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1. It is now well established that the Rose Canyon and Newport-Inglewood fault zones are continuous, via thz South Coast Offshore Zone of Deformation. Consequently, the combined fault system is 
capable of large earthquakes (M>7). MFischer and Mills, 1991] 

2. It is now recognized that major detachment fault systems in the region are reactivated as thrust 
faults, some blind (not reaching the surface). The major Oceanside detichmentfthrust system 
underlies the San Onofre Nuclear Generating Station (SONGS). Consequently, large thrust or oblique-reverse earthquakes on this system may generate shaking levels in excest of the design level of SONGS units 2 and 3. [Bohannon and others, 1990, Legg and others.. 1992; Nicholson and others, 
1993; Crouch and Suppe, 1993. BDohannon and Geist, 19980 Mueller and others, 1998; Grant and 
others, 1999; Rivero and others, 2000] 

a. The SONGS site would not be 5-7 km from the epicentral zone, but instead directly above the potential fault rup•ure plane. Estimation of strong motion should use an epicentral distance of 
zero (0).  

b. Newer attenuation relations based upon recent large earthquake activity including the 1989 Loma Priert, California; 1992 Landers, California; 1999 Chi-Chi, Taiwan; 1999 Izmit, Turkey; and 
1995 Kobe, Japan, and moderate earthquakes including the 1994 Northridge, California: 1987 
Whittier Narrows, California; 1983 Coalinga, California; and 1984 Morgan Hill, California am 
more aurate in estimating ground motions than the relationships used for the Safety Evaluation 
conducted in the late 1970s. [Abrahamson and Silva. 1997; Boore and others, 1997; Campbell, 
1997; Sadigh and others, 1997] 

c. The recent earthquake experience has shown that near source effect are substantial, resulting in 
strong amp elicon of ground motions. The SONGS site lies directly above the 
detachrnentth t system, and therefore is subject to such effem These effects include 
focusing of energy due to the rupture propagation and hanging wall effects wherein the seismic 
energy is trped and amplified in the wedge of crust above the fault plane.  

d. As stated duinng my testimony during the NRC hearings in 1981, the reverse fault character of 
mcrore&rthquakes recorded along the Cistianitos fault trend in the mid.1970s and reactivation of minor faulting uncovered during site excavations is consistent with overall reactivation of ancient normal fault structures by a new stress regime involving northeast-direted shortening or 
transpression. This assertion has now been confurmed by recent geologic studies in the 
neighboring offshore region, and in fact., may have been deduced from the proprietary exploration industry data available to the Safety Evaluators in the late 1970s.  

3. Geologic investigations along the coast in the Carlsbad and Camp Pendleton areas to the south of the 
SONGS site have identi•ed numerous paleoseismic features indicative of prehistoric large earthquakes along the north San Diego County coastline. [Kuhn and others, 1996; Franklin and 
Kuhn. 2000; Kuhn and others, 2000] 

a. Abundant evidence of paleoliquefaction has been identified at numerous sites in the Carlsbad and Camp Pendleton area. This liquefaction involved Pleistocene terrace deposits, and in some 
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cases, older Eoce:e sirstone bedrock. It is rare that such older and densified, but not lithified, 
materials liquefy. Consequently, the recognition of such liquefaction in Holocece time, as 
eiident by involvement of Native American midden deposits, implies that the strong mocion 
(shaking) was very severe. Reasons to expect such s-vere shaking were outlined above.  

b. Some of the ground deformation features identified with the paleoliquefaction include sand blow 
deposits and craters, low-angle slip surfaces associated with lateral spreading, and numerous 
shaJlow sand filled fissures, sand injection dikes, and polygonal structures. Some of these 
feures look remarkably similar to featurts uncovered during the excaation of the building 
pads for SONGS units 2 and 3; the nmaun of these features was unrecognized or unknown at the 
time of the Safety Evaluations.  

4. Large active landslides along the coa.t immedi&ely south of the SONGS site, at San Onofre State 
Beach, may have been considered ancient for the Safeyt Evaluation drin the 1970s. The 
reactivaion, and continued movement for more than two (2) years demonar"as tUa the coastal 
bluffs are highly unstable along the north San Diego County coastline. Although the surficial 
i.thology and structure am somewhabt different at San Onofre, being in the hanging wall of the 
Cristianitos fault, the relative straight or smoothly curving character of the shoreline and coasal 
bluff suggests that some active coastal erosion mechanisms, possibly landsliding or block fills, have 
acted in the past in the San Onofre area to keep pace with the active landslde headward erosion of 
the coast to the south. This process needs to be investigated to determine what thra exists to the 
San Onofre site, and whether seawall installed provide, adequate protection for such processe.  
[E'lig, 1977; Kuhn. 2000] 

5. Locally generated taunami, from large nearby offshore earthquake or submarine landslide, is now 
recognized as a serious threat to coastal southern California. With the recognition of major oblique 
components to offshore faulting, including blind thrusts, resmaining bend uplift and transtmnsional 
sas along strik--slip faults, major seafloor displacement during large (Mag>6.5) submarine 
earthquake. are likely to generate tsunami that attack the so-athern California coast with destrucive 
force. Indeed, long term uplift of coastal marine terraces may attest to infrequent, but large tectonic displacements of the southern California coast. Furthermore, the steep slopes in unstable geologic 
materials on offshore ridges, banks, and basins, may generate large amplitude tsunami that can be 
locally destructive to the nearby coast, as occurred in Papua New Guinea. It is likely that large 
underwater latdslides would be triggered by severe earthquakes, and the possibility of both tectonic 
displacement and landslide inducement of tsunamis exists. Maximur expected run-up maps for 
locally generated tsunami are carrently being prepared for coastal San Diego County. The presence 
of steep coastal bluffs, like those near SONGS, also tend to amplify the wave so that narrow coastal valleys or lowlands may expect even higher wave run-up than broader low-lying coastal areas. [Field 
and Edwards, 1993; Lander and others, 1993; McCarthy and others, 1993; Kuhn and others, 1994, 1995; Legg, 1994; Watts and Raichlen, 1994; Bohannon and Gardner, 2001; Legg and Kamerling, 
2001; Locw and others, 2001; Tappin and others, 2001] 
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