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ABSTRACT 

Model for practical detection and remediation options for oil spill is 

presented. Samples from eleven different locations were collected for 

analysis. Computer models were developed for determination of the 

Level of oil spill and appropriate remediation options for each of the spill 

incident suggested. Volume of oil said to have been lost to the earth in 

the course of the spill and particular source of the spillage required. 

Samples of the Microsoft Visual Basic Program fro determining the class 

of oil spill and the appropriate remediation options are shown. Spillage 

of 3000 bbl and above if on land are said to be major spill and the 

remediation option will be in-situ burning. Spillage onshore on land 

sites/locations has a general remediation options of in-situ burning or 

tilling and raking. That of spill close to shore will be ranking or spot 

washing and others like spill in the stream to be chemical 

dispersant/bioremediation, or spot washing. The analysis in this work 

shows that it is very easy for operators to know the extent of oil spillage 

and what to do in the case of any spillage that occurs. The soil sample 

from the spill locations were taken to laboratory to determine the extent 

of damage to the nutrients and soil fertility. Samples were collected from 

the location not affected by the spillage for confirmatory purpose. It was 

found that the oil spillage caused some damages on the soil’s fertility by 

reducing the nutrients levels in the sold.    

 

Keyword: Oil spillage, source of spill, level of spill, remediation, 

options, computer model, nutrients, site, soil  
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CHAPTER ONE 

 
INTRODUCTION 

 
 

1.1 BACKGROUND OF STUDY 
 

 
An oil spill is the release of a liquid petroleum hydrocarbon into the 

environment, especially marine areas, due to human activity, and is a 

form of pollution.  The term is usually applied to marine oil spills, where 

oil is released into the ocean or coastal waters, but spills may also occur 

on land Oil spills may be due to releases of crude oil from tankers, 

offshore platforms, drilling rigs and wells, as well as spills of refined 

petroleum products (such as gasoline, diesel) and their by-products, 

heavier fuels used by large ships such as bunker fuel, or the spill of any 

oily refuse or waste oil (NOAA, 2010). 

 

Spilt oil penetrates into the structure of the plumage of birds and the fur 

of mammals, reducing its insulating ability, and making them more 

vulnerable to temperature fluctuations and much less buoyant in the 

water.  Cleanup and recovery from an oil spill is difficult and depends 

upon many factors, including the type of oil spilled, the temperature of 

the water (affecting evaporation and biodegradation), and the types of 

shorelines and beaches  
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involved (Commondreams, 2004).  Spills may take weeks, months or 

even years to clean up (NOAA, 2010). 

 

1.2 STATEMENT OF THE PROBLEM 

Oil spillage poses challenge to the environment, some of which are: 

* Damage to land: any land that has been affected by oil spillage 

has greater likelihood not to be cultivatable as the nutrients in the 

soil would be destroyed. 

* Damage to life: Animals that rely scent to find their babies or 

mothers fade away due to the strong scent of the oil.  This causes 

a baby to be rejected and abandoned, leaving the babies to starve 

and eventually die. 

* Damage to the atmosphere: when the spilled oil is heated by the 

sun it gives out heat and gases that add to global warming. 

Oil spills are generally much damaging whether in the sea or on land, 

since they can spread for hundreds of nautical miles in a thin oil slick 

which can cover beaches with a thin coating of oil.  This can kill sea 

birds, mammals, shelfish and other organisms it coats.  If not controlled 

and remediated fast, it can cause a near-permanent damage on the land 

or water it must have spilled on. 
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Study is conducted in this research work on prescribing the appropriate 

remediation technique for oil spillage so that control is done on time 

whenever it occurs. 

Various methods are used to remediate oil spillage and they are 

elaborated in this research. 

 

1.3 RESEARCH OBJECTIVE 

This project is aimed at contributing to the assessment of oil spills in any 

given site.  It focuses emphatically on the various techniques by which 

spillage can be remediated so that its effect would be minimized in sites 

it affects.  

 

In order to address these problem, the specific objectives of this 

research are: 

i. To study the occurrence of spillage in sites 

ii. to evaluate the ways of remediating oil spillage anywhere 

iii. To develop computer program for the determination of the level of 

spill in any given spill site 

iv. To develop computer program for the prescription of the 

appropriate  

 remediation technique for oil spillage 
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1.4 SCOPE OF STUDY 

This research work covers the fundamental study of the evaluation of 

spills on sites. 

It considers eleven oil spill locations in one site for the purpose of 

determination of the level or class of spill and prescription of the 

appropriate remediation technique for spillage in sites. 

 

The data required from the spill sites include: 

* Source of spill 

* Quantity of spill 
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CHAPTER TWO 

 

LITERATURE REVIEW 

 

2.1 CASES OF OIL SPILLAGE 

According to McMahon, (2013), the term “oil spill” typically evokes 

images of crude oil pouring out of an oil tanker in the sea due to an 

accident, but it can be used to refer to any type of oil release.  Ocean oil 

spills are among the most commonly depicted and catastrophic forms, 

though they can also occur on land.  Accidents frequently cause spills as 

oil is released from a container or pipeline due to damage or mechanical 

failure.  There are also oil spills that occur as a result of dumping, often 

on land, which then runs off into water; natural seepage of oil can also 

be damaging to the environment. 

 

Although no oil spill is good, the type of oil that spills can affect the 

severity of the problem and the methods used to clean it up.  Very light 

oils, like gasoline and jet fuel, are highly toxic and can have an 

immediate impact on the area surrounding the spill.  They are also 

extremely difficult to clean up; although these fuels will evaporate, 

anything that’s still liquid must be  
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Sources of pollution.  It mainly seeks to define the effect of damage and 

the measures which could be adopted to control the impact or 

rehabilitate the ecosystem.  According to a United Nations body, the 

Group of Experts on Scientific Aspects of Marine Pollution, pollution is 

the introduction by man directly or indirectly of substance or energy into 

the environment resulting in such deleterious effects as harm to living 

organism, impairment  of marine activities, reduction of amenities and harm to 

plants and crops (Ido et al., 2013). 

The Deepwater horizon oil spill (also referred to as the BP oil spill, the 

BP oil disaster, the Gulf of Mexico oil spill, and the Macondo blowout) 

began on 20th April, 2010 in the Gulf of Mexicon on the BP-operated 

Macondo Prospect.  It claimed eleven lives and is considered the largest 

accidental marine oil spill in the history of the petroleum industry, an 

estimated 8% to 31% larger in volume than the previously largest, the 

IXTOX 1 oil spill (The Daily Telegraph, 2010).  Following the explosion 

and sinking of the Deepwater Horizon oil rig, a sea-floor oil gusher 

followed for 87 days, until it was capped on 15th July, 2010 (Robertson, 

2010).  The total discharge has been estimated at 4.9 million barrels 

(210 million US gal; 780,000 m3) (USCG, 2010).  After several failed 

efforts to contain the flow, the well was declared sealed on 19th 

September, 2010 (Weber, 2010).  A photo of oil 
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explosions, hull failure, or running aground, however.  These spills tend 

to be very harmful because of the sheer volume of oil released at once, 

and they pose a serious threat to marine animals and seabirds.  Such 

disasters frequently bring attention to issues with safe oil handling, which 

can lead to reforms in petroleum regulation. 

 

Oil spills in the water can also be caused by natural seepage.  As 

tectonic plates shift, oil can be released from reserves trapped deep 

beneath the ocean floor.  Natural seepage is sometime accelerated 

through human activity such as drilling.  Offshore drilling routinely 

creates low level spills, and can sometimes cause a “blowout”, a failure 

in the drilling system that leads to a massive release of petroleum. 

 

2.1.2 LAND-BASE SPILLS 

Most engines, such as those used in automobiles, run on petroleum,-

based fuel and lubricants.  These substances are slowly released during 

operation, accumulating on roads or in the ground, where they can 

poison the surrounding soil.  After it rains, these pollutants can end up in 

local wells and reservoirs, streams and rivers, and ultimately in the 

ocean.  Such oil spills are not as visually dramatic as those from a 

marine accident, but can do serious damage both to land and coastal 

areas. 
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The improper disposal of used motor oil can worsen runoff and pollution 

Dumping used oil in a drain is illegal in many places because drains 

often rum directly to nearby rivers, lakes. Or other bodies of water, and 

eventually into the sea.  These waterways can quickly become polluted, 

killing fish and other wildlife. 

 

The extraction and storage of oil can also create seepage and spills.  On 

land, storage tanks and pipes may be damaged by natural disasters 

such as hurricanes, earthquakes, or tornadoes, or simple wear caused 

by time.  The damage can result in leaks of different sizes.  Such oil 

spills can be especially disastrous if a pipeline is damaged, often due to 

structural failure or excessive pressure, because of the high volume of 

oil these lines can release (McMahon, 2013). 

 

2.2 EFFECTS OF OIL SPILLAGE 

Spill oil penetrates into the structure of the plumage of birds and the fur 

of mammals, reducing its insulating ability, and making them more 

vulnerable to temperature fluctuations and much less buoyant in the 

water.  Clean up and recovery from an oil spill is difficult and depends 

upon many factors, including the type of oil spilled, the temperature of 

the water (affecting evaporation and biodegradation), and the types of 

shorelines and beaches 
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Involved (commondreams, 2004).  Spills may take weeks, months or 

even years to clean up (NOAA, 2010). 

 

An oil spill represents an immediate fire hazard.  The Kuwaiti oil fires 

produced air pollution that caused respiratory distress.  The Deepwater 

Horizon explosion killed eleven oil rig workers.  The fire resulting from 

the Lac-Megantic derailment killed 47 and destroyed half of the town’s 

centre. 

 

Spilled oil can also contaminate drinking water supplies.  For example, in 

2013 two different oil spills contaminated water supplies for 300,000 in 

Miri, Malaysia, 80,000 people in coca, Ecuador, in 2000, spring were 

contaminated by an oil spill in Clark County, Kentucky (Thestar, 2012). 

 

Contamination can have an economic impact on tourism and marine 

resource extraction industries.  For example, the Deepwater Horizon oil 

spill impacted beach tourism and fishing along the gulf Coast, and the 

responsible parties were required to compensate economic victims. 

 

Oil penetrates into the structure of the plumage of birds and the fur of 

mammals, reducing its insulating ability, and making them more 
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vulnerable to temperature fluctuations and much less buoyant in the 

water. 

Animals that rely on scent to find their babies or mothers away due to 

the strong scent of the oil.  This causes a baby to be rejected and 

abandoned, leaving the babies to starve and eventually die.  Oil can 

impair a birds ability to fly, preventing it from foraging or escaping from 

predators.  As they preen, birds may ingest the oil coating their feathers, 

irritating the digestive tract, altering liver function, and causing kidney 

damage.  Together with their diminished foraging capacity, this can 

rapidly result in dehydration and metabolic imbalance.  Some birds 

exposed to petroleum also experience changes in their hormonal 

balance, including changes in their luteinizing protein (Hogan, 2008).  

The majority of birds affected by oil spills die without human intervention 

(Dunnet, et al., 1982).  Some studies have suggested that less than one 

percent of oil-soaked birds survive, even after cleaning (Spiegel, 2010), 

although the survival rate can also exceed ninety percent, as in the case 

of the Treasure oil spill (Wolfaardt et al., 2009). 

Heavily furred marine mammals exposed to oil spills are affected in 

similar ways.  Oil coats the fur of sea otters and seals, reducing its 

insulating effect, and leading to fluctuations in body temperature and 

hypothermia.  Oil can also blind an animal, leaving it defenseless.  The 

ingestion of oil causes 
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Dehydration and impairs the digestive process.  Animals can be 

poisoned, and may die from oil entering the lungs or liver. 

There are three kinds of oil-consuming bacteria.  Sulfate-reducing 

bacteria (SRB) and acid-producing bacteria are3 anaerobic, while 

general aerobic bacteria (GAB) are aerobic.  These bacteria occur 

naturally and will act to remove oil from an ecosystem, and their biomass 

will tend to replace other populations in the food chain. 

 

Plants germinate, develop and grow in soil medium where water, air and 

nutrient resources supply plants for healthy growth for productive and 

profitable agriculture.  Frequent crude-oil spillage on agricultural soils, 

and the consequent fouling effect on all forms of life, render the soil 

(especially the biologically active surface layer) toxic and unproductive.  

The oil reduces the soil’s fertility such that most of the essential nutrients 

are no longer available for plant and crop utilization (Abii and Nwosu, 

2009).  The enormity of toxicity by oil spillage on crop performance is 

exemplified in mangrove vegetation, which has been dying off in recent 

times (Henry and Heinke, 2005).  Spilled crude-oil which is denser than 

water, reduces expel restricts permeability; organic hydrocarbons which 

fill the soil pores expel water and air, thus depriving the plant roots the 

much needed water and air(Brian,1977).  Soil properties involved in soil-
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plant-water relationship are degradable and include texture, infiltration, 

hydraulic conductivity, moisture content, pH and density, which affect 

root and leaf development and plant growth and yield (Michael, 1978). 

 

The hydrocarbons found in crude-oil spillage are large and complex 

molecules, and persistent in nature and may require a strong reagent to 

counteract their effects on agricultural soil.  When droplets of 

hydrophobic oil are suspended in water, the very polar water molecules 

which attract each other very strongly, in a very short time squeeze out 

the non-polar oil molecules, causing them to coalesce and float to the 

top.  When an emulsifying agent like detergent is added, a suitable 

emulsion of alkyl benzene results with specific gravity of 0.856 (Whitten 

et al, 1985); the detergents are usually large chemical of sodium salt like 

sodium lauryl benzene sulfonate, with a polar head and non-polar tail, 

and if added to oil- water mixture in the pore and shaken vigorously, will 

form a fine emulsion, which is safely flushed out into drains or released 

into the environment (Whitten et al, 1985). 

 

2.3 OIL SPILL PREVENTION  

Common methods of preventing spill are (Wikimedia, 2013). 

 

* Secondary containment – methods to prevent releases of oil or 

hydrocarbons into environment. 
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* Oil Spill Prevention containment and countermeasures (SPCC) 

program by the United States Environmental Protection Agency. 

* Double-hulling – build double hulls into vessels, which reduces the 

risk and severity of a spill in case of a collision or grounding.  

Existing single-hull vessels can also be rebuilt to have a double 

hull 

* Thick-hulled railroad transport tanks. 

 

2.4 OIL SPILLAGE CONTROL AND CLEAN UP 

The petroleum industry undertakes many measures to reduce the 

likelihood of oil spills.  Proactive technology includes blowout preventers, 

which cut off the pump pressure in case of an accident, and increased 

hull strength on oil tankers.  These measures help to protect both the 

environment and the oil companies themselves, which often lose a great 

deal of profit and public image in the event of a spill. 

 

When a spill does occur, however, efforts to clean up the oil – no matter 

the type – can be difficult and exhausting.  The oil is often physically 

gathered and removed from an area using skimmers and vacuums, and 

wildlife is cleaned and moved when possible.  Dispersants may be 

added to polluted water to break up the oil.  There are even forms of 

micro-organisms that break down and help remove oil in a region, which 
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can help clean up in a way that does not causes further harm to the 

area. 

Such reactive measures are imperfect, however, and these spills can still 

cause tremendous harm to both plants and animals.  In some locations, 

entire populations of some species – including fish, marine mammals, 

and birds – have been killed.  The reproductive systems of many 

animals can also be damaged by oil, making it that much more difficult 

for populations to recover.  Oil is extremely difficult to clean up 

completely, and often takes many years to disperse naturally.  Spills 

often make areas of water or land dangerous for people as well, and can 

wash up on shores, leaving an ugly, sticky mess (McMahon, 2013). 

 

Clean up and recovery from an oil spill is difficult and depends upon 

many factors, including the type of oil spilled, the temperature of the 

water (affecting evaporation and biodegradation), and the types of 

shorelines and beaches involved (Commondreams, 2004) 

 

Methods for cleaning up include; 
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* Bioremediation:  use of micro-organisms (Environliteracy, 2008) or 

biological agents to break down or remove oil; such as the bacteria 

alcanivorax (Kasai et al, 2002) 

* Bioremediation Accelerator: Oleophilic, hydrophobic chemical, 

containing no bacteria, which chemically and physically bonds to 

both soluble and insoluble hydrocarbons.  The bioremediation 

accelerator acts as a herding agent in water and on the surface, 

floating molecules to the surface of the water, including soluble 

such as phenols and BTEX, forming gel-like agglomerations.  

Undetectable levels of hydrocarbons can be obtained in produced 

water and manageable water columns.  By overspraying sheen 

with bioremediation accelerator, sheen is eliminated within 

minutes.  Whether applied on land or on water, the nutrient-rich 

emulsion creates a bloom of local, indigenous, pre-existing, 

hydrocarbon-consuming bacteria.  Those specific bacteria break 

down the hydrocarbons into water and carbon dioxide, with EPA 

tests showing 98% of alkanes biodegraded in 28 days; and 

aromatics being biodegraded 200 times faster than in nature they 

also sometimes use the hydrofireboom to clean the oil up by taking 

it away from most of the oil and brining it (US EPA, 2010). 
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* Controlled burning can effectively reduce the amount of oil in 

water, if done properly (NOAA, 2007).  But it can only be done in 

low wind and can cause air pollution. 

 

* Dispersants can be used to dissipate oil slicks (ITOPFL, 2010).  A 

dispersant is either a non-surface active polymer or a surface-

active substance added to a suspension, usually a colloid, to 

improve the separation of particles and to prevent settling or 

clumping.  They may rapidly disperse large amounts of certain oil 

types from the sea surface by transferring it into the water column.  

They will cause the oil slick to break up and form water-soluble 

micelles that are rapidly diluted.  The oil is then effectively spread 

throughout a larger volume of water than the surface from where 

the oil was dispersed.  They can also delay the formation of 

persistent oil-in-water emulsions.  However, laboratory 

experiments showed that dispersants increased toxic hydrocarbon 

levels in fish by a factor of up to 100 and may kill fish eggs (JETC, 

2010).  Dispersed oil droplets infiltrate into deeper water and can 

lethally contaminate coral.  Research indicates that some 

dispersants are toxic to corals (Barry, 2007).  A 2012 study found 

that Corexit dispersant had increased the toxicity of oil by up to 52 

times.  
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* Solidifying: Solidifiers are composed of dry hydrophobic polymers 

that both absorb and absorb. They clean up oil spills by changing 

the physical state of spilled oil from a liquid to a semi-liquid or a 

rubber-like material that floats on water. Solidifiers are insoluble in 

water, therefore the removal of the solidified oil is easy and the oil 

will not leach out. Solidifiers have been proven to be relatively non-

toxic to aquatic and wild life and have been proven to suppress 

harmful vapors commonly associated with hydrocarbons such as 

Benzene, Xylene, methyl Ethyl, Acetone and Naphtha. The 

reaction time for solidification of oil is controlled by the surf area or 

size of the polymer as well as the viscosity of the oil. Some 

solidifier product manufacturers claim the solidified oil can be 

disposed in land fills recycled as an additive in asphalt or rubber 

products, or burned as a low fuel ash. A solidifier called C.I agent 

(manufactured by C.I Agent solutions of Louisville, Kentucky) is 

being used by BP in granular form, as well as in marine and sheen 

Booms at Dauphin island and Fort Morgan, Alabama, to aid in the 

deepwater Horizon oil spill cleanup  

* Vacuum and centrifuge: oil can be sucked up along with the water 

and the centrifuge can be used to separate the oil from the water 

allowing a tanker to be filled with near pure oil. Usually, the water 

is returned to the sea making the process more efficient, but 
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allowing small amounts of oil to go back as well. This issue has 

hampered the use of centrifuges due to a United States regulation 

limiting the amount of oil in water returned to the sea (Fountain, 

2010).  

Booming: use of large floating barriers that round up oil and lift the 

oil of the water. According to NOAA, (2010), four main types of 

boom are used for oil spill response. Hard boom is typically made 

of PVC or similar durable material. It consists of an inflated 

chamber  that rides above the water, and an attached skirt that 

hangs down into the water. The two main types of hard boom are 

ocean boom, designed for use in high seas, and harbor boom, 

designed for sheltered waters. The primary difference between 

ocean boom and harbor boom is the strength of the material, size 

of the floating chamber, and the depth of the skirt. Hard boom is 

used to contain oil. It may be placed around a leaking vessel to 

corral oil, or anchored offshore of a sensitive area to exclude oil 

from that area. Hard boom also can be towed behind boats to 

concentrate oil so that skimmers can recover it. Fire boom is 

similar in design to hard boom, but is made of material that can 

withstand the heat generated by burning oil, which can exceed 
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CHAPTER THREE 

METHODOLOGY  

3.1 DEVELOPMENT OF OIL SPILL DETECTION AND REMEDIATION 

MODEL 

3.1.1 SITE DESCRIPTION  

 The study site is the vicinity of Imo River-2 flow station at Owaza in Abia 

State of Nigeria. The release was caused by valve failure at the relief pit 

behind the flow station and covered some acres of arable land. An 

estimated 3000 barrels of crude oil was released.  

3.2 Climate 

The study area lies in the wet equatorial climate region, with high cloud 

cover characterized by limited sunshine, extended high cloud cover, low 

sunshine hours and very high relative humidity most of the year. The 

study area records a mean daily temperature of 260C and monthly 

rainfall of 180 mm respectively; rain falls every month of the year with 

short dry spell in the months of January to March (NDES, 1999).  

3.2 SOURCES OF OIL SPILLAGE  

Spills can happen in the open seas, close to shores or in lakes , streams 

and rivers, land (AWMA, 2000).  

3.3 CLASSIFICATION OF OIL SPILL 

Oil spills are classified according to a combination of factors notably 

magnitude, real or potential impact on the environment and the 
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resources required of effective response. These classifications include 

(Emory University, 2014)  

Minor Spill: this spill ranges from less than 25 bbls discharged on inland 

waters or less than 250 bbls discharged on land, coasted/offshore 

waters. The oil prospecting firms have adequate resources for 

responding effectively. There is no significant threat in economic or 

environmental damage. Practically, no assistance is required from 

resources outside oil prospecting companies to contain and clean up the 

spill or for subsequent rehabilitations. Minor spills can be handled safely 

without the assistance of emergency response personnel. 

Intermediate Spill:  It ranges from 25 to 250 bbls discharged on inland 

water, while that of spills discharged on land/coastal/offshore waters is 

250 to 2500 bbls.  Oil prospecting firms may have adequate resources 

for such a spill.  Significant assistance may be required from sources 

outside either for containment and clean up purpose or to avoid 

environmental damage or disruption of operations. 

 

Major spills:  These are spills greater than 250 bbls discharged on 

inland waters or greater than 2500 bbls discharged on land, 

coastal/offshore water.  Massive assistance in excess of oil firms is 

required.  Major spills cannot be handled safely without the assistance of 

emergency response personnel. 
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3.4 Oil spill remediation 

It is important to act fast to clean up an oil spill and prevent the oil from 

spreading to a bigger area.  Spills can happen the open seas, close to 

shores, or in lakes , streams and rivers.  Spills on land can contaminate 

groundwater or streams.  How the spill is cleaned up depends on where 

it happened.  In smaller bodies of water oil does not spread as much and 

clean up is easier.  

“fertilizers” that contain microorganisms, like bacteria.   These 

microorganisms speed the natural degradation processes already at 

work. 

It is though that the more microorganisms at work, the faster the oil will 

be removed.  Bioremediation is less disruptive to the environment than 

other techniques.  It simply improves on nature’s own way of destroying 

oil. 

Several techniques of oil clean-up are in existence today, the prominent 

amongst them are: 

 

Mechanical Recovery:  This involves the recovery of the spilled oil by 

means of a mechanical process.  Numerous devices, working with 

different principles exist.  Most of these adopt the skimming method.  An 

oil skimmer is a machine that separates a liquid from particles floating on 
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it for form another liquid.  These can be categorized by the basic 

mechanisms used.  Such as absorption onto solid surface (revolving 

dice or metallic belts), absorption into foam belt; separation of oil from 

the underlying water and variations of these are incorporated into 

various skimmers (Wikimedia, 2014) 

Use of Chemical Dispersants:  Dispersants are group of chemicals 

designed to be sprayed onto oil slicks, to accelerate the process of 

natural dispersion.  Spraying dispersants may be the only means of 

removing oil sorbents is a money saving and time saving spill mitigation 

product, which clean up any spill without hurting the environment in any 

way (Eco-absorb, 2014). 

In-situ Burning:  This involves the controlled burning of oil that has 

spilled from a vessel or a facility.  It is sometimes the easiest, fastest and 

safest way of propping or cleaning up oil spill from the environment 

(marine).  It requires less labour than most other techniques and can be 

applied in areas where other methods cannot be used because of limited 

access to the not recommended for land spills as it may inflict more 

damages on vegetation and surface animals (NOAA, 2014). 

Manual recovery:  Spilled oil may be recovered manually from the 

environment when the volume involved does not justify costs eg the use 

of foam.  Researchers developed new material that can remove oil 

contaminants from water.  This new material is a composite made of 
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polyurethane foam.  It is very possible to use magnetic foams to clean 

up oil spills in water (Piccirillo, 2012). 
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 3.5 THE COMPUTER MODEL FOR DETERMINING CLASS 

OF SPILL AND REMEDIATION TECHNIQUE  
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The first step in evaluating any spill is to know the setting where the spill 

occurred and then obtain the volume of oil that spilled on the site.  Then 

use the Microsoft Visual Basic Program shown in Fig 3.1 to check the 

source of the spill.  Then click Next on the interface of the program for 

the second interface to pop up which would give the tab for the quantity 

of the spill to be put as shown in Fig 32.  The quantity of the spill is in 

barrel.  Put the quantity of the spill and then click Next to see class of 

spill, then click Ok to see the appropriate remediation technique for the 

spillage. 
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CHAPTER FOUR 

 

RESULT AND DISCUSSION 

 

4.1 CASES FOR DETERMINING THE CLASS OF SPILL AND 

APPROPRIATE REMEDIATION TECHNIQUE  

 

Data were collected for spillage on eleven different spill locations.  The 

data are presented for the 11 spill locations in Tables 4.1 to 4.11. 

 

4.1.1 Case 1: Spill Location A 

Table 4.1:  Data for Spill Location A 

Location Land 

Quantity of Spill 3000bbl 

 

Using the data in Table 4.1 for spill Location A, the class of spill and 

appropriate remediation technique for the spillage can be determined as 

shown in Fig 4.1a to 4.1c below. 
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4.2.1 Results of the soil Properties Analyses at the Site 

 

4.2.1.1 Nitrogen Content 

The concentrations of extractable nitrogen in the soil at Location A were 

gotten from lab analyses for three trials.  The result of the amount of 

nitrogen at the first trial was gotten as 2.06mg/kg.  At the second trial, 

the result was 2.13mg/kg while the result at the third trial was 2.11mg/kg. 

 

4.2.1.2 Phosphorous Content 

The concentrations of phosphorous and compounds of phosphorous in 

the soil at Location A were gotten from lab analyses for three trials.  The 

result of the amount of phosphorous at the first trial was gotten as 

0.23mg/kg.  at the second trial, the result was 0.24mg/kg while the result 

at the third trial was 0.24mg/kg. 

 

4.2.1.3 Potassium lons and Compounds  

The concentrations of metallic ions and compounds in the soil at 

Location A were gotten from lab analyses for three trials.  The result of 

the amount of potassium ions and compounds at the first trial was gotten 

as 7.64mg/kg.  At the second trial, the result was 7.91mg/kg while the 

result at the third trial was 7.83mg/kg. 
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4.2.1.4 Total Organic Carbon Content 

The amount of organic carbon present in the soil at Location A were 

gotten from lab analyses for three trials.  The result of the amount of 

carbon at the first trial was gotten as 1.08mg/kg.  At the second trial, the 

result was 1.12mg/kg while the result at the third trial was 1.1mg/kg. 

 

4.2.1.5 Total Organic Matter Content 

Total organic matter in the soil at Location A were gotten from lab 

analyses for three trials.  The result of the amount of organic matter at 

the first trial was gotten as 1.86mg/kg.  At the second trial, the result was 

1.92mg/kg while the result at the third trial was 1.90mg/kg. 

 

4.2.1.6 Total hydrocarbon Content  

The concentrations of hydrocarbon compounds in the soil at Location A 

were gotten from lab analyses for three trials.  The result of the 

hydrocarbon volumes at the first trial was gotten as 29400mg/kg.  At the 

second trial, the result was 30450mg/kg while the result at the third trial 

was 30150mg/kg. 

 

4.2.1.7 Moisture Content 

The percentages of moisture in the soil at Location A were gotten from 

lab analyses for three trials.  The rate of moisture at the first trial was 

gotten as  
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44.1%.  At the second trial, the result was 45.67% while the result at the 

third trial was 45.2%. 

 

4.2.1.8 pH 

The values of the pH of the soil at Location A were gotten from lab 

analyses for three trials. The pH at the first trial was gotten as  2.4.  At 

the second trial, the result was 2.5 while the result at the third trial was 

2.5. 

 

4.2.1.9 Electric Conductivity 

The conductivity of the soil at Location A were gotten from lab analyses 

for three trials.  The conductivity at the first trial was gotten as 

150µS/cm.  At the  second trial, the result was 155us/cm while the result 

at the third trial was 153µS/cm. 

 

4.2.2 Results of the Soil Properties Analyses at Location B 

4.2.2.1 Nitrogen Content 

The concentrations of extractable nitrogen in the soil at Location B were 

gotten from lab analyses for three trials.  The result of the amount of 

nitrogen at the first trial was gotten as 10.6mg/kg.  At the second trial, 

the result was 11.06mg/kg while the result at the third trial was 

10.95mg/kg.  
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4.2.2.2 Phosphorous Content 

The concentrations of phosphorous and compounds of phosphorous in 

the soil at Location B were gotten from lab analyses for three trials.  The 

result of the amount of phosphorus at the first trial was gotten as 

1.17mg/kg.   At the second trial, the result was 1.21mg/kg while the 

result at the third trial was 1.2mg/kg.  

 

4.2.2.3 Potassium lons and Compounds  

The concentrations of metallic ions and compounds in the soil at 

Location B were gotten from lab analyses for three trials.  The result of 

the amount of potassium ions and compounds at the first trial was gotten 

as 12.9mg/kg.  At the second trial, the result was 13.4mg/kg while the 

result at the third trial was 13.2mg/kg. 

 

4.2.2.4 Total Organic Carbon Content 

The amounts of organic carbon present in the soil at Location B were 

gotten from lab analyses for three trials.  The result of the amount of 

carbon at the first trial was gotten as 3.04mg/kg.  At the second trial, the 

result was 3.14mg/kg while the result at the third trial was 3.11mg/kg. 
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4.2.2.5 Total Organic Matter Content 

Total organic matter in the soil at Location B were gotten from lab 

analyses for three trials.  The result of the amount of organic matter at 

the first trial was gotten as 5.19mg/kg.  At the second trial, the result was 

5.37mg/kg while the result at the third trial was 5.32mg/kg. 

 

4.2.2.6 Total hydrocarbon Content  

The concentrations of hydrocarbon compounds in the soil at Location B 

were gotten from lab analyses for three trials.  The result of the 

hydrocarbon volumes at the first trial was gotten as 14700mg/kg.  At the 

second trial, the result was 15225mg/kg while the result at the third trial 

was 15075mg/kg. 

 

4.2.2.7 Moisture Content 

The percentages of moisture in the soil at Location B were gotten from 

lab analyses for three trials.  The rate of moisture at the first trial was 

gotten as  

30.38%.  At the second trial, the result was 31.46% while the result at 

the third trial was 3115%. 

 

4.2.1.8 pH 

The values of the pH of the soil at Location B were gotten from lab 

analyses for three trials.  The pH at the first trial was gotten as 3.6.  At 
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the second trial, the result was 3.7 while the result at the third trial was 

3.7. 

 

4.2.2.9 Electric Conductivity 

The conductivity of the soil at Location B were gotten from lab analyses 

for three trials.  The conductivity at the first trial was gotten as 

416µS/cm.  At the  second trial, the result was 431us/cm while the result 

at the third trial was 427µS/cm. 

 

4.2.3 Results of the Soil Properties Analyses at the Unimpacted 

(free) Location  

4.2.3.1 Nitrogen Content 

The concentrations of extractable nitrogen in the soil at the free Location 

were gotten from lab analyses for three trials.  The result of the amount 

of nitrogen at the first trial was gotten as 35.47mg/kg.  At the second 

trial, the result was 36.74mg/kg while the result at the third trial was 

36.38mg/kg.  

 

4.2.3.2 Phosphorous Content 

The concentrations of phosphorous and compounds of phosphorous in 

the soil at the free Location were gotten from lab analyses for three 

trials.  The result of the amount of phosphorus at the first trial was gotten 
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as 4.5mg/kg.   At the second trial, the result was 4.67mg/kg while the 

result at the third trial was 4.62mg/kg.  

 

4.2.3.3 Potassium lons and Compounds  

The concentrations of metallic ions and compounds in the soil at the free 

Location were gotten from lab analyses for three trials.  The result of the 

amount of potassium ions and compounds at the first trial was gotten as 

40.57mg/kg.  At the second trial, the result was 42.02mg/kg while the 

result at the third trial was 41.6mg/kg. 

 

4.2.3.4 Total Organic Carbon Content 

The amounts of organic carbon present in the soil at the free Location 

were gotten from lab analyses for three trials.  The result of the amount 

of carbon at the first trial was gotten as 4.41mg/kg.  At the second trial, 

the result was 4.56mg/kg while the result at the third trial was 4.52mg/kg. 

 

4.2.3.5 Total Organic Matter Content 

Total organic matter in the soil at the free Location were gotten from lab 

analyses for three trials.  The result of the amount of carbon at the first 

trial was gotten as 4.41mg/kg.  At the second trial, the result was 

4.56mg/kg while the result at the third trial was 4.52mg/kg. 
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4.2.3.6 Total hydrocarbon Content  

The concentrations of hydrocarbon compounds in the soil at the free 

Location were gotten from lab analyses for three trials.  The result of the 

hydrocarbon volumes at the first trial was gotten as 0.196mg/kg.  At the 

second trial, the result was 0.203mg/kg while the result at the third trial 

was 0.201mg/kg. 

 

4.2.3.7 Moisture Content 

The percentages of moisture in the soil at the free Location were gotten 

from lab analyses for three trials.  The rate of moisture at the first trial 

was gotten as 9.2%.  At the second trial, the result was 9.54% while the 

result at the third trial was 9.44%. 

 

4.2.3.8 pH 

The values of the pH of the soil at the free Location were gotten from lab 

analyses for three trials.  The pH at the first trial was gotten as 5.39.  At 

the second trial, the result was 5.58 while the result at the third trial was 

5.52. 

 

4.2.3.9 Electric Conductivity 

The conductivity of the soil at the free Location were gotten from lab 

analyses for three trials.  The conductivity at the first trial was gotten as 
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1784µS/cm.  At the second trial, the result was 1848us/cm while the 

result at the third trial was 1830µS/cm. 

 

4.2.4 Evaluation of the Mean Values of the Soil Parameters and 

their Deviation Percentages from the Free Location Mean Values 

The mean values of the soil parameters refer to the average values of 

the soil parameters gotten in the three trials for the cases of soil 

collected at Location A, soil collected at Location B and soil collected at 

the free Location.  The deviation percentage of each mean value from 

the free Location means values refer to the extent to which the value of 

that parameter at that case deviates from what it would have been if the 

soil in the site was not impacted by spillage.  The deviation percentage 

is computed using Equation 4.1 shown below. 

D = ( E /C)*100                                                     4.1 

Where, D = Deviation Percentage, % 

E = Difference in the mean value of the soil parameter at Location A or 

Location B and the mean value of the soil parameter at the free 

Location. 

 E   = absolute value of E. 

C = Mean value of the soil parameters at the free Location. 

4.2.4.1 Site A 

The mean values of the various parameters are presented in table 4.12. 
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Table 4.12: Mean Values and Deviation Percentages of Soil 

Parameters at Location A. 

 

 

Parameters  Location A Fee Location Deviation Percentages 

Nitrogen  2.1 36.2 94.20 

Phosphorous 0.24 4.6 94.78 

Potassium 7.8 41.4 81.16 

TOC 1.1 4.5 75.56 

TOM 1.9 7.6 75.00 

THC 30000 0.2 14999900.00 

Moisture 45 9.4 378.72 

pH 2.5 5.5 54.55 

Conductivity 153 1821 91.60 

 

4.2.4.2 Location B 

The mean values of the various parameters are presented in table 4.13. 

Table 4.13:  Mean values and Deviation Percentages of Soil 

Parameters at Location B 

Parameters  Location A Fee Location Deviation Percentages 

Nitrogen  10.9 36.2 69.89 

Phosphorous 1.2 4.6 73.91 

Potassium 13.2 41.4 68.12 

TOC 3.1 4.5 31.11 

TOM 5.3 7.6 30.26 

THC 15000 0.2 7499900 

Moisture 31 9.4 229.79 

pH 3.7 5.5 32.73 

Conductivity 426 1821 76.66 
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4.3 DISCUSSION 

The data that were collected for the eleven spill Location were used for 

the evaluation of the spill Location. 

The analysis on Location A using the quantity of spill showed that the 

spill was a major spill on land, the remediation technique was also 

determined with the computer model as in-situ burning. 

 

The analysis on Location B using the quantity of spill showed that the 

spill was an intermediate spill on land, the remediation technique was 

also determined with the computer model as burning or raking. 

 

The analyses on location C, D and E using the quantities of spill showed 

that the spills were minor spill, major spill and intermediate spill 

respectively, close to shore, the remediation techniques were also 

determined with the computer model as raking or spot washing. 

 

The analysis on Location f using the quantity of spill showed that the spill 

was a major spill in the stream, the remediation technique was also 

determined with the computer model as chemical 

dispersants/bioremediation or spot washing. 

 

The analyses on Location G and H using the quantities of spill showed 

that the spills were intermediate spill and major spill respectively, 
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offshore, the remediation techniques were also determined with the 

computer model as booms and skimmers or chemical 

dispersants/bioremediation. 

 

The analyses on Location I and J using the quantities of spill showed 

that the spills were intermediate spill and major spill respectively, in the 

river, the remediation techniques were also determined with the 

computer model as chemical dispersants/bioremediation  or spot 

washing. 

 

The analysis on Location K using the quantity of spill showed that the 

spill was a major spill in the lake, the remediation technique was also 

determined with the computer model as chemical 

dispersants/bioremediation or spot washing. 

 

4.3.1 Effect of Spillage on Site 

4.3.1.1 Nitrogen, Phosphorous and Potassium Contents 

From the analyses, it can be seen that the amount of nitrogen, 

phosphorous and potassium compounds in the soil reduced in the 

contaminated soils.  The highest reduction and the least nitrogen content 

was noticed at Location A as 2.1mg/kg.  The approximate amount of 

nitrogen that would have been present in the soil had the soil not been 
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affected by spillage is 36.2mg/kg measured at the free Location.  The 

highest deviation of 94.20% obtained for the nitrogen content at Location 

a according to Tables 4.12 showed that Location A was more affected 

by the spillage than Location B. 

 

The same was also the case for the phosphorous and potassium 

contents in the soils.  Phosphorous and potassium concentrations were 

both less for the contaminated soils that for the free Location. 

 

4.3.1.2 Total Organic carbon and Total Organic Matter 

Total organic carbon and total organic matter contents were slightly 

lower for the contaminated Locations than for the free Location.  This is 

noticed in Tables 4.12 and 4.13. 

 

4.3,1.3 Total Hydrocarbon Content 

Very high deviations of 14999900, 7499900 and 1749900 of total 

hydrocarbon content at Location A and Location as shown in Tables 

4.12 and 4,13 represents very high level of hydrocarbon contamination 

on the Location. 

 

4.3.1.4 Moisture Content:  High deviations of 378.72 and 229.79 of 

moisture content at Location A and Location B respectively as showed in 
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Tables 4.12 and 4.13 represent very high level of hydrocarbon 

contamination on the sites. 

 

4.3.15 pH 

The pH of the contaminated Location were lower than that for the free 

Location.  Tables 4.12 and 4.13 show that the mean values of pH for 

Location A was lower than that for Location B showing that Location A 

was more affected by oil spillage than Location B. 

 

4.3.1.6 Electrical Conductivity  

Electrical conductivity is a measure of ionic concentration in the soils and 

is therefore related to dissolve solutes.  Electrical conductivity was 

significantly lower in the contaminated Location than in the free Location.  

The conductivity of Location A was lower than that of B. 
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CHAPTER FIVE 

5.1 CONCLUSION  

The result of the analyses has shown that spillage onshore on land sites 

has a general remediation technique of in-situ burning or tilling and 

raking.  

 

The remediation technique for all the spills close to shore was analyzed 

using the computer model to be raking or spot washing. 

The remediation technique for the spill in the stream was analyzed using 

the computer model to be chemical dispersants/bioremediation or spot 

washing 

The remediation technique for all the spills offshore was analyzed using 

the computer model to be booms and skimmers or chemical 

dispersants/bioremediation. 

 

The remediation technique for all the spills in river and lake was 

analyzed using the computer model to be chemical 

dispersants/bioremediation or spot washing. 

From the evaluations conducted using the computer models, the 

following conclusion may be drawn. 
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1. The levels or classes of spill depend on the quantity of the spill and 

the source. A relatively small quantity of spill entails it is called 

minor spill conversely large quantities of spill are usually regarded 

as major spills.  

2. Different levels of spills require different remediation techniques  

3. Ideal remediation techniques vary for various sources of oil 

spillage. That is, spillage in the river, lake, stream, close to shore, 

onshore and offshore have different remediation techniques. 

4. It is very easy for operators to know what to do in the case of any 

spillage that occurs. The computer model can always be used to 

evaluate the level of spill and even determine the appropriate 

remediation technique for the spill. 

5. Oil spillage affects the site where they occur by the reduction of 

the nutrients in the site (land or water) 

5.2 CONTRIBUTIONS TO KNOWLEDGE  

The work has contributed the following to knowledge: 

1. The computer programe could be applied to determines the level 

of any spill and prescribe the appropriate remediation technique for 

the spill. This saves the time for the rigorous tests and analyses in 

order to achieve the same purpose. 
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2. It is very much easier for the operator to know the  best approach 

needed to be taken in order to control and remediate oil spillage 

before the effect of the spill becomes more deteriorating. 

5.3 RECOMMENDATION 

The following areas are recommended for further studies; 

1. Ways of making materials for spillage control less costly than they 

are at present  

2. Improvement of the nutrients in the sites that have already been 

affected by oil spillage 

3. Comparative analysis of the different techniques of remediating 

spillage as given in this text. 
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NOMENCLATURE  

Bbl = barrel  

C = means value of the soil parameters at the free site.  

D= Deviation percentage, %  

E= Difference in the mean value of the soil parameter at site A or site B 

and the mean value of the soil parameter at the free site.  

EPA = Environmental Protection Agency 

GAB = General aerobic bacteria  

Gal= gallon  

ITOPFL = International Tanker operators Federation Limited  

JETC = Journal Environmental Toxicology and Chemistry 

Kg = Kilogram  

Mg = Milligram 

M3 = Cubic meter  

NDES = Niger Delta Environmental Survey. 

NOAA = National Oceanic and Atmospheric Administration  

PVC = Poly-vinyl Chloride  
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SPCC = Spill Prevention Containment and Countermeasures 

SRB = Sulphate –reducing bacteria  

THC = Total Hydrocarbon Content  

TOM= Total Organic matter  

|E| = absolute value of E  

µS/cm = micro –Siemens per centimeter  

 

 

 

 

   

 

 

  

 

 

 

 


