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ABSTRACT

The main contribution of this study is to evaluate the effects of hydrocarbon contamination o
soil with respect to geotechnical and geochemical properties and their impact on human heal
resulting from the Iraqi invasion ¢fuwait in 1990. To fulfil thisgoal, the geotechnical and

geochemical characteristics of soil at a ditjake have been investigated.

The Human Health Risk gsessment (HHRA) was investigated utilising Risk Integrated
Software for Soil Cleawp Version5 (RISG5) to evaluate the edtts of hydrocarbon
cortamination on human health viagestion of soil, dermal contact with soil, ingestion of

vegetables, inhalation of outdoor air and inhalation of particulates pathways.

In order to study these variations, two neighbouring sites -Magwa area on the Greater
Burgan Oil Field were selected. The first was chosen for aitltske scenario, and the other
adjacent site as an uncontaminated baseline control. Geotechnical tests were implemented
samples taken at different depths fronthbsites. Tiese included Atterberg Limit, Particle Size
Distribution (PSD) permeability and sheatrength. Electronic micrographs were also taken
for the upper layer (0.0 m depth). The geochemical investigatincludedHydrogen lon
Concentration gH), water soluble @Gloride and Sulphate content, Vario Macro Elemental
Analysis(EA) and Gas Chromatograph Mass Spectrom@&@MS). GC-MS was carried out

to determine the specific hydrocarbon compounds and their concentrations within the soi

These alues brmed the basis of a HHRA

The geotechnical results show that hydrocarbon contamination modifieSbiegether with

a decrease in the angle of internal frictio®. The geochemical results confirm that the
hydrocarbon contamination cassachange in the pH, with the Chloride anali@hate contents

and hydrocarbon concentrations decreasing with depthHHRA demonstrated that certain
hydrocarbon compositiaat elevated levels encountered in the ditylake site had poteiml
effects with egard to norcarcinogenic risks. The geotechnical and geochemical
characterisation data used in this study are also analysed quantitatively using IBM SPS
Statisticsin order to suppontobustresults The statistical analysis confirms that all the results

are solid and compatible.

Key words:QOil lakes; hydrocarbon contamination, geotechnical properties of hydrocarbon
contaminated soil; geochemical properties of hydrocarbon contaminated soil; human healtt

risk assessment.
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1. INTRODUCTION

1.1  Aim of the Study

The central goal of this study is to investigate and determine whether thul dake
contaminated soils in Kuwait have any influence on their geotechnical and geochemical
properties which could lead to a structurally unstable soil condition. This atlldgiso
investigate the influence of dail lake on the Human Health Risk Assessments (HHRA)
and determine the potential levels of risk posed to any future urban developments within

the affected areas.

The main objectives with details are as follows:

(1) To study the geotechnicaharacteristicsof hydrocarboncontaminated soil by
investigating whethedry oil lake residuecan cause deterioration of soil geotechnical

conditions. This will be achieved by fulfilling the sobjectives as set out below:

(a) to investigate the geotechnical properties of hydrocarbon contaminated soill;
(b) to investigate the geotechnical properbéson-contaminatedcontrol) soil;
(c) to study the effect of dryil lake residueon soil geotechnical properties by

comparing contaminataslith non-contaminated samples.

(2) To study the geochemicaharacteristics of hydrocarb@ontaminated soil, and to
test whether dryil lake residuecan create a chacally aggressive environmerithis

will be achieved by answering the sobjectives aset out below:

(a) by investigating the geochemical properties of hydrocarbon contaminated soil;

(b) by investigating the geochemical properties of-oontaminated (control) soil;



(c) by studying the effect ofiry oil lake residue on the geochemical
properties of the soil to be achieved by comparing contaminated with non

contaminated (control) samples.

(3) To assess the influence of ttiey oil lake contaminated soils on the Human Health
Risk Assessment (HHRA) in the state of Kuwait from the existenasl ¢dike residue
since the lIraqgi invasion in 1990. This will be accomplished by fulfilling the- sub

objectives as set out below:

(a) by classifyinglte pollutants in the hydrocarboocontaminated soils into

carcinogenic and necarcinogenic categories; thiwill be achieved by

applying Risk Integrated ditware for soil Cleanup (RISG5) of the
hydrocarborcontaminated soil in Kuwait;

(b) by developingW KH pJURXQG PRGHOOLQJY WWURXJK RE)
level for thedry oil lake contaminated soil usinRISG5 software Even if

the physical properties of the soil are suitable for construction purposes, it is

essential to carry out and to evaluate agpsof carcinogenic elements that

may influence the health of humans, animals and plants. The risk assessment

will be carried out using RISG software, indiating that human health is

need addressing more thidue strength of the soil.

1.2  Background

The impact on the environmentparticularly towards public health and safetgue to
hydrocarbon contamination, can be catastrophic irrespective of contamination of the air
both above ground and below ground. As mentioned by &ba} (2010) and basedno

other available reports, some of the most seriously hydrocarbon contaminated sites in the

world are: the Deepwater Horizon in the Gulf of Mexico; Northeast Ecuador; Exxon



Valdezz in Alaska (U.S); Delta River in Nigeria; and Kuwaitcording to Tayloret al.

(2005) the water and food consumed by individuals are the main caukealthf affect
pollution. Humans and animals are not directly influenced by soil, however, water and
plants which are bonded to soil and used by humans and animals are dffectgdaby
contamination.

Thus the oilresidue and heavy metal used in the war are likely to have resulted in the
contamination of the environment which will consequently have adverse impact on
SHRSOHYV KeHd,QO0¥A®. SviDdontamination is cently considered to be a vital
global issue; the main causes of soil contamination are human activities, some example
being improper agricultural practices, faulty construction practices and industrial and
military activities. According to Goet al (200) within the European Union alone, 3.5
million sites could have been contaminated of which 500 thousand sites needed
remediation. The emphasis of this study is on hydrocarbon contaminated soil present in
Kuwait caused by the burning of the oil wells adlwae the release of huge volumes of oll
during the 1990 invasion by Irag. During this war, approximately 604 oil wells were set
alight, oil gushed from 45 wells and 149 were severely damaged; in fact, two million
barrels of oil per day were estimated tavla escaped from the affected wells (PAAC,
1999). In addition, it has been estimated that in 8 months 1.0 to 1.5 billion barrels of oll
were lost. As a result of these fires the Kuwait sky was covered with clouds of oil smoke.
When the fires were finallyx¢inguished all the burnt oil landed on the ground and mixed
with the soil which is still contaminated to the present day (Petroleum Economist, 1992).
Based upon a report by (Green Cross International (GCI), 1998), the residue from large
(oil) lakes in paticular, has been the cause of the main risk to the environment and to

human health as they have been left untreated.



This research will examine the hydrocarbon contaminated soil from the geotechnical,
geochemical and HHRA aspects since this hydrocarbomaconation might not only
affect the physical properties of the soil but the chemical risks are also likely to threaten
human health and the ecology.

A number of studies from various counsribave investigated hydrocarboontaminated

soil from the geotehnical perspective. These investigations have usually been undertaken
to examine the geotechnical properties of both contaminated and uncontaminated soi
samples typically by using the: Atterberg Limit test; Particle Size Distribution (PSD);
Scanning Eleton Microscope (SEM); coefficient of permeability y#raulic
Conductivity); and the Directl®ar test.

The purpose of the Atterbergnhit test is to determine whether the plasticity of the soil has
changed due to the hydrocarbon contamination; the olgect PSD is to learn whether
change has taken place to the grain size due to hydrocarbon contamination. The SEM te:
is used to further investigate the grain size distribution of the soil contaminated with
hydrocarbon in order to realise clearly whetkiere have been changes in the particles
from dryoil lake residue The permeability coefficient (Hydraulico@ductivty) is utilised

to define thepermeability of hydrocdon contaminated soil and the Diredie@r test is
intended to determine any changgQ WKH LQWHUQDO IULFWLRQ DQJO
clean soil strength after being contaminated by hydrocarbon.

According to Caravaca and Rolda(2003), Meegoda and Ratnawe¢t995) ljimdiya

(2013, and Srivastava and Pandey (1998)number ofstudies have examined soil
contaminated by hydrocarbon using the PSD test while others have utilised the Atterberg
Limit Test to study soil plasticity includinglia et al (2011) Habib-ur-Rahmanet al

(2007) Shahet al (2003) Patel(2011) Pandey andind (2014),andElisha (2012) The

behaviour of the geotechnical characteristics of soil contaminated with hydrocarbon,



including Direct Shear andpermeability oefficient (Hydraulic Conductivity) has been
examined by various studies including those Alif:sanad (1995)Al-sanad and Ismael
(1997),and Khamehchiyaet al (2007) Puri et al (1994) Rahmanet al (2010) Gupta

and Srivastavq2010) Singh et al (2009) Kermani and Ebadi (2012) arfshin et al
(1999).However, Mucha and Trzcinsk2008), examined soil particles contaminated with
hydrocarbon using the SEM test so as to further investigate soil PSD (see section 3.3 fo
further explanations).

Various nations have carried out a number of studies examining the geochemical propertie:
of hydrocarbon contaminated soil. Usually, the tests employed to examine the chemical
characteristics of the contaminated and uncontaeuhasoil were: Hydrogen lon
concentrationH); water soluble chloride (6l and silphates i(e. sulphur trioxide $Os)

& sulphate $0y)); vairo macro elemental analysis (EA); and gas chromatography mass
spectrometry(GC-MS). The purpose of the pH coefficient test was to determine the acidity
or alkalinity of the soils either hydrocarbon contaminated or uncontaminatedwBath
soluble C} and SQ & SO, tests were performed to examine the suitability of the concrete
type to be utilised in construction projects on hydrocarbon pontded sites. The vairo
macro elementalrealysis (EA) test was aimed at examining the amoartgntages (%) of

the chemical constituents (nitrogen (N %), hydrogen (H %), carbon (C %}uphur (S

%)) in hydrocarborcontaminated soil. The chemical composition and concentration of
total petroleum hydrocarbon (TPH) (mg/kg) was determined by tisenGCGMS test.

Numerous studies examined the soils contaminated with hydrocarbon by identifying the
pH behaviour of both the uncontaminated and contaminated soils, see:eBatya011),
Khuraibet and Attar (199%and AlDuwaisan and ANaseen(2011). A study carried out

by others, including Onojake and Osuji (2012), examined the content @n@ISQ &

SO, within the soil. Yet other researchers carried out investigations to determine the



constituent pecentages, for example: N (%); C (%); H (%); &), in the hydrocarbon
contaminated soil by means of the Elemental Analysis (EA) test (&atad, 1997,
Perkinelmer, 2010;Benyahia et al, 2005). The concentrations of hydrocarbon
contaminants within soils as well as their chemical compositions &laeebeen studied

with the help of GEMS (see section 3.4 for detailed explanations).

Having looked at various works with regard to geotechnical and gewcdieproperties of
hydrocarboncontaminated soil, it has become apparent that some pollutantsbbene
amalgamated into the physical properties of the soil to become one of its constituents. As
these pollutants may become carcinogenic posk a potential risko the environment,
human and animal health could be severely affected. Additionally, aemumhistudies
available from the literature deal with carcinogenic pollutants found in hydrocarbon
contaminated soil. Certain particular mechanisssgnarios and/or evaluations were
employed in these studies in an effort to classify and determine tHeofenrgk towards

the surrounding environment from the carcinogenic pollutants.

$QIJHKUQTV VWXG\ FODLPV WKDW LW LV HVVHQW
concentrations required and the methods used so as to move pollutants in the environmelr
from the hydrocarbon contaminated site to possible receptors. The usual procedure
employed in identifying and categorising risks to human healis used by the U.S.
Environmental Protection Agency (U.S. EPA) are: Hazard lIdentification; Exposure
Pathwayy] $VVHVVPHQW 7R[LF L Visk GhaMidtevisaford QVGremal 5
1994).

Nathanailet al (2007) have reported that the designed risk assessment was split into two
phases and two syihases, i.e. Phase -Hazard Identification, Phase ZXblazard
Assessment, Phase -2Risk Estimation and Phase -Bisk Evaluation. These were

designed so as to evaluate the threats originating from the contaminated areas.



In order to identify the various chemical stdmces detected within the odsidue at
contamirated sites that could potentially affect health through the risk of exposure to
hazardous chemicalsBlazard Identificationis usually employed (La Gregd al, 1994). A
method known a [SRV XUH 3D W K Z D \i¥ ftili$ed \fdHegtvnate éVexposure to
certain chemicals by any environmental receptor likely to be at risk. This analysis is
necessary to ascertain how therocarborcontaminants can be released from the site and
how migration of these contaminants to a possible receptor can be accomplesadga
et al (1994), have definedxposure pathwayeas follows by:

a contaminant source, e.g. landfill;

a chemical release mechanism, e.g. leaching;

a transport mechanism, e.g. groundwater flow;

an exposure point, e.g. well drinking water;

an envionmental receptor, e.g. consumer of drinking water;

an exposure route, e.g., ingestion;
These examples must be existent to cause exposure.
According to La Gregat al (1994), Toxicity Assessment offers toxicological data for the
relevant chemicals and/or predicted potential for adverse effects.
These assessments are derived from calculations of the pley®isocal properties of
chemicals combined with an integratedtéa for safety.In other words, toxicity can be
described as a mixture of detrimental changes to biological organisms that might be
attributed to chemicals under certain circumstancekich can vary from minor changes
of normal functions to death (camféMillner et al, 1992).
Risk Assessment, on the other hand, is employed to compare the effective concentration

from exposure assessment against the accepted concentration derived from the toxicit



assessment. This approach allows for determinatioimeofeiative safety or risk associated
with the expected exposure (La Gregal, 1994).

The evaluation of human health risk assessment of hydrocarbon contaminated soil has bee
carried out by applying their scenarios as described in a number of shaigsng those

of Nathanailet al. (2007), Angerhn (1998), Hwet al. (2012), Dumitran and Onutu (2010),

Sarmienteoet al. (2005), Iturbeet al (2004)(Irvinelet al (2014),Breweret al (2013) and

Bowers and Smiti2014).

On the other hand, other studies have carried out numerous models, e.g. Csoil
Contaminated Land Exposure Assessment (CLEA), Risk Based Corrective Action
(RBCA), and RIS&.02 which have been utilised fisk assessment aimed at evaluating
the concentration of carcinogenic and fgamcinogenic substances found in hydrocarbon
contaminated sites (Searl, 2012; GSI Environmental, 2014; Petedg 2012; Asharaf,

2011; Cheret al, 2004; Tomasket al, 2001; Pinedeet al, 2014; Spence and Walden,
2001). Some authors have investigated diseases brought on as a result of hydrocarba
contamination, for example, Am8ronnert et al (2007), Campbellet al (1993),

Ordinioha and Brisibe (2013) and Osn{a@97) (section 3.5 for further clarification).

The aim of this research is to examine soil contaminated hwitlhocarbon this will be

carried out by means &ISC5 assessment. The RI&Sassessment includes a mixture of
procedural risk assessment whichlimited only to: ([SRVXUH 3DWKZzZD\fV $
Toxicity Assessmeand Risk Characterisationvhich excludes Hazardléntification. The
software program is Windows based as it is capable of undertaking fate and transpor
modelling, HHRA and ecological ris assessments for hydrocarbon contaminated sites. In
summary, it is intended to provide assessment of the potential adverse impacts to huma
health (both carcinogenic and noarcinogenic) for hydrocarbon contaminated sites

(Spence and Walden, 2001).



1.3  Significance of the Study

Based on the literature review in the previous section, it is noticeable that there is a high
tendency forhydrocarbonFRQWDPLQDWHG VRLO WR DIIHFW WKH
which results in unstable soil conditions within its structure. Large hydrocarbon contents
within the soil tend to reduce the integrity of the soil properties resulting in defective
ground sthility for any forthcoming development (Caravata&Roldan, 2003; Meegoda
Ratnaweer, 1995; Gupé&a Srivastava, 2010; Pand&yBind, 2014; Alsanacdet al, 1995
Al-sanad Ismael, 1997Khamehchiyaret al, 2007).

Another concern igil lake contaminationwhich can affect the geochemical properties of

the soil creating a chemically aggressive atmosphere. Hydrocarbon chemical compositior
SUHVHQW ZLWKLQ VDQG\ VRLO FDQ SRWHQWLDOO\ DIIF
chemical composition that sahave damaging effects on the environmddrgaet al,

2011; Khuraibe& Attar, 1995; AtDuwaisan& Al-Naseem, 2011; Onojalke Osuji, 2012;

Satoet al, 1997;Perkinelmer, 201Benyahiaet al, 2005 Rahmaret al,, 2010)

The major issue related to hydrocarbon contaminated soil is that it can greatly affect
human health. Thus any proposed urban development planned in areas of concern can al
be affected. The fact that carcinogenic substances are present within thesarbgpdroc
chemical compositions can cause an increase in respiratory diseases and cancer, e.

asthma and lung cancer (Angerhn, 1998; La Getgd, 1994;Huaet al, 2012; Dumitran

& Onutu, 2010; lturbest al, 2004; Sarmient@t al, 2005;|Irvine| et al, 2014; GSI

Environmental, 2014; Brewest al, 2013; Pinedet al, 2012;Asharaf, 2011 Spence&
Walden, 2001).

The above issues, related to soil contaminated wilthakes residueresulting from the
1991 Iraqi invasion of Kuwait, could create obstacles to future growth in construction

projects and urban development within the vicinity of the area of concern.
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As demonstrated bwl-Sarawiet al (19980, the Kuwaiti Greater Brgan Gl Field
requires a detailed survey of the degree of contamination of the soil which is believed to be
as high as 8®%0.This site was selected because it is not only highly polluted but also
because of its proximity to the metropolitan city sinceamy time in the near future,
development and construction projects are likely to take place. In any case there is ar
urgent need to research and carry out a thorough exploration on the geotechnical ant
geochemical mperties of the Greater Burganl ®Gields. To that effect, ground modelling
software RISE5 should be used for risk assessment to human health. The area is highly
contaminated with hydrocarbon but the land is expected to be in high demand for future

developmental projects.

Furthermore, most of the research dealing with geotechnical and geochemical
characterisation of the hydrocarbon contaminated soil utilises soil which is artificially
contaminated by mixing virgin soil with various ratios of crude Bd.the best of author
knowledge, nadetailedstudy has been dealt with the Kuwaiti hydrocarbon contaminated
soil after such long drying years of crude oil contamination.

Construction contaminated areas may include residential, commercial and healthcare
building projects.The key issue is that since the 1990 invasion by Iraq, approximately
49.13 knf area of Kuwaiti land is covered withil lakes (PEC, 1999).Most of the
hydrocarbon contaminated sitesl (akesin particular) are close to residential areas which
the Kuwait Govenment plans to further develodowever, development should first take
contamination into consideration before any development in the hydrocarbon contaminated
sites takes place. Furthermore it is essential to assess the effect and risk of hydrocarbo

residue on human health and to estimate the possible levels of risk.
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1.4  Scope of this Work

The focus of the experimental work for this study is centred on the geotechnical and
geochemical study of hydrocarbon contaminated soil and the way it could affead huma
health. To achieve this, risk assessment will be carried out using ground modelling
software (RICS5). The risk assessment will be developed and utilised as shown in Chapter
7.

To simplify the study, soil samples were obtained from two separass avihin the
Greater Burgan {DField at Al Magwa area,; that is, from the contaminated site witlodlry

lake and also from a nearby site of soil before contamination. The latter being called the
noncontaminated siteThe laboratory tests conducted were feml on the geotechnical

and geochemical properties, i.e. the physical, structural and chemical properties which

include the following:

(1) To ascertain the variation in physical properties of the hydrocarbon
contaminated soil performed by compariegmples taken from both
contaminated and necontaminated @&as, typically applying Sieve
Analysis testfor PSD, SEM, Atterberg Limit and Constant Head

permeability tests.

(2) To ascertain the variation irh8ar strength, (both contaminated and
non-contamnated soil amples were taken to perform a Diredte8r
test).

(3) To undertake chemical tests including the: pH coefficient; water
soluble Cl and SQ & SOq,; EA and GCGMS; the aim was to ascertain:
the acidity or alkalinity the suitability of concrete type to be utilised in
any future construction projectdye percentages of hydrogen, carbon,

nitrogen and sulphur as finger printing and hydrocarbon chemical
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composition and their value in mg/kg of the oil polluted soil ithitbe

contaminated and nezontaminated sites.
The risk @sessment on human health entails the use of the ground modelling method
known as RISE software. The software was developed with the aim of classifying the

composition of hydrocarbon chemicalstite contaminated soil and the values in mg/kg.

1.5  Structure of the Study

This study comprises ten chapters showing the activities undertaken within the duration of
the work as follows:

Chapter 1 provides the aims and objectives of the study (as definedepboresents the
project background, identifies the importance of the study and outlines the scope of work

and how the study has been organised.

Chapter 2 presents a study context within the state of Kuwait, with particular reference to
its location, amate, soil condition, geology, degradation of contaminated landsowith
lakes, pollution to ground and environment, urban expansion due to construction and

human healthisksfrom the 199il lakes

Chapter 3+provides an overview of the hydrocarbon contaminants and covers a detailed
literature review of geotechnical and geochemicatharacterisations of the soils

contaminated by hydrocarbon residue and the affects on human health.

Chapter 4 outlines the initial phases of thesearch programme identified as experimental
plan and pases, hazards and restriction, sampling plan and strategy, soil characterisatior

and statistical data analysis.

Chapter 5- illustrates the results of the laboratorystte with regard to geotechnical

characteristics of both contaminated and -nontaminated soils. This chapter also
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discusses the main outcomes of the study demonstrating that the study aims have bee

achieved by connecting the experimental findings wikleostudies found in the literature.

Chapter 6 outlines the laboratory program associated with the geochemical properties of
the contaminated soil and hydrocarbon contaminated soil samples. Additionally, a
discussion on the main outcomes of the studgt Aow the research objectives were

achieved using the experimental results linked with other studies in the literature.

Chapter 7- describes Particulars tfhe HHRA scenarios which propose how to deal with
hydrocarbon residue contamination. The analysis and results of the ground modelling
development (RIS&G) software concerning human health and measuring the consequences
Rl . XZDityWilf ke contaminatedsoil on human health (theil lake residue has

existed since 1990) are also provided.

Chapter 8 focuses on interpretation of the results exhibited in Chapters five, six and seven

and the development of the understanding of the main research findings.

Chapte 9 - presents the final conclusion of the study.

Chapter 10presents proposes recommendations for further work.
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2. CONTEXT OF STUDY: KUWAIT

2.1 Introduction

This chapter aims to provide an introduction to: the location of Kuwait; assess and classify
the soil conditions; describe its climatic conditions; explain the geology; provide an
introduction and classification of the hydrocarbon contaminated landsnpoeseriptions

and clarification of the Soil and Environment Pollution; to investigateriiiks from oil

spills on human health; and finally to report on the urban expansion of the construction

sector in Kuwait.

This means that a detailed descripton WO EH SUHVHQWHG SHUWDLQL
climatic conditions, ground conditions, geology, degradation of hydrocarbon contaminated
land, ground and environment pollution, urban growth of constructionmisksto human

health due to residue ofl lakes

2.2 Kuwait Location

Geographically, Kuwait is situated between latitude 28 and 30 05' north of the
Equator and longitude 46' 30" and 48' 30" east of Greenwich; at thenestiérn corner of
the Arabian Gulf. It is a small country with anea of only 17,818 km(Murakami, 1995).
Irag is situated on its norivest border and Saudi Arabia on its south and somést

border (Figure 2.1 below).
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l’ - \I< ______________ Study Area

Figure 2.1. Kuwait borders with adjacent countries (SourceEzilon, 2015.

Due to its strategic location, Kuwait is regarded as one of the main gateways to the
Arabian Peninsula. The distance between the southern and northern most points of th
country is about 200 km (124 miles) while the easteorder is approximately 170 km
PLOHV IURP WKH ZHVWHUQ ERUGHU DORQJ ODWLW
The total length of its bordersor the perimeter of the countryis around 685 km (426
miles), which includes 195 km (121 miles) at the eastern border facing aéaArGulf.
Therefore, 490 km (304 miles) is land frontier with 250 km (155 miles) fronting the
Kingdom of Saudi Arabia in the south/west and 240 km (149 miles) bordering the

Republic of Iraqg in the north/west.
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2.3 Kuwait Climate

According to Nayfeh (1990), the climate of Kuwait can be described as arid, i.e. hot, dry
and lengthy summers with recurrences of dust phenomena and short, cold winters with
very little rain. Summer usually starts at the end of March and continues tdhveareisd of
October. The true winter begins rilecember and usually ends towards 4Rébruary.

Al-Kulaib (1984) claims that spring and autumn seasons are extremely short transitional
periods. The temperature differences between peak summer and wieternsous; for
example, during summer, the long duration of direct sunshine onto the ground causes :
spiralling increase in temperature that can peak at 50 °C or higher in comparison with an
average monthly temperature of betweerf@sand 28°C. The tempeature during winter
through December and January, however, is exceptionally low; the average winter
temperature is between 2C and 8°C. However, the lowest temperature may reach as low
as 0°C or, at times, even lower. Kuwait receives a low anraiafall of only 110mm.
$QRWKHU SUHYDOHQW DVSHFW RI . XZDLWYV FOLPDWH
from the north west of the Arabian Gulf contributes to amuahdeposit of 1 mm; similar
depositions take place along the whole coastal Adielitionally, there is a clear variation

in humidity which fluctuates from 60.% to 21.5% from January to June. However,
depending on the season, there is also a high rate of evaporation which can vary from on
place to another with an average rate 0f3Imm per dayAl-Jassar and Ra010, p.

4375), claim that the rate of evaporation varies in January and June from 4.6 mm/day tc

22.9 mm/day respectively.
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2.4 Kuwait Solid Geology
XZDLWYV JHRORJLFDO RXWOLQH ZL ©ton.Hhis @iHvidiude. EH G

WKH URFN VWUXFWXUH ZKLFK XQGHUOLQHV . XZDLW D¢
basic concerns are with the surface andsuface lithologies of the recent sediments. To
examine these areas more closely they will béddd/ into 3 suldivisions, as follows: 1)

WKH VXUIDFH JHRORJ\ RI . XZDLW WKH VWUDWLJUDSI

2.4.1Geology of Kuwait

The state of Kuwait is located at the neetdistern corner of the Arabian Plate between the
Precambrian shield to the west and the Zagros Fold belt towards the northteast.
bordered on the weand northoy Irag and on the south by Saudi Arafftggure 2.2).

As stated by AlSulaimi and AlRuwaih (2004), the state of Kuwait lies on three major
physibgraphic areas. A sequence of sedimentary rocks belonging to the Arabian platform
overlying the Precambrian Arabian Shield is present to the south and southwest.

The state of Kuwait lies on three major physiographic areas, i.e. a sequence of sedimentar
rocks belonging to the Arabian platform overlying the Precambrian Arabian Shield is
present to the south and southwest. These rocks of sedimentary outcrop are present withi
a large belt along the eastern margin, which has less resistivity and has eroeeahte a
VHULHV RI ORZ ODQG VWULSY 7KH OHVRSRWDPLDQ SC
delta at the head of the Arabian Gulf, lies to the nodtthwest of Kuwait while the
shallow marginal Arabian Gulf Sea which fences Kuwait lies to the(Eagire 2.2) (At

Sulaimi & Al-Ruwaih, 2004).
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Kuwait Location

Figure 2.2. Major tectonic units of the Arabian Gulf region Source: Al-Sulaimi & Al -

Ruwaih, 2004).
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The topography of Kuwait can generally be described as monotonously flat with
moderately rolling plains separated by occasiaearpssmall hills,valleys of ephemeral
streams and shallow wide inland depressions. Only inJ#hé\zZor small escarpment
along the north shore of Kuwait Badhmadi Ridgeparalleling the east coast Bluwait

hills at Wara and Burgan and theWadi al Batinalong the western border, is the local
relief not low (AFSulaimi& Al-Ruwaih, (2004)).

As shown in Figure 2.3, there are four physiographic provinces within the deserts of

Kuwait, i.e. i) AkDibdibbagravelly plain; ii) sand flat; iii) coastal flat; and iv) coastal hills.

< Jal Az-Zor Hill

Al-Ahmadi

DR Ridge

Figure 2.3. Thephysiographic provinces of Kuwait Source: Al-Sulaimi & Mukhopadhyay,
2000.
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The surface and near surface geology of Kuwas been dominantly controlled by the
Tertiary tectonic activity of the Arabian Plate. The northern and western sections of the
country lie within a huge previous outwash fan which expands far beyond the international
boundaries with Saudi Arabia and Iréi§igure 2.4); this was originally deposited by a
watercourse, a precursor of WadiBétin and ending in Khor AHammarin Irag and the
northern coast of Kuwait Bay, it also extends well over the Dibdibba plain in Saudi Arabia
and Iraq. The slope to the mio of Kuwait is continuous until broken by a shallow wide
inland depression caused by an inner drainage pattern (Un#isiAl and AlRaudhatain)
trailed by an extremely gentle dorsdaped hill (reflection of the Sabriyah Raudhatain

Structures) controllinghe watersheds (Abulaimi & Al-Ruwaih, 2004).
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O Kuwait Location

Figure 2.4.The geological map at the northern part of the Arabian Gulf region (Source: Al
Sulaimi & Al -Ruwaih, 2004).
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2.4.2 Stratigraphy

7KH +RPRFOLQH RI WKH $UDELDQ 3HQLQVXOD LV SDUW
to recent periods rocks have been exposed at the surface of thisaatetghroughout the
ZKROH Rl .XZDLW +RZHYHU EHFDXVH RI WKHKRBRBU\YC
can be difficult to accurately correlate their formations; additionally, the accuracy of

tracing marker beds can only be sustained for a short while (Tedradli 2015).

In accordance to AGXODLPL DQG OXNKRSDGK\D\{ Vof the tertidWy KH '\
VXFFHVVLRQ RI .XZDLW FDQ EH JHQHUDOLVHG DV
Stratigraphy contains several groups, e.g. the Kuwait, Hasa, Aruma, Wasia, Thamama
Riydh and Marrat groups with each group being sutivided into severaformations.
However, for the purposes of this study, only the strata close to the suttfaeduwait

and Hasa groupswill be dealt with in detail.



Figure 2.5.The chronostratigraphy and lithology of Kuwait (Source: Carman, 1996).
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The Kuwait Goupconsists of th®ibdibba Lower FarsandGhar Formations (Table 2.1).

The Dibdibba Formation can be categorised into two groups, namely, the Lower Member
of the Mio-Pliocene age and the Upper Member of the-Pleistocene age. Typically, the
former is conprisal of very coarse grained, sandgd pebbly sandstone withcarbonate
cement. The latter constitutes gravelly sand and sandy gravel. The thickness of this
Dibdibba Formations about 107 m (ASulaimi & Mukhopadhyay, 200®l-Awadi et al,

1997); whik the lower Fars Formation is up to 350 m thick with a deposit of Lathian
Serravalian; it consists of evaporites interbedded with clastic red beds and carbonates of
shallow marine environment (AMwadi et al, 1997). The Ghar Formation overlies the
Damman Formation norconformably and consists of sands and gravels with some rare
anhydrite, clays with the sandy limestone idtedded with a thickness of up to 274 m-(Al
Awadi et al, 1997).

The Hasa Group is comprised of Dammam, Rus and UmRaBhuma Fornteons. The
Dammam Brmation (middle to upper Eoceneyvhich varies in thickness from about 150

m in the southwest to about 275 m in the northeasbnsists of a massive chalky
dolomicritic upper rember, laminated biomiites and domomicrites of theniddle
member, anda hummulitic dense biomicritic lower amber (AtSulaimi & Al-Ruwaih,
2004).

The Rus Formation (Loweévliddle Eocene) varies in thickness from-Z00 m and is
characterised by low porosity; the succession is madienettone that is soft, carbonate
marly, gypsiferous plus minor sand and anhydie Sulaimi & Al-Ruwaih, 2003 The

Emm ErRadhuma Formation (Paleocebewer Eocene) nowonformably overlies the
Tayarat Forration of the Aruma Group. ThisoFmnation is ecountered at depths of 164

256 m in the southwest of Kuwait. The general lithology is made up of dolomite and

anhydrite, in places silicified and also intercalated with lignite.
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Table 2.1. Surface stratigraphic classification and neasurface deposits inKuwait (Source:
Al-Sulaimi & Mukhopadhyay, 2000).



26

Based upon ABulaimi & Al-Ruwaih (2004), Hunting Geology and Geophysics (HGG)
(1981), have prepared a simplified geological map of Kuwait as requested by the Kuwait

Oil Company(KOC) (Figure 2.6).

Study
e Area

Figure 2.6. Kuwaiti surface geological map3ource:Al-Sulaimi & Al -Ruwaih, 2004.
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The Dibdibba Formatiomgravelscover most of the area in northern Kuwait to the north
and northwest of Kuwait Bay. Additionally, the Dibdibba Formati@s shown irFigure

2.6 - is limited to the northern part of Kuwait. The Lower Fars fossiliferous equivalent
sediments do not extend the north so the threefold subdivision of the clastic sediment
does not exist there. Therefore, the clastic sediments of the Kuwait Group are located a
southern part of Kuwait. They are classified as undifferentiated Ghar and Lower Fars. The
area choseto be studied in this work is part of the Burgahlakewhich lies in the south

of Kuwait.

The formations of the main oil production areas in Kuwait differ from one location to
another. Table 2.2 shows the summary of all the reservoirs producing jgréyad oil in

Kuwait.



Table 2.2. Formations of the main oil producing reservoirdased on oil felds locations in Kuwait.
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Oil Field Name

Formations Names of the Main Oil

Producing Reservoir

Formations Periods

References

Raudhatain Field

Ratawi, Zubair, Burgan and Mauddud

Formations.

Sabiriyah Field

Burgan, Mauddud and thin oil sands in the

Ratawi Formations.

Bahrah Field Burgan and Maudduddfmations. (Carman, 1996).
Cretaceous.
Khashman Field Wara, Mauddu@nd Burgan Formations.
Greater Burgan Field Burgan, Mauddud and Wara Formations.
Minagish Field Burgan, Wara and Mishrif FormatibMarrat, | Cretaceous/ Jurrasi(
Sargelul and Najmahdfmations.
Abduliyah and Dharif Fields Marrat Formation. Jurrasic.
Umm Gudair Field Minagish Formation. Cretaceous. (Al-Khaledet al, 2012).
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2.4.3 Hydrogeology

The lithological characteristic of the Arabian Peninsula has been controlled by the tectonic
and depositional environmerand thus has defined the aquifer and aquitards of the
sedimentary sequences of Kuwait (Figure 2.7).

The annual rainfall in Kuwait is very low, e.g. 110 mm of rain falls between December and
January, and Kuwait is known to be an arid region; there iscinvery little run off or
groundwater. There is also a high rate of evaporation, e.g. a rate of 10.3 mm per day (se
Section 2.3). However, Recharge occurs in the areas of depression such a&ldishm

and ArRaudhatain, which, in fact, create isolatetHiy K 3SJURXQGZDWHU OHQ
PRUH VDOLQH ZDWtHdl, 20080 KLBO) KIBu®, it can be seen that the
importance of both quantity and quality of groundwater is of vital importance.
XZDLWYV DTXLIHU VA\VWHP FRQW Bscépdingwier 43 ibNowdJ 1) R U
The Kuwait Group (which includes Dibdibba, Fars and Ghar Formations) and 2) the Hasa
Group (comprising Dammam, Rus and Radhuma Formations).

Accordiong to Hadin.d) 3 WKH XSSHU XQLWV LQFOXG Lugdit WKH
*URXS DQG WKH XQGHUO\L Qare'D P PLHS PRIDWPRADHNG. RWDR P W K
by mostly impervious dense anhydrite layers of the Rus FormatonlHYHUWKHOH
apparent hydrogeological heterogeneity, notwithstanding, the system does provide a
3 UHODWLYHO\ FRQWLQXRXV IORZ LQ WKH UldykteR Q D (

semiFRQILQHG DTXLIHU ~
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Figure 2.7. Hydrogeologicd and stratigraphy subdivision of the aquifer system in Kuwait
(Source:Mukhopadhyay et al,, 1996).

Al-Rashed and Sher{2001, p. 779 claim that the saturated sediments of the Kuwait
Group can be separated hydrogeologically into three units (Figure 2.8). These are knowr
asUpper Kuwait Group aquifer, ALower Kuwait Group aquifer, Cand Middle Kuwait

Group aquitard B.The former two hAve the capacity to store and transmit water, the latter

has low permeability bands and clayey lenses both of which, in combination, are used as
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an aquitard for large areas of the city. Figure 2.8 shows the hydrogeological system anc
groundwater flow in Kwait.

According to AlRashed and Sher(2001, p. 779> WKH SKUHDWLF FRQGLYV
XSSHU XQLW RI WKH . X HbDwewer *dépeRdihgom e tHitkhess of the low
permeable layers, the groundwater flow in the lower unit is subjécteemiconfined or
confined conditions, within both the Kuwait Group and the Dammam Formaitius.
drainage system depends basically on the hydrogeological characteristics of the Kuwalit
group with its interactions wittheé underlying units. ARashecet d. (2010, p.108) specify

that the general flow of water in Kuwait comes from the southwest towards the northeast, it

then discharges into the Arabian Gulf ShattAab.

Figure 2.8. Schematic representation of the hydrogeological system and ground watkew in
Kuwait (Source: Al-Rashed& Sherif, 2001, p. 778
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Bretzler(n.d, p2) reports that the quality ofgundwater ranges from mostly brackish to
highly saline, in fact, only two small regions in the north of KuwaitRaudhatain and

Umm Al-Aish - have freshwater lenses; these hethe upper part of the Kuwaitr@up.

The two areas have drainage basins with large catchment areas. When there is rainfal
recharged rainwater is taken from the playa lakes which have formed at the lowest point of
the kasins.

XZDLWYTV EUDENLVK DQG VDOLQH JURXQGZDWHU LV
according to AlAli (2008, p. 156) Saudi Arabia provides the Kuwait Group with its water
through the lateral inflow and upward leakage via the Dammam limestone.

Bretzler (n.d, p. 3) claims that huge amounts of brackish groundwater for irrigation and
domestic purposes are extracted from the sites located in the centre and south of th

country (Figure 2.9).

{ |<---- Study Area

Figure 2.9.Groundwater source zonesocation in Kuwait (Source:Bretzler, n.d., p. 3).
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This study is basically concerned with the soil contaminated with hydrocaocated

close to the Kuwait oil fieldslt is important, therefore, to investigate tpeund water

depth near these oilidlds in order to ascertain whether the hydrocarbon contamination
lakes, i.e. soil contaminated with crude oil, might also have migrated into the groundwater
if they are close to the ground surface. In fact, the depth of the groundwatarvait

varies from one location to another.

To conclude, accordgnto Al-Awadhi et al (1992) and ATXAwadhi et al (1993), the
ground water defps in Raudhatain and Sabriyah Oi¢les are approximately 3@ but the
Wafra Oil Held ground watedepthis between 7 m to 20 m. No nearer surface aquifers

were observed ithe Magwa, Ahamadi and Burgareféls.

2.5 Kuwait Superficial Geology

As indicated by Nayfeh (1990), Kuwait, which lies at the newdbtern corner of the
Arabian Peninsula, is within the searid zone. In general, the Arabian Peninsula can be
divided into two areas known as Arabian Shield and Arabian Shelf. The key camtgpone

of the former are igneous and metamorphic rocks belonging to th€apnérian age
forming the western part of the peninsular. The latter controls the eastern section of the
peninsular consisting of thick sequences of terrestrial and shallow maringtslepich
continue into Iraq and the Arabian Gulf along the north eastern border.

The Kuwait sedimentary sequence, which starts from the Middle Triassic to the modern
age, is over 6,700 (20,000 feet) thick. Rocks and sediments belonging to the Eécgne
extending to the modern age are the only remaining depositions left on the ground.
Dammam limestone (Eocene), the Kuwaiti Group of Sands, gravels and evaporate
(MicenePleistocene) are the rocks formed in the Eocene Age while the present deposits
consst of desert plain, eolian sand, playa, sabkha and beach deposits. According to Allison

(1969), the surface soil of Kuwait (including the majority of the Arabian Peninsula)
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consists of fine to mediwgrained, norplastic, calcareous, winAdlown sands
accunulated in the area, with thicknesses of between 1m te 6aldom exceeding 1.
Al-Sulaimi and Mukhopadhyay (2000) have stated that Kuwait is situated along the easterr
border of the deep sedimentary basin that forms the Arabian Peninsula, and @inbger!
fairly thick sedimentary rocks. Fairly undeveloped deposits belonging to the Dibdibba
Formation (Upper Miocene to Pleistocene Epochs, approximately 2 to 10 million years
old) extend above the surface. These deposits are further underlain by theamamm
formation (Upper Eocene Epoch, approximately 38 to 42 million years old). With the
exception of Northern Kuwait, the intruding deposits which are usual feature from the Fars
Formation do not exist.

The Dibdibba Formation naturally consists of silicadsaand gravels with inconsistent
amounts of silt and a few bands of thin clay and gypsum. Its cementation is comparatively
poor and incomplete, consisting of gypsum and calcium carbonate.

Currently, the Dibdibba Formation is overlain by deposits whichisbié windblown

sand forming sheets and small sand dunes to the south of Kuwait. In general, calcareou
deposits are present adjacent to the coastline which commonly consist of oolithic and
bioclastic sands.

The amount of runoff discharging into the s&amall in view of the low seasonal rainfall
which mostly seeps into the ground or evaporates into the air. Evaporation has a very
dominant consequence on the normal groundwater movement pattern which is upward
This occurrence results in the high concatdn of soluble substances above the ground,
for example, gypsum and calcium carbonate. The prevailing materials obtainable close tc

the ground surface in the northern and southern parts of Kuwait are calcium carbonates an

gypsum.
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2.6 Degradation ofOil Lake Contamination in Kuwait

Soil contamimtion is considered one of the main environmental problems worldwide.
Undeniably, it originates from human activities such as unsuitable implementation of
agriculture, manufacturing, construction and military undergki\n assessment by the

Goi et al, (2009 p.185) indicated that 3.5 million sites have been contaminated within just
the European Union. From this number, around 500,000 sites urgently require immediate
remediation in view of their levels of hydrocarbon contamination.

For an arid and dry countiike Kuwait, the rate of land degradation can be accelerated by
the limited rain fall, water erosion and extreme wind conditidsAwadhi et al (2005)

claim that seven land degradation categories have been specified, as follows: erosion c
soil by waer and/or wind; deteriorating quality of vegetation top soil; soil crusting and

sealing; soil compaction; oil pollution of soil; and soil salinisation (Figure 2.10).

-~ 4 Study Area

Figure 2.10.The mapping main indicators of land degradation in Kuwait(Source: Al-Awadhi
etal., 2005).
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The landscape of Kuwait is specifically characterised by a number of depressions which
can easily contain dust and water throughout the year. Bashara (1991) realised that durin
the Gulf War, at least 250 depressions d&etaof the natural landscapes were found to
contain crude oil spillage. Ground which has been severely contaminated has the potentia
to pose risk to the quality of groundwater, aquifers and the inhabitants of the desert (Al
Awadhi et al, 1992). Additiondy, Amro (2004) claimed that the major causes of above
ground and groundwater contamination was seepages of oil from oil wells, pipelines, gas
station storage tanks and the improper disposal of oil spills and petroleum waste.
Al-Awadhi et al. (2005) identified seven categories of land degradation occurring in
Kuwait which includes soil contamination caused by hydrocarbon. In this respect, the
author will endeavour to focus ail lakesand soil pollution in an effort to assess the
consequenceof such hydrocarbon contamination for land and ground (Section 2.7. for

explanation regardingil lakes.

2.7 Kuwaiti Soil and Environment Pollution

Overall, the consequences of hydrocarbon contamination can be detrimental to the
environmentparticularly to the safety and health of mankind irrespective of whether it
takes place on the ground surface or below ground or indeed with ground water.

According to Tayloret al (2005), the main sources of toxic pollution are from water and
food consured by humans; additionally, Gagt al (2010) claim that the oil or heavy metal
used in the war could potentially contaminate the environment causing severe effects or
human health.

As revealed by Seacor (99) and others, the toxic cou@generated from th explosions
during the GulfWar contained heavy metal particulatesd hydrocarbons. A number of
respiratory problem cases experienced by civilian and army personnel were reported

during the war, mainly due to thehialation of toxic smoke (Smitét al, 2002). Based on
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numerous reports, the Deepwater Horizon in the Gulf of Mexico, Exéadtiezz in Alaska

(U.S), Kuwait, the Delta River in Nigeria and Northeast Ecuador were regarded as amongsi
the most severely hydrocarbon contaminated sites in the wodd €Gal, 2010). This

study will therefore focus principally on examining the sites in Kuwait which have been
polluted by hydrocarbon arising from the explosions and burning of the oil wells and lakes

due to the Iraqg invasion (Figure 2.11).

Figure 2.11.An oil well in flames in Kuwait during the Gulf war of 1991 (Source: Gay

et al, 2010.

According to Dinet al (2008), Kuwait has experienced a major environmental calamity
caused by the formation @il lakesandhydrocarbon surfaces the deserarising from

the Gulf War at the beginning of the 1990s.
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Al-% HVKDUDK VWDWHG WKDW GXULQJ WKH *XOIl Z
with major oil spillages owing to the burning and destruction of the oil wells. Five hundred
and sixty five oilwells were torched while 74 wells oozed uncontrollably from the ruined
wellheals (Figure 2.11 and 2.12). The aglfl fires resulted in enorous black plumes of
smoke thafinally settled as soot, tarmat and tarcrete depositBéZkt al., 1994).

Accordng to Seacor (1994he scale of the plumes of smoke caused by the burning
wellheads was both remarkable and horrific; they stretched 22,000 feet above ground
covering 800 miles. Both soot and oil products, which had been partially burnt, were also
partof the smoke. In fact, Preston (2011) claimed that the smoke wamided with a

high content of carbon dioxide, sulphate artcbgen.

The local environment was severely impacted by the catastrophe. In just nine months intc
the incidence, over 60 miin barrels of oil had been spilled from both the northern and
southern oil fields of Kuwait (ABaad, 1993). Furthermore, around 20l0lakes (a total

area of over 49 kfi) had been created within the northern and southefielnis of Kuwait
(Al-Awadhi et al, 1996). On average, around 2 to 6 million barrels of oil were set ablaze
releasing a massive amount of sulphur dioxide and soot into the open air (Kwarteng &

Bader, 1993).
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Figure 2.12. Asatellite captured this aerial view of tie burning oil wells in Burgan Held in

Kuwait (A). Also, raging oil well fire burning unrestrainedly in the Kuwait desert (B) and the

environmental damage caused by the fires andil lakeswhich have had a lasting impact on
KXZDLWV HF RSO KIT, ngd.).
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As a result of the uncontrolled and inexorable spillage of crudeibigkeswere formed.

Many resarchers, including ABesharatet al. (1992) Al-Ajmi et al (1994), EiBazet al

(1994), Salam (1996) Kwarteng (1998)and AlDousari (2001), have claimed that the
creation of theseil lakeshas brought about an imést in detailed investigations as they

are unique; and considered to be one of the most disastrous environmental calamities c
modern times.

In Kuwait at present, three categories of terrestriacortaminationhave been defined,

these are:

(1) Oil lakes - described as buitdps of crude oil which has been
spilled from damaged welieads and pipe routes in naturally low lying
grounds withinthe vicinity of the oil fields. According to Kwarteng
(1998) and Omaet al (2000), currently, they can be divided into dry
and wet lakes.

(2) Tarcrete - defined as oil soot and oil mist which forms in the
surface layers of the soil as @82nm thick ayer of unconsolidated soil.

It has been estimated that approximately 6 percent of the Kuwait land
area has been contaminated by tarcrete (Kwarteng, 1998).

(3) QOil trenches- consist of a part of the strategic hindrance systems
built during the war by thdéraqi army over a stretch of 220 m. They
include separate oil filled trenches of 4 m wide and 2 3 m deep
stretching along the boundary of southern Kuwait, approximately 10
14 km away from theSaudi Arabian border (AAjmi et al, 1997).
Figure2.13 shows the soil contamination at different depths and levels

in a trench in the northern area.
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Figure 2.13.0il trench in the north part of Kuwait (1999) showing different levels and depths
of oil contamination (Source: Al-Awadhi et al., 2005).

According to AlBesharah and Salman (1991), thié lakes were of various sizes and
shapes with depths that varied from a few centimetres to 1.5 meters (Figure 2.14).
Furthermore, the range of their original depths was between 0.05 m to 1.2 m with an
avergye depth of 0.3 m (ARwadhiet al, 1992; AtAwadhiet al, 1993). Additionally, as
indicated by AlAwadhi et al (1992) and AlAwadhi et al (1993), the olil infiltrated into

the soil to a minimum depth of 0.4 m. Thesklakeswere found in nine mainildields of
Kuwait namely: Rawdhatain; Sabriyah; Ratga; Bahra Minagish; Umm Gudair and Wafra,
and the Greater Burgan Field (Ahmadi, Magwa, and BuBgators) (Figure 2.15) (Chei

al., 1997; AlDuwaisan & AtNaseem, 2011).
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The largest hydrocarbarontamination occurred in the Burgan Field which constitutes 40
% of the overall contaminated volume {Bluwaisan & AlNaseem, 2011). Based on the
assessment of pollution carried out in this area, the average penetration of oil into the soi
was one meteof which the surface 300 mm consisted of oily sludge which contained oll
penetration higher than 4@ (PEC, 1999 Massoudet al (2000) claim that an
investigation into soil profiles in the concerned areas indicated that soil layers in a number
of placesin Kuwait contained very high percentages of hydrocarb@asne up to a depth

of below 80- 95 cm, in other sites up to 50 cm.

It was also discovered that@atch layerexists beneath these lowest points serving as a
moisture barrier preventing oil or vem from penetrating further into the lower strata.
According to AtYaqout and Townsend (2004), this calcareous sand layer may be regarded
as linear in view of its low permeability. The Kuwait Oil CompgiffOC) managed to
recover a significant volume ofladnce the oil fires were extinguished (Hussain, 1995).
The remaining volume of oil which settled at the bed of the lakes however, is currently

consideed to be irrecoverable (Saeefthl, 1995).
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Figure 2.14.An aerial view of the oil lakesformed as aresult of the vandalism inflicted by

retreating forces (Source:KOC, n.d.).

<--- Study Area

r——------

Figure 2.15. Location ofthe Kuwait oil fields (Source:KMO, n.d.).
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Table (2.3) below shows that the Burgan region has the largest area of oil pollutioth; the
paluted land area of the Burganil@ield is 25.6km? whereas the total of oil polluted
areas found in Kuwait is 49.13n%

Table 2.3.The estimates of oiHpolluted land areas and soil volumes in Kuwait$ource: PEC,

1999).

Oil Field Region Oil-Polluted Area (Km?) O"'p"”“te(‘:n%"” YRITE
Wafra 3.26 1,956,000
Burgan 25.6 14,520,000

Managish 0.19 95,000

Umm Gudair 0.27 135,000
Raudhatain 12.28 2,456,000
Sabryia 6.85 3,082,500

Bahra 0.68 408,000
Total 49.13 22,652,500

Balbaet al (1998), claim that the worst oil residue contaminated materials are located on
top of theoil lake bed which includes various items from s#éil with a surface crustoil

to viscous tarry sludge, with a total petroleum hydrocarbon content of 133 gik§94n
g/kg respectively.

Kwarteng (1999) has stated that in 1998, the balance of aodldakeswas reported to be
24.13 knf; in 2001 it was reported that the size of thié lakes had not changed
(Kwarteng, 2001). Owing to the climatic conditions, gn#ficant portion of these lakes
were concealed with dust and sand with the smaildakesentirely covered, resulting in

an inability to detect original sizes and locations (Kwarteng, 1998).

The hot and arid climate of Kuwait (ambient summer temperabfi 50 °C caused the
remaining oil in the majority of the lakes to thicken and become partly solid proving
difficult to remove. As pointed dlby Saeectt al (1998), the possible oil extraction from
the lake is estimated to weigh around 1.55 milliorstddontinuing chemical tests of the

oil samples have revealed that the asphaltene, aromatic and resin contents have rise
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because of the decrease in the quantity of volatile hydrocarbons and saturates (aliphati
compounds) weathering has taken place (Satat] 1998).

The prolonged decrease in volatile hydrocarbon from the oil surface has influenced the
creation of a deolatilised viscous layer on the surface skin. According to Bufagsah

(2002) and Barker and Burfarsan (2001), this skin layeradcted as a shield to the oil
layers below and results in a decrease in the overall evaporation rate. The properties of th
clean oil residue, which is water free, placed below the surface skin layer are comparable
to those of a typical medium crude residvigh a boiling point of above 300° C indicating

that most of the light hydrocarbon within thé lvas been lost (Khaetal., 1995).

Based on the numbers dfil lakes affected, the depths of the lakes and the oil
concentration and extent of areas affectethas become clear that the extent of the soil
contaminated with hydrocarbon resulting from the Kuwait oil spills has been catastrophic.
Furthermore, since the Gulf War of 1991, the uncontratiethkeshave spread affecting

the soil below ground. Nanly has the quality of the soil been affected as a result but this
hydrocarbon contaminatiofas also caused changes in ttlegemical and physical
properties of the soil.

The Burgan Feld is the largest contaminated lake as it constitutes 40 % of tleverall
volume of the contaminatiofAl-Duwaisan and ANaseem, 2011, p.440As such, it has

been selected as the case study for this research.

2.8 Urban Expansion in the Contaminated Zone

'XH WR WKH LQFUHDVH LQ WKH SRSXODWLRQ RQH RI \
SURYLVLRQ RI KRXVLQJ DQG WKH H[SDQVLRQ RI WKH U
to the UK Foreign and Commonwealth Office (2014) a new five year develdoptzan
(2015/2020) has been debated, approved and referred to Parliament by the Kuwaiti

Cabinet.



46

There are two proposals to the Kuwait Development Plan (KDP): 1)let tbe private
sector a more significant role in the development, this will requivaaic reform; 2) is

to carry out the longerm strategic vision by implementing the mgqmajects. These
LQFOXGH D D PHWUR V\VWHP E D UDLO SURMHFW
(GCC) - wide plans for connected rails network); c) a new imetty; d) privatisation of
HGXFDWLRQ H HISDQVLRQ DQG LPSURKabeRHEONoONW R
Boubiyan Island.In fact, Almarshad (2014, p.49) has confirmed thereign and
&RPPRQZHDOWK 2I1ILFHeper, Be $tdtes that the KDP hasudget of
approximately £85bn. In total the projects number approximately 1100 including the above
mentioned mega projects considered critical to the growth and revitalzafiol . XZDLW

economy (Rble 2.4.

Table 2.4 Some of the Mega Projects that & Under Construction Source: Almarshad, 2014, p. 49).

Expected
Project Status Cost
Completion
Az-Zour Power and
seawater treatment Phase 1 under construction £1.63 bn* 2017
plant (phase 1 and 2)
Bobyan Port (Phase 1) Under Construction £0.78 bn* 2014
Expansion of Kuwait )
) _ Under Construction £3.90 bn* 2016
International Airport
) Under construction/ bidding for othe
Hospitals ) £ 4.55 bn* 2013 onwards
projects
Housing Projects Under Construction £3.25 bn* 2020
Kuwait Metro Rail Preparation oéxpression of interest
£4.55 bn* 2020
System for phase 1 (currently put on hold)
Kuwait National Rail Feasibility Study (currently put on £6.50 bn* Non Applicable
. n
Road Network hold) (N/A)
Sabah AlSalam )
] ) Under Construction £4.34 bn* 2018
University
Sheikh JaberBridge Under Construction £1.71 bn* 2018

Note:*bn is abbreviation gBillion
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As described and discussed above, the government of Kuwait has initiated a number o
mega projects phned to be developed from 2013 to 2020, These projects ignited my
interest in soil erosion and led to my undertaking further studies in soil contamination
through hydrocarbon in Kuwait. For the projects to succeed it is of the utmost importance
that invesigation is carried out into the geotechnical and geochemical properties of the
hydrocarbon contaminated soils. The information learned can be utilised for construction
purposes; see sections 3.3 and 3.4 for detailed explanations regarding geotechnical an

geochemical characterisation of the sodstaminated with hydrocarbon.

2.9 Potential Human HealthRisks from Hydrocarbon Contamination

During the brealout of the oil residueone of the biggest concerns in Kuwait was the
possibility of healthrisks due to the emission of sulphur dioxide ¢p@nd acid rainfall
(Al-Ajmi & Marmoush, 1996).

For decades it has been known that contaminated soil due to hydrocarbon and meta
contamination can affect humans causing environmental health risks (EedinR013).

As reported by Chet al (1997), the expansiveature of contaminated aiésidue in the
Kuwaiti desert has caused an immense threat of contaminated subsurface water causin
detrimental effects on human health. The extent of contaminationectaby
petrochemicals in Kuwait has, in fact, caused many health problems due to the different
range of exposure which can arise from the water, the land and the air (Abretnradon
2004). Due to the extensive nature of contamination by hydrocarbon, tvbeaffected

area is ignited the crude oil becomes more dangerous and toxic as compared to its othe
low sulphur substance (better known as sweet crude). As reported by Husain (1998),
contaminated soil can be detrimental to human health and can affastcdrvegetation

since burning oils emit huge amounts of toxic gasses including hydrogen sulpb®je (H

carbon monoxide (CO), sulphur dioxide ($Qoxides of nitrogen (NO(x)) and carbon
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dioxide (CQ). Conditions are further exacerbated when the aiolisifed by the partially
burned hydrocarbons and metals. The most common illnesses related to the Gulf War are
respiratory problems; reproductive disorders; cancer risks; and psychological mood swings
(Gay et al, 2010). The identification of dangeroutdsses and diseases are associated
with soil contamination through hydrocarbon due to the 1991 Gulf War in Kuwait.

Due to the rise in such illnesses, it is paramount that the soil contaminated with
hydrocarbon be remediated so as to minimise the riskartan health, which is the focus

of this study. The study also seeks to investigate the extent to which soil contaminated with
hydrocarbon affects human health in general, e.g. illnesses such as cancer and respirato

problems (Section 3.5).

2.10 Summay

Seven types of land degradation have already been identified and categorised including so
contaminated by hydrocarbon ¢Awadhiet al, 2005). This study will revolve around soll
contaminated with drgil lakes(Section 2.7 for further elaboration).

This study examines the extent of contaminated soil caused liyytlod lake in Kuwait

by investigating the hydrocarbon concentrations (mg/kg) under different depths and its
effects on geotechnical and geochemical properties of soil in this lake. ¢xasones the
extent of its adverse impact on human health since the Gulf War in 1991. In short the
study explores the quality of the soil affected by hydrocarbon contamination but also the
extent to which the soil might be altered in terms of its phiyaivd chemical properties.

Due to the mega planning projects undertaken by the Kuwaiti government planned from
2013 to 2020, there is, in fact, an urgent neddr the purposes of constructionto
investigate geotechnical and geochemical propertigseo$ail polluted with hydrocarbon.
Studying the soil contaminated with hydrocarbon is crucial as Kuwait is embarking on an

expansion of its infrastructure with various mega constructions in the planning stage (See
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sections 3.2 and 3.3 respectively for ffgnt clarification concerning the geotechnical and
geochemical characterisation of soil contaminated by hydrocarbon).

The preliminary findings of the study has encouraged the researcher to further probe intc
the extent to which contaminated soil directlyntutes to serious illnesses such as
respiratory problems, cancer risk, bronchitis etc. Therefore an investigation into the
dangerous illnesses and diseases resulting fronca@aiamination due to oresidue (Gulf

War 1991) will also be carried out. &hncreasing number of these illnesses gives rise to
an urgency to remediate the soil polluted with hydrocarbon in order to minimise the risks

to human health (Sections 3.5 for further explanations).
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3. LITERATURE REVIEW

3.1 Introduction

Soil contamination with hydrocarbon is regarded as one of the key issues in Kuwait as the
oil spills from the oil wells has had a huge impact upon the virgin soil. In this respect, it is
vital for a study to be undertaken regarding the geotechnical acteyaecal properties of
hydrocarbon contaminated soils in order that they can be used in environmental and
construction applications (Khamehchiyah al, 2007). The migration of hydrocarbons
through the soil profile has the potential to affea gropertes of the soil, e.g. Particle

Size Distribution, Moisture Content, Compaction, Shear Strength, Sulphate and Chloride
Content (AlSarawiet al., 199).

It is a key undertaking to investigate the geochemical properties of the soil contaminated
with oil lakes residue as petroleum hydrocarbon is a complex chemical which contains
organic composites; there are derived from a number of organic materials chemically
transformed over very long duration through varying geological environments. Oil is
mainly composedof hydrogen and carbon which contains a broad spectrum of
hydrocarbon sprightly gasses that will eventually transform themselves into heavy
residues. According to Wanet al, (1999), oil contains a small quantity of nitrogen,
sulphur and oxygen and metaduch as iron, nickel and vanadium. Oil also comprises a
EURDG UDQJH RI WR[LFLWLHV ZKLFK FDQ HDVLO\ PL[ ZI
chemical properties (Baruzt al, 2011). Oil will affect the population of microbes, plant
root systers and the oxygen content as soon as it penetrates any layer of soil. It should be
noted that soil which has been contaminated hiifrocarborhas inadequate properties to
allow plants to grow; this is mainly caused by the high level of toxic constitpezgent,

e.g. zinc and/or iron, and the reduction in the quantity of plant nutrients as a direct result of

the presence of toxins in the oil.
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Discharges of petroleum hydrocarbons, in the past, into the soil environment can expose
human health, watercoursescosystems, properties and other receptors to potentially
serious threats. As mentioned by the Environment Agency (2003), it is vital to understand
the potential impacts of exposure to petroleum on each of these receptors. In order tc
manage these riskesearch into this area will enable the development of a structured risk
assessment framework.

This chapter provides the information and parameters influencing the geotechnical and
geochemical classification of sandy soil contaminated with hydrocarbomtaluction

will be given on the evidence and data of the oil residues and their impact on human healtk
so as to classify hydrocarbon contaminated Kuwaiti soil since the Gulf War (1880)

cited in previous studies whilst also recognising the limithefstudies.

An overview of the hydrocarbon contaminants is provided in section 3.2.The geotechnical
descriptions, i.e. strength and physical characterisations of sandy soils polluted with
hydrocarbon are explained in section 3.3. The geochemical inastiginto soil
contaminated with hydrocarbon and the concentration of the hydrocarbon contaminant in
sandy soil is outlined in section 3.4. Former research explaining the potentially serious
effects ofsoil contaminated with oilesidue and their risks tuman health are presented

in section 3.5. The contribution of the literature review is provided in section 3.6; this
includes the agreed approach of this study taking into account some of the gaps identifiec

in earlier works.
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3.2  Overview of Hydrocarbon Contaminants

In all forms, hydrocarbons are widely considered to be the most common contaminants ta
be remediated in view of their prevalent existence and their potential threats to human
health and controlled waters (Churngold.j.

According to (ATSDR, 1999), the terPH is used to describe a large group of a few
hundred chemical compounds originating from crude oil. Crude oil is the basic ingredient
used in producing petroleum products with the potential to pollute the environment. In
view of the various chemicals pres@mcrude oil, as well as other petroleum products, it is
impractical to carry out measurements on each chemical individually. Nonetheless, it is
beneficial to measure total amounts BPH at contaminated sites (ATSDR, 1999).
Common types of fuel considet to be within the TPH family are: petrol; diesel; kerosene;
and lubricating oil/greases. Given the variety of compounds which consist of TPH and the
potential human health and environmemisks posed by them, the proposed remediation
techniques consided to control them ought to be taken into consideration based on the
actual site requirements (Baah, 2011).

According to Baah (2011), hydrocarbons consist of simple organic elements (containing
hydrogen and carbon), a number of différesompounds are ais available, each

compound displays various chemical and physical characteristics (Table 3.1).



Table 3.1.Classification of the Hydrocarbons.
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Hydrocarbon
Classification

Hydrocarbon
Group

Definition

Example of a
Hydrocarbon
Substance and
their Formula

References

Saturated

They are considered the simplest form of hydrocar
species made exclusively from individual bonds and
saturated with hydrogen. For saturated hydrocarbon,
general formula is CnH2n+2 (considering rnoytlic

Ethane

Alkanes structures). As the base of petroleunel§, saturate
FhEEEeT hydrocarb)on can be presentpin the form of lineal (C2H6)
branched species. Hydrocarbon having similar moleg
formula however with different structure formula g
categorise@s structural isomers.
These are hydrocarbons with single or multiple doubl
triple bonds between carbon atoms. The hydrocar :
Alkenes with double bond are known as alkenes wi Ethene (Silberberg, 2004)
Unsaturated hydrocarbons which have single double bond hav (C2H4)
Hydrocarbon general formula of Qd2n (considering nowyclic
structures).
Alkynes Alkynes are the term used for hydrocarbons with ger Ethyne
formula CnH2R2 which contain triple bonds. (C2H2)
Hydrocarbon are formed when minimum of aregbon Cvelonronane
Cycloalkanes | Cycloalkanes| ring is attached to hydrogen atmos. CnH2n is formul ycloprop
. i (C3H6)
when a saturated hydrocarbon contains one ring.
Aromatic Arenes Hydrocarbon have a minimum of one aromatic ring. Benzene
Hydrocarbon (C6H6)
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In order to understand how TPH behaves when it is released into the atmosphere, it is
simplest to view the structure and size of the particular elements (Churngold, n.d.). TPH
mixtures having an aliphatic structure, i.gaght or branched chains of carbon molecules,
will act in different ways to aromatic compounds (ringed chains of carbons). Likewise,
TPH mixtures with fewer molecules of carbon will also perform differently (Churngold,
n.d.).

Lighter ranges of TPH compaods (containing 16 carbon atoms or less) are likely to be
more mobile in view of their superior solubility, higher volatility and lower organic
partitioning coefficients. As indicated by Baah (2011), lightweight aromatic compounds,
for example benzene, tério be highly toxic which can cause major threats in the event
that they escape into the environment. Compounds with heavier TPH usually have
FRQWUDVWLQJ FKDUDFWHULVWLFV LQ WKDW WKH\ DU
fraction. Aromatic compunds that are heavier, also known as Polycyclic Aromatic
Hydrocarbons (PAH), can be of higher toxicity and are generally highly obstinate in the
environment; according to (Baah, 2011), they usually exist in coal tar, heavy oils and
creosotes.

Tomlinson et al. (2014), have indicated that crude oil comprises a blend of linear,
branched, cyclic and aromatic hydrocarbons including asphaltenes and resins which have
high molecular mass components. Crude olil is distilled in refineries for the purpose of
separatig the components into fractions characterised by having a common range of

boiling points (Table 3.2).
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Table 3.2.Hydrocarbon fractions obtained from the distillation of crude oil (TPH) (Source:
Tomlinson et al., 2014).

Fraction Name Typical Boiling Point Uses (Examples)
Number of Range
Carbon (°C)
Atoms
Refinery Gas 34 <30 Bottled Gas (propane or butane)
TPH-G 6-10 - Gasoline range organics
Petrol 6-10 100150 Fuel for sparkignition engines (e.qg.,
cars,
motorbikes, vans)
TPH-D 12-28 - Dieselrange organics
Naphtha 6-11 70-200 Solvents and used in petrol
Kerosene 1012 150-200 Fuel for jet engines and stoves
(paraffin)
Diesel Qil 12-18 200-300 Fuel for compression ignition
engines (e.g.,
road vehicles, boats and trains)
Lubricating Oil 1825 300400 Lubricant for machinery
Fuel QOil 20-27 350450 Fuel for ships and heating
Greases ang 2530 400500 Lubricants and candles.
Wax
Bitumen >35 >500 Road surfacing

Most of the TPH mass partitioning will be carried out in the soil phase itself. In some

specific cases, it is also possible to find TPH in the form of phase separated liquid which

floats on the watesurface because of its buoyancy (ATSDR, 1999). Phaseated TPH

is usually termedLight NonAqueous Phase LiquidNAPL). A portion of TPH will turn

into liquid upon absorption by the groundwater or is stuck in the form of vapour in the soil

pores within the unsaturated area. In accordance ®@hirngold (nd.), the actual

separation of phases is associated with the originate@mamposition, hydrogeolognd

geological conditions and the period since the spillage took.place
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Based upon ATSDR, (1999), the densities of the TPH components are lower tharlyor ne
the same as that of water, these lighter-agneous phase liquids (LNAPLS) are usually
less likely to cause groundwater pollution as compared to most chlorinated solvents, e.g.
PCBs or TCE, which have densities higher than water (denseaiquaous pase liquids
(DNAPLSs)). The noraqueous phase liquids denote liquids which are immiscible in water;
however, the potential risks for shallow groundwater supplies still exist which could
perhaps be utilised for private drinking water wells.

Table 3.3 Tpical crude oil compositions of Kuwaiti, also shows that these fractions lie

within the general range of fractions indicated in table 3.2.

Table 3.3 Kuwait crude oil composition (Source: IARC, 1989).

*Characteristic or Component *Crude Oil Values
API Gravity (20 °C, °API) 3.14
Sulphur (% by Weight) 2.44
Nitrogen (wt %) 0.14
Nickel (ppm; mg/kg) 7.7
Vanadium (ppm; mg/kg) 28.0
** Naptha fraction (wt %) 22.7
Alkanes % 16.2
Cycloalkanes % 4.1
Benzenes 0.1
Toluene 0.4
Aromatic hydrocarbons % gg 82
C10 0.3
Cl1 0.1
Indans 0.1
***High -boiling fraction (by weight %) 77.3
Cl1 0.12
C12 0.28
C13 0.38
Cl14 0.44
n-Alkanes 812 832
C17 0.41
C18 0.35
C19 0.33
C20 0.25
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Table 3.3.Continuous (Source: IARC, 1989).

*Characteristic or Component *Crude QOil Values

C21 0.20

C22 0.17

C23 0.15

C24 0.12

C25 0.10

C26 0.09

n-Alkanes Co7 0.06

C28 0.06

C29 0.05

C30 0.07

C31 0.06

C32 plus 0.06

Iso-alkanes % 13.2

1-ring cycloalkanes % 6.2
2-ring cycloalkanes % 4.5
3-ring cycloalkanes % 3.3
4-ring cycloalkanes % 1.8
5-ring cycloalkanes % 0.4
6-ring cycloalkanes %
Benzenes 4.8

Indans and tetralins 2.2
Dinapthenobenzenes 2.0

Napthalenes 0.7

Acenapthenes 0.9

Aromatic hydrocarbon (by Phenanthrenes 0.3
weight %) Acenaphthalenes 15
Pyrenes

Chrysenes 0.2

Benzothiophenes 5.4

Dibenzothiophenes 3.3

Indanothiophenes 0.6

*** *Polar material (by weight %) 17.9
*****nsolubles 3.5

Notes: *This analyse represent valuéx Kuwaiti typical crude oil; variations in composition can be expected for oils
produced from different formations or field from National Research Council (1985).
**Eraction boiling from 20 to 205 °C.
***Eraction boiling above 205 °C.
****Clay -gel sepaation according to ASTM method £2007 using pentane on uweathered sample.
***+x*Pentane -insoluble materials according to ASTM method-893.
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3.3  Geotechnical Review of Soil Contaminated with Hydrocarbon

The following researchersMeegoda andRatnaweera (1995)jimdiya (2013) Al-Sanad

et al (1995),Al-Sana and Ismael (1997%inghet al (2009) Shahet al (2003) Puri et

al. (1994),Alhassan and Fagge (2018hamehchiyaret al. (2007) Patel (2011), Pandey
and Bind (2014)Gupta and Sriastava (2010)Jiaet al (2011),Srivastava and Pandey
(1998), Rahmaret al (2010),Elisha(2012) Habib-ur-Rahmaret al (2007), Caravaca and
Roldan (2003)Mucha and Trzcinski (2008%hin et al (1999) andKermani and ebadi
(2012) - have carried out studies to determine the behaviour of soils contaminated with
hydrocarbon utilising various types of petroleum products mixed with soils of various
kinds. In order to examine variations in the soil properties, comparison of the difigrien

the performaces between contaminated and-gontaminated soils were made.

The main emphasis in this section will be on the geotechnical properties of the soll
contaminated with hydrocarbon with the aim of examining the strength and physical
propeties of the soil. This can be achieved by means of geotechnical tests, néumely,
Atterberg Limit, PSD, SEMpermeability coefficien{Hydraulic Conductivity) and Direct
Shear strengthA number of studies will be discussed in this section which will be

classified based on the geotechnical tests carried out.
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3.3.1 Plasticity

A study was undertaken by Alhassan and Fagge (2013) who reported that their sample
were mixed with varying amounts of contaminants, i.e. 2 %, 4 % and 6 % based on weight.
Over therange of contaminated hydrocarbon the sand samples demonstrated consisten
non-plastic behaviour. None of the hydrocarbon contaminants had an effent the

V D Q Gt&rblery properties as was the case with virgin sdmn-plasticproperties. The
Atterberg prgerties for clay and laterisamples showed no clear pattern. The reduction in
the liquid limit was noted by increasing the used oil content from 2 % to 6 %. Other soll
properties, such as plastic limit, plasticity index and the shrinkage, deatedstno
FRQVLVWHQW FKDQJH :KHQ WKH XVHG RLO ZDV DGGF
properties changed similarly to the behaviour of clay. It is apparent that similar behavioural
trends were shown resulting from the black oil and crude @ttffon given samples.

An assessment was carried out by Khamehchegaad (2007) on the effects of crude oil
contamination on the geotechnical properties of the Irani cadatabnd sandy soil such
asSM, CL and SP by mixing the samples with varyingaunts of contaminants, i.e. 2 %,

4 %, 8 %, 12 %, and 16 % based on dry weight. As revédmsldte results, the Atterberg
Limits decreased with the increase in hydrocarbon contaminant for CL soil. The reduction
behaviour was noted as a result of the wgged W XUH LQ WKH FOD\ PLQHUL
effects of existing noolar and viscous fluids within the soil.

In a similar finding, Rahmaet al (2010) examined the properties of granitic and meta
sedimentary soils contaminated with hydrocarbon. Thesestigaéd the correlation
between the Atterberg LPLW DQG TXDQWLW\ RI RLO E\ DGGLQJ
quantity of oil, i.e. 4, 8, 12 and 16 % of the dry weight of base soils. The results showed
that the hydrocarbon contaminant lowered thieies of liquid and plastic limits for both

types of weathered soils. For grade V soil, a reduction of 21 % and 39 % were noted in
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their liquid and plastic limits respectively. For soil grade VI however, a relatively larger
decrease in liquid limit (39 %)na smaller for plastic limit (19 %) were noted for grade VI

as compared with grade V soil.

Patel (2011) took into consideration the change in the geotechnical properties as a result ¢
contamination. In his study, black cotton soil was blended with castof 5 %, 10 % and

15 % based on weight. It was noted that the liquid and plastic limits of the black cotton soil
decreased with the increase of the contaminant.

Pandey and Bind (2014) performed an evaluation on the characteristics of the alluvial soil
contaminated with engine oil. A varying quantity of oil was used as contaminants to soll
from 0 %, 4 %, 8 % and 12 % of the dried weight of samples. It was noted from the result
that the liquid limit, plastic limit and shrinkage limits of the soil wereréased. It was

clear that the index properties of the contaminated soil were affected due to the addition o
the engine oil. By increasing the oil content in soils, the water content in the liquid and
plastic limit reduces.

It can be noted that all the above studies found a decrease in plasticity characteswstic of
due to contamination by hydrocarboim contradiction, the following studies found an
increase in the plastigi of soil due to contamination by hydrocarbon.

Shahet al (2003) demonstratethat comparisons with necontaminated CL soils, showed

that the contaminated soils decreased their plastic index and increased their plastic an
liquid limits. They attributed this to the increase in double layer thickvfeday particles.

Gupta and Srivastava (2010) examined the geotechnical propertresrobntaminated

soil and samples of soil polluted with used engine wilth percentage contaminations of

2 %, 4 %, 6 % and 8 % of the dry weight of the sédr two types of soil, namely, Cand

high compressibility clay (CH). In their study, a direct relationship between the liquid limit
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and content of oil was observed. This indicates that the values of the liquid limit increases
with the increase in the perceage of oil contaminants.

Jiaet al (2011) investigated the effect of contamination by crude oil. The soil samples
were extracted from trial pits manually excavated within the-gdaig region of the
Yellow River Delta. The result revealed that severeljuped samples exhibited higher

clay particle content (< 0.05 mm) identified as organic and inorganic composite
compounds as well as an increase in their liquid and plastic limits.

$FFRUGLQJ WR (OLVKD Y Vregarding theQAfterbevg LnitD WhiclkR ®as
carried out with the aim of comparing certain engineering properties of both hydrocarbon
contaminated and virgin (nesontaminated) soft clays extracted from the area of the Niger
Delta in Nigeria. The outcome of the investigatrevealed tht increases in liquidrit of

17.9 %, plastic imit of 6.9 % and plasticityndex of 37.5 % were registered due to the
crude oil addition. The cohesiveness of the contaminated clay had increased probably du
to the bonding strength increase caused bydiheesidue particles. As such it was
necessary to introduce water to make changes in the level of consistency for a thick layel
of contaminated clay.

A detailed program on laboratory testing was also undertaken by -HeBahmanet al

(2007) in orderto compare the engineering properties of hydrocarbon contamiaated
noncontaminated clay samples. They discovered that there was an approximate increase ¢
2 % in the plastic limit, 13 % in the liquid limit and 13 % in the plasticity index of the
hydroarbon contaminated clay sample. According to HalriBRahmanet al (2007)the
increase in Atterberg imits could be due touWKH H[WUD FRKHVLRQ SUF

SDUWLFOHV E\ WKH RLO ¢
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From the above resezners, it is indicated that hydrocarboantamination had various
effects on the plasticity characteristics of the original soil. In fact, there was a
contamination decrease in the plasticity liquid limit and plastic limit; however, the liquid
limit and plastic limit increased with incrementscohtamination with other soils.

This may be attributed to many factors could affeetdbuble layer water thicknesshése
variations could be attributed to the water content nature in the clay minerals structure anc
the influence of existing nepolar and viscous fluids within the saiKhamehchiyaret al,

2007).

3.3.2 Particle Size Distribution (PSD)

Based upon a study by Caravaca and Roldan (2003), an assessment of the variations in t
physical properties of sludge oil and contaminated clay loamy satfidaiead a soll
gradation variation. The contents of the silt and clay dropped from 21.3 % to 20.5 % and
33.3 % to 21.7 % respectively whereas the sand content registered an increase from 45 ¢
to 58 %. The fine contents are altered by the hydrocarbon aiosonpto the soil mineral
colloids that are responsible for changing their sedimentation rate (Caravaca and Roldan
2003). Because of this change in the content of components, the soil classification change
from clay loam to sandy clay loam. Srivastavad aPandey (1998) carried out an
investigation to understand the influence of hydrocarbon contamination on the alluvial soll
gradation. It was noted that the particle size increased due to the coating of oil.
Additionally an experiment carried out by Meégoand Ratnaweera (1995) discovered
that by adding oil of 36 and 6% to clay soil, the clay fraction decreased from 96 % to 87

% and 87 % to 84 %, respectively signifying an increase in soil aggregation with the
introduction of oil. They this attributei the crude oil viscosity and the surface tension

between water and oil which lead to the suction pressure in aggregating soil particles. The
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results would finally show an increase in the percentage of large particles and decrease ii
the finer particles.

Furthermore, ljimdiya (2013) carried out an assessment which was conducted to study the
effects of hydrocarbon contamination on the lateritic soil on the geotechnical properties.
He investigated the effects of motor oil contamination on the PSD of sorthafr
decrease in the quantity of fines fraction with high doses of oil by dry weight of soil was
observed. Initially, thesilt size fractionratio in the virgin soil was 86 %, however, upon
contamination with motor oil content at 2 %, 4 % and 6 % oil eunby dry weight of

soil, the percentage reduced to 25.1 %, 13.6 % and 1.4 % respectively. According to
ljimdiya, the great reduction of silt or the fine fraction was a result of the bonding between
the silt sizes allowing them to form pseustnd sizesral also of the sand sizes to form
larger sand or clog sizes.

None of the above works was done to compare the char@8Dafter long period of crude

oil drying under hot arid climate.

3.3.3 Scanning Electron Microscope (SEM)

A study was carried by Mucha and Trzcinski (2008) to investigate the change in the
microstructure of clay soil' glacial till resulted from irsitu contamination by diesel oil.

STINMAN software was utilised to perform a quantitative analysis inSa&tbasd
photographs. Caused by the contamination, the microstructure experienced major
qualitative alterations; i.e. a decrease in the packing of particles and clayey micro
aggregates; disintegration of part of the miaggregates; the warping of the edges and
corners of some clay patrticles; and the amount of intermicroaggregate pores atw edge
face (EF) contacts among clay microaggregates increased.

Pollution from diesel oil causes major quantitative alterations in the space of the till pores.

A major notdle increase was seen in the amount of mesopores, the maximum and averag
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pore areas, the maximum, minimum and average pore perimeters and the maximum an:
average pore diameters. On the other hand, there was a decrease in the total pore perimet
These akrations could have resulted from the reduction of interparticle forces on pollution

with a fluid which has a dielectric constant less than water.

3.3.4 Permeability (Hydraulic Conductivity)

An investigation was conducted by -8hnadet al (1995, p.€9) who undertook a
permeability test on Kuwaiti sand contaminated with hydrocarbon from the destroyed oll
production facilities after the Gulf War. As the soil samples could not be excavated from
the bottom of theil lake during the investigation, it wadecided to adopt reference sand
termed- Jahra sandtypical surface desert sand in Kuwaitand deliberately contaminate

it with 6 % of crude oil taken from the field. The determination of hydraulic conductivity
of Kuwaiti virgin and contaminated sanklas confirmed a decreasf approximately 20 %

in the permeability coefficient due to the soil contaminant. The results of the experiment
showed that the coefficient gdermeability (k) in clean and contaminated sand was k
=1.72x10° m/s and k =1.38xIDm/s respectively. It was also noted that the reduction of
20 % in value could be attributed to the reduction of pore volymleR QWULEXWLQ
K\GUDXOLF FRQGXFWLYLW\ GXH WR WUDSSHG RLO 1
Puriet al (1994), agreed with the findings after an experinvesnt carried out to study the
effect of contamination by crude oil on geotechnical properties of samdgush as the
coefficient of permeability. Thepermeability was noted to be a factor of the initial
viscosity and the level of saturation due to thederoil comaminant. The reduction in the
permeability coefficient was attributed to the increasing of the soil content and to the
filling of pore spaces by oil.

Additionally, Khamehchiyart al (2007, p.228), carried out testso determine how the

geotechnical properties of the clay and sandy ssilsh as SM, Cland SP- by mixing
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them with different amounts of crude ail %, 4 %, 8 %, 12 %, and 16 % by dry weight

can be affected by crudeil contamination. A number opermeability tests were
conductedn soil samples and tlmitcomeslemonstrated an inverse relationship between
the soil permeability and thesl content

Similar findings were reached iRahmaret al (2010, p.956) who explored and compared
the permeability properties of granit(V) and meta sedimentary (VI) soils which were
contaminated with hydrocarbon. The soil was mixed with different percentages of crude oll
(i.,e. 4 %, 8 %, 12 % and 16 %) of the dry weight of base soils. It was observed that the soill
permeability reduced u to the oil contamination. For soil grade V and VI, their
permeability was reduced from 3.74.22 and 2.65 0.22 cm/sec, respectively. The tests
clarified that the decrease in permeabilitycofide oil contaminated soWas due to the
clogging of somenter-particles spacedy the oil. As such, increasing the quantity of oil
ZRXOG UHG XFH itk B DODUWDIL FOTidE\enM S Bpade of water.

However, Gupta and Srivastava (2010) investegh two types of soil plasticity states
namely, CLandCH for the coefficients of the permeabilityf non-contaminated soils and
samples of soils contaminated with used engine oil with percentage contamination of 2 %,
4 %, 6 % and 8 % of the dry weight of the soil. They noted thatctedficient of
permeabiliy increases with the increase in the concentration of contaminants for the types
of clay.

In fact the Hydraulic @nductivity of oil contaminated soil may be influenced by many
factors, e.g. granularity, plasticity of soil, percent of oil and its molecu&ght. For
instance, the permeability is expected to decrease in granular soil due to the clogging of
some voids in the soil while in fine soil of high plasticity it is expected that the
permeability increases due to aggregation of fine particle to ¢oarser ones and so lead

to increase in pore sizes.
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3.3.5 Shear Strength

Singhet al (2009), AlSanadet al (1995), Khamehchiyaet al (2007) and Shiret al

(1999) tested the influence of adding different percentages of crude oil-tmhesive soll

on its angle of internal frictionJ.

All the above researchers found thagle of internal frictior{ 3 was decreased due to the
lubricating action of oil in reducing the friction between the particles. Furthermore, they
found thatangle of internal fction (3 was further decreased by adding higher contents of
oil. The shear strength tests were conducted immediately or shortly after oil addition.
Al-Sanad and Ismael (1997) performed a laboratory test to determine the geotechnica
characteristics othis material and the aging impact upon their properties. Crude oil was
added to sand soil samples at 2 %, 4 % and 6 % concentration; as in the above works th
samples, which were tested immediately after mixing the oil wilh Smwed a decrease

in ther angle of internal friction( 3 values associad with a further decrease iBwhen

the oil content was increased. Furthermore, to assess the effect of aging, the contaminate
sand samples with crude oil were tested in normal environmental conditionagafig for

one, three and six months. The outcome of the test demonstrated an increase in the sc
strength {e. 3 and decrease in the content of oil owing to the evaporation of volatile
constituents.

A testing procedure on clay soil was carried outAllgassan and Fagge (2013) who
combined the clay soil with different amounts of crude oil, i.e. 2 %, 4 % and 6 %. The
results indicated a decrease in cohesion intercept (c) with an increaisglenof internal
friction (3 of the soil and a further decremasn cohesion intercepfc) with a further
increasein angle of internal friction(3 as the contamination level increased was

determined. The reductions in cohesion intercept, according to the authors, could be the
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result of the oil increasing the ratid surface area to volume of clay mineral particles;
surface forces therefore, predominated over the {ah@sged gravitational forces.
Comprehensive laboratory tests were carried out by Kermani and Ebadi (2012), looking for
the effects of adding variousn@unts of crude oil to fine grained soil, also, different water
contents were investigated study the effect of oil and water contents on the shear
strength. The tests showed that tiebesion interceft) was decreased and that tggle

of internal fiction ( 3 was increased with an increase in oil content for all water contents.
Their results are compatible witlhassan and Fagge, 2018 terms of bothcohesion
intercept (c) and angle of internal friction § variations with oil variation contents
Furthermore, witithe oil content being the santle cohesion intercepfc) was found to
increase as the water content increased; this was associated with a decreasegie thfe
internal friction( 3.

The samples of Kermani and Ebadi (2012) were also subjected to different aging times of
up to 90 days; results indicated that todesion interceft) decreased with an increase in
sample age although thangle of internal friction( 3 was not specifical affected by
aging.

The foregoing clearly shows that contaminating the-camesive soil with crude oil leads

to a decrease in iengle of internal frictior{ 3 if the test is done immediately.

The researcher in this instance, therefore, believesinhabhesive soil, theohesion
intercept(c) andangle of internal frictior( 3 may be affected differently by many factors
e.g. the water content of soil before mixing with oil, the clay mineral type and its fabric

form (cluster or dispersed) and thetsalithin the soil which may affect the double layer.
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3.4 Geochemical Review of Soil Contaminated with Hydrocarbon

A number of studies characterised and explored the influence of hydrocarbon
contamination on the soil geochemical properties, includwogea ofOnojake and Osuiji
(2012), Baruaet al (2011),Khuraibet and Attar (1995)Al-Duwaisan and ANasem
(2011), JeatPhilippeet al DQG 3HUNLQHOPHUTV

For chemical substances and concentration HeEHCWG (1998) Wang and Fingas
(1995), Bufarsanet al (2002) Barker and Bufarsan (20Q1Al-Sarawiet al (1998,
Pathaket al (2011), Wuana and Okieimen (2011yatoet al (1997),Benyahiaet al
(2005), Ahamad and Barke (201Baeecet al (1998) Jianget al (2011) andOkop and
Ekpo(2012).

This section will emphasise the geochemical properties of soil contaminated with
K\GURFDUERQ VR WKDW DQ DVVHVVPHQW FDQ EH PDGI
will be determined by means of the relevant geotechnical tests on samphesy: m;

water ®luble Cl- and (SQ & SOy); EA; and GCMS. Various studies will be discussed in

this chapter and will be classified based on the geochemical tests adopted.
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3.4.1 Hydrogen lon Concentration (pH)

%DVHG RQ 2QRMDNH DrépGrt the Xtehtfaf pollution can be assessed;
determination of the physiethemical properties of the hydrocarbon levels in Ebdtha
was performed within six months of the spillage. The area affected by the incident was first
plotted into grids of 200 mmx 200 mm. Samples were then extracted using the grid
technique from three replicate quadrants at two levels below ground, naswgfgce (0

15 cm) and subsurface (B® cm). A neighbouring site, approximately 50 m away and
unpolluted was used as a refiece site; samples were also extracted from this site which is
within a similar geographical area. From the results of the pH tests carried out at the
polluted site, the hydrocarbon contamination at depths-6 @m and 180 cm were
found to be 6.50 £ @1 and 6.48 + Q0 respectively; however, the nopntaminated site
showed a pH value of 5.33 + 1.16 at both levels. It was noted that although the pH value ir
the soil was affected it still lies in the acidic rang that may prevent crops from developing
(Table 3.4).

In contrast with the findings d@nojake and Osufi2012)- who found that the acidity of

soil is reduced due to contaminatioBaruaet al (2011) andKhuraibet and Attaf1995)

found that the acidity (in general) was increased due to cordsionnpH values generally
decreased).

Table 3.5 shows the resultant pH values found from the above works explaining the
findings through the testing of samples taken from eight contaminated oil field sites from
different depths below ground level. Theleahlso shows the pH values of soil samples
taken from correspondinglyon-contaminated oil field sites near that of the contaminated
one. The table furthermore shows the observations of the researchers about the results
their work. It should be notedhat . KXUDLEHW [DIQI5) Bok\Was &qried ow

year after the disaster in Kuwait.



Table 3.4. The pH classification in the soil (Source: Hornecét al, 2011).
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pH Range Value

Description

<51 Strongly acidic
5.2-6.0 Moderately acidic
6.1-6.5 Slightly acidic
6.6-7.3 Neutral

7.4-8.4 Moderately alkaline

Table 3.5. Summaries results of studies made by different researchers about the changes in soil pH values due to crudergédmination.

Depth Non-contaminated Site Contaminated Site .
Change in pH
References | Name of below
N eF — — value due to Notes
Qil field GLVOU”;j pH value Description pH value Description contamination
eve
0-15 cm 533+ 1.16 . 6.50 + 0.21 +117 They noted_ that fpr the
. Moderately acidic affected soils, their pH
(Onojake Ebocha8 i L
and Osuiji, | oil field in Slightly acidic tellies il Iy il
' Lo 5.33+1.16 acidic range which ma
1530 cm 6.48 £ 0.20 +1.15
2012) Nigeria prevent crops from
developing.
Rudrasagar 6.40 + 0.20 They stated that th
oil field in 0-10 cm o 5.80 £ 0.30 -0.6 contaminated  soils  ar
india i idi
(Barua et _ Slightly acidic Moderately acidic natur_ally a little more acidic
al., 2011) Lakwa oil 6.33 + 0.20 possibly because of the tox
field in 0-10 cm B 5.72 + 0.30 -0.61 acid formed in the spilleg
india oils.
Al-Magwa | 0-5cm 7.08 Neutral 7.12 Neutral +0.04
field in 5-30 cm 8.14 : 7.58 Moderately -0.56 L
(Khuraibet Kuwait | 30-60 cm 844 Moderately alkaline 821 alkaline 003 They indicated that th
- — acidity of the soil was
and Attar, Burgan 0-5cm 6.86 6.46 Slightly acidic -0.4 ;
- increased due t
1995) field in 5-30 cm 6.66 Neutral 6.76 Neutral +0.1 _—
Kuwait Moderatel contamination.
3060 cm 6.74 7.56 oderately +0.82
alkaline
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Table 3.5. Continuous.

* - i Hk i
Depth Non-conta. site Conta. site Change in pH

References | Name of llern value due to Notes

Oil field GL pH values Description pH values Description N -
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The results shown in Table (3.5) indicate that mostly, and in general, the contamination
increased the acidity of soil; only the results of the resear€@nofake and Osufi2012),
showsa wide range in pH values of naontaminatd soil, however, no solid conclusion

can be reached about these results.

3.4.2 Water Soluble Chloride (CG) and Sulphate Content (S£& SOy)

A study was carried out by Onojake and Osuiji (2012), investigating the pltojsecaical
properties of the hydrocarbon levels in Ebe8haix months after the spillage in order to
determine the extent @ontamination The area of concern was mapped indsyof 200

m x 200 m with samples taken utilising the geghniquefrom three duplicate quadrants

at two depths, i.e. surface from-@5 cm and subsurface from 180 cm below ground.

For the hydrocarbon contaminated sites at surfaed f0cm) and gbsurface (15 30 cm),

the results for the chloride tests were 973.94 +55.63 and 366.06 +17.29, respectively. The
results for the control sites, however, indicated chloride values of 56.00 £17.76. It was
also noted that the values of sulphate for therdgatbon contaminated sites were 1.06 +
0.10 and 0.25 £ 0.02 at depths of-@5 cm and 15 30 cm respectively. At nen

contaminated sites, however, the sulphate value of only 0.60 £ 0.37 were recorded.

3.4.3 Vario Macro Elemental Aalysis(EA)

As mentioned by Wuana and Okieimen (2011), there are various phases at which
contaminated soils can be studied, namely solid, gaseous or liquid. In order for this to take
place, a complex analysis data interpretation is essential. Accordingly, the chunaue

to determine the concentration level of pdllutedsoil was the elemental analysis method
(USEPA Method 3050) used. The unit for contamination levelgametal kél soil if this
method is utilised to ascertain the level of metal. The moisturegbrequirements in the

soil is not stated in the elemental analysis technique, as such this analysis may include so
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water and be used on dry soil to determine the concentration of elements such as C, H, an
N.

In accordance with Benyah& al. (2006), an analysis test for soil contaminated with crude

oil was performed in the laboratory as the soil was required to undergo treatment
comprising aerated contaminated soils modified by adding crude oil. Moreover, in this
particular research, the elemerdablysis of the treated soil demonstrated that the simpler
and most bio available elements in the crude oil tend to degrade faster than the rest of th
elements.

Based on Satet al.{ V VWXG\ D QRUPDO PROHFXODU VWU?
on the soil samples collected from sediment at the: Shuaiba site in June 199801Dils

the Sabriya site in November 1993 and November 18@4Jaidin site in November 1993

and November 1994l using the heavy fraction (boiling point > 340 °C) of Kuwnaude

oil. As observed from the findings of the elemental analysis, the average molecules of
saturatefree fractions comprised only one fused ring system, i.e- 62 hydrogens, 1
sulphur atom, 16 14 aromatic carbons and 3542 total carbons, whichomprised a
dibenzothiophene or benzatphene type structure. Tlsamplesof oil obtained from the

soils consisted of 12 Oxygen atoms.

Compared with other oil, the oil extracted from the Sabriya soils in November 1994
contained more rings which showddrther degradation. By comparing the average
molecular structural parameters, it was clearly seen by the researchers that the degradatic
of oils in soils came about through the process of condensation, aromatization, cyclization,
and oxidation reaction€ompared with these oils, the degradation of oil in sediment came
about through the formation of naphthenic rings and the reduction ah#ies of aliphatic

thatcould be due to some effects of microorganisms.
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As stated by JeaRhilippe et al (2012), soil contaminated with hydrocarbon can be
LGHQWLILHG XVLQJ FRQYHQWLRQDO PHDQV EDVHG RQ
(2010), elemental analyser of the Dumas organic in soil, took account of the combustion of
soil particles in the presence Okygen turning them into simple gasses or molecules, for
example HO, CQ, and N. This was followed by the separation of these gasses using
chromatography methods. Except for soils from the last batch, all soil samples were taker
to the EA2400 CHNS/O Eleméal Analyser; other soil samples were analysed using the
EA2410 N Nitrogen Analysefhe former has been recognised as an effective device for

the analysis and variation of organic contents in soil samples.

3.4.4 Gas Ghromatograph Mass Spectrometry (GK2S)

Gas Chromatograph Mass Spectrometry {@8), an apparatus utilised in laboratories for
measuring TPH, can detect a broad range of individual hydrocarbon components and thei
corcentration. In particular, theag chromatography is able to identify a widaga of
hydrocarbons and also specify their ranges and quantities, (TPHCWG (1998)). However, it
does require an analyst famili&ith petroleum products.

The gas chromatograph is able to detect mixtures of chemicals and divide them into their
individual canponents; this is done by putting a sample into the apparatus where boiling
point, polarity and affinity differences of the sample are separated into their component
parts TPHCWG 1998).The retention time, i.e. time compounds are on specific columns,
is reproducible. A Mass Spectrometry detector is then able to ionize the various
compounds into their molecular ions; this apparatus is able to find nearly all compounds
successfully and library research enables the results to be confitvsedlly, the
compaunds detected procedure achieved, when the gas sample or liquid eluted is injectec
to detect any hydrocarbon which elute from the column; when this occurs, they are

identified and ionized by laboratory mataiPHCWG 1998).
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TPHCWG (1998), however, claimshat there are limitations to the GC; these are as
follows:

X It cannot quantitatively detect compounds below C6 which are highly
volatile.

X It has problems in quantifying some constituents such as nitrogen, oxygen
and sulphur containing molecules.

x Many isomers and compounds, especially those above about C8, coelute
with isomers having the same boiling point. They are called unresolved
complex mixtures (UCM) which cannot quantify the hydrocarbon
compounds in samples individually from peak to peak. Howetvexquires
quantifying all hydrocarbon compounds from baseline to baseline as

integration modéTPHCWG 1998).

Wang and Fingas (1995) mentioned that the Gas Chromatogkégds Spectrometry
(GC-MS) technique utilises a higherformance capillary, opdamag with the aid of a
specific oil analysis, (also known as the lon Monitoring (SIM)). This method has been used
to determine the characteristics of the oils, for example, biodegradation oils, weathered
oils, crude oils, and o#pills. It relates to vaigg concentrations, natures and compositions

of oil specimens which include environmental samples. TheMSGechnique is useful as

it quantifies and identifies specific targets for petroleum hydrocarbons, which includes a
spectrum of regular alkanes frad8 to C40.

A study was carried out by Bufarsatb al (2002) to assess the compositional changes
resulting from the evaporatioof crude oil from the Burgani¢id which spilled into the
Southern Kuwait desert. Making use of (S data for Hopane and Sterane biomarkers, it
was verified that theoil lakes indeed originated from the massive Burgan Field. As

indicated from the analysis of sulphur compounds, the fodim the exposed lakes were
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photo oxidised with a decrease in benzothiophenes concentration and an increase il
volatile sulphur compounds. The volatile hydrocarbon loss resulted in compositional
layering. The author noted the formation of a surface laygch constrained the process

of evaporation.

Barker and Bufarsan (2001) undertook a study aimed at examining losses due to
HYDSRUDWLRIQakdsR ¥ SWKHBFHY LQ VRXWKHUQ .XZDLW %
evaporation is considered one of thg kiegradation mechanisms from oil spillage. Using
simulation of evaporatio of crude oil from the Burganiétd Kuwait and a Venezuelan
crude olil field, evaporation took place at a number of temperatures and air flow rates, a fas
initial weight loss folloved by an increase in viscosity were observed. Mewdcomeof
evaporation, the volume il lake decreases and the shoreline showed movement due to
the reduced surface area. Nevertheless, the decrease in shoreline was noted to be a
smaller than antipated. The authors assumed that this was due to a high viscosity dense
layer that formed on the oil surface which covered the oil below thus reducing the overall
evaporation rate.

Further to a study by Ahamad and Barke (2011) on the function of evaponatiheoil

lake degradation, it was found that without water being present oil spills can only be
degraded via oxidation and evaporation. This observation is accurate especially in the
Kuwait desert whereil lakesare still present even 20 years aftee spillage. They also
observed that the compositional variations supervised by gas chromatography displayec
volatile componentdosses(< C8), including naphthenes, aromatics and alkan€ke
losses in normal alkanes are faster than diimels of hydroarbons bearing similar carbon
numbers. It was additionally noted that the evaporation caused an increlssity and
viscositywhich leads to compositional stratification forming a skin layer that protects the

oil below and decreases the evaporatioe.rat
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Al-Sarawiet al (1998) carried out an analysis on hydrocarbon contaminated soils taken
from the Al-Ahmadi and Greater Burganil®ields and discovered that for both sites, the
soils contained high concentration$ ©PH. While the soil from AlAhmadi pofile
contained high TPH even at the lower depth ofg80cm), soil samples from the Burgan

site exhibited high TPH concentration on the surface only (upper 50 cm).

As mentioned by Saeest al. (1998), an investigation was carried out to study the asng

in oil chemical composition which had been exposed to weather for five yearson the
lakesof Kuwait. Samples of oil were extracted from within the northern and southern oil
fields. The differences were compared against the previous data for ie2ihimonths of
weathering of the oil samples taken from the same lakes. The results displayed a
substantial increase in the asphaltene content of the remaining oil in the lakes or their beds
Saturates demonstrated an increase within the past 39 mdnthsathering with a
substantial loss noted for the initial 21 months. Meanwhile, in the majority of samples, the
aromatic oil fraction indicated a reduction. The amount of resins in the samples continued
to show a steady rise. Generally, there was no najange in the concentration and

overall composion. However, for the higher PAtdeir concentration showed an increase.

Jiang et al (2011) studied thelistribution, level,compositional patterrand probable

sources of PAHFRQWDLQHG LQ 6KDQJKDLYVY DJULFXOWikk&DO
concentrations for 21 PAH and 16 priority PAddried from 140.7 to 2,370.8Jkg I and
between 92.2 to 2,062.7J N J xrespectively. The areas in the south andtwéShanghai
showed higher PAHoncentration but Chongming Island displayed lower values. In
general, he compositional pattern of PAMas characterized by the high maiéar weight

of the PAH theseven possik carcinogenic PAHonstituted 4.8 % 50.8 % of the total

PAH, with the key constituents in soil samples such as fluoranthene, pyrene, and

benzo[b]fluoranthene.
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Okop and Ekpo (2012) investigated soil contamination due to crude oil spillage from the
Niger Delta region of Nigeria ninety days after a major spillage. A total of sixty samples
were taken from a number of locations in the S¢mith region of the Niger Delta. Soil
samples were extracted at depths efl® cm, 15 30 cm and 30 60 cm below gound.
Analysis of the samples was performed by gas chromatography equipped with a flame
ionisation sensor. Analysis of the results showed that total petroleum hydrocarbon
concentrations for topsoil, subsoil and soils at greater depths ranged {289 éigkg*, 8

- 318 mgkg' and 7- 163 mgkg' respectively. In comparison with the reference sites, the
results demonstrated higher concentrations of total hydrocarbon contents. The outcome a
the study suggests that it is necessary to have a complete smidahie environmental
monitoring system and remediation.

An investigation was conducted by Patlekal (2011) regarding the effect of petroleum

oil on soils located in the area of Jaipur, India. Soil extraction was carried out in July 2010
to a maximm depth of 6cm below ground from the neighbourhood of the Indian Motor
Garage at Transport, Nagar. The soils were analysed for their chemical content by mean
of the GGMS technique to ascertain the concentration of TPH on the soil sarakées t
from bothcontaminated & norontaminated sites. The analysis results revealed that the
chemical content for Petroleum Contaminated-3qiPCS1) and Petroleum Contaminated
Soil-2 (PSG2) were 11149 mg/kg and 14244 mg/kg, respectively. For the Normal Soll
(NS-1) and Naomal Soit2 (NS2) taken from nostontaminated sites however, the results

were 700 mg/kg and 614 mg/kg, respectively.
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3.5 Human Health Risk Assessment (HHRA) from Hydrocarbon Contaminated
Soll

Some studies have been focussed on the influenbgdvbcarboncontaminated soil on

human health in terms of the presence of carcinogenic andamomogenic substances.

These studies have employed HHRA scenarios, including thdsatbénailet al (2007),

Angehrn (1998) Huaet al (2012) Dumitran andOnutu (2010) Sarmientoet al (2005)

Iturbe et al. (2004),Irvine| et al. (2014) Brewer et al (2013) andBowers and Smith

(2014.

Risk assessment tools (software) aseamns of identifying and assessing the extent of risks
from the carcinogenic pollutants on the surrounding environment were usesean:
(2012), GSI Environmentdh.d.), Pinedoet al (2012) Asharaf(2011) Chenet al (2004)
Tomaskoet al. (2001) Pinedoet al (2014) andSpence and Waldg2001). Additionally,
AmatBronnertet al. (2007) Campbellet al (1993) Ordinioha and Brisibe (2013)nd
Osman(1997) researched how sevdrgdrocarboncontamination effects were on human
health.

This assessant can be achieved using the appropridtéRA approach and by the
application of simulation for the contamination hazards on human health by means of a
few modelling methods; for example, RBCA and RISC, to address sdigeeses caused

by hydrocarborcontamination As such, the classification in this section is based upon the
HHRA scenarios, which indicates a number of risk assessment tools utilised for HHRA,
demonstrating the RISG as adapted for HHRA and the associated risks from hydrocarbon

contaminabn on human health.
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3.5.1 Human Health Risk Assessment (HHRA) Scenarios

Other studies conducted on risk assessment to evaluateskheaused byhydrocarbon
contaminant on human health are reviewed in this research. Angehrn (1998) conducted th
risk assessment by following the U.S. EPA framework for ss&3g risk scenarios
including Hazard ldentification, Exposure Assessment, Toxicity Assessment and Risk
Characterisation on residual mineral oil contaminants in bioremediated soil. This
procedure was usdd assess the potential risk the environment related to oil residue
contaminants in bioremediated soil.

His study revealed that all the oil residual comtzants within the bioremediated soil have

an extremely low mobility in the environment caused by their low volatility coupled with
their high hydrophobicity (Kow > 106). This was determined through the aswllyti
concept that underpins the Hazadkndtification process. At the exposure assessment
stage, the relevant transport and transformation processes were identified and tabulatec
The results revealed, at the exposure assessment stage, a significant portion of the ©
residual contaminants (93 % ofetlnitial total solvent extraction material (TSEM), even
after one year of application as top soil) will linger in the bioremediated soil for quite a
considerable time. In fact, 7 % of the initial TSEM of the residual, which may be lost
during this time peod, could be separated into different processes; a majority (98 %) of
the total losses was due to transformation processes, a combination of biodegradation an
aging effects.

However, negligible losses are traced to volatilization of the oil residuarorants into

the atmosphere as well as to plant uptake which was estimated to be < 0.001 % of suc
losses. In the transport process, leachingdentified as the most significant only

accounted for 1.7 % of the losses.
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As such, a conclusion can becked that emissions from this solil is extremely low. From
the toxicity assessment conducted, which included laboratory experiments and model
calculations, it has been revealed that oil residual contaminants in the bioremediated soi
are not hazardous the environment nor to water organisms and plants. Based on the risk
assessment conducted, the case study on the bioremediated soil could be reused even
receptors that are exposed by several pathways, e.g., as top soil in residential areas. Fro
the findngs presented in this study, an alternative method was recommended for the
purpose of evaluating the bioremediated soils and mineral oil residue contaminated soils.
Instead of evaluating a single surrogate parameter (TPH) in soils, the possible rtekls rela
to oil residual contaminants can be ascertained based on the possible emissions (Angehr
1998).

In the same veinHua et al (2012) researched the health risk assessment caused by
exposure to organic contaminated soil at an oil refinery. An assesam@e carried out by

combining health risk methods of the U.S. EPA, the ASTM (American Society for Testing

and Materials) and VROM (Ministry gflousing Spatial Planning and the Environment in

the Netherlands).

Nevertheless, localized parameters, such as the characteristics of the Chinese demograpt
and site features, were also used in the study conducted bst ldLIE2012). In their guidy,

they applied risk asssment situations including: Hazard Identification; Exposure
Assessments; Toxicity Assessment; and Ridkar@cterisation. The results obtained
showed that the concentration lménzo(a)anthraceneenzeneand benzo(a)pyrena the

soil of the site all exceeded their risk screening values, with hydrocarbon contaminants
concentrated in soil at 0£&.5 m under the ground surface. In order to calculate the health
risks of the site with above 95 % confidence the limit of the pollutlmee main exposure

pathways including oral digestion, skin contact and breath inhalation were identified.
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These three main exposures indicated carcinogenic risk (@dR}he norcarcinogenic
Hazard Qotient (HQ) of the polluted soil which reached 9.59%1and 15.46,
respectively; this exceeded the acceptable level Sfar@l 1. As such, this could pose
severe healthsk to the residents at the site.

To differentiate between carcinogenic risk (CR) and-cartinogenic hazard quotient
(HQ), (Hosford, 2009) it should be noted that CR is concerned with -tioeshold
substances where human nature has not evolved a mechanism and/or enzymes to cope w
it, therefore (in theory) one molecule (or a quantity of)l€ould lead to harm, but with a

low probalility. Nevertheless, there is always some likelihood of an adverse effect, and the
higher the dose the higher the harm probability. This is why excess lifetime cancer risk
(ELCR) is defined as the excess dose which cannot increase risk of cancét Gprl0
instance) above the baseline risk. This can be converted to a concentration which must nc
be exceeded, (in this respect returitisford, (2009))

On the hand, the necarcinogeniddQ is concerned with threshold substances that a body
can deal witha certain amount of a threshold substafezause often it naturally exists in

the environment). In the other words, certain amounts can be metabolised and excrete
without harm. However, above certain concentrations (called the threshold concentration =
reference concentratiofRfC) / reference dosgRfD)) harm may occur.For risk
assessment it can be said that as long as one ingests/inhales less than x mg/kg, where x
lower than the acceptable concentration of substance (or its threshold concertration)
should be fine.

Figure 3.1 clarified thelifference between the concept mbnthreshold and threshold

toxicity.
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Figure 3.1 Graphic clarification of the non-threshold and threshold toxicity (Source:
Hosford, 2009).

According to Dumitran andOnutu (2010), the assessment on environmental risk from
crude oil which icludes five modules related to Hazard Identification, Hazard
Assessment, Risk Estimation, Riskssessment and environmental risk management.
These five modules are based on riskecidt of as low as reasonably practicable
(ALARP) and environmental risk management. In order to conduct the experiment, the
modules had to be fed with data which had to include technical data for: the equipment in
the upstream manufacturing activities; analysis of physimmicals; soil pollutats;
extraction and separation of gai soil properties which have an impact on the severity
and consequences of the default risk; mathematical equations; charts and the framewor
assessment of ecological risk intensity. The methodology section spelithe steps
needed to calculate the alert threshold and treatment and other related studies, i.€

pedological and chemical and geotechnical studies.
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A study by lturbeet al (2004), based on the soil of a refinery located by the sea found that
the area s hydrocarbon contaminated and concentrations of up to 130000 mg/kg as
TPHs were detected. The study revealed that the hydrocarbon contamination was trace
back to the main contributors which were pipelines, valves, old storage tanks, additionally,
hydroarbon contaminants were also caused by the land fill used for untreated hydrocarbor
sediments originating from the cleaning of storgmeks. The study evaluated the Health
Risk Assessment (HRA) byneasuring the hazard indexas well as the clean up level
values using the refinery soil.

Taken from the HRA compilation, the following actions were recommended: benzene
concentrations mugte minimised in 8 of the 1&udied refinery regions to 0.00040078
mg/kg. Similarly, the concentration of vanadioum iruss decreased in two regions up to a
concentration of 100 mg/kg. In the reduction of benzo(a) pyrene concentration from the
studied zones, only one zone needed to reduce to 0.1 b.Kghe recommendations
were made in order to reduce the risks of theefinery substances on human health. The
overall results showed that the TPHs were reduced by around 52 %.

Sarmientoet al V VWXG\ VKRZHG WKDW WKUHH SULQFI
assessing potential human health risks from exposure toytlirocarbon contamination of
TPH, i.e. the indicator approach, the surrogate approach and a mixed version. The
differences between these approaches were discussed in Saretieaitd] V- FDVH VW
research which was carried out in an area previously asegh industrial site affected by
petroleum products and planned for redevelopment as a recreational spot. They assess:t
and took into account the TPH hazard elements towards human health using three ways c
possible exposure, i.e. inhalation of hydrocarlapour, digestion and dermal contact.

Initially, only indicator compoundsvere appraised. This was followed by classifying the

product as gasoline in the Quantitative Risk Assessment. Next an input parameter, a simpl
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hydrocarbon chains fractionation,as introduced. Lastly, the fractionation between the
aliphatic and aromatic terms of every group of hydrocarbons was measured. For eacl
specified pathway, the Si®pecific Target Levels (SSTLs) were computed. The
evaluation of results from various thearieas carried out from the perspectives of both
the technical and economical. Scenarios whereby input concentration for a compound wa:

higher than the soil saturation boundary were also investigated.

A number of PAH are recognised mutagenic carcinoggnane| et al TV

investigation quantified the soil and atmospheric PAH concentrations in the Cold Lake
area to measure the excess lifetime cancer risk posed to MAFIrLDWLRQVY SR S)
the Alberta area, Canada. Both probabilistic and deterministic methods of risk assessmen
were adopted and excess lifetime cancer risks were computed for exposures from
inhalation or unintentional consumption of soil. As indidata the results, the mean

HI[FHVV FDQFHU ULVN IRU WKH )LUVW 1DWLRQVY SHR
activities in the area of Cold Lake through consumption was 0.02 new cases for every
100,000 with an upper 95 % risk level of 0.07 casesverye100,000. Exposure to PAH

by means of breathing showed a maximum excess lifetime cancer risk of under 0.1 for

every 100,000 cases.

&UXPSYV SURSRVHG EHQFKPDUN GRVH % 0 ZD
produce an adverse change in benchmark response (B.M.R.) taking into account the
background (see Hosford (2009 0 ' PHWKRGV ZHUH DSSOLHG SD
G D WHDsford, 2009, p.8), however, the uncertain numerical factors (generic term) had to
be considered when extrapotagifrom the high doses in animal cases; these then had to be
GLYLGHG XQ F\W K MW QuL o\ fatory WirRhurfian cases. Table (3.6) shows a

typical uncertainty factor as suggested in chemical risk assessment.
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Table.3.6. Examples of uncertainty factors utilised in chemical risk assessment (Source:
Hosford, 2009).

Consideration Typical Uncertainty Factor Applied
A 10-fold factor is normally used to account f
Interspecies variability variability in species susceptibilibetween humans ar

animal species.
A 10fold factor is normally used to account f
variability of responses in human populations.
LowestObserved Adverse | *A 10-fold factor may be used when a LOAEL inste
Effect Level (LOAEL) to of a NOAEL is used in the derivation. For a minin
No-Observed Adverse LOAEL, an intermediate factor of three may be used
Effect Level (NOAEL)

Intraspeciesvariability

A factor, usually thre¢o 10fold, may be used fg
SLQFRPSOHWH" GDWDE D W$] uchzd
Data gaps no chronic bioassays or no reproductive toxicity datg
accounts for the inability of any study to consider
toxic endpoints.

*Where the doseesponse curve is steep and a sr
Steep dosaesponse curve | error in the extrapolation wadll have dramati
consequences, an additional factor may be applied.
Notes: *It is appropriate to use a LOAEL to set an HCV if the undetermined NOAEJugged to be

(likely) more than ten times less than the LOAEL.
**A steep doseresponse curve dose, however, provide greater confidence in the NOAEL.

An evaluation was carried out by Brewedral (2013), with regards to the risk of th&H

in vapour intrusion based upon the quantitative methoes#arch. Vapours originating
from petroleum fuels are characterised by a complex aliphatic mixture with aromatic
compounds t@ lesser degree. These substarman be quantified and defined in terms of
TPH carbon ranges. Similar to individual compounds, éxample benzene, toxicity
factors issued by USEPA and other bodies permit for the development -blagsk, air

and soil vapour screening levels for each range of carbon. At certain TPH ratios of the
individual compound concerned, the vast proportib@®BH will initiate risk of vapour
intrusion over the individual compound. This is predominantly the case for vapours linked
to diesel and other middle distillate fuels, however, it may also happen--gelozrene and
high-benzene gasolines should the sudintly conservative, target risk not be applied to

individually targeted chemicals. This requires aassessment of the dependence on
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benzene and other individual compounds as a separate tool in the evaluation of vapou
intrusion risk associated with peteum.

Nathanailet al. (2007), clam that in assessing thiesk derived fromthe polluted areas, risk
assessment is formed and grouped into two phases and tvphasds namely Phase-1a
Hazard dentification, Phase tiHazard AsssessmdanPhase 2aRisk Estimation and Phase

2b- Risk Bvaluation.

Bowers and Smith (2014) carried out an assessment on the risk to human health caused
vehicle petroleum fuels within the soil. A suitable set of Constituents of Petroleum
Concern (COPCs) ought to be evaluated anmanaged in order to provide vigorous
management of potential risks and to minimise redundant chemical analyses and
evaluation of constituents that hardly (or never) cause any risk to human health. A
procedure in identifying COPCs for petroleum fuel reé=ahas been proposed based on
widely accepted practices for human health risk assessment and available data related t
fuel composition and the toxicity of chemicals. Lists of COPC are used to assist in
investigating and assessing the risks at sites wiedrel, diesel, and kerosene/jet fuels are
believed to have been released. Broadly, these lists are relevant and may reinforce site

specific assessment of environmental settings and related risks.

3.5.2 Human Health Risk Assessment (HHRA) Models

As mentoned by Searl (2012), besides CLEA, SNIFFER and LQM models, there are some
computer software packages which are accessible commercially in the UK which support
detailed quantitative risk assessment (DQRA) for human health risks. These packages wer
designé mainly to assist in the assessment of contaminated risk in the U.S. (RBCA and
RISG5 models). The software packages for the U.S. market involve more sophisticated

technigues to model behaviour of contaminants in air and water in comparison with the
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methal used by CLEA. As such, the comparative influence of these pathways to overall

exposure by the contaminant will vary accordingly.

Tables 3.7 and 3.8 were prepared (by the author) to allow for comparisons between CLEA
SNIFFER, RBCA and RISC 5 model pages, so as to choose the most relevant package
(model) acknowledging local conditions in Kuwalgthanailet al, 2002 Jeffries and

Martin, 2009;Searl, 2012RISGS5, 2011).
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Table 3.7. Comparison between different model applicationis the risk assessment.

Exposure Pathway Assessment Models
X ; T
Air Ground Water — Soil @
@) = by Py
Model 3 | &€ = > &
0 5 s | = 5 < |2 5|8 |3 5 = < @ c‘a
Name 5> o = = W) = C o = o o = U| S | Co D S
ad | =2 |5 | 2 | 2 | TQ s |2 |@ 2|82 |2% 7 2
S2| g8 |2 |3 |2 |88 |2 | | 2|2 |3|c5 |8 3 &
Sg| g5 |8 | |5 || |F|E&||2|I25|F% @
> > = > ) o () =] D o ) =3
) = n =
(Nathanailet al, 2002, p.49 ang
CLEA- In Human . .
2002 y y x x X X X X X y y y y Health Jeffries and Martin, 2009)
SNIFEER y y « 9 9 9 9 9 9 y y y y In Human (Nathanailet al, 2002,p.37)
Health
In human .
RBCA y y y y y X x y x y y y y health and (Nathalsaéger;[ 6;'0122 05’2%)39 ang
ecosystem ' T
In human
(Searl, 2012, p.29 & 30 and
RISC-5 y y y| vy | vy y Y| Y| Y| Y|lY|l VY y health and RISGS, 2011)
ecosystem

Notes: JConsidered irmodel application, x Not considered in model application.
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Table 3.8. Limitations and suitability of various models in relation to Kuwaitconditions.

Model L Appropriation for
Name iy Igngfit Climate
Does not consider the domestic use ckita
CLEA groundwater (ingestion of groundwater,
dermal contact of showering) (Natharetil | Very specific model for
al., 2002, p.49) UK. As such, it takes
Exposure via the consumpti@f drinking consideration of UK
water or by inhalation ofapourthrough the | climate.
SNIFFER . . ) :
use of water (swimming) is not included
(Nathanailet al, 2002, p.37).
Specific model for U.S.
Exposure from vegetable uptake via where the climate in
RBCA groundwater; and exposure via showering| Kuwait nearer than that in
and irrigation water are not taken into UK. Furthermore, it is old
consideration (Searl, 2012, p.29). model compared with
RISGH5.
Take into consideration all the above mode Specific model for U.S
RISC-5 | limitations (Searl, 2012, p.29 &30 and$Q- T
5, 2011). nearer to Kuwait climate.

Various studies which relate to the risk assessment evaluation of soil contaminated with oil
residue as well as their influence on human health were reviewed. It was discovered in &
number of studies that the Risk Based Corrective Action (RBCA) toolkit is able to
integrate the risk asssment procedures, e.g. Hazard Identification, Exposure Pathways
AssessmeniToxicity Assessment and Riskh@&racterisation.

As stated in the GSI Environmental.q.), RiskBased Corrective Action (RBCA), is
regarded as a practical management procedure with clear emphasis on safeguarding hum:
health and the environment and at the same time encouraging energy aeffiaest
remedies to allow limited resourcesbe aimed at the most hazardous areas. The basis of
the RBCA framework is the establishment of a criteria for-siecific environmental
cleanup resulting from a tiered risk evaluation methodology. In other words, the RBCA
Tool Kit for Chemical Releas is a complete modelling and software for characterising

risks. It is intended to conform to the ASTM Standard Guide for-Resed Corrective
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Action (E-2081) requirements for Tier 1 and Tier 2 RBCA evaluations for chemical release
sites alongside theaditional calculations for risk assessment.

The contaminant transport models and risk assessment tools are incorporated into th
software to compute baseline risk levels and develop standards foassH cleaps for

a wide range of soil, groundwateyrface water, and air exposure pathways. The features
which are user friendly coupled with reorganised graphical interface features of this
software are the key elements for making a main instrument to manage RBCA and generic
risk assessment calculatiorier both straight forward and complex problems (GSI
Environmental, n.d.).

A study was undertaken by Pinedbal (2012) comprising a site specific risk assessment
for the distribution and concentratiah TPH fractions using the RBCA framework. This
study was conducted in the Spanish, densely inhabited, average sized city of Santande
with approximately 182,000 inhabitants; it was also used as a case study. In this study, twc
hydrocarbon contamination routes were considered, namely Volatilization arciBges

to Outdoor Air Inhalation (through ambient air volatilization of hydrocarbon contaminants
from affected soils and small particles of superficially affected soil) and Surface Soill
(through direct ingestion, dermal contact and inhalation). Fromethdts, it appears that

the Outdoor Air pathway registered lower risk as shown from the HQ values which are less
than the upper limit of 1.0. Individual fraction soil risks are also lower than the HQ limit;
however the cumulative risk is nearly 1.6 tinad®ve this threshold. This high cumulative

risk was primarily the result of the aromatic EEE&€21 fraction, which constituted nearly

half of the total risk. It was found only in the total TPH of the superficial soil, registering a

value of 1.6 times ab@the SiteSpecific Target Levels (SSTLs).

Similarly, Asharaf (2011) studied the method employed by the Bahrain Petroleum

Company (Bapco) to: identify the sites contaminated with hydrocarbon; assess the
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potential risk to human health and the environmemtgd to suggest any necessary
preventive measures by adopting the fundamentals of Risk Based Corrective Action
(RBCA).

Together with a desk based study, a phased strategy was used followed by &
comprehensive assessment consisting of the boring of 40 wisample locations for soll

and installing a total of 28 groundwater monitoring boreholes. More than 200 soil and
groundwater samples were taken and analysed for hydrocarbons and heavy metals. Thi
was followed by developing a conceptual site model inraecwe with the Sit€athway
Receptor linkage. The outcomes of the soil and groundwater analysis were used in
deciding the likely risk to human health and the environment.

Chenet al (2004) applied a method related to health risk assessment in dehigifeyels

of cleanup at a site contaminated with a fuel oil spill. The application was described in
four different risk assessment techniques in an effort to undertake a risk assessmen
exercise and demonstrate the application method at the site afieheilf spill. These
techniques included the North Carolina risk analysis framework, the lllinois tiered
approach to correction objectives, the RBCA software for chemical releases, and Exposure
and Risk Assessment Decision Support System. On completidheofisk evaluation
procedures, a determination of the groundwater and soil treatment aimed at object
compoung, (namelyTPH), xylenes, toluene, ethylbenzene and benzene) was performed.
The computed remediation levels satisfy the minimum requirement fgettaisk
benchmarks, i.e. a cancer risklof10"® andrisk proportion of one. From the results of this
research, RBCA appears to be a more comprehensive and conservative base for closure
site.

Tomaskoet al (2001), presented an engineering methodctvhtould be utilised in

predicting maximum NAPL concentrations in the groundwater caused by NAPL spills. The
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risks associated with NAPL within the site were evaluated by means of the U.S.
Environmental Protection Agency's tiered #lsksed corrective actio(RBCA) system.
Conservative assumptions were utilised in Tier 1 with minimalsgeific information
whilst more detailed sitspecific information was needed under Tier 2. This method of
screening was formulated by deriving a systematic solution fparéial differential

equation defining the movement of NAPL through the unsaturated sector.

3.5.3 Risk Integrated Software for Soil Cleamp (RISC) for HHRA

An appraisal was carried out on previous studies concerning the evaluation of risk
assessment dfil residue contaminated soil as well as on their effect on human health by
means of the RBCA toolkit. A number of studies nd®8GC-5, software that can be used
with other risk assessment methods including the Exposure Pathways Assessment, th
Toxicity Assessmiet and Risk Characterisation.; Hazad#ntification was, however, not
included in the assessment. It was also discovered that-RE@ RBCA software were
similar; but the former was found to be more useful, flexible and easier to use.

The main dferences between RIS§bftware and RBCA are that the former offers highly
intuitive graphical interface, allows for pathways, compound and receptor additivity;
additionally, the results of transport models can be utilised in the presence of a phase
separated product; the vadosone model is present and transient groundwater models,
probabilistic. (Monte Carlo) exposure capabilities are also available in the software (RISC
5) and includes a critical pathwayndoor showering which is not provided in the RBCA
Toolkit. It also hcludes a number of other models which are not available in the RBCA
model in ASTM E1739 but are required for some typical risk cases. Other models are:
Johnson and Ettinger (1991) indoor air model; Domenico (1987) model for groundwater;
and GreerAmpt (1911) model for considering biodegradation of dissolved chemicals in

the vadose zone (Spence and Walden, (2001)).
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RICS5 software can be employed in the assessment of severe effects to human healt!
(carcinogen and necarcinogen) based on fourteen expospaghways at contaminated
sites. Further, RIGS offers distinctive features and is able to perform a reverse
computation on risk. This entails performing calculations on the extent of augefan a

given risk value including the conventional forwardkrealculation. According to Spence

and Walden (2001), RIGS offers fate and transport models in assessing concentration of
receptors in groundwater as well as indoor and outdoor air.

Armah et al TV VWXG\ DVVHVVHG WKH UlotaANivd Reir ZD W
adverse impact on human health by meanRI8(C-4.02in the Tarkwa Gold mining area.

The research was formulated to evaluate the risks to human health through Centra
Tendency Exposure (CTE) and Reasonable Maximum Exposure (RME) scenarios to
residents. The residents were comprised of grops and youngsters from arsenic,
manganese and lead exposures on the ground surface and in gieundiva outcome
revealed thaHQ for these contaminants are mainly within the tolerable risk range altline
by the United States Environment Protection Agency (USEPA). The RME of Mn from oral
contactfor Youngsters (HQf 18) is noticeably greater than the USEPA acceptable risk
figure of 1.0.

At some sites, the RME of Mn through oral contact for adults algpassed the standard,
however, a comparison of contributions of dermal and oral contact to the health risk,
revealed that the former accounted for more. Carcinogenic risks to residentugpswn
caused by the exposure to arsenic demonstrated RME valies waied from 5.0« 10*

to 1.1x 103 They constitute up to 11 folds higher than the USEPA acceptable range for
excess risk of cancer. Arsedinked cancer risks to resident growps for CTE varied

from 3.7x 10* to 6.7x 10% these are higher thahe acceptable range (based on USEPA)

for excess risk of cancer. Similarly, the risks of cancer to resident youngsters for CTE and
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RME cases were higher than the USEPA acceptable range for excess cancer risk. Thes
figures were more than 210 times high®asn the USEPA acceptable range for excess risk

of cancer.

3.5.4 Oil ContaminatiorRiskson Human Health

Various studies were carried out and appraised with respect to evaluating the risk
assessment of soil contaminated with oil residue as well as éwareseffects on human
health. A number of studies focussed on the human diseases caused by the exposure
contamination whether the term of iliness was short or long. As stated byBxoratertet

al. (2007),Campbellet al (1993) Ordinioha and Brisib¢2013) andOsman(1997), the
influence of hydrocarbon contamination on human health can occur at various stages of
illness, including- physical, mental, genetic, heart, headaches, throat irritation and itchy
eyes, infertility, cancer, lumbar pain, migraiand dermatitis.

A crosssectional study was conducted by Camplkeelbl (1993) whereby a number of
people exposed to the MV Braer oil spill (N = 420) were matched against a control group
(N = 92) in Hillswich, about 95 km to the north of the site.r@gealed from the result,
immediately after the incident, the population suffered from headaches, throat irritation
and itchy eyes for a period of two days. As for the long term effects, 7 % of the population
exposed to the contamination felt that thespill had had a huge influence on their health.
According to Ordinioha and Brisibe (2013), published data on crude oil spills in the Niger
Delta Region, Nigeria, and animal studies confirmed that direct contact with the crude oll
of Nigeria could be hemoxkic and hepatotoxic and could result in infertility and cancer.
Osman (1997) examined the adverse health effects resulting from the Konviakes
residuein 1991. Based on his study, a survey performed in Kuwait healthcare centres
demonstrated a rise in respiratory complaints directly proportional to the rise in air

particulates recorded during the same period after 1991. Within that period, the number of
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people looking for treatment for psychiatric illness, bronchiecteasis, chronic bronchitis and

emphysema, gastrointestinal illness and heart disease showed a sharp rise.

3.6 Summary

Considering that Kuwait is considered one of the countries in the wdilchvhas been

most seriously contaminated since 1990 (@twl, 2010), the main contribution of this
study is to develop a ground model for thkelake contaminated soil of Kuwait (caused by

the Iragiinvasion in 1990) using RISE& model This contaminton might not only affect

the physical properties of soil but is also likely to threaten the ecology and human health
through chemical risk This study investigateshe geotechnical and geochemical
properties and classifies the pollutants existing inhgr@rocarborcontaminated soils, also

the carcinogenics and n@arcinogenics.

The study will also investigate the influenceodflakesresidue on the Human Health Risk
Assessments and determine the potential levels of risk posed to any future urban
dewelopments within the affected aredore specifically, this will be achieved by using

the risk assessment of the RISC software to evaluate chemically any signs of
carcinogenic elements found in thgdrocarborcontaminated soils that may influence the
health of human, animal and plant life, even if the geotechnical properties of the
hydrocarborcontaminated soils are physically ready for construction.

To the best of author knowledge, no studies have investighie geotechnical and/or
geochemical characterisation of the actinadirocarboncontamination of the soil in the
Greater Burgan Field of Kuwait since 1990; so far all studies have been based on
replicating the effect of contamination by mixing the soilthw artificial crude
contamination in the laboratory. Aanad and Ismael (1997) admitted that researchers
could not extract actual samples from the base of the dry Boibkkesbecause there is

no access to these lakes for security reasons, i.exigtereee of mines and esland sludge
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which covered the ground in nearby areas. It is worth mentioning that this study is
considered a pioneer study since it has collected the dotdedcarborcontaminated soil
samples from the dryil lakes found in theKuwaiti Burgan Oil Field. All required
permissions and safety precautions insisted on by the Kuwait Oil Company (KOC) and the
University of Portsmouth (UoP) were signed and followed by the researcher who takes full
responsibility regarding any risk thatight he might face during the sample collections.
(Figures from A.4.5a to A.4.6f in Append})

The following significant reasons encouraged the reseatohgelect the Greater Burgan

Oil Field (Al-Magwa area) as the main site for this study:

(1) No study ha investigated the geotechnical and geochemical
characterisations of the actual doyl lake contaminated soil in the
Greater Burga@il Field (Al-Magwa area) for 25 years.

(2) The Greater Burgan i€ld (among other sites) contains the largest
hydrocarbonpolluted area (25.6 KA and Volume(14,520,000 r) in
Kuwait. (Table (2.2) Chapter two, page (38)).

(3) The largesthydrocarboncontamination occued in Kuwait in the
Burgan @l Field since it constitutes 40 % of the overall contaminated
volume (AFDuwaisan and\l-Naseem, 2011).

(4) It is located near to the city and urban areas and theusulirgy areas
of the Burgan ® Field will be undergoing some engineering
construction in the next five years.

(5) A high percentage of Kuwaiti citizens have contracted fatal disease
including asthma and lung cancer, since 1990 due to carcinogenic
substances, i.e. hydrocarbon chemical compositions found in oil

contaminated soil which can greatly influence human health.
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4.1 Introduction

The objectives of this research will be attained through the implementation of an
experimental methodology which will include collection of samples followed by
geotechnical and geochemical tests in the laboratory. This chapter will describe and outline
the eyerimental programme, including Phase | concerning preliminary selected sites for
the study (both contaminated and rmomtaminated), initial soil sample collection, final
selected sites (both contaminated and-oemaminated) and Phase Il which will regt

the soil sample collection at two different final selected sites.

The methods and procedures followed in conducting the necessary tests on the soil sample
collected from contaminated (dmyil lake) and norcontaminated sites are described in
terms of their geotechnical, geochemical and hydrocarbon characteristics. Statistical
analysis has been undertaken to further integrate the data and to support the results.
Section 4.2 describes the phases and the experimental scope of the study. The selectic
process of the initial site is described in Section 4.3. Details of the location finally selected,
i.e. the Grater Burgan Oil FieldAl Magwa aea and the main soil sampling approach
followed are described in sections 4.4 and 4.5, respectively. Section #Afesléhe
sampling method at contaminated and-contaminated sites. Section 4.7 outlines the soll
characterisation and the methodology. Section 4.8 explores and classifies the data from th

laboratory via statistics method.
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4.2 Investigation Design

The experimental phases set out in this chapter are aimed at achieving the goal of the stuc
as described in Section 1.1. A comprehensive experimental research programme was the
designed (Figure 4.1). The programme was split into six phases as follows:

Phase |

Preliminary site selection carried out by identifying théydrocarboncontaminated sites

in Kuwait. The closest site to the most densely populated area of Kuwait together with the
amount of hydrocarbon contamination encountered was chosen int@siect sites for
preliminary soil sampling and to verify that the hydrocarbon contamination was still
present after 25 years.

Phase Il

Confirmation of te final site location, i.e. drgil lake; identification of field hazards &
restrictions; requiremes for Health and Safety; walkover survey and description of the
site.

Phase IlI

Collection of major soil samples at the ska site of the Greater Burgan Oitld (Al-
Magwa region) involving the detailed collection of soil samples at both aildigke site
(hydrocarbon contaminatipmnd a norcontaminated site for control purposes.

Phase IV
Investigation of the geotechnical characteristics of the soil samples at both thiklalkg

and the norcontamnated sites. These include the Atterbergnits; PSD;, SEM;
permeability (Hydraulic Conductivity); and [Dect Shear strength parameters. A
geochemical investigation was undertaken on both the contaminateoil(dke) and the
non-contaminated sites by means of characterising the soil samples cheropaitips

including- the pH value; water solubfél- and (SQ & SOy); EA andGC-MS tests.
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Phase V

Carrying out an assessment of the risk on human health due to hydrocarbon contaminate
soil from the dryoil lake site +(detected soil samples wittydrocarbon). This will be done

by means of applying human healtbkrassessment scenarios, e.g. Hazard Identification;
Hazard Assessment; Risk Estimation amskfEvaluation.

Phase VI

Utilising RISG5 software RISG5, 2011) on hydrocarborcontaminated soil from the dry

oil lake, i.e. soil samples with hydrocarbon, to determine concentration of hydrocarbons
which may cause adverse impacts on human health as categorised in terms of carcinogen
and nonrcarcinogenic elements. Developing grdumodels by assessing the probable
magnitude of risk and calculating soil cleap values where appropriate in the site to be

selected for any prospective urban developments.
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Phase |

Preliminary Selected Sites

y

N

y

Wafra Field

Managish Feld

Umm Guaair Field

Sabriyah Field

Rawdhatain Field Bahra Field

\ 4

Greater Burgan Field (Al-Magwa Area)

Preliminary Site Assessment

v

Preliminary Soil Sampling from Wet O/ Lake
at Greater Burgan Field (Al-Magwa Area)

Phase I

Field Hazards & Restriction

'

Safety and Health Requirements, Walkover Survey for the Site and Site Bscription

!

Final SelectedDry OJ/ Lake Location-Greater Burgan Field (Al-Magwa Area)

Figure 4.1.Investigation design followed in this study.
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Main Soil Samples @llection at Greater Burgan Field (Al-Magwa Area)

Phase Il

A\ 4

Dry Ol Lake Site (Contaminated site)

A 4

132 Soil Samples

A\ 4

A

Non-Contaminated site

30 SoilSamples

+

Phase IV

Soil Characterisation

v

Geotechnical Gharacterisation

Plasticity

v

v

Particle size Distribution (PSD)

v

Scanning Electronic Microscope (SEM)

v

Permeability (Hydraulic Conductivity)

Shear Strength

v

v

Geochemical aracterisation

S

pH

Water Soluble Chloride (Cl-) and Sulphate |,
Content (SO; & SOy)

Vario Macro Elemental Analysistest(EA)

S

GasChromatograph Mass $ectrometry (GC-MS)

s

Figure 4.1.Continuous.
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\'4
Apply Human Health Risk Assessment (HHRA) Senariosfor Contamination site (Dry ‘l’
Phase V Oil L ake) at Greater Burgan Field (Al-Magwa Area)
Hazard Identification
v
Hazard Assessment
Risk Estimation
Risk Evaluation
I
v

Applied Risk Integrated Software for Soils Cleans up (RISE5) for Soil
Contaminated with Hydrocarbon (Dry Oif Lake Site)

v

Risk Estimation of the Hydrocarbon Contamination to theHealth of the Children and
Adults Receptors (Future Residents)n term of Carcinogenic and NonrCarcinogenic Effect

v

Provide Cleanup Level for Contaminated Site through obtained on the sosgcreening values

4

Developed Site Model from the Potential evels ofRisk Posed to any Future Urban.

Phase IV

Figure 4.1.Continuous.
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4.3 Preliminary Site Selection

Choet al (1997) and PEC1999) have statethat hydrocarbon soil contamination and the
remnantoil lakesare situated in the seven main-pibducing fields of Kuwait, namely:
Rawdhatain; Sabriyah, Umm Gudair; Managish; Wafra, Bahra; Greater Burgan Field
(Ahmadi, Magwa; and Burgan Sectors) (assilfated above, Figure 2.15 and Table 2.3).
Therefore, the chosen sampling area was situated adjacent to the main oil producing aree
of Kuwait, i.e. the Greater Burgan Field (Ahmadi:Magwa and Burgan Sectors) in the

south of Kuwait. This site was seledtfor the following reasons:

x The worst hydrocarbon contamination incident took place in the Burgan
Field which accounts for 4% of the entire hydrocarbon contaminated
volume in Kuwait (AtDuwaisan and ANaseem, 2011, p.440).

X The Greater Burgan site mains the largestil lake area in Kuwait
originating from the Irag invasion. According to PEC (1999), the
coverage of soil contaminated withl lakes residue in the Greater
Burgan field covered an area of 25.6%with a 14,520,000 fvolume
of soil.

x Its location is near both the city and the urban area&l-@thmadi,
Jaber AlAli, Sabah AtSalam and Jeleeb Ahuyoukh. All of these
areas are heavily populated (Figure 4.2). The adjacent areas are,
therefore, likely to be developed in the future asaaorlexpansion
demands growhus requiring construction work.

X It is predicted that these areas will be in high demand for prospective
development projects; the Kuwaiti Government intends to start a mega
project in 2013 which will last until 202QUK Foreign and

Commonwealth Office, 2014; Almarshad, 2014, p.49).
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Figure 4.2. Distance of the Geater Burgan Gl Field and the main residential areas $ource:GM, n.d.).
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4.3.1 Location of the Greater Burgan Zone #Magwa Area).

Towards the end of the First Gulf War in 1991, the withdrawing Iraqi force set ablaze the
Burgan Field. Smoke plumes from the fires covered an area up to 50 km wide and was
2.5km thick on any given day. Additionally pipeline leakages resuiteéde formation of

oil lakesthat contaminated the soil and the surrounding environment (Figure 4.3).

Figure 4.3.0il lakesin Burgan Field (Source:Kaufman et al, 2000Q.
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The Greater Bugn Ql Field is situated within the Arabian Basin Kuwait. It is the
ZRUOGYVY ODUJHVW FODVWLF RLO ILHOG ZKLFK FRYHU
(828 knf) in the soutkeast of Kuwait. The field is split into the Magwa, AFAhmadi

and Burgan areas based upon the presence of three strdcones as shown in Figure

4.4. The border along the northern-Ahmadi/ A-FMagwa and the Burgan sectors is the
complex of the Central Graben Fault. The Burgan Field, being the largest sandstone ol

ILHOG LQ WKH ZRUOG LV VLW X hxaVCitcloseNdPAWTRHE W K R . X

Sites Location %\

Figure 4.4.The Greater Burgan sectors (Burgan, AiMagwa & Al-Ahmadi Fields) in Kuwait

(Source:Kaufman et al, 2000).
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4.3.2 Preliminary Assessment

A preliminary investigation was undertakend@termine the most suitable initial sampling
locations and the sample sizes, this was carried out by reviewing and analysing the
gathered data. The received information had been collected from websites and also fron
requests to relevant personnel from ptes contactors for the Greater Burganl ®ield

and the Kuwait Oil Company (KOC). Information from the test areas provided by these
firms was investigated and examinations were carried out on the test area. It was essentiz
that the preliminary sampling¢ations were determined based upon the consistency of the
soil conditions to find out whether they could provide accurate representation of the test
area. In order to assess the location of sampling points and sample sizes, a large quantity

data was rguired to be collected.

4.3.3 Preliminary Soil Sampling

A total of 5 soil samples were taken from two separate sites within the GreatenBurg
Field (Al-Magwa aea) consisting of 2 kg each of contaminated and-aomtaminated
samples. One disturbduydracarboncontaminated soil sample was extracted manually
from a wetoil lake at a depth of 0.5 m using a shovel. For the-ommaminated samples, a
total of 4 undisturbed control soil samples were taken from various depths, i.e. 0.5 m, 1.0
m, 2.0 m and 4.0n below ground within the same area using borehole equip{R&ate
A.4.1).

Samples collected from the weil lake (contaminated) andon-contaminatedites were
delivered to the University of Portsmouth laboratory for classification and testing. A
preliminary testing procedure was carried out on these soil samples to ascerfBiRHthe
concentration level. Preliminary characterisation tests, includeMS&Gvas performed on

the soil samples to examine the total TPH concentration.
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The average TPidoncentrabn was 9.81 mg/kg. for the 4 soil samples extracted from the
designated nowontaminated site of the Greater Burgan Field-Nigwa area), In
comparison, the TPH concentration for disturbed soil samples taken at the designatec
contaminated site within theame area was 18683.37 mg/kg (Tables A.4.1 & A.4.2 and

Figures A.4.1 & A.4.2).

4.4 Final Selected Location (Greater Burgan Field Al-Magwa Area)

Based on the results from the preliminary soil sampling, it was confirmed thGrelager
Burgan Field Al-Magwa aea) has remained contaminated since th&dlf War (1990).
During the soil investigation process, a number of obstacles were encotggpesilly in

the early part of the workallowing entry into the Greater Burgan Field, this had affected
the soil sample schedule, these obstacles were:

X Theseoil lakes are categorised as being within the authority of the
Kuwait Oil Company (KOC) and the Kuwaiti Defense Ministry. As
such, entry to the project site is limited to employees of the private
contracting companies. The noontaminated site has no entry
conditions for the collection of soil samples.

X *DLQLQJ DGPLVVLRQ W-R-chaigél of th& fs8uaRdd bfF HU
official permits to enter the site legally to take samples was a lengthy
process.

x In view of the large organisational structure of the KQ#hich is divided
into several sectorsit took a very long time to assess, search for and
collect the required information from relevant departments. The problems
included complying with their Quality System requirements to identify the
correct departmenh-chage and present them with all project

documentation plans; main samples plan; and the official letter from the
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University of Portsmouth. The Greater Burganl ®Gield comes under
more than two sectors.

x The area where theil lakes are located is extremelyadgerous as it
contains mines and unexploded ordnance left behind after the war.

x Collecting samples during the summer season (hot and arid climate) at
these hazardous sites is not permitted. This is because during the hot and
arid climate, the hydrocarb@ontamination evaporates into the air.

Towards the end of the finalised location, an entry permit was issued so that the work plan

sampling and methodology could be submitted to the relevant department of the KOC.

4.4.1SiteHazards and Restrictions

A number of meetings and visits were scheduled with the relevant managers from various
departments in the KOC responsible for thiklake sites at the Greater Burgan Field.
These included the: Health Safety and Environment Departmen&(lHy Production
Operation Department (PO); and Research and Technology Departme&t TR
Furthermore, on 17 - X O\ $ FRQILGHQWLDOLW\ DJUHHPHQW
office in the AFAhmadi area outside the Greater Burgan Field security fence, between
their Research and Technology Department&RT) and the University of Portsmouth
(UoP).

The UoP was represented by the PhD Research student on behalf of his supervisors. Upc
signing of the agreement, on P2August, 2012, an Explosive Ordnance Disposal (EOD)
clearance was requested from the HS&E Department by the T&C department for entry into
WKH PDLQ VDPSOHVY VLWH )LJXUHV $ D % E $
A.4.4e and A.4.41).

The area of the Greater Burgan Field is regarded as the megoromic region for

generating revenues for the State of Kuwait; it is vibrant with numerous engineering
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projects, therefore, a lengthy procedure was required to schedule meetings with the HS&E
and PO departments to finalize the entry permit for the Bitethermore, collection of
samples at the hydrocarbon contaminated field area was not permitted during the summe
season due to the increase in hydrocarbon evaporgiiatentially highly dangerousthis

was one of the major obstacles to the project.

Finally, on 11" November, 2012, a temporary entry permit was obtained allowing for a
meeting with the experts from the HS&E and PO departments: Meeting one was to finalize
and select the specific site location (dillake) and present the main samplingupl The
second and fial meeting was conducted on™lRovember, 2012 with the same personnel

to discuss and present the final sampling plan and to determine the number of skilled
labourers required for the collection of samples (Figures A.4.5, A.4.6 @nd)A

All meetings with regards to the main sampling plan and time schedule were finalised in
accordance with the conditions and requirements, as follows:

x Reducing sample collection quantity from 400 to only 132 samples.

x Disagreement as to extraction tie hydrocarbon contaminated soil
samples using borehole truck method so as to mhiadisturbed soil
samples for Direct Igar test; agreement was only with the trial pit
method. This was because of health and safety issues, e.g. the ground
condition of he dry oil site was very dense, unstable and dangerous which
could pose serious risks to KO&bourers As such enquiries were raised
with KOC technical staff, i.e. project supervisors and the INCO Lab firm
in Kuwait in order to collect undisturbed sampleghout a borehole
truck. They suggested that the only means of collecting the samples would
be to fabricate tubes with fixed lengths and diameters so that the

undisturbed soil samples could be extracted (Figure A.4.8).
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x The time for sample collection wémited from 7.00 a.m. to 11.00 a.m. as
the dryoil lake area can be very hazardous to ldeourershealth due to
the increasing of hydrocarbon evaporation in the afternoon period. As such

the working hours were based on this constraint.

X The sample collgion should be halted in the case of rain because the wet

conditions of the site would be dangerous for the workers.

The existing KOC site conditions were studied by means of site visits, reviewing
reports from private construction firms operating wittive Greger Burgan Oil

Field (Al-Magwa a&ea) as well as requesting any relevant information regarding the
site. Infact, Al-Duwaisan and ANaseem(2011, p. 441) stated that the highest
hydrocarbon content of the contamination area was encountered@haatege of
0.15m to 1.2m; the soil sampling plan at the contaminated site became clearer
with this information. The dimensions of the sample area weran1@0L00m. A

total of 25 Trial Pits (T.Ps) were excavated to obtain more contaminated soil
sampls. The depths of the trial pits varied from @0 0.25m, 0.5m, 1.0m and

2.0m (section 4.5 for further details).

4.4.2 Site Safety Requirements
Due to the nature of the site precautionary measures the following had to be

complied with at all times:

x No food or drink should be consumed at site during the collection of

samples.

X No smoking allowed within the site as the area is flammable due to the

presence of hydrocarbon in the ground.
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x Workers are to be reminded to ensure hands are washed befonegirink

eating or even smoking due to possible hydrocarbon contamination.

X A risk assessment form from the University of Portsmouth (UoP) was
prepared and approved prior to data collection so as to ensure that the
researcher was fully aware of the risks expeat the sample collection

area (Figures A.4.9a, A.4.9b, A.4.9c & A.4.9d).

4.4.3 Site Walkover Survey

A walkover survey was undertaken at the site so as to ideiifglyse and
characterisg¢he dryoil lake sites and also to note any changes in texturecaluir

of the potentially contaminated soil. The survey was also carried out to: physically

view the type of contaminant of the doy lake; appreciate the general conditions

of the field; make the samply team familiar with site characteristics; and explore

the site by identifying the locations of oil hotpots prior to the selection of sampling

Trial Pits (T.Ps) locations and sample extraction methods.

A number of construction firms with ongoimgnstruction works within the test area were
approached and details concerning the ground conditions, boreholes, trial pits and
variations in groundwater were requested and collected.

The site walkover survey provided an organisedsitnfield map indiceng the sampling
locations. Additionally, data obtained from these construction firms operating within the
same area was collated, reviewed and incorporated into the map. Towards the end of th
walkover survey, a final map of the sampling zone, showirsgipte sampling points, was
prepared. The workforce and equipment required to perform the sampling work was also

identified.
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4.4.4 Site Description Dry Oil Lake

Information with regards to ground conditions was collected from previous surveys carried
out by private construction firms (INCO, 2007). In general, the below ground profile
sequence encountered at the Greater Burgeld FAI-Magwa aea) consisted oS8P and

silty sand (8M) layers. The groundwater levels were measured in the field by INCO
(2007). The water level in boreholes was observed during driling and no water was
encountered in the 10 deep boreholes (Figures A.4.10a and A.4.10b).

According toAl-Sulaimi and Mukhopadhya§2000), geologically, Kuwait was dominated

by rocks of the Tertigr Age dating from the Palaeocene to the Eocene. Limestone,
dolomite and evaporitic sequences (anhydrites) originated from the Umm Er Radhuma,
Rus and Dammam Formations are unconformably overlain by sandstones of the Kuwait
Group which is comprised of thefFs and Ghar Formations, also overlain by the Dibdibba
Formation.

The geological setting of the Greater Burgan site includes the Fars and Ghar Formation:
with interbedded sands and clays, some sandstones and weak white nodular limestone (A
Sulaimi and AlRuwaih, 2004). Superficial deposits consist of predominantly aeolian
sands, with intermittent gravels with sands, silt clay and calcareous sandstones at the
coastal areas. Moreover, the major oil reservoirs are within the Cretaceous Burgan,

Mauddud and War Formaion at the Greater Burganl®ield.

4.5 Soil Sampling Plan and Strategy

Upon completion of the preliminary site selection process, the final location was

determined taking into consideration the field hazards and constraints, health and safet)
requirements, site walkover survey and description of the sites.

The main soil sampling area was divided into two separate sites, i.e. potentially

contaminated and netontaminated site. The main sampling for the contaminated soil
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with hydrocarbonwas undertaken within a period of one month frorff Mdvember to

17" December, 2012Fjgures A.4.11 and A.4.12). The sampling period was selected as
this was the winter season when the hydrocarbon evaporation in the potentially
contamination area was @& minimum level and so posed lower health risks to the site
workers. Nevertheless, the main sampling for the-camtaminated site was carried out in
January 2013.

The sampling method and procedufer both potentially contaminated and Ron
contaminatedites were carried oltased upon square grid pattern as there is inadequate
information abouthe site (i.e. contaminated siie)order to indicate thikely locations of
pollutantsin the site(Nathanialet al, 2002) Therefore, the sampling trial pifat both sites

have been selected uperact dimensions, i.e. length, width and depth. Furthermore, from
the research, a total of 25 Trial Pits were planned and excavated at the hydrocarbor
contaminated site. The distance between each T.P. was. 2fowe\er, the KOC st
reduced the number of T.Rsonly 22.

The sampling area covered a 100 m x 100 m plot of land with 25 m grids in x and y
directions. Samples were taken at depths of 0.0 m (top soil), 0.25 m, 0.5 m, 1.0 m, 1.5 r
and 2.0 m below ground lel At the noacontaminated site however, onlyTSPswere

dug within the same plot siZ&800m x 100 m) and the same dep{B<0 m, 0.25 m, 0.5 m,

1.0 m, 1.5 m, and 2.0 m).

The distance between the T.Ps was generally 100 m with the exception of ometheP.
centre which was at a distance of 50 m. (Figures 4.5 & 4.6).Finally, the distance between
the potentially contaminated (doji lake) and norcontaminated site was 4kn. (Figure

4.7)
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Figure 4.5.Top view plan of Trial Pits (T.Ps) locations for soil samples at potentially contaminated site in Great Burgan Oil Field (Al-Magwa

area).
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Figure 4.6.Top view plan of Trial Pits (T.Ps) locations for soil samples at potentially neoontaminated site in Greater Burgan Al Field (Al-

Magwa area).
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Figure 4.7. Location of the potentially contaminated (dryoil lake) and non-contaminated sites in Greger Burgan Oil Field (Al-Magwa area).
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4.6 Sampling Methods for PotentialContaminated and NonContaminated Sites

The chosen potential contaminated site is close to the Gas Cent@J&@d several oil

well pipeline. Some of these had been destroyed during the Iragi invasion of Kuwait,
consequently the amelooked like an olddry, oil lake. Photographs were obtained from
2&TMV *,6 VRIWZDUH LQFOXGLQJ VLWH FRRUGLQDWHYV
of the sampling site. Small coloured flags were used as markers so as to easily locate th
position of Trial Pit Coordiate (T.P.C) within the site before digging and sample
collection commenced.

The noncontaminated site where the samples were taken from, on the other hand, was
relatively clean with some scattered shrubberies and small plants. A photographs was als
obtaiQHG IURP .2&fV *,6 VRIWZDUH DQG *RRJOH (DUWK
indicate the position of the sampling site. The -contaminated site was located beyond
WKH .2&TV VHFXULW\ IHQFH 6PDOO FRORXUHG IODJV
the location of T.P.C at the netontaminated site prior to digging andlleotion of
samples (Figures 4.8 and ®1.During this sampling phase, disturbed and undisturbed

samples were taken from both sites.
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Figure 4.8 Coordinatesfrom GIS software for potentially contaminated locations(dry oil lake site) at Al-Magwa area (A),dry oil lake location

that near to the GG09 at Al-Magwa area (B) andthe dry oil contamination in soil at the site location (C).
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Figure 4.9 Coordinates from GIS software for potentially norcontaminated site location at AIMagwa area(A) Plus the norrcontaminated ste

location that out of the Greater Burgan Oil Field fence (B) andone of the Trial At (T.P.) located and desert plantsn the site (C).
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4.6.1 Disturbed Sampling

Manual digging equipment (chisel and shovel) was used to extract disturbed samples fron
several depths (0.0 m, 0.25 m, 0.5 m, 1.0 m, 1.5 m & 2.0 m) below ground level at both
potentially contaminated amtbnrcontaminated sites. All disturbed samples were collected

in plastic bags and carefully sealed with plaster. Each plastic bag was labelled according tc
the site name, trial pit coordinate and sample depth. Each plastic bag was labellec
according to thesite name, trial pit coordinate and sample depth. They were then
transferred to storage under controlled temperature conditions of 18 C°. This was carriec
out according to the sampling preservation method of these studies, i.e. ASTM DB%220

(2000) and Ladon (2007) (Plate 4.1).

x For the purposes #1SD, Atterberg Limits, pH and water solubleCl-
and (SG; & SO,) tests 132 samples, each weighting5 Kg, were
taken from the22 T.Ps @2 samples from each sampling depth) at the
potentially contaminated site as well & samples collected from the
five T.Ps at the noontaminated site.

x Anotherl132samples each weightirg g, were taken from the 22 T.Ps
from six different depths (i.€0.0 m, 0.25 m, 0.5 m, 1.0 m, 1.5 m and
2.0 m) in the potentially contaminated site, ah@ samples, each
weighting 50 g from two depths of 0.0 m and 0.25 m only, from the
potentially norcontaminated site. Each one of the above samples was
taken for the prpose of the elemental analysis test.

x Another110 samples, each weightintD0 g, were obtained from five
depths of 0.0 m, 0.25 m, 0.5 m, 1.0 m and 1.5 m from the 22 T.Ps in the
potentially contaminated sit&0 samples, each weightin0 g, were

obtained from two depths of 0.0 m and 0.25 m only, from the
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potentially nonrcontaminated site. All the above samples were obtained

for the purpose of th&C-MS test
All the plastic bag samples collected for the elemental analysis anM&@&sts were
placed insi@ conservation (heatproof) boxes and transported to the chemical laboratory at
KISR Ahmadi Branch and stored under 3°C. For the purpose of this test, sampling was
undertaken in the morning (5 a.m.) during the winter season and transported directly by cal
(a distance of 19 km) to the laboratory. The EBA Method 8270D (1998) and Hesnawi
and Adbeib (2013) method was used durimg sampling process. Figure 4 déXtails the

sampling site and chemical laboratory at KISR Ahmadi.

4.6.2 Undisturbed Sampling

x For the Purpose of thBirect Shear test undisturbed samples were
obtained from different T.Ps at depths of 0.0 m, 0.25 m, 0.5 m, 1.0 m
and 2.0 m. Sampling was undertaken by means of pushing a sharp
edged stainless steel tube of 25 mm diameter by 45 nghthterough
the soil by tamping the tube gently through the soil (ASTM D 2087
2008). The soil inside the tube was trimmed at both top and bottom
sides. The tubes were then secured using rubber cups at the top and
bottom, placed into a plastic bag arehled with plaster. Bags were
then transferred to the conservation box to be transported directly to the
soil laboratory in order to find the natural density and water content.
The soil was then taken from these tubes and compacted again inside
the shear & to ascertain the natural density and water content as it had
been on the site, in other words, inside the sampling #bhsamples
were obtained from the potentially contaminated site Ehdamples

from the potentially noitontaminated site.
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x For thepurpose of the permeability test, sampling was undertaken using
the same method as that used for obtaining undisturbed samples inside
the stainless steel sampling ring. The difference being that the sampling
ring size was 50 mm diameter by 50 mm height dhdt the
permeability test was conducted on the undisturbed sample inside the
sampling ring itself.24 samples were taken from the potentially
contaminated site whil&2 samples were collected from the potentially
nonrcontaminated site. Plates 4.2 and &8 photographs taken during

the field sampling works (plate A.4.2).
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Plate 4.1. Soil samples were stored within 18 °C temperatures before transferring to the lab
to be tested for Atterberg Limit, Sieve Analysis, pH and Water solule Chloride (CI-) and
Sulphate (SO; & SO,) contents.

Samging Location

1
v

Figure 4.1Q Location of the sampling site and chemical laboratory at KISR Ahmadi branch

clarifying the distance between the two locations.



126

Plate 4.2. Dy oil lake at contaminated site (A), the works of digging at the contaminated site

(B) and the soil profile in the contaminated site (C).
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Plate 4.3. Noncontaminated soil samples (A) plushe undisturbed soil sample taken for
Direct Shear test at nonrcontaminated site (B) and the soil pofile in the non-contaminated
site (C).
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4.7 Soil Characterisation

This section showing the methodology for the soil characterization of potentially
contaminated and nerontaminated sites will be outlined and classified into aspects, i.e.
geotechnical and geochemical characterisation as well as hydrocarbon pollutants
characterisation.

Geotechnical testing was carried out in order to determine wiatheil lake residue had

had any significant effect on the geotechnical properties, i.e. physical and strength
properties, of the solil; this was undertaken by comparing the contaminated and non
contaminated soils. The geochemical testing was carried out to see wdrgtiodr lake
residue had any influence on the geochemical properties; also performed through a
comparison of the contaminated and foomtaminated soils. The hydrocarbon pollutants
test was cared out to see whether doyl lakeresidue had created a ohieally aggressive
problem for the environment; this was performed through detecting chemical compositions
of the hydrocarbon pollutants and their concentration in the contaminated soil.

7KH JHRWHFKQLFDO JHRFKHPLFDO DQ G the\®@ritafhhatedE R Q
sanples collected at the dwil lake site in the Greater Burganil@ield (Al-Magwaarea)

was essential to this study as the area will see significant construction and developmen

over the next five years.
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4.7.1 GeotechnicaCharacterisation

$V UHDOLVHG IURP WKH VDPSOH FROOHFWLRQ SKDVH
was no longer found at depths lower than 2.0 m. Therefore, the investigation was limited to
this depth 2.0 m.

The geotechnical tests carried owr this study included the PSD, Atterbergmit,
permeality (hydraulic conductivity), Direct Isear and SEM tests. The PSD and
Atterberg Limit test were conducted on samples collected from two sites (contaminated
and noncontaminated), whereas the SEMttevas utilised to further investigate the grain
sizeand shape of the samples. Themeability test (hydraulic conductivity) gave an idea

of the extent of hydrocarbon entrances through the soil layers and of hydrocarbon
contamination migration to the gound water. While the Directh®ar test gave an idea as

to the bearing value of soil which might be affected by hydrocarbon contamination.

The material collected from each site was divided into two portions using a mechanical
splitter. One of these waseh shipped to the University of Portsmouth in the UK and
stored in a laboratory for SEM work; the other remained in three laboratories in Kuwait,
including those of INCO in the Sabhan region, SMATCO in the Alrayi region and at the
soil material laboratoryn the Kuwait Institute of Scientific Research (KISR) (Figure
A.4.13).

Sieve analyses and Atterbergirit tests were carriedud at the INCO laboratory. The
Direct Shear tests were conducted at the SMATCO laboyatehile the permeability test

took placeDW WKH .,651V VRLO ODERUDWRU\
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4.7.1.1 Plasticity

The Atterberg Limit test for Liquid Limits and Plasticirhits were carried out on soil
samples in this study in accordance with the methods described by BS 1377, part 2: 1990
4.5 and 5.3BSI, 1990a)respectively. The laboratory work on this test is shown in Figures
A.4.14, A.4.15 and Plate A.4.3 in Appendix A.

4.7.1.2 Particle Size Distribution (PSD)

The technique known adry sievingis appropriate for soils with very little content of silt

and clay particles (sizes of less than 6 um) normally used in the UK under (BSI, 1990a),
therefore, this technique was chosen for this study. Some photographs were taken in th

laboratory showingite author performing this test (Figure A.4.16 and Plate A.4.4).

4.7.1.3. Scanning Electron Microscope (SEM)

The SEM method is regularly used to produce images of shapes of objects (SEI} in high
resolution to indicate spatial variations in chemical comjprs GIA, n.d). Thus, SEM

tests were performed to further analyse the distribution of particle sizes in high resolution
images of the sample in an effort to study the effect of theitltgke upon the shape of
surface grains. Two samples were testatk taken from the hydrocarbon contaminated
area and anotherdm the norcontaminated areai@fure A.4.17). This means that multiple
grains for each soil sample (contaminated and-cwmrnaminated) were obtained and
attached to an Aluminium pin stub usiagarbon adhesive disk. This was then coated with

a fine coating of Gold/Palladium which was donauking a manual sputter coater.

4.7.1.4 PermeabilityHydraulic Conductivity)
The permeability coefficient test performed on soil samples was undertaletandance
with the procedures defined in ISO/TS 17892 2013, with constasttead conditions. For

more details about the test procedures see Table A.4.3 and Plate A.4.5 in appendix A.
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4.7.1.5 Shear Strength

The Direct $ear tests were perfoed in acordance with the BS|1990b) by means of
testing apparatus (MATEST) equipped with a mechanical loading system. All samples
were prepared by compacting a fixed amount of soil in a square shear box with dimension:
of 60 mm x 60 mm and 23 mm thick in orderttave the same natural density in the site

(of undisturbed sample).

The soil in the square shearing box was then tested under consolidated drained condition:
Vertical loads were gradually applied incrementally to provide the required normal
(vertical) dress. Three different normal stresses of 50, 100, 150 kPa were applied during
WKH WHVW LQ RUGHU WR GHWHUPLQH WKH DQJOH RI
stress was applied for a certain period of time (around 45 minutes), this was reguired
ensure the full settlement of the sample. The soil sample was subsequently sheared at
displacement rate of 0.35 mm/min, during which readings of shear displacements
(horizontal displacement) and shear force were recorded at suitable intervalsréfifstog

of the sample tests in the laboratory are illustrated in Plate A.4.6.

4.7.2 Geochemical Characterisation

This section details the geochemical characterisatiohsding: names pH; water soluble

(Cl-, SO; & SOq); Vario Macro elemental analysis @, N %, H% & S %); and GGMS

(TPH concentration and their compositions). Tests were carried out to establish the

geochemical properties of the potentially contaminated anetootaminated samples.

The pH test was conducted to determine soil aciditglkalinity, while the water soluble
Cl-, S andsO, WHVWY DQDO\WHG WKH VRLOVY FKORULGH D
could lead to chemically aggressive corrosion of concrete and the reinforcements in

reinforced steel particularly in foundationsifuctures.
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An elemental analysis test was performed to assess the percentages of carbon (C %
hydrogen (H %), Nitrogen (N %) and sulphur (S %) in the samples. Meanwhile, the GC
MS test was carried out to determine WfeH concentration and its chemiaadmposition

in the soil. These tests were conducted in two laboratories in Kuwait, namely the KISR
Ahmadi branch and the INCO laboratory in Sabhan.

4.7.2.1Hydrogen lon Concentration (pH)

The soil pH test in this study was carried out in accordance watméthod described by
BS-1377part 3, 1990BSI, 1990c)A 30g mass of each soil sample (contaminated & non
contaminatedyvas dried in a drying cabinet at 40 °C for 24 h (Lec, UE§ch sample was
re-weighed and poured into a beaker, 75 mL of distilledewatas then added to the
beaker and mixed for 5 minutes byregechanical stirrer (CP Cofgarmer).The mixture

was allowed to stand for one hour so that most of the suspended materials could settle. Th
pH reading was then taken for samples by a pH metier laéing calibrated for pH Plate

A.4.7 illustrates the testing procedure undertaken in the laboratory.

4.7.2.2 Water Soluble Chloride (§land Sulphate (S@& SO,4) Content
For this study, the tests on soil samples were caougeth accordance with BSI377,part
3:1990: 7.2 and (BSI, 1990c).The works laboratory for the water soluble SG; and

SO, tests are shown in Plate A.4.8.

4.7.2.3 Vario Macro Elemental Analysis (EA)

The elemental analyser test was performed uSIRINS in accordance with the Vario
Macro apparatus for soil samples to determine the percentage of carbon, hydrogen
nitrogen and sulphur content present in the soil. In principle, the operation involved
digestion of samples at very high temperatures diiden 800°C to 1200°C followed by

scrubbing of noranalytes from the combustion gasses. A Helium career stream was
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employed to transport the analyte gasses. After the formed nitrogen oxide was reduced, th
gas mixture was separated into its componentEiwivere then released to a detector
(TCD) in sequence.

Moreover, percentage contents of the elements were determined from the detector signe
which was linked to the sample weight and the stored calibration curve (Therd#hive
Way of Macro Analysis, n.jl The separation of gas was carried out using computer
controlled absorber/desorber tubes specifically designed to absorb the analyse gasses
H.O, CG or SG and to release them by increasing the temperature. This resulted in an
immense dynamic conceation and an overlafyee peak separation (The Unigal Way

of Macro Analysis, n.qg.

Samples were weighed into 45 mg by electronic scale weight and then well wrapped in
small foil. All the samples prepared for this test, were taken into the sample bbttie
HOHPHQWDO GHYLFH VDPSOH WRRN PLQXWHYVY WR \

and C %) were presented in a PC computer linked to an elemental device (Plate A.4.9).

4.7.3 Hydrocarbon Characterisation

As explained in Chapter $.61) by ATSDR, 1999, the terrniPH is employed to define a

large group of hundreds of organic compounds derived from crude oil. Although it is
unrealistic to perform measurements on each individual compound, for the purposes of this

study, analysed hydrocarbon paént in soil samples has been terrmé&d.

4.7.3.1 Hydrocarbon Extraction

In order to extract the hydrocarbon from the soil sample, an Accelerated Solvent Extracto
(ASE350 Dionex) was used |&Re 4.4). The ASE is capable of extracting hydrocarbon
sampes in a much shorter time and with a considerably less amount of solvents as

compared with other usual methods such as Sonication and Soxhlet. During this phase, so
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samples were taken for analysis of the dry weight. It is important not to use heah@ dry
the samples to avoid losses of some TPH.

The weight of soil sample used is dependent upon the concentration of hydrocarbon
contamination. In the case of samples with low concentration hydrocarbon contamination,
sample weights of between 1 to 5 g arremended while 0.5 to 3 g is recommended for
samples with high hydrocarbon contamination. This approach was employed in the
chemical laboratory at KISR with regards to the TPH analysis for soil samples using GC
MS tests. Furthermore, Dionex (2011) stdked the recommended sample weight used for
TPH extraction in soil through ASB50 should be between 3 and 20 g.

For this study, so as to minimise the risk of contamination of the GC column, smaller
sample weights, for example 3 g, were suggested. This lise with the development
method defined in by Dionex (2011) and KISR.

During this phase, the 3 g of sample soils were thoroughly mixed with an equal volume of
Diatomaceous Earth (Thermo Scientific, USA) drying agent and packed between acid
washed sandBDH, USA) and cellulose filters (Dionex, UK) in an extraction cell and
positioned on the Dionex ASE50.

The extraction process was completed ugh&F-350 (Dionex, UK) in accordance with

the technique adapted from the Dionex method p D F F H O HéhDeWrBicGonoRTPM

FRQWDPLQDQWY LQ VRLOVY 'LRQH]
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Plate 4.4. Accelerate Solvent ExtractofASE-350) device used to extract the hydrocarbon

from the soil samples.
The ASE350 conditions used based on met3@d (Dionex, 2011) following US EPA

Method 3545A are showin Table 4.1.

Table 4.1. The Conditions utilised in ASE.

Conditions TPH

Solvent used 1:1 Hexane: Acetone
Preheat up time 0 min

Heat time 9 min

Static time 5 min

Flush volume 60 %

Nitrogen purge 60 sec

Oven temperature 200 °C

Pressure 1500 psi

Cycles 1
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Upon extraction, the sample was transferred into mb@lumetric flask and mixed with

3 g in volume of activated silica gel to prevent contamination of the GC column. The polar
compounds in the samples were removidte extract was then filtered by means of 0.45
pm Chromacol filters to remove any particles that may cause blockage in the GC column.
After filtration, samples were retained for 3 hours to allow the silica gel to settle. The
liquid layer was then separatadd transferred to a sample beaker. Next, the samples were
blown down to 1ml using heat and Nitrogen by placing the tube into the Turbo Evaporator
(EQPR-11, Athena technology) so that it could be transferred into the GC vial for the GC

MS analysis (Plate.8).

A Silica Gel B Sample Holder | | Nitrogen Gas

Plate 4.5. Extract sample filtration (A) and the turbo evaporation system used to concentrate
the extract sample (B).
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4.7.3.2 Gas Chromatograph Mass Spectrometry (MG)

In accordance with Bul, (2008EC-MS was utilised in mixtures to segregate the volatile
compounds so that they could be quantified and identified. Within this technique, ASE was
employed to extract the petroleum hydrocarbons from solid samples. Thetexime
subsequently analysed using the-SIS technique.

TPH was further analysed by means of Agil@®chnologies (USA) 6890N GC with
5975B MSD, 7683B Automatic liquid sampler and Agilent HP-5MS (P/N# 19091S

433) columnjn accordance with the methodescribedn Table 4.2Plate 4.6):

Table 4.2. The method used in GEMS instrument.

GC-MS Instrument Parameters Methods
MS Modes Scan Mode
Software used Agilent MSD Chemstation.

Lower mass | 20 m/z.
Higher mass | 450 m/z.
Solvent Delay 2 min.
MS-Source | 230 °C.
MS-Quad 150 °C.

Scan parameters

MS Parameters

Multimode inj ection 2l in split less mode
Agilent HP-5MS (P/N#
Column Used 19091S433) 30 m x 250 pm
x 0.25 pm
Injector 220 °C
temperature

Initial temperature 60 °C held for 10

OuEn minutes and then increased under tv]

Temperature .

Temperature different temperature rate.
Program Temperature | Increased 15 °C/minute to 220 °C ar
9 Rate (1) held for 5 minutes.
Temperature Increased to 260 °C at the same ratg
b of 15 °C/mirute and held for 5
Rate (2)

minutes.
Total Run time | 33.33 minutes.
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Agilent 7683B Automatic liquid Sampler

Agilent
Chemstation Agilent
Software Agilent
5975B MSD 0890N &¢

Plate 4.6. Agilent Technology 6890N GC with 5975B MSD and 7683®utomatic Liquid

Sampler.

Using the Kuwait Diesel Standard, the TPH calibration peaks were prepared at
concentrations of between -2000 pg/ml. A Diesel Range Oil (DRO) which contains
C10-C28 was injected on a regular basis to confirm the retentionrapeatability. The
UHWHQWLRQ WLPH IRU WKH DUHD XQGHU WKH SHDN IF
23 minutes, this area under the peaks was integrated according to standards (Figure 4.13
A linear regression equation was formed by plotting thibicdion peak of diesel in pug/ml
against the area under the peak and this was used to convert the area under the peak ir

TPH in pg/ml. This was converted to contation per dry weight of soil.

Dry Wt
x 100 =DryMass (%) =~~~ " """ T TTT oo T TT oo TT o omommmmmmemmmmmmemmmem e (EQ.4.1)
Wet Wt

Wet Wt. x Dry Mass
= Dry Wt. of Soil (Actual used N ASE} - - - - - - oo oo~ (EQ. 4.2)

100

TPH (ug/ml) obtained from the Integration
x 1000 = TPH of Dry Soil (ug/gy----------- (EQ. 4.3)

Dry Wt. of Soil Used
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4.7.3.3 Unresolved Complex Mixture (UCM)

Hump or unresolved complex mixture (UCM)as shown inGC-MS chromatograms
(Figure 4.1) - resulted from incomplete degradation of petroleum hydrocarbon in
environmental samples along biogenic organic compounds such as alkanes, steroids
sterones, fatty alcohols, fatty acids and wax esters. When this chromatogram (Figure 4.13
Is integrated with baseline at retention time for 6 min and to In@saeti retention time for

23 min (this method was advised by the (TPHCWG) (1998, p.27)), it was found that the
area under the curve of UCM increased more than for the area under individaal spi

The chromatograms of DRO could be integrated by either considering only the area undel
individual spikes without considering the area in UCM part or by considering both the area
under individual spikes and corresponding area in the UCM- piaet later was followed

in this study. This method has been used in many published papers investigating
environmental saples including those of Muijs aribnker (2009), Bregnawt al (1998)

and Wanget al (1995). This method of analysis was preferential fas #tudy to one
involving the measuring of each peak height due to the lack of distinct peaks found in the
chromatogram during the development of the methodology. TheViGGnethod used

during sample testing is presented in detail in Figure A.4.18.
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Figure 4.11 An example of an area under the peak of DRO.
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4.8 Statistical Data Analysis

The geotechnical, geochemical and hydrocarbon pollutants characterisation tests data use
in this study were analysed quantitatively using IBM SPSS Statistics (Statistical Package
for the Social Sciences) version 21 ugig 0.05 to define statistical sigicance. In order

to carry out the statistical analysis, the data analysis framework was first outlined, this was
followed by data classification and then application of the following quantitative tests:

x Outlier Testing (Boxplot and Outlier Labeling Rule
x Normality Testing (Shapir@f Normality)
x Parametric or NoiParametric Tds (i.e. FTest or Mann Whitney U dst)

X Linear Regression and Wilcoxomg8ed Rank tests.

4.8.1 Data Classification

Soil samples were taken at various depths from two different sites, i.e. contaminated anc
noncontaminated sites, for geotechnical, geochemical and hydrocarbon characterisation
These samples are briefly classified within this -sabtion to assess theibiity to
confirm the type of statistical analysis tests to be used for the geotechnical, geochemica
and hydrocarbon analysis in this study (Tabde3 to 4.5. Therefore the design is a
betweergroups study (grouft: contaminated data, gro@p noncontaninated data) with

three test samples (geotechnical, geochemical, and hydrocarbon soil samples). Each to &
taken at six depths: 0.0 m; 0.25 m; 0.5 m; 1.0 m; 1.5 m; and 2.0 m. The comparison
between the mean values (if parametric data) or median valuesn{farametric data)
taken from the contaminated and rmontaminated sites will, therefore, be used for the

statistical analysis.
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Table 4.3, Table 4.4 and Table 4lelow) summarise the soil samples collected for the

geotechnical test, geochemiocast, and hydrcarbon analysis, respectively.

Table 4.3 Number of soil samples utilised for the geotechnical tests.

Note: * contaminated s#, **Non-contaminated site, **samples number collected from both sites for
Geochemical tests.

Table 4.4 Number of soil samples utilised for the geochemical tests.

Note: * contaminated s#&, *Non-contaminated site, **samples number collected from both sites for
Geochemical tests.

Table 4.5 Number of soil samples utilised for hydroarbon pollutants analysis test.

Note: *samples number collected from both sites for ®4S test.
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4.8.2 Outlier Labelling Rule and Normality Tests

Boxplots were initially used to visually search for outliers on each boxplot, after which the
HDEHOOLQJ 2 X\Mcedute Was peddifiexh the datdor both contaminated and
noncontaminated sites to identify lower and upper outliers through the use of the

following formula:

Lower outlier values €Q1- (1.5 * (Q3 Q1)) ------c-mm oo (EQ. 4.4)

Upper outler values = Q3+ (1.5 * (QR1))y-------------------------------- (EQ. 4.5)

Where Q1 is lower quartile, Q3 is upper quartile (obtained via Quartile, Percentiles in
SPSS), and g is a standard valud & (Hoaglinet al, 1989 For this procedure, a low
outlier is defined as a value that is lower than the lowest lower outlier; whereas a high
outlier is defined as a value that is higher than the highest upper outlier value. These value
are then looked into the SPSS, descrgdiexplore, extreme values table. Outliers are
deleted from the dataset.

Prior to statistical analysis, the normality assessment of data is a prerequisite due to the fac
that the normal data is the fundamental assumption for parametric tests. Cretheaot,

the nonanormal data follows the assumption of a fparametric test. The numerical
approach is employed mathematically using two primary tests namely Kolmegorov
Smirnoff (K-S) and Shapir@Vilk (S'W), the latter is more appropriate for small saenpl
VL]H ” F DV H VStotey) V.di Gese@ests compare the set of scores in a sample to
a normally distributed set of scores having the same mean and standard deviation. Shoul
the test prove to be nesignificant (i.e. pvalue > 0.05 where theyalue obtained from the
software is considered as being significant value e5ji& (SW) tests), this demonstrates

that the data is not considerably different from a normal distribution i.e. the data is

normally distributed. However, in the case the tedbund to be significant, i.e-yalue
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<0.05, the data is not normally distributestdrey, n.d. As mentioned bystorey (n.d.

and Pallant (2005), the' W test is employed when sample size is small, i.e. less than 100.

4.8.3 Parametric and NoiParametric Method

The parametric method is typically employed in circumstances where the data follows a
normal distritution (Pallant, 2005) According t&ullivan (2016), the parametric test
includes specific probability distribution or normal distributionpribvides estimation for

the important parameters of the data distribution such as the mean or difference in the
means from the sample data. In contrast, if it is obvious that theidlatat normal
distribution, the nosparametric method can be employest@&ad. As clarified by Sullivan
(2016), the nosparametric test is occasionally termed a distribufree test as it is based

on fewer assumptions, e.g., they do not consider that the outcome is normally distributed.
As classified by Pallant, (2005) andgule (2001), the common statistical tests employed

in parametric and neparametric methods for thetdaare as displayed in Table 4.6

Table 4.6 The tests used for parametric and nosparametric statistics Source: Pallant,
2005;Kasule, 2001).

State Parametric test Non-Parametric test
One sample z-test, One sample-Test Sign test
Two independent samp_le Wilcoxon Rank Sum Test, Man
means/mean ranks/medians Independent samplesTest

between groups Whitney Test

Two paired sample
means/mearranks/medians Paired FTest Wilcoxon Signed Rank Test
within groups
Three or more independent
sample means/mean
ranks/median between groups
Multiple comparison of
means/mean ranks/median
within groups

Between Groups ANOVA (one

Kruskall Wallis Test
way)

Repeated Measures ANOVA

Friedman Test
(compares mean)
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4.8.3.1 FTest
The T-Test is a parametric statistical test used to determine whether the mean difference
between two normally distributed groups is statistically significant (Pallant, 2005). It

supports a null hypothesis which specifies that:

HO: the population means of both groups are similar (when-tiadug is > 5%).
H1: the population means are significantly different (when théP O XH LV ”
The T-Test is expressed as:

t(DF) = tvalue.

DF = Degrees of Freedom.

P =p-value.

4.8.3.2 MannWhitney U Test

The purpose of thaonparametric ManiWhitney U Test (norparametric veiisn of the
independent samples-Tlest above, Shier, (2004)) is to assess whether two independent
groups differ sigificantly in some dependent variable, which is either ordinal or
continuous, or whether the data is not normally distributed (Field, 2009).

Its purpose is to test the null hypothesis for two samples which come from the same
population, i.e. have the samedian, or alternatively, whether observations in one sample
are inclined to be greater than observations in the other. It compares two distributions
across their mean ranks, rather than mean values. While it is regarded agaaamoetric

test, it stillconsiders that both digtutions have a similar shape.

The hypotheses assumed in Maithitney U test are:

HO: the population medians are similar (used ifghalue > 5%).

H1: the population medians are significantly different (used ipthéD O XH ”
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4.8.3.3 Wilcoxon Signed Rank Test

According to Vorapratee{?2013), the Wilcoxon signedank test is a rank basatternative

to the parametric -Test where the distribution of differences within pairs is symmetrical
without the need fonormal distribution (Oyeka and Ebuh, 2012). Shatwal (2000),
reiterated that this assumption for normal distribution is not considered in the Wilcoxon
signed rank test as the test is based on the rank order of differences instead of the actu
mean diferences value. Nonetheless, it is still required to assume that the distribution of

the differences is symmetric.

Thehypotheses assumed in Wilcoxon Signed Ragdt &re:
HO: the population medians are similar (used ifghalue > 5%).

H1: the populatio medians are significantly different (used if ther DO XH ”

4.8.3.4 Regression Analysis

Linear regression analysis was used to investigate and model the relationship between

response variable (dependent variable) and one or more prediciaibles, to determine

the contribution of response variable(s) to the dependent variable (outcome in a
scatterplot), the predictor is displayed on thaxis and the response variable on thaxig.

A line of best fit can be added to show the directibthe relationship, and the accuracy of

the prediction based on the R Square value, which shows how the actual data fits the
predicted data values along the regression line. The linear regression equation is expresse
as (Yates, 2012):

m = slope omradient

c = the y intercept

Linear regression is based on the assumption that the data is normally distributed.
Additional assumptions to assess model fit include reoltinearity (multiple predictors

should not be correlated highly above .8); indejeece of errors (assessed using Durbin
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Watson statistic which should be below 2); normality of residuals (errors) assessed via
histogram of residuals; homogeneity of variance (assessed via plot of residuals), and
&RRNTV PD[LPXP GLVW D QfaghostizOXHitk shapldbeihelo® X) DRzld,

2009). Regression analysis produces three key statistics to assess model fit: The R Squa
value, which indicates how much variation in the dependent variable is explained by the
predictor(s). The statistic which indicates the overall fit of the model, which should be

significant. The regression coefficients (unstandardized B and standardised Beta values

indicate the unique contribution of each predictor on the dependent variable scores.

4.8.4 Analysis Franework
The following analysis framework was developed to test the geotechnical and geochemica

data in a logical fashion, starting with the geotechnical data, followed by geochemical data:

Step 1£Screen data for outliers using boxplots and Labellingi€WRule procedure.

Step 2 Hhe Shapiro of normality was used to assess whether the assumption of normality
was met for all distributions. When the assumption of normality was violated, non

parametric statistics were performed on the data.

Step 3 tPerform an independent s&rO H-Yast @r Mann Whitney U 8st, depending on

the normality of the data, to compare the mean or median difference between the
contaminated and netontaminated site data groups at six different depths. These tests
were used taletermine the significant difference of the soil properties in terms of their
geotechnical and geochemical properties.

Step 4 zIf data violates the assumption of normality, perform a-parametric Wilcoxin
Signed Ranks test to compare soil propertissterms of their geotechnical and

geochemical properties across six different depths within each contaminated and non
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contaminated site, to examine whether relationships exist between the property values

across six different depths.

Step 5 zIf the datais nornally distributed and the aboveTest is significant, perform
linear regression to compare soil properties in terms of their geotechnical and geochemica
properties across six different depths within each contaminated armbntaminated site,

so & to predict relationships be#en property values and depth.

4.9 Summary

After detailing the: experimental programme; selecting the tentative site; detailing the
location of theeventual site (Greater Burganil @ield Al Magwa area); final soil
sampling for both contaminated and rmontaminated sites; appraising the appropriate
geotechnical and geochemical tests; and performing required technical procedures for thes
tests (geotechnical and geochemical);thar two selected sites at the-Magwa area, the
properties of the soils at the contaminated and-gmmaminated sites can then be
characterised.

It is imperative to make a note at this juncture that the conducted tests were more relevan
and precise KXV GHOLYHULQJ PRUH GHWDLOHG DQG DFFXU
were conducte in order to support robustnesithe results. Further details and outcomes

of geotechnical and geochemical characterisation for the soil samples, obtaineatinom b
the contaminated and n@ontaminated sites, as described in this study, will be provided

in Chapters 5 and 6 respirely.
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5. GEOTECHNICAL CHARACTERISATION

5.1 Introduction

This Chapter presents the findings of the geotechnical characteristics of soil samples takel
from two different locations of the contaminated (dilylake) and norcontaminated sites

(see sections (4.5.1 and 4.5.2)). Both these sites are locatedGrettier Burgan Field
(Al-Magwa a&ea). It also discusses the main outcomes and shows how the study objectives
have been addressed by linking the experimental findings with several studies in the
literature. Finally, the chapter will give a statistical analysif the geotechnical
characterisations of the soil samples thus supporting the findings of this work.

The geotechnical characterisation results in this chapter inchel&tterberg imit; PD;

SEM; permeability (Hydraulic @ductivity);and Direct $ea tests.

The test results showing similar tables and figures will be put into appendix B; those with
only limited tables and figures will be shown in this chapter as an example or

representative.

5.2 Plasticity

As expected, the findings show that thgltocarbon contamination has no effect on the
Atterberg limits because the soil was originally silty sand {jplastic). These results are in

line with various past studies, e.g. Alhassan and Fagge (2013), for example who mixed
clean sand samples with difent amounts of %, 4% and 6% - by weight- of the crude

oil. Their analysis results showed that the sand samples consistently demonstrated nor
plastic behaviour.

On the other hand, studies ©ad out by Khamehchiyaet al (2007), Rahmaret al

(2010) and Pandey and Bind (2014) concluded that forgiaged soils such as clays and

alluvium, hydrocarbon contamination reduced both their liquid and plastic limits.
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Since the petroleum material (both at liquid or other phases) is known to be hofuiooph
the consistency of the contaminated soil would not change the plasticity of soil if it was

originally nonplastic (before contamination).

5.3 Particle Size Dstribution (PSD)

5.3.1 Laboratory Results of PSD

The results of PSD for soil samples taken from the contaminateulldake are shown in
figures 5.1 and B.5.1, while figures 5.2 and B.5.2 display the results for the non
contaminated soil samples from the raomtaminated site.

Due to the significantumber of curves representing samples taken fromyniaial Pit
Coordinates (T.P.Gs which are all drawn in each figure, where each figure represents
one depth- the curves interfered ibetween these figures and did not become clear
enough. Therefore, bn the extreme PSD are represented clearly and are shown by
different colours.

Tables B.5.1, B.5.2, B.5.3, B.5.4, B.5.5 and B.5.6 in appendix B, show the percentages of
each soil class as part of the soil sample corresponding to the position of thedf f&s
contaminated site (drgil lake) at different depths, i.e. 0.0 m, 0.25m, 0.5 m, 1.0 m, 1.5 m
and 2.0 m respectively. Similarly, the percentages of each soil class part against the
position of the T.P.Cs of necontaminated soil samples at the respe depths mentioned
above are indicated in tables B.5.7, B.5.8, B.5.9, B.5.10, B.5.11 and B.5.12 Furthermore,
the final column of the above tables shows the soil group of the whole sample according to
(BS 1377: Part 2:1990:9.2he minimum and maximumalues of each soil class part
found in the samples representing the same depth are recorded in the above mentione
tables. The mean and standard deviation values of each soil class part were also calculate

and listed in these tables.
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From the resultind®SD, curves of the contaminated site (figures 5.1 and (B.5.1)), it was
noted that there were wide ranges in the gradation of soil samples taken from the sam
depth but from different locations (T.P.C). It was particularly evident in the top soil (figure
5.1at depth 0.0 m). However, although this range is still wide ibipes narrower at other
depths (Fgures 5.1 and B.5.1. at depths 5 2.0 m). From this behaviour it is expected
(logically) that the hydrocarbon contamination is higher in the top soil.

In the noncontaminated area (figures 5.2 and B.5.2), it was noted that (at one depth), the
gradation range between a sample taken from one T.P.C and another is smaller than in th
corresponding contaminated site. Furthermore, the gradation does not welnywith

depth.

The wide ranges in PSD of contaminated soil samples with hydrocarbon taken from the
same depth but from different pit locations (different T.P.C) may be related to the
differences in the ground level of the contaminated oil spill lakeechiog higher oil spill
depths leading to higher oil contents at the low ground level obithiake during the

earlier stages (before dryness of the lake).

Table (5.1) shows the mean calculated percentage values of soil class as apart from all sc
sampls taken from the same depth. The table illustrates a comparison between the twc
sites (contaminated and noontaminated). From the Table, it should be noted that the
mean small grain size percentage values (passing No. #230) for the samples taken from th
contaminated site are all slightly higher than for samples taken from theontaminated

site. The larger fraction is due to the drying of hydrocarbon in the contaminated area
forming small, asphaltane particles, as will be explained irssghbon 8.21 (see chapter 8,

section 8.2.1).
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According to the Unified Classification System (Casagrande, 1948), the soil could be
classified as well graded when the uniformity coefficient (Cu) is more than 6.00 and the
coefficient of curvature (Cc) is more than IT@ble (5.1) and figures (5.4 and 5.5) furthe
show that both the Cu and @alues clearly differ between the contaminated and non
contaminated sites. The Cu of the top soil at depths (0.0 m and 0.25 m) of both
contaminated and necontaminated sites weraore than six; this is the first requirement

for soil to be classed as well graded. However, in the contaminated site only it drops to
values much lower than six at lower depths. On the other hand, Cu values in the non
contaminated soil were still highdran six or nearly equal to sbat lower depths.

The second requirement, in respect of Cc is to be between one and three for the wel
graded soil; thus it can be seen that all values of Cc for the contaminated soil at all testec
depths were less than or@@ne the other hand, Cc values were more than one at depths of
0.0 m, 0.25 m and 0.5 m for the noontaminated soil. Cc however drops to less than one
at deeper levels. This means that the PSD of soil tends to be poorer at lower depths in th
non-contamirated site. It can also be seen from the above that contamination changed the
soil (at least the top soil from 0.0 m to 0.5 m) class from well graded to poorly graded. This
behaviour proves what is shown in section 6.5, i.e. thablcgdbon was detectedwn to

0.5m from ground level.

Furthermore, figure 5.3 shows that the grain size distribution of theom@iaminated site

does not change much with the depth, but in the contaminated site there is a considerabl
change with the depth. The two mechanisrpart{cle aggregation by hydrocarbon
cementation and hydrocarbon residues) are responsible for the differences in PSD curve

of contaminated and nezpbntaminated soils.

Several studies of hydrocarbaontaminated soils have shown a correlation between

hydrocarbon contamination and grain size distribut©@aravaca and Roldan (2003, p.56)
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studied clay loam sand contaminated by oil sludge, they showed that the clay content of
these soil samples decreased considerably from @3t8 21.3% while the silt contet
decreased only slightly from 21% to 20.5% while thecontent of santhcreased from 45

% to 58%. This change in the constituent contehtangedthe classification of the soll

from clay loam to sandy clay loam. Meegoda and Ratnaweera (1995) fountheha
addition of 3% and 6% oil to clay soil reduced the clay fraction from @&6to 87% and

87 % to 84% respectively, indicating an increase in soil aggregation with the addition of
the oil.

A study by Gupta and Srivastava (201d)) norcontaminated soils and soil samples
artificially mixed with used engine oil f&L and CH showed that the size of grains of the

soil-contaminant mixes increases in tandem with the increaskdantent.
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At depth (0.0 m)

At depth (0.5 m)

At depth (2.0 m)
Figure 5.1.PSD curves for contaminated samples at depths (0.0 m, 0.5 m & 2.0 m).
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At depth (0.0 m)

At depth (0.5 m)

At depth (2.0 m)
Figure 5.2. PSD curves fonon-contaminated samples at depth (0.0 m, 0.5 m & 2.0 m).
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Table 5.1.Comparing mean values of soil classification constituentsebveencontaminated andnon-contaminated samples asix different depths
of 0.0m, 0.25m, 0.5m, 1.0m, 1.5m & 2.0 m.

Mean Percentages Value Exact Soil Grading Analysis (Casagrande,
Depth Samples Percentage 1948 Soil Group
(m) Classification Silty/ Fine Medium | Coarse | Gravel Passing Coefficient of Coefficient of (BSI-1377:Part
clay | sand% Sand Sand % No. (#230) | Uniformity (Cu) | Curvature (Cc) 2:199()
% % %
0.0m Contaminated 10.00 | 2800 25.00 17.00 11.00 9.70 8.10 0.90 SM
Non-Contaminated | 7.00 | 2200 40.00 24.00 1.00 6.60 6.08 1.28 SM
0.25m Contaminated 11.00 | 30.00 30.00 17.00 4.00 10.9 6.41 0.88 SM
Non-Contaminated | 8.00 | 23.00 37.00 22.00 2.00 8.00 6.53 1.18 SM
0.5m Contaminated 9.00 | 40.00 25.00 16.00 3.00 9.50 5.40 0.85 SM
Non-Contaminated | 8.00 | 23.00 39.00 20.00 3.00 8.20 6.71 1.34 SM
1.0m Contaminated 8.00 | 49.00 21.00 14.00 2.00 7.9 3.48 0.95 SM
Non-Contaminated | 7.00 | 26.00 36.00 22.00 1.00 7.40 6.71 0.93 SM
1.5m Contaminated 8.00 | 45.00 20.00 17.00 3.00 7.80 4.12 0.89 SM
Non-Contaminated | 7.00 | 2800 34.00 22.00 3.00 7.00 6.62 0.87 SM
2.0m Contaminated 8.00 | 46.00 21.00 17.00 3.00 7.80 4.12 0.86 SM
Non-Contaminated | 7.00 | 27.00 40.00 19.00 2.00 6.60 5.87 0.93 SM
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Table 5.2.Mean value of the sieve analysis result for contaminatedhd non-contaminated samples at six different 06.0m, 0.25m, 0.5m, 1.0m, 1.5

m, and 2.0m).
B.S. B.S. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean
SIEVE SIEVE Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent
mm (in/#) Passing Passing Passing Passing Passing Passing Passing Passing Passing Passing Passing Passing
value for value for value for value for value for value for | value for value for value for value for value for | value for
*conta. ** control *conta. ** control *conta. ** control *conta. ** control *conta. ** control *conta. ** control
sample at | sample at | sample at | sample at sample sample at | sample sample at | sample at | sample at | sample at | sample at
depth (0.0 | depth (0.0 depth depth (0.25 | at depth | depth (0.5 | atdepth | depth (1.0 | depth (1.5 | depth (1.5 | depth (2.0 depth
m) m) (0.25m) m) (0.5m) m) (1.0m) m) m) m) m) (2.0m)
37.6 | (11/2") | 100.® 100.® 100.® 100.0 100.® 100.® 100.® 100.® 100.® 100.® 100.® 100.®
25.0 (1) 99.40 100.® 99.60 100.®@ 100.M 98.0 100.M 100.M@ 100.® 100.M 100.M 100.M
14.0 | (3/5") 97.20 100.® 99.20 99.60 99.90 98.60 99.90 100.M@ 100.® 100.M 99.90 100.M
10.0 | (3/8") 95.10 100.® 98.90 99.20 99.9) 98.9 99.70 99.90 99.9) 99.90 99.9 99.9
6.3 (1/4") 92.9 99.60 98.20 98.70 99.10 98.10 99.40 99.70 99.10 99.20 98.70 99.40
5.00 (#5) 91.0 99.20 97.7 98.40 98.70 97.9 99.10 99.40 98.60 98.9D 98.90 99.20
3.35 (#6) 88.60 98.9) 96.10 97.60 97.40 97.M0 98.20 98.60 97.90 97.90 97.10 98.90
2.00 | (#10) 80.40 92.70 87.90 90.90 90.40 89.60 92.9 92.00 90.20 91.% 91.% 92.60
1.18 | (#16) 72.9 84.9 80.40 84.60 82.20 83.20 84.90 85.90 79.90 83.90 81.10 85.90
0.600 | (#30) 63.9 69.0 70.9 68.90 74.20 70.00 78.90 69.90 73.0 69.30 74.20 73.60
0.425 | (#40) | 56.0 54.30 61.70 53.90 66.9 55.70 73.10 56.20 68.30 55.40 69.40 58.60
0.300 | (#50) | 46.8 39.9 50.50 40.00 58.00 40.20 65.90 43.9 61.60 44.00 62.30 44.00
0.212 | (#70) 38.10 28.9 40.7 31.9 49.60 30.7 56.9D 33.9 53.20 35.0 53.40 34.00
0.150 | (#100)| 273 20.20 30.70 23.9 34.20 22.9 38.60 25.20 36.20 25.00 36.40 23.9
0.063 | (#230) 9.70 6.60 10.59 8.00 9.50 8.20 7.9 7.40 7.80 7.00 7.8 6.60

Note; *Conta: Contaminated samples.
**Control: Non-Contaminatedsamples.
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Figure 5.3.Mean values of PSD for contaminated (brown colour) and norcontaminated (green colour) samples atix different depths of
0.0m, 0.25m, 0.5m, 1.0m, 1.5m and 2.0m.
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Uniformity Coefficient (Cu) Values of the PSD in the Soil at the
Contaminated and NorrContaminated Sites
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Figure 5.4.Cu values of PSD in the soflor contaminated (brown oolour) and non-

contaminated (green colour) samples aix different depths of0.0m, 0.25m, 0.5m, 1.0m, 1.5

m and 2.0m.

Curvature Coefficient (Cc) Values of the PSD in the Soil at the
Contaminated and NorrContaminated Sites
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Figure 5.5.Cc values of PSD in the soil for contaminated (brown colour) and nen

contaminated (green colour) samples aix different depths of0.0m, 0.25m, 0.5m, 1.0m, 1.5

m and2.0m.
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5.3.2 Statistical Summary of PSD

Figure 5.6 and 5.7 display the outliggercentage values existing in the silty clay, fine
sand, medium sand, coarse sand, gravel and exact soil, passing sieve No. #Z@3tedata.
normality of the data was themxamined using the Shapiro Wilke$t of Normality after
outlierswere deleted from theatasetThe assumption of normality was largely met, with
<50 % of skewed distributions; this is considered acceptable for performing parametric
statistical tests to onlgilty clay, fine sand, medium sand, coarse sand, and exact soil,
passing sieve dl#230 dataHowever, the assumption of normality was violatedgi@avel

% data at both sit§ables B.5.13andB.5.14).

Table 5.3 and figuse (5.8 and 5.9)show the independent samplesTést and Mann
Whitney U Test resultoncerning the mean and medjg@rcentage values, respectively,
of each soil constituent at each depth of the contaminated site as compared with its
counterpart in the neocontaminated sitéTables B.5.15 and B.5.16Jhe T-Test analysis
revealed thathere were significant differences the mean percentages values of the
following constituents:

-Fine sand % ((at depth 0.5 m, t(21) = 7.28= 0.001) (at depth 1.0 m, t(14) =

4.36 p= 0.001), (at dept 1.5 m, t(8) = 3.01p= 0.016) ad (at depth 2.0 m, t(8) =

6.12 p= 0.001)),

-Medium sand % ((at depth 0.0 m, t(10) 5.04, p= 0.001),(at depth 0.25 m, t(11)

=-2.78 p= 0.0)), (at depth 0.5 m, t(23) &5.93 p= 0.001), (at depth 1.0 m, t(24) =

-6.84 p= 0.001),(at depth 1.5 m, t(24) 6.33 p= 0.001) andat depth 2.0 m, t(23)

=-8.89 p= 0.001)).

-Coarse sand %((at depth 0.0 m, t(25) =2.59 p= 0.0)), (at depth 1.0 m, t(22) =

4.18 p= 0.001) andat depth 1.5 m, t(10) 22.57, p= 0.)).
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-Exact soil passing sieve No. #23(0at depth 0.0 m, t(23) = 3.7p= 0.001) andat

depth 0.25 m, t(18) = 3.28= 0.004)).
However, therewere no significant differences between the sites in mean percentage
values of the following constituents:

-Silty clay % (at eab of the six different depths).

-Fine sand %(at 0.0 m and 0.26).

-Coarse % (at 0.25 m, 0.5 m and 2rf).

-Exact soil passing sieve N@230(at 0.5 m, 1.0 m, 1.5 m and 2.0.m)
A non-parametric Mann Whitney U test showed significant differences in the median
values of gravel between the sitéslapth of only 0.0 m (Z=2.06 U= 2000, p= 0.04) and
0.25 m (Z=-2.24 U= 1200, p= 0.03. Nevertheless, no significant differences were found
at depths 00.5m, 1.0 m, 1.5 m and 2.0 m.
These above results indicate that the hydrocarbon contamination has a significant effect ol

the general PSD of soil which confirms the explanation in the previous section (5.3.1).
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A Silty Clay% values Fine Sand %values Medium Sand %values
Figure 5.6 Boxplots of silty/clay % (A), fine sand % (B) and medium sand % (Cpercentagesvalues at six different depths for both contaminated

site and nonrcontaminated site(1RWH WKH V\PERO RI 3~ DQG 3f" L.Q WKH JUDSK GHQRWHYV RXWOLHU
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A CoarseSand %values Gravel %values Exact Soil passing No. #2306 values
Figure 5.7. Boxplots of coarse sand % (A), grave % (B) and exact spiassing No#230% (C) percentagesvalues at six different depths for both

contaminatedsite and noncontaminated site(1RWH WKH V\PERO RI 3~ DQG 3f" .L.Q WKH JUDSK GHQRWHYV RXW
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Table 5.3 Indicates thesignificant differences of sdiclassification constituentsat six different depths

between contamimted andnon-contaminated sites(Note: outlier values were deleted in this table).

D(en%th Variable NSalrﬁe N | Mean | Median SD Min Max z U t-value | p-value
Conta.** | 22 | 9.86 10.50 4.09 1.00 | 16.00
SiltylClay% o — T ——— 1 —— T —— 1 ——T 1 — | — 2.09 0.06
I 5 6.60 7.00 2.88 | 2.00 | 9.00
Ee Conta.** | 22 | 27.41 28.50 13.49 | 1.00 | 54.00
Sand% Nom T - T T T T | — | 1.56 0.13
EAeRA s 5 | 22.00 22.00 4.30 | 17.00 | 28.00
. Conta* | 22 | 25.82 | 25.00 | 851 | 4.00 | 39.00
N e T T T o T ] | 5.04 | 0.001*
a9 ® —— 5 40.4 38.00 5.03 | 36.00 | 48.00
.0m
Conta** | 22 | 16.18 14.00 5.96 9.00 | 28.00
e o T e T T ] | 259 | 001
® —— 5 23.60 23.00 4.67 | 17.00 | 29.00
Conta** | 22 | 545 | 4.00 | 4.97 | 0.00 | 15.00
Gravel% Nor -2.06 | 20.00 | ---- 0.04*
i 5 1.00 1.00 1.00 | 0.00 | 2.00
Exact soil | conta** | 22 | 10.00 10.45 411 150 | 16.40
passingNo.—rom 1 - 1 - - - — | o T | = | — 3.70 0.001*
#230 contas | 5 | 7:80 7.95 1.23 | 6.30 | 9.00
: Conta.** | 22 | 10.41 9.50 3.54 | 4.00 | 16.00
SiylClay¥ | —— 4~ ———— 1 — 1 | 198 | 007
e 5 8.00 8.00 2.12 | 6.00 | 1100
Ene Conta.** | 22 | 29.14 33.00 1431 | 8.00 | 56.00
Sando/ NOH- ------------ 0'96 0'36
® e 5 | 23.40 31.00 11.37 | 10.00 | 33.00
. Conta.** | 22 | 29.64 31.00 8.32 | 17.00 | 43.00
"ée‘j'g;‘ - 278 | 0.0
Eleb e 5 37.2 36.00 4.60 | 3200 | 4200
0.25
m Conta.** | 22 | 16.82 17.9 5.32 7.00 | 24.00
S o T Tarae a0 oo 1300 a0 | —— | — 170 | o010
C i 5 | 21.80 18.00 8.35 | 1300 | 33.00
Conta.** | 22 | 2.31 1.00 2.05 | 0.00 | 8.00
Gravel% Norr -2.24 | 1200 | - 0.03
contas | 5 | 050 0.50 0.57 | 0.00 | 1.00
Exactsoil | conta** | 22 | 9.82 9.75 2.09 | 520 | 13.9
passngNo.- o T - 1 - o= | oo - .| — | — 3.28 0.004
#230 e 5 8.14 7.0 2.57 5.3 | 10.80
q Conta.** | 22 | 9.85 10.00 2.03 | 5.00 | 14.00
Sllty/CIay% Non_ ____________ 1.56 0.13
— 5 8.20 9.00 259 | 500 | 1100
Eme Conta.** | 22 | 44.83 44 5.81 33 56
S N T - T T T - | 7.28 | 0.001*
2 e 5 | 22.80 25 6.91 12 30
. Conta.** | 22 | 22.70 21.00 5.68 | 16.00 | 36.00
e T T | | 593 | 0.001*
and¥ 1 ontaes | B | 39440 | 4100 5.32 | 3200 | 4500
05m
Conta.** | 22 | 15.64 14.9 4.22 | 10.00 | 24.00
e e T o T T T | 179 | 008
andzo e ) 19.40 2200 4.28 | 13.00 | 23.00
Conta** | 22 | 1.50 1.00 1.73 | 0.00 | 6.00
Gravel% Nonm -1.05 27 | -——-- 0.34
contaes | 5 | 075 | 0.00 1.5 | 0.00 | 3.00
Exactsoil | Conta** | 22 | 9.82 9.9 209 | 520 | 13.9
passngNo.-—ror 1 - 1 = oo | oo oo | = | 0.88 0.41
#4230 contaes | B | 814 8.70 257 | 530 | 10.8

Note: *p < .05 indicates to thsignificant difference in the variables between two different groups.
** Contaminated site.
*** Non -contaminated site.
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Pept Variable il N | Mean | Median SD Min Max A U t-value p-
(m) Name value
Conta.** | 22 7.91 7.00 2.76 5.00 | 13.00
Silty/Clay% —fo——t—T——1T——1———T1——1—— — | — 101 | 0.32
—— 5 7.20 7.00 0.83 6.00 8.00
Fine Conta.** | 22 | 47.63 51.00 13.62 | 14.00 | 62.00
P N T - T T T T - | 436 | 0.001*
I 5 31.00 31.00 4.76 | 26.00| 36.00
Medium Conta** | 22 | 20.62 19.00 454 | 17.00 | 33.00
Sand% Non | 5 | 3600| 35.00 | 435 |32.00|4300| | 684 1 00017
1.0m conta*** . ) . . .
Coarse Conta.** | 22 | 13.00 12.00 2.67 8.00 | 19.00
e o T T — | — -4.18 | 0.001*
*.| 5| 1875| 1850 | 095 | 18.00| 20
conta’
Conta** | 22 | 0.95 0.00 1.62 0.00 | 5.00
Gravel% o -0.58 | 3550 | - 0.64
.| 5| 025 | 0.0 0.50 | 0.00 | 1.00
conta’
Exact soil Conta.** | 22 7.87 7.00 2.86 4.60 | 13.00
passngNo.——or 1 - 1 - - - - | .- - -\ — | — 1.61 0.12
#230 conta< | 5 | 740 | 7.40 1.07 | 6.10 | 850
Silty/Clay% Conta.** | 22 7.82 7.50 3.94 3.00 | 16.00 1.79 0.08
Nonr | | coc | 2cnn | Aen | cna | =nn | | T
i 5 6.25 6.00 0.50 6.00 7.00
Ene Conta** | 22 | 45.27 49.9) 15.17 | 18.00 | 62.00
o N T T T — | — 301 | 0.01*
e 5 27.80 32.00 10.76 | 14.00 | 39.00
Medium Conta** | 22 | 18.85 17.00 4.16 | 14.00 | 28.00
S o T . T — | -6.33 | 0.001*
o 5 34.20 33.00 7.46 | 27.00 | 46.00
15m conta’
Conise Conta** | 22 | 17.23 17.00 5.42 | 10.00 | 3100
Sand% Nor- 5 | 2200| 2000 | 324 | 1900|2600 | 257 | 002
conta*** i i . : :
Conta.** | 22 1.26 1.00 1.91 0.00 6.00
Gravel% — 0.00 | 47.50| - 1.0
x 5 0.50 0.00 1.00 0.00 2.00
conta’
Exactsoil | conta* | 22 | 7.79 7.10 4.00 2.70 | 16.10
passing No. Nor | = T = - ~ - T T - 1 - -0.89 0.38
#230 contaws | B | 642 | 645 | 009 | 6.0 | 650
g 0 Conta.** | 22 7.73 8.00 3.89 2.00 | 16.00
Silty/Clay% —_—t——t—1—F—— | 110 0.29
e 5 6.40 5.00 1.95 5.00 9.00
Fina Conta** | 22 | 44.9 47.00 11.19 | 2300 | 61.00
Sand% Nor- 5 | 2466 | 2300 | 378 | 2200|2900 | | 612 | 0.001*
conta*** . i . )
Medium Conta** | 22 | 20.86 20.00 4.28 | 15.00 | 33.00
Sand% New: || = | saemll 00w | a2 | oen | aaca | | 7 -8.89 | 0.00T
rx 5 43.33 44.00 1.15 | 4200 | 44.00
20m conta’
Coarse Conta** [ 22 | 16.66 16.00 2.92 | 1200 | 25.00
Sand% Non | £ | acen | acen | Ao | acnn |l asnn | | T -0.23 081
x 5 16.9 16.90 0.57 | 16.00 | 17.00
conta’
Conta.** | 22 1.35 1.00 1.69 0.00 6.00
Gravel% Norr -1.11 | 3450 | ---- 0.30
- 5 1.60 1.00 0.89 1.00 3.00
conta’
Exactsoil | conta* | 22 | 7.85 7.95 4.04 2.20 | 16.00
passing No. | rom 1 = 1 =~ | - | — o T o T | = | = -0.31 0.65
#230 A 5 6.64 530 1.93 5.20 | 9.30

Note: *p < .05 indicates to the significant difference in the variables between two different groups.
** Contaminated site.

*** Non -contaminated site.
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C 0

Figure 5.8. Comparing meanpercentagevalues ofexact soil passing sieve Na&230 (A), fine
sand (B), medium sand(C) and Coarse SandD) at six different depths (in metres) between

contaminated and noncontaminated sites(Note: Error bars denote standard deviation).
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Figure 5.9. Comparing median percentagevalues ofgravel at six different depths (in metres)
between contaminated and noftontaminated sites.(Note: Error bars denote 986 lower and

upper confidence intervals).

As the TFTest results showed some consistenhifitant results more than fowlifferent
depths for the ndum sand variablet many different depths, a further statistics linear
regression analysis was performeddierminewhetherthe depth predictmmedium sand
(at T.P.C (50 m. 50 m)), at each cantaatd and norcontaminated sites.

Thelinear regressionesultsshown that the depth does prediw¢dium sand %B= -7.36,
SEB= 4.18, Beta=0.66 p= 0.15 in contaminated siteHence, there is no relationship
between thalepth andnedium sand %dNeverthelessthere was a significant relationship
between medium sand % and defk -11.11, SEB= 2.41, Beta-0.91, p= 0.0]) at non
contaminated siteT hisoutcomesignifiesthat for every 1 metdancrease in depth, medium
sand percent decreased by 11degrees, and vice iga. The R Square value of 0.8dint
out that depth accounted for approximately 84.1 % of the variation in mediuwhirs&me

non-contaminated site (Figurel®).
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Thesefinding indicates that a significant change has been takenipléioe percentage of

medium sand of original soil with depth due to hydrocarbon contamination.

Figure 5.10. Scatterplot of relationship betweersix different depthsand medium sand %

values of T.P.C. (50 m, 50 m) at contaminated si{d), and non-contaminated site (B).
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Outlier testingwas carried out individually for Cu and Cc datad the outlier values were
deleted prior to analysis (Figure 5.11). Following this the normality of the Cu and Cc data
were assessed using t8hapireWilk test of normality. The Cc data at both sites met the
assumption of normality for parametric statistics; however the Cu data violated the
normality assumption, therefore nparametric statisticarere performed on the Cu data
(Tables B.5.17 anB.5.18.

Tables 5.4 and Figurés12 & 5.13 below show the significant differencethe median
values of Cuandmean values of Cm the soil at six dierent depths between both site
(Table B.5.19)The Mann Whiney U and independent sampleg§ @st wereconducted for

Cu and Cc data, respectively. For Cu data, the Mann Whitney U analysis revealed that
there were significant differences in median values of Cu between contaminated and non
contaminatd sitesat only depths 0.0 m (Z=2.03 U= 4.00, p= 0.05)and 0.25 m (Z=

2.15 U= 5.0Q p= 0.09. However, this did not achieve significant difference level at other
depths, i.e. 0.5n, 1.0m, 1.5m and 2.0m. In terms of Cclata, the independentTest
analysis revealed that there were significant differencéise mean values of Cc between
the two different sites at depths of ®0(t(21) =-3.93 p= 0.01), 0.25n (t(25) =-0.82,p=

0.04) and 2.0n (t(8) =-3.06,p= 0.01). Nevertheless, it did not reach significant difference
level at depths 0.1, 1.0m, 1.5m and 2.0m.

The above results (i.e. of Cu and Cc) signthat high contamination leads to a
significantly poorer PS[particularly at the high contamination depth from 0.0 m to 0.5 m.
This phenomenon was generally decreased with depth proving lowemcaoatian at

lower depths.
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’

Figure 5.11 Boxplots of uniformity coefficient (Cu) (A) and curvature coefficient (Cc) (B) values at six different depths for contaminatesite
and non-contaminated site. Note:the VIPERO RI1 3~ DQG 3f" LQ WKH JUDSK GHQRWHYVY RXWOLHU




Table 5.4. The significant differences of the Cu and Cc variables in the soil at six different depths between contaabéa and

non-contaminated sites(Note: outlier vales were deleted in this table).

D(erﬁ; L Variable Site Name N Mean Median SD Min Max Z U t-value p-value
Contaminated 22 4.35 3.74 3.23 0.00 11.6
00 - Non-contaminated | 5 | 6.09 | 629 | 0.84 | 500 | 7.05 | 203 | 400 Dl
' Ce Contaminated 22 0.69 0.69 0.68 0.00 2.33 3.93 0.01*
Non-contaminated 5 1.38 1.37 0.22 1.16 1.64 ’ :
Contaminated 22 3.99 4.00 3.60 0.00 10.00
025 - Non-contaminated | 5 | 588 | 600 | 0.51 | 508 | 65 | > | >0 ne
' Ce Contaminated 22 0.84 0.78 0.87 0.00 2.57 0.82 0.04*
Non-contaminated 5 1.20 0.96 0.40 0.85 1.76 ’ :
Contaminated 22 6.07 4.92 8.83 0.00 40.00
05 au Non-contaminated | 5 6.00 6.61 135 | 4.25 736 | 079 S L
' Ce Contaminated 22 0.81 0.87 0.55 0.00 2.03 161 0.12
Non-contaminated 5 1.14 1.05 0.24 0.94 1.55 : )
Contaminated 22 2.74 2.85 1.60 0.00 6.57
Lo e Non-contaminated | 5 | 547 | 579 | 095 | 3.81 | 612 | 18| 1400 o=
' Ce Contaminated 22 0.77 0.97 0.43 0.00 1.19 165 013
Non-contaminated 5 1.04 0.99 0.30 0.72 1.40 : :
Contaminated 22 3.9 2.80 3.77 0.00 15.71
L - Non-contaminated | 5 | 6.77 | 563 | 2.93 | 510 | 1200 | % | 750 e
' ce Contaminated 22 0.78 0.90 0.46 0.00 1.31 1.96 021
Non-contaminated 5 1.11 1.01 0.46 0.64 1.88 ’ ’
Contaminated 22 3.56 3.28 3.86 0.00 18.33
2.0 o Non-contaminated | 5 4.81 2875 | 131 | 328 | 621 | 080 10 U
' Ce Contaminated 22 0.76 0.93 0.45 0.00 1.30 3.06 0.01%
Non-contaminated 5 1.32 1.48 0.34 0.89 1.71 : ’

*Note: p < .05 indicates to the significant difference in the varibales between two different groups.
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Figure 5.12. Comparing mean values of uniformity curvature (Cc) in the soil at six different
depths between contaminated and neoontaminated site.(Note: Error bars denote standard

deviation).

Figure 5.13. Comparing median values of uniformitycoefficient (Cu) in the soil at six
different depths between contaminated and nowontaminated site.(Note: Errors bars denote

95 % confidence interval).
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5.4 Scanning Electron Microscope (SEM)

To validate and support the PSD tests, one contaminatechanmbacontaminated sample
obtained from the sampling pits were subjected to further study under scanning electron
microscopy (SEM). The samples were taken from the top soil and were not treated or
washed prior to scanning.

Figures 5.14 and 5.1&e photogaphs taken by the SEM enlarged 20 times and figLiré

is enlarged by 200 times. They show clear pictures of the soil grains.

From Hgures 5.14 to 5.16t is clearly observed that (as illustrated in section 5.3) some
particles were binded together tarfolarger particles resulting in one large particle during
the sieving operation. However, the very small particles resulted from the dryness of oll
leaving residue or asphaltane which cannot ben seeder the resolution in these

photographs which was not very high.
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( -~

~ / Large Particles formed
from binding many particles
together at contaminated
site.

Figure 5.14 A photograph enlarged by 20 times for soil sample taken from the top soil of dyil lake site at T.P.C (0 m, 100 m).
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D>

\ ~» Shows no
binding material
between particles at
non-contaminated
site.

Figure 5.15 A photograph enlarged by 20 times for soil sampleaken from the top il of hon-contaminated Site at T.P.C (0 m, 100 m).
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=

/

‘- Shows clearly the binding
forming large particle at
contaminated site

-

/

\ ,‘Shows clearly the soll
grains hasclean without any
bindina at noncontaminated

Figure 5.16 A photograph enlarged by 200 times for soil particles sample taken from the top soil of contaminated (A) and rRcontaminated site

(B) at T.P.C (0 m, 100 m) so that show thdifference between these sites.
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5.5 Permeability Hydraulic Conductivity)
5.5.1 Laboratory Results of Permeability
Table B.5.20 llustrates the results ohé permeability coefficiendf 24 undisturbed soil
samples collectefftom the contaminated site (dojl lake); the coefficient of permeability
of the 12 undistributed soil samples obtained from theauotaminated site are shown in
Table B.5.21 The minimum, maximum, mean and standard deviation values have also
been recatded in the tables for samples taken from each depth.
Table 5.5 shows the mean calculated permeability values against the depth from grounc
surface of samples taken from both contaminated anecootaminated sites. Figure 5.17
represents these mean valagsainst the depth. It should be noted that generally there is no
clear difference between the permeability of the contaminated andombaminated soll
and no clear interpretation for the change in permeability with the depth except at a depth
of 0.25 m & the noncontaminated site. This odd change may be attributed to the shortage
in the number of tests made on samples (only two trial pits were chosen from the non
contaminated site for this test).
Considering + D | H QUie/offapproximation for permeabiligf soil and according to the
following equation (Cedergren, 1997, p.43):

K= C x (D1o)%, Where:

K= Permeability (hydraulic conductivity m/day).

D,o= the effective diameter (mm), which can be found from the PSD of soil. i.e. the

diameter of sieve where 20 of the grains pass through.

C= Constant value range from 1000 to 1500 (unit less).
+D]JHQTV HTXDWLRQ LV MXVWLILHG IRU VDQGV KDYLQ
effective grain size of 0.1 to 3.0 mm. The permeability was calculated based tovke a

equation taking an average value of C= 1250.
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The results @ shownin the same figure 5.17The figureindicates that the calculated
values arén the same order of measured values. However, there was not much difference

between the calculated perméip of contaminated and necontaminated soil.

Khamehchiyaret al (2007), investigated the influence of crude oil on the permeability of
clay and sandy soils su8P, SM andCL by mixing them with differat amounts of crude

oil; i.e. 2%, 4%, 8%, 12%, and 16% by dry weigh-They have suggested that there is an
inverse relationship between permeability and oil content, since there was a decrease in th
coefficientof permeabilitywhen the oil content was increas&hhmanet al (2010) also
showed tht hydrocarborcontaminated soil led to a decrease in permeability because oil
clogs some inteparticle spaces. Therefore, any increase in the oil amount will decrease
any available inteparticle spaces for any water leakage. Other studies on simil|esush

as Al-Sanadet al. (1995) andAl-Sanad and Isma€ll997) have supported the above
findings.

It is important to note that the majority of these studies were conducted with a
comparatively short duration bfydrocarborcontamination prior to testings compared to
PRUH WKDQ WZR GHFDGHV RI FRQWDPLQDWLRQ RI WK
present study. Furthermore, the interactiorhydrocarboncontamination can change the
particle size distribution in the soil. More uniformly graded watih gap grading, as in the
present study, would leave more inparticle voids, allowing higher water permeability
than for a wellgraded soil.

In fact, this study has found no clear correlation betwsattocarboncontamination and
permeability of thesoil, particularly at the top soil (from around @0to 0.5m). However,

at deeper depths, (as expected) and as shown in fidifettie permeability for both sites
becomes closer which infers a lower contamination, at deep depths, of the contaminatec

site.
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Further work should be done to attain a solid conclusion. Therefaoe the rainfall in
Kuwait is low and in conjunction with the hard layers below 20 hydrocarbon
contamination has not been taking place in layers below 2.00 m throughooorta¢han
two decades. There should be no worry about contaminating the ground wateAln the

Magwaarea (ground water depth of more than 10.0 m).

Table 5.5 Mean value of the permeability coefficient(m/s) for contaminated and non
contaminated samples adepths (0.0m, 0.25m, 0.5m, 1.0m, 1.5m, 2.0m) and its results via

Hazen rule gproximation.

Depth o Mean Value_s_of the Mean _Valueso_f t_he _
(m) Samples Classification Per_m_eablllty Permeability Coefflc_lentyla
Coefficient (m/s) Hazen Rule Approximation
0.0m Contamingted 2.67* 5.56¢
' Non-contaminated 2.09* 8.13
0.25m Contamingted 0.61* 5.56
’ Nonrcontaminated 10.5* 6.8
05m Contamingted 0.48 5.74&
: Nonrcontaminated 5.17* 6.68"
10m Contamingted 3.18* 6.30
' Non-contaminated 2.46* 7.08
15m Contamingted 3.76* 6.49
: Nonrcontaminated 2.56* 7.29
>0m Contamingted 4.08* 6.49"
' Non-contaminated 1.27* 7.5

Note: * it means that all the Mean values of perability Coefficient are times ¥0° however it used as
number in order to draw these values and the calculations via Hazen Rule Approximation in one graph.
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Mean Values of the Permeability Coefficient at the Contaminated and Ne@ontaminated Sites
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—a— Mean Value of the
Permeability Coefficient
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- I - Mean Values of the
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Figure 5.17. Comparison of the mean walues of thepermeability coefficient for contaminated and noncontaminated samples at dpths (Q0 m, 0.25
m, 0.5m, 1.0m, 1.5m & 2.0 m) and the permeability coefficientmean values via Hazen Ble approximation.
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5.5.2 StatisticaBummary of Permeability

Outliers inthe permeability data eve assessed and, as Figure SHA@&ws, there were no
outliers (extreme values) present in the permeability data, for the contaminated and non
contaminated sites. Normality was assessed, which indicated that the contaminated dat
met the assumption of normalitifgble B.5.22.

The independent samplesTest (Table 5.6 and B.5.23 revealed that there was a
significant difference in the mean values of permeability coefficient (m/s) between the two
sites only at th depth of 0.25 n{t(4) =-5.34 p= 0.006). On the other hand, no significant
alteration was found at other depths, i.e. 0.0 m, 0.5 mm1.0.5 m and 2.0 m (Figure

5.19.

The combined effects of clogging voids in soil and changes in PSD may have great
influence on the wilear contamination of permeability resuttiscontaminated soil at the

top layer However, at deepeatepths (1.0 m, 1.5 m ar&l0 m) the permeability ofwo soil

types were approximatelthe same which was confied by statisical analysis (no
significanty permeabilitychanges due two contaminatioiffese results are confirming

similar finding that has been displays in prew@ection (5.5.1) and Figure 5.17
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Figure 5.18 Boxplots of permeability coefficient (m/s) values in the soil at six differerdepths

for contaminated site and noncontaminated site.

Table 5.6 The significant differences of the permeability coefficient (m/s) variable in the soil

at six different depths between contaminated and nenontaminated sites.

Depth . )
™ Site Name N Mean SD Min Max t-value | p-value
m
Contaminated 4 | 2.68x10° | 1.44x10° | 20x10° | 5.0x10°
0.0 0.48 0.67
Non-contaminated | 2 | 2.10 x 10° | 1.35x10° | 1.0 x 10° 3.0x10°
Contaminated 4 | 6.0x10° 8.3x10° 0 1.78 x 10°
0.25 _ . -5.34 0.006*
Non-contaminated | 2 | 1.0 x10 4.03x10° | 7.69x10° 1.34x10*
Contaminated 4 | 4.81x10° | 5.6x10° 0 1.07x10°
0.5 -1.17 0.44
Non-contaminated | 2 5.1x10° 6.2x10° 7.6x10° 9.5x10°
Contaminated 4 | 3.1x10° | 1.06x10° | 2.19x1C° 4.64x10°
1.0 . . 0.29 0.81
Non-contaminated | 2 | 2.4 x10 3.3x10 1.0x10° 4.82x10°
Contaminated 4 | 3.76x10° | 1.4x10° | 1.72x10° | 4.93x10°
1.5 1.02 0.40
Non-contaminated | 2 | 2.56x10° | 1.3x10° | 1.63x10° 3.49x10°
Contaminated 4 | 4.0x10° | 1.29x10° | 2.67x10° | 5.81x10°
2.0 2.47 0.06
Non-contaminated | 2 | 1.27x10° | 1.35x10° | 3.1x10° 2.23x10°

*Note, p < .05 indicates to the significant difference in the variable between two different groups.
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Figure 5.19.Comparing mean values of permeability coefficient (m/s) in the soil at six
different depths between contaminated and noicontaminated site (Note: Error bars denote

standard deviation).
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5.6 Shear Strength

5.6.1 Laboratory Results &hear Strength

Table B.5.24 shows the results of Directh&ar strength tests on contaminated samples
with hydrocarbonat different depths; the shear strength test of samples collected from
control sites are shown in TabR.5.25. The cohesion parameters (c) were zero for all the
soil samples for both sites indicating that this levdiydrocarborcontamination does not
generate cohesion in such types of soil. Therefore, only the angles of friction parameters
3 ZHUH QneYaWds.dhe @inimum, maximum, mean and standard deviation values
of angle of friction parameter3 for samples taken from each depth were recorded in the
tables. For more details, some typical shear behaviour curves (showing strain undel
different shar and normal stressem)e shown in figures B.5to B.562.
Table 5.7and figure 520 VKRZ WKH PHDQ YDOXHV RI VWUHQJV
contaminated and nerontaminated sites. The angle infernal friction is shown to be
steadily anctlearly decresed due tthydrocarborcontamination in all samples. However,
the decrease due tydrocarboncontamination was generally lowered with depths which
may be consistently related to the lower soil contamination with hydrocarbon at the deeper

depths.

In anexperimental study by Singét al (2009), soil was mixed with different percentages

of used motor oil and subjected to a shear test. The results showed that the effective angl
of internal friction for poorly graded sand decreases significantly. On mixing WiihtBe

angle of friction ecreased from 36.58 in the virgin state to 24.58. @hial (1999)
reported a reduction in the shear strength of sandy soil between 23 % and 27 % due to 1.
% oil addition. The reduction was attributed to the oil coating soil grain surfaces resulting
in the slipping of soil grainsver each other. ABanadet al (1995) also conducted a test

in Kuwait (Jahra Sand) by mixing it in the lab with crude oil of 2 %, 4 % &¥d 6
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In agreement with the studies shown above, they showed a reduction in shedh streng
with an associated increase in the oil content; this reduction depended on the viscosity o
the oil. However, reduction in shear strength of +ywmhesive soil of the above study
cannot be compared with the current study because, in the current sty was dry

and an increase in the viscosity between particles was not expected. In fact, it actually
binds some particles leading to higher uniformity in PSD as discussed in section 5.3. The
higher uniformity in PSD may thus be responsible for the lostength in the

contaminated soil of the current study.

Table 5.7 Comparing the mean \alues of the angle of internal friction 3 for contaminated

and non-contaminated soil samples atsix different depthsof 0.0 m, 0.25 m, 0.5 m, 1.0 m, 1.5

m and 2.0 m.
Depth Mean Value of the Strength Parameters
Samples Classification Angle of Internal Friction
3
0.0m Contaminate_d 30.8
’ Non-Contaminated 37.16
0.25m Contaminate_d 32
' Non-Contaminated 36
05m Contaminate_d 32.8
: Non-Contaminated 39.3
10m Contaminate_d 33
: Non-Contaminated 37.9
15m Contaminate_d 33
’ Non-Contaminated 37.13
50m Contaminate_d 33.6
’ Non-Contaminated 36.63
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Mean Value of the Angle of Internal Friction (3 at Contaminated & Non-contaminated Site
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Figure 5.20. Comparing the mean values othe angle of internal friction ( 3 for contaminated (brown colour) and non-contaminated (green

colour) soil samples atsix different depths of0.0 m, 0.25m, 0.5m, 1.0m, 1.5m & 2.0 m.
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5.6.2 StatisticaBummary of Shear Strength

Figure 5.21shows no outliers present in the angle of internal friction data. The assumption
of normality was also largely met as ten of the twelve Shapitk p-values were above
0.05. Therefore, parametric statistics were appropriate for the analyses.BFape

An independent samplesTest found a significant difference in mean angle of internal
friction (3 values between contaminated and -sontaminated sitesT@ble 5.8 and
B.5.27. Consistent across the six different depths, mean values were lower in the
contaminated site than the noontaminated site. The analysis revealed thate were
significant differences in the mean values of angle of internal frict®rbétween both
sites at depths 0/ (t(8) =-6.46 p= 0.01), 0.25m (t(8) =-3.25 p= 0.01, 0.5m (t (8) =-

9.07, p= 0.001), 1.0m (t (8) =-4.46 p= 0.02), 1.5m (t (8) =-4.52 p= 0.01) and 2.0 n(t

(8) =-3.08 p= 0.0]) (Figure 5.23.

These results confirm those illustrated in section (5.6.1), i.e. that hydrocarbon

contamination reducesrength.
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IULFWLRQ

Table 5.8 The significant differences of the angle of internal fricion 3 YDULDEOH

six different depths between contaminated and nenontaminated sites.

Depth (m) Site Name N Mean SD Min Max t-value p-value

0.0 Contaminated 7 30.85 2.54 28 35 6.46 —
' Non-contaminated 3 37.16 .28 37 375

0.95 Contaminated 7 32.42 | 151 30 34 395 F——
Non-contaminated | 3 36.00 | 1.80 34 37.5

05 Contaminated 7 32.85 | 1.06 31 34 007 e
Non-contaminated 3 39.30 .90 38.4 40.2

1.0 Contaminated 7 33.00 | 1.15 31 34 446 —
Non-contaminated 3 37.90 | 2.47 36 40.7

L5 Contaminated 7 33.00 | 1.29 31 34 450 A

Non-contaminated 3 37.13 | 1.41 35.5 38

20 Contaminated 7 33.57 97 32 35 2os ——

Non-contaminated 3 36.63 | 2.32 34 38.4

*Note, p <0.05 indicates to the significardifference in the variable between two different groups.

LQ WI
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Figure 5.22 Comparing mean values of the angle of internal frictior{ 3 in the soil at six
different depths between contamiated and norrcontaminated site.(Note: Error bars denote

standarddeviation).

As the T-Test results and figure 5.Zabove) showed significantly different results for the
mean values of angle of internal friction at six different depths between the two sites, a
further statistical linear regression analysis was conducteletermine whether the depth
predicts angle of internal friction3 at T.P.C (50 m, 50 m), at each of the contaminated
and norcontaminated sites.

The analysis of the contaminated site found a significant, positive relationship between the
six different depth categories and the angle of internal fricti@nvalues (B= 2.69SEB=

0.84, Beta= 0.84p= 0.03. The R Square value of 0.719 indicates that depth categories
accounted for approximately 71.9 % of the angle of internal frictndlues. Foevery 1

meter increase in depth, the angle of iné friction increased by 2.68egreesOn the

other hand, the analysis found that there was no significant relationship between deptt
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categories and the angle of internal friction values antrecontamnated site (B= 0.01,
SEB= 0.85 Beta= 0.007p= 0.99. The R Square value of 0.000 indicates that the depth

categories accounted for noneX{) of the angle of internal friction valuéSigure 5.23.



A

Figure 5.23 Scatterplot showing relationship between six different depth categories and angle of internal frictior8(at T.P.C (50 m, 50m), at

contaminated site (A) and norcontaminated site (B).

B

191



192

5.7 Summary

This Chapter has presented the findings of the geotechnical characteristics of soil sample
taken from two different locations, i.e. the contaminated (dily lake) and norn
contaminated sitesAll the findings of the geotechnical characterisation of sogre
subjectedo a statistical analysis in order topgprt and provide a solid conclusiofihe
investigated properties were plasticity, PSD, SEM, permeability coeffi¢heydraulic

conductivity)and shear strengtfihe following conclusions were drawrofn this analysis:

x None of the samples showed any plastic behavior so the smh&dered to be

non plastic (in both contaminated and rRoontaminated sites).

x Wide ranges were found in the gradation of soil samples taken from the same depth
but from different T.P.Clocations at the contaminated site, particularly in the top
soil; however, it becomes narrower at lower depths. This was expected because the
hydrocarbon contamination content differs from point to point in the top soil. In the
noncontamirated site, it was noted that (at one depth), the gradation rahgedn
a sample taken from one T.Pa@d another was smaller than in tleeresponding
contaminated siteThe small particles (passing No.#230) and largeavel %
percentage values of theoil classification for the samples taken from the
contaminated site were slightly higher thithnsefor samples taken from the non
contaminated site, especially from the top soil where hydrocarbon contamination
was fourd to be higher. Thetatistical analsis proved that there were significant
differences in the percentage values of soil classification constituents with only
medium sand, coarse sand, glaand exact soil (passirgieveNo0.#230) between
both sites at a depth of On@. Additionally, a significant differences are found at

both sites for th@ercentage values &ihe sand(at deptls 0.5 m, 1.0 m and 2.0 in
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medium sand (at depths 0.85 0.5m, 1.0 m, 1.5 m and 2.0 yncoarse san¢ht

depths 1.0 m and 1rf) and gravel (at depth 0.25 m).

x In terms of the results of the Coefficient ofriheability noclear difference was
found between the contaminated and -gcontaminated soil and ndear change
was found in the permeability with the depth except at depth . & thenon
contaminated siteA statistical analysis also confirntbat there was significant
difference in the mean value of permeability coefficiertiMeenthe twosites at

only 0.25 m depth.

x The angle of internal friction decreased due to hydrocarbon contamination in all
samplesAlthough, this decrase was lower at deeper depfhise statisticafinding
ascertainedhatthere weresignificant differences in the meamalues ofthe angle
of internal friction betweethe twosites at all six differerdeptrs of 0.0m, 0.25 m,

0.5 m,1.0 m, 1.5 m and 2.0 nkurthermore, it found statistically that the angle of
internal friction 3 values increased withan increase in the depth at the
contaminatedsite; however, it found no relationship betwete angle of internal

friction 3valuesand depth at the necontaminated site.

The next chapter will investigate the changes in geochemical characteristics of soil due tc
hydrocarbon contamination through comparing the geochemical properties of the soil

samples extracted from both contamidaa®d norcontaminated sites.
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6. GEOCHEMICAL CHARACTERISATION

6.1 Introduction

This chapter presents the results of changes in geochemical characteristics of soil due t
hydrocarbon contamination of twidecades at the Greater Burgait Bield region (At
Magwa aredary oil lake site). Results were achieved by comparing the findings of the
VRLOTV JHRFKHPLFDO SURSHUWLHV H[W U BbdemahiGatéd R P
sites. These results will besdussed to demonstrate how the study aims can be achieved
by correlating the findings of the experiment with the studies found in the literahee.
results of the geochemical characteristics of the soil samples will also be statistically
analysed in tld chapter so as to support any solid findingse results of geochemical
characterisations include: pH; water soluble&@ld(SG; & SOy); (EA); andGC-MS.

Some of the test findings are presented in this chapter in the fdimitefd typical tables

and fgures, however, most of the tables and figures can be seen in appendix C.

6.2Hydrogen lon Concentration (pH)

6.2.1 Laboratory Resultsf pH

Table 6.1 displays the pH results of contaminated soil samples taken from thiklalkg

while the corresponding results for the raantaminated soil samples are shown in Table
6.2. The maximum and minimum values are also shown in these tables.

Table 6.1 shows that there is a wide range between the maximum and minimum pH value:
of samplesaken from different T.P.Gat the same depth for thgdrocarborcontaminated

site as compared with the corresponding values of thecootaminated site (Table 6.2).
Table 6.3 and figure 6.1 further emphasises the range between maximum and minimur
valuesat different depthsThis wide range from thlaydrocarboncontaminated site was

expected and was the justification for taking more numerous testing samples from this site
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than those from the necontaminated site. This was a common factor in testing greate
sample numbers (for all testings in this study) fromhyrocarborcontaminated sites.
Furthermore, the table and figure show that there is a considerable decrease in the
minimum values of pH due to contamination which means that contaminatased

the acidity of soil which increases the difficulty for growing plants.

From Table 6.3, it can be seen that the lowest value of the pH for the contaminated soll
was 7.02 through all depths which, according to the classification of eloetal (2011),

is within the limiting range of neutral soil (6-67.3) (Table 34). The contaminated soil is
thereforeconsidered to be still available for agricultural activities although conttran

lowers its validation.

Table 6.3 shows that the pH valuesthe contaminated area ranges from (7.02 to 9.37).
Other studies, including those of-Bluwaisan and ANaseem (2011, p.441) found that the

pH values range from 7.59 to 8.1. Their research was also carried out in the Burgan area.
Baruaet al (2011), Khuraibet and Attar (1995) and Rahmanal (2007) reported an
increase in acidity ofiydrocarborcontamination due to the formation of toxic acids in the
spilled oil. Furtermore, a study by Baruat al (2011) indicated that crude oll
contaminated soil islightly more acidic in nature which may be due to the formation of
toxic acids in the spilled oils.

A study of five different oil polluted sites by Khuraibet and Attar (1995) concluded that the
soil was generally neutral in pH, becoming slightly moielahe with depth, suggesting

that the presence of oil may lower soil pH which could have a detrimental effect on plant
growth. Additionally, Habib-ur-Rahman et al (2007), investigated the pH of soll
contaminated with crude oil; thefound that the pH vaks of norcontaminated and
contaminated soil were 7.605 and 7.511 respectively. They also indicated that there was

slight reduction of pH for crude oil contaminated clays, showing the acidic nature of the

crude oil
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Table 6.1.pH coefficient valuesfor the contaminated soil samples atsix different depths of
0.0m, 0.25m, 0.5m, 1.0m, 1.5m and 2.0m.

pH Value
Trial Pit s
Coordinates. at depth | at depth | atdepth | at depth | at depth | at depth
(T.P.Cs) (0.0m) (0.25m) | (0.5m) (2.0m) (2.5m) (2.0m)
(Om, Om) 7.07 7.21 7.1 7.31 7.52 7.12
(25m, Om) 7.24 2.29 7.83 8.15 8.23 8.24
(50m, 0m) 7.12 8.24 7.75 7.93 8.12 8.34
(75m, Om) 7.12 7.39 7.75 7.93 8.12 8.34
(100m, Om) 7.93 8.71 9.37 8.95 8.64 8.58
(Om, 25m) 7.83 8.34 8.19 8.27 8.52 8.67
(25m, 25m) 7.42 7.39 7.57 7.98 8.12 8.43
(50m, 25m) 7.84 7.83 8.14 8.23 8.57 8.46
(100m, 25m) 7.05 7.59 7.84 8.27 8.39 8.29
(Om, 50m) 7.04 7.02 7.96 7.62 7.52 7.24
(25m, 50m) 7.59 7.84 8.36 8.28 8.43 8.29
(50m, 50m) 8.21 8.21 7.98 8.05 8.31 8.23
(100m, 50m) 7.39 7.82 7.93 8.43 8.12 8.54
(Om, 75m) 7.11 7.19 8.24 8.63 8.54 8.36
(25m, 75m) 7.45 8.09 8.02 8.36 8.14 8.26
(50m, 75m) 7.95 8.02 7.84 8.12 8.12 8.24
(75m, 75m) 7.99 8.04 8.57 8.11 8.11 8.24
(100m, 75m) 8.45 8.38 8.72 8.23 8.40 8.46
(0 m, 100m) 8.69 8.14 8.43 7.95 8.57 8.42
(50m, 100m) 7.74 8.52 8.12 8.34 7.99 8.43
(75m, 100m) 7.84 7.69 8.24 8.19 8.11 8.52
(100m, 100m) 8.15 8.23 8.19 7.95 7.98 8.06
Min. Value 7.04 7.02 7.1 7.31 7.52 7.12
Max. Value 8.69 8.71 9.37 8.95 8.64 8.58
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Table 6.2.pH coefficient valuesfor the non-contaminated soil samples atsix different depths
of 0.0m, 0.25m, 0.5m, 1.0m, 1.5m and 2.0m.

pH Value
Trial Piz.? gog :)ﬂnates. at depth | at depth | at depth | at depth | at depth | at depth
o (0.0m) | (0.25m) | (0.5m) (2.0m) | (1.5m) | (2.0m)
(Om, Om) 7.93 7.85 8.23 8.06 8.15 8.24
(100m, O0m) 7.59 8.02 8.12 8.19 8.24 8.26
(50m, 50m) 8.12 8.04 8.19 8.24 8.27 8.24
(0 m, 100m) 8.12 8.15 8.27 8.39 8.31 8.36
(100m, 100m) 7.84 7.93 8.11 8.04 8.12 8.06
Min. Value 7.59 7.85 8.11 8.04 8.12 8.06
Max. Value 8.12 8.15 8.27 8.39 8.31 8.36

Table 6.3.Minimum, maximum and rangeof pH valuesin the soil at six different

depthsfor contaminated and noncontaminated stes.

Samples H Minimum H Maximum
Deradn () Classifigation P Value P Value U REMEE VEILE
00m Contaminated 7.04 8.69 1.65
' Non-contaminated 7.59 8.12 0.53
0.25m Contaminated 7.02 8.71 1.69
' Non-contaminated 7.85 8.15 0.3
05m Contaminated 7.1 9.37 2.27
' Non-contaminated 8.11 8.27 0.16
10m Contamingted 7.31 8.95 1.64
’ Non-contaminated 8.04 8.39 0.35
15m Contaminated 7.52 8.64 1.12
' Non-contaminated 8.12 8.31 0.19
20m Contaminated 7.12 8.58 1.55
’ Non-contaminated 8.06 8.36 0.3




198

pH Min and Max Values at Contaminated and Norontaminated Sites
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Figure 6.1.Comparing range values of pH coefficientin the soil at six different depths betweerontaminated and norcontaminatedsites.
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6.2.2 StatisticaBummary of pH

Figure 6.2displays outliers in contaminated and remmtaminated pH data, wiiovere
deleted from the datasétable 6.5and figure 6.3 show minimum and maximwadues of

pH coefficientin the soil samples at six different deptietween contaminated and Ron
contaminated sites.

The table and figure show that there is a significant increase in the maximum and
minimum pH values of contaminated soil at all depths, particularly at the top layer,
indicating that the range between maximum and minimum pH values increased due to
contamination. This increase in the range was more obvious at the top layer, (it generally
decrases at deeper depths)

Comparing tle results in Tables (6.3 and Hghow that the minimum value of pH did not
change and so it cannot be stated that the statistical analysis displays a difference in th

availability of soil for agricultural activities.
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Figure 6.2 Boxplots of pH values at six different depths for both contaminatedite and non
contaminated site(1RWH WKH VI\PERO Rl 3~ DQG 3f" LQ WKH JUDSK

Table 6.4 The significant differences inthe pH range variable in the soil at six different
depths between contaminated and neoontaminated sites.

D(en?)th Site Name N Min Max Range
0.0 Contaminated 22 7.04 8.69 1.65
' Non-contaminated 5 7.59 8.12 0.53
0.95 Contamingted 22 7.02 8.71 1.69
Non-contaminated 5 7.85 8.15 0.30
05 Contaminated 22 7.57 8.72 1.15
) Non-contaminated 5 8.11 8.27 0.16
10 Contaminated 22 7.62 8.63 1.01
) Non-contaminated 5 8.04 8.39 0.35
15 Contaminated 22 7.98 8.64 0.66
) Non-contaminated 5 8.12 8.31 0.19
20 Contaminated 22 8.06 8.67 0.61
) Non-contaminated 5 8.24 8.26 0.02
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pH Min and Max Value at Contaminated and Norticontaminated Sites
9.00

8.80

O pH min Value

O pH max Value

7.20

7.00 +—T —
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0 0.25 0.5 1 15 2
Depth (m)
Figure 6.3. Comparing pH minimum and maximum values in the soil at six different depths (in metres) between contaminated andn-

contaminated sites. lote: the Cand NC indicate to the contaminated and na@ontaminated site, respectively
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6.3 Water Soluble Chloride(Cl-) and Sulphate(SO; & SO,) Content

6.3.1 Laboratory Resultsf Cl-, SG; and SQ Content

The results of the €l SO; and SQ tests conducted on contaminated soil samples with
hydrocarbon at various gths are displayed in Tabl€s6.1, C.6.2, C.6,3.6.4 C.6.5and
C.6.6 TableC.6.7 shows the restd of similar tests on necontaminatedsamples. The
maximum, minimum, standardeviation and mean values of these samples at each depth
are documented in the tables.

Table (6.5 and figures frm 6.4 to 6.6how the mean values of water soluble chloride and
sulphates at different soil depths for the contaminated andao@aminated sites.

As is obvious from tables 6.and figure 6.4 the ClI- concentration was very high
(approximately 13000 mg/kg) at thept layer of thenhydrocarboncontaminated site. The
concentration was then decreased to less than 4000 mg/kg at depths lower tian 0.5
However, at the neoontaminated site, thél- concentration was approximately zero.

As noted from Table 6.&nd figure 6.5 and 6.6, for both S@nd SQ, concentrations at
the top soil layer of thaydrocarborcontaminated site were considerably higher than those
in the noncontaminated site. However, both $& SO, dropped down suddenly and
considerably at depth to bewe lower than that in the natontaminated site at depths
lower than 0.25 m.

The concentration was then further decreased (ahydeocarboncontaminated site) at
lower depths until it reached an approximately constant value of between 1.0 m amd 2.0
depghs. In the nortontaminated site the concentration of bd@k; & SO, were
approximately constant throughout the depths.

TheCl- values obtained in this study were in line with the study conducted by Onojake and
Osuji (2012). They also investigated Gk andSO; & SO, content for soil contaminated

with crude oil after six months of the spill incident and paned it with the control site.
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For the contaminated sites at surface {® cm) and subsurface (3530 cm), the results

for Cl- tests were 973.94 55.63mg/kgand 366.06 A7.29mg/kg respectively. However,

for the control sites, th€l- value was 56.00 47.76 mg/kg It was also noted that the

values ofSG; and SQ for the crude oil contaminated site were 1.06 + nbdkgand 0.25

+ 0.02mg/kg at depths of @15 cm and 1830 cm respectively. At the necontaminated

site, howeverthe sulphate value of only 0.600.37mg/kgwas recorded.

Table 6.5 Mean values of water solubl€l-, SO; and SO, content (mg/kg) at different depths for

the contaminated and nonrcontaminated stes.

Water Soluble

Water Soluble Sulphate

Chloride
Depth(m) Samples (Cl-)
Classification as SQ as SQ

% PPM % PPM % PPM
0.0m Contaminr_:\ted 1.278 | 12788.59| 0.2484 | 24845 | 0.297 | 2979.27
: Nonrcontaminated | 0.0187 186.8 0.17542| 1754.2 | 0.2104 | 2104.4
0.25m Contamingted 0.8852 | 8852.54 | 0.1248 | 1248.81| 0.14983| 1498.36
’ Non-contaminated | 0.00902 90.2 0.19154| 1915.4 | 0.22982| 2298.2
05m Contaminr_:\ted 0.4025 | 4025.5 0.079 789.95 | 0.0947 | 861.045
' Nonrcontaminated | 0.00762 76.2 0.1816 1816 | 0.21808| 2180.8

10m Contamingted 0.3421 | 3421.63 | 0.0637 | 637.136| 0.07644| 764.5
: Non-contaminated | 0.0181 181 0.17362| 1736.2 | 0.20826| 2082.6
15m Contamin:_;ued 0.2513 | 2513.72 | 0.0481 | 481.045| 0.0577 | 577.18

: Nonrcontaminated | 0.00958 95.8 0.16278| 1627.8 | 0.1953 1953
o0m Contamingted 0.338 | 3380.136| 0.05881| 588.18 | 0.0705 | 705.681
' Non-contaminated | 0.0133 133 0.1624 1624 | 0.19482| 1948.2
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The Mean Values of the Gl Content in the Soil at Contaminated and Norcontaminated Sites
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Figure 6.4 Comparing the mean values of the water solubl€l- content (mg/kg) in the soil d six different depths betweercontaminated and non

contaminated sites.
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The Mean Values of the SQin the Soil at Contaminated and NorContaminated Sites
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Figure 6.5 Comparing the mean values of the war soluble SO; content (mg/kg) in the soilat six different depths betweercontaminated and non
contaminated sites.
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The Mean Values of the SQContent in the Soil at Contaminated and NonContaminated Sites
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Figure 6.6 Comparing the mean values of the water solubl8O, content (mg/kg) in the soilat six different depths betweercontaminated and non

contaminated sites.
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6.3.2 StatisticaBummary of Ci, S&; and SQ Content

Figure 6.7shows the outliers present in th#-, SG; and SQ data. These outliers were
deleted from the dataset. Data were normally distributedSI0s and SOy, but the
assumption of normality wagolated for C} data at both siteflables C.6.8and C.6.9.
Table 6.6shows themedianand mean differences between,d0G; and SQ values at both
sites.

A nonparametric, Mann Whitney U test found significant differences in the median
concentration values of €(mg/kg) between the two sites at all six depths: 0.0 m depth
(Z=-3.28, U= 2,p= 0.001), 0.25 m depth (Z=2.95, U= 6,p= 0.01), 0.5 m depth (Z=
2.95, U= 6,p=0.001), 1.0 m depth (Z=3.05, U= 5p= 0.001), 1.5 m depth (Z=3.26, U=
2,p=0.001) and 2.0 m depth (£22.98, U= 2 p= 0.001)(Figure 6.8and Table C.6.10

An independent samples-Tlest found significant differences the meanconcentation
values of S@and SQ (mg/kg) between contaminated and rcontaminated sites at all six
depths For SQ, the results revealed thtitere aresignificantdifference at depth8.0 m
(t(15) = 1.92 p= 0.005, 0.25 m (t@4) =-2.38 p= 0.02), 0.5 m (t@5) =-2.9Q p= 0.008),

1.0 m (t@4) =-4.8Q p=0.001), 1.5 m (t@3) =-7.01 p= 0.001) and 2.0 m (t(25) =4.19
p=0.001) Also, mean values of the 26howed significantariance at 0.0 m (t(15) = 1.91

p= 0.04), 0.25 m (t(14) =2.49 p= 0.02), 0.5 n(t(25) =-3.20 p= 0.004), 1.0 m (t(125 -

5.60 p= 0.001), 1.5 m (t(25) =4.7Q p= 0.001) and 2.0 m (t(25) =4.19 p= 0.001)
(Figures 6.9 and.10and Table C.6.11

The above statistical analyses indicate that the oil spills are responsible for contaminating
the soil with C} content but that S£and SQ concentration values (at different depths)
may have been changed by both hydrocarbon oil spill contaminationrarexfinguishing

materials used in the contaminated area.
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Furthermore, figures 6.8, 6.9 and 6.10 show the concentration,d@land SQ against
depth after deleting the outlier values from the laboratory data. These figures indicate no
change in the énd (behaviour) of the relationship betwekspth and concentrations of-Cl

, SG; and SQ as explained in section (6.3.1).
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A

Figure 6.7. Boxplots of CI (A), SO; (B) and SO, (C) values in the soil at six different depths for both contaminated and necontaminated
sites. l1RWH WKH V\PERO RI 3f" DQG 3~ LQ WKH JUDSK GHQRWHY RXWOLHU



Table 6.6. The significant differences of the variables of G| SO; and SQ, concentraion (mg/kg) in the soil at sixdifferent depths between

contaminated and noncontaminated sites(Note: outlier valies were deleted in this table).

210

D(en[:]))th Variable Site Name N Median Mean SD Min Max z U t-value p-value
c Nor-confaminated| 5 |05 | 106 | 738 | 4 | o | % | 20 | - oo
s |gotamnaes 22| ger [ ame | mes | osw [ g ||
R e
o |oenemeed ozl me | owe | g |4 || oo | oo |
O e e <
SO [ Wonconamnated] 5 | 2005 | oo | 1675 | isrs | zas1 | " e
c Nor-contaminated] & | 45 | 527 | 43 [ 28 | @ | 2% | 60 | — o001
03 i Ngwogéim?rged T I 28 e | - -2.904 0.008*
SO [Towconamineiea 5 | 2365 | 21s08 | esre | s [ aoet | ~ | w3 | oo
- [Forconiaminaiea| 5 | 115 | io1 | tse | 56 | aps | 05 | S0 | — ooz
s |gommemnaed [l oo | sss | oses [ oar g | |
SO | Wonconamnated] 5 | 7261 | 20826 | sbre | 158 | 2am | - | seos | oo
’ Nor-contaminated| 5 |56 | 956 | 62s5 | s | e | % | 2 | oo
Lo = N;?Ect)?lrt:;?;z(tjed 252 1272084 1461287.?8 ;6099 fl 10567 ;gii """"" -7.013 0.001*
S R - ey D
o Nor-conaminated] 5 | 705 |~ 67 | g1 | e g | 2% | 200 | o001
N B ——— e
sa Nomconiamnated] 5 | 2105 | 19462 | Sa60s | 1807 | sses 1 T | T 4190 | oo

Note, *p < .05ndicates to the significant difference in the variable between two different groups.
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Figure 6.8 Comparing median values of Gl concentration (mg/kg) in the soil at six different
depths between contaminated and nenontaminatedsite. (Note: Error bars denote 9% lower

and upper confidence intervals).

Figure 6.9. Comparing meanvalues of SQ concentration (mg/kg) in the soil at six different
depths between contaminated and nenontaminated site.(Note: Error bars denotestandard

deviation).
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Figure 6.1Q Comparing mean values of SQconcentration (mg/kg) in the soil at six different
depths between contanmiated and norcontaminated site.(Note: Error bars denote standard

deviation).

As Mann Whiney U and independentragles FTest results were significant, a follewp
nontparametric Wilcoxon test was conducted to compare differences waldes across
the six different depths, and a linear regression analysis was conducted, separately, t
predict SQ and SQvalues afl.P.C (50m, 50m) from the depth categories, at both sites.
For CF concentration (mg/kg)the Wilcoxon analysis revealed that at the contaminated
site, there were significant differences between deptimO(®ledian=10638) and all other
depths, i.e. deps of 0.25m (Median=2837), Z=-2.80 p= 0.005; depth 0.B.n (Median=
1985.5), Z=-3.92 p= 0.001; depth 1.0n (Median= 1687.5), Z=3.658,p= 0.001; depth
1.5m (Median= 1702), Z=3.65 p= 0.001; and depth 21 (Median= 2269.5), Z=3.229,

p= 0.001.

Onthe other handat the norcontaminated site, there was only one significant difference
between depth 0.0 m (Mediari86) and depth 0.25 m (Mediart3), Z=-2.03 p= 0.04.

All other comparisons were nesignificant (Table C.6.1)2
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For SQ content, linear regression showed that at both sites, depth does not predict SO
concentratiorvalues, i.e. at thecOntaminated siteB= -280.12, SEB= 282.19, Beta= -

0.44 p = 0.37and at thenon-contaminated siteB =-127.49, SEB=178.04, Beta -0.337,

p = 0.5])). It therefore shows that there is no significant association between depth and SO
content at either site (Figure 6.11). Additionally, the results af®@tent showed that the
depth does not predict @oncentration valuescgntaminated s$e: B= 336.21, SEB=
338.63, Rta=-0.44 p= 0.37 non-contaminated siteB= 153.13, SEB= 213.60, Beta=

0.33 p= 0.5)). Hence, it can be stated that there is no significant relationship between
depth and S@values at both sites at T.P.C. (50 m, 50 m)y{Fed5.12).

These results mean that the depth at certain points cannot predict the concentratigns of SC

and SQ at either site.
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Figure 6.11 Scatterplot showing relationship between six different depths andSOs
concentration (mg/kg)at T.P.C (50 m, 50 m), at contaminated site (A) and necontaminated
site (B).
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Figure 6.12 Scatterplot showing relationship between six different depthsand SO,
concentration (mg/kg)at T.P.C (50 m, 50 m), atontaminated site (A) and norcontaminated
site (B).
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6.4 Vario Macro Elemental AnalyseqEA)
6.4.1 Laboratory Results of EA
TablesC.6.13 to C.6.8 present the Elemental Analysis (EA) test results for the soll
samples taken from the contaminatetke;sthe results for similar tests performed on
samples obtained from the noontaminatd site are shown in Table C.6.18imilarly, the
maximum, minimum, standard deviation and mean values were calculated and tabulatec
against the depth.
Tables 6.7 and.8 show the mean percentage values of nitrogen, carbon, sulphur and
hydrogen against the layer depths for contaminated anetomaminated sites. Figure
6.13 shows how the carbon percentage changes with the depth at the contaminated sit
The followingsshould be noted from Tables (6.7 & pahd figure (6.13):

(&) The carbon content was very high (nearly 21 %) at the top layer of

the contaminated site. It however, decreased sharply with depth down

to 0.5 m where it reached nearly 2 % and a furthehtstigcrease was

recorded down to 2.0 m. On the other hand, at thecnataminated

site a negligible carbon content was clearly shojas,shown in Table

6.8) even at the top layer.

(b) Nearly the same trend of changes in the carbon, as discussed above,

was noted for the changes of Nitrogen, Sulphur and Hydrogen with the

depth, although the concentrations of these materials were low even at

the top layer of the contaminated site as compared with the carbon

content. The lower values of these materials wepeeed as the oll

itself mostly contains hydrogen and carbon and the hydrogen mostly

evaporates when exposed to the air and high sun temperatures.

However, at the neoontaminated site, these materials were negligible.
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Table 6.7 M eanpercentagesvalues of Nitrogen, Carbon, Sulphur and Hydrogen in soil

samples atsix different depths in contaminated ge.

Trial Pits Sample Weight| Content of N, C, S & H (%) by elemental analysis
Coordinates (9) N % C% S% H %
(T.P.Cs)
0.0m 45.40 0.54 20.86 2.43 2.72
0.25m 45.95 0.45 8.33 0.97 1.10
0.5m 44.56 0.26 2.12 0.09 0.02
1.0m 45.49 0.39 2.12 0.10 0.07
1.5m 44.94 0.21 1.59 0.12 0.02
2.0m 45.06 0.14 0.62 0.09 0.01

Table 6.8 Meanpercentagesvalues percentagesof Nitrogen, Carbon, Sulphur and

Hydrogen in soil samples atwo different depths (0.0m, 0.25m) in non-contaminatedsite.

Trial Pits Coordinates Sample Content of N, C, S & H (%) by elemental analysis
(T.P.Cs) Weight (9) Nitrogen Carbon Sulphur Hydrogen H
N % C% S% %
0.0m 36.79 0.0027 0.048 0.008 0.0054
0.25m 44.96 0.00026 0.00066 0.001 0.0011
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Figure 6.13 Mean percentagesvaluesof carbon in soil samples asix different depthsin contaminated ste.
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6.4.2 StatisticaBummary of EA

Figures 6.14 and 6.15 shows the outliers present in the nitrogen (N %), carbon (C %),
sulphur (S %) and hydrogen (H %) data for the contaminated site only, as the N %, C %, S
% and H % data had low percentage values at depths 0.0 m and 0.25 m and were nc
detected at other depths in roontaminated site. Outliers in the contaminated data were
deleted prior to analysis. The C %, N % and S % data had normal distributions. However,
the H % data were skewed; therefore 4pamametric tests were performed onstdata.
(TablesC.6.20and C.6.2)1

Table 6.9 shows the independerdraples FTest results for C %, N % and S data, and

Mann Whiney U results for the H %ata, at both sites #te twodepthsof 0.0 m and 0.25

m (Tables C.6.22 and C.6.23Yhe T-Test showed significant differensein mean
percentagealues ofC % (at depth 0.0 m(25) = 4.83p= 0.002 at depth 0.25 m(21) =
4.65,p= 0.001); N % (at depth 0.0 m,(25) = 17.05,p= 0.001; at depth 0.25 m(25) =
19.41,p= 0.001)andS % (at depth 0.0m, {(21) = 7.48 p= 0.001, at depth 0.25 m(19) =
4.32,p= 0.00]) (Figure 6.16.

The Mann Whitney U analysis found significantfetences in median percentagalues

of H % between contaminated and smontaminated sites at the two depths investigated:
0.0 m (Z=-3.43 U= 0.000,p= 0.001) and 0.25 m &-3.41, U= 0.00, p= 0.001)(Figure

6.17).

The above results show that the statistical analysis (after dplitenoutliers from the
mean/median values) do not much change the general values found in tables 6.8 and 6.
i.e. it does not much vary the trend towards the concentration of elements against the
depths. Furthermore, it indicates that the oil spill contation is responsible for the

existence of these element materials at the contaminated site.
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:

Figure 6.14 Boxplots of N % (A) and C % (B) percentages values in the soil at six different depths for contaminated sitd RWH WKH VA\PERC
DQG 3f" LQ WKH JUDSK GHQRWHYVY RXWOLHU
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.

Figure 6.15. Boxplots of S % (A) and H % (B) percentages values in the soil at six different depths for contaminated st RWH WKH V\PERC
D Q G iA fHe graph denotes outligr
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Table 6.9. The significant differences of the variables of elemental analysis (N %, C %, H % & S %) at two different depths (0.0 m & .2

m) between contamimted and norcontaminated sites (Note: outlier values were deleted in this table).

D(e nﬁ))t L Variable Site Name N Median Mean SD Min Max z U t-value p-value
Contaminated 22 057 056 0.059 0.446 0.652
0, %
B Non-contaminated 5 0.0029 0.0030 0.0006 0.0025 0.0037 A 0.00
Contaminated 22 93.275 20.86 9.485 4.058 37.58
0, %
0.0 & Non-contaminated 5 0.036 0.048 0.036 0.01 0.09 B 0.00%
’ Contaminated 22 3.00 2.64 1.36 0.37 5.19
0, 243 | 000 | e
i Non-contaminated 5 0.0052 0.0054 0.0029 0.0 0.01 e Lt 0.001"
Contaminated 22 281 247 157 0.49 515
0, %
i Non-contaminated 5 0.008 0.008 0.0056 0.001 0.014 e 0.00t
Contaminated 22 0.439 0.450 0.050 0.387 0.556
0, %
e Non-contaminated 5 0.0 0.0003 0.00053 0.0 0.0 el 0.00%
Contaminated 22 6.698 8.333 8.405 0.516 30.77
0,
0.5 S Non-contaminated 5 0.001 0.0007 0.0006 0.0 0.0 e 0.001*
: Contaminated 22 0.6270 0.9904 1.096 0.039 3.6550
[0) 241 L 000 ! oo *
i Non-contaminated 5 0.001 0.0012 0.0007 0.0 0.0 Sad e fuoeu
Contaminated 22 0.479 0.649 0.839 0.173 3.617
0, %
S Non-contaminated 5 0.0 0.001 0.001 0.0 0.003 i 0.00T
N% Contaminated 22 0.2595 0.2597 0.0070 0.2480 02710 | | e | o | e
0.5+ C% Contaminated 22 2.27 2.129 0.446 0.546 P e B B
: H% Contaminated 22 0.022 0.022 0.0026 0.0180 00270 | = | e | e | -
S% Contaminated 22 0.0710 0.0993 0.0700 0.053 DRV T D p e —
N% Contaminated 22 0.4255 0.4225 0.0586 0.2460 04980 | o | e | e | e
1.0% C% Contaminated 22 2.177 2.124 0.246 1.593 A e e B
: H% Contaminated 22 0.046 0.0488 0.0259 0.017 XL I R R— E—
S% Contaminated 22 4.499 3.91784 3.212 0.125 L TR [ e B e es—
N% Contaminated 22 0.2050 0.2058 0.0340 0.1370 L R [ S E—— E—
1 5 C% Contaminated 22 2.251 2.198 0.2480 1.365 A e e e
: H% Contaminated 22 0.019 0.020 0.0075 0.013 XX I S R R—
S% Contaminated 22 0.0530 0.1338 0.223 0.026 X I D Ry e E—
N% Contaminated 22 0.139 0.1389 0.0367 0.0690 02050 | < | o | o |
2 0% C% Contaminated 22 0.726 0.628 0.291 0.037 R B e e I
: H% Contaminated 22 0.0100 0.0102 0.0041 0.0030 00180 | | e | m |
S% Contaminated 22 0.0310 0.1076 0.2003 0.011 T D B R —

Note, *p < .05 indicates to the significant difference in the variable between two different groups. ** No further detesmhiages valug of N%, C%, H % and S% at

depths0.5m, 1.0 m, 1.5 m and 2.0 m in namontaminated site.
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A

Figure 6.16 Comparing mean values of N6 (A), C % (B), S% (C) at two different depths (i.e. 0.0 m, 0.25 m) between contaminated and rron

contaminated sites(Note: Error barsdenote standard deviation).
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Figure 6.17 Comparing median percentages values of H % at two different depths (in
metres) between contanmiated and noncontaminated sites. (Note: Error bars denote 95%

lower and upper confidencitervals).

The C %, N % and S% predictors were entered individually into three separate linear
regression models to examine their contribution towards predicting depth degrees in the
contaminated site at T.P.C. (50 m, 50 mihe results revealed thabe depth was a
significant of N % (B= -0.13 SEB= 0.04, Beta= 0.83 p= 0.03). For every one meter
increase in depth\ % decreased b.139 degrees. The R Square valu®.6B9 indicates

that depth accounted for approximately 6%®f the Nitrogen % ithe contaminated data.
Onthe other handhe depth was not found to be significant fordicating the carbon %
(B=-4.49, SEB= 3.00, Beta®.59 p= 0.20 and sulphur %B=-0.98 SEB-=0.67, Beta -

0.58 p=0.22) (Figure 6.18.
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For H % percentage vadg, the Wilcoxon analysis revealed that there was a significant
difference between depth 0n® (Median = 3.08and all other depths, including depth 0.25

m (Median = 0.65 Z=-3.12 p= 0.002; depth 0.5m (Median = 0.0Z=-4.10 p= 0.001);

depth 1.0m (Median = 0.05), Z=4.1Q p= 0.001); depth 1.5n (Median =0.02), Z=-4.10,

p= 0.001); and 2.0n (Median = 0.01), Z=4.1Q p= 0.001). Note that the Z value and
statistical significance shows an identical difference betweem@6épth and ® m to 2.0

m depths (Table C.6.24

From the above, it can be claimed that the depth is significant in predicating N % and H %

but not significant for predicating S % and&contents.
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A

Figure 6.18 Scatterplot showing relationship between six different depths ant % (A), C % (B) and S % (C) percentagesat T.P.C (50 m, 50 m),

at contaminated site.
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6.5 Gas Chromaograph Mass Spectrometry (GGMS)

6.5.1 Laboratory Resultef GG-MS

Of the 22 tested samples extracted from the hydrocarbon contamination site, the total
number found to & contaminated with TPHre shown in Table 6.10

The findings from the G@®AS tests, e.g. the TPH concentration (mg/kg) and chemical
composition conducted on samples detected with TPH obtained from the contaminated
(dry oil lake) site taken at depths of On®, 0.25m and 0.5m below ground, are shown in
appendix C; Tables C.6.250 C.6.47and Figures C.6.10 C.6.23 One example of a
sampledetected with TPH from T.P.C of (th, 25 m) at 0.0m depth via GEMS
instrument is shown in Table 6.4hd Fgure 6.19.

As clarified in chapter 2section 2.7, p. 36 the contaminated site his study resulted

from crudeoil spills from the Iraqi invasn, - more than 26 years agotherefore, this
petroleum hydrocarbon contaminant mixtures has been subjected to the time factor whict
has caused several alterations through weathering (dissolution or evaporation), chemica
degradation (effects of sunlighteat, and air and soil chemistry) and biological alteration
(impact of microorganisms).

Figure 6.19 represents the total ion chromatogram (TIC) of typical soil contaminated
samples analysed by the @S test; i.e. results were obtained through samplecieg

into the GGMS system for subsequent separation and identification according to their
boiling point and characteristic mass fragmengspectivelyWhereas,TIC displayed of
typical compoundZ KLFK PLJKW EH UHODWHG WR SDUDIILQTV
tri aromatic; which these substances are related to in TPH t&onsexampleall the
chemical compositions detected in contaminated soil samples for T.P€.2Bm) at a

depth of 00 m via the GE06 LQVWUXPHQW EHORQJ WR SDUDIILQ

be part of the TPH(Table 6.11& Figure 6.19).
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Therefore, figure 6.19, clearly shows a hump and spiky peak of indivatumapounds
which represent a TPH composition of arodr@B to 24.2 minutes of retention time for
contaminated samples.

The GGMS results for samples taken from the contaminated site but not detected with
TPH are showrin figures C.6.24 up to C.6.108 at depths of ©,00.25m, 0.5m, 1.0m

and 1.5m belowgroundFigure 6.20llustrates an example of the result of a saniplend
without any TPH for T.P.Q0 m, 0 m) at a depth of 0.tn. On the other hand, the @@S
results for samples obtained from the +wamtaminated site are displayed in figures
C.6.109 toC.6.117. An example of one control sample for T.H3D m, 50m) at 0.0m

depth is given in igure6.21

The TPH concentrations (mg/kg) detected in contaminated samples (contaminated site) a
depths of 0.0 m, 0.25 m and 0.5 m are shown in Tableégl8to C.6.50 The same tables
(C.6.48to C.6.50Q also exhibit the minimum, maximum, mean and standard deviation
values of TPH (mg/kg) for samples obtained from depths of 0.0 m, 0.25 m, 0.5 m.

Table 6.12and Figure 6.22show the mean values of TPH concentraagainst the layer
depth for both contaminated and poomtaminated sites. The Table indicates that the
highest TPH value was in the top layer of thetaminated site recording 257n8g/kg.
However, this decreases dramatically at depdaching 103.hgkg at 0.25m depth and
1.0mg/kg at 0.5m depth. It was not detected at lower depths. The table also shows that the
TPH was not detected at the moontaminated site which confirms that the fion
contaminated site has not been contaminated with hydrocarbon.

Similar tests were carried out in other areas using theNiSTCtechnique, AlSarawiet al
(199%) used the GEMS technique on hydrocarbon contaminated soils in thAhkhadi

and Greater Burgan iOFields and have found that soils in both regions hagh
concentrations of TPHThe soil from the AlAhmadi profile was found to have high TPH

even at greater depths (86 cm) wtereas the soil from the Burgan Oikekls had high
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levels of TPH only on the surface (upper 50 cm layer). The results atutigarBReld

study very closely matched those of the present study where depth of influence for
hydrocarbon contamited soil in the Greater Burganekl was also found to be 0.5 m
from the surface.

Additionally, Okop and Ekpo (2012) investigated the spillagfe crude oil which
FRQWDPLQDWHG WKH VRLO ZLWKLQ WKH 1LJHULDYV 11
after that major incidenc&amples of soil were extracted from depths of 0.0 m to 0.15 m,
0.15 m to 0.3 m and 0.30 m to 0.60 m belowground; the lesmyere examined using GC
equipped with a device to detect flame ionisation. The result showed that the TPH
concentrations for the topsoil, sgbil and lowest depth measured wereZB9 mg/kg, 8+

318 mg/kg and 7+163 mg/kg respectively. It also indtea that the levels of total
hydrocarbon contents were higher in comparison with the reference site. The results prove
that there is an urgent need to develop a complete and sustainable remediation an
monitoring plan for the environment.

Pathaket al. (2011) investigated the effect of petroleum oil on the soil in the Jaipur area
(India). Soil samples were taken at a depth of 60 mm below ground close to the India
Motor Garage in Transport Nagar India. Chemical analysis of soil was performed using the
GC-MS test in order to find th& PH concentration in the soil samples from two different
sites, i.e. contaminated & naiontaminated areas. They observed significantly high TPH
concentrations in soils from the contaminated site as compared to themtaminagd

site.

Thus, the present study is also in line with past studies, and has confirmed the hydrocarbo
contamination at the contaminated dy lake site; also showing that the top 50 cm of
depth is an effective zone of contamination wiydrocarbonpresence (Table 6.12 and

Figure 6.22.
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Table 6.10 Number of detected and not detected samples with TPHs$ted by GCGMS test at

contaminated ste.

Total Number of Samples Detected withh  The Percentage of the
Depth (m) Total Petroleum Hydrocarbons (TPH) Detected Samples out of
out of 22 Sample<Collected at each the Total 22 Samples.
Depth
0.0m 16 73.00%
0.25m 7 32.00%
0.5m 1 5.0%
1.0m ND* ND*
1.5m ND* ND*

Note: ND*: not detected with petroleum hydrocarbon.
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Table 6.11 An example shows the results for one of the detected sample with TPH which tested by -®AS instrument for T.P.C (0 m, 25 m) at depth

(0.0 m) of contaminated site.

Concentration | Concentration of Total
of each TPH each TPH Concentration
Chemical Composition of Chemical Classification of the Chemical Chemical of the Total

P . the TPH in the Area Under - Composition Composition TPH

eak Ret. Time . . Composition TPH Substance . - .

Contaminated Soil the Curve (m2) Formula based on Aliohatic or Detected in Detected inthe | Compositions
Sample Aromatri]c the Contaminated Detected in the
Contaminated Soil Sample Contaminated References
Soil Sample (mg/kg) Soil Sample
(Hg/ml) (mg/kg)

12 2.462PV | e 5656160 | = --mmeem | e 46.62 1554 | | e

2% | 19.875PV 2-Methyldodecane 6480023 CizHas Aliphatic C12C16 57.30 19.1 (Two-Methyldodecanen.d.)
31 | 20.311PV | Tetramethylpentadecan 7042148 CioHao Aliphatic C16C35 64.56 21.52 (Pristane, n.d.)

47 | 21.060VV | Tetramethylhexadecan| 14937449 | CyHn | Aliphatic C16C35 |  166.812 55.604 (Two, 6, 10, 14

tetramethylhexadecane, n.d.

51 | 21.689vV Nonadecane 7206111 CioHao Aliphatic C16C35 66.70 22.233 (Nonadecane, n.d.)

61 | 21.970Pv | Dimethyhexadecane | 5585519 CisHss | Aliphatic C16C35 45.70 15.233 (Two, z'd'mﬁtgﬁ'hexadeca”e

_ o .d.

72 22172V | e 5274027 | om0 - 41.67 13.89 a L e

81 | 22.349vv Eicosane 14529974 CooHaz Aliphatic C16C35 161.53 53.843 « (Icosane, n.d.)

gt 22.608vV Eicosane 4485710 CooHaz Aliphatic C16C35 31.46 10.486 (Icosane, n.d.)

10" | 22.643vV Pentadecane 6449501 CisH3o Aliphatic C12C16 56.89 18.963 (Pentadecane, n.d.)
111 | 22.844vV . 13104405 CiHis | Aromatic C16C21 143.07 47.69 (Nine, 10dimethylanthracene

Dimethylanthracene n.d.)

120 | 22.981vV Heneicosane 13477178 CoiHuy Aliphatic C16C35 147.90 49.3 (Heneicosane, n.d.)
13" | 23.595 PV Docosane 8978255 CooHas Aliphatic C16C35 89.64 29.88 (Docosane, n.d.)

141 | 24.258PV Octadecane 4029007 CigHsg Aliphatic C16C35 25.547 8.515 (Octadecane, n.d.)

Notes:" Brown colour clarify the hydrocarbon compounds and their concentrations detected in soil sample.

Z Blue Colure clarify the unknown chemical compounds and thewncentrations (not identified by diesel standard) detected in soil sample which are excluded

from the total concentration of the TPH.
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----> (Signal Intensity)

'\ Spiky individual peak !
' detected at 24.258 '
' retention time which !
I representan individual |
1 compound of TPH !

—————— > (Retention Time in minute)

Figure 6.19 An example ofTotal lon Chromatograms (TIC) of detected soil sample with TPH for coordinate (0 m, 25 m) at depth (0.0 na,

contaminatedsite (Al-Magwa area).
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Figure 6.2Q Example of Chromatograph shows one of the nedetected samples for the TPHdsted by GCMS instrument for T.P.C (Om, Om)

at depth (0.0m) of contaminated ste.
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Figure 6.21 Example of Chromatograph shows one of the control sample tested by GKS instrument for T.P.C (50 m, 50 m) at depth (0.0 m)

of control site.
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Table 6.12 Mean values of the TPH concentration (mg/kg) in the soil samples at

contaminated and noncontaminated site at different cepths.

The Mean Value of the TPH Concentration in the Soil Samples (mg/kg)

D(e nl'?; i At Contaminated site At Non-contaminated site
0.0 257.80 0
0.25 103.65 0
0.5 1.0 0
1.0 0 0
1.5 0 0
2.0 0 0
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Mean value of the TPH Concetration (mg/ky
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The Mean Values of the TPH Concentrations in the Soil at different Depths in the Contaminated Site

Figure 6.22 Comparing the mean value of the TPH concentratios (mg/kg) in the soiland depth at contaminated site.
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6.5.2 StatisticaBummary of GEMS

Boxplots revealed outliers at all three depti3.0 m, 0.25m, and 0.5m - in the TPH
concentration (mg/kg) data detectedcantaminated site. (Figure 6)23hese extreme
values were retained in the data, as they were a true reflection of the hydrocarbon
concentration (mg/kg) values in this type ofl sample. The data was also skewed at these
three depths, as Shapivdilk results violated the assumption of normality; therefore-non
paametric tsts were performed (Table C.6)51

Wilcoxon analysis revealed that at the contaminated site, there was a significant difference
in TPH concentration (mg/kd)etween depth 0.0 m (Median83.49 and depth 0.25 m
(Median=0.00), Z=-2.58 p=0.01; and depth 0.5 m (Median0.00), Z=-3.51, p= 0.001).

TPH concentration(mg/kg) is significantly higher in tp sal than in next two levels
(Tables6.13& C.6.52and Figue 6.29.

In summary the statistical analysis showed that the concentration of TPH at the top layer
was significantly higher than the camtration at deeper depths, confirming that the
concentration values at depths of 0.25 m and 0.5 m were lower than at the topdayer

found in the laboratory results.
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Figure 6.23 Boxplots of TPH concentrations values (mg/kg) in the soil facontaminated site.
(1RWH WKH V\PERO RI 3~ DQG 3f" L.LQ WKH JUDSK GHQRWHYV |

Table 6.13 The significant differences of the TPH variable in the soil between different

depths (0.0 m, 0.25 m & 0.5 m) at contaminated site.

D(erﬁ; 1 N Mean | Median SD Min Max Zo$c2);50r$ Zé%omT
0.0 22 257.15| 83.48 | 345.77| 0.00 | 1330.08
0.25 22 103.65 0.00 |289.20| 0.00 |1271.03 -2.58 -3.51
0.5 22 0.99 0.00 4.66 0.00 21.86
p-value 0.010% 0.001*

Note, *p < .05 indicates to the significant difference tine variable between two different groups.
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Figure 6.24 Comparing the median values of TPH concentration (mg/kg)between different
depths (i.e. 0.0 m, 0.25 m & 0.5 m) at contaminated sitéNote: Error bars denote 9%6 lower

and upper confidencéntervals).
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6.5.3Spatial Modellingof GG-MS Resultg§Contour Map)

The TPH concentrations (mg/kg) detected in contaminated samples (contaminated site) a
depths of 0.0 m, 0.25 m and 0.5 m are showgures of contour maps 6.25 to 6.3he
contour maps demonstrate the concentration of oil spillage (mg/kg) based on three
contrasting colours; this was carried out according to the TPH value recommended by the

U.S. EPA for soil cleamup (exceeding 100 mg/kg).

As such the TPH values ofdftier than 100 mg/kg are represented by the colour brown.
The yellow signifies the detected samples with TPH values of below 100 mg/kg and more
than the limit of TPH detection (in accordance with U.S EPA which states that such
concentrations does not neddastup). White indicates the limit of detection samples with

TPH.
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Figure 6.25 Contour Map illustrated the top view of dry oil spilled in the soil at depth 0.0 m
in Greater Burgan Oil Field (Al-Magwa area).
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Figure 6.26 Contour map indicated the detected soil samples with TPH concentration at

depth 0.0 m in Greater Burgan Oil Field (AFMagwa area).
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Figure 6.27. Contour Map illustrated the top view of dry oil spilled in the soil at depth 0.25 m

in Greater Burgan Oil Field (Al-Magwa area).
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Figure 6.28 Contour map indicated the detected soil samples with TPH concentration at
depth 0.25 m in Greater Burgan Oil Field (AFtMagwa area).
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Figure 6.29 Contour Map illustrated the top view of dry oil spilled in the soil at depth 0.5 m

in Greater Burgan Oil Field (Al-Magwa area).
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Figure 6.3Q Contour map indicated the detected soil samples with TPH concentration at

depth 0.5 m in Greater BurganQil Field (Al-Magwa area).
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6.6 Summary

This Chapter has presented the findings of the geochemical characteristics of soil sample
taken from two different locations of the contaminately (oil lake) and the non
contaminated sites. All the findings of the geochemical characterisation of soil were
undertaken to a statistical analysis. The investigated properties were pH, waterGb|uble
SO; and SQ content,EA (i.e.N %, C %, S % & H % and GC-MS (i.e. TPH content)

analysis. The following conclusions were drawn from these analyses:

x The difference between minimum and maximum pH values from the
hydrocarbon contaminated site was higher than those from the non
contaminated site. Additionally, the minimm values of pH decreased due to
contamination. Statistical analysis proved the above findings, i.e. after

deleting outlier values.

x CI- concentration was very high at the top layer of the hydrocarbon
contaminated site and then decreased at depths loareiOtBm. However,
at the norcontaminated site, the chloride contration was approximately
zero.Statistical analysis proved that there was a significant difference in Cl
concentration between contaminated and -camaminated @ $s.
Furthermoretherewas significant differerce in Cl- concentratiorbetween
depth 0.0 m and all ber depths at contaminated sitéhile, there was only
one significant difference between deptB.0 m and 0.25 m at non

contaminated site.

x In terms of SO; and SQ, concentrationsvere found to be higher onft the
top soil layer of tb hydrocarbon contaminated sithan the non

contaminated site. At depths lower than Or85in the contaminated site,
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however, bothSO; & SO, dropped down suddenly to become lower than
that in the norcontaminated site. The concentration was then further
decreased (at the hydrocarbon contaminated site) at lower depths until it
reached approximately a constant value betweemla@id 2.0m deptls. At

the noncontaminated site the concentration of both sulphate types were
approximately constant throughout the depths. Statistical analysis confirmed
that the above finding was significantly true. While, statistically, no
relationship was found betwed¢he SQ and SQ content and the depth at

T.P.C. (50 m, 50 m) at both sites.

The C % contentwas very high in the top layer of the contaminated site.
However, it decreased sharply with depth. On the other hand, at the non
contaminated site a negligib@arbon content was shown even for the top
layer.

Nearly the same trend of changes in @éb6 contentwas noted egarding

the changes of N %6 % and H %contentswith the depth levels; although
the concentrations of these materials were comparatively low even at the top
layer of the contaminated site as compared thi¢hC %content At the non
contaminated site, however, these materials were negligible. Statistica
analysis proved that threeanpercentage values of thedd, C% & S % and
median percentage &f % had significant differencdsetween soil samples
taken the contaminated and na@ontaminated sites. Additionally, the
percentage values of & and H% in the soil afT.P.C (50 m, 50 m) irthe
contaminated site was found e significantly decreaed with the increase

in depthwhile no significant relationshigvas foundbetween depth and S %

& C % contents
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x The TPH valuewas higher in the top layer dhe contaminated site but
decreased with depth down to v it was not detected at lower depths.
TPH was never detected at the rammtaminated site. Statistical analysis
proved that the TPH concentration had significant differences in the

contaminatedoil between depths 0rf, 0.25m and 0.5m only.

The influence of ground hydrocarbon contamination on human health will be assessed in
the next Chapter. This will be done by classifying thollutants in the hydrocarbon
contaminated soils into carcinogenand norcarcinogenic categories as well as by
GHYHORSLQJ pJURXQG PRGHOOL QP Bv&sKdd RiX dokdtamibated L Q

site usingRISC5 software
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/. HUMAN HEALTH RISK ASSESSMENT (HHRA)
OF HYDROCARBON CONTAMINATED SOILS

7.1 Introduction

Petroleum Hydroc#&on Standards for Soil Clearp are described in this chapter. Also, the
explanations ofHHRA phases as follows: (1a), Hazard Identification (1b), Hazard
Assessment; (2a) Risk Estimation and (2b) Rig&li&ation argrovided for the purpose of
applying these stages to the potential hydrocarbon contamination sikdg@a area)
showing how they havbeen adhered to.

The results of the HHRA carcinogenic and +ancinogenic risk found in the soil samples
detected with hydrocarbon contamination (at ditake) by means of RISG modelling
software Spence and Walden, 200Will also be presentkin this chapter.

This analysis wasachieved throughmodelling the TPH aliphatic and aromatic
hydrocarbons fractiongncluding their concentrations (mg/kg) of the detected samples
determined by the G®IS testas well as some hydrocarbon compounds assoomtld
Anthracene and Pheneanthrene. (inked to PAH which could be toxic (Wenet al,
(2006)) which were determined by the BAS test.

This HHRA wasexamined so as to estimate the risk and to calculate theglelmvels
required for the identifiedokations- particularly for the safety of inhabitants who may
wish to reside in these area in the future.

Section 7.2 presents the important criteria of the HHK#&in the concerned site; the
standards for soil cleamp of petroleum hydrocarbon are désed in section 7.3. Section
7.4 outlines the HHRA scenarios assumed for the contaminated sites. The applications fo
the HHRA scenarios for the site under study are explained in Section 7.5 including the
estimationof the potentialrisks (carcinogenic and neecarcinogenic risks) and cleap

levels for the site by means of RISGsoftware.
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7.2 Human Health Risk Assessment (HHRA)

This sectionwill explain how the application of HHRAvas performed only on soil
samples detected with petrofethydrocarbons obtained from the contaminated site of the
Al-Magwa area. Assessment was carried out on whether the contaminated soil had an
influence on human health with regards to carcinogenic andcammogenic health
impacts. It also ascertained thetent of any potentiaisk expected from the site bearing

in mind that the contaminants have bgeesensince the 1990 Gulf War.

As such, the HHRA performed within this research was very much dependent on the
accredited concentration of the TPH soieg value for the soil as approved by
international environment regulations, (U.S EPA, UK EPA etc). This was carried out
through comparing the screening value of the TPH, i.e. TPH screening value approved by
international environment regulations witretbetected hydrocarbon concentrations found

at the site. For example, if the total of detected hydrocarbon concentrations (mg/kg) at the
site exceeds the TPH screening value, then there is an urgent need to evaldbiie Ahe

This wasaccomplished by impfaenting theRAS which entails identifying a practical
measure in managing risks in the contamination sites utilising four steps. These consist of
Phasela Hazard dentification; Phasdb HazardAssessment; Phaga Risk Etimation;

and Phas@b RiskEvaluation.

In an effort to carry out risk assessment to ascertain whether the presencelryfdhe

lake residue could cause serious concern to human health, i.e. carcinogenic material, the
RISG5 software was employedhis also helped to calculatbe cleanup values for the
contaminated site; this will be necessary since the Kuwait mega housing project will be
due to be launched (see Chapter 2).

The difference betweeW KH W Hstr€exing levefand pleanup O H Walu@4that the

fpcreening levefrole in the contamination siteill help to identify that the site require
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further evaluated for potential risks to human heditlother words, no actiois required

of applied HHRA atthe site if the concentration of hydrocarbon contamination falls to
levels below screening valud$owever, further HHRA will be necessary if it exceeds the
screening valu@u.S. EPA, 2018).

On the other hand, tht# ROHV RI1 WKH 3F O BHsBis}o ¥eter@inkthat @he sité O O
requiresa remediation or notn the otter words,no furtherremediation is necessairythe
VLWH tléavwxkSHOQHYHOY H[FHHGYV WKH pGHWHFWHG K\GUF
sitef +RZHYH Odeakup W EHDOO EHORZ WKH pPGHWHFWHG K\(

level] 1 XUW K High i9rit¢&dddLISDERA, 20186).

7.3 Petroleum Hydrocarbon Standards for Soil Clearup

Utilisation of TPH concentrations in determining the screening level value for water or soil
is the method usually employed by statutory bodies in the United States of America.
According to TPHCWG (1998), around 75 % of the states employ the -bRbsed
screening level value method since these values have become the remediation criteria
McMillen et al. (2000) claim that an assessmentupstream TPH regulations the USA
showthe highly inconsistent regulations encompassing soils within a TPH concentfation
100 to 20,000 mg/kg.

As stated by Blaisdell and Smallwood, (1993), the State of Maryland has the most stringent
standards (based on US EPA for TPH) with recommended screening level values to
backgrounds on nedetectable levels. The highest screeningll@alue of TPH was set in
California, at 10,000 mg/kg. However, the most cited screening level value for TPH is 100
mg/kg; in fact, a total of seventeen states in the US have set this value as the recommende
threshold level for screening value one ofiethis Texas. On the other hand, five states
have confirmed 50 mg/kg TPH as their recommended screening level value and four othel

states have set only 10 mg/kg TPH (Blaisdell & Smallwood, 1993).
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Based on these scenarios, it is evident that there is necuba@r consensus value
worldwide that can be set for the TPH screening level value. In other wordsréeming

level valuevalues of the TPH adopted by the USA alone, even varies between States.
However, it has been observed that the most commonlyvadeel for petroleum screening

level value, is 100 mg/kg which is followed by the State of Texas (Blaisdell & Smallwood,
1993). Details of TPH screening level value Regulations for Gasoline and Diesel in the U.S
can be found in tables D.7.1 and D.7.2 ipepdix D (Blaisdell & Smallwood, 1993).

A procedure to determine TPH Risk based on Screening Levels (RBSLs) for petroleum
products in protecting human health has been established and issued by TPHCWC
(McMillen et al, 2000). Essentially, TPH RBSLs are ded from the possibility of
hydrocarbons causingon-cancer related detrimental effects on hedfirther, according

to McMillen et al. (2000), RBSLs are based on the concentrations of specific carcinogens
in products of petroleum, e.g., benzo [a] pyrear@ benzene which are dealt with
separately.

McMillen et al (2000), state that the main issue for validating RBSLs (for refined
products) is because refined petroleum contains a thousands of individual hydrocarbons (a
well asother mixtures), individugy with a separate set of chemical and physical properties
such as solubility and volatility

Approximately250 of these mixes have already been explicgognisediherefore, it is

just not possibldo analyse allthe constituents present in mostrpktum productsAs

such, the TPHCWG has opted for a fractionation method to asseSSHH& UROHXP S U
composition; 13 TPH fractions have, therefore, been identified and established on
equivalent carbon (EC) numbers ranging from > EE&€10 to > EC10 EC12.

The EC number index of a compound corresponds to its boiling point. It is also correlated

to its retention time in a boiling point gas chromatography (GC) column. Choosing the EC
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number instead of the carbon number of the TPH working group,ceube it is more
logical to relate the compound mobility within the environment (TPHCWG, 1999).

Aromatic and aliphatic compounds, which have the same EC number, do not behave
similarly in the environment. For example, aromatics are usually more soluble in water
than aliphatics of similar EC numbers and are slightly less volatile. The leaching and
volatilisation factors within the two groups thus differ by many magnitude orders; for this
reason the TPHCWG divided petroleum into these two main groups (TPHCWG, 1999).
However, the Environment Agency (2005) claims tkia¢ three heavier fractions
aliphatc EC 35 +EC 44, aomatic EC 35+EC 44- and both the aliphatic and aromatic

EC 44 +tEC 70 £must be included with the 13 TPH fractions as identified by (TPHCWG).

It considered that the TPHCWG method was pertinent for refined products, including
petrol and diesel, howeveit was notpertinent for the} KHDYLHU SHWUROH
DVVRFLDWHG ZLWK PLQHUDO R L O lth&ughtunRyChE peguitedH O O
for future use, for the purposes of this work, the 3 heavier factions were not necessary

because thelgad not been incorporated into the RIS§V VRIWZDUH
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































