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Outline: PSHA for PRA

• Basic concepts of a PSHA
• PSHA Methodology
• Results from a PSHA and Key Interfaces with 

Fragility and System Analysis
• An Important Insight on Natural Hazards
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Basic Concepts
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What is a PSHA
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• A plot of an estimate of the expected frequency of exceedence (over some 
specified time interval), of various levels of some characteristic measure of an 
earthquake (often peak ground acceleration). The time period of interest is 
often taken as one year, in which case the curve is called the annual frequency 
of exceedence.

• PSHA considers all possible earthquakes from all seismic sources that may 
impact a site, and accounts for the likelihood of any particular earthquake.



Seismic Source 
Characterization: 

SSC Model

Ground Motion 
Characterization: 

GMC Model
Base figure from 

Reiter (1990)

Basic Steps and Inputs in a PSHA
Sources and Treatment
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PSHA Hazard Integral – Reference Rock 
• For a given period or frequency:

𝜈 𝑥 = $
%&'

(

𝛼% 𝑚+,% --𝑓% 𝑚 𝑓% 𝑟|𝑚 𝑃 𝑆𝐴4 > 𝑥 𝑚, 𝑟 𝑑𝑟𝑑𝑚

Where
– 𝜈 𝑥 is the average frequency that ground motion parameter 𝑆𝐴4 will exceed 

a specified value 𝑥 at a site resulting from earthquakes from all sources in the 
region

– 𝛼% 𝑚+,% is the frequency of earthquakes greater than mmin from source n
– 𝑓% 𝑚 is the pdf for event magnitude on source n
– 𝑓% 𝑟 𝑚 is the pdf for distance to earthquake rupture on source n, which is 

usually conditional on the earthquake magnitude
– 𝑃 𝑆𝐴4 > 𝑥|𝑚, 𝑟 is the probability that given a magnitude m earthquake at a 

distance r from the site, the 𝑆𝐴4 exceeds a value 𝑥
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Probabilistic Seismic Hazard Assessment (PSHA) 
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§ Consider all seismic source scenarios - magnitude, distances, and uncertainty



Probabilistic Seismic Hazard Assessment (PSHA) 
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§ Compute the recurrence rate for each scenario



Probabilistic Seismic Hazard Assessment (PSHA) 
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§ Compute the ground motions for each scenario (and uncertainty)
§ Combine the scenarios (and uncertainty in the resulting ground motion) to determine 

the probability of ground motion exceedance



Probabilistic Seismic Hazard Assessment (PSHA) 
• PSHA results are actually a family of hazard curves developed for a range of spectral 

frequencies usually 0.5 Hz to PGA (100 Hz).
• For a single MAPE, the results can be plotted in a uniform hazard spectrum (UHS). 
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UHS – Response spectra derived so that the annual probability of 
exceeding the spectral quantity (acceleration, displacement, etc.) is 
the same for any spectral frequency



Uncertainty

Uncertainties in PSHA
Sources and Treatment

Aleatory

Natural variability

Not reducible

Addressed through integration 
over  parameter distributions

Epistemic
Modeling or knowledge 

uncertainty

Reducible with more 
information

Addressed through use of a 
logic tree



Uncertainty

Uncertainties in PSHA
Sources and Treatment

Aleatory

Integration over distribution of 
expected parameter values

Epistemic

logic tree of  technically 
defensible interpretations
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PSHA Methodology
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PSHA
OUPUT: Rock Hazard

• Where do earthquakes happen?
• How often do they happen?
• How big can they be?
• How strong will it shake at my site?
• How to capture uncertainties?

Site Response
OUTPUT: Soil Hazard

• What materials are beneath my site?
• Will they behave non-linearly?
• How does it alter rock hazard?
• How strong will it shake at my site?
• How to capture uncertainties?

Site Seismic Hazard
OUTPUT: PRA Inputs

• Site-specific seismic hazard curves
• Controlling earthquakes (scenarios)
• GMRS/UHS/FIRS
• Time histories
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Basic Steps in a PSHA

• Collect data on tectonics and geology
• Compile an earthquake catalogue for the region
• Define seismic source zones
• Determine magnitude-frequency relationships
• Select an appropriate set of GMPEs
• Calculate probability of each level of acceleration 

at rock level (rock hazard)
• Perform site response analyses
• Calculate probability of each level of acceleration 

at site control point locations
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Senior Seismic Hazard Analysis 
(SSHAC) Methodology

• The current PSHA methods are based on “SSHAC” process.
• The fundamental goal of a SSHAC process is to carry out 

properly and document completely the activities of 
evaluation and integration, defined as:

Evaluation: The consideration of the complete set 
of data, models, and methods proposed by the 
larger technical community that are relevant to the 
hazard analysis.
Integration: Representing the center, body, and range 
of technically defensible interpretations in light of the 
evaluation process (i.e., informed by the assessment of 
existing data, models, and methods).
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SSHAC Methodology
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• NUREG/CR-6372 NUREG 2117 NUREG 2213
• (1989) (2012) (2018)      

Updated 
Implementation
Guidelines for 
SSHAC
Hazard Studies



NMFS Logic Tree: CEUS SSC Project
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Ground motion generally 
decreases with distance and 
magnitude, but wave 
propagation in layered earth is 
complicated (interlayer 
reflections, scattering, damping, 
geometric spreading)
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Large scatter in data leads 
to significant aleatory 
variability about any 
given median model

GMPE’s: 
Aleatory Variability
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Results from a PSHA and Key 
Interfaces with Fragility and System 

Analysis



Site Specific Hazard Curves with 
Uncertainties

Vertical distribution 
Of hazard represents
Epistemic uncertainty
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Uniform Hazard Spectra
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UHS provide structural shapes that are used in plant 
response and fragility analyses 

UHS – Response spectra 
derived so that the 
annual probability of 
exceeding the spectral 
quantity (acceleration, 
displacement, etc.) is the 
same for any spectral 
frequency



Results from a Disaggregation Analysis
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Deaggregation analysis provides controlling magnitude and distance 
events for more realistic response analyses



Uncertainty Insights
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Impact of Hazard Uncertainties on SPRA Results
• Adopted from NUREG-1150, Vol. 2, Appendix C.11, Comparison of 

contributions of modeling uncertainty in response, fragility, and hazard 
curves to core damage frequency. -- Fixing the hazard at the median value 
(i.e. no uncertainty) results in an error factor of 3.5
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Pcm Base
Case

No Modeling
Uncertainty 

In Hazard

No Modeling
Uncertainty in

Response, 
Fragility

Mean 1.55E-5 2.25E-6 8.13E-6

95% 5.78E-5 6.53E-6 3.50E-5

50% 1.92E-6 1.87E-6 1.37E-6

Pcm (95%) /Pcm (50%)                      30.1                          3.5                            25.5

Mean Base Case/Alternate case    1.0                           6.1                             1.9



An Important Insight on Natural 
Hazards

• Our knowledge, data, methods, and models of 
natural hazards is continually changing and 
improving requiring evaluation of impact on plant 
safety.

• Impact on plant safety is function of hazard and 
integrated plant response and capacity.

• PRA provides a tool to evaluate integrated plant 
response for risk-informed decision making.

• Concepts of PSHA are applicable to natural 
hazards, such as winds and floods.
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