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Outline

» Background: Risk assessment for
carbon capture and storage (CCS)

» The Canterbury earthquake
sequence

» Exploring the application of BBNs
to volcanic hazard and risk
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Risk assessment in CCS
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Integrated Risk Assessment for CCS
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Primer on Baysian Belief

Showers on Sunday

CPT

Conditional Probability Table

Networks BBNSs

Adding evidence
Event A:

Showers on Sunday

Yes 70% Yes 70% -
No 30%| Il No 30% Lzs 9; ;’\!\—1
0|
Event B:
Showers on Monday CPT

- Showers on Sunday | Yes No Showers on Monday
Yes 70%| | Yes 91% 509 W) ‘
No 30%| R No 9% 50% e

P(B)=P(A)*P(B)+P(A")* P(B)
=0.7*0.7+0.3*0.7=0.70

P(A|B)=P(B|A)P(A)/ P(B)
P(A|B)=0.91*0.70/0.70=0.91
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Risk assessment in CCS: Model development
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Detecting CO, plume with 4D seismic experiment
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A Bayesian Belief network and structured expert
elicitation for detection of injected COy in a saline
acquifer with 4D seismic

Risk questions
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Detecting CO, plume with 4D seismic experiment

Training L Analysis &
workshop feedback

A 4 A 4

»
>

BBN structure

(seed
’ guestions)

Combination
of assessment

GNS Science

Risk assessment in CCS:
Structured expert elicitation

The application of seed questions in CCS expert elicitation
e en N

» Non-consensus process to capture
the full range of uncertainty

» Prior to elicitation, each expert
responded to 10 seed questions

» In the true elicitation, a weight was
given to the input of each expert
based on seed question responses

Seed Questions -

For expert elicitation in CCS =

Christophersen, A., Arnot, M., Gerstenberger, M.C., and Nicol, A.™

July 2013%
CO2CRC Report No: RPT13-4375%
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Risk assessment in CCS: Evaluating the seed questions
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Risk assessment in CCS: Key points

» Research project, working mostly with the scientists from within the
CO2CRC project.

Model development team was subset of model quantification team.
Initial reluctance, both to BBN as well as structured expert elicitation.
Positive feedback afterwards.

Deriving suitable calibration question was research project in itself!

YV V V VYV V

Outcomes now part of the Otway risk register and follow-up reservoir
modelling undertaken.
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Structured Expert Elicitation for a Time-
Dependent Update of the New Zealand
National Seismic Hazard Model for Canterbury
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The Canterbury earthquake sequence

Seismicity to 17th December, 2012
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[ Model development |

Use existing science and models already applied to New
Zealand data to estimate the seismic hazard in the
Canterbury region, for the next 50 years.
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[ Expert elicitation \

* Workshop 1: 3 days, 12 Experts & 50 target questions
covering source models to GMPEs

* Workshop 2: 1 day, 5 experts & 12 target questions on

GMPEs
Seed
Questions
e
Topic Expert
Presentations Discussions

Final
T | Individual Weighted
Responses Result

GNS Science




[ The Experts |

» Topics: Elicitation covered a wide range of topics from
geology, seismology, statistical seismology, PSHA,
ground motion prediction

» Experts: covering a similar & broad range of expertise,
experience and point in career
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[ Key points ]

* Expert uncertainties: A key goal is to understand how
well each expert estimates the uncertainties in their own
knowledge.

« Within your bounds: Getting the answer exactly correct
is not the overriding goal

* Thought process is important:

* To begin, establish what is known, no matter how big
the limits; understand these limits.

» Training Process: Seed questions help to set the scene
and establish thought processes for answering the target
questions.
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[ Model use and outlook J

» Informing rebuilt of Christchurch.

» Setting building code standards.

» Use similar method to up-date seismic hazard model for
all of New Zealand.

» Project ‘Rethinking Probabilistic Seismic Hazard
Assessment’.

Gerstenberger, M.C.; McVerry, G.; Rhoades, D.A.; Stirling, M. 2014.
Seismic Hazard Modelling for the Recovery of Christchurch, New Zealand.
Earthquake Spectra, 30(1): 17-29, doi: 10.1193/021913EQS037M
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White Island BBN project aim/ motiviation

» Apply the tools and methods that we
learned so much about, particularly
during the CO2CRC work to other
areas.

» Contribute our methods of risk
assessment to the life-risk question
for visiting volcanoes.
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White Island BBN project background

» Volcanic unrest since August 2012

» Limited access for volcanologists due to
life safety risks

» Annualised risk of dying
— >10%no access
— 104 short access
— 10° longer access
—  10%unlimited

» Volcanic monitoring team at GNS Science to analyse data and
provide geological advice to government agencies

» Regular eruption probability estimate; converted to annualised
risk of dying
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White Island: Model development
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White Island: Model development
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White Island: Model development
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Outlook

» Expert elicitation White Island in the near future to
guantify BBN.

» Intended as decision support tool as well as a prototype.

» Framework applicable to other volcanoes and also
modelling physical processes.

» Unsure about calibration questions yet.
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Our challenges

» How to conduct unbiased and defensible model
development?

» How to develop appropriate calibration questions?

» How to ease the elicitation burden, especially for BBNs?
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