
 
STATE-OF-THE-ART REACTOR CONSEQUENCE ANALYSES (SOARCA) 

LIQUEFACTION ANALYSES 
 

Prepared by 
Thomas Weaver, RES/DE/SGSEB 

January 20, 2012 
 
This is a short description and summary of ground deformation assessments associated with 
earthquake induced soil liquefaction at the Surry nuclear power plant performed for the State of 
the Art Reactor Consequence Analyses study.   
 
Laboratory and field data demonstrate that volumetric strain manifested as ground surface 
settlement occurs after earthquake induced soil liquefaction.  Analyses have been performed to 
estimate liquefaction induced settlements at the Surry nuclear power plant.  The objectives of 
these analyses were to confirm estimates of settlement presented in NUREG-CR 4450 [1] for an 
earthquake inducing a peak ground surface acceleration of 0.4 g at the site and to estimate 
surface settlements for an earthquake having an annual frequency of occurrence on the order of 
1x10-6 to 1x10-7 with an associated peak ground surface acceleration of 0.75 g.   
 
Geologic and geotechnical data used for the analyses was obtained from the Surry UFSAR [2] 
and the original geotechnical investigation report by Dames and Moore [3].  Boring logs from the 
Dames and Moore [3] geotechnical report were used to develop idealized geologic cross 
sections which show the depth and thickness of potentially liquefiable soils across the site.  The 
potential for soil liquefaction in sandy materials was estimated using the procedure presented by 
Youd et al. [4] and the magnitude of ground surface settlement was estimated using a method 
proposed by Ishihara and Yoshimine [5].  Tables of calculated factors of safety against 
liquefaction, volumetric strain, and ground surface settlement for peak ground accelerations of 
0.4 g and 0.75 g and associated earthquake magnitudes of 5.8 and 6.5, respectively, are 
attached.       
 
The estimated ground surface settlement associated with a peak ground surface acceleration of 
0.4 g, earthquake magnitude of 5.8, and a water table elevation of 5 ft mean sea level are in 
general agreement with the NUREG-CR 4450 [1] settlement estimates.  Ground surface 
settlements are expected to approximately double in magnitude when the peak ground surface 
acceleration increases to 0.75 g with an associated magnitude 6.5 earthquake. Table 1 and 
Table 2 provide a summary of estimated ground surface settlements for these two events: 
 
Table 1: Liquefaction induced settlement for a magnitude 5.8 earthquake, 0.4 pga, and 

groundwater table at 5 ft mean sea level 
 
Table 2:  Liquefaction induced settlement for a magnitude 6.5 earthquake, 0.75 pga, and 

groundwater table at 5 ft mean sea level. 
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