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Location Map showing the Storegga Submarine Slide on
the Mid-Norway Margin
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Boundary of gas field
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Main Issues

» |s this area still prone to submarine slides?
« How were slides triggered in this area?

* |Is there still a possibility for new slides in the area,
which can threaten the Ormen Lange installations?

« Canthe ormen Lange activities alone or in combination
with natural causes, trigger a new submarine slide with
3rd party consequences?
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Risk Analysis Framework (NORSOK Standard Z-013)

Risk analysis planning

~

Risk acceptance criteria

~

System definition

-~

Hazard identification

Risk reduction measures

-~

~

Consequence
anal ysis

Frequency
analysis

Risk estimation |

<

Risk

Risk picture

analysis

Risk assessment

Part of safety management and risk control

Risk evaluation

unacceptable

P

acceptable

Further risk reduction measures
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Risk Analysis Planning

STOREGGA MODEL IDENTIFICATION OF POTENTIAL TRIGGER
SEDIMENT SOURCE MECHANISMS FOR
Understanding of/most AREAS FOR MAJOR & SLIDES CAUSED BY
likely explanation of the MEDIUM SLIDES IN THE ORMEN LANGE
Storegga Slide ORMEN LANGE ACTIVITIES.
INFLUENCE AREA.
HAZARD IDENTIFICATION - Reservoir subsidence
(trigger mechanisms): Influence areas determined
by potential effect of - Underground. blowout
Shear stress increasing Ormen Lange activities: - Hydrate melting
factors - Reservoir subsidence - Anchor forces
- - Underground blowout - Rock fills
- - Hydrate melting - Trenching
- - Anchor forces
- Rock fills
Shear strength decreasing - Trenching
factors
ACCIDENT MODELLING
Parametric studies to identify
most likely combination of
trigger mechanisms
The Storegga slide
Major slides today ERREEEEL TP EEEEEE S -
1
' RISK I
Small slides | of '
' SUB SEA SLIDES !
! 1
CONSEQUENCE MODEL | '
(3rd PARTY): ' !
| A |
TSUNAMI | !
Size and mass/velocity ! 1
relationships and impact 1 | | '
distance from slide. Find ' !
M ) ) ) .
minimum parameters to . Major slldgs Me_dlum Small slides :
. 1 (Tsunami) slides |
cause 3rd party fatalities. 1 |
! 1
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Extent of Potential Influence Areas

AREZA
AFFECTED BY
CONPACTION
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RAC (1st Party)

« Conventional RAC applied by operators in the North
Sea area

— Risk to personnel
GIR < 10 fat/yr

— Risk to environment
Duration of environmental damage to be insignificant
compared to the expected time between such damages
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RAC (3rd Party Risk)

« Normally not an issue for offshore activities

 Known formats

— Risk to most exposed person
— Society risk

not suited
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RAC
Chosen Criterion, 3rd Party

Risk is intolerable if the frequency of a slide with "signifi-
cant damage potential" generated by OL activities exceeds
107 per year.

Significant damage potential:

A tsunami wave must be generated
Vertical run-up must exceed 1.5 m in representative
coastal areas
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HAZID: Storegga Slide

Trigger candidates/destabilising
factors for the
Storegga Slide

Excess pore
pressures

)
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Storegga Slide - Explanation Model
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Storegga Slide - Explanation Model
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Storegga Slide - Explanation Model
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Storegga Slide - Explanation Model
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Risk under Present Conditions

@ SCANDPOWER Risk Management



HAZID: Present Situation with Ormen Lange

Trigger mechanisms
potential new slides

Natural triggers

Earth-
quakes

Gravity
(always
present)

Gas
hydrate
melting

A 4

May a combination of
natural triggers and Ormen
Lange activities generate a

slide with 1st or 3rd party
consequences?

Reservoir
gas
leakage

No  Yes \—i
A4

Ormen Lange

triggers
|
Fluid redistri Temperature Reservoir Anchoring
bution Blowout (wells) subsidence rock fills
trenching
Gas Gas Increased | [Seismicity
hydrates slope

I_|_l

Increased pore
pressure?

Reduced shear
strength?
|

——

Increased Reduced shear
shear stress? strength?

Documentation
of consensus

Quantitative risk
analyses required
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Consequence Model

Ormen Lange field
development area

UHTIE H‘|‘I1
Small Medium Major
Consequences: Consequences: Consequences:
Local, e.g. pipelines Global threat for the * Tsunami

* Onshore consequences
* Effect on offshore installations
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Type of Slides
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Calculation of Frequencies - Main Steps

Definition of
deep & shallow
failure surfaces

Reliability
model

i

Static
probabilities

—»

Post-
earthquake
probabilities

\

Update (slope
stable for 8000
years)

.

Annual
probabilities

(frequencies)

Uncertainty
analyses

v

System
frequencies
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Risk Estimation

~ pMajor slab E.,:Sediment volumes not|,.! No failure

Description of B available . )
trigger mechanisms | [2rong :
earthquake ! Yes
only realistic | ' Deep failure |, System || Remoulded strength low
: — trigger surfaces frequency enough for failed volume
Soil conditions mechanism instabiity - <4106 to flow away?
Shallow failure Frequency Remoulded strength not | No
surface > 10° > low enough for failed
volume to flow away?
Small Tsunami-generating? |  Major |
CONSEqUENCES |4 | Pynami < 102 -} consequences |
-5 1 1 1
10 :—»: ro <4.108 !
— 1| Sufficient runout to :
No Ormen Lange activity affects stability Retrogres-sive | reach field Medium
r-""""="=775 within influence area 1 slide develops|— installations? > consequensces
! i = By definition no major consequences Pounout < 5 103 <210
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Risk Summary
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Slide consequence class

Description of slide

Risk results
(frequency per year)

Comments

Storegga slide scar;
retrogressive process

1st party or 3rd party

environment
Major: Large regional slides related to Not relevant Not The prehistoric Storegga slide
Slide generates tsunami that the glacial/ interglacial cycles. relevant removed all soft sediments
causes damage along the (Volume range 100 - 3000 km?3)
coast.
(3rd party, 1st party risk and
environmental risk) Slides from the back walls of the <4.10% | Only natural causes (extremely

strong earthquakes).
No project generated risk
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Risk Summary

Slide consequence class

Description of slide

Risk results
(frequency per year)

Comments

1st party or 3rd party
environment

Medium:

Global threat to field
installations

1st party risk and
environmental risk

Slides from the back walls of
the Storegga slide scar;
retrogressive process

<2108 No risk

Far below Ormen Lange risk
acceptance criteria
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Risk Summary

Slide consequence class

Description of slide

Risk results
(frequency per year)

Comments

1st party or 3rd party
environ-ment
Small: Slide from back wall shallow 10° No risk Far below Ormen Lange risk
Local threat to pipe-lines and slip surface acceptance criteria
umbilicals . , . - .
1st party risk and Surficial slide in back wall <210 No risk Risk is acceptable, but detailed
i i evalua-tions of technical solutions
environmental risk Clay drape failures (in steep To be Norisk | 4re ongoing
areas) eva-luated
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Summary

 General risk analysis framework can be applied

« Ormen Lange field development activities have
negligible effects on stability (deep failure) and will not
trigger Tsunami-generating slides

« The annual probability of a slide with run out to the field
development area is almost zero and negligible
compared with RAC

« Shallow slide events and surficial slides can threaten
pipelines, but the risk is acceptable
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