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Over the last few years the research has examined the many evolving economic issues generally
relating to petroleum investment and related fiscal and regulatory matters. Subjects researched
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Economic and Policy Perspectives in Health, Safety and
Environment in the Offshore Oil and Gas Industry:
Evidence from the United Kingdom Continental Shelf

Professor Alex KempndThe@hilusAcheampong

Aberdeen Centre for Research in Energy Economics and Finance (ACREEF)

1 Introduction: Health, Safety and Environment in the Offshore Oil and
GasIndustry

Health, Safety and Environment (HSE) compliance is an essential component of
any industry, and more so, in the offshore oil and gas industry, where the inherent
risks associated with operating under challenging conditions are high. Workplace
accdents, injuries and environmental releases in the offshore oil and gas industry
Impose economic costs on operators, employees and the wider society. It is also
the case that most of these costs are sometimes external to the operators and
employers. Effectie and efficient management of HSE issues is now a priority
for oil and gas operators, government regulators, employers and civil society
groups. Events such as the 2010 Macondo Blowout and Explosion in the US Gulf
Coast have brought to the fore the inddationship between HSE management
and the financial performance and productivity of the industry. For example, the
total monetary compensation package from the Macondo Accident in the US Gulf

Coast cost BP and its partners close to US$65 billion.

Eventhwgh t he oil and gas industry’s sa
improved significantly with the advent of newer technologies and improved risk
perceptions, concerns exist amongst some stakeholders over whether the

Il ndustry’s cur r dsnatequata. fTleeseycongems areadrivenam c e
part by the oil and gas industry’s re

greater water depths and in new frontier regions such as the Arctic (Tarantola et



al., 2019; Fjgrtoft and Berg, 2020 and Khan et &@15). The shift to ultra
deepwater operations implies a need for extra HSE investments by operators as

well as enhanced regulatory measures to maintain or better the current standards.

It is important then to understand how the application ofessed cocepts to

HSE issues could allow the industry to define what the optimal and tolerable
levels of risk should be, given the ewpecreasing regulatory environment.
Legislative actions are undertaken by regulators to achieve the two main
objectives: reducent frequency and severity of wer&lated injuries, accidents

and environmental spills, and provide more equitable compensation to victims of
these accidents (Health and Safety Executive, 2020; Tombs and Whyte, 2010; Oi,
1974). As such, an overall publiolgy of reducing accidents, incidents and
environmental releases would lead to enhanced welfare at a socially optimal level

where the total HSE costs are minimised (Oi, 1974).

I n the United Kingdom, the oil and ga
and i n meeting the nation’”s primary en
the economic and policy I mplicdarm ons
prospectivity. Together, oil and gas a

demand, and oves0% of this demand is met by production from the United
Kingdom Continental Shelf (UKCS) (Oil and Gas UK, 2020). HM Government
estimates that oil and gas will continue providing over 60% of primary energy
requirement by 2035 (Oil and Gas UK, 2020). Sustdiproduction from the

UKCS will be critical to enhancing the
the national policy objective of maximising the economic recovery (MER) of oil

and gas reserves in a mature basin such as the UKCS must involve an
understanding of the inherent HSE risks in offshore oil and gas operations and its

economic implications.



This paper contributes to the HSE debate by offering a systematic review of HSE
policy and the performance of the offshore oil and gas industry. WaaitlKICS

as one of the best practice exemplars on the measurement of HSE outcomes to
understand how HSE investments by oil and gas operators as well as enhanced
regulatory initiatives, can collectively contribute to maintaining or improving
standards, thebg reducing associated economic and social costs of accidents and
incidents. This is done through theoretical and empirical analysis, namely, by
characterising an economic approach for evaluating HSE investments and
undertaking a comparative statistical abisis of the trends in industry
performance. The rest of the paper is structured as folleggdion 2reviews the
economic approach to HSE, looking at some of the principles for evaluating HSE
investment. The tygs of costs as well as the impact are discuss&gdtion 3

and Section 4 In Section 5 we analyse the HSE performance of the United

Kingdom s offshore oil and gas industr
the extent to which various investments and goverminelistry initiatives have
contributed to | mpr ov bormance.tSomee of thedeu st r
initiatives have centred on reducing thambers and severity of accidents,
incidents, injuries and fatalities as well as reducing environmental and

hydrocarbon releases (HCRs). We conclud8ention6.

2 The Economic Approach to Health, Safety and the Environment

The economic approach to HSE has often been one in which HSE compliance is
perceived as costly regarding the time and effort it takes to identify risks and put
in place mitigating strategiesndtead, we believe that the approach should be
seen from the perspective that making the right HSE investments can benefit the
operator and society by having in place an assessment of the probability of an
incident occurring. This allows stakeholders tot jpu place the necessary
contingency or mitigation plans. In this regard, a tmstefit approach provides

a sound basis for evaluating HSE investment decisions in response to meeting set

3



regulatory compliance standards. From a public policy perspectiS&, id
considered a public good, being Aoval and norexcludable, and the market
may not always efficiently provide for it (Horne, 2019). Society places positive

values on reduced injuries, cleaner water and lower emissions.

Despite its public goods atiutes, the value that society places on HSE can
sometimes not be readily measured as that is often subjectivity. Valuations
attached to these are captured by their Willingnedzay (WTP) and
Willingness to-Accept (WTA) (Health and Safety Executive, 200The WTP

and WTA approach to valuing safety allows us to discover the extent to which
society is willing to pay or accept improvements to its collective safety and
environmental wellbeing. This raises questions about how monetary values
associated withhealth, safety and the environment should be defined and
estimated for use in the offshore oil and gas context. Formal assessments using
the costs and benefits involved in introducing HSE regulations, incorporate the
WTP and WTA concepts as componentsha talculations. For example, The
United Kingdom s Health and Safety EX
notes "... cosbenefit analysis (CBA) offers a framework for balancing the
benefits of reducing risk against the costs incurred in a particulanofatr

managing risks

The values of health, safety and the environment should reflect the rate at which
society is willing to tradeff enhanced levels of safety against other desirables

with limited resources (Health and Safety Executive, 2000). Herysignificant

di sparities can exi st bet ween society
increase in their allocation of health, safety and environment benefits and the
corresponding willingness to accept (WTA) a reduction of the same magnitude

(Kahnenan and Tversky, 1979; and Haneman, 1991). Standard economic theory

! See Health and Safety Executive 1999, Annex 3, Paragraph 8.
4



predicts that the allocation of these collective HSE benefits, which comes in the
form of lower injuries, cleaner water and lower emissions, should differ only to a
minor extent when valuedith either the WTP or WTA (Chilton et al., 2010).
The difference between the WTP and WTA for identical market goods is driven
by the degree of substitution between them. For-market goods such as
reduced safety risks in an offshore oil and gas enmem, imperfect substitutes

do exist, and the divergence of the WTP and WTA will be persistent (Shogren et
al., 1994). Given the preceding, the question that then arises is: how can we

measure the WTP for the reduction of one unit of HSE risk?

The value ofa statistical life (VSL) is a measurement of the willingrspay

(WTP) for one unit of mortality risk. This represents the value that society would

be willing to pay for eliminating small probabilities of death (Viscussi and Aldy,

2003). Consider, foexample, the offshore safety inspection initiative such as the
United Kingdom' s Deck &pragradmeiwhithivasg Op
expected to reduce the number of deaths during the next year by 1 for every
10,000 members of the offshore labour foldee exante expectation is that this

| mprovement woul d reduce each offshor
during the coming year by an average of 1 in 10,000. Suppose the industry is
willing to pay £20,000 per member of the workforce to make the safety

improvements.

This implies that for each death that is prevented, the industry will cumulatively
pay £200 million-that is, £20,00 X 10,000 workers.

The WTP is based on this value of preventing the statistical fatality or injury

(VPF) or the value of ststical life (VSL). This is given by the average of the

2 The Deck and Drilling Operations Programme (KP2), programme was initiated in 2003 in response to
unacceptable accident statistics from deck and drilling operations. The programme was reviewed in 2005, which
resulted in a closer focus on the management of lifting operations within these two areas of activity, lifting
operations having been seen to citmtte significantly to fatalities and major injuries.

5



individual marginal rates of substitution of wealth for the risk of death or injury
or health impairment concerned (Chilton, 2010). The WTP and WTA
methodologies are also used for the evaluatiomeirenmental quality. Three
methodological approaches are used to derive \Wdded values of safety. These
are the "revealed preference"” (or "implied value"); the "contingent valuation" (or
"expressed value"); and "relative valuation" (or "relativitiegproaches (Health
and Safety Executive, 2000).

Regarding the assessment of the contingent risks that form the basis of the WTP
and WTA, the inherent risk of working offshore implies that some systematic
risks cannot be eliminated. As such, the-fige situation, as shown on point A

in figure 1 below, where the offshore worker has an income associated with a
consumption bundlé Gand an associated utity{6 ) becomes unattainable.
This is because the introduction of risk in the offshore workimgrenment
replaces this initial certain and riflee prospecb Owith an uncertain prospect

in which the worker has a probability of being injured or dying with zero

i ncome,n) dgettiing thdircomé O(Dardis, 1980). Since death or injury

is an undesirable state with zero utility, the expected utility of the offshore worker
becomes a summation of the two probabilities weighted by the utility outcome.
The expected utility is equal tf{ 0 ) H)ME 9= YO )+ W U. Hence, the

oil and gas operator or employer must compensate the offshore worker for this

loss in utilityr] " () for the risks associated with working offshore.

3 Utility here implies the satisfaction or benefit that an offshore worker gains from consuming a given amount of
goods or services with their wages.

6



Figure 1: Willingness-to-Pay and the Value of Life

Utilicy

ucy)

EU

Consumption

Adapted from Dardis (1980)

HSE Risk Optimisation

The probability of reducing accidents, incident rates or environmental releases is
affected collectively by the actions of the emplogenployeesnd the regulatory
agencies. In some instances, the market places a premium on safety by
differentially compesating for perceived job risks or hazards by factoring in
higher wages forisky jobs. That is, if employees weffelly aware of the
workplace risks and could evaluate them, then a compdatieeir market would
ensure that, at the minimunoth stakehalers could derive an optimally
balancedcompensation for working in hazardous conditigf®uliakas &
Theodossiou, 2011; Dorman, 2000). The optimal safety perspective, which
Il ncludes the oper atsafety capitah antd which llased n v e s |
on a standard model of profit maximisation, would occur at the point where the

marginal benefits equal the marginal costs as showigure?2 below.



Figure 2: Marginal Costs and Benefits of Increased Safety Level

Costs, £m 3

Marginal Cost of Safety

Marginal Benefit of Safety

(251

0 vy 1
Safety level, v

Source: Aut hor s construct, based on

As figure 2 illustrates, provided the incremental social costs are less than the
incremental societal benefits, the imposition of liabilities or additional regulatory
actions on the operator would be optimal. Generallpast accidents, incidents

and environmentabpills or releases induce the industry to spend more on
prevention costs to reduce the probability of future accidents. Higher investment
in expenditures on safety and training, in turn, increase the marginal returns to
prevention. However, even the-prd characterisation and evaluation of the cost

Is often such that operators may still not be able to perceive the totality of the
accident costs. This is because they sometimes underestimate the true costs or the
estimation time horizon and scope becomatécd (Brodyet al, 1990). This,
therefore, mandates the use of a soundloesefit analysis framework that has

an accurate estimation of the costs as well as the benefits. Such a framework can,
in turn, be effectively utilised to justify the need for @sting in health, safety

and the environment. Also, such a framework needs to depict the returns to the



employer, employees and the society by lowering the expected social costs and

externalities.

3 Health, Safety and Environment Costs

Factoring the costsf injuries, fatalities and environment releases into injury
prevention models and analytical frameworks may be a usefuleffestive tool

from a public policy perspective. The ordinal preferences of the operator
primarily determine the accuracy of thests of safety decision making and the
risks associated with offshore accidents and incidents. A breakdown of the cost
structure in an offshoraccident or release cost estimatiorodel should,
therefore, consider all parameters that reflect the possimés which the

accident is likely to impose (Gavious et al., 2009).

Using the framework developed by Broelyal.(1990), the total HSE cost can be
analysed as a sum of two inputs: iniftakevention Costs (Sand Accident and
Incidence Costs (l)Prevention Costs exist irrespective of the accident or incident
rate and are the costs industry incursaaie on machinery and equipment to meet
the minimum regulatory standards before oil and gas production commences. The
Accident and Incident Costs atlee expost costs incurred after an accident,
injury or environmental spill has occurréenerally, the consequences of an
accident, injury or spill on the employer and industry are proportional to their ex
ante safety risk level. It can, therefore, bgpexted that an increment in the
accident costs should evoke a reaction from the industry in the form of extra
investments in safety to maintain or lower the accident risk level (Bzody.
1990).

4 Some components such as insurance costs, whedharrred at any given period, are included in the ex post
accident costs because by purchasing an insurance policy, the employer transfers the obligation of making the
necessary compensation for victims to the insurer.

9



We thus end up with a cost model in which the total l48&is are expressed as

a relationship in the following equation:

£
EWHO0OEId = QYO= Y+'088888888888888.1
Q1

0M'Q Y= DI DRI 6£i G, Q0= 6WIEOCE QONIE GE &

The component breakdown of the Prevention (S), anéd¢kb&lent and Incident
Costs (I) are depicted figure 3 below. The fixed prevention costs, which exist
regardless of the accident rate in the industry, are costs incurred by the industry
or employer before production from the offshore platform or field commences.
These costs are dictated by policies set by the Health and Safety Executive or
even by company HSE policy on the minimum standards that need to be
maintained on the offshore fatis. It is important to note that the company HSE
policy, which gives rise to the minimal fixed prevention costs cannot go lower
than that set by the regulator. The variable prevention eostproportional to
accident or incident frequency and its géye They include the time taken by
HSE specialists to visit and inspect platforms and structures to identify causes
and prescribe corrective measures. Other measures, such as training costs can be
categorised as a variable prevention cost in respontigetdifferent training

requirements.

10



Figure 3: Breakdown of the cost structure of offshore accidents and injuries

=

L Total HSE Costs J

|

, v v
Prevention Costs Accident and Incidence
(S) Costs (1)
) v . \
L Fixed Prevention J [Variable Prevention J { Direct Insurance J { Indirect Costs J
Costs Costs Costs
Ex Ante Costs

T
L thed Insurance J LVanable InsuranceJ

Material Damage

v

[N

Administrative
Time

\

Ex Post Costs

Source: Adapted from Brodyet al (1990)
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The Accident and Incident Costs (I) comprise the direct insurance costs as well as the indir
costs, which include the loss of value of production. National provisions mandate firms t
purchase insurance to protébemselves against claims resulting from accidents, incidents
and environmental spills or releases. The premiums paid, provide the company with a giv
level of cover that protects it against the risk of losses when an incident does occur. Largt
dependat on the number and severity of accidents of the individual firm, firms have little
control over the fixed insurance costs because they reflect in part the systematic risk of 1
probability of an incident occurring at the industry level (Bradyal, 1990). The fixed

insurance cost, however, does change in response touongdustry conditions.

An experience rating based on an indivi:
component of the insurance costs. Past accidents and ingid&ttgory violations and
notifications issued by the regulator form part of the basis used by go#rigdinsurer in
computing the premiums that the employer pays. Companies that consistently invest
eliminating or making changes to their operatigmalcedures to reduce the workplace risk,
therefore, are likely to pay lower insurance premiucetdris paribus The indirect cost
component of the accident and incidence costs (I), includes wage costs, material dame

production losses and reputatiodaimage.

Most employers and companies in the industry cannot accurately estimate total accident :
incident costs because the indirect cost component such as the effect of reputational darr
on the brand or shareholder valuation of the company take plag after the incident has
occurred. The perceived costs by the industry, highlightédure 4 below are lower than the
real costs beause of this underestimate. The prevention costs, which form part of the capit:
expenditure (Capex) for field development, generally, do not change within the short rt
business planning cycle of one year. The negative slope of the prevention cost Eigues

4 implies that employers and operators, who want to enhance the safety level by reducing
risk of an incident before the commencementpsrations, need to invest more in safety over

and above the statutory minimum standards.

12



An employer who starts with a higher level of prevention cost investivievitl have a higher
safety level or a lower incident probability than a comparable grfoyer who begins with

a lower level of prevention cost investmévit In the long run, theanegative slope of the
prevention costs indicates positive marginal returns to the extent that more investment in saf
from the capital expenditure perspectivergases the safety level by reducing the probability
of an incident occurring in subsequent years. At-iesk levels, the Prevention Cost curve
becomes asymptotic to the vertical axis, indicating that the elimination of all risk is unlikely

even with sigificant increases in prevention expenditures (Breidgl, 1990).

Figure 4: Perceived HSE Costs and Incident Probability

Perceived Total HSE Costs
Costs, £m

Ip=A+B
(Perceived Accident Costs)

Variable Insurance Costs (B)

52 E/ Prevention Costs (S)

- ; Fixed Insurance Costs (A)

0 Xl X X2 1

Incident Probability

Source: Adapted from Brodyet al.(1990)

The variable insurance costs are a direct function of the risk level. The slope of the

variable insurance costs with respect to the degree of risk is positive and greater than z
This implies that the higher the risk of the employer, the greater the premiums they would |
expectedo pay to transfer that risk to the insurer. The total HSE cost curve (T), is given a

the sum of the perceived accident co&Bs and the prevention costsY. The total HSE costs,
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which are initially high for lower incident probability or thest safety level, begin to fall as
incident probability increases via the introduction of risk. As the prevention costs fall an
perceived accident costs rise, the total HSE cost curve also rises. The total HSE costs
minimised at the optimal coéf with the associated incident probability or risk threshold

of .

There exists an inverse relationship between prevention cdS@nd the accident and
incidence costsO . The higher the initial prevention costs resulting from the health, safety
and environmental mitigation measures which must be incurred by the industry to preve
accidents before production, the lower the expected probability of an accident and tl
subsequent ex poeatcident and incidence costs. Also, there exists a positigoreship
between prevention costs and societal benefits regarding lower accidents, injuries a
environmental spills or releases. More investment by the operator will reduce the expect
accident probability, thus enhancing the overall societal welfgéhetive environment being

preserved and less compensation given out to workers.

Factoring the indirect accident and incidence costs is depicteédon Reference source

not found. below. The total HSE cost becomes the sum of the initial perceived accident cos
‘O and the indirect costs. The industry, becoming anend estimating the indirect cost
componentcauses the total HSE and accident and incidentcoogées to shift to the left due

to the increased indirect cost factor (Broelyal, 1990). The effect of the recognition or
valuation of these indirect costs by the industry reduces the risk level to the new optimu
threshold®’ compared to the originaisk leveld . Higher expenditure levels regarding
prevention costs lead to reduced risk levels, whereas starting with a lower level of preventi
expenditure has an associated increase in the risk level. This is also depicted by the nege

slope of he prevention cost curve.
If the industry wants to mitigate the health, safety and environmental risk factors over tt

minimum regulatory risk threshold, they would have to incur higher total HSE investmen

costs. The industry would choose an optimal teslel at pointld relative to the total HSE
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cost curve as this corresponds to the point where the total prevention and real accident
incident costs are minimised.

Beyond this point, there is a disproportionate increase in the total HSE cost relativiee

in the risk level. The cost to mitigate an extra unit of risk becomes disproportionate. This co:
minimizing goal of the industry on account of factoring in the indirect accident and incidenc
costs encourages firms to invest more in preventign Y concomitant with an enhanced

safety level on account of a reduction in the incident probability ( & 8

Figure 5: Total HSE Costs and Incident Probability

H
Total HSE Costs (Real)

Costs (Em)
Total HSE Costs (Perceived)

Accident & Incidence Costs (Real)

‘ Accident & Incidence Costs (Perceived)

Y N /

Iy — =
Prevention Costs

Fixed Insurance Costs

~
>

0 X; X 1

Incident Probability

Source: Adapted from Brodyet al. (1990)

The provision of an enhanced level of safety entails more capital expenditures in ne
technologies, processes and equipment. This implies that incremental costs increase
maintain the minimum safety standards set by the regulator. A central comportbet of

operational risk management strategy of the industry should be an understanding of the c«

of their investment decisions regarding improving workplace safety.
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Gaviouset al. (2009) note that most firms do not systematically evaluate or calcutse th
indirect costs. One reason adduced for this is the lack of knowledge and understanding
managers of compensation mechanisms involved in accidents, incidents and environmelt
releases. Most managers tend to believe that the costs are insured wiaee tiwd. This view

is reinforced by Mossink and De Greef (2002) who argue that consequential accident a
incident costs such as disruption to production, reputational damage, administrative and le
costs are often not known-@xte by the employer. Bpite this knowledge gap, the accident
risk level or exposure of the employer often remains proportional to the economi

repercussions they experiencepost an incident.

4 Impact of Health, Safety and EnvironmentCostsin the offshore Oil and Gas
Industry

The economic impact of the gostaccident and incidence costs (I) in the offshore oil and
gas industry is further analysed within the direct and indirect cost framework, as shown
Figure 6. For many operators, the direct costs may be estimated am@dapthin their risk
management models, but the challenge often arises with the estimation of the indirect cc
(Hudson & Stephens, 2000). A broad consensus exists in the industry on the nature of th
costs. However, the subject of debate often cemnethe question of whether the removal of
a hazard or risk dictated by the regulatory poligys o f ar as ,ireguireg ana c

expensive engineering or an inexpensive administrative cost (Maxwell, 2004).

Under the Health and Safety Act 1974 atider national provisions, cebenefit calculations
form an important basis for the enforcement of safety rules. Even though the full costs
accidents and injuries are sometimes difficult to quantify in monetary terms, accidents cre:
costs for operats® and subcontractors, individual workers and for society (Mossink & De
Greef, 2002). An appreciation of the total costs of offshore accidents, injuries, an
environmental releases using the direct and indirect cost approach should thus determine

appopriate HSE measures.

5 This includes Joint Venture (J\artners operating a lease. The amount each partner bears for the HSE costs are often estimat
based on their equity stake in the venture.
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Figure 6: Breakdown of economic costs of accidents

DIRECT COSTS
- Individuals
- Employers

- Government

Total Societal

Costs

INDIRECT COSTS
- Individuals
- Employers
- Government

Source: Adapted from Health and Safety Executive (2011)

Individuals

The direct costs represent monetary estimates of the net coatgidénts, injuries and
environmental releases that individuals suffer and, in some cases, those who are close to tf
The direct financial costs are calculated by estimating payments that must be made and
personal income that comes about becausthefinjuries or effect of the environmental
releases. These include loss of income, compensation payments, health and rehabilitation c
and administrative costs (Health and Safety Executive, 2011). In the United Kingdom, tt
average £62,50Galary earad by an offshore worker could be lost due to an incident in the

absence of any compensation payments or benefits.

Compensation payments to individuals represent the lump sum payments made from clai
against employers’ | i aidhiislthe toynpuledEylinsurance ®ruall a
employers other than the government (Health and Safety Executive, 2011). Individual cos
also include incapacity payments or quality of life costs for the loss of health, pain an

suffering. Health and rehabilitatiocosts represent medical expenses and travel costs to th

6 Details available atttps://www.cwjobs.co.uk/salaighecker/averageffshoresalary[Accessed 22 November 2019]
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hospital made owbf-pocket by the individual offshore worker. The administrative costs
encapsulate costs to the individual or their friends and family of the time spent initiating ar
managing clans for sick pay and state benefits, and compensation and insurance payot
(Health and Safety Executive, 2011). A traxdearises where the loss of worker productivity

from being incapacitated due to an injury has to be balanced with safety investma¢nts t

reduce the probability of an accident, injury or environmental spill or release occurring.
Employers

The direct costs to employers of workplace injury, accidents and environmental spills incluc
sick pay payments, liabilities and fines, increased arste premiums, production losses, and

administrative and legal costs. Sick pay payments include payments made to the abs
employee in addition to recruitment and training costs to replace the employee -ffushort

production output is to be maintained. the absence of major injuries or accidents to the
workforce, necessitating a complete shutdown of production systems, most offshore platfori
and facilities would continue to work as usual by replacing the sick or injured worker witt

temporary or contractaff.

The production costs include losses accrued due to deferred production, replacement cost:
damages or repair of machines, and opportunity costs in cancelled orders representing
income for the company. The opportunity costs can be estihzst a percentage of the lost
production value. Between 2011 and 2015, production from the UK oil and gas industry fe
by about 30% primarily due to both planned and unplanned shutdowns in existing fields wi
several key hub platforms and pipelines bastosed for extended periods following incidents
(Oil and Gas UK, 2013a). For example, part of the-KiG8netre SEAL pipeline system that
exports gas from the ElgiRranklin and Shearwater development to the SEAL terminal in
Bacton had to be shut at c&rt periods in 2013 because of the gas leak from the-Elginklin

field. These unplanned shutdowns can impose financial constraints for the industry in terr
of deferred production losses, reduction in production efficiency and increases in operatior
expenditure.Error! Reference source not found.highlights the extent of these costs on

production efficiency in the UK oil and gas industry.
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Regarding indirect costs, lialiies alone may not create enough incentives for the industry to
invest in safety. Even though liabilities, in theory, force firms to internalise the costs o
accidents, injuries and spills by adopting eelfective technological developments to
minimize potential future claims, firms that do not have enough financial resources to pa
liability claims may simply declare bankruptcy (Richardstml, 2011). Other indirect HSE
costs to the employer include training and compensation of replacement workelsbdar

time) and repairs to damaged production equipment.

Figure 7: UK Oil and Gas Production Efficiency

UKCS PE trend (all years)
2% 71%

0.92

081 081 083 0.82 083 0.84

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Actual wellhead production (billion boe)  Total potential (billion boe)

Source: Oil and Gas Authority (2019)

The employer’s indirect costs are often
be fully insured from an economic perspective. The ratio between the insured and uninsul
costs creates an “i ceber g e figh¢he diréct costs efrare
accident, incident or environmental spill. According to some industry estimates, averag
uninsured losses, which include lost production value, can go as high as-$eeetytimes

the amount paid in insurance premiums (OGP, 1996ing this upper bound, it implies that
for every £1 million insurance payout, the operator or employer must provide an extra £:
million for uninsured | osses. These addi
earnings. In some circumstancesandthe company cannot provide for these extra payments
it may declare bankruptcy. The Piper Alpha accident, which resulted in one of the mo

extended pieces of litigation in British history, cost approximately £20 million in total legal
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fees and £110 rhion” in financial compensation paid by Occidental Petroleum, the operatol

of the platformto the survivors and the families of the victims.
Government

The direct costs are those costs not borne directly by the affected individuals or their employ
(Health and Safety Executive, 2011). For example, state payments of benefits to individus
who are not able to work because of injury or ill health comprise a loss of state earninc
deemed a cost. Income tax and National Insurance contributions by woikedecline due

to injuries and ill health that have taken people out of the labour market. In the UK, Nation
Insurance contributions on sick pay are partially offset by contributions reclaimed b

businesses under the percentage threshold s¢heme.

l ndirectly, the | oss of economic output
from work due to a workplace injury or illness can be assumed equivalent to the lost gro
earnings of the affected individuals (Health and Safety Execu@®&l). Assuming full
economywide employment, the absence of a worker due to an injury results in a decline |
the labour force, thus, creating losses to the broader economy. As Dorman (2000) argues,
availability of a labour market can laestrong infuencing factor on who bears the societal
cost. That is, an easy replacement of an injured offshore worker can be viewed as indicat
that the private costs for the employer are limited in scope, as parts of these costs are shi

on to society.

5 Performance Analysis of Health, Safety and Environment Trends in the UKCS

Her e, we analyse the HSE performance of

Alpha period. Our objective here is to understand the trends in offshore injuries, acciden
incidents, spills and hydrocarbon releases using data from the Hydrocarbon Releases (HC
system and other industry databases. The analysis is conducted using data plots and statis

tools such as moving averages.

7 Details available atttps://www.scribd.com/doc/310451122/RemembeitiperAlpha-the-Night-the-SeaCaughtFire-the-
Scotsmaril4-June2008 [Accessed 24 November 2019]
8 Details available atttp://www.hmrc.gov.uk/helpsheets/el4.ptcessed 20 December 2019]
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The HCR database contains supplementary rimétion on all offshore releases of
hydrocarbons reported to the Health and Safety Executive's Offshore Division (OSD) und
the Reporting of Injuries, Diseases and Dangerous Occurrences (RIDDOR) Regulations 1€
and prior legislations. Primary data capiiin the HCR database includes the installation
name, incident date, location, process type, leak size, and severity of the incident. The He:
and Safety Executive, together with industry, defines and uses dithrelassification system

of minor, sgnificant, and major incidents for HCRs. The kegus for improving the United
Kingdom’s oi l and gas industry HSE perf
severity of accidents, incidents, injuries and fatalities as well as reducing envirohamehta
hydrocarbon releases (HCRs). This has been accomplished through significant indus
initiatives such as Step Change in Safety and new regulations such as by the European Ul
Offshore Safety Directive Regulator (OSDR).

5.1 Hydrocarbon Releases Statitical Analysis
HCRs have reduced from 189 incidents in 2007/2008 to 96 incidents as of 2018, indicating

100% reduction over the ten years as shown in Figd?d&is is also in line with the HCR
reduction target of 93.5 incidents by the end of March32®thich was agreed to by the
industry at the time. Nonetheless, the HCR rate as a proportion of the oil and gas produced
come down to 2007 levels at 66 releases per million barrels of oil equivalent/day (boe/

production.

9 https://www.hse.gov.uk/osdr/index.htm
10 https://www.hse.gov.uk/offshore/statistics/hsr2018. pdf
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Figure 8: Reported dangerous occurrences (offshore), 20072018
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Source: Health and Safety Executive (2018)

Also, asFigure9 highlights, both major, minor and significant releases have been consistentl
declining on a yeaon-year basis, although there was an increase in minor releases betwe:
1998 to 2005A compaative analysis of the trends in industry performance using aYyesse
moving average indicates thaiajor releases have consistently fallen yaayear from an
average of 15 releases in 2000 to about six releases in tH2000d and currently aboutrée
major releases. Significant releases have also witnessets@erablelecline, averaging 140

releases recorded in the 1990s to 45 releases 2ph6t

One of the major factors driving the reduction in HCRs is the collaborative effort of the
industry and other stakeholders working through forums such as Step Change in Safety,
Uni ted Kingdom s flagship offshore safet:
by industry trade associations to reduce the UK offshore industryy irgie by 50% and
operated under the PILOT umbrelldt now includes the Health and Safety Executive and
Trade Unions within its broad consultative network which works with six steering groups t

tackle priority health and safety issues. The six grasporganisedn line with operational

1 Details available atttp://webarchive.nationalarchives.gov.uk/20101227132010/http:/www.pilottaskforce[Aoedssed 03
January 2020]
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aspects of the industry, namelgsset integrity, competence, human factors, workforce

engagement, helicopter safety, andrine transfer®?

Figure 9: HCRs by severity and moving averages, 1892017
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Figure 10: UKCS HCRs by facility age, 19952015

«
S \
\°-"\Q

QQ"'QQ & é’-’ c§°

300

250

20

=]

15

=]

10

=]

5i

=]

=]

LR

f19f79

W20+ yrs m15-20 yrs m10-15 yrs m5-10 yrs m0-5 yrs

b
‘-ﬁ)

'\

Data Source: Health and Safety Executive (2020)

2 Details available atttps://www.stepchangeiafety.net/aboustepchangesafety/steerinayroups[Accessed 25 January 2020]
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Figure 11: UKCS HCRs by location, 19952015

FFEFE ST T S T s

300

250

20

=]

15

=]

10

=]

5i

=]

0

m Central North Sea m Northern North Sea mSouthem North Sea (SNS)

Data Source: Health and Safety Executive (2020)

Furthermore, as depicted in Figure 10, incideftsignificant and major releases are related
to the age of théacility. Given the many years of operations on older platforms, one would
expect most of the HCRs to come from these older installations whereas newer ones with lo\
operational years arexpectedto have aesserincidence of hydrocarbon releasesteris
paribus Here, age refers to the cumulative operational years of the installation at the time t
discharge occurred. Some notable trends are observed from the data, namely decl
appreciation, and steadyate release frequencies. For example, HCRs fromlaigiak from
releases from installations that are over 20 years of age dropped by 75% in 2015 compare
1993 levels. Also, releases in the 15 to the/@@r category have witnessed little change over
the past twenty years while HCRs in facilities lessthive years old, rose significantly in the
1990s but massively declined from 2003/04 onwards.

Regarding the location of the facilities, the Central North Sea (CNS) recorded the significa
majority with 2,306 releases representing 49.9% of total HERgire 11. This is followed
by the Northern North Sea (NNS) with 1,499 releases (32.5%) and finally the Southern Nor
Sea (SNS) with 811 releases (17.6%). A closer analysis usingdaremoving averags
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shows the improvements the industry has madednaging HCRs. Releases from the Central

North Sea region exhibited the greatest dispersion over time.

5.2 Offshore Incidents and Injury Statistical Analysis
Regarding offshore incidents and injury statis(escluding helicopters), the combined injury

rate in2018 fell to 365 per 100,000 fedime equivalent (FTE) workerspmpared to 682 per
100,000 FTE in 2007/2008. Figure 12 below illustrates the injury rate trends in the industr
Al so, amongst the nine maj or i safdtyperformanad
has consistently been ranked among some of the best performance. In 2013, the sector recc
530 nonfatal injuries per 100,000 workers based on a tyesgmoving average from 2009
2012 (Oil and Gas UK, 2013b).

Nonethelessthree faalities since 2012 and six in the last ten years in the UKCS serve as a
ongoing reminder of the hazards and risks involved in offshore oil and gas actwitdehe
need to improve safety performance consisteéd@verall, injuries have been decliningse
2007 with total injuries comprising fatalities, major, and e3@lay injuries have falling by
45% from 192 injuries recorded in 2007 to 106 in 2018 (Figures 12 and 13). The highe
contributor to the decline has been the reduction in-8\day injuies—that is, major injuries
have decreasednarginally compared to owd-day injuries. Een though the ove3-day
injuries constitute the major component of offshore injuriegra@lual reduction of the gap

between the oves-injuries and the fialitiesand major injuries is observéadm 2007 to 2018.

B https://www.hse.gov.uk/offshore/statistics/hsr2018. pdf 5
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Figure 12: Reported Offshore Injuries, 20071 2018
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Source: Health and Safety Executive (2018)

Table 1: Fatal Injuries Offshore

d oer o d oer o
1996-97 2 2007-08 0
1997-98 3 2008-09 0
1998-99 1 2009-10 0
1999-00 2 2010-11 0
2000-01 3 2011-12 2
2001-02 3 2012-13 0
2002-03 0 2013-14 2
2003-04 3 2015 0
2004-05 0 2016 1
2005-06 2 2017 0
2006-07 2 2018 0

Source: Oil and gas UK, 2018

Regarding offshore helicopter safety, statistics from 1997 to 2018 indicate there have be
four fatal accidents, which have claimed the lives of 38 offshore workers and fligh{seew
Figure 13) ad there have been 18 némtal accident$? The major cases of these accidents
include major component failures, pilot error (human factors), lightning strikes, major airfram

damage, and main and tail rotor damage (Oil and Gas UK, 2018).

14 Details available dtttps://oilandgasuk.co.uk/wgontent/uploads/2019/10/Healimd SafetyReport2019.pdf
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Figure 13: Fatal North SeaHelicopter Crashes

December .
2006 April 2009 August 2013

oA Sikorsky S-76A *An Eurocopter AS365 *An Eurocopter Super *An Eurocopter Super
crashed in the Southern descended into the Irish Puma L2 crashed into Puma L2 helicopter
North Sea near the Sea near Morecambe the North Sea near crashedin the sea
Santa Fe Monarch rig. Bay, close to an Peterhead following approximately 1.5 miles
The aircraft crashed offshore platform. All gearbox failure and from Shetland airport.
into the sea and was seven people on board rotor head separation. Four of the 18 people
destroyed following the were killed. All 16 passengers on on board were killed
failure of a main rotor board were killed. and the pilot was
blade. All 11 people on seriously injured.

board were killed.

Source: Oil and Gas UK (2019)

In the UK, the responsibility for offshore helicopter safety lies with the Civil Aviation
Authority (CAA) and the Health and Safety Executive (HSE). The Civil Aviation Authority
regulates helicopter opeoas concerning activities at onshore heliports and when a helicopte
is in UK airspace; the Health and Safety Executive (HSE) regulates the owners and operat
of offshore installations concerning personnel health and safety risks from the time the

touchdown on an offshore installation to their departare.

Hel i copter operators hol di nmustsansfy the CAA Gate r
the safety for publicly transporting passengers has been met. This includes safety briefing
passengers agell as the provision of personal safety equipment aboard the aircraft carrie
out in conjunction with offshore duty holdeY¥sThe responsibility for the safety of the
installation, which includes the structural integrity of the helideck and helidecatmpes lies

with the operators. A Memorandum of Understanding exists between the CAA and HSI
which ensures effective coordination between the two bodies in delivering on the ultima

objective of optimizing offshore safety.

15 Details available ahttp://www.hse.gov.uk/research/otopdf/2000/0to00089.pdf
16 Details available ahttp://www.hse.gov.uk/pubns/indg219.pdf
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5.3 Produced Water Handling and Ernvironmental Statistical Analysis
Hydrocarbonsomemixed with water within the reservoirs in their natustdte,and during

the extraction process. The waisrseparatedrom the oil and gas in the first stage of
processing.’ The oil and gasare exportedwhile the produced wates disposedof by
discharging into the sea after treatment to meet regulatory limits. Naturally occurring dispers
oil and radioactive materigldissolved organic compounds, including aromatic hydrocarbons
and organic acids, among others addedng the separation process, make up the complex
chemistry of produced wate&Xs an inextricable part of the recovery and separation processe
for hydroarbons, produced water is by far the largest waste stream by volume (Society
Petroleum Engineers, 2020; Danforth et al., 2019). In addition to formation water, produce
waterincludescondensation water andproducednjection water as well as wateragsfor
desalting oil (Society of Petroleum Engineers, 2020). The amounts of produced water a
concentrations of the contaminantsy over thelife cycle of the reservoir and on a fielay-

field basis depending on the formation chemistry, ekl interactions and the type of

production taking place (Bakke, 2013).

In the UKCS, the number of installations discharging oil in produced water has increas
marginally from 112 to 123 (averaging 105 installations) between 2001 and 2017 accordil
to OSPAR stafitics. Standardisinghe amount of produced water discharges by the number
of facilities and further segmentation using geographical as well as age characteristics of t
installations provides #&etter understandingf the statistical trends. Using a tagear
moving average to capture seasonality in the data, Figure 14 shows the gradual and susta
decline in produced water releases, reflecting the efforts made by industry and regulator
adopting new standards and directives. Increasingly, envirdahmegulations on produced
water have become more stringent, requiring extensive treatment before discharge (Societ
Petroleum Engineers, 2020his treatment and dispodahve cost implications respect of

the volumes produced and technologiess#d. Some estimates put global industry treatment
costs for produced water at more than $40 billion annually (Society of Petroleum Enginee
2020). Though OSPAR andubsequen©OPPCRegulationsadviseoperators to adopt best

7 Details available atttps://oilandgasuk.co.uk/wpontent/uploads/2019/08/EnvironmeRéport2013AUG20.pdf[Accessed 24
February 2020]
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available techniques and erammental practices on produced water management, the cost
and space needed for the deployment of these technologies as well as the weight limitati
on offshore installations need to be juxtaposed against the environmental benefit which in tt

needs tde accurately assessed

Figure 14: Annual water discharged (m3) per total number of
installations discharging produced water
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Data Source: OSPAR

Also, Error! Reference source not found.Figure 15 provides a detailed breakdown of oil
spills in the UKCS from 2002 to 2017. The amount of oil spilled has declined during the peric
under consideration after peaking at 470 spills in 2002 compared to 309 spill incidents in 20:
There has beemaverage of 340 spill incidents per year over the peRedardingong-term
trends, a thregear moving average of the frequency of oil spill incidents per 1,000 tonnes o
hydrocarbon production in the UKCS shows that spills have increased by 62% edrtgpar
2002 baseline levels. This is in part driven by several recent unplanned shutdowns (20:

2015) and consequent reductam production efficiency.

To ensure that the risk of oil pollution is reduced to a minimum in line with the ALA&P

low as easonably practicableprinciple, the oil and gas industry, together with the
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government, has taken initiatives to ensure that in the event of-bldulh accident and
resultant oil spill, adequate financial provisions are provided to cater forgpeard other
third-party costsThe Offshore Petroleum Activities (Oil Pollution Prevention and Control)
Regulation¥ 2005 (OPP@®egulations) and Amendment Regulations 2011 which regulate the
emission of oil from offshore installationsjas designed in line with the recommended
standards agreed under the OSPAR 2002 protocols. The 2005 Regulations were amende
2011 to extend to the discharge of oil in offshore gas storage and unloading activities a

carbon dioxide storage operatidfis

Figure 15: UKCS Oil Spill Statistics
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The regulations nowategorisavhat is permissible by clearly distinguishing unlawful releases
of oil from discharges from thogkatmay be lawful if madéy the terms and conditions of a
permit?®Also, t he regul ations amend the defini

to encompass all pipelineQperators are required to have a permidigcharge oil and

8 An amendment regulation was made in 2011 to provide a narrower focus to tioeclaarly distinguish unlawful releases of

oil from discharges, which may be lawful if made in agreement with the terms and conditions of a permit

19 Details available atttp://www.legslation.gov.uk/uksi/2011/983/note/maaied
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6269ddémsptidatd.pdf[Accessed 17

February 2020]

®Under the regulations, “discharge”, in relation to oil,
direct or indirect release of substances from an individual or diffuse source into theirretevant waters. ibid at 2
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produced water. The legislation explicitly states that no oil sleatlischargeéxceptby the
terms and conditions attached to a permit granted by the Secretary &t State.

Furthermore, on thessuanceof a permitto an operator, conditions may be assig by the
Secretary of State to ensure thajpropriaterestrictions and safeguards are incorporated to
protect the environmer® These include measures to e
frequency, quantity, location or duration of any discharge i€stity appropriate restrictions;
appropriate measures are taken to minimise pollution including, in particular, the approprie
use of technology to limit discharges; necessary measures are taken to prevent incide
affecting the environment or, where yheccur, to limit their consequences in relation to the

enviro®dment” .

Holding thenecessarpermit absolves permit holders or operators from criminal liability from
spilling dispersed oil into the sea so long as the provisiorislayeed. Should a penit holder

or operator not havenough allowances to cover its discharges, they are liable to pay a fin
usually calculated on a penit basis of the discharged oil. The permit does not preclude civil
liability proceedings from being brought by the puldicthe authorities for damage caused
(Budiman, 2011).

Likewise, the Offshore Pollution Liability (OPOL) framework and agreement, which has bee
in existence since the early days of oil and gas exploration and production in the UKC
requiresoperating companies to accept strict liability for pollution damlageproviding
mutual guarantees which members bear for each other's obligfitiines agreement applies

to all offshore facilities from which there is a risk of a discharge of oil which could cause
pollution damage. The operat@e required to demonstrdteancial responsibility for costs
that result from the remediation of an oil spill as well as third party compensation for pollutio

damage, up to a certain linfDil and Gas UK, 2012OPOL has been acceptadrepresent

2libid at 5.1

22 section 2 of the Regulations

2 ibid 2(a)(b)(c)(d)

24 Details available atttp://www.legislation.gov.uk/uksi/1988/13/schedule/4/paragraph/23/mapfeccessed 21 February 2020]
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the activeresponse of theil and gas industry to dealing with compensation claims arising
from offshore oil pollution incidents$n the intervening years, OPOL liability limits halveen
increasedo US$250 million for any one incident and US$500 million annual aggregate fol

operatorswvhich are part of the same group of companies (OPOL, 2019).

All these initiatives have collectively contributed to improving the safety performance of th

UK's offshore oil and gas industry.,

6 Conclusions

The effective management of HSE remains a priority for operators, government regulato
employers and civil society groups. Recent events have brought to the fore the interrelations
between health, safety and environmental management and the efféae dimancial
performance and productivity of the industry. Health, Safety and Environmenta
considerations will play an integral role in maximising the ultimate recovery of the remainin
oil and gas reserves in the UKCS and the world at large. The Hapioliey objective of
maximising the economic recovery of oil and gas reserves in a mature basin such as the UK
will need to be anchored not just on incentivised field economics and fiscal measures, but
a greater understanding of the inherent HSEsriekoffshore operations and their economic

implications for the industry.

HSE compliance is an important component of any industry and more so in the offshore c
and gas industry, where the inherent risks associated with operating in difficult scdsunda
topsides conditionare high. Wrkplace accidents, injuries and environmental releases in the
offshore oil and gas industry impose economic costs on operators, employers and the wi
society. It is also the case that most of these costs are s@setiernal to the operators and
employers. To this extent, there is then the need to benchmark HSE costs withidefiwed
analytical framework, which details the relevant industry cost drivers and expenditure patterr
This must be anchored on a r&gary framework in which all industry playersand not just
operators and duty holders proactively play a role towards an understanding of latent

offshore risks as well as influencing and controlling offshore working conditions.
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As the UK offshore idustry health and safety regulator notes in their recent strategy
documentipr eventing major accidents requires
thesubs ea pi peline net wor ké. Il n this way, a
will reduce the risk of major pollution incidents and contribute to securing the energ
resilience of t he UK, Inamseravokdwindling §eld gizes and c
complex geological characteristics such as high pressure and temperature (HRITihfiel
everdeeper waters, the challenges of ensuring increased production uptimes and |
achievement of good health and safety standards requires that HSE risks and associatec
cycle costs to society— namely the initial Prevention Costs (S), and #exident and
Incidence Costs (B— are fully understood. To achieve this, investments in new production
assets, as well as the extension of the life of existing ones, need to be anchored on impra
cooperation and information sharing between industrygnaaints and the regulator through
initiatives such as asset stewardship, infrastructure and technology strategies in line with

Wood Review (2014) recommendations.

In contextualising HSE issues, we propose an economic approach in which the inaustty sh
not perceive HSE compliance as costly in terms of the time and effort it takes to identify risl
and put in place the necessary mitigating strategies. Instead, the approach should be seen
the perspective making the right HSE investments can ibémefoperator and society. This
requires appropriate framework to assess the probability of incident occurrences as well as

necessary contingency and mitigation plans.

The standard cogtenefit approach provides a reasonable basis for evaluatiagrd&stment

and regulatory decisions and remains important from a public policy perspective in terms
the provision of public goods. We propose the adoption and application of melass#
concepts to addressing offshore HSE issues that allow theagen of what the optimal levels
of risk should be within the regulatory e
Willingnessto-Pay (WTP) and Willingnesso-Accept (WTA). A sound codbenefit analysis
framework that has an accurate estienof the costs and benefits, can be utilized to justify the
need for investing in health, safety and the environment in terms of the returns to the employ

employees and the society by lowering the expected social costs and externalities.
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The analysiof HSE data from the UKCS from 1995 to 2018 indicates improved offshore
safety performance levels. These outcomes are primarily due to the various refor
programmes embarked upon following the Piper Alpha accident such as the enhanc
regulatory focus,inr oduct i on 2% &ndincseasktdecapital invessnenss in facilities
by operators and others. Despite this, significant risks persist in offshore oil and gas operatic
where lowprobability-high-impact incidents can cause considerable loss fef dnd

destruction of the environment and property.

Concerning hydrocarbon releases, we find that major and significant releases have been or
decline on a yeaon-year basis. In contrast, minor releases continue to exhibit higher volatility.
HCRs haveeduced from 189 incidents in 2007/2008 to 96 incidents as at 2018, indicating
100% reduction over the terear period. To consolidate these gains, many oil and gas
operators in the UKCS have developed and implemented individual hydrocarbon relea
redwction plans that are widely shared across the industry. Other industry statistics show tt
the UKCS has witnessed a steady decline infatal, overthreeday, and combined fatal and
major injury rates. The collective fatal accident rate of 0.52 pemiidi@n hours worked,

places the region as one of the safest in the industry globally.

Finally, in the aftermath of the Deepwater Horizon incident and on the advice of the Oil Spi
Prevention and Response Advisory Group (OSPRAG), operators are nowededuir
demonstrate financial responsibility for costs that result from the remediation of an oil spill e
well as third party compensation for pollution damage. The Offshore Pollution Liability
Association (OPOL) represents the active response of the mipdistdealing with
compensation claims arising from offshore oil pollution incidents. Applicants to the commol
compensation scheme are required to provide evidence of financial capability to fulf
obligations under Clause IV of the OPOL Agreement. Themmax OPOL limit per incident

has been increased to ensure adequate cover.

25 SeeHealth and Safety Executive, 2006. A guide to the Offshore Installations (Safety Case) Regulations 2005.
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