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ABSTRACT
A Land-Based Oil Spill Management Planning Framework
For the Petroleum Industry

By: Natasha Michele Tang Kai

Environmental Applied Science and Management
Master of Applied Science 2005, Ryerson University
Oil spill pollution efforts have historically focused on ocean-based oil spills and
response has typically been reactive. Strategies to regulate and mitigate oil spills
occur at all levels, internationally, nationally, and at the industry level. Absent is
a strategy geared specifically to manage and mitigate land-based oil spills by the
petroleum industry. To address this need, the objective of this study proposes a
comprehensive oil spill management planning framework. It is comprised of five
components, oil spill prevention, control, clean-up, and emphasis on the
characterization and economic evaluation of oil spills. Land-based oil spills is a
significant pollution problem largely due to a decaying pipeline infrastructure,
which have escalated oil spill costs, volumes and frequencies. Using oil spill data
collected at a petroleum company in Trinidad, statistical analyses and structural
and non-structural concepts, adapted from Ontario’s flood management

approach, are applied to understand and mitigate oil spill events and costs.



ACKNOWLEDGEMENTS

I would like acknowledge the following parties for their contributions.
e Ryerson University
e TTOil — Petroleum company used in case study
e Ministry of Energy and Energy Industries of Trinidad and Tobago
« Water Resources and Sewage Authority of Trinidad and Tobago

e Natural Science and Engineering Research Council (NSERC)

I would also like to thank my thesis supervisor Dr. James Li for his
knowledgeable input and support in all phases of this project. The case study
employed in this research, the following individual provided access to resources
and expertise, Mr. Shyam Dyal, Ms. Marianne Hosein, Mr. Christopher Weeks,
Mr. Jaipersad Roopchand and Mr. Carlisle De Bourg.



DEDICATION

To my parents Glen and Angela, you always believe in everything I do or wish
for, thanks for your loving support. To Nigel, thanks for your enduring

commitment and support.

Vi



TABLE OF CONTENTS

List of Figures .......... reeeseesesensarsssesnensssaratotsteesenIteIertssInestessasasseensassasnsnentessatetrasanens X
List of Tables............. rerererenenereasasasasaensasnesese S xii
CHAPTER 1. ceteresssasaesstsrsRsRa Rt SRS ES SRS SRSt st e e e e et nsn et a e e et 1
1.0 INTRODUCTION...ueerrrrrrsrsassssasssssssssnsassasasassssscscscans 1
o B ©) )15 7SR SRR ISR S 6
1.2 SCOPE ceureruirnuirsnmsessesssssssssssssssssessssasss s sssse s RS 6
1.3 Organization Of theSIS .....ceccimmserssssississtisssi st 7
CHAPTER 2.... . . reresesessssssasre st s s SRS RS RS R s b bsasasa st e b 8
2.0 OIL SPILL MANAGEMENT PLANNING FRAMEWORK .............ccceenn. 8
2.1  Oil spill management planning frameWOTK ....ooocuuumiseimsnniinnsniinssn, 12
CHAPTER 3...ceveenneees revesesesessssessaesebeseReseseas s sES RS RS SRS RS SRS RS SRS E SRS RSB SSSS bbb b bbb 18
3.0 LITERATURE REVIEW ...iiiniiiinnesessssssisisssensninsnsenes 18
3.1  Oil Spill Characterization........uermssssrsssemssessssissssssssssssmssessssisssnsnssiensees 19
3.1.1 Spill reporting and rPOTES ....cocummmsrusseuserssiussmsssmssrstississtissistssnisenaenses 19
3.1.2 Magnitude of land-based 0il SPillS ...cwummerisrevmssimsssininiinninsiincissnienens 22
3.1.3 il spills from Exploration and Production.....ccooeeeeeeueeeusessiussnenes 24

32 Ol Spill PrevVention. .. ciriseessssnsisssssssssssssmsssssssssstissississsenesssssses 26
32.1 Oil spill regulations/conventions/protoCols.....uueruumussruuusssseurnnssssenes 27
3.2.2 il Spill Contingency planning ........cosseesssessssssssssemsesmusssinsssssssssess 33
323 ISO TA00T ceueeiueuerreceeserraesesassesssssssssssssssstssssssssmassssssssssssssssssasssasunsssssacsseses 40

3.3 Oil SPIll CONTOL ovvurrrerasessrssscesmssissmsssssssssssssssssssssss st sseessee 44

3.3.1 Oil spill containment before oil spill occurs (land-based oil spills).... 44

3.3.2 il Spill containment after a spill occurs (water-based oil spills)....... 49

vii



34 Ol SPIll ClEAN-UP..ccvreuirirerrrssesesssssssssssnssiissisisssissessesisssasssssssssssssssasssssens 55

3.4.1 Clean-up of 0il spills 0N 1and «..cvvveiecimimniiciniiiieisrnsss e 55
3.4.2 Clean-up of 0il Spills ON WALET «c.vucuiiiimiriiiicneisiscissisistsssssrsssises 59

3.5. Economic Evaluation......cccescsueseresseeseneninneneninensiensisensssssssssssssssssssessssessnes 66
3.5.1 Factors that influence 0il SPill COStS.uuununinmmnrnrriieecrisisiiicciininees 67
CHAPTER 4 71
40 CASESTUDY: ANALYSIS OF OIL SPILLS AT TTOIL 71
4.1  Overview Of 0il SPill SEAHISHICS weeveirriuniirnsiniiniiiinitcinitsinsetssnes e 72
4.1.1 Oil Spill volume and freqUENCY .....covemmnrnitintitisieniisistsssssssssssensesscnsns 72
4.1.2 Factors influencing oil spill volume and frequency.......c..c.oocoveurereennes 75
4.1.2.1  Ofl PYOAUCHON «ouverrearereesreresesnssesessssssssessssssssssssssssssssssssssssssssssssassssseass 76
4.1.2.2  Oil Spill Causes and REASONS ....cwuvvunimnisnimsisssisisrsisrsssssssssssssesssess 77

4.1.2.3  RAMPAI.cceuneeianirerrerrseisenssenssessssnsinssssisssissnsssssinssssss s ssssssssss 83
4.1.2.4  The costs Of 0l SPIllS weueeevreuimiiiciititititictttss s 86

42  Analyses of oil spills at two oilfield diStricts .eiiineiiniisniniseeciennne 91
4.2.1 Frequency of Oil Spill @VentS ...t 92
4.2.2 TFrequency of oil spill events due to leaks and COIroSion .........eeeveecvee. 94
4.2.3 Application of Ontario’s “Flood Management Approach” ............c.... 97

424 Structural/non-structural controls suitable for petroleum industries 99

4.2.4.1  Application non-structural controls - DIStrict A.....oeeessessssisssisseens 100
4.2.4.2  Application structural controls -DISEiCt A ...eueeereerinrissssensenncense 104
4.2.4.3  Application non-structural controls - DISrict B ..eeeussseesseeusseeness 106
4244 Application structural controls - DISETICE Buu...ucuneenerisssisseessecnacenns 107

4.3  Probability of ClEan-up COSt....ccimerrmsrsmsrsssssssssssssssssissssssensscsssssssssinsns 108
4.3.1 Probability of clean-up cost at diStriCt A ceouueeueeeeesseiiseriseinsiinsiinnens 108
432 Probability of clean-up cost at diStrict Bueciiescisscisceciiincnnnne. 109

viii



CHAPTER 5.......c.c.ee seessessernessestesnensentsassasssasanesannes .. 110

50 CONCLUSIONS AND RECOMMENDATIONS......occiriirsreisenranns 110
LiSt Of REfEIEIICES cueveererecsvrsesueesussesessesnssssssassssssssssnsssstsstsssststsstsssatsssesstsssstesstsssscsesscs 119
Appendix A: A detail description of the types of SKIMMEeTrS.....coeerereeenrereresanne 123
Appendix B: Types of habitats in Trinidad ..., 126
Appendix C: Additional graphs and charts ......ccceeeeeueeees . . 128
Appendix D: Correlation results from 3 regression models 129
APPENdiX E: GIOSSAIY cuurrvuirrsserssressssssssssssssssusssssssssssssssssmssstissssassensssussesssstusenssseusses 131
Appendix F: Description of 0il Spill data.eeicecersssimsssmisssrmssenssscmscnnsscnsenssnnines 134



List of Figures

Figure 1: Map of Trinidad.......cocvuueeueesnisersenscsesesisisisiicnscsisiiisissssnes 4
Figure 2: Oil Spill Management FramewoOrK.......cccvcverenemncsensiiicineiniinciiisinciennes 10
Figure 3: Organization of ANalyses.........cooveviisincninsiniinsiniiniinnsnnnninnssnnsssenns 11
Figure 4: Worldwide total amount of oil spilled in decades .....c.oocovuvirvcusuuenncnn. 24
Figure 5: Worldwide annual oil spills from E & P facilities ........c.ceeecuscuseuserseuncunes 25
Figure 6. Oil spill contingency plan frameworkK........cocoevcueeecsinsiseiiisiicnssiniisinnsinns 35
Figure 7. Tiered response in oil spill contingency planning.......c.ccecoeceseuscuseusiuseunes 36
Figure 8: Example 1 - Oil Pit..cccccrerereinininsssssnsssniinnnicc 45
Figure 9: Example 2 — Oil Pit .c.ccveeccsrsesenseecsuscsssisinsniniiniiiiiissssnses 46
Figure 10: Bond walls - Large Scale .....ccccccovvsiscrcsincnsininiiiniunicninsinnnininnnnnssisssnn 47
Figure 11: Bond wall — Small SCale .....ccvtverrreerrenscnsusicnsiiennisicniiiisniicnisssinssssnns 48
Figure 12: Oil DOOIM ..cuuccuvinirimniritnresensssissssnsssssssssessssessnssssssssasessssssssssssissssmsassseassnss 50
Figure 13: Skimmer & Oil DOOMS....coieuerensesusesesnsisnsisisisisissnscscncnes e aanens 53
Figure 14: Distribution of 0il spills (1995-2002) .....cccecrsueemrusensescrsisensinsusensinsussssencnnens 73
Figure 15: Distribution of oil spills per year — DiStrict A .......ccocovviviinvinsecencnennees 74
Figure 16: Cause of oil spills — Volume (L).; ............................................................... 78
Figure 17: Causes of 0il spills = FIEQUENCY ...ovvevueeuiirisiimieniisisiicininsisiincncsinninainns 78
Figure 18: Reasons for oil spills — Volume (L) «ccoveuiinemeninniseissnsescnscnsencissisinnnns 81
Figure 19: Reason for oil spills - FTEQUENCY «uuvcurivricuiuiuenniersisnsisisinsissinssssnsensnanes 81
Figure 20: Average rainfall distribution at 5 rain gauge stations .......cccoecvuueeurenens 84
Figure 21: Rainfall and oil spill frequency per month (1995-2002)........cccecuuseuueennne 85
Figure 22: Distribution of oil spill costs (1995-2002) ........cwuvrrrerseseuscrseisinsensensensnss 86
Figure 23: Average clean-up cost of the top 5 causes & reasons of oil spills ........ 88
Figure 24: Correlation between average annual rainfall and clean-up cost.......... 90
Figure 25: District A & B: Frequency of oil spill event volume........ccceccverevreennnn. 93
Figure 26: District A: Frequency of oil spill events - Corrosion & Leaks............... 95



Figure 27: District B: Frequency of oil spill events - Corrosion& Leaks/Unknown

Figure 28. Implementation of non-structural measures to oil spills caused by
human error — DISETICE A c..ueueeeveeeinininerssssssssisssiiitiscetssssessessssasssasasacs 103

Figure 29: Implementation of structural measures to oil spills occurring at well
STEES — DISETICE A vrerereeirerereresneeerssesesesiseseseseseststsistsnststessi it cassstttssssssssssssnes 105

Figure 30. Probability of clean-up cost per year at districts A & B — Damage
FIOQUEIICY couvvrnititinnernetstss sttt ssess e s st s 109

xi



List of Tables
Table 1: Typical annual oil spills to land and sea or navigable water in Canada... 2
Table 2: Number of Reported Spills in Seven Sectors in Canada........cccecveuevcuncnne 20

Table 3: Total quantity of reported spills in seven sectors in Canada (tonnes).... 21

Table 4: Strategy and Operation SeCHONS .....ccccrurevetrrnnretiiirisriicrcseiessessseesssaeens 35
Table 5: Example of Environmental Management Programs within the EMS...... 42
Table 6: Types of clean-up techniques/technologies for surface oil spills............. 57
Table 7: Types of clean-up techniques/technologies for subsurface oil spills....... 58
Table 8: Typical Dispersant EffectiVeness ......c.cccoeovvveninenesrnenenctiiccecssiccsnnnnnens 60
Table 9: Relative Sensitivity of Habitats .....c.ceceevereeitntnneeeeercrciiicccecncncanes 63
Table 10: Clean-up methods best suited for specific habitat types.........ccoeuvuuuuee.. 64
Table 11: Characteristics of different Oil tyPes.......ccoeviieirriveirerescnennrreseeneesesreeenes 68
Table 12: Crude 0il classifiCations......cccvueereererererernreeiniiiiiiccesieesssssseseseesesssasans 69

Xii



CHAPTER 1

1.0 INTRODUCTION

Qil spills occur worldwide and their volume depends largely on the incidence of
catastrophic spill events (Etkin 1999). Oil spills are typically accidental or from
operational discharges. Accidental spills may occur in the transfer of oil at a local
gas station or in a collision during the transport of oil either on land or at sea.
Similarly, oil spills from operational discharges can occur from vessels during
tank cleaning or oil contained in discharged ballast water (Lentz & Felleman
2003). Other sources of oil spills include tankers, barges, land pipelines, fixed

land facilities, storage tanks and oil exploration operations.

One of the major problems in oil spill management according to Lentz and
Felleman, is that the focus of oil spills by the public, the media and many
environmental organizations, occurs in response to major oil spill incidents,
resulting in a largely reactive approach. Therefore, major initiatives to address oil
spills with a few exceptions, have focused largely on spill clean-up and response
measures, such as pre-booming and dispersant use (Lentz & Felleman 2003).
“Spill prevention”, which refers to a proactive approach to prevent oil spills
before they occur, is an essential component in oil spill management, one that

has not received the attention it deserves (Lentz & Felleman 2003).

Another issue in oil spill management is the fact that oil spills occurring in the
marine environment have received much more media coverage and research
efforts, when in reality, the amount of oil from vessels is often less than that
spilled from pipelines, storage tanks, and other fixed facilities (Etkin 1999). Oil

spill statistics worldwide suggest that oil spills from pipelines and other non-



vessel sources, consistently spill oil more frequently than vessels, but usually in
lower volumes per event (Etkin 1999). For example, in Canada more oil is spilled

on land than sea or navigable waters. Table 1 illustrates these statistics.

Table 1: Typical annual oil spllls to land and sea or nav1gab1e Water in Canada

Pipelines

Wells, batteries

Storage depots, refineries
Tank trucks

Trains

Industrial plants

Other motor vehicles

;»fa

oil'spills
umber of oil spill

Marme termmals / refineries
Bulk carriers

Other watercraft

Tankers

Source: Fingas, 2001

Table 1 indicates that significant oil spills occur from pipeline facilities; oil spill history
further confirms that pipelines are a major source of oil spills. The reason is that
nearly half of all pipeline oil spills are caused by structural problems such as
corrosion, which can lead to consistent leaks or blowouts. The overall aging
infrastructure, particularly pipelines, is a predominant problem for oil industries
throughout the world. In most countries, this infrastructure was installed in the
early to mid 1900s. Etkin states that part of this problem is that pipelines are
subject to fewer regulations and inspections than vessels (1999). Hence, fewer

actions are in place to replace damaged or old pipelines (Etkin 1999). In many



developing nations such as Trinidad, the chronic problem of oil spill pollution is
due in part, to an aging physical infrastructure, most notably the corrosion and
decay of pipelines such as pumplines, flowlines, trunklines, testlines and
gaslines. The definitions of these are provided in the glossary, Appendix E. The
statistical oil spill data used in the case study are collected from a petroleum
company in Trinidad called TTOil. The name TTOil is a pseudonym created for
this study, the actual name of the petroleum company cannot be mentioned in

any public document for confidentiality reasons.

Close to 90% of the world’s oil production comes from the tropical zone,
resulting in an increased potential for oil spill occurrences in this region
(Nansingh & Jurawan 1999). Oil spills here have a greater capacity to have
disastrous impacts on the environment, as biological diversity is greater (NAS
1985). In the wider Caribbean region, Trinidad has been classified as a high-risk
area for oil spills by the International Marine Organization (IMO) (Nansingh &
Jurawan, 1999). A threat to the environment from oil spill pollution exists for
agricultural fields, rice fields, forested areas, freshwater ponds, wetlands, rivers
and streams, mangrove forests, salt marshes, shorelines and freshwater swamps.
The location of oilfields in close proximity to many of these environments poses
an environmental threat in the event of an oil spill incident. Also, given the
variability in sensitivity of each habitat, oil spilled in areas of high sensitivity
such as mangrove forests, poses the greatest environmental threat, as reparation

is slower or impossible in severe pollution circumstances.

Trinidad is the most southern island of the Caribbean, measuring 4,828km? and
surrounded the Caribbean Sea to the north, the Atlantic Ocean to the east, the

Caribbean Sea to the south and the Gulf-of-Paria to the west, as illustrated in



Figure 1. It is also home to many oil and gas industries. One of the largest
petroleum companies is TTOil, a company whose operations are largely land-
based. Statistics indicate that on average, 345,000 liters of crude oil are spilled

annually into the freshwaters, soil, diverse vegetation and urban areas.

v wow
CARIBBEAN SEA

Figure 1: Map of Trinidad (Nansingh & Jurawan, 1999)

TTOIil is one of the oldest oil industries in the world, older than the industries in
Venezuela and Saudi Arabia. Its exploratory drilling began in 1857, but
commercial production started in 1908 with oilfields scattered throughout the
southern portion of the island. Its refinery has a capacity to process 160,000
barrels of oil per day (bopd), of which approximately 70,000 come from local
sources. This capacity is further satisfied with imports from Venezuela,
Colombia, Brazil and West Africa. Local sources are expected to represent more
than half of the refinery capacity in the near future. With a geographic advantage
and proven reserves of 439.5 million barrels, oil production operations of TTOil
will continue to thrive for many more years (TTOil, 2001). Oil spills from TTOil
for the period 1995-2002 are used in the case study.



The case study is one component of the study and its purpose is part of a larger
research goal. The thesis proposes a comprehensive framework for oil spill
management planning for petroleum industries, as no such framework has been
formally developed for this sector. The framework establishes the components,
through which oil spill dynamics can be understood, as well as the development
of appropriate measures to mitigate or eliminate future oil spill frequency,
volume, costs, and environmental impacts. Similar oil spill prevention tools or
initiatives such as the ISO 14001 standard are available to industries who wish to
improve their overall environmental management and performance. The
proposed framework however, focuses on additional aspects of oil spill
management, such as oil spill cost reduction, resulting in a more comprehensive

oil spill management planning tool.

The proposed framework begins with a characterization of past oil spill data,
followed by oil spill prevention initiatives, controls, clean-up efforts and an
economic evaluation of the oil spill events. The oil spill characterization and
economic evaluation incorporates oil spill statistics from TTOil and statistical
analyses are performed to acquire knowledge about the factors that characterize
and influence oil spill events and costs. Oil spill prevention, control and clean-
up, the other three components of the framework, are addressed in the literature

review.

This study promotes an informed approach to oil spill management planning,
which can be used to improve environmental management and decision-making
within the petroleum sector, in order to reduce and manage future oil spill
events. The specific objective, scope and organization of the thesis are discussed

in the next three sections of this chapter.



1.1  Objective

The characteristics, economic impact and environmental impacts of land-based
oil spills have received very little research effort and documentation has been
inconsistent especially in the Caribbean. Studies conducted by Nansingh &
Jurawan for example, have focused on the characteristics and environmental
impacts of oil spilis to the coastal environment of Trinidad and Tobago, but none
on the significance of land-based oil spills. In addition, there is no formal land-
based oil spill management planning tool within the petroleum industry to
specifically address oil spill pollution. To compensate for some of the gaps in oil
spill research, the objectives of this study are:

o To propose a comprehensive land-based oil spill management framework

for the petroleum industry
e To apply statistical analyses and concepts to quantify past oil spill data in

order to derive useful information to improve oil spill management

1.2  Scope

The objective is a conceptual and quantitative approach to oil spill management.
Based on these objectives, the scope of the study is:
e To describe the functions of each component of the proposed oil spill
management planning framework
e To focus on two components of the oil spill management framework in
detail through a case study, using oil spill data from TTOil to determine:
1. The factors that influence and characterize oil spill volume, frequency
and cost.
2. The dynamics of oil spills at the oilfield level and apply flood

management concepts to mitigate or eliminate future oil spill events

6



1.3  Organization of thesis

The thesis is comprised of five chapters. Chapter 1 begins with an introduction of
the research need, it provides and overview of the petroleum company used in
the case study, and ends with the objective and scope of the study. The second
chapter is typically the literature review, however, in this study, the focus of
Chapter 2 is the oil spill management planning framework. It provides the
structure of the thesis, in terms of the relevance and utility of each component in
oil spill management plan. The literature reviews is addressed in Chapter 3. It
describes the function of each component of the framework, using where
applicable examples from TTOil. Chapter 4 is the case study. Oil spill data from
TTOil are reviewed and statistically analyzed. This chapter is comprised of two
sections, an overview of annual trends and factors that influence oil spill volume,
frequency and costs during the period 1995-2002. The second section examines
oil spill dynamics at the oilfield level. The return period for oil spill events and
the probability of oil spill costs are discussed. Concepts derived from Canada’s
Flood Management Approach are applied to two oilfield districts, to demonstrate
how oil spill cost can be reduced or eliminated. Finally, chapter 5 highlights the
conclusions of the study, and ends with the recommendations based on the

research findings.



CHAPTER 2

2.0 OIL SPILL MANAGEMENT PLANNING FRAMEWORK

In order to fulfill the objectives of the study, research was conducted on a macro
and micro level. On the macro level, the research need identified that land-based
oil spills had not been studied in depth as ocean-based oil spills, to allow for
adequate oil spill management. To understand the actual dynamics of land-based
oil spills, real data were required. Given the desire to pursue research in the
Caribbean, a region where spill research is extremely limited, an opportunity
was made available to study oil spills at a petroleum company in Trinidad and
Tobago, a country rich in its capacity and utilization of petroleum reserves. A
few months were spent at TTOil collecting oil spill data, conducting interviews
with staff and related environméntal agencies, and reviewing extensive in-house

literature.

On a micro level, the research need was further refined to include a proposed oil
spill management planning framework as it was discovered that no prior oil spill
management system was available in the petroleum sector. Their resources
typically focused on an operational framework, to include all pollution events.
The proposed framework is specific to oil spills and incorporates five necessary
elements to mitigate or eliminate the occurrence and impact of future oil spill
events. The first is a characterization of oil spills followed by oil spill prevention,
control and clean-up options, and an economic evaluation. Figure 2 illustrates
the conceptual framework, and briefly defines how each component is addressed
in this study. This framework forms the core of this study, as all subsequent
chapters refer, and contribute to the knowledge required for the oil spill

management plan.



Given the comprehensiveness of the proposed oil spill management planning
framework, every component of the framework could not be analyzed with the
same level of detail. Two components, the oil spill characterization and economic
evaluation are conducted in detail, using oil spill statistics collected from TTOil,
this forms the case study. Figure 3 illustrates the organization of analyses used in
the case study and how they relate to the oil spill management framework. The
rest of this chapter provides an overview of the function of the oil spill
management planning framework, and briefly describes the role and expectation

of each component.
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2.1  Oil spill management planning framework

Each component of the oil spill management framework is illustrated in the
recommended sequence in which they should be considered. First, the oil spill
characterization identifies the trends and the factors that influence oil spill events, this
translates into the mobilization of appropriate oil spill prevention measures such as, the
development of a suitability matrix to identify preferred prevention measures to target
specific oil pollution sources. Other areas of oil spill prevention should include oil spill
contingency planning, ISO 14001 certification, and adherence to applicable
environmental laws. With or without preventative measures, oil spills are accidental in
nature, oil spill controls are therefore necessary to contain the spilled oil into a
predefined containment area. Depending on the capacity of the containment system,
these controls oil from flowing into and contaminating adjacent environments. They can
also reduce oil spill clean-up costs. This leads to the next component, oil spill clean-up.
Clean-up measures are mobilized to reduce or eliminate harmful environmental
impacts to the surface, subsurface and water environments. Unfortunately, cleaning a
contaminated site does not always return the environment to its former ecological
integrity, instead, remediation measures are required to rehabilitate the natural
environment affected by oil pollution. Lastly, it is important to examine the cumulative
cost of oil spills, which include the clean-up cost and compensation paid to external
parties for damage to their property. Knowledge of the cumulative oil spill cost is an
important consideration, and especially useful when encouraging polluters to develop

comprehensive spill management plans.

The rest of this chapter provides and overview of the relevance and utility of each

component of the oil spill management planning framework.
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Oil Spill Characterization — Step 1

The purpose of conducting this step is to determine the characteristics, the factors that

influence, and the overall status of the oil spill pollution problem, in order to gain

knowledge for future oil spill management planning. Some of the information that can

be generated includes the identification of whether oil spill pollution is woréening or

improving over time, the frequency and volume in which oil spills occur, the location of

oil spill hot spots, and the factors that trigger oil spill events. This information can be

determined using the following steps:

1.

Examine oil spills from the entire data set to determine if any trends or patterns
are apparent in daily, monthly and annual oil spill volume, frequency and costs.
Determine the primary causes and reasons for oil spills.

Establish the factors that influence oil spill volume, frequency and costs.

Using regression models, determine which variables exhibit strong correlations
and are good predictors of oil spill volume, frequency and cost.

Qil spill volume, frequency and cost forecasting can be performed if good
predictors of these variables are found. For example, if oil production
significantly influences the frequency and volume of oil spills, based on known
or anticipated future levels of production, future oil spill frequency and volume
can be predetermined.

Calculate the return period of oil spill event volumes. This information is useful
as it provides information about the likelihood of their re-occurrence, and oil
spill volume expectancies.

Using the spatial and analytical capacity of a Geographic Information System
(GIS), oil spill hot spots can be digitally mapped. This can be overlain with layers
such as environmental sensitive habitats, land use and ecological layers, to

establish possible treats to the environment.
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This is the first step in identifying the oil spill pollution problem in order to not only
understand oil spill dynamics, but also to mobilize appropriate resources that target

specific oil spill pollution problems. This leads to step 2 — Oil Spill Prevention measures.

Oil Spill Prevention — Step 2

Oil spill prevention is probably the most important component of the oil spill
management planning framework, as it encompasses the procedures, programs,
standards, and policies of an environmental management system. “Prevention”
measures as the name states, is focused on initiatives to prevent future oil spill events.
The first step in oil spill prevention is the development of a suitability matrix listing oil
pollution concerns. Paired with these concerns should be corresponding prevention
efforts suitable and effective in mitigating, or eliminating specific pollution concerns.
Oil spill prevention should also include oil spill contingency plans, which are guides for

emergency procedures such as notifications and emergency equipment.

ISO 14001, an international environmental management standard, can also be a useful
oil spill prevention tool; it encompasses comprehensive standards for environmental
management. For example, it sets out the framework for policy development, to
mobilizing operational programs and plans that define procedures such as, employee
training, monitoring and reporting. It also incorporates a checking and corrective action
component, and mandatory management review of operations and programs. This is
done to ensure management intent is maintained, and continue to be effective in
minimizing environmental impacts. Prevention measures should also heavily enforce
required environmental laws and regulations into every component of oil spill
management planning. With oil spill prevention measures in place, the development of
oil spills control is the next step to mitigate or eliminate the oil spill pollution problem.

This component is the third step of the framework.
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Oil Spill Control - Step 3

Oil spill controls are necessary measures designed to contain spilled oil, to reduce or
eliminate potential environmental impacts, amount of oil lost, damages, and the costs
associated with oil spills. A suitability matrix is useful as it prescribes the types of
controls suitable for areas of pollution concern. Oil spill controls are available for spills
both before and after they occur. Before an oil spill event occurs, pre-containment:
involves the containment of spilled oil into built or confined areas. Post-containment
Mmeasures contain oil using mechanical means or built environments such as berms.
These controls most effective in reducing the cost of oil spills as all or a portion of
discharged oil is contained. This reduces or alleviates all or part of oil spill costs, which
can include clean-up costs, compensation costs and penalties. For oil spills that cannot
be contained, several oil spill clean-up techniques and technologies are widely
available. Oil spill clean-up is the next step in oil spill management planning; it is the

forth step of the framework.

Oil Spill Clean-up — Step 4

Oil spill clean-up is a comprehensive topic, one that requires knowledge of
environmental science and physical geography, in addition to oil spill clean-up
methods. There are several oil spill clean-up techniques and technologies available for
oil spills to water, surface and subsurface environments, each with their pros and cons.
A suitability matrix is a useful tool, it prescribes the best technique or technology suited
to the circumstances and environmental mediums affected by oil pollution. Each
company should have a suitability matrix for each facility as different environmental
mediums and circumstances may exist from one facility to the next. The key to selecting
a clean-up method is one that yields maximum oil recovery with minimum negative
impact to the environment. The cost of oil spill clean-up is dependant on a number of

factors such as, the size of the oil spill, the type of oil, the amount of resources required,
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the environment affected, and the amount follow-up remediation measures needed.
This cost combined with other associated costs of oil spills are addressed in step 5 - the

economic evaluation.

Economic Evaluation — Step 5
There are three costs associated with oil spills. The first is the cost to clean-up and |
remediate an oil spill incident site, which includes expenditures on materials,
equipment and labour. The second relates to the cost paid to external parties for
damage to their property, which include assets such as livestock, crops and water
systems. The third cost refers to legal entitlement owed to public agencies and/or
international organizations, as a result of illegal pollution activities. These costs
cumulatively can be significant. Since all industries have the same things in common -
to reduce expenditure, liability, increase profits, and improve environmental
performance - the reduction of oil spills to minimize associated costs is an important
goal of petroleum industries. Several steps can be taken to reduce or eliminate the cost
of oil spills.
1. Establish the factors that influence oil spill costs such as, oil spill volume and
weather conditions.
2. Determine the primary causes and reasons which inflate oil spill costs.
3. Using regression models, determine which variables are good predictors of oil
spill costs.
4. Conduct oil spill cost forecasting if strong predictors of oil spill costs are found.
5. Apply the “Flood Management Approach”, which make use of structural
controls and non-structural measures to mitigate/eliminate oil spill costs.
6. Examine the probability oil spill costs, this information is useful for

understanding the costs and extent of costs associated with oil spill volumes.
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The benefit of the oil spill management planning framework is that it is comprehensive;
it targets a specific pollution issue, and addresses the various needs of that issue. The
five steps can collectively improve oil spill management planning, as it provides
specific information about oil spill pollution concerns and status. It highlights various
prevention measures that can be integrated into an environmental management system.
It describes oil spill controls, clean-up measures as well as the economic impacts, and

attempts to find practical solutions to eliminate or mitigate oil spill costs.
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CHAPTER 3

3.0 LITERATURE REVIEW

The focus of this review is to explore literature and the company resources of TTOil
related to the five components of the oil spill management planning framework. At the
end of each section, the initiatives of TTOil are discussed to acquire an understanding of
their current oil spill management practices. Firstly, aspects of the oil spill
characteristics are addressed, to illustrate the status of oil spills from the petroleum
sector in Canada and internationally. This is followed by an examination of the
application of oil spill statistics to demonstrate their usefulness in oil spill management
planning. Secondly, oil spill prevention measures are reviewed, and these include both
oil spill national and international regulations/conventions/protocols, oil spill
contingency planning and ISO 14001. Thirdly, oil spill controls are presented, these
include oil spill containment before and after oil spills. Fourth, is the subject of oil spill
clean-up measures, which examine various techniques and technologies available for oil
spilled on surface and subsurface environments. Lastly, the factors that influence the

costs of oil spills are explained.
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3.1 Oil Spill Characterization

Why is oil spill statistical analysis so important? According to one source, a spill of any
size, regardless of its source can have significant adverse environmental impacts
depending on seasonal timing, location, weather, and type of oil spilled; for this reason
spill statistics should be used to form the basis for establishing the scope and magnitude
of the problem (Lentz and Felleman 2003). The Canadian Petroleum Association (CPA)
further states that spill statistics can help the petroleum industry identify potential spill
Sources and trends; programs can be implemented to prevent or mitigate the impacts of

future spills and the potential for causing environmental damage (CPA, 1989).

In this study, the oil spill characterization makes use of past oil spill statistics to
establish not only the scope and magnitude of the problem, but also to identify potential
spill sources and trends, in the hope that the information.can be used to implement
future oil spill prevention programs and minimize the environmental impacts. Before
the examination of oil spill data, the subject of data quality in oil spill reporting needs to
be addressed, as well as the magnitude of the oil spill pollution problem from land-
based upstream (E&P) sources. Throughout this section, examples from TTOil will be

Provided.

3.1.1 Spill reporting and reports

Oil spill reporting is one of the most important components of an environmental
Management system; it provides useful information for a variety of purposes such as
trend observations, policy formulation, and environmental enforcement and regulation.
However, “spill statistics are only useful when spill reporting is mandatory and
accurate” (CPA 1989). Spill statistics are commonly used by governing bodies and

Polluting organizations. Environment Canada for example, collects spill information
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through the National Pollution Release Inventory (NPRI) which receives reports from
seven sectors — petroleum, chemical, government, metallurgy; mining, pulp & paper,
and the service sector. Environment Canada uses median oil spill values in their
analyses. From their perspective, medians are a good measure of the central tendency of
data sets that have very small values which are exceptions to the general situation; the
median is one indicator of spill-reporting quality (Environment Canada 1998). If the
median spill size is decreasing over time, a conclusion may be drawn that spill
reporting is improving (Environment Canada 1998). Environment Canada statistics
show that the petroleum and government sectors for the period 1984-1995 incurred the
greatest number of reported spills. Table 2 illustrates the frequency of oil spills from the

petroleum sector in juxtaposition to the six other sectors.

Table 2: Number of Reported Spills in Seven Sectors in Canada

1984 70 223 31 153 | 1831 38 94
1985 130 200 58 83 2053 44 104
1986 206 206 181 118 | 2398 73 157
1987 179 228 139 124 | 2512 63 208
1988 405 981 360 172 | 3021 148 281
1989 582 1080 392 172 | 2971 224 346
1990 588 1320 361 191 | 3157 312 408
1991 552 1487 508 195 | 3139 291 434
1992 667 1991 703 194 | 1144 340 427
1993 754 1957 618 186 | 1531 371 456
1994 784 2 165 599 199 | 1577 458 464
1995 534 2204 431 184 | 1642 353 484
Total | 5451 14 042 4381 1971 | 26976 2715 3 863

Source: Found in Environment Canada, 1998 pp. 28.

The frequency of spills from the petroleum sector demonstrates a significantly higher

number of spills than the other sectors. However, in comparison to its volume
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illustrated in table 3, the petroleum sector only represents 6% of the total volume for all
sectors over the 12-year period. In terms of spill volume consistency, next to the
government sector, the petroleum spills demonstrate consistent, significant volumes
each year, peaking once in 1989, beyond the consistent range of volumes. Other
government agencies employ similar statistical analyses to understand oil spills, and in
turn, use the information to enforce current environmental regulations, or update them

as needed to reflect changes in levels of spills/emissions by the various sectors.

Iglgle 3: Total quantity of reported spills in seven sectors in Canada (tonnes)

1984 | 1783 | 142556 1860 | 113078 | 72121 2948 433
1985 | 12399 140 820 314 16105 | 46029 | 35447 211
1986 | 16160 11 267 23923 | 29972 | e2232 28138 431 886
1987 | 17128 133863 87665 | 126939 | 89773 90 608 616 308
1988 | 5498 58 480 23 497 6752 | 29444 26 933 1115
' 1989 | 7194 189 169 51266 | 42899 | 120765 16322 228
1990 | 6629 84194 79178 | 35247 | 50284 35 845 310
1991 | 1619 185 449 32449 | 26172 | 43963 46 491 5106
1992 827 | 1386991 193435 | 58667 | 11164 25 494 5625
1993 | 1519 677 529 1425753 | 12004 | 62725 35 612 190
1994 178 678 622 27489 7262 | 18174 19751 197
1995 325 1576 576 11791 4783 18176 49224 763
| Total | 71259 | 5265518 1961620 | 479969 | 624852 | 412814 1062 374

Source: Found in Environment Canada, pp.29, 1998

Oil spill reporting TTOil

Most oil spills events occur during exploration and production operations. These are
field facilities where oil is drilled and pumped at its source and piped through extensive
Pipeline operations to various storage and testing facilities. Exploration and production
Operations do not include the oil refining processes. Oil spill statistics for TTOil have

been collected for almost ten years; however oil spill reporting in-the earlier years was
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inconsistent, resulting in huge gaps in observations. The most comprehensive data are
available for the period 1995-2002. A detailed examination of these data have revealed
inconsistencies in data reported for various oilfield districts, resulting in gaps in the
data and subseﬁuent deficiencies in analyses, some of which are discussed in Chapter 4.
However, based on available information, best efforts are made to conduct statistical
analyses. The results attained provide general clues about the factors that contribute to

oil spill occurrences and probable oil spill expectations.

3.1.2 Magnitude of land-based oil spills

Two of the primary variables given consideration in oil spill analyses are the cause and
reason. The cause of a spill answers the question, “What went wrong”, while the reason
for an oil spill explains “Why it went wrong” (Environment Canada, 1998). Oil spill
statistics in Canada and in many countries worldwide indicate the three primary
reasons for oil spills within the petroleum sector are corrosion, equipment failure and
human error. Similarly, the three main causes for oil spills starting with the most
common cause, are pipeline leaks, followed by unknown causes, indicating a need for
better follow-up as the cause or reason for these spill are often not known until after the
spill is reported (Environment Canada 1998). Lastly, valve fitting is the third largest
cause of oil spills in the petroleum sector. Knowledge of these sources of statistical
information is important, and according to the Canadian Petroleum Association,
statistics on oil spill reasons and causes have helped industry to focus on preventative

measures in specific areas (CPA 1989).

The two main causes and reasons for oil spill deserve greater attention as these two
categories provide the impetus for improved current and future oil spill preventative
measures. In the US for example, over nine million gallons of spilled oil are from land-

based sources such as pipelines, storage facilities, fixed industrial facilities, air transport
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facilities, railways and motor vehicles (Etkin 2001). Etkins further elaborates that US
Pipeline oil spills in particular, in 1985 alone, spilled more oil than tankers and barges
combined (the two largest sources of oil spills). She indicates that since 1991, pipeline
spills have annually accounted for 37 times as much as tankers (Etkins 2001). Pipelines
transport oil across several miles in the US, with- 69.3% of all oil transported by this
medium (Etkins 2001). Several reports emphasize the cause for these pipeline leaks as a
global aging pipeline infrastructure. With this aging pipeline infrastructure, pipelines
become corroded, this translates into leaks if they are not replaced or maintained on a
regular basis. This aging pipeline and facility infrastructure problem, as well as aging
vessel fleets, may be “ticking time bombs” especially as they become subjected to

increasing oil throughput and transport in future years (Etkin 2001).

Causes and Reasons for oil spills at TTOil

The typical reasons for oil spills at TTOil are similar to the findings from Environment
Canada, where the top three reasons are corrosion, leaks and unknown reasons. The
unknown reasons as mentioned are a result of improper oil spill follow-up reporting, as
the reason for spills is often not known until after the spill is reported. The primary
cause for oil spills from pipelines at TTOil consists of pumplines, trunklines, gaslines,
testlines and flowlines (see Appendix E for definitions). Tanks and valves are the
second and third most common causes of oil spills. The recognition of pipelines as the
major source of oil spills has resulted in a recent plan to repair and replace some of the
aging pipeline infrastructure. Given that this is a costly endeavor, a phased approach
will occur over a period of approximately 20 years (TTOil, 2003). Details of this
initiative and other preventative measures, are discussed in further detail in the oil spill

Prevention section.
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3.1.3 Oil spills from Exploration and Production - (E&P, Upstream processes)

Pipeline oil spills fall into the category of E&P as pipelines transport oil from an area of
exploration to refinery facilities where they are fractioned into refined products such as
gasoline and kerosene. Worldwide statistics reveal offshore oil and gas exploration, and
production spills in particular, account for 27,000 and 111,000 tonnes of oil spilled each
year (Lentz and Felleman 2003). Figure 4 illustrates the amount of oil from worldwide
exploration and production activities per decade, while Figure 5 further elaborates on
the amount of oil spilled per year from these facilities alone. Oil spills from TTOil’s

exploration and production land-based activities are addressed later in chapter 4.

Total Amount of Oil Spllled By Decades (Non-Terrorist/Military Events)
(Environmental Research Consuilting Database)
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Figure 4: Worldwide total amount of oil spilled in decades (USCG 2001)
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Annual Worldwide Oil Spillage from E&P Facilitlies
(Environmental Research Consulting Database)
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Figure 5: Worldwide annual oil spills from E & P facilities (USCG 2001)

The general trend in Figure 5 demonstrates that in most recent decades, oil spills are
decreasing. This could be attributed to a number of initiatives such as improved oil spill
reporting, infrastructure improvements, including improved oil spill prevention
through contingency planning and tighter regulations. Spills from E&P sources still
represent a significant worldwide frequency and volume, and greater efforts to reduce

oil spills in this category are vital.

The literature thus far has revealed that oil spill statistics are useful for a number of
Teasons, but its best use is as a tool for understanding the scope and magnitude of the
Pollution problem. They are also used by many government agencies to establish and
enforce environmental regulation, however, their use in the petroleum sector is not
known. The task at hand therefore, is not only to use oil spill statistics as a tool for
understanding oil spill dynamics, but also as a tool for implementing appropriate future
spill prevention and control programs, which can minimize oil spill volume, frequency,

costs and environmental impacts.
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3.2 Oil Spill Prevention

Given the worldwide magnitude of oil spills from offshore or onshore operations, oil
spill prevention is a priority for petroleum industries. Oil spills are liabilities to
petroleum companies which can result in significant costs, environmental impacts or
even pose a risk to public health and safety. The petroleum industry in Canada for
example, spends millions of dollars each year to ensure its drilling, production,
operations and transportation systems are in compliance with existing regulations and
facilities are operated as efficiently and safely as possible (CPA 1989). Oil industries
must therefore be prepared to use proper construction and operational procedures
along with adequate maintenance, inspection and training programs if prevention is to

be attained (CPA 1989).

Some oil spill prevention efforts common to all petroleum industries include oil spill
contingency planning, adoption and adherence to spill laws and regulations, as well as
the implementation of ISO 14001. In this study, these will be discussed and examples of

oil spill prevention methods and efforts at TTOil are discussed.
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3.2.1 Oil spill regulations/conventions/protocols
There are many levels of oil spill regulations, ocean spills for the most part follow
international conventions/protocols. Oil spills on land generally follow national

regulations governed by the country or state.

3.2.1.1 International Conventions/Protocols for oil spills

The goal of international conventions is to foster international cooperation in
constructing effective preparedness and response regimes both nationally and with
bordering nations (Steen et. al 2003). Several agencies have conventions/protocols for the
protection of marine resources in particular, from oil spill pollution, some of which
include: The Institute of Marine Affairs (IMO), United Nations Environment Program
(UNEP), the United Nations Industrial Development Organizatioh (UNIDO), the
International Petroleum Industry Environmental Conservation Association (IPIECA)

and the International Tanker Owners Pollution Federation (ITOPF).

Some of the conventions overseen by the above governing agencies are:

1. International convention on Oil Pollution Preparedness, Response, and
Cooperation (OPRC) is designed primarily to assist developing countries to
prepare for, and respond to, major oil pollution incidents (not only from ships
but also from offshore oil exploration and production platforms, sea ports and
oil handling facilities)

2. The international Convention for the Prevention of Pollution from Ships
(MARPOL). As the name states, this convention is aimed at preventing and
minimizing pollution from ships, including both accidental pollution and release
from routine operations.

3. 1992 Protocol to the International Convention on Civil Liability for Oil Pollution

Damage, 1969 (CLC 92). This protocol provides information about compensation
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for pollution damage resulting from spills of persistent oil from laden and
unladen tankers. The definition of pollution damage-extends to preventative
measures (this includes clean-up activities), property damage, economic loss and
environmental restoration (IPIECA 2001)

4. Additionally, under the auspices of the United Nations Environment program
(UNEP), the Convention for the Protection and Development of the Marine
Environment of the Wider Caribbean Region, (Cartegena de Indias, 1983)
addresses the problem of land-based sources of marine pollution (Lentz and

Felleman 2003).

3.2.1.2 Canadian Environmental Legislation and Regulations

Given the tiered government structure of Canada, each level of government enforces
regulations to maintain the integrity of the natural environment and to prevent any
adverse effects by spills from toxic or hazardous substances (Li, 2002). The federal and
provincial government enforces spill management through the Canadian
Environmental Protection Act (CEPA), the Canada Shipping Act and the Emergency
Plans Act. Spill management in Ontario exists through the Environmental Protection
Act and the Ontario Water Resources Act, while the municipal government utilizes by-
laws. The role of each level government in spill management is addressed in the

following sections.

Municipal Spill Management: City of Toronto’s Sewer Use By-Laws

Pollution prevention planning requirements are incorporated into the Sewer Use By-
Law as most of Toronto’s spills enter municipal sewers before reaching rivers and lakes.
This by-law requires pollution prevention planning by industries discharging subject

pollutants.
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. Chépter 681-9 stipulates that the person responsible or the person having the
charge, management, and control of the spill, immediately notify the
Commissioner and provide any information with regard to the spill. The person
shall do everything reasonably possible to contain the spill, protect the health
and safety of citizens, minimize damage to property, protect the environment,
clean up the spill and contaminated residue, and restore the affected area to its
condition prior to the spill. The person shall provide a detailed report on the
spill to the Commissioner within 5 days after the spill. Industries at whose
premises a spill has occurred have to submit an updated plan and plan summary
to the Commissioner within 30 days of the spill (Li, 2002)

e Chapter 681-10 stipulates that every owner or operator of a restaurant,
commercial, industrial or institutional premises, take all necessary measures to
‘prevent oil and grease, motor -oil and lubricating grease, and sediment from
entering the drain or sewer. Additionally, the owner or operator shall install,
operate, and properly maintain a grease interceptor or oil interceptor, in any
piping system at its premises that connects directly or indirectly to a sewer (Lj,
2002).

In addition, municipal teams such as the Industrial Waste and Enforcement Branch, the
System and Services Branch, the Collection System Services Unit, all participate in spill

containment and clean-up.

Provincial Spill Management

In Ontario it is illegal to discharge substances that will harm the natural environment.
Provision such as the Environmental Protection Act, the Ontario Water Resources Act
and the Emergency Plans Act, are enforced to monitor, manage and mitigate spill

events. The primary role of the Environmental Protection Act (EPA):
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e Part II (General Provisions) s.14‘ (1) “No person shall, or shall allow the
discharge of a contaminant into the natural environment that causes or is likely
to cause adverse affects” (Li, 2005).

e Part X (Spills) section 92. Under section 18 (1), “for spill prevention, the Regional
Director may issue orders requiring those with a potential for spills to: prepare
contingency plans, to train staff, install monitoring, detection and spill alarm
devices, and to construct spill prevention facilities.” (Li, 2005)

e Under Part X (Spills) section 92 establishes prompt and broad notification
requirements for the person who caused the spill, the person who had control of
the material immediately prior to the spill, and for employees of all public
authorities. It is mostly the discharger’s responsibility for not only the
notification of the spill (s.15) but also the clean up (s.93) and prevention of the
spill (s.17). Severe penalties or jail terms are admissible to an individual or
parties who commit this offence (Li, 2005).

e According to the Water Resources Act section30 (1), “Any person that discharges
any material that may cause impairment to the water supply any where, is guilty

of an offence under this Act” (Li, 2005).

The integrity of the environment is the main priority of the Government of Ontario,
who proposes that planning for a spill is the most effective way to minimize chances of
negative effects of a substance when released into the natural environment, whether
purposely or not. Industry and Municipal governments are encouraged to prepare
plans that may be used in case of a spill or a spill emergency (Li, 2005). Recently, the
Ontario government created the “environmental SWAT team” to concentrate on
compliance, inspection and enforcement of governing laws related to issues such as air
and water quality, as well as hazardous wastes. The role of the Ministry of Environment

is not limited to these activities and initiatives; they also focus on spill emergency

30



response, such as spill assessment to ensure spills are responded to promptly,

effectively and properly.

Federal Spill Management

The federal government is responsible for the protection of federally-owned lands and
water. They also act as an advisor to any party in need of advice, provide information
about chemicals, environmental impact, and countermeasures and monitor large spill
clean-up efforts. Several legislations address spill management on either land or sea or
both, some of which include the Canadian Environmental Protection Act (CEPA), the
Canada Oil and Operations Act, the Canada Shipping Act, the Transportation of

Dangerous Goods Act, the Fisheries Act and the Artic Water Pollution Prevention Act.

The Canadian Environmental Protection Act (CEPA) is designed to, among other things
to: 1. Take remedial and preventative measures to protect, enhance and restore the
natural environment. 2. Recognize the necessity of protecting the environment. 3. Work
with other government to protect the environment. 4. Establish nation wide standards
of environmental quality. Examples of restrictions imposed by CEPA include:

* The prohibition of unlawful discharge or spills of material that cause negative
effects on the environment are under section 95 (1-8).

* Sections 95 (1)(a, b, c) require quick notification of a spill to an official and the
owner of the substance, doing everything reasonable to stop adverse effects and
notifying any part that might be effected by the situation. The latter subsection
applies to any person who owns, controls or manages the substance immediately
before it was released into the natural environment, or anyone who caused or
contributed to the release of the substance (s.95)(2).

*  Under subsection (5) of section 95, an officer has the power to cause a party to

take measures to stop. or clean up a spill. An officer may enter any area and do
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anything reasonable under the circumstances to avoid negative effects to the
natural environment (s.95)(7). The person who is responsible for a discharge is
not liable if that party has done everything in his/her power and under the
regulations required in case of such a situation.

e The Canada Oil and Operations Act also prohibits the release of substances (s.25)
(1) and require prompt notification of a spill situation (s.25)(2), duty to take
reasonable measures (s25)(3), personal liability (s.25)(9) and recovery of costs
(s25)(7.1).

e Under the Canada Shipping Act, the owner of the ship is liable for oil pollution
damage from the ship. Owners may limit their liability if the pollution incident

occurred without their fault or involvement (s.25)(9).

Severe penalties or jail terms are admissible to an individual or parties who commit
these offences. Fines can range from $20,000 to several million dollars depending on the
severity of the spill and the number of subsequent spills. In addition to these fines, jail
terms up to 5 year are admissible according to Ontario’s provincial and federal

legislations.

3.2.1.3 Environmental laws and regulations adopted by TTOil

TTOil has currently ratified various (MARPOL conventions, MARPOL 73/78, Annex
I/1I, 111, IV and V), the INTERVENTION Convention 69, OPRC Convention 90, CLC
Protocol 92 and FUND Protocol 92 (compensations for pollution damage) in an attempt
to acquire assistance for oil spill pollution occurring in the four surrounding water
bodies: the Atlantic Ocean (East), the Caribbean Sea (North), the Gulf-of-Paria (West)
and the Columbus Channel (South). In regions such as Canada, oil spills are dealt with
by three levels of government depending on the severity of the oil spill and the location.

In a small island such as Trinidad, the state governs and implements regulations for all
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land-based spills, while international conventions/protocols govern ocean based spills.

The following list highlights the relevant regulations for oil spills applied on a national

level in Trinidad which are adopted by TTOil. The primary environmental legislation is

the Environmental Management Act.

Environmental Management Act of 2000 (Section 26, 35-40)

This is the primary document used in environmental management by all
industries likely to pollute. The national environmental policy of the EMA is
aimed at the conservation and sustainable use of natural resources of Trinidad
and Tobago, to ensure the growth of economic and social development (TTOil
Legal Registry 2001). Among the policy objectives is the need to prevent, reduce
or eliminate various forms of pollution, conserve biological diversity of the
country, and the stability and resilience of the ecosystems, as well as to
undertake retroactive analyses or evaluations to correct past development
decisions that might be inimical to the continued environmental health of the
country (TTOil Legal Registry 2001).

Other acts which include spill management regulations include: The Petroleum
Act Chapter 62:01 (rev 1980) 5.29 (1)(j), 42 (2) (b,h,1k,g), the Mineral Act No 61 of
2000 S.4, 22(c.d f.g), 43, 44, the Planning and Development of Land Bill 2001 and
the Certificate for Environmental Rules 2001 LN 104,91,103.

3.22  0Oil Spill Contingency planning

According to Lentz and Felleman (2003), every oil spill regardless of its size or its source

is worthy of prevention efforts at some level, since the size of an oil spill does not

determine the degree of its resulting damage either environmentally or economically.

One method to address oil spill prevention of all oil spills is the oil spill contingency

Plan. Qil spill contingency planning is essentially an action plan and guide for

emergency procedures, notifications, responsibilities, emergency equipment locations,
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oil spill control points, safety, media and reporting requirements (CPA 1989). An oil
industry may have several oil spill contingency plans for each refinery or production
district. Whatever the area of operation, the same format for oil spill contingency

planning is applied as described below.

Oil spill contingency plans are usually comprised of three parts:

1. A strategy section — to outline the scope of the plan, the geographic area, perceived
risks, roles and responsibilities of those charged with implementing the plan and
the proposed response strategy (IPIECA 2000).

2. An action and operations section — which outline emergency procedures that allow
rapid assessment of the spill, and mobilization of appropriate response
resources. (IPIECA 2000)

3. A data dictionary — which should contain all relevant maps, resources list and data
sheets to support oil spill response effort, and conduct the response according to

an agreed strategy. (IPIECA 2000)

The design specifications for oil spill contingency plans are standard as all oil spill
contingency plans reviewed demonstrate similar criteria. The International Petroleum
Industry Environmental Conservation Association (IPIECA 2000) graphically illustrates

the three components of an oil spill contingency plan in Figure 6.
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Flgure 6. Oil sp111 contmgency plan framework (IPIECA 2001)

The two most crucial sections are the strategy section, which entails a descriptive policy
document and outlines the overall strategy, and the operational plan which is
concerned with procedures to be followed when a spill occurs. Table 4 highlights the

functions of these two sections.

Table 4: Strategy and Operation Sections

Strategy Section (

Introduction - Not1f1cat10n

Risk assessment . Evaluation

Resources at risk and priorities for protection Response '
_Organization and management Clean-Up
_Equipment, supplies services and manpower Communication

Communications & control Termination

Training exercises and updating procedures

Source: (ITOPF 2001)

Once an oil spill occurs, it is not necessary to mobilize all resources at one time,
especially if the spill is small in size and not in an environmentally sensitive area. The
tiered response system is usually based on the size of an oil spill, however, other factors
such as the potential risks, location of the spill, oil type and environmental or socio-

economic sensitivities under threat are also considered when resources are mobilized.
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Tier three

Tier two

Tier one

Tiered responses are typically used in the following instances.

1.

Tier 1: Small local spills

Are usually operational spills that may occur at or near company owned facilities
as a consequence of their activities. An individual company would typically
provide in-house resources to respond to this type of spill (IPIECA 2000).

Tier 2: Medium spills that may be local or some distance from operational areas

Involve a larger spill in the vicinity of a company’s facilities where resources
from other companies, industries and possible government response agencies in
the area can be called in on a mutual basis. The company may participate in a
local cooperative where each member pool their Tier 1 resources and has access
to any equipment that many have been jointly purchased (IPIECA 2000).

Tier 3: Large spills which may exceed national boundaries

Are large oil spills where substantial further resources will be required, and
support from a national or international cooperative stockpile may be necessary

(IPIECA 2000).
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Oil spill contingency planning at TTOil

At TTOil, oil spill contingency plans are available for each oilfield district within
exploration and production operations. The plans are specific to the needs of each
district and follow a similar oil spill contingency plan framework as discussed above. A
national oil spill contingency plan is now available for additional support and
resources; however, it only covers incidents in the marine environment, an initiative

stimulated by the UN Convention of the Law of the Sea (UNCLOS).

Within the oil spill contingency plans for oilfield districts, a policy statement begins
each document and follows with section I, “The Strategy”, which includes an
introduction about the scope of the plan, responsibilities of various groups and its
connection with other oil spill contingency plans. Following the introduction is a list of
activities liable to produce spills, and the respecﬁve resources at risk such as ecological,
recreational, commercial and political. Human protection is the first priority followed
by protection of the environment. The fate of spills or emissions is detailed for sensitive
areas or regions prone to these pollution events. A spill response strategy is the third
subject addressed, it summarizes the strategies for oil spills on land, sea zones, coastal
zones, shoreline zones, watercourses, riverbanks, wetlands, mangrove and swamps and
marshes. Other strategies for response include a strategy for the use of dispersants and
chemicals, oil recovery, oils and water storage and disposal, transfer operations, VOCs
and SVOCs, steam leaks, gas leaks, steam breakouts and finally planning and logistics.
Equally important, and the fourth item in the plan is the set of equipment, supplies and
services ready to be mobilized when an oil spill incident occurs. Attached to this section
is an appendix listing the names of contractors, departments and storage sites

containing these resources when required (TTOil, 2003).
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The fifth item in the contingency plan is Management, Manpower and Training section,
which identifies through a crisis management team chart, the person/s or department
responsible for various assignments in crisis management. The availability of
manpower, routine training and emergency exercises are summarized. During field
research at TTOil a full-scale emergency exercise drill was conducted and can be
summarized as very comprehensive, with “good communication” as the primary lesson
emphasized. It is a key component in crisis management to mobilize appropriate and
necessary responses and resources. The final item contained in the strategy section is
communication and control which focuses on the availability and requirements of field
communication equipment, incident controls rooms, and report and log documents to

dictate incident events (TTOil, 2003).

Another component of an oil spill contingency plan framework is the operational plan,
which translates into section II known as “Action and Operations”. There are three
components of this section, the Initial procedures element sets the structure for
notification when a pollution event occurs. A detailed notification chart is available for
each district followed by the crisis management notification chart to inform assigned
individuals depending on the tier level required, to their respective emergency duties.
The evaluation procedures are defined by the crisis manager or On-Scene Commander
who evaluates the situation, and assesses the threat posed by the oil to the resources at
risk and the necessary data to be collected. The Operational Planning and Mobilization
Procedures highlight the response decision, based on the initial report and evaluation, to
mobilize the required manpower and equipment. The Response and Control of Operations
involves the On-Scene Commander delegation of clean-up operations. An
administrative assistant is also present to coordinate/advise on environment/ecological
aspects of the spill, liaising with government agencies, ensuring clean-up

strategies/techniques are in compliance with regulations, strategies and policies. Lastly,
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procedures are set up for the Termination of Operations when they become ineffective or
when the desired level of clean-up has been achieved. In summary, based on the
information presented above, oil spill contingency planning is not only comprehensive,
bbut it is an exceptionally important and necessary process if carried out as prescribed

(TTOil, 2003).
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3.23

1SO 14001

ISO 14001 is an international voluntary environmental management standard aimed at

-improving the management of environmental issues for any type of organization. It is

commonly used by oil industries as a means by which to meet their goals for service

delivery and to improve their environmental performance. The components of the

standard include: The developments of an environmental policy, planning,

implementation & operation, checking & corrective action and management review.

ISO registration is achieved and maintained when all components of an industry can:

1.
2.

N o g

Establish an environmental policy endorsed by senior management.

Identify all of its actual and potential environmental impacts.

Identify areas with potential for significant impacts in order to concentrate on
those that could most affect the environment.

Understand all of its legal obligations and requirements.

Set environmental objectives and targets for improved performance.

Develop programs, plans, and procedures to achieve the targets.

Ensure all staff are knowledgeable and trained for the role they play to protect
the environment.

Monitor, measure and control emissions, discharges and other important aspects
of the operation that could have environmental impacts.

Have a system in place for continuous improvement, which identifies records

and corrects deficiencies.

10. Undertake a rigorous internal audit and management review program. (Shell

Canada, 2002)

The benefits of an oil industry EMS that conforms to the ISO standard include

1.
2.

Compliance with all environmental legislation for the petroleum industry

Management of environmental issues for onshore oil and gas production
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3. Better anticipation and control over environmental incidents and accidents
4. Improved communication of environmental information with the public
5. Financial performance through improved environmental performance (TTOil,

2001)

Application of 1SO 14001 by TTOil
In order to satisfy the requirements of the ISO 14001 standard, TTOil has developed:

1. An environmental policy that aims to prevent and control pollution and accidents,
incorporate legislative compliance, audit Health, Safety and the Environment
(HSE) performance, nurture an HSE culture throughout the workplace, and train
and empower employee in HSE management.

2. Planning to ensure all facilities receive certification. For example, more than 266
environmental aspects have been documented of which more than 8
environmental objectives and more than 50 targets have been developed for
these aspects. For example, the cleaning and disposal of oily basal sediment from
tanks and oil saver pits at tanks for contamination of soil and waterways.

3. An Implementation & Operation phase to ensure all environmental management
system roles and responsibilities are formalized and specified. Some of the work
being delivered includes the development of operational controls to mitigate the
significant environmental impacts which have been identified

4. A Checking and Corrective Action phase which houses an internal audit system to
continuously monitor and measure performance of the system, and to ensure
that they remain connected to the significant environmental aspects, objectives,
targets, policy commitments, legal and other requirements

5. Lastly a Management Review to ensure that senior management reviews the

progress of this project on a biannual basis (TTOil, 2003)
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Using a phased approach, one facility “District A”, was able to secure certification as
being in conformance with the requirements of the standard. Follow-up audit findings
indicated that there was a 70% reduction in the number of non-conformances in its field
facilities, such as well sites and tank batteries. Further checking and corrective action
ensures that the status of completion of each environmental program is checked every
two months to determine whether there are any deviations from what was intended.
Table 5 provides an example of the phased approach of the process involved in the

upgrade on an existing EMS to the standards employed by the ISO 14001 program

Table 5: Example of Environmental Management Programs within the EMS
= \ SRR

(s

1 | Replacement of ozone unfriendly refrigerants January 2010

PCB oil disposal September 2004

3 | Secondary containment of crude oil storage areas (Tank | December 2004
Batteries) and chemical storage areas

4 | Upgrading of production facilities to manage H25 October 2005
emissions at two thermal tank batteries

(Source: TTOil, 2003)

The intent at TTOIil is to have all operations within the industry certified. Given the
current rate of progress, it appears that may become a reality in the near future. The
checking and corrective action phase is one of the most important components of the
standard as it not only expects that a framework is created and policies made, but
ensures that they are delivered, an important and required function of oil spill

management at TTOil.

Given the comprehensiveness of the oil spill management framework, it was not

feasible to investigate and analyze each component at the same level of detail, hence
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this section of the study uses the literature and research findings from TTOil to address
the oil spill prevention component. The oil spill contingency plan at TTOil is effective
and objectives are being met through the checking and corrective action phase.
Currently, District A has been certified by the ISO 14001 standard, perhaps given the
same level of environmental perseverance and resources, the entire operations of TTOil
may one day achieve certification and operate at high levels of environmental

performance.
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3.3  0il Spill Control

Oil spill control refers to the containment of spilled oil which is the process of
preventing its spread by confining the oil to the area in which it has been discharged
(Fingas, 1979). Physical and mechanical methods are available for oil spill containment
both before and after an oil spill event. The following section provides an overview of
oil spill containment systems including examples from TTQil. The oil spill controls
discussed in this section are not an exhaustive list however; they are examples of

effective and typical oil spill containment systems used in the petroleum sector.

3.3.1 Oil spill containment before oil spill occurs (land-based oil spills)

Containment systems are built structures usually around or near fixed operations such
as tanks and wells. They serve to capture spilled oil for easy recovery, to ensure spilled
oil is not lost, and to protect the immediate environment from oil contamination by
containing the spill in a confined area. The captured oil is then removed either
physically or by mechanical means. Examples of pre-oil spill containment measures
include pits and bond walls which are illustrated below. These controls are typically
used by TTOil at many storage tanks and well sites. The capacity of bond walls built
around tanks for example, have a capacity to contain 1.5 times the capacity of the tank.
The plan is that contained oil spills would be removed and recycled; therefore little or
no oil is lost. Oil spill pre-containment is an effective oil spill prevention tool as along as
maintenance is regular, to ensure spilled oil does not present a risk to the adjacent
natural environment, as most wells for example, are located in highly vegetated areas.
Examples of pre-containment systems for land-based oil spills are illustrated in Figures

8-11.
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1zlgure 8: Example 1-0il p1t (Source Trinidad, 2003)

A pit (wall) is dug around the well to absorb any spillage of oil from the structure
during the oil pumping process. Given the size of this pit, if oil is spilling out at a
distance beyond the frame of the pit, it will obviously not be collected within the
confines of the collection area. However, spills that leak downwards along the chassis of
the well will be collected. The effectiveness of these measures is dependent on the
volume spilled, the frequency of oil spill events, as well as weather conditions, whereby
depending on the dimensions of the pit, significant precipitation may easily fill its

existing capacity.
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B & Y - m 2 a
Figure 9: Example 2 - Oil pit (Trinidad, 2003)

Some pits can have two collection areas as shown in Figure 9. The oil collected is reused
and not discarded. Maintenance is conducted as needed by field staff that visit field

facilities daily.
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Figure 10: Bond wall

s - Large scale (Trinidad, 2001)

Given the aging infrastructure of many facilities, tanks also exhibit leaks over time.
Bond walls are carved around the tanks to secure spilled oil from contaminating areas
outside of the designated boundaries. This area is called a tank farm as it houses only

Storage tanks containing oil.
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These containment systems allow for easy recovery of oil, and limit oil leakage into near
by waterways, soils or vegetation. It Jooks like a drain but is actually a collection area

for spilled oil. This is an example of the use of bond walls on a smaller scale.
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3.3.2 0Oil Spill containment after a spill occurs (water-based oil spills)

For oil spills in water, physical containment systems such as booms are usually
deployed to contain the oil within the boom, so that mechanical recovery measures such
as skimmers can remove the lost oil. Several types of booms and skimmers are available
today, each with their advantages and disadvantages. Skimmers are used in direct oil
spill clean-up efforts and are usually paired with oil booms in most instances, therefore,

both will be discussed in this section of the study.

Oil Booms

Booms are the most basic and most frequently used equipment for containing an oil
spill on water. Booms are generally the first equipment mobilized at a spill and are
often used throughout the operation. A boom is a floating mechanical barrier designed
to stop or divert the movement »(‘)f oil on water. It is designed to enclose the oil and
prevent it from spreading, thus protecting shorelines, harbours, bays, and biologically
sensitive areas. A boom can also divert the oil to areas where it can be recovered or

treated, or concentrate the oil to maintain an even thickness so that skimmers and other

clean-up techniques such as in situ burning can be applied (Fingas, 2001).

Commercial booms are comprised of four parts. Floatation members or floats determine
the buoyancy of the boom and keep it floating on the water’s surface (Fingas, 2001). The
freeboard member is the portion of the boom (height) above water, whose purpose is to
contain the oil from spilling over the boom. The skirt is the portion of the boom below
that floats to contain the oil. Attached to the end of the skirt are tension members made
of steel cables or chains that run along the bottom of the boom to withstand the
powerful forces to which the booms are subjected and contain the oil. Some booms are

also constructed with ballast or weights which keep them in an upright position (Fingas

2001). Figure 12 is an example of an oil boom.
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- —
Figure 12: Oil boom (Trinidad, 2003)

Several types of booms are available. For example, a fence boom is constructed with a
freeboard member above the float. Although relatively inexpensive, these booms are
not recommended for use in high winds or strong water currents. A curtain boom is
constructed with a skirt below the floats and no freeboard member above the float.
Curtain booms are most suitable for use in strong water currents. The external tension
member boom is constructed with a tension member outside the main structure and used
in strong currents and in water containing ice or debris (Fingas, 2001). There are also
several specialized booms suitable and only effective for certain types of water

environments; these are briefly discussed next.

Specialized booms
1. A Tidal seal boom usually floats up or down but forms a seal against the bottom

during low tide. These booms are often used to protect beaches or shorelines

from oiling.
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2. An Ice boom is used to contain or divert oil in iéy waters. The ice boom has slots at -
the waterline so that oil and water can pass through. - |

3. A Bubble Barrier is primarily used at fixed facilities such as harbours and loading
platforms where the water is generally calm. A perforated pipe located on f the
ocean floor pumps air which creates a curtain of rising bubbles that deflect the
oil. This mechanism demands a significant amount of energy. Therefore, it is
predominantly used only to deflect oil in front of skimmers or fixed separator
systems.

4. A Chemical Barrier makes use of chemicals to solidify the oil and prevent it from
spreading; however, large amounts of chemical are usually needed and the

potential for containment is low (Fingas, 2001).

Disadvantages of booms

Since booms are used in open waters, the effectiveness of a ‘boom in containing oil spills
is dependent on the natural processes that occur in that environment, such as water
currents, waves, and wind conditions. Expertise is therefore need for deployment and
monitoring of oil booms. Some of the disadvantages are:

1. Entrainment failure can occur in conditions of fast water currents. The boom acts
like a dam, whereby it prevents oil from spilling over the boom. Under
conditions of fast water currents, the currents break the oil and push droplets of
oil under the boom and up to the water surface outside of the boom

2. Drainage Failure can occur via a similar process as entrainment failure, and is
more likely to occur with lighter oils. The water current is the mechanism that
affects the containment of the oil, in this case, the currents affect the oil directly at
the boom. After critical velocity is reached, large amounts of oil contained

directly at the boom can be swept under the boom by the current.
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Critical Accumulation can occur with heavier oils. Heavier oils tend to accumulate
near the boom structure. Water currents at critical velocities can sweep these
heavier oils underneath the boom

. Splashover can occur in rough or high seas when the waves are higher than the
boom’s float. The oil splashes over the boom and therefore out of the boom
containment area. This will also occur when there is excessive oil accumulation at
the boom’s structure.

Submergence Failure can occur when water goes over the boom if the boom is not
buoyant enough. When the boom cannot conform to sharp waves, the boom can
easily become submerged, this however, occurs very infrequently.

. Planing occurs when the boom is moved from its vertical position to a horizontal
position allowing oil to flow over or under the boom. This movement can occur
when the tension members of the boom are poorly designed. -
Structural failure commonly occurs when any boom’s components fail and the~
boom allows oil to escape. Floating debris such as logs or ice can cause structural*
failures.

Shallow Water Blockage occurs when rapid currents form under a boom when
used in shallow waters. In shallow conditions, smaller booms are generally more

effective. (Fingas, 2001)
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Example of skimmer in
use with oil booms

Figure 13: Skimmer & Oil booms (Trinidad, 2001)

Skimmers
Skimmers are mechanical devices that recover spilled oil that has been contained by the
oil boom. Figure 13 illustrates the use of a skimmer in shallow waters to recover spilled
oil contained in the oil boom. The skimmer is attached to a suction hose which is
connected to a tank to house the recovered oil. Several types of skimmer are available, a
detailed description of each is provided in Appendix A. A summary is provided below:
1. Oleophilic Surface Skimmers: Also known as sorbent surface skimmers, these uses a
surface such as a disc, drum, belt, brush or rope to which oil can adhere and be
removed from the water surface.
2. Weir skimmers are a major group of skimmers that use gravity to drain the oil

from the surface of the water into a submerged holding tank. Weir skimmers
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consist of a weir or dam, a holding tank and a connection to an external or
internal pump to remove the oil. This oil recovery technique uses a vacuum or
slight differential in pressure to remove oil from the water surface. The skimmer
is a small floating head connected to an external vacuum truck. This skimmer sits
on the water and uses an external vacuum truck for oil intake/suction into a
holding tank. This system works best in calm waters with thick slicks and no
debris.

3. Elevating skimmers use conveyors to lift oil from the water surface into a recovery
area. A conveyor belt with ridges is adjusted to the top of the water layer and the
oil is moved up the recovery device on a moving belt. The oil is removed from
the conveyor by gravity.

4. Submersion skimmer uses a belt or inclined plate to force the oil beneath the
surface. The belt or plane forces the oil downward toward a collection well
where it is removed from the belt by a scraper or by gravity.

5. Vortex or Centrifugal skimmers make use of the density between the oil and water
to separate them. This is followed by the removal of the oil. A water vortex is
created to draw the oil into a collection area where it is rotated in a centrifuge,
using either the force of the water itself or an external power source. The oil is
therefore forced to the center by heavier water and pumped from the chamber

(Fingas, 2001).

Given the comprehensiveness of the oil spill management framework, it was not
feasible to investigate and analyze each component with the same level of detail, hence
this section of the study uses the records and research findings from TTOil to provide

the information required.
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3.4  Oil Spill Clean-up

Most oil spill events require some form of oil spill clean-up process unless they are very
small spills. Many techniques and technologies available to clean-up oil spilled into
various environmental media such as water, the land surface and subsurface
environments. Oil spills in the ocean or on shorelines (il slicks) in some ways are easier
to clean-up than oil spilled unto land surface and subsurface environments, primarily
because oil and water molecules do not mix resulting in oil forming a layer that floats
on top of the water column. In this section oil spill clean-up measures on land and on

water, not including skimmers, are discussed in detail.

One of the foremost writers on the subject of oil spill clean-up is Dr. Merv Fingas. He
has worked more than 25 years in the field of oil spill technology at Environment
Canada’s Environmental Technology Center. As head of the Emergencies Science
Division, he conducts and manages research, developmeht projects in the sciences as
they related to spill measurement, evaluation, and control. Given his level of expertise
and experience, his work is heavily referenced in this section of the study, as field work

in this component of the framework was not possible.

3.4.1 Clean-up of oil spills on land

Clean-up procedures on land appear to be far more complex than those on water as
more variables have to be considered. For example, the movement of different types of
oil in different habitats, the conditions at the spill site, such as specific soil type,
moisture conditions in the soil, the slope of the land, and the level and flow rate of
groundwater (TTOil 1993). Other variables include the presence of vegetation, the type
and growth phase, the temperature, the presence of snow or ice, and the oil’s ability to

Permeate soils and its adhesion properties are all important factors which further
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complicate the clean-up of oil spills on land (Fingas, 2001). Table 6 and 7 highlight the
various clean-up technologies and techniques used to clean-up surface and subsurface
oil spills. A clean-up technique according to 'I"I'Oil, should be effective in removing a
significant amount of oil, reducing contaminatioﬁ and the adverse impacts on the

environment therefore, careful selection of clean-up techniques are crucial (TTOil 1993).
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Table 6: Types of clean-up techni ues/technologies for surface oil spills
iy TR o T

; Cle

e Y

TRLTEl T gy PR e s R B A w gy S
of Surface'spills’i®

N

Berms or dikes

Makes use of soil in the area, sand bags or construction
materials to build the berms which contains the oil spill
and prevents it from spreading

Sorbents

As discussed in section 3.3, sorbents can be used to
recover some of the oil and prevent further spreading

Shallow trenches

Shallow trenches dug into the soil are effective when
water tables are high. Oil can readily be removed from or
burned in the trenches

Natural Recovery

Is recommended for extremebly sensitive environments
that usually take many years to repair themselves such as
tundra climates. The excess oil is usually removed using a
technique that does not disturb or damage the surface.

Suction hoses,
Pumps, vacuum
trucks, skimmers
and sorbents

As discussed in section 3.3, these technologies can be used
to remove excess oil from the surface, ditches and low-
lying areas. Sorbents are recommended for final traces of
oil removal from water surfaces such as a wetland.

Manual removal

Makes use of shovels and other agricultural tools to
remove oil from soil and vegetation followed by re-
planting measures.

Mechanical recovery
equipment

Makes use of bulldozers, scrapers and front-end loaders.
These methods can be damaging to the habitat so it is
restricted to the clean-up of oil in urban areas, roadsides
and perhaps agricultural lands. It is not recommended for
sensitive environments.

Enhanced
biodegradation

Certain portions of oil are biodegradable and can be
enhanced with the use of fertilizers. The amount of
nutrients needed is calculated using a carbon to nitrogen
to phosphorous ratio. Some oils degrade better than
others such as diesel fuel. This process tends to work best
under ideal weather conditions. .

In-sity burning

Is used to burn the oil off the surface. It is a quick and
effective method, but does have disadvantages such as
destruction to propagating root systems, damage to shrub
and trees, and can leave a hard crust of residual material
that can inhibit future plant growth. The disadvantage is
that burning can release toxic pollutants into the air.

Source: Fingas 2001
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Table 7: Types of clean-up techmq es nd technologles for subsurface 011 spills

{37

g

Clean-up

p'of Subsurface’spi

Interceptor
trench

These are dltches or trenches dug down gradlent frorn the sp111
or in the direction of the spill flow to catch the flow of oil. The
trenches are placed below the depth of the groundwater to
ensure oil flowing on top of the groundwater will flow into the
trench. This is effective in reducing the horizontal spread of the
oil as containing the horizontal and downward movement of oil
is important in this type of environment. The trenches are
usually filled in after clean-up to restore the natural drainage
pattern of the land.

Hydraulic
measures -

Such as flooding, flushing, sumps, and French drain. These
methods work best in permeable soils and non-adhesive oils.
Flooding: Water is applied directly to the surface or to an
interceptor trench to allow the oil to float out. This method is
only advantageous when the oil has not been absorbed into the
soil.

Flushing: Water is used to flush oil into a sump, recovery well or
an interceptor trench

Sump: A sump or a deep hole is useful when light fuel is spilled
in permeable soil above an impermeable layer of soil.

French drain: A horizontal drain located under the oil spill, the
oil and perhaps water are pumped out.

Soil venting

This technique removes vapours from permeable soil above the
subsurface spill. It is only best suited for oils with high
evaporation rate. Air is sometimes blown through the soil and or
drawn out with a vacuum pump; the fuel vapours are then
removed from the air so as to prevent air pollution.

Excavation

Primarily used in urban area where human safety is an issue as
vapours from gasoline can travel through the soil and explode if
ignited. Therefore, contaminated soils are excavated and treated,
then sent to a landfill.

Recovery wells

A well is drilled or dug to the depth of the water table to catch
the oil flowing along the top of the water table. The oil is usually
recovered from the surface of the water with a pump or a
skimmer.

Source: Fingas, 2001
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3.4.2 Clean-up of oil spills on water

Various chemical and biological methods deliver oil spill remediation to deal with oil
spill contamination on water. Chemical and biological methods often are used with
mechanical methods; these include dispersants and gelling agents used primarily to
keep oil from reaching shorelines and other sensitive habitats. Biological agents have
more potential to assist recovery in sensitive areas such as shorelineé, marshes, and
wetlands. Dispersants are chemicals which have components of surface-active agents
called surfactants, which aid in breaking up an oil slick into smaller droplets. Solidifiers
or gelling agents change liquid oil to a solid compound that can be collected from the

water surface with nets, or mechanical means (Fingas, 2001).

Dispersants

A “dispersant” is a common term used to label a chemical spill-treating agent that
Promotes the formation of small droplets of oil that “disperse” throughout the top
layers of the water column (Fingas, 2001). They contain surfactants, molecules with both
a water-soluble and oil-soluble component. Depending on the nature of these
components, surfactants cause oil to behave in different ways in water. Surfactants or
mixtures of surfactants used in dispersants have approximately the same solubility in
oil and water, which stabilizes oil droplets in water so that the oil will disperse in the

water column.

A measure of a dispersant’s effectiveness is the amount of oil it puts into the water
column compared to the amount of oil that remains on the water surface. A dispersant
i$ at work when a white-to-coffee coloured plume of the dispersed oil appears in the
water column. There are many factors that influence the effectiveness of dispersants:

1. The composition of the oil

2. The degree of weathering of the oil
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The amount and type of dispersant applied
Sea energy |

The salinity of the water

AU T

Water temperature (Fingas, 2001)

Dispersants work best when the oil is at a certain thickness, for example, they will not
work when the oil is spread into thin sheens as the dispersant will interact with the
water rather than the oil. It is also equally important to have an understanding of the
type of oil spilled as some oils, as per Table 8, disperse better than others. For example,
some oils containing large amounts of saturates are susceptible to natural dispersion,
such as diesel fuel, which disperses both naturally and when dispersants are added.
Other types of oils containing resins, asphaltenes and larger aromatics are not prone to
dispersion when dispersants are applied. As indicated above, sea energy also influences
the effectiveness of dispersants and studies indicate that more dispersant is needed

when sea energy is low to yield the same amount of dispersion when sea energy is high.

Table 8 illustrates the typical effectiveness of dispersants based on sea energy.

Diesel T 60 95

Light crude 40 90
Medium crude 10 70
Bunker C 1 1

Source: Fingas, 2001

“Dispersants are often applied either diluted or undiluted by aerial spraying from small
or large aircrafts or helicopters or via spray systems available in boats. In order to
determine the amount of dispersant required, a dispersant-to-oil ratio is applied which
takes into account the size of area affected, the quantity and thickness of oil spilled”
(Fingas, 2001).
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Toxicity of Dispersants -

Dispersants today are much less toxic, often one hundredth as toxic as earlier products.
The standard measure of toxicity of a dispersant is its acute toxicity to standard fish
species. The dispersant’s “Lethal Concentration to 50% of a test population (LCso) is
used as given in mg/L, an approximate equivalent to ppm. Oil appears to demonstrate
more toxicity than dispersants with a LCs of diesel and light crude ranging from 20 to
50 mg/L whether the oil is chemically or naturally dispersed. Further studies indicate
that oil does not increase in toxicity as a result of dispersants; however, the natural or
chemical dispersion of oil in shallow waters can result in a greater concentration of oil
in the sea that may be toxic to sea life. Although dispersants are widely discussed in
many sources of literature related to oil spill clean-up, they are rarely used in North
America and require special permission in Canada through the Regional Environmental
Emergencies Team (REET). The use of dispersants is never 100% effective and concern
for the protection of aquatic life, birds and shoreline species, remains a concern with the

use of dispersants (Fingas, 2001).

Solidifiers or gelling agents

The purpose of solidifiers or gelling agents is to change liquid oil to a solid compound
that can be collected from the water surface with nets or mechanical means. “Solidifiers
consist of cross-linking chemicals that couple two molecules or more or polymerization
catalysts that cause molecules to link to each other” (Fingas, 2001). Solidifiers consist of
powders that immediately react and fuse with oil and -depending on the agent, about 10
~ 40% by weight of the agent are required to solidify the oil under ideal conditions.

(Fingas, 2001)
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Disadvantages of using Solidifiers

Solidified oil is difficult to recover with skimming and other types of recovery
equipment are normally designed for liquids. Significant amounts of agent are needed
to solidify oil, therefore, for medium or larger spills, solidifiers may not be practical. As
well, observations have indicated that the faster the solidifiers react with oil, the sooner

it forms a barrier that prevents it from penetrating the remaining oil.

Sorbent Booms

Containment booms were discussed in section 3.3, however another type of boom is
called the sorbent boom, a more specialized boom made up of porous sorbent material
to absorb oil while it is contained. This sorbent technique is only effective in relatively
thin oil slicks, to remove small traces of oil. Sorbents are usually placed along cleaned
shorelines to absorb any oils that could potentially re-contaminate the area. Sorbent
booms therefore act as secondary oil spill containment measure, to remove residual oils

left behind from primary clean-up measures.

Like containment booms, strong wind currents may affect the performance of sorbent
booms, and additional support or reinforcements may be necessary under these
conditions. In order to maintain their position for effective absorption, flotation devices
can be installed to insure the sorbent booms do not sink when saturated with oil and
water. Recovery is the next phase of the oil spill clean-up process after containment.
Recovery and containment of an oil spill normally occur simultaneously. When a spill
occurs, booms are deployed to contain the spill and recovery equipment and personnel
are on hand to recover and take advantage of the increased oil thickness, favourable
weather and less weathered oil. The types of skimmer commonly used to recover
spilled oil were discussed in section 3.3 and a more detail summary is available in

Appendix A.
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Other oil spill control methods

Other types of control methods are In-Situ burning, which is the controlled burning of
oil to remove an oil slick. Biodegradation is another process which occurs as a result of
oxidation of certain components of spilled oil by microbes such as bacteria and fungi;
this is a slow process and commonly adopted for residual oil after the major clean-up

has occurred.

Oil spill clean-up efforts at TTOil

The selection of an oil spill clean-up method is a key decision as some habitats can be
very sensitive in the tropics. Table 9 highlights the variable sensitivity of the tropical
habitat of Trinidad. Appendix B provides a déscription of each habitat type in detail.

T

Mangrove Forests, Salt Marshes,
Freshwater swamps, Tidal Flats
Medium-High Rivers/Streams, Forested areas,
Freshwater ponds/dams, Sheltered
rocky intertidal shore

Medium Agricultural fields

Low-Medium Gravel beaches, Sandy beaches

Low Exposed rocky intertidal shore,
Roadways

Source: TTOil, 1993
At TTOIl, for each of tﬁe twelve habitats the typical oil spill clean-up procedures that
are applied in the order in which they occur are:

1. Containment of spills and control of source

2. Protection of more sensitive habitats

3. Removal of free oil

4. Use of sorbents for final clean-up

5

. Rehabilitation (TTOil, 1993)
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Given these five steps, table 10 summarizes the specific clean-up method required for

each habitat to allow for minimal impact to the individual habitat at risk.

Table 10: Clean-up methods best suited for specific habitat types

; 'E w "‘3 | 3 4]
Elo| 8 8| E|E| 8 82 4
I I IR IR AR 3|8
SIE|B| 2|2 8|S E|5|E|8|E
"E Sl 8| & 8 Bl = 8| 8| »| 7 g
SlE|lslE|lZ|l SR & RS &8
& s RS @ S| 5|0

< 75}

Booms - |V |- p |\p |P |P |P |- |P |P |-
Burning V IN [N [N [N [A]JA |A A |N |A |A
Dispersants - |A |- |A |A |N [N JA |- I[N |N |A
Earth Barriers P |V |P |- |V |V IV IP |V |- |- |-
Land farming onsite [P |N [V |- |- |A |A |A |- |- |A |A
Low Pressure P |P |V |P |P |P |P |P |P |V |P |P

Flushing
Management of vV |P |- |V |V [P |P |P P |- |- |-
Drainage

Manual Removal |V |V |V |V |V |V |V |V |- |V |P |V
Natural Cleansing |- |- |P |- |- |V |P |P |- |P |P |P
Skimmers - |P |- |P |P |P |P |P |- |P |P |-
Sorbents P |V |V |V |V [V |V |V |P [N |V |V
Substrate Removal |V |V [N [- {V |A |[A [A |V |[A [N |A
Vacuum Pumping |P |P |P |P |P |V |V |P |V |V |[P |V
Vegetation Cropping [P |V |V |- |- [N |N |A |V [N |A |-

Source: TTOil, 1993

P: Preferred — Cause the least habitat impact

V: Viable — Useful, but can cause some habitat damage

N: Not Advisable — Could be applicable, but may cause significant habitat impact

A: Avoid - Unacceptable or ineffective method, use would always cause significant
adverse habitat impact
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Details of the clean-up method for each habitat are itemized in a step-by-step guide.
Follow up data about clean-up efforts were not available to account for the success or
failure of these efforts, therefore the effectiveness of these clean-up measures or the
impacts to the environment are unknown. They are not documented in the oil spill

reports as these reports are typically submitted before clean-up efforts are finalized.

An entire thesis could have easily focused on clean-up activities using data from TTOil
as a case study; however, this task was not feasible, largely because this part of oil spill
management at TTOil is not documented. Moreover, documentation of the
environmental impacts of oil spills is non-existent. Geographical Information Systems
(GIS) were available to aid in understanding the potential environment impacts of oil
spills to various regions and oilfields, however, the time and resources available to
conduct that aspect of the study were beyond the defined scope of the research. It
would be extremely beneficial to understand and possibly measure the environmental
impacts of oil spills using the spatial analytical capacity of GIS; as it would be a new
area of research not only for the petroleum company used in this study, but also useful

for petroleum industries.

What were feasible however, are descriptions about the types of clean-up techniques
and technologies available for various environmental mediums with specific reference
to clean-up procedures employed at TTOil. The cost of oil spill clean-up is heavily used

in chapter 4 of this study as it provides valuable information about the extent of this

Cost to the company.
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3.5. Economic Evaluation

The incidence of an oil spill event always has a cost; the size of the cost is what varies
from one event to the next. Costs can start to accumulate from the moment an oil spill is
reported. For example, it costs money to send someone out into the field to inspect and
assess the impact of a spill. The cost increases when equipment and a contractor are
mobilized to contain and clean-up the spill site. The cost further increases as the extent
of the damage is realized to have affected a watercourse or nearby agricultural lands. If
perhaps repairs are needed to fix the mechanism that caused the spill, the cost is further
escalated, and finally, penalties have to be paid for oil spills in violation of the law.
Although all these costs may not apply to all oil spill events, at least one cost will be
incurred for every event because at a minimum, someone is always dispatched to
observe the status of an oil spill site. Therefore, the oil spill cost, whether small or large

is nonetheless an expense.

Previous studies by Dagmar Schmidt Etkin for example, have focused on the factors
that contribute to oil spill costs rather than the factors that mitigate them. In this study,
the economic evaluation focuses on the factors that mitigate or eliminate oil spill costs.
This involves the application of concepts from the “flood management approach” and
an investigation into the probability of oil spill clean-up costs. Using oil spill data from
TTOIi], the application of these concepts are discussed in chapter 4. However, for this

section of the study, the focus turns to the factors that influence oil spill costs.
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3.5.1 Factors that influence oil spill costs

The primary factors that influence the cost of an oil spill are the physical characteristics
of the spill site, the size or volume of the spill, the type of oil spilled and the rate of
spillage (ITOPF 2001). These factors are described in this section of the study as they are

commonly used to determine oil spill clean-up cost.

Physical characteristics of the spill site

The physical characteristics of an oil spill site can translate into significant costs based
on a number of variables. The physical characteristics include prevailing winds, the
weather, tidal range, currents, water depths and coastal topography for oil spills in
water. For oil spills on land, the type of land-use is an important concern, the flora and
fauna in the area, the type of soil, and again weather and water depth are concerns if

the spill flows into nearby streams or rivers.

Size of oils spills (volume)

The general observation of oil spill data indicates that the larger the spill, the larger the
Clean-up cost. However, as indicated earlier there are many factors that influence the
cost of oil spills, which translates into the observed variability in the cost for some oil
spill events. For larger oil spills, however, the area exposed to contamination can be
quite large especially during wet weather events, depending on the factors that

influence oil spill costs.

Type of oil spilled

The type of oil spilled into the environment is one of the most important factors
influencing cost of an oil spill, in particular the clean-up cost. The more viscous and
persistent the oil, the more difficult and expensive it is to clean-up. Generally refined

products such as gasoline and diesel fuels do not persist on the sea surface for a long
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time as they evaporate rapidly, but they may constitute a fire and explosion hazard
(ITOPF 2001). On the other hand, heavy crude and fuels oils are highly persistent as
they are very viscous, they travel long distances and have the capacity to contaminate a
larger area which may include birds, other wildlife, sediments, and coastlines (ITOPF
2001). Their advantage is they have only a small portion of volatile components. The
following table is taken from the International Petroleum Industry Environmental
Conservation Association (IPIECA); it lists the characteristics the different types of oil

that can be spilled into the environment.

Table 11: Characteristics of different oil types

Crude oil 0.8-0.95 1-100 +10 to -35 Variable
Gasoline 0.70-0.78 0.5 NA <0
Kerosene 0.8 2 <-40 38-60
Jet Fuel 0.8 1.5-2 <-40 38-60
Diesel Fuel 0.85 5 -5 to -30 >55
Light Fuel 0.9 60 at 50 °C +50 to -20 >60
IFO 60

Medium Fuel | 0.9 180 at 50 °C +30 to-20 >60
IFO 180

Heavy Fuel 0.99 380 at 50 °C +30 to -20 >60
IFO 380

Source: IPIECA, 2000

In the Caribbean, various grades of crude oil are the predominant type of oil that is
spilled. Table 12 lists the crude oil types and their associated physical/chemical

properties.
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Diesel fuel and | Highly fluid, May be flammable, high rate of
K7 light crude oils | usually evaporative loss of volatile
S transparent, can | components, assumed to be
k= be opaque, strong | highly toxic to marine or
< %‘; odour, rapid aquatic biota when fresh.
> spreading, can be | Tends to form unstable
) ﬁo rinsed from plant | emulsions and may penetrate
= by simple substrates
agitation
Medium to Moderate to high | Generally removable from
% heavy paraffin- | viscosity, waxy or | surfaces, penetration of
& base refined to oily feel. Can be substrates variable, toxicity
m = crude oils rinsed from variable. Includes water on oil
2 surfaces by low emulsions
2 pressure water
flushing
Residual fluid, | Typically opaque | High viscosity, hard to remove
medium to brown or black, from surfaces. Tend to form
% heavy asphalt sticky or tarry, emulsions and have high
B and mixed-base | viscous, cannot be | specific gravity and potential
) = crude rinsed from plant | for sinking after weathering.
; sample by They have low substrate
S agitation penetration and low toxicity.
e They will interfere with many
types of recovery equipment
Residual and Tarry or waxy Non-spreading, cannot be
heavy crude lumps recovered from water surfaces
2 using most conventional clean-
,3 up equipment. Cannot be
A é pumped with pre-heating or
g slurrying. They are initially
Z relatively non-toxic and may
melt and flow when exposed to
the sun

Source: US EPA, 2001
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Rate of spillage

Rate of spillage also influences the cost of oil spills. For example, a single large oil spill
may takes weeks to clean-up, but the same quantity of oil lost over several months from
a damaged vessel close to the coast for instance, may require prolonged clean-up efforts
as repeated efforts to clean the area may be required, and this instance may also result

in prolonged effects on fishery resources and tourism (ITOPF 2001).

Financial evaluation of oil spill cost at TTOil

As mentioned earlier, there are many costs associated with oil spills; unfortunately a
historical account of every cost per oil spill event was not available at TTOil. The costs
that were available are clean-up cost for most events and the annual compensation paid
to external parties (farmers/landowners). Based on the available oil spill cost data,
chapter 4 explores trends in oil spill costs and factors that typically influence oil spill
clean-up cost at TTOil. A flood management approach derived from Ontario’s Flood
Damage Reduction Program, provides structural and non-structural measures to arrive
at probable new lower oil spill clean-up costs at two oilfield districts. The probability of

oil spill clean-up cost is further detailed for these districts.
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CHAPTER 4

40 CASESTUDY: ANALYSIS OF OIL SPILLS AT TTOIL

To illustrate the use and benefit of the oil spill characterization and economic evaluation
components of the oil spill management framework, oil spill statistical data collected at
~ TTOil are examined in this chapter. Eight years of daily oil spill data covering the
period 1995-2002 are used. The statistical analysis is divided into two parts; the first is
an overview of the characteristics and trends of oil spill events and the factors that
influence oil spill event volume, frequency and costs. Microsoft Excel is the primary
graphing tool used in this study, while Statistica, another data management tool, is used
to perform basic statistical functions such as the calculation of correlation matrices and

descriptive statistics.

The second part of this chapter examines oil spills at two oilfield districts at TTOil
Different oil spill management initiatives set the two districts apart, for example at
district A, new and updated environmental initiatives to mitigate pollution problems
are enforced. At District B, old environmental management practices and procedures
still exist. Using oil spill data collected at these two oilfield districts, the return period of
oil spill event volumes, and the primary causes and reasons for oil spills are discussed.
The “Flood Management Approach”, derived from Ontario’s Flood Damage Reduction
Program, is applied to oil spills at district A & B. This approach uses structural controls
to eliminate the cost of floods, while non-structural controls aid in the reduction of
flood costs. These concepts are applied to the oil spill pollution problem at TTOi], in an
effort to mitigate or eliminate the clean-up cost associated with oil spills. In addition,
the probability of oil spill clean-up cost is graphed, to demonstrate and understand the

extent of clean-up costs typically associated with oil spill event volumes.
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41  Overview of oil spill statistics

One method of understanding oil spill characteristics is through statistical analyses of
oil spill data accumulated over a period of time. Many organizations and agencies that
either pollute or regulate pollution activities collect similar types of pollution data. For
example, government agencies in Canada collect pollution data at national and
provincial levels. Environment Canada’s NPRI collects daily pollution activities from
seven sectors, similarly, the Ontario Ministry of Environment collect spill pollution data
through the Spill Action Center 24-hour reporting line. These data and the quality of the
data are important, as pollution reports collected consistently and comprehensively
over a period of time, yields reliable statistics. According to Environment Canada
(1998), good statistics are necessary as “better quality data allows for trends to be
identified with increasing reliability, making them more effective indicators in the
process of developing new strategies for pollution prevention, as well as in the
measurement of performance of policies and programs”. The goal of this section
therefore, is to understand oil spill characteristics, trends and the factors that influence
oil spill events, using oil spill data from TTOil. Some of this information will be used in
this section in the hope that the results generated combined with the other components
of the oil spill management framework, can promote improved oil spill management

strategies, and be effective indicators for oil spill pollution prévention efforts.

4.1.1 Oil Spill volume and frequency

Studying trends in oil spill volume and frequency can reveal pertinent information
about the extent of the oil pollution problem. It can also discern whether the pollution
problem is improving or worsening over time and whether efforts to improve oil spill
management are working. As indicated in Figure 14, general trends have revealed that

just over half of all oil spills are medium in size, with an average event volume of 433
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liters. Large oil spills represent 23% of the total number of pollution incidents, with an
average event volume of 3,200 liters. Small oil spills make up the third largest group of
oil spill events. The general conclusion drawn from this graph is that most oil spill
events at TTOil are medium in size. Enormous and catastrophic oil spills do occur, but
are infrequent. The smallest range of less than 10 liters of oil is not graphed because
these data are not available. It appears that oil spills less than 16 liters are not reported,
therefore the frequency of these spills are unknown. The volume categories illustrated
in Figure 14 are not based on assigned values by any authority; they are simply used to

facilitate easier discussion of the numerical data.
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Figure 14: Distribution of oil spills (1995-2002)

In order to mitigate the pollution problem, TTOil has implemented many pollution
prevention measures in recent years. For example, in October 1999, ISO 14001 initiatives
were launched at District A to encompass all the activities, products and services of its
twenty departments such as drilling, transport, trunk pipelines and production
operations to name a few. Certification was attained in September 2002. Some of the

efforts conducted to attain certification were to incorporate relevant environmentally-
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conscious work practices and environmental legislation into its Exploration and
Production operating system. All activities that negatively impacted the environment
were identified, and operational controls were developed for impact minimization and
prevention. To measure the impact of these initiatives, annual oil spill events from

District A are graphed in Figure 15.
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Figure 15: Distribution of oil spills per year — District A

Although the R-squared value derived from the volume and frequency is very low, thé
general trend from 1999-2002 indicates a reduction in oil spill volume and frequency
compared to previous years. This decline may coincide with the ISO 14001 initiatives
which began in 1999. Oil spill events did increase slightly in 2002, the year ISO 14001
certification was attained, however, given the novelty of the certification, fostering a
new HSE culture throughout E&P operations by all employees and operations,
probably requires more time to fully adopt the new initiatives. In addition, since many
infrastructure upgrades are phased in over time, this may result in a very gradual
decrease in oil spill volume and frequency which may be apparent in future oil spill

data. However, the general trend in oil spill volume and frequency of this district is
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that, oil spill events are significantly higher in the first four years with the exception of

1997 and steadily lower during 1999-2002.

A similar fluctuating pattern is also apparent when annual oil spill data for the entire
dataset are graphed, see appendix C-1. One thing that was observed is that of the three
lowest oil spill volumes, two occurred in the last two years (2001 & 2002) of the eight
year dataset. One can speculate that the decline is associated with the environmental
improvements made at District A, a region formally prone to higher oil spill events.
However, using the entire dataset, the average annual oil spill volume that can be
expected each year at TTOIil is approximately 345,433 liters, with an average oil spill
frequency of 182 events. In a given month, the oil spill volume is averaged at 28,767
liters, with an expected frequency of 15 events. As environmental management
initiatives progress in District A, and if similar efforts are implemented and maintained
at Districts B and C, oil spill volume and frequency may subsequently decrease. Further
future oil spill analyses based on 2003, 2004 and 2005 data for example, may be able to
reveal the truer impacts of the environmental initiatives employed by TTOil to mitigate

oil spills.

4.1.2 Factors influencing oil spill volume and frequency

Many factors can influence oil spill volume and frequency, for example, varying levels
of production can stimulate oil spill occurrences in E&P operations, whereby it can be
assumed that the more oil pumped and produced, the higher the number and volume
of oil spill events. Secondly, the value in knowing the common causes and reasons for
oil spills can translate into prevention measures that target those needs directly.
Thirdly, weather conditions can contribute to oil spill event occurrences and severity.
The impact of rainfall, along with the influence of production activities, and the cause

and reason for oil spills, are examined in this section.
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4.1.2.1 Oil Production

Given the fact that the physical infrastructure of TTOIil is aging, one assumption made is
that as more oil is pumped and produced, the greater the demand or pressure on the
physical infrastructure, which results in higher oil spill frequeney and volumes. Three
regression models are tested to determine if a significant correlation could be found
when production is compared to oil spill volume and frequency. The results are
conclusive as no correlation is apparent, see appendix D for results. If a correlation did
exist, it may be used as an indicator in oil spill forecasting if the spill process is
stationary, whereby, given expected levels of production for future time periods, an
increase or decrease in oil spill volume or frequency could be detected. Knowledge of
this information in advance could foster proactive oil spill planning and prevention
efforts to prohibit not only the occurrence of an oil spill event, but its severity. Without
this correlation, it is also difficult to conduct oil spill clean-up cost forecasting, as that
cost is dependent on oil spill volume and frequency. This is further discussed in a

section 4.1.2.4 of this chapter.

One thing for certain is oil production is decreasing each year at TTOil at a minimum of
300,000 barrels, or approximately 50 million liters per year. During the mid-to-late
1900s, oil production was higher, by 1999 production levels showed a steady but
pronounced decline. Many of the oil fields still extracting oil have been in existence for
several years. Perhaps their resources are slowly depleting while the development for
new wells are not mobilized fast enough, to offset the decline experienced by existing
wells. Conceivably more focus may have been placed on offshore operations, however,
oil spills data from that sector are not considered in this study, as the focus is on land-
based oil spills. Therefore, a probable conclusion that may be drawn from this analysis
is that the inferior quality of the oil spill data, limits the application of oil spill volume

and frequency forecasting using production data.
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4.1.2.2 Oil Spill Causes and Reasons

Two imperative variables for understanding oil spill characteristics are answers to the
questions, what went wrong, and why did it go wrong. The answers are the causes and
reasons for oil spillé. What caused the oil spill is asking for answers about the factor/s
that caused the incident to occur, for example, “a flowline broke due to corrosion”. The
cause is the breaking of the flowline, while the reason is the answer to the question,
why did the flowline brake? It broke because that section of the flowline was corroded;

corrosion therefore is the reason for the oil spill event. Fourteen qil spill causes and

twelve reasons have been identified at TTOil. The definitions for oil spill causes and

reasons at TTOil are listed in the glossary, see Appendix E.

Cause of oil spills

In terms of oil spill volume, the most significant cause of oil spills is from pipelines,
such as pumplines, flowlines and trunklines, and to a lesser extent from tanks and
valves, as is illustrated in Figure 16. In most pipeline incidents, the most frequent reason
for oil spills are corrosion, unknown, or leaks if the line develops a crack or hole. Spills
from tanks are mainly a result of overflows, equipment failure/defect, or reasons that
are unknown. Spills from valves are largely related to human error, whereby a valve
may be left open in error or from equipment failure or defect. Many oilfields are located
in areas accessible to the public, thus, vandalism is a problem as pipelines and other
materials are subject to theft or damage. Oil spill frequency and its relation to the cause
of oil spills are illustrated in Figure 17. This graph indicates that oil spills from pipelines
such as pumplines and flowlines occur in larger numbers, while valves, tanks and other

causes occur in smaller numbers.
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Figure 16: Cause of oil spills — Volume (L)
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Figure 17: Causes of oil spills — Frequency

Common to both pie charts (Figures 16 and 17), is that significant volumes and
frequencies exist for pipeline oil spills, in particular, flowlines and pumplines. This is

followed by oil spills from valves and trunklines. Since both pie chart distributions are
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similar for these causes of oil spills, it is an indication that these spills, apart from a few
isolated incidents, are generally not individually large oil spill events. For example, for
pumpline spills, the median size is 636 liters with a mean of 2,700 liters. The median for
flowlines is 318 with a mean of 4,061 liters. Valves and trunklines have a median of 318
and 477 liters respectively, and means of 2,733 and 7947 liters. For tank spills, where a
higher volume is combined with a lower frequency (Figure 16-17), the individual spills
events may be larger in volume. This is evident given that the median of tank spills is
954 with a mean of 19,627 liters. The median is fairly significant and just bordering the
category of “large” oil spills. The mean is within the group entitled “Enormous”. A spill
of this magnitude can have very significant impacts on the environment, especially if it
occurs near environmentally sensitive environments. Typically at TTOil, many tanks
are constructed with an individual containment system described earlier in section 3.3
as a bond wall. The walls are built around the tanks, allowing spilled oil to be collected
within the confines of the containment system. Large tanks as mentioned earlier, are
typically built to contain 1.5 times the capacity of the tank contents. Oil traps may be
used, these are mechanisms that exist below the surface and connected to the
containment system, to trap oil for easier removal. The spilled oil is simply recycled.
The impacts on the environment from these types of oil spills are unknéwn, as details of

environmental impacts are not reported at TTOil.

Ideas for pollution prevention derived from statistical analyses of oil spill causes

Pollution prevention efforts are required for pipeline spills, particularly flowlines and
pumplines, in the form of repairs or replacement of sections of damaged pipeline.
Mechanisms such as valves, stuffing boxes, manifolds or separators, are susceptible to
equipment failure or defect, and therefore require regular preventative maintenance to
mitigate future oil spills. If oil spill pollution prevention efforts are to be addressed in

phases, as is common in industrial settings, oil spill statistics have revealed that pipeline
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oil spills are the most problematic pollution issue, both in terms of volume and
frequency. Therefore they should be given priority followed by oil spills caused by

mechanisms’ failures.

Reasons for Oil Spills

In order to fully comprehend the characteristics of oil spill events, it is necessary to
understand the reasons why they occur. When physical infrastructures are aging, as is
the case of TTOQIil, problems such as corroded and leaking pipes or the malfunction of
equipment are common. The common reasons for oil spills based on oil spill event data
from 1995-2002 are illustrated in Figures 18 and 19. As discussed in the previous
section, pipeline spills are the most common cause of oil spills, as result, it is not
surprising that corrosion and leaks of the pipelines that pump, transport or contain oil,
are the top two reasons for oil spill occurrences. Together (corrosion/leaks), contribute
37% of total oil spill volume and 53% of the total oil spill frequency. Unknown reasons
also make up a significant portion of the total oil spill volume (23%) and frequency
(18%). This missing information is problematic as much vital information that could be
used in oil spill prevention is not available. Overflows, human error and equipment
failure also collectively represent about 20% of the total volume and frequency, also a

significant percentage.
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Figure 18: Reasons for oil spills — Volume (L)
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Oil spills from Leaks and Corrosion

Oil spill event volume from corrosion and leaks both have a median of 318 liters and
means of 1,471 and 5,322 liters respectively. The mean of oil spills from leaks is higher
as it includes one of two extremely large oil si:ills, measuring over 1 million liters. Apart
from these extreme events, it appears leaks are typically medium sized in volume, as
almost half of its spills (49%), are within that range. The other half of oil spills from
leaks are from large spills (21%), and small spills (27%). Spills from corrosion exhibit a
similar trend whereby, 56% of all spills are medium, and 21% are less than 100 liters. In
terms of enormous spills from leaks and corrosion together, only a marginal number of
spills (2%) exist within this range. As result, their occurrencés are infrequent and are not
representative of typical oil spill expectations from these two categories. Overall, the
majority of spills from leaks and corrosion are largely medium in size, 29% are large

and 10% are enormous. Two of three catastrophic oil spill events were from leaks.

Ideas for pollution prevention derived from statistical analyses of oil spill reasons

Corrosion and leaks are closely related to spills from pipelines, as they collectively
represent 69% of oil spill frequency and 75% oil spill volume from pipeline operations.
Preventative measures should include structural changes such as the maintenance of
the physical infrastructure, through replacement or repairs of corroded and leaking
pipelines. Priority should be given to pipelines prone to reoccurring oil spill reports.
Clamping the lines when spillage occurs (a common practice at TTOil) should be a

temporary fix that results in permanent changes within a reasonable time frame.

To a lesser extent, oil spills from human error and equipment defects or failures are
accountable for 15% of the total oil spill frequency, and 9% of the volume. This can be
translated into non-structural and structural changes. In regards to non-structural

changes, employees could be re-trained in the use and maintenance of the physical

82



mechanisms within E&P operations, in order to reduce future oil spills events. Concepts
of environmental integrity could be also instilled in the values of not only HSE staff but
also field and operations staff within E&P, to foster improved environmental
performance. Thereby, simple mistakes can be fixed, such as valves left open or closed
when they shouldn’t, or failure to recognize that the stuffing box rubbers require
replacements when worn down. The volume capacity of storage or temporary holding
tanks requires a better monitoring system, to ensure tanks do not exceed their
capacities. If it does occur, containment systems should be implemented at all storage
tanks whether temporary, transitory or long-term, as it was observed in the field, that
not all storage systems were outfitted with appropriate oil spill containment/trap

Systems.

4.1.2.3 Rainfall

Rainfall may influence the frequency and volume of oil spills as severe rainfall can
cause power outages, the destruction of vegetative material, the flooding on
containment systems, all of which may contribute to varied levels of oil spill pollution.

The relationship between oil spills and rainfall are explored in this section.

Trinidad and Tobago has a tropical climate therefore has two seasons, the rainy/wet
season and the dry season. The dry season occurs from January to May and the wet
season from June to December (TIDCO, 2001). Annual rainfall is about 200cm over most
of the country (TIDCO, 2001). It's location as the most southern isle in the Caribbean
Places it just south of the Atlantic hurricane belt, therefore not in the usual path of the
storms. Figure 20 illustrates the annual rainfall at 5 rainfall stations in Trinidad, all of

which are located within the oilfield operations of TTOil.

83



The graph demonstrates a lower rainfall volume during the first few months of the year
~ as it is the dry season; the wet season begins in June. A drastic increase in rainfall is
o‘bserved then and this continues until November. In'Séptehiber the fainfall volume
decreases slightly, then increases again until November, and begins to taper off by
December just before the beginning of the dry season in January. The negative rainfall

value observed in March is an indication of a rainfall station failure for that month.

Average Rainfall Distribution at 5 Rain Gauge Stations
(1995-2002)
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Figure 20: Average rainfall distribution at 5 rain gauge stations (Water and Sewage
Authority, 2004)

Weather conditions may influence oil spill events whereby heavy and/or consistent
rainfall events may increase the frequency, volume or cost of oil spills as water
transports oil to greater distances and to different environmental media. The
environmental impact of oil spills are not known as this information is not reported.
However, what is reported are the environmental mediums affected, such as soils,
vegetation and watercourses; the extent of the environmental impacts from oil spill
events is unknown. Appendix C-2 illustrates the distribution of environmental

mediums affected by oil spill events in terms of oil spill frequency. The graphs shows
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that 66% the environmental mediums are not even reported. If the environmental
impacts were recorded for each spill event, it would be interesting to compare that
variable with rainfall data, to determine if environmental consequences are worsen by

weather conditions.

As indicated in Figure 20, the period of lowest rainfall is between December and May,
and the highest period of rainfall is between June and November. More than half of the
total oil spill frequency occurs in the wet season. According to Appendix D, a strong
correlation exists between oil spill frequency and rainfall. A Pearson r-squared value of
0.80 is attained. Figure 21 which illustrate oil spill frequency versus rainfall, a distinct
similarity in the pattern of the each line graph exists. Oil spill frequency is highest
during the wet season and lowest in the dry season, a strong indication that the two
variables have a relationship. Therefore, it is fair to conclude that oil spill frequency is
influenced by rainfall. The field staff at TTOil has to be more assertive in enforcing spill

prevention during wet seasons.

Rainfall & Spill Frequency / Month (1995-2002)
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Figure 21: Rainfall and oil spill frequency per month (1995-2002) .
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4.1.2.4 The costs of oil spills

The oil spill costs used in this study include the cost to clean-up an oil spill event, and
the cost incurred to compensate external parties for damages to their property. Section
4.2 addresses the costs of oil spills in greater depth however, this section will provide an
overview of the trends in oil spill costs. Factors that influence costs are examined, such

as oil spill volume and frequency, the causes and reasons for oil spills and weather.

Distribution of oil spill costs

General trends in oil spill cost have revealed that clean-up costs are 9% higher than
compensation costs. As indicated in Figure 22, compensation costs over the eight-year
period are fairly steady with the exception of 1996, while clean-up costs fluctuate
dramatically over the years, with a very high peak in 1998. One interesting observation
is, during the first four years, the total cost of oil spills was much higher than the last
four. It appears that the clean-up cost began decreasing in 1999, perhaps due to the

improved efforts to prevent oil spill pollution which began that year at District A.

Distribution of oil spill costs (1995-2002)

1995 1996 1997 1998 1999 2000 2001 2002

Figure 22: Distribution of oil spill costs (1995-2002)
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Factors that influence oil spill costs

The total cost of oil spills in this study refers to the cost to clean-up an oil spill and
compensation paid to external parties for damages. Information about legal penalties is
not available, therefore not considered in this study. The total cost of oil spills is
significantly influenced by oil spill frequency and to a lesser extent by oil spill volume.
See appendix D, for results of correlation matrices from three regression models. For
example, using the linear regression model, the Pearson r-value for annual total cost
versus frequency is 0.85, while total cost versus volume is 0.50. Total cost is therefore,
influenced by oil spill frequency. Clean-up cost is also influenced by oil spill frequency;
a strong Pearson r-value of 0.75 is derived. There is no correlation between the clean-up

cost and oil spill volume.

For compensation to external parties, a weak correlation exists with oil spill frequency.
However, a very strong correlation with oil spill volume is apparent; the Pearson r-
value is 0.88. The most effective variable therefore for predicting the annual total cost
and clean-up cost of oil spills is frequency, while oil spill annual volume is a better
predictor for compensation costs. Unfortunately, the desired predictor variable for oil
spill volume and frequency, the “production” variable, does not correlate significantly;
the Pearson r-values are very low at 0.06 for frequency, and 0.39 for oil spill volume.
Thus, without the ability to predict oil spill volume or frequency, it is not possible to
predict realistic future costs. Predicting future costs is another aspect of analysis that
would be interesting to calculate if there were no limitations in the production versus
oil spill frequency and production data, however, either the data are inferior or given

the fact that this is real data, no correlation is apparent.
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The clean-up cost of oil spill causes and reasons

The cost for oil spill clean-up can vary depending on the cause or reason of the oil spill
event as illustrated in Figure 23. QOil spills from pumplines rank the highest clean-up
cost on average, however, in terms of oil spill frequency, it is the second largest cause of
oil spills. Oil spills from flowlines have the highest frequency of events and cost much
less than pumplines. Their average spill is approximately TT$2000. In terms of oil spill
reason, oil spills from corrosion costs the most, the average cost is TT$7771 per event.
Oil spills from corrosion are also a common occurrence. They represent 23% of the total
oil spill frequency. Spills from leaks contribute the highest frequency of oil spill events

but the average cost is lower at TT$4893.

| Average cleanup cost of top 5 causes & reasons of oil spills | Cause I
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Figure 23: Average clean-up cost of the top 5 causes & reasons of oil spills

One of the most important characteristics that can be discerned and reinforced from
Figure 23, is that oil spill occurrences related to the physical infrastructure such as
corroded and leaking pipelines, are costing the company a significant amount of
money. This cost only represents the clean-up cost, other costs such as compensation to

external parties and regulatory penalties can significantly increase the costs of oil spills
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caused by pipelines. Pollution prevention efforts to remedy infrastructure problems
would not only save the company money by reducing oil spills, but also simultaneously
reduce oil spill volume and frequency and likely environmental impacts. Structural and
non-structural applications are used in section 4.2, to illustrate how oil spill clean-up

cost can be reduced.

The impact of weather conditions

The correlation between the total cost of oil spills and average annual rainfall is
illustrated in Figure 24. It was assumed that the cost paid to external parties would
increase during the wet season as rainfall transports oil to larger areas, which can
potentially damage more crops, livestock or pollute local water courses and
downstream habitats. Since compensation cost is only available on an annual basis, it is
paired with the average annual rainfall from the five rain gauge stations and a strong
correlation was not derived. Perhaps if the compensatioh data was available in smaller
units, such as daily or monthly data, it would be possible to attain a stronger
correlation. The clean-up cost of oil spills however did demonstrate a correlation by the
three regression models. Figure 21 illustrates a Pearson r-value of 0.57873 with many
data points in close proximity to the 95% confidence interval. The graph indicates that

during the years of significant rainfall, oil spill clean-up costs consequently increases.
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Scatterplot: Average annual rainfall vs. Clean-up cost
Clean-up cost = -341E3 + §54.72 * Average annual rainfall
Correlation: r = .57873
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Figure 24: Correlation between average annual rainfall and clean-up cost
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4.2  Analyses of oil spills at two oilfield districts

Section 4.1 provided an overview of the volume, frequency and costs of oil spills as well
as the factors that influence oil spill events at TTOil. The goal of this section is to take
that information a step further, to examine oil spills at the oilfield district level. This is
done by calculating the return period of the oil spill event volumes, the probability of
oil spill clean-up costs, and the application of concepts from the “Flood Management
Approach”. The Flood Management Approach uses structural controls and non-
structural measures to mitigate or eliminate flood damage. A similar approach is used
to demonstrate how oil spill costs, frequency and volume could also be potentially
reduced. There are 34 oilfields at TTOil bounded by three districts. Oil spill data from

two of the three districts are examined in this section.

The two oilfield datasets used in this chapter revealed that oil spill data were not
collected and reported on an equal basis at TTOil In fact, of the three oilfield districts,
only one district comprised of 7 oilfields, demonstrated good oil spill data quality; this
is referred to as District A. Another district with 10 oilfields and inconsistent/incomplete
oil reports, is referred to as district B. Both districts are located near each other and
display similar habitat types and land-use. They also both receive on average, similar
rainfall volumes. District B however, is slightly larger in size. Districts A and B will be
analyzed and compared to determine the efficacy of their oil data, in providing
knowledge about oil spill dynamics, in order to apply appropriate oil spill management

Ineasures.
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Calculation of the return period

The return period is the likelihood of re-occurrences of oil spill event volumes. In
sections 4.2.1 and 4.2.2, the return period for oil spill event volumes is calculated by the
product of the probability of spill event volume per event, and the average annual
number of spill events over the eight year study period. The return period of oil spill

event volume is calculated using:

P[S > 5]/ yr = P[S > 5]/ event * (events/ yr) 1
1

T, =
" P[S>s]/yr (2)
P[S>s] = is the probability of spill event volume equals or exceeds s
s= spill event volume, L
Te= return period of spill event volume, year

(Li, 1991)

421 Frequency of oil spill events

District A: The most frequent oil spill events are medium in volume, measuring 57%.
Enormous oil spills account for 3%, while large and small spills are 20% each. No
catastrophic spills have been reported at this district. Given knowledge of the relative
volume distribution of oil spills over eight years, it is equally important to understand
the return period for these events. Figure 25 highlights the frequency of oil spill event
- volumes from 1995-2002 at two oilfield districts. For district A, the graph illustrates that
oil spills less than 10,000 liters occur frequently, small to medium spills occur daily or at
least a few times each month, while large oil spills occur a few times each year. Oil spills
greater than 10,000 and less than 20,000 liters occur every year, but their frequency is
limited to a few events per year. Oil spills greater than 20,000 liters are isolated events,
and may occur once per year, or once every few years. The highest spill volume

recorded at this district was 65,500 liters. It occurred once during the eight-year period.
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Oil spills greater than 20,000 liters are limited to the period 1995-1999, perhaps this is
due to the introduction of ISO 14001 standard at the end of 1999 at District A. Overall,
the return period of oil spills is highest for medium events followed by small and large

spills. The lowest return periods are for spills classified as enormous or catastrophic.
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Figure 25: District A & B: Frequency of oil spill event volume

District B: The number of oilfields are greater in District B, but oil spill frequency is
lower compared to district A. Oil spill events at district A represent 48% of total oil spill
frequency at TTOil, almost half of all oil spills events while district B represent 27%. The
remaining 25% exist at District C which is not considered in the study. An examination
of Figure 25 indicates that oil spill volume is higher in District B. This suggests that
given the lower frequency and higher volume, single oil spill events generally involve
higher volumes. In District B, small and medium oil spills make up 64% of all spills,
while those that are large or greater account for 36%. Compared to District A, 77% of oil
spills are small and medium in size and only 23% are large or greater in volume, a

substantial difference between the two districts. Therefore, given the higher frequency
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of oil spills at greater volumes at District B, the return period for oil spills is 13% higher
for oil spills >10,000 liters compared to District A. Oil spills greater than 10,000 liters
occur on average 4 times per year. The return period for catastrophic events is low.
However, given the entire oil spill dataset, three catastrophic events occurred over the
eight year period, two of which were in District B, each measuring over one million

liters.

Two interesting observations between the two districts are, firstly, a full dataset is not
available for District B as 1995 data are not available, and secondly, only in district A
43% of all spills occurred in the last four years of the eight year study period, therefore
fewer oil spills occurred since the installment of improved environmental management
practices. District B, 70% of the total frequency of oil spill events actually occurred in
the last fours years 1999-2002. Perhaps this percentage is skewed because 1995 data is
unavailable, however, because the percentage is fairly high, it may be fair to say oil
spills pose a greater pollution risk in recent years in District B, compared to previous
years. While in District A, it may also be fair to say that oil spill events are less of a

pollution risk in recent years, compared to previous years.

4.2.2 Frequency of oil spill events due to leaks and corrosion

District A: Corrosion and leaks account for 24% and 29% of all oil spill events
respectively, 83% of which occurred as a result of pipeline disruptions. The frequency of
oil spill events for these two reasons is significant, and therefore it is important to
understand the relative oil spill volume contribution in order to prepare for future
incidents. In Figure 26, oil spills from leaks appear to occur in higher volumes, however,
the return period for oil spills from corrosion and leaks are highest for spills less than

1000 liters. These oil spills occur frequently in a single year.
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Medium oil spills significantly contribute to the cluster of oil spill events illustrated in
Figure 26, they account for 56% of all spills at this district, and on average there are 31
medium oil spills each year from corrosion and leaks combined. Small oil spills
represent 25%; they occur on average 10 times per year. Large oil spills have an annual
return period of on average 7 events per year. Two enormous oil spills occurred in eight
years and no catastrophic spills have occurred. Thus, this district is more prone to

receive small and medium oil spills, and a few large oil spills each year from corrosion

and leaks.
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Figure 26: District A: Frequency of oil spill events - Corrosion & Leaks

District B: Like district A, corrosion and leaks represent a significant portion of oil spill
frequency and volume at District B, 36% combined. Another major reason for oil spills
are classified as “unknown”. These events account for 29% of oil spill events at this
district. This could be due to poor oil spill reporting, or at the time of the incident
report, the actual reason for the event was unknown. Oil spills from leaks/corrosion and
unknown reasons exhibit a similar frequency of oil spill volume as indicated in Figure

27. In terms of annual averages, the return period is approximately 3 small spills, 18
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medium, 8 large and 2 enormous oil spills ‘every year from leak/corrosion and unknown
reasons. An interesting point to note is that, 75% of oil spills from leaks and corrosion
are from pipelines, suggesting that the pipeline infrastructure at district B like district A,
are both in need of immediate improved preventative maintenance. Given that medium
and large oil spills have a higher return period in district B, and there is evidence of
infrequent but skewed enormous and catastrophic oil spill events, further action in the

form of structural and non structural controls are required at this district. These

measures are discussed in the next section.
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Figure 27: District B: Frequency of oil spill events - Corrosioné& Leaks/Unknown
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4.2.3 Application of Ontario’s “Flood Management Approach”

During the period 1950-1985, severe flooding in Ontario resulted in hundreds of flood
reports; the damage caused by some of the most severe floods resulted in more than $85
million spent on floods, and in some instance lives lost. Hurricane Hazel for example
took 86 lives and cost millions of dollars in damage. Conservation authorities
responded with over $400 million in floodplain management to minimize or eliminate
the negative impacts of floods. As it turned out, as the population increased, there was a
growing demand for houses, many of which were built or being built in flood prone
areas. Development, therefore, was the major stimulus for flood damage. On March 31¢
1978, the Canada/Ontario Flood Damage Reduction Program Agreement was signed
and enforced. The purpose of the agreement was to identify flood risk areas, reduce
flood damage and risk of loss of life, by discouraging new developments in these areas,
and finding feasible ways of reducing future flood damage to existing development

(Environment Canada, 1998).

One method used to reduce flood damage of existing development is called
floodproofing. “Floodproofing is any combination of structural or non-structural
changes to buildings or utilities, to reduce or eliminate damage caused by floods”
(Environment Canada, 1998). Structural measures are “flood damage reduction
measures that attempt to keep flood waters away from people and property” (Morris-
Oswald et al, 1991). They include reservoirs, levees, dams, dikes, drainage systems or
river channel improvements (Morris-Oswald et al, 15). Non-structural measures do not
involve construction. They include flood insurance, development policy, zoning laws,
ﬂOdelain regulations, building codes, flood-proofing activities, tax incentives,
emergency preparedness, flood forecasting and post-flood recovery (Morris-Oswald et

al, 1991).
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The idea of structural controls and non-structural measures used in flood management
can be applied to oil spill management, as a method to mitigate oil spill costs, volume,
frequency and environmental impacts. There are several structural and non-structural
measures that can be applied to oil spills, a combination of the two are required as they
work together to foster a mutual benefit. This is further reinforced by Morris-Oswald et
al (1991), who states that because flood prevention and reduction are highly complex, it
does not only ‘deal with a technical or engineering component, but a multifaceted
human dimension as well, hence the reliance on non-structural measures which rely on

human values, cognition and behaviour.

The parallel between the flood problem and the oil spill pollution problem is that the
concepts used in the flood management approach, can be just as effective for oil spill
pollution. Both oil spills and floods are problematic. Floods and oil spills can potentially
pose health risks and damage to personal property and the environment. In addition,
they both result is significant costs. The concepts of structural and non-structural
measures have proven to be effective in flood management. This concept therefore, is |
applied oil spills Districts A and B at TTQil to illustrate how oil spill clean-up cost can
be reduced. Only clean-up cost is used in these analyses as it is available on an event
basis. Compensation cost is only available on an annual basis therefore not considered.
The next section provides and overview of the types of structural and non-structural

controls that can be applied to oil spills at TTOil or similar petroleum industries.
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424 Structural and non-structural controls suitable for petroleum industries

Structural controls (Cost elimination)

Structural controls enable the elimination of oil spill costs by addressing pollution
sources with the use of structural changes. Like floods, which involve structural
changes to buildings or utilities to eliminate damage costs, oil spill costs can be
similarly eliminated, using structural changes to petroleum facilities and mechanisms.

1. Tanks: Overflows account for a significant volume of oil spills. All tanks should
therefore be outfitted with a built containment systems such as bond walls that
can contain the maximum capacity of the tank, and the expected annual volume
of rainfall. The installation of oil traps to contain the spilled oil within the
containment system is useful, to ensure oil is not lost or become a pollution
concern if the containment system is connected to a sewer system.

2. Wells: Simple pits can be constructed around wells to ensure spilled oil is caught
within the confines of the containment system.

3. Pipelines (pumplines, flowlines, trunklines, gaslines and testline): Instead of
temporary clamping which is conducted in many instances, patches can be
welded unto broken lines or where feasible, sections of a broken or corroded

pipeline should be replaced to reduce the volume and frequency of oil spill leaks.

Non-structural measures (Cost reduction)
Non-structural measures enable the reduction of oil spill costs by addressing the other
sources of the pollution problem, some of which are indirect sources. These measures
do not require construction.
1. Non-structural controls can be found in oil spill contingency plans which focus
on emergency preparedness. The required resources, contacts, equipment and

levels of expertise and response to address emergencies are identified in these
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plans. Many petroleum industries develop contingency plans for each of their
facilities or operations.

2. Non-structural measures can also be the recognition of environmental legislation
into in-house policies, programs and operations.

3. Non-structural measures are often implemented in employee work ethics, to
ensure regular preventative maintenance of equipment and incorporate a culture
of environmental stewardship into work practices.

4. At TTOil, oil spill statistics have revealed that a significant amount of oil is lost
due to human error, equipment failure or defect. Proper education and training
of staff on the importance of preventative maintenance is necessary. For example,
to recognize when the equipment is not functioning they way it is intended, and
the importance of double checking their work to ensure valves are not left open
or closed when they should not be, or to ensure that smaller tanks such as test
tanks do not exceed their capacity. This should be addressed in accountability for

oil spills, a non-structural measure.

4.2.4.1 Application non-structural controls to District A

In flood damage reduction programs, non-structural measures have been effective in
reducing the damage costs caused by floods. To reduce the clean-up costs of oil spills, a
similar approach is used. A non-structural measure that may be useful in District A is
described to illustrate the utility of this approach. One of the problems observed from
year to year is that human error is responsible for many oil spill events. This represents
14% of the total volume of oil spills in this district over the 8 year study period.
Probability is used to illustrate the likelihood of oil spill event clean-up costs, associated

with the annual maximum oil spill event volumes.
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Example of a non-structural control

The recommended non-structural control to mitigate oil spills caused by human error is
the implementation of a re-training program for field employees. The purpose of the
program is to instill the importance of preventative maintenance of equipment and
facilities, environmental liability and accountability for oil spills. A cost of $2500 is
estimated to provide two Health Safety and Environment (HSE) representatives and
one field operations leader, to visit District A to re-train field employees. Two
workshops are required; the first. session should address preventative maintenance to
include an overview of proper field procedures, how to use certain equipment, the
common triggers of oil spills, how to prepare and react to emergencies, etc. The second
workshop should focus on the accountability for oil lost and damage to the
environment. For example, tasks should be logged to ensure routine checks are
conducted consistently, and the team leader or supervisor notified when operations are
compromised, such as when equipment require repairs or replacements. A corrective
action check should be addressed as well, to ensure that reported problems are

addressed within a reasonable timeframe.

The following is a list of assumptions made. Similar to the flood management approach,
the highest spill event volume caused by human error each year, and their associated
clean-up costs at District A, are graphed against the associated probability as shown in
Figure 28. The expected annual clean-up costs are determined by integrating the cost-
frequency curve in Figure 28, over.the entire range of probability. To calculate the
potential cost saving which is represented by the new cost-frequency curve after non-

structural measures are implemented, the area under the curve calculation is used.
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Calculation of the area under the curve
The area under the cost-frequency curve is calculated using the area of a trapezoid. The
difference in area between the curves before and after non-structural or structural

controls represents the control benefit.

Assumptions ($TT)
1. Estimated cost of re-training program: $2500
2. Clean-up cost of oil spills/largest spill volume/year: $5387 (actual value)
3. Clean-up cost is reduced by 50% with the implementation of non-structural

controls

Expected results based on assumptions ($TT)
1. Expected clean-up cost of oil spills/largest spill volume/year after re-training
program is estimated to be $1027.

2. Expected clean-up cost savings (control benefit) after non-structural measures

are implemented is estimated to be $1027 per year.
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Figure 28. Implementation of non-structural measures to oil spills caused by human
error — District A

The graph illustrates the cost of oil spills before the implementation of non-structural
measures on the top line; the bottom line (a horizontal shift downwards), represents an
assumption that after the re-training program, the oil spill event clean-up cost caused
by human error is expected to be reduced by 50%. The control benefit per year is $1027
with the implementation of non-structural controls, by end of the second year, the re-
training program of $2500 would almost pay for itself. This reduction will at least
facilitate the cost expended for the training program, thereby, the company benefits
financially from the non-structural application, as the amount invested yields an equal
saving on oil spill clean-up costs by the end of the second year. The benefit of this non-
structural measure can potentially go beyond mitigating oil spill costs, to also include
reduced oil spill volumes, frequencies, and environmental impacts caused by human

error.
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4.2.4.2 Application structural controls -District A

In flood damage reduction programs, structural measures have been effective in
eliminating some or all of the damage costs caused by floods. To reduce the costs of oil
spills, a similar approach is used. A structural measure that may be useful in District A
is described in order to illustrate the utility of this approach. Given that much of the
physical infrastructure of TTQIil is aging, resulting in frequent oil spill events, a simple
containment system around wells can eliminate future environmental impacts and
clean-up cost of oil spills at well sites. In District A, 8% of oil spill frequency occurs at
well sites as a result of leaks, equipment failure, blowout or pressure. Probability is
used to illustrate the likelihood of oil spill event clean-up costs, associated with the
annual maximum oil spill event volumes. The area under the curve is calculated to

determine the control benefit.

Example of a structural control

To contain spilled oil at well sites, pits with a capacity to contain at least 1500 liters are
implemented at all producing wells. These containment systems are necessary and
should be implemented as most wells are located in highly rural and vegetative areas,
most of which exhibit medium to high environmental sensitivity. The highest volume
of oil spills at well sites and their associated costs are selected for each year. The
probability of each event versus the event clean-up cost is illustrated in Figure 29, based

on the following assumptions.

Assumptions ($TT)
1. Estimated cost of building pits around wells: TT$20,000.
2. Clean-up cost of oil spills/largest spill volume/year: $14,153 (actual value).
3. Assumption that the capacity of the pit can hold 1500 liters of spilled oil.
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Expected results based on assumptions ($TT)

1. Expected clean-up cost for an oil spills greater than 1500 liters after the oil

containment pits are built is $5420.

2. Expected clean-up cost savings after structural measures are implemented is

$1200 per year.

Implementation of structural measures to
oil spills occurring at well sites — District A
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Figure 29: Implementation of structural measures to oil spills occurring at well sites -
District A

The first line illustrates the original oil spill clean-up cost from the largest oil spills at
well sites each yeaf. With the implementation of pits with a capacity to hold 1500 liters
of oil, oil spill clean-up cost for spills less than 1500 liters are eliminated, as they are
contained in the oil pit. This is highlighted by the vertical cut at a probability of
épproximately 0.23. Qil spills greater than 1500 liters cannot be completely contained as
their volume exceeds the capacity of containment system. Oil spill clean-up cost would
begin to accumulate for oil spills greater than the capacity of the pit. The annual cost
saving for oil spills at well sites is $1,200/year. Given that the cost of constructing these

pits is $20,000, within approximately 17 years, the amount of money invested to build
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the containment systems will equal the clean-up cost saved. Within the 17* year, the
company will begin to see the financial benefit of the implementation of the oil pits
beyond the amount invested to build them. Like non-structural measures, structural
controls can also potentially reduce the environmental impacts of oil spills, as a portion
of the oil spill volume is contained rather than dispersed or released into adjacent

environments.

4.2.4.3 Application non-structural controls - District B

The structural and non-structural controls identified in District A can be equally
applied to District B, as similar causes and reasons for oil spills exist in all three oilfield
districts. However, upon review of oil spill statistics at district B in detail, additional
structural and non-structural control measures will be suggested for district B. Graphs
are not constructed in this section, as the financial benefit is apparent from Figures 28

and 29.

Example of a non-structural control

Since 29% of oil spills at district B are unknown, non-structural measures to promote
improved environmental management should be introduced to incorporate oil spill
accountability and reporting measures. These measures should facilitate employee
training on how to define oil spill reasons, causes, estimate volume, and the clean-up
cost of oil spills, in order to provide thorough oil spills reports. This initiative would not
only foster improved and consistent oil spill reporting, but also provide more detailed
information to allow for immediate and adequate clean-up and preventative measures.
A GPS system would also be helpful to identify exact locations of oil spills, as vague

information about the location of a spill site is provided in oil spill reports.
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4.2.4.4 Application structural controls - District B

Structural measures to mitigate pipeline oil spills are a necessity at TTOil as 60% of 1440
records are a result of pipeline problems. In District B, approximately 50% of all oil
spills are caused by pipelines. These statistics represent a significant problem at not
only district B but also the entire pipeline operation of TTOil. The cost to repair or
replace lines or sections of pipelines will be expensive, especially since corrosion is the
primary problem. However, pipeline oil spills need to be addressed immediately in

order to rectify the pollution problem, as it will only worsen with time.

Example of a structural control

Corroded pipelines lead to leaks therefore corrosion and leaks of pipelines refer in most
instances to the same single problem. In most oil spill reports they are classified as two
separate reasons, but leaks and corrosion with respect to pipelines are one and the same
problem. Replacing or repairing corroded pipelines are expensive and to cover the cost
of miles of pipelines is a significant undertaking, the cost cannot be accurately
estimated. However, TTOIil has recently developed a pipeline infrastructure program to
replace old pipelines. Their plan occurs in installments, and covers a twenty-year period
which began in 1999. Oil spill statistics since 1999 have revealed no distinct pattern in
oil spill reduction from pipelines at district B or any other district. The reduction in oil
spills from pipelines appears to be very gradual as the proposed plan for pipeline
infrastructure improvements occur over a large time frame. Future studies may be able

to better detect the benefit of the pipeline infrastructure improvements.
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43  Probability of Clean-up cost

The probability of clean-up cost refers to the cost incurred for materials, equipment,
labour and contractors to clean-up oil spills. The probability of this cost is examined in
districts A and B. Eight data points are graphed, each data point represents the
approximate highest spill event volume at that year, and its associated oil spill clean-up
cost for the period 1995-2002. This information is useful because it providebs a measure
of the extent of clean-up cost that can be expected. The only limitation of these data is
that the highest volume does not always correspond to the highest cost in all
circumstances. Therefore, the clean-up costs illustrated in Figure 30, is not
representative of the highest costs incurred in clean-up efforts. Nonetheless, the concépt
is illustrated and described to showcase the value and usefulness of this information in
oil spill management. A stronger correlation does exist between clean-up-costs and

certain oil spill causes or reasons, but these costs are not considered in this section.

4.3.1 Probability of clean-up cost at district A

Clean-up costs in the range of $7,000-$15,000 have the highest probability. The medium
range is $30,000-$40,000, but the probability is not significant. The highest cost of
$175,791 occurred in 1998 for an oil spill measuring 31,796 liters however, the
probability of the company incurring this type of cost is very low. If a strong correlation
existed between oil spill cost and volume it would be beneficial to know the range of
cost associated with different sizes of oil spills in District A. This knowledge could
foster increase planning and mobilization of resources to mitigate the negative impacts
of oil spills, particularly those measuring very high volumes in an effort to reduce the
clean-up and other associated costs. However, in summary it appears that the highest

probability exists for oil spills measuring between TT$7,000-15,000.
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Probability of Clean-up cost/yr at districts A & B
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Figure 30. Probability of clean-up cost/yr at districts A & B — Damage Frequency

4.3.2 Probability of clean-up cost at district B

The clean-up cost of oil spills in District B appears to be a little higher than in District A,
as the medium probability applies to clean-up cost in the range of $30,000-$75,000.
However, like district A, the highest probability exist for clean-up costs in the range of
$7,000-$15,000. The lowest probability is also similar to that of District A, except that
$183,888 was spent for an oil spill just over 1 million liters which occurred in 1999. In
summary, between the two districts, the general trend and expectation are for clean-up

costs in range of $7,000-$15,000, as these costs have the highest probability.
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CHAPTER 5

5.0 CONCLUSIONS AND RﬁCOMMENDATIONS

The scope of the study outlined three specific tasks which were implemented to meet
the study’s objectives. The functions of each component of the proposed oil spill
management planning framework were developed in the first task. In the second task,
statistical analySes were performed using oil spill data from TTOil, to understand the
factors that influence and characterize oil spill volume, frequency and cost. The third
task focused on oil spills at the oilfield district level, to understand oil spill volume and
expectations, and apply flood management concepts to reduce oil spill costs. These
tasks were successfully performed, and the following conclusions are made. There are
two conclusions, one based on the oil spill management planning framework, and the

other based on the case study findings.

CONCLUSIONS
The proposed oil spill management planning framework

1. The proposed oil spill management planning framework is a new contribution to
oil spill research as it has not been formally developed. The individual
components of the framework are typically addressed individually, not
collectively. They include an oil spill characterization, oil spill prevention, oil
spill control, oil spill clean-up and an economic evaluation of oil spill costs.

2. The framework is a systematic approach to oil spill management. There are five
consecutive steps. Each step relies on information from the previous one to make
decisions and mobilize resources and activities for oil spill management.

3. The framework isn’t geared towards all pollution concerns of petroleum

industries. It focuses on oil spill pollution issues alone through a series of steps.
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. The framework is designed to target two pollution control needs - oil spill
management and oil spill mitigation or elimination |

. The application of the “Flood Management Approach” is a new dimension of oil
spill management. This approach has not been previously utilized in oil spill
management. It incorporates the use of probability of the frequency of cost,
rather than the use of averages which are traditionally used in industries.

. Although the oil spill management planning framework is designed for oil spills,
it is versatile enough that the concepts can be easily adapted by other types of
pollution, such as chemical spills.

. The economic evaluation process in particular, is commonly addressed as a
separate issue within the petroleum sector. However, the framework includes
this component as a key feature in oil spill management planning. As efforts to
reduce costs can directly relate to a subsequent reduction in oil spill volume,
frequency and potential adverse environmental impacts.

. The utility of two components of the framework are demonstrated in the case
study, the oil spill characterization and economic evaluation. Using statistical
analyses, useful information for future oil spill management was derived. For
example, the primary cause and reasons for oil spills, the frequency, volume and
costs of oil spills were all identified. This information in turn, can be used to
develop solutions in the form of structural controls and non-structural controls,

to improve oil spill management.
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Case study

Oil spill characterization

1.

Oil spill reporting is not consistent and documentation of oil spill reports is
generally poor. Oil spill reporting in District A is slightly better, but can be

improved to include information about the environmental impacts, follow up

" action, final volume and final costs. Only initial estimates are documented.

Oil spills from Exploration and Production operations or upstream processes
occur in significant volumes and frequencies. This operation is a major

contributor to the oil spill pollution problem in the petroleum industry.

‘'The five primary reasons for oil spills by frequency are: leaks, corrosion,

“unknown, human error and overflow. The five primary reasons for oil spills by

volume are: overflows, leaks, corrosion, unknown and human error.

Pipeline oil spills account for 60% of the total oil spill frequency and 52% of the
total oil spill volume. The aging pipeline infrastructure has resulted in significant
corroded and leaking pipelines. Oil spills from this group represent the primary
source of the oil spill pollution problem at TTOil.

Oil spills due to leaks and corrosion have resulted in 37% of oil spill volume and
53% of oil spill frequency. They are also closely related to the pipeline
infrastructure problem; 75% of oil spill volume and 69% of oil spill frequency are
from corroded or leaking pipelines

The five primary causes of oil spills in order of their frequency are flowlines,
pumplines, tanks, valves and trunklines. In order of their volume are tanks,
flowlines, pumplines, trunklines and valves.

Two groups of oil spills are predominant at TTOil, medium size oil spills in the
range of 100-1000 liters are the most common occurrence; they account for 52%.

This is followed by large events measuring 1000-10000 liters, which account for

23% of oil spill events.
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8.

10.

11.

12.

Qil spill events under 16 liters are not reported. The reason in the researcher’s
opinion is that small oil spills are not considered important or harmful.
However, if these spills occur in large numbers, they may be a pollution concern.
Many other factors apart from the causes and reasons mentioned earlier
influence oil spills. An indirect factor is rainfall, whereby over 50% of oil spill
volume and frequency occur in the wet season. As per appendix C, there is a
very strong correlation between oil spill frequency and rainfall.

There is little or no correlation between oil spill volume/frequency with oil
production. Oil spill volume and frequency data quality were the limiting
factors. This was a negative finding in the study. If a correlation did exist, it
would have been possible to estimate or forecast future oil spill volumes and
frequencies with confidence. This information would be useful to not only TTOil,
but also to polluters conducting similar upstream processes. Among the benefits,
it would foster improved oil spill management and emergency preparedness.
The return period for oil spills at district A is greatest for small and medium oil
spills (77%), while large oil spills have a lower return period, they occur a few
times per year or less. The larger the event the lowe.r the frequency. At district B,
the return period for oil spills is also high for small and medium oil spill (64%),
however, large or bigger oil spills have a higher return period than district A. At
District B, large or greater oil spills occur 36% of the times, this translates into on
average, 20 events per year

Within the eight-year period, oil spill frequency is lower at district A from 1999-
2002, while at district B, oil spill frequency is higher for the same period. The
reduction in district A is most likely due to the improved environmental

management practices of ISO 14001, which began in 1999.
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Economic Evaluation

1.

10.

The factors that significantly influence oil spill clean-up costs are oil spill
frequency, the number of pollution claims filed, and rainfall.
The factors which influence compensation costs are oil spill volume and the

number of pollution claims filed.

‘The factors that influence the total cost (clean-up + compensation costs) are oil

spill frequency, and the number of pollution claims filed

Oil spill clean-up cost by reason in order of the highest cost are from corrosion,
leaks, unknown, overflow and human error

Oil spill clean-up cost by cause in order of the highest cost are from pumplines,
trunklines, flowlines, tanks and valves

The clean-up cost is not available for each oil spill event; this needs to be
improved by all oilfield districts. In addition, the final clean-up cost is not
provided for all oil spill events only initial estimates, this has resulted in
underestimated costs for many oil spill events.

Compensation cost is not recorded for each oil spill event, nor is the oil spill
database and compensation database connected. It would beneficial to the
company to have this information combined, in order to fully understand the
relationship between the oil spill event and the total cost incurred.

On an annual basis, oil spills clean-up costs are lower from 1999 to 2002
compared to the first four years 1995-1998. This could be attributed to the
decrease of clean-up cost at District A from 1999-2002.

Application of the structural and non-structural concepts derived from the Flood
Management Approach to the oil spill data of Districts A and B, has resulted in a
reduction in oil spill clean-up costs.

Structural controls have the potential to eliminate oil spill costs. At District A, the

oil spill clean-up cost benefit is $1200 per year.
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11. Non-Structural controls have the potential to reduce oil spill costs. At District A,
the oil spill clean-up cost benefit is estimated at $1027 per year.

12. Non-structural controls combined with structural controls are necessary at
TTOil, some of which have already begun at District A, particularly the non-
structural controls through oil spill contingency planning and the adoption of
ISO 14001 international standard. A combination of the two types of controls is
necessary to successfully reduce in oil spill volume, frequency and costs.

13. An examination of the probability of the clean-up costs at-districts A and B,
found that the highest probability exist for oil spills costing $7000-$15000 for oil
spill clean-up at both districts. District B showed an overall higher probability for

slightly higher oil spill clean-up costs.
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RECOMMENDATIONS
Upon completion of this study there are several recommendations that can be made to
improve oil spill management within the petroleum sector and in particular, at TTOIl.

1. The oil spill management framework should be adopted by petroleum
industries, as it organizes and contains information pertinent to understanding
‘oil spill characteristics and factors that influence and mitigate oil spill events and
costs. This knowledge can be mobilized into appropriate resources that directly
target the sources of the pollution. This could enable a reduction or elimination
of oil spill events and costs.

2. Qil spill reporting must be significantly improved. It should also be more
comprehensive to account for final reports rather than initial estimations, at all
oilfield districts. All oil spills should be reported, regardless of its size. Details of
environmental impacts must be recorded to contain information such as the exact
location of an oil spill, the environmental medium/s affected, and the extent of
the damage. Accurate and complete oil spill data is the key to improving oil spill
management. For example, a variable that would have been extremely useful in
this study is the environmental impacts of oil spills. However, this information
was absent from oil spill reports.

3. The problem of an aging pipeline infrastructure for many petroleum industries
require greater attention, as the environmental impacts from oil spills from these
operations are largely unknown. The research at TTOil proves that this problem
is serious-and deserves immediate response. Corroded and leaking pipelines
need to be replaced, repaired or regularly maintained, in order to mitigate or
eliminate future oil spill events

4. Oil spill prevention efforts are necessary at all oilfield districts. The comparison
between oilfield districts A & B in chapter 4 has shown that although slight, the

return period for oil spill events at District A, is highest for small to medium oil
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spills, rather than larger and more destructive events which are more common at
District B. In addition, the cost of oil spills at District A appears to be slightly less
that District B. Perhaps this can be attributed to the improved oil spill prevention
efforts made to District A. Similar efforts are required in Districts B and C.

. The applications of structural and non-structural controls are ihcredibly useful
concepts, and should be employed throughout petroleum operations to include
upstream and downstream operations. These concepts are shown to be effective
in eliminating or mitigating oil spill costs in chapter 4, section 4.2.

. A very effective tool for understanding oil spill spatial distribution and potential
impacts is a Geographical Information System (GIS). It can map oil spill hot spots
against various environmental layers to understand, deduce or infer the types of
environmental impacts that have occurred, or could occur in the future. This
information would add another dimension to oil spill management, that is, the
environmental impacts of oil spills. |

. Should there be a stronger correlation between oil production and oil spill
volume and frequency, it would be possible to forecast future oil spill events and
costs. This information can be used develop oil spill management planning
initiatives.

. Qil spill controls are showed to be effective in reducing or eliminating oil spill
costs, and can potentially reduce oil spill volume, frequency and environmental
impacts. Therefore, they should be implemented at all petroleum facilities. At
TTOQil for example, not all facilities or mechanisms were equally outfitted with
these controls, this needs to be improved.

. An oil spill prevention suitability matrix should be developed by petroleum
industries, to list the most appropriate and effective oil spill prevention efforts
suitable for their facilities and operations. Prevention method selection should

also focus on the environments in which their operations are based.
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10.

11.

12.

13.

14.

15.

A suitability matrix which defines the clean-up procedures best suited for the
environment affected and circumstances at oil spill sites, is a useful tool. It
ensures that oil spill clean-up is effective in minimizing adverse environmental
impacts and costs, while maximizing oil spill recovery. |

A suitability matrix which defines the procedures for oil spill control is a useful
tool. It identifies the best control measures for various facilities and operations
within the petroleum industry.

Oil spill costs reported should be a true reflection of the costs associated with the
oil spill events. In many instances at TTOil, the cosfs of oil spill events were
underestimated or not reported. It therefore becomes difficult to measure the
true costs of oil spills without proper documentation.

OilAspill prevention efforts need to be improved for land-based oil spills within
the petroleum industry. It sets out the policies and programs which facilitate the
activities, roles, knowledge, work ethic and above all, the pollution needs of an
organization. Fostering an environmentally conscious work ethic and culture in
an organization, can minimize the oil spill pollution problem.

Selecting the appropriate technique or tool for the appropriate environment is
extremely important, as the wrong tool or technique can worsen the
environmental impact and inflate the costs associated with the spill.

A proactive approach to oil spill management planning should be a key function
of petroleum industries. This would enable a reduction in oil spill frequency,

volume and costs. Traditionally, their response has been reactionary.
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Appendix A: A detail description of the types of skimmers

1L Oleophilic surface skimmers
Also known as sorbent surface skimmers, these uses a surface such as a disc, drum, belt,
brush or rope to which oil can adhere to and be removed from the water surface.

Disc
Works best with light crude oil and suited to working with waves and among weeds or
debris. Disadvantage is the recovery rate is slow, not very useful in the removal of light

fuels or heavy oils

Drum ,
Works well with fuels and light crude, but ineffective with removing heavy oils. Drums

are made from steel or proprietary polymer

Belt _

Works best with heavier crudes, tar balls and heavy oils. These function by lifting oil up
from the water surface to a recovery well. An inverted belt skimmer carries the oil
under the water and is subsequently removed from the belt by scrapers and rollers after

the belt returns to a selected position at the bottom of the skimmer.

Brush
Works well with heavier oils but not effective for fuels and light crudes. Use tufts of

plastic attached to drums or chains to recover the oil from the water. The oil is then
removed from the brushes by wedge-shaped scrapers.

Rope

Works best with medium viscosity oils and useful for picking up debris and working in
ice-laden waters. Oil is removed from the water surface with an oleophilic rope made of
polymer or polypropylene. The skimmers, depending on the size, have an either long or
short rope that hangs down to the water surface from a suspended skimmer body
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2, Weir skimmers

Weir skimmers are a major group of skimmers that use gravity to drain the oil from the
surface of the water into submerged holding tank. Weir skimmers consist of a weir or
dam, a holding tank and a connection to an external or internal pump to remove the oil.
It works best in clam, protected water.

Disadvantages: Tendency to rock back and forth in choppy water, sucking in air above
the slick and water below, thus reducing the amount of oil recovered. Do not work well
in ice and debris or in rough waters. Not useful in collecting very heavy oils or tar balls.

Advantages: Economical, Larger capacities. Can be built into booms to recover lighter
crudes, this has been proven to moderately improve the success of oil recovery

3. Suction or vacuum skimmers

This oil recovery technique uses a vacuum or slight differential in pressure to remove
oil from water surface. The skimmer is a small floating head connected to an external
vacuum truck. This skimmer sits on the water and uses an external vacuum truck for oil
intake/suction into a holding tank. This system works best in calm waters with thick
slicks and no debris. '

Disadvantages: Easily clogged with debris that stops the oil flow, which can also
damage the pump. Also experience rocking in choppy waters allowing water and air
intake rather than oil. Works only with light to medium oils

Advantages: Most economical of all skimmers. Compact and shallow draft enables
good oil recovery performance in shallow waters and confined spaces.

4. Elevating skimmers

Elevating skimmers use conveyors to lift oil from the water surface into a recovery area.
A conveyor belt with ridges is adjusted to the top of the water layer and the oil is
moved up the recovery device on a moving belt. The oil is removed from the conveyor

by gravity.

Advantage: This technique is ideal for the removal of medium to heavy oils in calm
waters

Disadvantage: This technique is not applicable in rough waters or in waters with large

pieces of debris
5. Submersion skimmers
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Submersion skimmer uses a belt or inclined plate to force the oil beneath the surface.
The belt or plane forces the oil downward toward a collection well where it is removed

from the belt by a scraper or by gravity.

Advantages: This skimmer moves faster than other skimmers, thus can cover a larger
area making it more useful for larger spills. Suitable for the removal of light oils with
low viscosity and thin oil slicks. Larger than other types of skimmers and are usually
mounted on a powered vessel

Disadvantage: Not suitable for spill sites with debris. Not suitable for use in shallow
waters '

6. Vortex or centrifugal skimmers : .
Vortex or Centrifugal skimmers make use of the density between the oil and water to
separate them. This is followed by the removal of the oil. A water vortex is created to
draw the oil into a collection area where it is rotated in a centrifuge, using either the
force of the water itself or an external power source. The oil is therefore forces to the
center by heavier water and pumped from the chamber.

Disadvantage: Not suitable for spill sites with debris. They take in a lot of water

(Fingas, 2001)
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Appendix B: Types of habitats in Trinidad

Table 8: Habitat Descriptions

Agricultural
Fields

Land habitat under crop cultivation, usually one plant
species (primarily sugarcane) or livestock production

Rice Fields

Rice plantings together with various species of freshwater

plants, which trap sediments and stabilize fields from
erosion. They are productive wetlands ecosystems, important
to migrating waterfowl and diverse resident fauna.

Forested Areas

The tropical forest is a diverse and complex system consisting
of mainly of evergreen woody vegetation, forming a thick
canopy. It contains the largest number of species of animals
and plants of any known ecosystem, and has huge capital
assets in the form of timber which cannot be harvested
without serious damage

Freshwater
Ponds/Dams

High biodiversity of aquatic plants and animals found in four
distinct habitats with the ecosystem existing through a
symbiotic relationship with each other. The four habitats are
the water surface open-water habitat pond floor/sediments
habitat and the shore habitat. Collectively they compromise a
delicately balances ecosystem

Rivers/Streams

Are aquatic environments in which the dominant physical
condition is water current, which is constant and
unidirectional. The habitat is unique due to the adaptations
of the biota that reside within

Mangrove
Forests

Are wetland ecosystems, which include the entire complex of
plant and animal communities, established on the
superstructure created by mangrove trees. Some trees have
prop roots that are exposed to the air and provide a large
surface area for other organisms to thrive upon. These prop
roots and trapped sediments form the framework for the rest
of the ecosystem, which includes a variety of salt-tolerant
species.

Salt Marshes

Highly productive ecosystems, which are important to
offshore fisheries, migrating waterfowl and a diverse resident
fauna. They are based upon various species of salt marsh
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grasses, which trap sediments and stabilize the mash from
erosion. Marshes usually range from areas that are
completely exposed to areas that are forested and/or
shoreline areas. The distribution of plants and animals in
coastal salt marshes is associated with the tide levels. Plants

are salt tolerant

Freshwater
Swamps

Highly productive ecosystems that provide habitat for a wide

. mosaic of plant and animal species. They consist of ridges

and depressions (lagoons), the ridges are:colonized with
stands of mixed swamps wood and the depressions with
herbaceous vegetation which trap sediments and stabilize the
marsh from erosion

Source: TTQil, 1993
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Appendix C: Additional graphs and charts

C-1: Annual oil spill distribution

Annual oil spill distribution
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C-2: Environmental mediums impacts by oil spills (1995-2002)
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Appendix D: Correlation results from 3 regression models

Pearson r-value: The most widely used type of correlation coefficient is Pearson r, also
called linear or product-moment correlation. Correlation coefficients can range from -

1.00 to +1.00. The value of -1.00 represents a perfect negative correlation while a value of
+1.00 represents a perfect positive correlation. A value of 0.00 represents a lack of

correlation.
Dependent Model 1 Model 2 Model 3 | Best
Variables Multiple Semi-Log Log-Log Model
Linear Form Transform Transform | (Predicting
Form Form Dependent
Variable)
Strong Strong Strong
Predictors Predictors Predictors
Yr - Volume #Claims: 0.76 | # Claims: 0.58 | Frequency:
Frequency: 0.52 | Frequency: 0.67 1
Production:0.39 | 0.53 Total Cost:
No correlation | 0.63
with No correlation
production with
production
Yr - Frequency | #Claims: 0.84 # Claims: 0.84 | # Claims: 0.90
Avg Rain: 0.80 | Avg Rain: 0.80 | Avg Rain: 0.84
Avg Wet: 0.75 | Avg wet: 0.74 | Avg wet: 0.81 3orl
No correlation | No correlation | No correlation
with with with
production production production
Yr - Cost A Frequency: 0.74 | Frequency: Frequency:
(Clean-up) # Claims: 0.62 | 0.69 0.81
Avg Rain: 0.58 | # Claims: 0.54 | # Claims: 0.71 3
Avg wet: 0.47 | AvgRain: 0.54 | Avg Rain: 0.60
No correlation | Avg wet: 043 | Avg wet: 0.55
with volume No correlation | No correlation
with volume | with volume
Yr - Cost B Volume: 0.88 | Volume:0.81 | Volume:0.74
(Compensation) | #Claims: 0.57 | # Claims: 0.40 | No correlation 1
No correlation | No correlation | with
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with frequency | with frequency
frequency '
Yr —Total Cost | Cost A:0.89 Cost A: 0.92 Cost A: 091
(Cost A+B) #Claims: 0.87 | Frequency: Frequency:
Frequency: 0.85 | 0.82 0.86 3
Avg Rain: 0.57 | # Claims: 0.74 | # Claims: 0.80
Volume: 0.50 Volume: 0.58 | Volume: 0.60
Avg Rain: 0.56 | Avg Rain: 0.60
Yr - # Claims Frequency: 0.84 | Frequency: Frequency:
Volume: 0.76 0.86 0.90
Avg wet: 0.66 | Volume: 0.82 | Avg wet: 0.88 1
Avg Rain: 0.53 | Avg wet:0.68 | Avg Rain: 0.79
Avg Rain: 0.60 | Volume: 0.67
Mo - Volume Frequency: 0.51 | Frequency: Frequency: lor3
0.45 0.57
Mo-Frequency | AvgRain:0.33 | Cost A:0.55 Cost A: 0.54 20r3
Mo - Cost A None None Frequency: 3
0.54
Volume: 0.38

Best “overall” regression model for predicting the dependant variables is MODEL 1 or 3
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Appendix E: Glossary

BOPD

Barrels of oil per day

Flowlines

Refers to pipelines, usually 2” or 3”. Its function is to
transport crude oil from the wellhead (pumping jacks at
oilfields) to the Gathering Station.

Gaslines

Refers to the pipeline that transfers gas from the Separator
in the Gathering Stations to the Gas Compressors, and from
the compressors to the sales (external) or to be reused for
injection in wells for secondary recovery. The gas line only
transports gas.

Gathering Station

Central area in the field where there are tanks for collecting
the crude oil produced by the wells. From here the crude oil
is pumped to the Tank Farm (storage tanks)

Leaks

When oil spills are reported, if a description about a leak is
provided but no reason why the leak occurred, that reason
is categorized as a leak. It could be that the leak occurred
because a line was corroded, therefore the term “leaks”,
could also in some instances overlap with corrosion as the

reason for an oil spill event.

Manifold

This is the structure where all wells flow into at the
gathering station. There is a test manifold as well as a bulk
manifold. All wells would normally go the bulk manifold
and then to the bulk tanks to be pumped away. Wells
would be put to the test manifold only when it needs to be
tested to determine its production for the day. Then it
would flow through the testline to the test tank.

Oilfields

A region comprised of several wells and other upstream
processes. One or more towns can combine to form one
oilfield. Some oilfields are larger or more productive.

Qilfield district

An oil field district is comprised of several oilfields. No one
oilfield district is equal, each vary in the number of oilfield
and size of geographic area. Oilfield districts are grouped
according to the geographic region in which they are
located. Three oil field districts exist at TTOl.

1. District A: 7 oilfields

2. District B: 10 oilfields
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3. District C: 7 oilfields

Other (Cause)

Is a group of spills I grouped into a single category, it
includes repairs along pipelines were lines are changed,
cleaning of the pits or pumps, problems at the site of a well
related to the union or casing mechanisms for example, or
when a vague description is provided that cannot
definitively place the event it in a well defined category

Other (Reason)

Refers to fires, repairs, power outages, natural disasters,
cleaning of containment systems, or debris hindering
equipment from working

Pearson r-value

The most widely used type of correlation coefficient is
Pearson r, also called linear or product-moment correlation.
Correlation coefficients can range from -1.00 to +1.00. The
value of -1.00 represents a perfect negative correlation
while a value of +1.00 represents a perfect positive
correlation. A value of 0.00 represents a lack of correlation

Pipelines

Refers to any size of circular metal lines used for
transporting crude oil, water or any other type of liquid or
gas. Types of pipelines are pumplines, flowlines, trunklines,
gaslines and testlines

Pumplines

Refers to pipelines, usually 4” to 6” or bigger in
circumference. Its function is to transport crude oil from the
Gathering Station to the Tank Farm

Separator

Vessel that is found in the Gathering Station. This vessel
separates the oil from the gas. Only used for wells that are
flowing naturally, or being produced by gas lifting
methods. Not used for pumping wells.

Stuffing Box

This is a cylindrical shaped part that is found where the
sucker rods enter a wellhead that has a pumping jack. This
is really a lubricating box that keeps the sucker rods moist
to prevent damage to the rod itself. Inside the box are
rubbers that cling to the rods, to prevent leakage to the
environment. The in and out movement of the rods into the
well brings crude droplets to the rubbers to keep them
moist and lubricated

Testlines

The flowline transports crude from the wellhead to the
manifold at the gathering station. From the manifold are
two lines that can be used to transport oil to the tanks. One
is the bulk line and the other is the testline. The testline is
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used to test each individual well to a tank to determine
what it produces for the day.

Trunklines

Refers to the pipeline, usually 87, 10” 12” or bigger in
circumference. Its function is to transport crude oil from the

Tank Farm to the refinery.

TT$

Trinidad and Tobago dollar. On average the exchange rate
is TT$5 for $1CDN

Unknown

Refers to reports that do not define the reason for an oil
spill event or the description is too vague to discern a
definitive reason '

Upstream
Processes

The exploration and production activities of a petroleum
company. It includes field operations such as drilling and
pumping oil or transporting oil from its source to storage
areas such as tank farms. It does not include any refinery

processes.
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Appendix F: Description of oil spill data

The oil spill data set used in this research is from a variety of sources and have resulted
in inconsistent units of data. Inadequacies in oil spill reporting at some oilfields have
resulted in incoherent reported data leading to inferior data quality at some districts.
These two limitations in data quality have resulted in some instances inconclusive
results as many initial assumptions could not be proven. The following table illustrates
the units of data that were available for the oil spill analyses conducted in the case

study.

Units of available oil spill data

\nnua ' : i
-Oil Production -Compensation (Cost

-Frequency -Average rainfall paid to external parties)

-Cause -Average rainfall in wet | -Claims (Number of

-Reason season pollution claims filed)

-Clean-up cost -Average rainfall in dry | -Total Cost

-Rainfall season

-Qilfields

Volume: Is the volume of oil spilled in liters and is available per oil spill event. The
volume of spilled oil reported is the final estimated volume. Limitation: Upon
completion of final clean-up efforts the actual volume could be higher or lower, final
reports are not documented or required therefore, the true volume may not be known

for all oil spill events. Secondly, oil spills reports from one oilfield to the next remain

inconsistent.
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Frequency: The frequency is number of times an oil spill event occurs. Daily oil spill

event data is available in most instances. Limitation: All oil spills are not reported as

some oilfield districts report significantly higher numbers of oil spills although they
have fewer oilfields. Since most oil spills are influenced by an aging pipeline

infrastructure, the number of oil spills at two of the three oil field districts in particular

should be higher. This may be attributed to poor oil spill reporting. |

Cause: The cause of an oil spill is one of the factors thét directly influence or instigate an
oil spill events. There are 12 causes: Leaks, Corrosion, Overflows, Human Error,
Equipment failure or defect, Pressure, Tampering, Sand, Blowout, Vandalism, Other
and Unknown Causes. Limitation: The unknown cause’s represent 23% of the volume

of oil spills and 18% of the frequency therefore, the cause of these oil spills cannot be

determined.

Reason: The reason for an oil spill incident is the medium that defaulted to constitute
one of the causes above. There are 14 reasons: Pumplines, Flowlines, Trunklines,
Gaslines, Testlines, Valves, Stuffing Box, Well Feature, Manifold, Gatherihg Station,
Separator, Tanks, Other and Unknown reasons. Limitation: No apparent limitation is

obvious however inferior oil spill reporting remains a concern.

Clean-up cost: Clean-up cost as the name suggests is the cost to clean-up oil spills and
remediate a contaminated site. It includes the cost of labour, contractors, materials and

equipment. Limitation: The initial clean-up cost of an oil spill events is provided,

follow-up clean-up activities and remediation efforts are not recorded in the oil spill

reports in all instances, therefore some clean-up costs may be underestimated as the

final cost is not reported.
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Rainfall: Rainfall events are incorporatedv to determine if clean-up and compensation
costs are influenced by rainfall on a per spill event basis during the dry and wet season.
Correlation between these costs and rainfall can provide insightful information about
whether costs are inflated during wet weather events. Knowing this information in
advance could foster improved oil spill prevention efforts. Limitation: The smallest unit

of data available is on a daily basis using the “tipping bucket” rainfall measuring gauge.

Oilfields: Three oil field districts house 35 oilfields. Within each oilfield there are a
number of wells, each well site with their own capacity of oil reserve. An oil spill event
that occurs at or near a well is reported and documented by the oilfield name.
Limitation: It has been noted from observation of the oil spill dataset that district A
exhibits the most complete and consistent oil spill reports compared to the other two

districts.

Oil Production: Oil production as the name states refers to the volume of oil pumped
from a well site. The volume of oil pumped varies at each oilfield depending on the
capacity of oil reserve at that well site and the required quantity needed for that day.
Limitation: Daily production data is not available for each oilfield only the monthly

data is available.

Compensation: Compensation represents the cost incurred from paying external parties
for oil spilled into their property. Many well sites for example are located near farmland
or urban areas, large oil spills or spills mobilized by the transport of water during
rainfall events can negatively impact adjacent crops, livestock or watercourses.
Limitation: This data is best available on an annual basis. Pollution claims as they are
called, when filed are not payable on the same day therefore, it could take a few days to

a few months for a financial assessment to occur. Once the assessment is made and
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external parties are paid, the payment does not correspond to the oil spill event, instead
it is filed under the name of the external party and recorded in financial statements on
the day the compensation was paid rather than the oil spill event date. This limits the

use of the data to only an annual cost as inconsistencies in documentation limit its use

on a daily or monthly basis

Pollution claims: Pollution claims refer to the number of claims filed per day by external

parties. Limitation: The same limitation described under compensation.

Total cost: The total cost refers to the clean-up costs plus compensation. Limitation: This
information is only available on an annual basis. Although clean-up cost is available for

each event compensation cost is not, therefore only annual values are available for

analysis.

Legal penalties: Legal penalties issued for oil spill pollution events are not available
therefore not considered in this study. Thus the cost represented in this study refers
- primarily to clean-up cost in most instances as this information is available on a per

event basis and to a lesser extent, compensation costs.
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