitycoefficientvalues

after4 days ofsaturation and effectoftime was determined on

permeabilityvalue.Afterfourdays ofcontinuous flow through the

sampleitwasseenthatvalueofpermeabilityfurtherdecreaseddueto

reasonofaccumulationoffinerparticlesontheupperpartofsample

whichdecreasedtheflowandduetogasmoleculesbeingaccumulated

inthesamplewhichweremixedinthewater.



6.2FutureWorkRecommendations

1.Differenttypesofsoilscanbetestedfordifferentoilcontamination.

2.Soilcanbetestedwithothercontaminantstocheckitseffectonthe

propertiesofsoil.

3.Thispermeabilitytestcanbedonewithdifferentmouldingwatercontent

andtheeffectofsameonthepermeabilityvaluecanbestudied.

4.Withthemeasurementofpermeability,themeasurementofshearstress

canalsobedoneintriaxialapparatus.

5.Thismethodcanfurtherbemodifiedandusedtocheckvolumechange

relationshipwithloadandtheshearcharacteristicsofsoil.

6.Thismethodcanbeusedtofindoutpermeabilityofunsaturatedsoil.

7.Thismethodisdoneusingdistilledwaterinuncontaminatedandoil

contaminatedsoil.Thesamecanbedonewithdifferenttypesofliquids

suchasbrinesolutionandbenzenesolutiontofindouttheeffectof

sameincaseofclaylinersystem.





APPENDIX

A1-Grainsizeanalysistable

Table2-Sieveanalysistable

No. Sievesize

Retained

mass(g)

Cumulative

retained Retained(%)

Cumulative

passing(%)

1 4.75 1.56 1.56 1.4 98.65

2 2 1.82 3.38 1.6 97.07

3 1 0.35 3.73 0.3 96.77

4 0.6 1.30 5.03 1.1 95.64

5 0.3 1.47 6.5 1.3 94.37

6 0.15 0.96 7.46 0.8 93.54

7 0.075 21.23 28.69 18.4 75.14

A2-HydrometerTable

Table3-HydrometerTable

Elapsed

time

(min)

Hydrometer

Reading,Rh
Correction

Corrected

hydrometer

reading

Effective

Depth,

He(mm)

Particle

size,D

(mm)

Percen

tage

finer

(%)

Tem

p
nt

0.5
28.00

-1 27 79.63 0.045937.58
33.0

0

0.71

4

1
26.00

-1 25 99.97 0.036434.79
33.0

0

0.71

4

2
24.00

-1 23 105.17 0.026432.01
33.0

0

0.71

4

4 22.00 -1 21 110.37 0.019129.23 33.0 0.71



0 4

8
19.50

-1 18.5 116.87 0.013925.75
33.0

0

0.71

4

15
17.00

-1 16 123.37 0.010422.27
33.0

0

0.71

4

30
16.00

-1 15 125.97 0.007520.88
33.0

0

0.71

4

60
15.00

-1 14 128.57 0.005319.48
33.0

0

0.71

4

120
13.00

-1 12.5 132.47 0.003817.4
33.0

0

0.71

4

240
12.00

-1 11 136.37 0.002715.31
33.0

0

0.71

4

480
8.00

-1 7 146.77 0.002 9.71
33.0

0

0.71

4

1440
7.00

-1 6 149.37 0.00128.35
33.0

0

0.71

4

A3-Liquidlimitobservationtable

Table4-Liquidlimitobservationtable

Noofblows WaterContent

30 24.5

17 26.6

10 31.2

7 36.4



A4-Compactioncharacteristicsobservationtable

Table5-Observationtableforcompactiontest

S.No.
Moisture
Content(%)

Weightofsoilin
mould(grams)

Volume
ofmould
(cc)

Bulk
density(gm/c
c)

DryDensity
(gm/cc)

1 11.5 1921 1000 1.921 1.71

2 15.3 2011 1000 2.011 1.79

3 16.5 2047 1000 2.047 1.78

4 19.2 2024 1000 2.024 169

A5-Permeabilityobservationtableofuncontaminatedsoil

Table6-Observationtableforpermeabilityofuncontaminatedsoil

Time(mins) Cumulativevol(ml) Incrementalvol(ml)

0 0 0

5 12 12

10 23 11

15 33.5 10.5

20 45 11.5

25 55.5 10.5

30 65.5 10

35 76.5 11

40 88.5 12

45 100 12.5

A6-Observationtableforpermeabilityof1%oilcontaminatedsoil(Diesel)

Table7-Observationtableforpermeabilityof1%oilcontaminatedsoil



Time(mins) Cumulativevol(ml) Incrementalvol(ml)

0
0 0

5
8 8

10
15 7

15
22 8

20
29 5

25
37 8

30
44 7

35
52 8

40
59 7

45
66 7

A7-Observationtableforpermeabilityof2%oilcontaminatedsoil(Diesel)

Table8-Observationtableforpermeabilityof2%oilcontaminatedsoil

Time(mins) Cumulativevol(ml) Incrementalvol(ml)

0
0 0

5
5 5

10
9 4

15
13 3

20
16 3

25
20 4

30
23 3

35
27 4

40
30 3

45
33 3

A8-Observationtableforpermeabilityof3%oilcontaminatedsoil(Diesel)

Table9-Observationtableforpermeabilityof3%oilcontaminatedsoil



Time(mins) Cumulativevol(ml) Incrementalvol(ml)

0 0 0
5 2.5 2.5
10 4 1.5
15 6.5 2.5
20 8.5 2
25 10.5 2
30 13.5 3
35 15 1.5
40 17.5 2.5
45 19 1.5

A9-Observationtableforpermeabilityof1%motoroilcontaminatedsoil

Table10-Observationtableforpermeabilityof1%motoroilcontaminatedsoil

Time(mins) Cumulativevol(ml) Incrementalvol(ml)

0 0 0

5 7.5 7.5

10 12.5 5

15 17 4.5

20 22.5 5.5

25 27 4.5

30 32 5

35 37.5 5.5

40 42 4.5

45 47 5

A10-Observationtableforpermeabilityof2%motoroilcontaminatedsoil



Table11-Observationtableforpermeabilityof2%motoroilcontaminatedsoil

Time(mins) Cumulativevol(ml) Incrementalvol(ml)

0 0 0

5 2 2

10 3.5 1.5

15 5.5 2

20 7 1.5

25 9.5 2.5

30 11 1.5

35 13.5 2.5

40 15 1.5

45 18.5 3.5

A11-Observationtableforpermeabilityof3%motoroilcontaminatedsoil

Table12-Observationtableforpermeabilityof3%motoroilcontaminatedsoil

Time(mins) Cumulativevol(ml) Incrementalvol(ml)

0 0 0

5 1 1

10 1.5 0.5

15 2 0.5

20 2.5 0.5

25 3.5 1

30 4 0.5

35 4.5 0.5

40 5.5 1

45 6.5 1

A12–Observationtableforpermeabilityvalueofallsamplesafterfourdaysof

continuousflow

Table13-Observationtableforpermeabilityfortimeeffect



CoefficientofPermeabilitym/s

Afterfullsaturation Afterfourdaysofcontinuousflow
Soilsample1
(uncontaminated) 9.89E-08 8.81E-08
Soilsamplewith
1%dieseloil 4.71E-08 3.53E-08
Soilsamplewith
2%dieseloil 2.14E-08 1.36E-08
Soilsamplewith
3%dieseloil 1.38E-08 4.50E-09
Soilsamplewith
1%motoroil 3.27E-08 2.43E-08
Soilsamplewith
2%motoroil 1.27E-08 7.60E-09
Soilsamplewith
3%motoroil 4.36E-09 3.38E-09
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