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Level 2 PSA ResultsLevel 2 PSA ResultsMODULE 9:



Outline of DiscussionOutline of Discussion

Parameters for describing results of a Level 2 PSAParameters for describing results of a Level 2 PSA
Results of a Level 2 study as standResults of a Level 2 study as stand--alonealone
Data required to support Level 3 PSAData required to support Level 3 PSA
Information to support severe accident management studiesInformation to support severe accident management studies

Dangers to avoid in comparing results to studies of other Dangers to avoid in comparing results to studies of other 
plantsplants



Level 2 PSA Results as Level 2 PSA Results as 
StandStand--alone Informationalone Information

Quantitative measures of a plantQuantitative measures of a plant’’s response to severe s response to severe 
accidents include:accidents include:

Containment performanceContainment performance
Conditional probability of containment failure by Conditional probability of containment failure by ““modemode””
(time, size & location)(time, size & location)

Source termSource term
Probability of Probability of exceedanceexceedance for source terms of various for source terms of various 
magnitudemagnitude
Frequency of a release greater than a criterionFrequency of a release greater than a criterion

–– For example, For example, ““large earlylarge early”” release as defined in by regulators in release as defined in by regulators in 
the USA or the U.K.the USA or the U.K.



Example Containment Performance ResultsExample Containment Performance Results
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Containment Performance Results (2)Containment Performance Results (2)

Tabular results provide quick 
comparison of a Baseline analysis to 

Sensitivity Cases

Leak Rupture Leak Rupture Leak Rupture

< 0.1% 1.1% < 0.1% < 0.1% 7.2% 0.9% 90.7% < 0.1%

Station Blackout 
Only < 0.1% 5.4% < 0.1% < 0.1% 16.2% 0.3% 78.0% < 0.1%

No Containment 
Vent < 0.1% 1.2% 0.2% < 0.1% 35.8% 2.9% -- 60.1%

No Containment 
Flooding < 0.1% 1.2% < 0.1% < 0.1% 61.8% 1.6% 35.3% --

No Vent & No 
Flooding -- 1.2% 0.2% < 0.1% 85.9% 12.7% -- --S

en
si

tiv
ity

 C
as

es

No Failure

Analysis Case
Baseline

Isolation Failure Early Containment Failure Late Containment Failure Containment 
Vented



Example Source Term ResultsExample Source Term Results
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• Many ways to describe 
source term results:

Frequency of exceeding 
different release 
magnitude
Conditional probability of 
a “large” release

For each PDS
For a specific 
containment failure 
mode



Level 2 PSA Results as Input to Level 3 Level 2 PSA Results as Input to Level 3 
AnalysisAnalysis

Data requirementsData requirements
Frequency of a spectrum of source termsFrequency of a spectrum of source terms
Source term described bySource term described by

Released mass of each radionuclide species as a Released mass of each radionuclide species as a 
function of timefunction of time
Energy of release(s) Energy of release(s) ---- carrier gas enthalpycarrier gas enthalpy
Elevation of release(s)Elevation of release(s)

TimeTime--variations in release usually simplified variations in release usually simplified 
Level 3 consequence codes usually require Level 3 consequence codes usually require 
continuous release history be converted to step continuous release history be converted to step 
functionsfunctions



Reducing Level 2 Source Term Information to Reducing Level 2 Source Term Information to 
Level 3 InputLevel 3 Input
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Cautions:  Cautions:  
Comparing Level 2 PSA Results Comparing Level 2 PSA Results 

Results of a Level 2 PSA must be interpreted with a clear Results of a Level 2 PSA must be interpreted with a clear 
understanding of study objectives and modeling assumptionsunderstanding of study objectives and modeling assumptions

Differences in objectives/assumptions between studies can Differences in objectives/assumptions between studies can 
preclude meaningful comparisons of resultspreclude meaningful comparisons of results

State of knowledge in severe accident behavior has changed State of knowledge in severe accident behavior has changed 
considerably over the past 20 yearsconsiderably over the past 20 years

Comparisons of results between new and old studies may Comparisons of results between new and old studies may 
reflect changes in knowledge; reflect changes in knowledge; notnot plantplant--specific specific 
differences in performance.differences in performance.



Examples of False ComparisonsExamples of False Comparisons

Conditional Probability of Conditional Probability of ““EarlyEarly”” containment failure or containment failure or 
a a ““LargeLarge”” releaserelease

Different studies use different definition of Different studies use different definition of ““earlyearly”” and and 
““largelarge””

Source terms for Source terms for ““similarsimilar”” sequencessequences
General terms such as General terms such as ““station blackoutstation blackout”” or ATWS are not or ATWS are not 
specific enough to permit plantspecific enough to permit plant--toto--plant comparisons of plant comparisons of 
source terms.source terms.



Use of Level 2 PSA in Severe Accident Use of Level 2 PSA in Severe Accident 
ManagementManagement

PSA results provide a basis for setting prioritiesPSA results provide a basis for setting priorities
Prevention (Level 1) versus Mitigation (Level 2)Prevention (Level 1) versus Mitigation (Level 2)
Causes of early or large releases (i.e., root causes of high Causes of early or large releases (i.e., root causes of high 
consequences)consequences)

PSA results can be used to PSA results can be used to ““measuremeasure”” value of proposed value of proposed 
accident management measuresaccident management measures

Change mode of containment failure (e.g., vent versus Change mode of containment failure (e.g., vent versus 
structural failure)structural failure)
Reductions in magnitude of releases (e.g., fire water as Reductions in magnitude of releases (e.g., fire water as 
surrogate for containment spray)surrogate for containment spray)



Level 2 PSA Results:  SummaryLevel 2 PSA Results:  Summary

Results of a Level 2 PSA can be expressed in many Results of a Level 2 PSA can be expressed in many 
different waysdifferent ways

Qualitative information on severe accident Qualitative information on severe accident 
progression and mechanisms for containment progression and mechanisms for containment 
failurefailure
Quantitative information on failure probability and Quantitative information on failure probability and 
resulting radionuclide releaseresulting radionuclide release

Comparisons of results to those from other studies Comparisons of results to those from other studies 
must be done with cautionmust be done with caution
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