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Use of risk analysis in development projects

m Topics
Experiences from work related to major accident risk for front end

studies and the JC — FPSO during Concept and FEED phases
Views on opportunities for suitable risk management in the oil and gas

industry during development projects.




The Johan Castberg FPSO — To be located in the Barents Sea
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Strategy and plan for risk analyses work in JC

The objective is to optimise the performance .
and use of analysis during the concept- , FEED- e
and EPma phases to a greater extent than
standard practise in similar projects performed.
Key subjects are:

= Initiate analysis only with a clear purpose
and with a detailing and timing that fits the
decision support needed in the project.

m Avoid extensive studies with questionable
benefit

m Assure timely input of safety requirements
and avoid late changes.

s Support the Design Accidental Load
specification and Safety Strategy for JC.

m Assure good quality in studies and a good
utilisation of study results in the project
development.

m Assist design development and optimisation
by close integration of risk analysis
expertise into the project organisation and
towards vendors
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Safety strategy (and DeAL)

azard identification

N

Safety strategy Quantitative risk analysis and

— Need of risk reducing measure ] other safety studies
- Role of risk reducing measure

-

l =~

Specific safety perfurm*e standards

- Hole

— Interfaces and utilities

- Functional requirements

— Integrity- availability and reliabfity
— Survivability

Specifications/philosophies for safety systems
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Eksplosjonsanalyser

Kunnskap om og praksis for implementering
av eksplosjonslaster er sveert varierende.
Noen steder blir det reflektert sveert
konservativt og andre steder sveert
mangelfullt. Enklere regler for implementering
jevner ut og gir totalt en bedre sikkerhet
(pastand)
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IDesign,explosion scenario

Y (m)

330
25— N

H
s20-{ 'H
315-|
310 1l
s M

= 0

300

Total loads on object BP6, job #400100

25

20

15

10

Force [kN), Pressure [kPa]

O i~ - - - BRSNS ICAEG =
DRAG = %z pu?

=5f| -~ Integrated force [kN] g
— F estimated [kN]

-10 Static pressure [kPa)
- = Dynamic pressure [kPa]

=13 0.70 0.72 0.74 0.76 0.78

Time [s)

IS AkerSolutions

© 2014 Aker Solutions Slide 8 March 7, 2017 Preferred partner




Hole size/pressure

Leak rate

Cloud size (Q9)

Design pressure
requirement

Process aft

Process forward

Turret

Cargo Deck

40 mm @ 60 barg

50-70 mm @ 14 barg

25 mm @ 70 barg

200mm @ 0.11 barg

6 kg/s

2-6 kg/s

3 kgls

3 —4kgls

1000-1500 m3

500-1000 m3

1000 m3

1000 m3

90 % (+AP, = 0,7 -
1,0; AP, = 0,25)

90 % (+AP, = 0,7 -
1,0; AP, = 0,25)

90 % (+AP, = 0,7 ;
AP, = 0,25)

90 %
(+APO =0,7; APd =
0,25)
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Suitable

?

Comments

Hazid

CRA

Emergency
preparedness
analysis

Operational
barriers and
safety critical
tasks analysis.

SIL/
performance
requirements

Yes

Yes/?

No

Important scope
High standing
Effective arena
Need for repetition due to:
*  Quality
* New people
Suitable as 3 party study

Effective to present/transfer experience

Suitable as integrated work, method to establish design requirements,
basis for DeAL, safety strategy and recommendations

Weak in probabilistic accuracy and consistency

Data dossier needs high focus (basis for relevant hazard or not)

Limited effect on early design

Important subjects but struggles to find working method to influence
design in an effective manner (too theoretical approach?)

Should have clear focus on major accidents

Less focus on the Machinery Directive, environment and asset
protection

Based on standard requirements. Risk based approach only in case
of deviation from standard design

Potential for significantly improved efficiency



DeAL Yes

Safety Strategy Yes

Bow — tie Yes
diagram

Integrated risk ~ Yes
assessment
work

Risk ?
management

« Based on:
* Risk assessment
*  Minimum requirements
* Required robustness
« Uncertainty in models and design development
« Cost of measures
» Decision document — to be established by engineering
» Basis for risk assessment
* Need input and improvement from CRA /DRA

« Scope under development
* (Hazard register)
» Description of priorities and strategies

« Simple but effective in improving risk understanding

» Very effective

» Challenging
» ALARP good in theory — but not in practice
» Methods / practice should be improved
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Other improvement topics related to risk assessment

m Risk consultants:
More focus on use of the analysis. Less focus on the ultimate calculation.

m Engineering: Improved description of SoW and needs.

m PSA: Limit unreasonable expectations to link between high level functional risk
requirements and design solutions. Contribute to closing the gap.

m Operators: Too much focus on repeated detailed calculation on well known aspects.
Need more focus on purpose and value.

s All:
Too much focus on transfer of responsibility to others (limitation of liability)?
Too complex analysis. Only the best ones has sufficient quality.
Improve data dossiers for major accidents. Assure traceability and description of concrete
accidents as basis for selection of relevant events to consider.
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Objectives for risk assessment process
according to Z-1013

a) suitable with respect to its intended objectives and purpose,
b) executed with a suitable scope and level of quality,
¢) tailored to the facility, system(s), operations, etc. of interest,
d) tailored to the required and available level of detall.

= . .
IS AkerSolutions

© 2014 Aker Solutions



~ A coin

tossis a

binomial
random
variable

= . .
IS AkerSolutions

© 2014 Aker Solutons ~ Slide14 7 March 2017



Frequency Of Heads in 3 Coin Tosses
Fercent Frequency
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From Plofam TN-6 Conclusions:

The strategy has been to build a model that gives a best estimate for future leak frequencies, i.e.
to create an unbiased model without built in conservatism. It is observed a significant decreasing
trend in historical leak frequency with time for installations on the NCS in the period after year
2000. The period 2001-2014 is used as basis for the model, but the historical frequency for all
installations on NCS the last 5 year period is 40% less than the average for the period 2001-2014.
Hence, presuming that the number of leaks at the NCS in the future will followthe observed
frequency for the last 5 year period, PLOFAM is regarded to give robust results for future average
leak frequencies for installations onthe NCS. The period 2001-2014 is used as basis for the
model to account for uncertainty in the data material and shifts in underlying casual factors (e.g.
emerging unknown degradation mechanisms due to age or changing operational conditions)
affecting the future trend in leaks occurring on installations on the NCS.

It should be mentioned that the historical leak frequency per installation at the NCS can vary
significantly fromthe NCS average, as a result of stochastic effects.
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Accumulated scenario frequency

lllustration of principle for selection of dimensional accidental loads
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Accumulated scenario frequency

[llustration of principle for selection of dimensional accidental loads

“\
N\
\
| Credible ‘\\ Dimensional Accidental
— Accident o —— Load
|| Scenarios
— ~ |/
NS | /
| N | /
- L // /
N N
— = N
— Residual \\
L {Accident —
| Scenarios N
] I~ ~—
- — I R [ — gy
[ | Maximum credible |[oad |Resivucs oad
bl B / Iy = 1 .
. L— 11—

Acident severity / accidental load : e.g fire duration, fire size, heat load and/or explosion load

== Accidental load combined with accumulated frequency
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Copyright and Disclaimer

Copyright

Copyright of all published material including photographs, drawings and images in this document remains vested in Aker Solutions and
third party contributors as appropriate. Accordingly, neither the whole nor any part of this document shall be reproduced in any form nor
used in any manner without express prior permission and applicable acknowledgements. No trademark, copyright or other notice shall
be altered or removed from any reproduction.

Disclaimer

This Presentation includes and is based, inter alia, on forward-looking information and statements that are subject to risks and
uncertainties that could cause actual results to differ. These statements and this Presentation are based on current expectations,
estimates and projections about global economic conditions, the economic conditions of the regions and industries that are major
markets for Aker Solutions ASA and Aker Solutions ASA’s (including subsidiaries and affiliates) lines of business. These expectations,
estimates and projections are generally identifiable by statements containing words such as “expects”, “believes”, “estimates” or similar
expressions. Important factors that could cause actual results to differ materially from those expectations include, among others,
economic and market conditions in the geographic areas and industries that are or will be major markets for Aker Solutions’ businesses,
oil prices, market acceptance of new products and services, changes in governmental regulations, interest rates, fluctuations in currency
exchange rates and such other factors as may be discussed from time to time in the Presentation. Although Aker Solutions ASA believes
that its expectations and the Presentation are based upon reasonable assumptions, it can give no assurance that those expectations will
be achieved or that the actual results will be as set out in the Presentation. Aker Solutions ASA is making no representation or warranty,
expressed or implied, as to the accuracy, reliability or completeness of the Presentation, and neither Aker Solutions ASA nor any of its
directors, officers or employees will have any liability to you or any other persons resulting from your use.

Aker Solutions consists of many legally independent entities, constituting their own separate identities. Aker Solutions is used as the
common brand or trade mark for most of these entities. In this presentation we may sometimes use “Aker Solutions”, “we” or “us” when
we refer to Aker Solutions companies in general or where no useful purpose is served by identifying any particular Aker Solutions

company.
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