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International Space Station
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Visitors to the International Space Station
by Country
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International Space Station

. Elements Currently on Orbit

ISS Configuration

As of May 2011 (ULF6 - STS-134)




International Space Station Assembly




International Space Station
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Complex Operations Dependent on Human Involvement




Repair and Maintenance Operations in a Hostile Environment
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Ongoing Resupply Operations




Isolated and Not Easily Accessible







Barrier Based Risk Management

P
@

Q O v
Major Accident |

Trajectory

&
/}/) /\(\ Ref?:fe\ry

The Frontline Group™



Deepwater Horizon
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Well Integrity
Was Not
Established or
Failed

Mechanical Bamriers

Hydrocarbons Entered the
Well Undetected and Well

Control Was Lost

Critical Fagtor

;
£
g
:

Well Monitoring

Hydrocarbons Blowout Preventer

Ignited on Did Mot Seal
Deepwater the Well
Horizon
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The Frontline Group™



BowTie Beginnings

Fault tree

no flow into
barrel E

no flow from
pipe B

no flow from
pipe C

pipe B not fed

pipe B

ipe C
blocked e

blocked

pipe C not fed

pump A
broken

barrel D
empty

pump A
broken

Liquid Release
(Two-Phase)

Obstructed release

Immediate ignition

Event tree

UVCE/FF Pool fire

Final event

Explosion + Pool fire

Flash fire + Pool fire

Release not ignition

Jet fire + Pool fire
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Explosion + Pool fire

Flash fire + Pool fire
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Release not ignition

The Frontline Group™



Basic BowTie

Basic BowTie
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Probabilistic Risk Assessment (PRA)

Probabilistic Risk Assessment Flow

i

Examples: I

: tg:: 2: If:?:ility End States 5 1
Shutd * Sequences of operation =

. Fir: e —> * Timelines 1

. Blowout List of consequence . Operat!onal Procedures i

« Leak of interest *'Qperationsl . Risk Levels for

« Exceedin RUIeSIAssumptlons Selected End States
limits 9 ‘- Malfunction Procedures'

 §

Cut Sets

—

* Hazard Reports

* Functional Table/Diagram SAPHIRE

Analyses <

« FMEAs - Contributors

* Previous risk e —— - Failure Scenario
assessments Combinations

« External event ¢ .
assessment _| P i ‘

* Training Manuals

» System Architecture

* Engineering Expertise
» P&IDs

* Human Error

* Common Cause

Relative Risk Drivers

* Customer Data

* Industry Databases
o OREDA
o ICON
o Well Master

* NPRD db

*« EPRD db

* Other Assessments




Probabilistic Risk Assessment (PRA)

Defining the PRA Study Scope and Objectives Initiating Events Identification Event Sequence Diagram (Inductive Logic)

L
gl

{ End state: Loc '

N

Event Tree (ET) Modeling Fault Tree (FT) System Modeling

Mapping of ET-defined Scenarios to Causal Events

’ I ) I I I End ‘ Not A
[3 A 8 c ) 3
State
oK Q Internal initiating events Grne of these events
I a External initiating events [ —
0O Hardware failure AND
FLoc O Human error - ‘\
&L0C a Software error one or more \
0O  Common cause failure / of these \
5 loc o lementan
Loe Q  Environmental conditions | o ]
6 L0C Q  Other \ /
Link to another fault tree -
Probabilistic Treatment of Basic Events . - .
N Model Logic and Data Analysis Review Model Integration and Quantification of Risk Scenarios
60| o
50 P
4’: o Domain Experts ensure that system failure logic Integration and quantification of
o . 20 is correctly captured in model and appropriate data ‘°"“° “‘“”“““‘E’T“":’ 1)
20 0 N X and propagation of epistemic
W 5 10] is used in data analysis ’ uncertainties to obtain
001 0 0.05 0.04  0.02 0.04 0.06 0.0 0.02 0.04 0.06 0.08
Q  minimal cutsets (risk
Examples (from lef 1o righ); Scenarios in terms of basic
Probability that the hardware x fais ded events)
Probability that th al o perform a likelihood of risk scenarios
Probabiliy that there would be a windy condition at the time of landing uncertainty in the
Q likelinood estimates
The uncertainty in occurrence frequency of an event
is characterized by a probability distribution
/P Technical Review of Results and Interpretation

Communicating & Documenting
Risk Results and Insights to Decision-maker

Q  Displaying theresults in tabular and graphical forms

Q Ranking of risk scenarios

QO  Ranking of individual events (e.g., hardware failure,
human errors, etc.)

Q  Insightsinto how various systems interact

Q  Tabulation of all the assumptions

Q Identification of key parameters that greatly influence

the results
Q Presenting results of sensitivity studies
Q Proposing candidate mitigation strategies




Probabilistic Risk Assessment (PRA)

Comparison of Simulation Data and CREAM Results

CREAM b --
“Land Too Hard” Ll L
sm e

“Failure to Lower CREAM B |
Landing Gear” n e
s e

“Brake at Wrong CREAM . | .
Time” EREnl IR
S .

1.E-06 1.E-05 1.E-04 1.E-03 1.E-02

The CREAM results have since been Bayesian updated using the simulator data






