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DISCLAIMER

This paper is an independent product of the 
CNWRA and does not necessarily reflect the 
view, nor regulatory position of NRC.  The 
NRC staff views expressed herein are 
preliminary and do not constitute a final 
judgment, nor determination of the matters 
addressed, nor of the acceptability of a 
license application for a geologic repository 
at Yucca Mountain
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Purpose

This study provides insights on sensitivity of 
seismic risk to parameters in the hazard and 
fragility curves
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Seismic Risk

• The probability of occurrence of a seismically 
initiated event sequence depends on 
performance of structures, systems, or 
components (SSCs) in the event sequence

• The mean annual probability of unacceptable 
performance of an SSC during a seismic event, 
or seismic risk, is determined by convolving the 
mean seismic hazard curve with the mean 
fragility curve of the SSC

SMiRT-19, August 12-17, 2007
Dasgupta, Shah and Chowdhury
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Regulatory Context

• The Code of Federal Regulations, Title 10, Part 63, for 
licensing of the potential repository at Yucca Mountain, 
NV, requires U.S. Department of Energy (DOE) to
– comply with dose performance objectives
– perform preclosure safety analysis and evaluate potential 

event sequences for hazards, including seismic events

• Dose performance objectives can be met by showing that
– a potential event sequence that may release radioactivity has 

a chance of less than 1 in 10,000 of occurring before 
permanent closure; or 

– radiological dose resulting from the event sequence is less 
than the regulatory dose performance objective  

SMiRT-19, August 12-17, 2007
Dasgupta, Shah and Chowdhury
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Seismic Hazard and 
Fragility Curves

An Example Seismic Hazard Curve, H(a),  
for Spectral Acceleration at 10 Hz

(a represents spectral acceleration SA)

An Example Fragility Curve, Pf|a with 
C50% = 3.0 g and β = 0.4 for Spectral 
Acceleration at 10 Hz
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C50% - median capacity
β - log standard deviation
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Annual Probability of 
Unacceptable Performance, PF
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Closed-Form Solution

PF = 3.4x10−5

Hazard curve discretized into 
N equal intervals

Product of hazard exceedance
value and fragility for each 
segment 

Sum product over N intervals

PF =  2.26x10−5

, KH = 1/log (AR)

AR - seismic hazard curve slope parameter
K1 - constant
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Annual Probability of 
Unacceptable Performance, PF

(continued)

Histogram and cumulative distribution of PF vs. 
spectral acceleration - numerical integration

Contribute approximately 
80% to PF

SMiRT-19, August 12-17, 2007
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Parametric Study

Effects of the following parameters on PF were studied:

A. Discretization steps - numerical integration

B. Low-probability range of the seismic hazard curve -
numerical integration

C. Slope of the hazard curve – closed-form solution

D. Log standard deviation of the fragility curve, β -
numerical integration

SMiRT-19, August 12-17, 2007
Dasgupta, Shah and Chowdhury
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A.  Discretization Steps –
Numerical Integration

1.00002.284120

0.99962.28360

0.99692.27730

0.99472.27224

0.99082.26318

0.97852.23512

0.88352.0186

Ratio =
PF,n / PF,120

PF
(x10−5)

n
Number of 

discretization steps

Note: H(a) and Pf|a , as shown in Slide 6
SMiRT-19, August 12-17, 2007
Dasgupta, Shah and Chowdhury

Provides 
reasonable 

accuracy
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B. Low-Probability Range of the 
Seismic Hazard Curve – Numerical 

Integration

(3)(2)(1)

1.02.263 10−9

1.02.262 10−8

0.992.254 10−7

0.972.186 10−6

0.781.766 10−5

Ratio
Column 2/PF @ 10−9

Probability of 
Unacceptable 

Performance, PF

(x10−5)

Annual Probability of 
Exceedance of Hazard 

Curve, H(SA)

SMiRT-19, August 12-17, 2007
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Note: H(a) and Pf|a , as shown in Slide 6

Contribution
below this 

range
negligible
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C.  Slope of the Hazard Curve –
Closed-Form Solution

SMiRT-19, August 12-17, 2007
Dasgupta, Shah and Chowdhury
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C.  Slope of the Hazard Curve –
Closed-Form Solution (contd.)

*AR = SA0.1H(a)/SAH(a), where a is spectral acceleration.

471.00.1349.161.34.66310−7

17.60.007656.941.43.62710−6

3.400.001094.901.62.60310−5

3.280.0004282.992.171.62710−4

----0.75310−3

PF

(x10−5)
K1KHAR*SAH(a)

PF by numerical 
integration = 2.26E−5

SMiRT-19, August 12-17, 2007
Dasgupta, Shah and Chowdhury

Note: Pf|a as shown in Slide 6
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D. Log standard deviation of the 
fragility curve, β –

numerical integration
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D. Log standard deviation of the 
fragility curve, β –

numerical integration (contd.)

8.310.70.8

6.48.240.7

4.65.870.6

3.03.820.5

1.82.280.4

1.01.290.3

Ratio
PF,(β)/PF(β=0.3)

PF
(x10−5)

β

0.251.750.8

0.291.990.7

0.352.380.6

0.453.060.5

0.634.320.4

1.06.850.3

Ratio
PF(β)/PF(β=0.3)

PF
(x10−5)

β

PF with Varying β for C1%= 1.0gPF with Varying β for C50%= 3.0g
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Conclusions

• In the numerical integration method, 
– approximately 18 points on the hazard curve provided 

reasonable accuracy in calculating probabilities of 
unacceptable performance in the example presented

– contribution of the seismic hazard curve beyond 10−7

probability of exceedance is negligible for this study

• For the closed-form solution method, 
– the use of slope of the seismic hazard curve, between 

and 10−4 and 10−5, gives performance results 
comparable to the numerical integration method

SMiRT-19, August 12-17, 2007
Dasgupta, Shah and Chowdhury
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Conclusions 
(continued)

• Probability of unacceptable performance of 
SSCs
– increases as log standard deviation, β, increases 

for the case where the fragility curve is based on 
the median capacity

– decreases as log standard deviation, β, increases 
for the case where the fragility curve is based on 
the 1 percent probability of failure capacity.  Using 
this approach, capacity at probability of failure 
greater than 1 percent is over-predicted when 
unrealistic value of β is used

SMiRT-19, August 12-17, 2007
Dasgupta, Shah and Chowdhury
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