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PROBABILISTIC SEISMIC HAZARD CASE HISTORIES 

Purpose of Talk 

To present a few case histories illustrating the application of 
probabilistic seismic hazard analysis. 

• 	 Regulatory context of studies 

• 	 Use of studies for decision-making 

• 	 Methods for incorporating earth sciences data and 
uncertainties 

• 	 How expert judgments are included 

• 	 Comparisons of probabilistic and deterministic analysis 



SOME COMMON APPLICATIONS OF PSHA 


Nuclear Power  Plants 

• 	 Regional studies in EUS (e.g., EPRI, LLNL) 

• 	 Site-specific studies in WUS (e.g., Diablo Canyon, Satsop) 

• 	 IPEEE evaluations of seismic margins (e.g., Palo Verde, SONGS, 
WNP-2) 

DOE Nuclear and Non-nuclear Facilities 

• 	 New facility design (e.g., NPR at INEL, SRS) 

• 	 Design review (e.g., Hanford, Rocky Flats, INEL) 

Major Bridges and Highway Structures 

• 	 Regional studies for design and review (e.g., IDOT, ODOT, ADOT) 

• 	 Site-specific design review (e.g., SF Bay, L.A.) 

Dams 

• 	 Design review (e.g., FERC, commercial owners) 

• 	 Check on deterministic (e.g., Bureau of Rec., COE) 

Building Codes 

• 	 Federal maps (e.g., USGS maps, BSSC) 

Commercial Facilities 

• 	 Large building design (e.g., SF, L.A.) 

• 	 Large facility review 

• 	 Integrated risk assessment (e.g., spatially distributed facilities, 
other NPH) 



DIABLO CANYON NUCLEAR POWER PLANT 
LONG TERM SEISMIC PROGRAM 

• 	 Purpose: satisfaction of condition on operating license; 
input to analysis of risk 

• 	 Scoping study PSHA to identify significant issues, GSG 
studies 

• 	 Extensive program of data collection; interaction with NRC 
staff and consultants 

• 	 Consensus assessments of uncertainty by large project 
team; participatory consulting board 

• 	 Extensive NRC staff review with consultants 

• 	 Both probabilistic and deterministic seismic margin review 



Sam Simeon 
S~u~ Area 

%% % " ~  

0.12--- 
 %++.~.% Skmm 

,,,\ 
P, -

\ 

EXPLANATION 	 %%%% 0 lOkm~',, | ! 

F ~ " I  .'~rea of detMied marine terr-'~e im,'e~,4~tions 


~ "  -	 Fault; dashed wheee appmximatoty Iocatocl, tooth 
indicate dip d6mction ~ low awq~e laull, arrows , 
Ino'~le relalive ~nee.el  dio;,le<:,ee.~ 


0.I+ Late pJouxx:ene ~ t .  ++2o~) .p~ ra~ (n~yr) 

0.16" UI:Wt rule (m~kyr) Nee(I on Ihe ~ and 


es~ ,md  aS, (.-No ks) of me (<37) rowan, mace 

CF Cambria Faull " \ - - 5  ' 
 ,,? 

CFZ Casmalia F~I I  Zone 
HFZ Hosgri Faull Zone Plwm 

LOFt Los Osos Faull Zone 
~P
% 

OCF Oceanic Faull Lu~ 
OF Oo~ano Faull 

OLF Olson Faull 
PF Pecho FIuII 
PS Putisima Slruclum 

8LBF San Luis Bay Faull 0.18" 
8SFZ San Simeon FlUl  Zone 
WAF Wilrnar Avenue Fa~ 

WHIZ West H.mna Fruit Zone % 
1 2 1 ~  	 % 

• %qSan Lui$ 
I l m lFUh,~ ~ 
Mira  

Area 



Chapter 3 Page 3-21 

Tec~v~ue UeU~ (mm/~) 0immuo,a~ 
- ~  I(~), ~") I=l (-)'l ( - )  I' - ' - ' - iI (-) ! I I"(..) 

2O 

I~mm tml~ 
! O.S It 

* *eOm c6 / /  (0.~)
$tn~!  
 (~ (0.5) 0.o) "~ To~a.~0m, a ~ i y  (o.4p \ o ~  


\ (9 "L'~ - (o.o)(o.t)(o.4) (a~a) (o.,) \" (0.4) 
(o.~) 

t 

(~0) 
110 

9 SW m 

e6 
m(¢.~) Plume Laewpm 0.4 v 0.2 h 

?o (O.5) / ~2s) c , , , , ~  
o 


(i.0) (0m (I.0) \ n ,o~,  **e= • ele//0.4 v 0.4 h/ (0 *) 

(0.5) 
I I  

m
(o.2) (~ )(o.0 ~ ) )  • v 0.8 h (0~) 

IO 
! l W  ~O 

m 

m~P*ur, Le,c~ 
,IS (~4) 

(n~) (0~) 0.o) \ h , ~ - *  Ar,o h* ,  o.4. _ /  (o4) 
(~S) -

(o.*)(o.~) (o.~(o.~) 

Noqms :  

Vadum tn a~onthem are amtmlnilhlm 
h o horlzontd canmonmt of dl~ rim, 

ILriIum 3 -5  
I.osk: tree for Hq~pi ~ zone. 

I lmo ~ emm g'tm 
r'Jc~ ~s ~ F.kctm r .mmv Unl  l~m Sdmk: I'lrqrm 



ChaFter 3 Page 3-34 

.8 

, 4m 
w 
. D  

0 
t m  

O .  
0 

4),# 

m! . 4  

E 
( J  

2 

0 

.3 ' I " . . . .  I ' I ° I " 

m e a n  ,,  7 . 0  

.2. 

e. .1 

.-: ::::':.:.. 

0 I J ' ':";:::::':::'~:~"':" I t "  

U 6 6.5 7 7.5 8 

Magnitude 

Figure 3-9 

Ma.~amm inaptitude dismbution for Hossri fault zone. 
Xatd.LqP~J~9 

m a ~  c ~ i  f~n~ Pt~t 

zmc 6as m ~ . t ~  c o m ~  tree ~ma Smm~ Pmlma 



WNP-3 SATSOP NUCLEAR POWER PLANT 


• 	 Purpose: to answer NRC question to FSAR for licensing; 
probability of exceeding SSE 

• 	 Significant change in perceived hazard due to Cascadia 
subduction zone; strong diversity in scientif ic 
interpretations 

• 	 14 experts elicited in individual interviews; extensive 
documentation 

• 	 Component-level aggregation to examine technical issues 

• 	 Used by NRC staff to evaluate "conservatism" of SSE; little 
basis for comparing p(exceedance) of WUS sites 

• 	 Diversity among experts a significant contributor to total 
uncertainty 



Queen 
Chado~e 

Fault 

130 ° 
I 

125 ° 
I 

1 2 0  ° 

\ BRITISH 
COLUMBIA 

• .50 ° 
Explorer Ridge 

Explorer \ 

51)"-

Sovanco F.Z. 

Nootka F.Z. 

Seattle 

~ t  
~! e 

_.. 
S A T S O P  

S I T E  

4 5  ° 

J U A N  D E  FUCA 
PLATE 

' ~ ~ ~ 	 D " - - "  -- ' ' - - "  ¢/) = . ,Ip,- - - - °  

PACIFIC PLATE 

Gorda ~ 1  ~ ~ 

A ., ii
South . 

, i!ic= I 

I
!~ 4 0  o -/- Mendocino 

- I "  

CALIFORNIA 	 ! 

L
%200 km 


I 


San Andreas Fault Francisco 

1 3 0  = 	 125 ° 120~ 
f 	 I I 



Oceonlc Store of Moximum Moxlmum I Recurrence or C, eoloqlc Seismic Mo(~nitudeSlob Sources Segmentotion I Extent/¢tMty Mognitude Method Coupl~r~ DistributionGeometry of Rupture Rote 

20 mm/~ 0.2 F'xponent;ol 

wide Moment 30 mm/F 0.3 ~//Chorocter;st;c 
Intro-Slob 

Unsegmented/ 8.5 l 40 mm/y¢ 0,4 \Mox  Moment 

Model A Inteffoce/ 
Active 

Inoctive 

/ 

\ _  
"~ norrow / 8.75

\-,i 
Ceolo~c 

~ / 

1 / 

300yr 

4(~ yr e N/A 

[xponent;ol 

other 

Model B 



10 -I 

q~ 

% 
% 

Aggregote over 14 experts 
Medion for ind;vidual experts 

n~ 
q~ 
qP 

10 -2 % 
% 

% 

r~ 
- . .  

10 -'~ 

% 
% 
% " x  "%~,~" .".:.c- 

• 85t,~ 

v~ 
% .  • 

• % 

% 

' ,~ 

1 0 - 4  % 

% 

• 1 

% 
% 

lO -S  L 
.1 .2 .3 .4 .5 

Peak, A c c e l e r a t i o n  

. 6  

(g) 
. 7  



10 -! 
 I ' I : ' I I : ' I ' I ' = ' I ' I ' 

Expert  1 Expert  4 Expert  7 Expert  1 3 
i ' I ' ] ' 

~ i0  -2 
H 

~' Io-3  
g 

"~ 1 0 - '  

10-5  i I , I , , I i I , , I , I , , i , i , t 

10 -I • I I ' ' I i ' : ' J ' I ' : ' i ' I ' ' I ' I ' 

qlV Expert  2 Exper t  5 Expert  8 Expert  1 1 Exper' l  14 

1o -2 

r~ 

I0 -s 

1 0 _ a  

10-5  , I , I , , I , I i , I , I , 

1 0 - 1  : ' I ' I ' : : ' I ' I ' : : ' I ' I ' I ' 

Expert  3 Expert  6 Expert  9 Expert  12 Aggrega te  

1o-Z 

~ i0-,I 

"~ 1 0 - "  

10-s i l , l , , I , I , , t , ! , , I , I , , I , I , 

.I .3 .5 .7 . I  .3 .5 .7 .I .3 .5 .7 .1 .5 .5 .7 .t .3 .5 .7 

PeaJc Acce&eraJ'Lo~ (g) PeaJc Accetera~<~n (g) Pea.k Acce~ 'a~on (g) Peak A c c e ~ a t ~ n  (g) Peek Accel.e'ral'ion (g) 



SAN FRANCISCO BAY AREA BRIDGES 


• 	 Purpose: define ground motion levels for design review of 
Caltrans bridges 

• 	 Site-specific assessments to be used for decisions 
regarding seismic retrofit 

• 	 Incorporation of fault-specific paleoseismic studies, 
tectonic models, recurrence models, seismicity 

• 	 Carried out by project team with consulting board review 

• 	 Selection of design through comparison of probabilistic 
and deterministic results 
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DOE FACILITIES AT HANFORD, WASHINGTON 


• 	 Purpose: define ground motion levels for design review 
and for new design criteria 

• 	 Interpretations from project team including site technical 
personnel with extensive experience 

• 	 Alternative tectonic models considered in the PSHA 

• 	 Results to be used according to performance-based criteria 
of DOE Standard 1021-92 
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Figure 1-1: Relationship among Facility Hazard Class/Category, SSC Performance Category and 
Pertinent DOE Orders and Slandards. 
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BULL RUN DAM SITES, OREGON 


• Purpose: define ground motions for FERC safety review 
using both probabilistic and deterministic approaches 

• Particular interest in 
earthquake sources 

incorporating new knowledge of 

• Source interpretations made by project team 

• Probabilistic results used to establish "conservatism" 
mean and 84th percentile deterministic results 

of 
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" 	 LESSONS LEARNED FROM PSHA IN PRACTICE 


• 	 Deterministic approaches do not take into account 
likelihood of occurrence (rate) and uncertainties; design 
values were often contentious 

• 	 Probabilistic approaches have gained increasing use as 
methods have become better understood; rate-related 
parameters (slip rates, paleoseismic recurrence intervals, 
elapsed time, etc.) focus of research 

In some cases both deterministic and probabilistic results 
are desired to compare the two. The deterministic 
assessment is not a 'worst-case'; probabilistic analysis 
quantifies the likelihood of exceeding the deterministic 
case 

• 	 Probabilistic assessments incorporate uncertainties in 
models and parameter values; we have grown accustomed 
to acknowledging explicitly these uncertainties 

• 	 The burden and advantage of probabilistic approaches is 
the extensive documentation required to justify various 
models and parameters; such documentation is now 
commonplace in PSHA for critical facilities 

• 	 A variety of approaches have been used to capture 
differences in interpretations of data in PSHA; accepted 
approaches include elicitation of multiple experts 
individually; expert consensus assessments of 
uncertainties; and assessments by a single team with 
review by peer reviewers 


