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Problem Statement 
•  Fukushima	Daiichi	accident	demonstrated	the	importance	of	accidents	
involving	multiple	units	and	highlighted	the	need	for	considering	multi-unit	
accidents	as	part	of	a	PRA.	

•  In	order	to	properly	understand	the	risk	at	a	multi-unit	NPP	site,	one	must	
account	for	the	dependencies	among	the	units	

•  Schroer	and	Modarres	[1]	classification	schema	!	earthquakes	classified	as	definite	
initiating	events,	i.e.,	they	will	affect	always	affect	multiple	units	

•  Unit-by-unit	basis	of	performing	PRA	
•  Analyst	performing	a	multi-unit	seismic	PRA	assumes	that	the	same	ground	motion	
intensity	is	experienced	by	all	the	units	at	the	NPP	site	(i.e.,	perfect	correlation)	

•  Analyst	assumption	is	not	realistic	because,	at	a	NPP	site	scale,	there	is	
spatial	variability	in	the	ground	motion	due	to	various	factors.	
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Research Objective 

•  The	overall	objective	of	this	research	is	to	develop	a	method	that	
allows	the	inclusion	of	the	spatial	variability	of	ground	motions	at	a	
NPP	site	for	use	in	a	seismic	MUPRA.	

•  Method	should	be	tractable	and	practical.	
•  Method	should	use	existing	PSHA	results.	

•  This	will	be	achieved	by	
•  characterizing	the	spatial	variability	of	ground	motions,	
•  integrating	the	model	of	ground	motion	variability	with	the	results	of	existing	
PSHA	results,	and	

•  developing	a	method	that	allows	the	spatial	ground	motion	variability	to	be	
addressed	in	a	seismic	MUPRA.	
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Scales 
• Based	on	the	idea	that	ground	motions	vary	on	a	structural,	site/local,	
and	regional	scales	
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Regional	scale	!	multi-site	PRA	

Site	scale	!	multi-unit	PRA	

Structure	scale	!	single-unit	PRA	

Scale	 Range	

Structure	 Up	to	150	m	

Local/Site	 150	m	to	1	km	

Regional	 >	1	km	



Distance Between U.S. NPP Units 

6	



Spatial Variability of Ground Motions 
• Definition:	“the	differences	in	the	amplitude	and	phase	of	seismic	
ground	motions	recorded	over	extended	areas.”	

7	Figure	adapted	from:	Zerva	(2009)	[2]	



Probabilistic Seismic Hazard Analysis 

8	Figure	credit:	Baker,	J.W.	(2008),	“An	Introduction	to	[PSHA].”	[3]	
PSHA	results	are	provided	for	a	“control	point”	elevation	at	the	site	(e.g.,	reactor	
building	foundation)	[6]	



Disaggregation of the Seismic Hazard 
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Figure	credit:	https://earthquake.usgs.gov/hazards/interactive/		



Existing Work 
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Brief Background on PGMs 

•  		

11	



Proposed Framework 
General Ground Motion Variability Model 
PGM representation and illustration of variables 
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Proposed Framework 
General Ground Motion Variability Model 
PGM representation and illustration of variables 
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Proposed Framework 
Streamlined Ground Motion Variability 
Model 
PGM representation and illustration of variables 
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Proposed Framework for MUPRA Metrics 
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Conclusion 
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