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A systematic and comprehensive methodology
to evaluate risks associated with complex
engineering and technological systems.

A guantitative evaluation of system safety

* |dentification, selection, and screening of PRA Moth

. e . mdl d Applicati
Initiating events odology and Applications

* Definition and modeling of all scenarios

* Initiating and pivotal events modeling Master logic Diagram

- Data development and risk quantification '

—— - ———— -

* Uncertainty analysis

 Risk importance ranking for risk reduction
and communication

1.0

apility

Time to Failure

Uncertainty Analysis
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Three Mile Island Nuclear Station

The assessment of plant failures leading to core
damage and the determination of core damage

Level 1 PRA
Plant System

LEVEL1PRA  m=)p>

frequency (CDF). =l R

The assessment of containment response leading,
together with the results of Level 1 analysis, to the
determination of release magnitudes and
frequencies.

-Evacuation

or Land
Contamination

The assessment of off-site consequences leading,

LEVEL 3 PRA | mmp> together with the results of Level 2 analysis, to
estimates of risk to the public.
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Event and Fault Tree Analyses

Functional Event Tree Example

Initiating Reactor | Short
Event Trip Term
Core

RX-TR  ST-CC

Long Initiating | Reactor Trip

Term Event
Core
Cooling |Cooling
LOCA Auto Manual ECI
(L) (A) (M) (E1)

Short
Term
Core
Cooling

IE = Initiating Event

RX-TR = Reactor Trip

ST-CC = Short Term Core Cooling

ATWS = Anticipated Transient Without Scram

2 Late-CD Success
3 Early-CD I
4 ATWS l

Failure

LT-CC = Long Term Core Cooling

SEQ= Sequence
CD=Core Damage

Building the Fault Tree
[

ﬁ ————— 3 Link contributors to

top event using logic gates

<«— 2. |dentify the direct
contributors

1. Identify the top event

\

5. Link contributors to
top event using logic
ol

\X / <— 4. 1dentify the second-
Basic event indicates tier contributors

the level of analytical
resolution
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Systemic Event Tree Example

SEQ# | State

Logic
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L*E1
LA
L*A*E2
L*A*E1

L*A*M



aeroser;  Application of PRA to Aerospace Industry

ROCKETDYNE

The essence of aerospace PRA

2. HOW FREQUENTLY DOES IT HAPPEN?
(SCENARIO FREQUENCY QUANTIFICATION)

_ . Scenario
> Ssang 2> Freuency
1. WHAT CAN GO WRONG? Evaluation
(DEFINITION OF SCENARIOS) Space Shuttle Challenger Accident
Initiating Event ) Scenario
Selection Development Risk Integration
> Consequence T

Modeling

3. WHAT ARE THE CONSEQUENCES?
(SCENARIO CONSEQUENCE QUANTIFICATION)

% e
h R AN

Space Shuttle Challenger
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Payload Nuclear Safety

Nuclear Safety Issues

* Pre-launch/launch issues focus on startup and inadvertent criticality

* Dispersal of fuel/toxic material * Iﬂad\_'EITEIlT criticality
(N 1d fuel. 1 potential
o startup = co el, low ) ]
consequences) . compaction _
0 Tesseo - immersion, flooding

T - wet sand immersion
“| - fuel relocation

impact

Propellant
fires

CASSIN| SPACECRAFT

4m Migh-Gan .
Arterra

Low-Gain
Anterna {100 2)

11m Magnetometer
Boom

' Rader Bay

Folds s
Particles Paliet

RadoPasma Wave
Subsyvtos Anteona
(1l

Remate Sersing
Paset

SUSNEghe (101 2D)

1 Interagency Nuclear Safety Review Panel
2 Responsible mission agency makes launch request
3 Launch approval as authorized by President

Nuclear Safety Review and Launch Approval Process

Launch Vehicle Data and INSRP
(NASA) _
Reviews Office of
The
Descriptions
(NASA) Report Office of
(DOE) Science &
Technology
Policy?®
& Test Data N
Arat Constitutes Panel
(DOE) Final Safety

Analysis Report

Report
(INSRP)

Mars Science Lab Rover Curiosity
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. PRA methodology can be applied to
Rig surface systems: . . e
-Gantry Crane Oil & G_as Systems tolldentlfy.

*Riser Elevator  Likelihood of undesired events

*Draw Works « Severity (magnitude) of the consequences
*Dynamic Positioning
*Etc.

Rig subsea and well control
systems

*Blowout Preventer (BOP)
sLower Marine Riser
Package (LMRP)

*Mud Flow System

*Etc.
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PRA Methodology can Help Identify

Potential Accident Scenarios

Macondo accident scenario could
have been identified using PRA

methodology

Potential Flow Path Through
Seal Assembly
(Discounted - Influx was through the shoe track)

DEEPWATER
HORIWZON
G

PPE

BLOWOUT
PREVENTER
SEAFLOOR
5087 FY

PPE

OIL AND GAS
RESERVOIR
18380 FT

§ TORIG
sLoOwWoOuUT PIPE
PREVENTER
ELECTRICAL ] HYDRAULIC

LINES LINE
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The blowout preventer
Is 54 feet tal.

ANNULAR PREVENTERS

Can create a seal around the drill
pipe or seal off an open wellbore
when there is no pipe

CONTROL PODS

Receive electrical signals from the
rig and direct the movement of
hydraulic fluki. Upper portion has
olectncal parts; the lower portion
has hydraulic valves. Only one pod
Is activated at & ime

BLIND SHEAR RAM

Cuts the drill pipe and completely
seals the wel

CASING SMEAR RAM

Cuts drill pipe or casing in an
emergency when the rig needs to
disconnect from the well quickly

ACCUMULATORS

Store fhusd sent from the ng. During
an emergency, pressurized flusd
from these canisters can provide
force to power the blind shear ram

PIPE RANS

Seal off the space between the
outside of the dnill pipe and the wed
bore and keep the pipe centered

TEST RAM
Used to test the rams above it
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Hydro-carbon Well Well Hydro- The BOP State Lugic
leakage Hydrostatic | flow carbon Emergency

through Control Control | Release Function
annulus Control
cement barrier

WI
(L) (W) (H) (F) (R) (B)

1 COK, No Leak L
rs Thru Shoe Track
Success 2 Leak detected, LW
WHSC applied
3 Failure of WFC, HC L*W*F
flow up thru riser
— HCRC failure, late  L"W'F'R
. release overboard
Failure - 5 Initial Blowout, LWFR
controlled BOPEF
5 BOPEF failure, late L*W'F*R*B
loss of rig
7 OK, BOP prevents  L*W*H
HC release
8 Partial release, early L*W*H*B
fire/exp. overboard
— . 9 Early blowout, cntl'd  L*"W*H*F
by HCRC and BOPEF
10 Early blowout, failed L*W*H*F*B
BOPEF. HC release
Macondo Event uence EE—— Early blowout, cntl'd L"W*H*F*R
% | BOPEF
_— 12 Early blowout, fire L*W*H*F*R*B

HC = Hydrocarbon . .
explosion, loss of rig

* Based on information provided in the BP Deepwater Horizon Accident Investigation Report, 9/8/10
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PRA Level M Aerospace Offshore Oil
«Systems analysis «Space shuttle systems analysis *Rig systems failure analysis
*Core Damage Frequency *Calculate probability of loss of *5ubsea systems failure analysis
Evaluation vehicle *Hydrocarbon release frequency
«Consequence analysis *Calculate probability of loss of evaluation
*Uncertainty analysis crew «Consequence analysis
*Uncertainty analysis *Uncertainty analysis
*Lossof Rig="?
«CDF = 1.0E-04/RY™ «LOCY =1/65 flights
2 «Containment analysis MA MNA
«Containment failure modeling
and probability
*Uncertainty analysis
*Probability of release to
atmosphere = 1.0E-05/ RY™**
3 *Hadionuclide release modeling *Muclear safety analysis for *Hydrocarbon release modeling
«Source term calculations space nuclear power systems «Environmental damage
*Human fatality estimates (Cassini, MMRTG) estimates
*Environmental damage *Radionuclide release modeling *Uncertainty analysis
estimates =Source term calculations
*Uncertainty analysis *Human fatality estimates
*Environmental damage
estimates «Severe release of Hydrocarbons
*Uncertainty analysis to environment = ?
«Earthquake «Micrometeorite/ Orbital Debris «Earthquake
EX‘ternal Events *Flood (MMOD) *Hurricane
«Fire «Sabotage *Object/ iceberg/ vessel impact
«Wind «5abotage
«5abotage «Aircraft Impact
«Aircraft Impact
CDF = Core Damage frequency LOCW = Loss of Crew and Vehicle *Ref. NUREG/BR-0058, Rev. 4
RY = Reactor Year =*Large Early Release Frequency (LERF)
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PRA Level Nuclear ____| Aerospace ___| Offshore Oil

=MNRC (Commercial) =MNASA (Shuttle Flights, 1S5) Primary 0&G Regulatory
REQUlatOW -Aanrc:e (Unmanned Rocket Agency= BSEE?
launches) -EPA
AgenCIES =D0E (Government) «D0E (Muclear payloads) -lJS Coast Guard
D0OT
«[NFO (EPIX Datab MNA *APIICOS (AP] 17N
Industry (EPIX Database) APLTN)
Representatives
R A -Defense in depth =Risk Informed Approach -Defense in depth?
P Management =Risk Informed Approach «MNASA SRP Review Risk Informed Approach?
Appmach =Living PRA =Presidential Approval on nuclear  -Living PRA?
payloads
=AF Range Safety Approval
(MSPSP)
MRC = Nuclear Regulatory Commission ISS = International space Station
DOE = Department of Energy SRP = Safety Review Panel
INPO = Institute of Nuclear power Operations AF = Air Force
EPA = Environmental Protection Agency MSPSP = Missile Systems Prelaunch Safety Package
DOT = Department of Transportation BSEE = Bureau of Safety and Environmental
EPIX = Equipment Performance and Information Enforcement
Exchange APl = American Petroleum Institute

COS = Center for Offshore Safety
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A standard risk management approach such as PRA will be able to
help oil and gas industry, especially offshore olil drilling improve safety
and reduce hazard risk

* PRA analysis for offshore drilling and production operations (as well
as onshore) can benefit from the nuclear and aerospace industries
past experience

 Oil and gas regulatory agencies (e.g., BSEE) can identify target
frequencies for consequences such as:

— Loss of rig due to fire/explosion
— Severe release of hydrocarbons to the environment

 Oil and gas Industry representative agencies such as API can
develop failure rate databases that can be used by the entire industry
and utilized in the oil rig PRA

This document does not contain ITAR or EAR technical information

12



