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Accidents Statistical Analysis (Domestic)

16,000,000

ZZ2XH (D)

14,000,000

12,000,000

10,000,000

8,000,000

6,000,000

4,000,000

2,000,000

Y AL (F)

3,000

2,500

2,000

1,500

1,000

500

120,000

SEXt(F)

100,000 -

80,000 |

60,000 -

40,000 -

20,000 -

R S T R W )
R L L L R L A
SIS I S

S
Oy
SR

3

O D A O P> H b
O " L N L L L' L
O A8 DT ADT AST AST A4S AD

WV

Sl
Vv

140,000

120,000 -

100,000 |

80,000 -

50,000 -

40,000

20,000

29 April 2011
© Det Norske Veritas AS. All rights reserved.

=X D8 -TE 20005 AXTONTAL T

MANAGING RISK



| Analysis (Domestic)

Statistica

Accidents

oxE

4,000,000

3,500,000
3,000,000

000

2,500,

2,000,000

1,500,000
1,000,000 -

XH OH £

29 April 2011

DNV

MANAGING RISK

© Det Norske Veritas AS. All rights reserved.



Accidents :OECD ('08)
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Accidents . OECD
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Positive proof of global warming.
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Risk = Probability x Consequences

m Personnel Fatality / Injury
B Asset Damage

m Production Loss

m Environmental Impact

m Loss of Reputation

m Social / Political Impact
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General Phenomendrate vs. Driving force
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Safety Management_evels

10— Hardware Focus
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Safety ManagementSteps

o Survival of the Fittest

ompliance Management n

- Reactive Mode

ical Mgmt (Equipment)-

anagement System Approach }Proactive Mode
S and Behavior Approach

»
»
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wWhy Manage Risk ?
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Risk Assessment & Management

——\g

- Benefits
X
Engineered QUALITATIVE l Decisions
System ANALYSIS >1?21? 17 ™ %_
Judgement 1.1 B 3:_
Ha-z-ard QUANTITATIVE
Identificatipn
"~ ANALYSIS AR T
VI >
FTA D) ETA Costs
T Aﬁla
) RISK ANALYSIS |
X i
) RISK ASSESSMENT
‘ "l
) RISK MANAGEMENT
Hazard Identification Development of Options Decision

Risk Estimation

Option Analysis

Implementation

29 April 2011
© Det Norske Veritas AS. All rights reserved.

13

Monitoring and Evaluating

Review




Risk Assessmentilethodology

(’ HAZOP RAM

‘.__Process safety design _ _ Equipment performance
A QRA N C RBI )
\___A_cgi_dggt_i mpact _/' Equipment integrity

SIL
(Equipment safety protection)

RCM (Reliability Centered Maintenance), RBI (Risk Based Inspection)
RAM (Reliability Availability Maintainability), SIL (Safety Integrity Level)
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Risk AssessmentCase Study (QRA)
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Risk AssessmentCase Study (SIL)

SIL Classification SIL Verification

Develop SRS

Select SIF

- Establish Design Intent ig:}o AS BLOWEY EUC

Identify Initiating Causes SIF = PAH, —
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v
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Risk AssessmentCase Study (RAM)

Report View Expert View

Fle Edt View Wildow Help

= ké @ |§||1ﬂ Report View |E| Expert View & Replay view SE Block View Maros
Executive Summary - ——
Based on a 100 simulation cycle run with a 10 vear life the average Annual Production Efficiency & Volumes
production efficiency is 99.988% within a standard deviation of +/- 20075 100
0.007%. 16080 9% 3
g 1205 % &
The average volume produced over life is 165,542 mbbls starting with = 52132 g; 2
20,071 mbbls in vear 2009 declining to 10,217 mbbls in vear 2018. = o @
g 3 2 3 4 o8 F o84
The average loss over life is 20.607 mbbls averaging at 2.061 mbbls per Time
AT — Production Efficiency % Bl Losses {mbbls) WM Production Volume (mbhls)
Subsystem Criticality Note:
Separation (35.566%) The performance simulator analyses a system's ability to produce and export product,
’ taking account of equipment failures and maintenance logistics, and reports this in
terms of a production efficiency.
The production efficiency relates the total volume of product produced to that which
. . would have been produced had all equipment nun without failure throughout the system
Compression (13.266%) life. Production efficiency is calculated as follows:
0l export (0.196%)
Produced \Water (50.672%) Production Efficiency =  Actual Production x 100%0
Potential Production

Executive Summa Production Criticality Cutage Data

R e S U ItS / 5um$rv Breakdown
Summary

| | . . .
Production Results Criticality
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Risk AssessmentCase Study (RBI)

=T Total Percentage
R 4. HIGH 4 3.33%
i 3. MEDIUM HIGH 27 22.50%
sl | o 2. MEDIUM 81 67.50% [_|
e 9
E: 1. Low 8 6.67% |:|
g Not Calculated 0 0.00%
]
[}
]
B Screening Level 0 0.00%
=]
I = Detailed Level 120 100.00%
£ 2
| -d
114

A B C D E
Conseq, Cat. (Overall) [USD]
5 3 19 62 31

Before RBI 29% 26% 13% 23% 9%

After RBI 2% 14% 24% 36% 24%
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Risk AssessmentCase Study (RCM)

FMEA & Risk analysis

Risk Analysis

Flant Code: HULL Flant Name: Belanak FF50 Hull
Equipment: Ballast System Overview
Tag Mo Tag Ty pefFailure Mode PoFiCoF Safety PoFiCoF Erm. PoFiCoF Prod Loss PoF/CoF Follow Cost Failure Effects/ Comments
TOLSK-516 Mot Anahzed 0.001-0.01 {prob L 0.001-0.01 {prob L 000 1-0.01 {prob 0.1-0.00) L 0.001-0.01 {prob 0.1-0.01) L Mot Anahzed
0.1-001) 01001 L eeie——ooo-
Mot Anahzed Mo [njury Slight E S=ct (<= 100L} Slight E fi=ct {<=2Hrs} Slight E fizct {==0. 1 Milly
TEZSP-B1T Fire Extinguicher, 002 Foeed 0.001-0.01 {prob L 0.001-0.01 {prob L 000 1-0.01 {prob 0.1-0.07) L 0.001-0.01 {prob 0.1-0.01) L Ceplefion of COZ supphy. Loss
0.1-001) 0.1-001) of reactive capability
subseguent fire
Spurioushy acivates Mo [njury Slight ESzct (<= 100L) Slight ES2ct {<=2Hrs) Slight E Szt {==0. 1 Milly
TEZSP-81T Fire Extinguisher, 002 Foeed 0.01-0.1 {prob 0.0140.1 {prob 001401 {prob 0.8-0.1} 0.01-0.1 {prob 0.8-0.1) Possible lo=ss of control of fire
225 L o =] B oororeresosan Y Possbilos stoontmlofire.
Fsils o activa & on firs Single faElity Locslised Efect Major Efzct (B-24 Hrs) Msjor E S=ct (10-25 Mill)
detection PLL10-30yr {1ODDL- 100D )
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Risk Based Management
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Risk Based ManagemenProcedures

- Risk A
Recognition

Establish
the context

ldentify
all hazards,
threats, &

4 )

Risk
Evaluation

Analyze the risks

Evaluate the risks

opportunities
- J

What matters?

What can go
Wrong (or right)?

o v

What is the risk?

So What?

-

o

Risk
Control

Develop
control plans

Implement
Control plans

\

4 )

Risk
Monitoring
Monitor

risks & controls

Review & improve
risk management

v

What do we
do now?

Let’ s doit!

system
(& /

Is it working?

Can we make
it better?
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L Audit. | Assessment I estigatic ﬁtﬂm
Systems Process a'hdAnall_mdﬂ Ceriification

SOP and Work Regulatory  Contractor Issues
Instructions ~ Compliance Management |dentification
Process Programs Syslams Process

Supply Chain  Supervisory  Community
Management Development Right-to-Know
Process Programs Program

Risk Risk Risk
Identification Assessment Strategy




Safety Management_adder

Word Class

HSE is how we do business round
here

_
Leading Edge

We work on the problems that we still

find
/V

Extended

We have systems in place to manage
all hazards

Core

Safety is important, we do a lot every time
we have an accident

Uncertainty

Who cares as long as we’re not caught
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Safety ManagementHSE Integrity & Safety Culture

HSE
Integrity

....................................

Safety
Culture

Measurement

Risk Based Management
Feedback

Risk Risk Risk Risk
Recognition Evaluation Control Monitoring
Trained and Competent Staff
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Safety ManagementStrategy

- Self

Control Safety

Culture
Risk Base

Manaement

We Improve
Advanced Process

Methods _Performance
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DNV'’s Services

= HAZID = International Safety Rating System (ISRS)

= HAZOP = Safety Culture
= Failure Mode and Effects Analysis (FMEA)

» Quantified Risk Assessment (QRA)

= SIMumtaneous Operations (SIMOPS)

= Fire Risk Analysis (FRA)

= Explosion CFD Study (ERA)

= Gas Dispersion Study

= RAM (Reliability, Availability, Maintainability) Study
= Safety Integrity Level (SIL) Analysis

» Risk Based Inspection (RBI)

» Reliability Centered Maintenance (RCM)

= Computer based Maintenance Management System (CMMS)
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Safeqguarding life, property
and the environment

02-755-7052 Hern.Chang.Lee@dnv.com

www.dnv.com
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