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UNITED STATES OF AMERICA 

NUCLEAR REGULATORY COMMISSION 

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD 

In the Matter of ) Docket Nos. 50-361 OL 
50-362 OL 

SOUTHERN CALIFORNIA 
EDISON COMPANY, ET AL. ) APPLICANTS' TRIAL 

MEMORANDUM - GEOLOGY 
AND SEISMOLOGY 

(San Onofre Nuclear Generatinq 
Station, Units 2 and 3) 

I 

Introduction 

Southern California Edison Company, San Diego Gas & 

Electric Company, City of Anaheim and City of Riverside 

("Applicants") are co-owners of San Onofre Nuclear Generating



Station, Unit Nos. 2 & 3 ("SONGS 2 & 3"). Applicants hold 

Construction Permits for those units and it is projected that 

construction of Unit No. 2 could be completed by August 1, 

1981.  

On or about March 22, 1977, Applicants filed their 

Application for Operating Licenses for SONGS 2 & 3. On 

April 7, 1977, notice of filing that application was 

published in the Federal Register, 42 Fed. Reg. 18460.  

Pursuant to said notice, various petitions to intervene were 

filed and subsequently allowed. On May 12, 1977, an Atomic 

Safety and Licensing Board ("Board") was established and, on 

December 6, 1977, the first special prehearina conference was 

held pursuant to 10 C.F.R. q 2.751a.  

By Memorandum and Order of January 27, 1978, the 

Board determined that certain contentions alleged by 

Intervenors, Friends of the Earth, et al. ("FOE") and Groups 

United Against Radiation Dangers ("GUARD") were suitable for 

discovery purposes. The Board allowed contentions on 

emergency planning, geology/seismology, the effects of 

certain site dewatering well cavities, and the escalation of 

uranimum prices. The Board's Order also permitted discovery 

on all contentions to commence.  

On or about June 9, 1980, Applicants filed a motion 

for summary disposition of Intervenors' contentions on the 

site dewatering well cavities and the escalation of uranium 

fuel costs. On or about August 15, 1980, the NRC Staff also 
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filed a motion for summary disposition of the same two 

contentions. Also on or about August 15, 1980, Intervenor, 

FOE, filed its brief in opposition to Applicants' motion. By 

Memorandum and Order of January 26, 1981, the Board granted 

the Applicants' and Staffs' motions on uranium fuel costs 

and oranted, in part, and denied, in part, the Applicants' 

and Staffs' motions for summary disposition on dewatering 

well cavities.  

On July 17, 1980, a second special prehearing 

conference was held pursuant to 10 C.F.R. q 2.751a. By 

Memorandum and Order of August 6, 1980, the Board permitted 

discovery to continue on Intervenors' contentions on 

geology/seismology and emergency planning as they were 

originally worded, i.e., the Board chose not to narrow the 

contentions for discovery purposes. However, by Memorandum 

and Order of August 27, 1980, the Board established a 

schedule for termination of discovery on the geology/ 

seismology and emergency planning contentions.  

Discovery on the two remaining contentions were 

terminated, by stipulation, on February 20, 1981 with the 

followino two exceptions: (1) all depositions had to be 

noticed in time to assure their completion by March 2, 1981; 

and (2) all discovery, including depositions, on the City of 

San Clemente Emergency Plan, would terminated on April 3, 

1981. The parties further stipulated that certain 
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depositions be taken subsequent to the March 2 deadline. All 

depositions were completed as of April 3, 1981.  

In January and February, 1981, the "Safety 

Evaluation Report By the Office of Nuclear Reactor 

Regulation, U.S. Nuclear Regulatory Commission, Related to 

the Operation of San Onofre Nuclear Generating Station Units 

2 and 3" (NUREG 0712) and the "Supplement to Draft 

Environmental Statement Related to the Operation of San 

Onofre Nuclear Generating Station, Units 2 and 3" (NUREG 

0490) were issued. The NRC Staff Final Environmental 

Statement NUREG .0490 was issued in April, .1981.  

All emergency plans have been served upon the 

parties to this proceeding.  

The Advisory Committee on Reactor Safeguards has 

completed its review relative to Applicants' application for 

operating licenses for SONGS 2 & 3 and a favorable letter has 

been issued.  

On April 29, 1981, a final prehearinq conference 

with respect to seismic issues was held in San Diego, 

California. As a result of that conference, the followinq 

issues were defined for the seismic portion of the hearing: 

1. Whether as the result of ground motion analysis 

techniques developed subsequent to issuance of 

the construction permit or data gathered from 

earthquakes which occurred subsequent to 

issuance of the construction permit, the 
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seismic design basis for SONGS 2 & 3 is 

inadequate to protect the public health and 

safety.  

2. Whether characterization of certain offshore 

geologic features as a zone of deformation, 

referred to as the Cristianitos Zone of 

Deformation (CZD), or whether any additional 

information about the CZD which became 

available subsequent to issuance of the 

construction permit render the seismic desiqn 

basis for SONGS 2 & 3 inadequate to protect the 

puhlic health and safety.  

3. Whether the seismic design basis for SONGS 2 & 

3 is inadequate to protect the public health 

and safety as a result.of discoveries 

subsequent to issuance of the construction 

permit of the following geologic features: 

(1) ABCD features at the site.  

(2) Features located at Trail 6, Target 

Canyon, Dead Dog Canyon, Horno Canyon, 

and "onshore faults E and F." 

(3) Such other features as the parties may 

agree are relevant to the seismology of 

the SONGS site or with respect to which 

Intervenor Friends of the Earth makes a 

threshold showing of relevance.  
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4. Whether based on the geologic and seismic 

characteristics of the OZD, includinq its 

length, assignment of Ms7 as the maximum 

magnitude earthquake for the OZD renders the 

seismic desiqn basis for SONGS 2 & 3 inadeauate 

to protect the public health and safety.  

II 

Applicants Order of Proof 

Applicants have determined that in order to present 

its case in a manner that will allow a logical progression 

through the questions presented, they will address the issues 

in reverse order, i.e., IV, III, II and I.  

The testimony presented in Issue IV includes a 

geolocic and seismic description of the site and region that 

is a helpful prerequisite for discussion of all other 

issues. Issue IV, the "maximum magnitude" issue, discusses 

the geologic and seismic characteristics of the site leading 

to assionment of Ms7 as the appropriate maximum magnitude 

for the Offshore Zone of Deformation ("OZD"). The testimony 

then discusses the adequacy of the SONGS 2 & 3 seismic design 

basis given an earthquake of that magnitude.  

Issue III, builds on the geologic foundation set 

forth in the "maximum magnitude" issue to discuss the 

significance of certain minor geologic features discovered 

subsequent to issuance of the Construction Permit.  
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Issue II, discusses the postulated Cristianitos 

Zone of Deformation. The CZD issue builds on the geologic 

and seismic foundation set forth in the maximum magnitude 

issue to evaluate that postulated structure.  

Issue I, discusses advances in ground motion 

analysis techniques and earthquake data gathered since 

issuance of the construction permit. Understanding of this 

issue is facilitated by the testimony developed in the prior 

issues, especially the maximum magnitude and CZD issues.  

III 

Discussion 

Issue IV Whether based on the geologic and seismic 

characteristics of the OZD, including its length, 

.assignment of M 7 as the maximum magnitude 

earthquake for the OZD renders the seismic design 

basis for SONGS 2 & 3 inadequate to protect the, 

public health and safety.  

(a) Testimony of Jay L. Smith: 

Mr. Smith is the president of the Jay L. Smith 

Company, Inc. and is a consulting geologist. He received a 

Bachelor of Arts deqree in geology from the University of 

California at Los Angeles in 1959. Mr. Smith is a registered 

geologist in the States of California, Arizona and Orecon.  

Mr. Smith has had extensive experience in siting nuclear 

power facilities.  
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Mr. Smith's testimony discusses the geoloqic 

characteristics of the area relevant to the SONGS site. The 

testimony starts with a discussion of the SONGS site and its 

immediate vicinity, including the offshore area. Mr. Smith 

next describes the regional geology within about a 100-mile 

radius of the site. This discussion includes the geomorphic 

provinces of southern California, including their major 

faults.  

Mr. Smith describes the qeology of the feature 

known as the hypothesized Offshore Zone of Deformation. The 

OZD was defined at the construction permit proceedings as the 

controlling structure for purposes of establishing the 

seismic design basis for SONGS. Aoplicants do not here 

contest or in any way quarrel with the use of the OZD as the 

controlling feature. Applicants' witnesses discuss the 

geology of the various elements of the OZD. This is 

necessary, not to "segment" or separate the various elements, 

but to realistically evaluate the capability of the OZD to 

generate earthouakes. As will be seen from Applicants' 

testimony, the.geologic and seismic characteristics of the 

OZD vary along its extent. The testimony demonstrates that 

these geologic differences effect the overall earthquake 

generating capability of the OZD.  

Mr. Smith describes the geology of the three 

elements of the OZD: the Newport-Inglewood Zone of 
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Deformation ("NIZD"), the South Coast Offshore Zone of 

Deformation ("SCOZD") and the Rose Canyon Fault Zone ("RCFZ").  

His geologic conclusions are backed by extensive 

onshore and offshore investigations which also are described 

by Mr. Smith.  

Thus, Mr. Smith's testimony discusses the geologic 

charactertistics assumed for purposes of assigning M 7 as 
S 

the maximum magnitude earthquake and the level of 

investigations performed in arrivinq at such geologic 

conclusions.  

(b) Testimony of Dr. Perry L. Ehliq: 

Dr. Ehliq is a consulting geologist. He received a 

Bachelor of Arts degree in geology in 1952 from the 

University of California at Los Angeles and in 1958 he 

received a Ph.D. degree in geology from the same University.  

Dr. Ehlig is a registered geologist and a certified 

engineering geologist in the State of California.  

Dr. Ehlig addresses the geologic characteristics of 

the region around SONGS. Dr. Ehlig's testimony differs from 

that of Mr. Smith in that it discusses the evolution of the 

regional geology. It is important to understand not only 

what is now present in the structural geology, but also when 

and how that geology came into existence. As will be 

demonstrated throughout the testimony, mere geographic 

coincidence of faults at a particular location does not mean 

they are necessarily related with respect to their current 
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earthquake potential. For that reason it is essential to 

understand the other geologic and tectonic relationships that 

have existed in the past and now exist. Dr. Ehlia's 

Testimony also provides a frame of reference for many of the 

points made by Dr. Moore in his testimony concerning the 

postulated Cristianitos Zone of Deformation.  

Dr. Ehlig discusses the geologic evolution of the 

Capistrano Embayment. He also describes the history of the 

region which provides the geologic foundation for assignment 

of the maximum magnitude earthquake. Dr. Ehlig testifies 

that from his qeologic evaluations, Ms7 is an appropriate 

maximum magnitude for earthquakes on the OZD.  

Dr. Ehlig, after discussing the history of the 

formation of the Capistrano Embavment and the maximum 

magnitude appropriate for the OZD, addresses other geologic 

theories that may be applied to faults in the vicinity of 

SONGS.. Specifically, he discusses the inapplicability of the 

"wrench tectonic" theory to the OZD and how that theory 

cannot be used to relate the OZD to the Cristianitos fault.  

Dr. Ehlig also addresses the southern extent of the 

OZD. Dr. Ehlig discusses the possibility of a connection 

between the Rose Canyon fault and Vallecitos fault and its 

connection with the San Miguel fault. In both instances, Dr.  

Ehliq concludes there is no connection.  
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(c) Testimony of Edward G. Heath: 

Mr. Heath is a consulting geologist and engineering 

geologist. He received a Bachelor of Arts degree in geology 

from Pomona College in 1952 and a Master of Arts degree in 

geology from the Claremont Graduate School in 1954.  

Mr. Heath is a registered geoloqist and a certified 

engineering geologist in the State of California.  

Mr. Heath addresses the manner by which Applicants 

assigned M 7 as the maximum magnitude earthquake for the 

OZD. His conclusions are based on evaluations of both the 

geologic and tectonic characteristics of the OZD and similar 

faults worldwide.  

Mr. Heath discuses the various methods that 

historically have been used to determine maximum magnitudes.  

As explained by Mr. Heath, no one of these methods is 

directly applicable to the OZD. Mr. Heath assesses the 

applicability of each such method to the OZD and concludes 

that the "degree-of-fault activity" method, a broadbased 

multiparameter approach is best suited for application to the 

OZD.  

In applvinq the degree-of-fault-activity 

methodoloqy, a search was conducted for worldwide, southern 

California and NIZD data on strike-slip faults to determine 

appropriate slip-rate estimates. Appropriate slip-rates were 

established for strike-slip faults in southern California and 
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other tectonic enviornments. These rates were used as the 

basis for derivinq a maximum magnitude for the OZD.  

Mr. Heath concludes that M r.5 is a reasonable s 

maximum magnitude and Ms 7 is the most conservative maximum 

magnitude that can be assigned to the OZD.  

(d) Testimony of Dr..Stewart W. Smith: 

Dr. Smith is a consulting seismologist. He 

received a Bachelor of Science degree from the Massachusetts 

Institute of Technology in 1954; a Master of Science degree 

from the California Institute of Technology in 1959, and a 

Ph.D. degree in 1961 from the California Institute of 

Technology. Dr. Smith is a registered professional 

geophysicist in the State of California.  

The purpose of Dr. Smith's testimony is to evaluate 

the seismic characteristics of the OZD to determine whether 

M 7 is an appropriate maximum magnitude for that 
S 

structure. Additionally, Dr. Smith is the first of a series 

of witnesses which, from various disciplines of the science, 

testify that given an M 7 event on the OZD, the seismic 
S 

design basis for SONGS 2 & 3 is conservative.  

Dr. Smith evaluates the seismic history of the 

area, the geologic record of deformation, and the regional 

stress. He concludes that the SONGS area is seismically 

quiet, that the geology of -the OZD does not display evidence 

of the type of movement that would be associated with 
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earthquakes larger than M 6.5 - 7, and that the stress 

associated with the OZD is not at a hiqh level.  

Dr. Smith has reviewed the geology of the OZD and 

concludes that it consists of a complex series of short and 

sinuous sections of folds and faults and that it is unlikely 

a long continuous or throughqoing rupture would develop on 

the OZD. Dr. Smith further concludes that assignment of 

M 7 to the OZD is consistent with his assessment at the 
S 

construction permit proceedinqs.  

Dr. Smith concludes that M 7 is a conservative 
s 

maximum magnitude for the OZD.  

(e) Testimony of Lawrence H. Wight: 

Mr. Wiqht is a consulting seismologist. He received 

a Bachelor's degree from Boston University in 1965 and a 

Master's degree from the Pennsylvania State University in 

1967. Mr. Wight completed course requirements for a Ph.D.  

degree in the graduate program in geophysics at the 

University of Washington.  

Mr. Wight's testimony is directed to the question 

whether assuming an Ms 7 earthquake on the OZD, the seismic 

design basis for SONGS 2 & 3 is conservative. Mr. Wight's 

testimony demonstrates that given the occurrence of an Ms 7 

earthquake on the OZD, .67g as the anchor point for the 

design response spectrum is in fact conservative.  

Mr. Wight performed an extensive study of available 

and relevant earthquake acceleration data. Mr. Wight's 
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regressed on 192 earthquake acceleration data points as a 

function of magnitude and distance. These data were selected 

to be as site specific as possible. For example, the average 

distance in the data set is approximately 11 km. which can be 

compared to the 8 km. distance for SONGS. Mr. Wight 

concludes that given an M 7 earthquake occurinq 8 km. from 

the site, the median prediction of ground motion at the site 

would be .33g and the 84th percentile prediction would be 

.52q. Based on those findings, the design peak ground 

accleration of .67g is conservative.  

The above conclusions are set forth in detail in 

Exhibit LHW-1, "Evaluation of Peak Horizontal Ground 

Acceleration Associated with the Offshore Zone of Deformation 

at San Onofre Nuclear Generating Station." 

Subsequent to the above-referenced study, Mr. Wight 

performed additional calculations on an expanded and even 

more refined data base. Mr. Wight added 37 acceleration 

components from 5 additional earthquakes. This expanded data 

base allowed for more elaborate sensitivity studies.  

Specifically, Mr. Wight was able to isolate the influence of 

fault type and building effects. The result of this study is 

that Mr. Wight believes the improved 84th percentile free 

field acceleration for San Onofre of .49g for an Ms 7 at 8 

km. could be reduced considering the strike-slip environment 

of the OZD and by including consideration of structure 

effects. Given these considerations, Mr. Wight estimates 
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that the 84th percentile design acceleration could be as 

little as one-half the current design value of .67g for the 

SONGS site.  

(f) Testimony of Dr. I. M. Idriss: 

Dr. Idriss is a consultant in the area of 

geotechnical earthquake engineering. He received a Bachelor 

of Science degree in 1958 from Rensselaer Polytechnic 

Institute; a Master of Science degree from the California 

Institute of Technology in 1959 and a Ph.D. degree from the 

University of California at Berkeley in 1966. Dr. Idriss is 

a reqistered professional engineer in the State of California.  

The purpose of Dr. Idriss' testimony is to 

demonstrate that the DBE spectrum for SONGS 2 & 3 is 

conservative relative to the resulting ground motion from an 

Ms7 event on the OZD. Dr. Idriss' testimony is based on a 

regression study of recorded acceleration data for magnitude 

M s6.5 earthquakes scaled to magnitude M s7 for the SONGS 2 

& 3 site. Dr. Idriss developed a data base for his study 

according to source factors, travel path and localsite 

.conditions appropriate to the SONGS site. He then performed 

a regression analysis of peak accelerations and response 

spectral values for the various accelerograms. Dr. Idriss 

considered earthquakes having an approximate magnitude of 

6.5, recorded in the western United States and at sites 

having subsurface conditions qenerally similar to those at 

the San Onofre site. The above screening process led to a 
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data base that includes 56 acceleroqrams obtained from 7 

earthquakes 'in the ML range 6.3 to 6.5 and Ms range of 6.3 

to 6.7. The results of his study with respect to earthquakes 

having maqnitudes of approximately 6.5 are set forth in 

Exhibit IMI-4, "Report of the Evaluation of Maximum 

Earthquakes and Site Ground Motion Parameters Associated with 

the Offshore Zone of Deformation for San Onofre Nuclear 

Generating Station, June 1979, Appendix I,.Development of 

Peak Acceleration Attenuation Relationships for Soil Site and 

Combined Soil and Rock Site Data Sets." The mean and 84th 

percentile instrumental peak accelerations obtained from this 

study are .42g and .57g, respectively.  

Dr. Idriss also presents a comparison of the 84th 

percentile spectrum derived using the above-described 

recorded data against the design basis spectrum for SONGS 2 & 

3. That comparison shows the DBE spectrum for SONGS 2 & 3 

exceeds the instrumental spectrum at all periods.  

Dr. Idriss then scaled the results of his study 

from M 6.5 to a magnitude M 7. The results of that 

scaling are an 84th percentile instrumental peak acceleration 

for an Ms7 of .63g as compared to .57g for an M s6.5.  

Again, the DBE spectrum for SONGS 2 & 3 exceeds the 84th 

percentile instrumental spectra for Ms 7 at all periods.  

Dr. Idriss also notes that the DBE spectrum for 

SONGS 2 & 3 is a design spectrum. The instrumental spectrum 

against which it is being compared in his testimony should be 
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expected to be significantly higher than a design spectrum.  

The instrumental spectrum equivalent for the design DBE 

spectrum would be considerably higher thai the 84th 

percentile instrumental spectrum for his calculations at 

either Ms6.5 or Ms7.  

Dr. Idriss also discusses the results obtained from 

the October 15, 1979 Imperial Valley earthquake. His 

examination of that data confirms the conclusions reached 

with respect to the form of the attenuation relationship in 

his study. The horizontal DBE spectrum for SONGS 2 & 3 and 

the 84th percentile instrumental response spectrum for M 7 

envelop the mean and 84th percentile instrumental response 

spectra associated with horizontal ground.motions at 8 km.  

from the 1979 Imperial Valley earthquake.  

Dr. Idriss has also performed a probability study 

with respect to exceeding the DBE spectrum. His analysis is 

set forth in Figure IMI-D, "Comparison of SONGS 2 & 3 DBE 

Spectrum with Equal Probability of Exceedance Instrumental 

Spectra." The SONGS 2 & 3 DBE spectrum coincides with the 

instrumental spectrum with an equal probability of exceedance 

of 1 Y10 at zero period (the "Anchor Point") and exceeds 

this spectrum at all other periods. Again, Dr. Idriss notes 

that he is comparinq a SONGS 2 & 3 DBE spectrum, a desiqn 

spectrum,. against an instrumental spectrum. The equivalent 

instrumental spectrum for SONGS 2 & 3 would be siqnificantlv 

higher than the design spectrum used in his comparison. This 

17



is but another showing of the conservative nature of the 

SONGS 2 & 3 seismic design.  

(g) Testimony of Dr. Gerald A. Frazier: 

Dr. Frazier is a consulting earthquake engineer and 

geophysicist. He received a Bachelor of Science degree in 

1964, a Master of Science degree in 1966 and a Ph.D. deqree 

in 1969, all from Montana State University.  

The purpose of Dr. Frazier's testimony is to 

demonstrate that the DBE spectrum for SONGS 2 & 3 is 

conservative relative to the ground motion that would result 

from an earthquake M 7 on the OZD offshore the SONGS site.  

Dr. Frazier's conclusions are based on computer modeling 

studies that he has performed with .respect to the SONGS site.  

Dr. Frazier's modeling involves simulation of the 

actual earthquake to be anticipated on the OZD using the 

physics of earthquake rupture and wave propagation to the 

site. The model itself has been validated by comparison with 

actual earthouakes in the southern California area. Such 

validation is accomplished by comparing the results of the 

model for that particular earthquake against actual recorded 

accelerograms. The model, in addition to simulating the 

physics to be anticipated from such an earthquake also 

evaluates the potential effect of such phenomena as focusing 

or directivitv. Again, focusing effects have been validated 

by being compared against actual strong ground motion records 
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for earthquakes where focusing was known to be present, 

including the 1979 Imperial Valley earthquake.  

With respect to the SONGS site, Dr. Frazier's 

modeling predicts that the most severe earthquake modeled at 

the site, having an M 7 and maximally oriented with respect 

to the site, would have .31g mean peak acceleration and .37g 

for the 84th percentile peak acceleration. The predicted 

response spectrum for the worst event is significantly below 

the DBE spectrum for Units 2 & 3.  

Dr. Frazier also discusses the impact of assignment 

of a specific Ms 7 on his prediction of ground motions at 

the SONG site. His conclusion is that the earthquake 

conditions hypothesized for SONGS are so severe that they are 

insensitive to small changes in the assigned magnitude. it.  

is his position that the peak ground acceleration for Ms7 

in the near field would saturate at about Ms6.5. If this 

is so, the ground motion criteria for SONGS is dependent on 

the postulated nearby large earthquake and therefore the 

assignment of a precise magnitude for this earthquake is not 

-critical. Dr. Frazier's position is that saturation occurs 

at about Ms6.5 for high frequency ground motions within 10 

km. of the causative rupture and that the SONGS 2 & 3 DBE is 

conservative with respect to such a postulated earthquake on 

the OZD.  

(h) Testimony of Dr. Robert L. McNeill: 

Dr. McNeill is a consulting geotechnical engineer.  

19



He holds a Bachelor of Science degree from the University of 

California at Berkeley and a Master of Science degree from 

that same University. Dr. McNeill also holds a Doctor of 

Science degree from the University of New Mexico. Dr.  

McNeill is a registered professional engineer in the States 

of California, New York, New Mexico, Nevada and Arizona.  

The purpose of Dr. McNeill's testimony is to 

demonstrate that the DBE spectrum as used for design of SONGS 

2 & 3 is a conservative representation of the motion of 

structures at the site due to a very large nearby 

earthquake. It should be noted that beginning on page 6 of 

Dr. McNeill's testimony, he explains and defines in as simple 

terms as possible the various technical concepts used in his 

testimony.  

Dr. McNeill was directly responsible for and 

actively involved in the original calculation of the DBE 

spectrum for SONGS 2 & 3. His testimony describes the manner 

in which the -DBE spectrum was derived and constructed. It is 

Dr. McNeill's opinion that the design spectrum was extremely 

conservative when initially calculated and has been modified 

to add significant extra conservatisms. His testimony shows 

that over and above the conservatisms included in the 

calculation of the design spectrum, the manner in which that 

spectrum was used is perhaps the most conservative element in 

the SONGS 2 & 3 seismic design basis. The DBE spectrum was 

used directly for design purposes without the usual 
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reductions allowed for movement from an intrumental spectrum 

to a design spectrum. Dr. McNeill quantifies that 

conservatism by constructing an instrumental form of that 

design spectrum. His results are set forth in Figure RLM-P, 

"Design and Instrumental Forms of the DBE." He then compares 

that instrumental form of the spectrum against the 84th 

percentile spectra calculated for the Imperial Valley 

earthquake of 1979, the instrumental values calculated and 

presented by Dr. Idriss, the response spectrum created by Dr.  

Frazier through his modeling procedure and the 84th 

percentile instrumental spectra calculated and presented by 

Mr. Wight, and finally the instrumental spectrum calculated 

by the methods of NRC publication NUREG/CR-0098. In all 

cases the calculated values lie below both the instrumental 

and design forms of the DBE.  

Dr. McNeill also addresses the question of the 

vertical component of the design spectrum. In Figure RLM-R, 

"Instrumental Form of Vertical DBE Spectrum Compared to Other 

Instrumental Spectra,"-he compares the instrumental form of 

the DBE vertical spectrum against the 84th percentile 

corresponding values for the Imperial Valley earthquake and 

the instrumental values calculated by Dr. Frazier. The 

values from both studies lie below the instrumental form of 

the DBE spectrum for SONGS. Thus, the vertical DBE spectrum, 

as used for the design of SONGS 2 & 3 is a conservative 

representation of the motions of structures at this site due 
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to a very large, nearby earthquake.  

Dr. McNeill also discusses the recent publication 

USGS 81-365 as it concerns the SONGS 2 & 3 DBE spectrum. Dr.  

McNeill testifies that even if USGS 81-365 were used for 

SONGS 2 & 3, the result would be an instrumental 84th 

percentile value of .87g. That value is still less than the 

instrumental DBE value of 1 to 1.3g for SONGS 2 & 3 

instrumental spectrum.  

Issue III Whether the seismic design basis for SONGS 2 & 3 is 

inadequate to protect the public health and safety 

as a result of discoveries subsequent to issuance 

of the construction permit of the following 

geologic features: 

(1) ABCD features at the site.  

(2) Features located at Trail 6, Target Canyon, 

Dead Dog Canyon, Horno Canyon, and "onshore 

faults E and F".  

(3) Such other features as the par.ties may agree 

are relevant to the seismology of the SONGS 

site or with respect to which Intervenor 

Friends of the Earth makes a threshold showing 

of relevance.  

The geologic and seismic investigations at the San 

Onofre site continued even after issuance of the construction 

permit. As a result of excavation at the site and continued 

investigation of the area around the site, the geologic 
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features discussed in this issue have been identified and 

investigated.  

(a) Testimony of Jay L. Smith: 

Mr. Smith testified with respect to Issue IV, 

assignment of the appropriate maximum magnitude, and his 

qualifications are found with his testimony submitted on that 

issue.  

(i) ABCD Features.  

The ABCD features were discovered during site 

grading operations in,1974. The features were discovered by 

geologists on the staff of Southern California Edison 

Company. Mr. Smith, as a consultant, supervised the 

investigation of these features and his findings are fully 

discussed in three exhibits submitted with this portion of 

his testimony. Mr. Smith's conclusion is that none of the 

features are significant with respect to the San Onofre 

site. Mr. Smith concluded that the features are joints, as 

opposed to faults, displaying very small amounts of shear 

displacement. They are discontinuous and were formed in 

response to regional compression acting over a very broad 

area during a period as early as 4 million years ago and 

certainly not later than 125,000 years ago. Mr. Smith 

estimates that very likely they were formed several hundred 

thousand years ago. Mr. Smith concluded that because of the 

brittle nature of the San Mateo Formation it would take a 

relatively small amount of compression to cause the types of 
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readjustment in the formation that produce the local shearing 

found at the site.  

(ii) Trail 6.  

The Trail 6 features are located approximately 

three miles south of the San Onofre site and occur in the 

seacliff at that location. After investigation of the 

displacements observed at Trail 6, it was concluded that the 

origin of the offsets was a landslide and not faulting.  

Thus, the features are of no significance to the SONGS site.  

(iii) Horno-Dead Dog Canyon Offsets.  

Horno Canyon is located approximately five miles 

southeast of the San Onofre site, along the seacoast. Again, 

surface displacements were observed and investigated. Once 

again, typical of the area surrounding San Onofre, the source 

of the movement was landslidinq. For this reason the 

features have no significance to the San Onofre site.  

(iv) Target Canyon Offsets.  

Target Canyon is located approximately six and 

one-half miles southeast of SONGS extending inland from the 

seacoast. Once again, offsets of the bedrock/terrace contact 

had been observed. The displacements were rather minor, 

about 14 inches vertically with minor horizontal slip. In 

this instance, the evidence available was not sufficiently 

conclusive to preclude a tectonic origin, although it is Mr.  

Smith's opinion-that overall, the evidence favors a 

non-tectonic origin. In any event, the offsets are small, 
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very old (tens of thousands of years), and have an 

orientation different from most faults in the region. They 

are located more than five miles from the site and even if 

projected beyond their known location, do not project towards 

the site. The features are not significant to the SONGS site.  

(b) Testimony of Dr. Perry L. Ehliq: 

Dr. Ehlig also submitted testimony with respect to 

the issue concerning assignment of the maximum magnitude to 

the offshore zone of deformation and his qualifications are, 

found with that testimony. In this portion of his testimony 

he addresses two onshore features which he has studied and 

which are referred to as the "E & F features".  

The E & F features are faults, located east of the 

Cristianitos fault on the lower south flank of the San Onofre 

Mountains about two miles southeast of the SONGS site. The E 

fault occurs about 2,000 feet west of the F fault. Dr. Ehlig 

mapped and studied the faults in detail. It is Dr. Ehlig's 

conclusion that these faults were formed on the order of 4 to 

10 million years aqo. They were probably formed in an 

extensional tectonic regime that does not fit the present 

north-south compressional regime. The faults have had no 

movement in the past several hundred thousand years and 

therefore are not capable. The faults have no significance 

with respect to the SONGS site.  

Issue II Whether characterization of certain offshore 

geologic features as a zone of deformation, 
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referred to as the Cristianitos Zone of Deformation (CZD), or 

whether any additional information about the CZD which became 

available subsequent to issuance of the construction permit 

render the seismic design basis for SONGS 2 & 3 inadequate to 

protect the public health and safety.  

This issue arises primarily as the result of a 

report issued by Dr. Gary Greene of the United States 

Geological Survey and Dr. Michael Kennedy of the California 

Division of Mines and Geology. Their report characterized 

certain deformations in the area southeast and offshore of 

the San Onofre site as a "Zone of Deformation". It will be 

Applicants' testimony and position that the features relied 

upon by Greene and Kennedy to arrive at their "zone" 

conclusion do not warrant such a conclusion and do not 

constitute new discoveries of geoloqic features. The 

features have been well known to Applicants for some period 

of time, since the earliest profiling of the area. Applicants 

dispute that the presence of these features, although lying 

coincidentally from a geographic standpoint, are so related 

as to form a "zone" such that it could be capable of 

generating an earthquake. Additionally, even if 

characterized as a "zone", it does not connect with either 

the Offshore Zone of Deformation, the controlling feature for 

the San Onofre site, or the Cristianitos fault.  

(a) Testimony of Dr. David G. Moore: 

Dr. Moore is a consulting marine geologist and 
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geophysicist. He received a Bachelor of Science degree from 

the University of Southern California in-1950; a Master of 

Science degree from the University of Southern California in 

1952 and a Ph.D. degree from the University of Groningen, The 

Netherlands, in 1962. Dr. Moore is a registered geologist 

and geophysicist in the State of California.  

The purpose of Dr. Moore's testimony is to 

determine whether the geologic features in question, which 

have been characterized as a Zone of Deformation, are 

significant as an extension of the onshore Cristianitos fault 

or as a connector of the offshore Cristianitos fault and the 

South Coast Offshore Zone of Deformation, a portion of the 

Offshore Zone of Deformation.  

Dr. Moore describes the area of interest known as 

the San Onofre Shelf. This is a 15 by 30 km. area on the 

continental shelf paralleling the coastline between San Mateo 

Point and Oceanside. After describing the study area, Dr.  

Moore next describes the offshore seismic reflection 

profiling studies that have been performed on the San Onofre 

Shelf. Dr. Moore describes the type and location of the more 

than 2,500 km. of seismic reflection profilinq, and describes 

the various types of formations found on the San Onofre 

Shelf, including their ages. Dr. Moore identifies certain 

marine terraces which are significant for purposes of age 

dating the geologic features being studied at depth. Dr.  

Moore identifies the principal structural features of the 
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strata beneath the San Onofre Shelf in his Figure DGM-E, 

"Principal Structural Features of San Onofre Shelf 

California." Examination of this map reveals the relative 

size of the features within the study area.. It is clear that 

the predominant features within the area are those associated 

with the South Coast Offshore Zone of Deformation. Lying to 

the east of the South Coast Offshore Zone of Deformation are 

the less prominent folds and relatively short discontinuous 

faults which have been determined to be a part of the 

Cristianitos Zone of Deformation by Kennedy and Greene. Dr.  

Moore shows that the various faults within that so-called 

zone are associated with structural formations of very old 

and very different ages.  

Dr. Moore also discusses the general structural 

history and stratigraphy of the area, including the local 

stress patterns that have been associated with it through the 

ages. This allows Dr. Moore to discuss the possible origins 

of the folding and disturbances seen offshore in a time 

relationship.  

After a thorough discussion describing the way in 

which seismic profiles are obtained and interpreted, Dr.  

Moore addresses the folds and faults that have been 

characterized as a Zone of Deformation. He contrasts the 

amount and continuity of faulting within that alleged zone, 

as well as the age of that faulting. Additionally, he points 

out that a northerly trending zone of gentle folds and 
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associated faults lying east of the South Coast Offshore Zone 

of Deformation does not form a connection between the South 

Coast Offshore Zone of Deformation and the onshore trace of 

the Cristianitos fault. Dr. Moore points out that as a 

result of the nature of seismic profiling, it is important to 

keep in mind that the records portray a picture of the 

geology exaggerated vertically so that an apparent dip on a 

seismic profile of about 40 degrees, may in reality be only 

about 5 degrees. This exaggeration can make a misleading 

impression on the viewer, namely that deformation appears to 

be greater than it really is. Dr. Moore traces the folds and 

faults as they move in a southeasterly direction and shows 

that they in effect die out by the time they reach the area 

of alleged connection with the OZD. With respect to folding 

generally, the anticline and syncline associated with the San 

Onofre Shelf are by far the most prominent features on the 

shelf and that the area of rather gentle broad folding to the 

east of those folds is, with a very few exceptions, of a much 

lesser amplitude and a very different character.  

With respect to faulting on the San Onofre Shelf, 

the South Coast Offshore Fault is clearly the predominant 

feature. The apparent faulting on the shelf east of the 

SCOZD appears to be largely interformational faulting 

associated with the various folds. Monterey Formation, which 

is present at that location, is soft, fine-grained and, if 

bent even slightly, can develop very low shear strengths and 
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when even gently or broadly folded develops into many small 

anticlines and synclines. Other faults shown in this area 

are much older than the Monterey, are deeply buried and are 

overlain by undisturbed Monterey-age sediments.  

Dr. Moore has studied the records for a seaward 

extension of the Cristianitos fault. Detailed examination of 

the seismic lines closest to the Cristianitos fault and its 

offshore projection do not reveal any feature that could be 

interpreted as an extension of the Cristianitos beyond about 

6,000 feet or 2,000 meters from the shoreline. Faults that 

do occur farther along an approximate seaward projection of 

the Cristianitos are very deep in the section, display 

opposite displacement from that of the Cristianitos and are 

much too old to be associated with the Cristianitos.  

With respect to the area of disturbance 

characterized as the Cristianitos Zone of Deformation, it is 

Dr. Moore's conclusion that such structures are unrelated to 

the Cristianitos fault. Dr. Moore also concludes that the 

postulated Cristianitos Zone of Deformation is unconnected 

with the South Coast Offshore Fault.  

(b) Testimony of Dr. Roy J. Shlemon: 

Dr. Shlemon is a consulting geologist. He obtained 

a Bachelor's degree from Fresno State College in 1958. He 

also holds a Master of Science degree from the University of 

Wyoming and a Ph.D. degree from the University of California 

at Berkeley obtained in 1967. Dr. Shlemon is a registered 
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professional geologist in the State of California.  

Dr. Shlemon addresses the question of the age of 

certain onshore marine terraces and their related deposits in 

the San Onofre area, the amount of late Quaternary 

deformation in the San Onofre area, and the age of the 

offshore terraces in the area of the alleged Cristianitos 

Zone of Deformation. The details of Dr. Shlemon's work are 

set forth in the three exhibits that he will sponsor. As a 

result of that work, Dr. Shlemon concludes that the Stage 5e 

marine terrace, which crosses unbroken over the Cristianitos 

fault where exposed in the seacliffs and which extends to 

the San Onofre site and beyond, is about 125,000 years old.  

Based on this knowledge, Dr. Shlemon is also able to state 

the rate of Quaternary uplift for the last 125,000 years in 

the vicinity of San Onofre. This rate is about 9 centimeters 

per thousand years. The uplift rate is 26 centimeters per 

thousand years at Dana Point some 17 km. to the northwest.  

This compares favorably with other uplift rates for other 

southern California locations. The data indicate that the 

San Onofre region is one of the most tectonically stable 

areas in coastal southern California.  

In addition to Dr. Shlemon's onshore work, he has 

addressed the question of the offshore terraces discussed in 

more detail by Dr. Moore. It is his conclusion that the 

younger sediments overlying those terraces are about 13,000 

to 8,500 years old. These terrace platforms are on the order 
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of 35,000 to 40,000 years old and possibly as old as 80,000 

years. These dates are significant for the reason that the 

features seen in the area of the alleged Cristianitos Zone of 

Deformation do not cut these terraces and, thus, they predate 

the terraces.  

With respect to the alleged Cristianitos Zone of 

Deformation, Dr. Shlemon has examined the seacliffs between 

San Mateo Creek on the north and the Cristianitos fault on 

the south to determine whether the displacements seen within 

the so-called Cristianitos Zone of Deformation extend 

onshore. His examination reveals no such offsets in the 

seacliff.  

Issue I Whether as the result of ground motion analysis 

techniques developed subsequent to issuance of the 

construction permit or data gathered from 

earthquakes which occurred subsequent to issuance 

of the construction permit, the seismic design 

basis for SONGS 2 & 3 is inadequate to protect the 

public health and safety.  

During the period of time subsequent to issuance of 

the construction permit, October 1973, several earthquakes 

have occurred in southern California and California 

generally. In its ongoing effort to insure the adequacy of' 

the SONGS 2 & 3 design criteria, such earthquakes have been 

examined to determine whether the seismic design basis for 

San Onofre has been rendered inadequate. Additionally, 
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Applicants and their consultants have maintained a 

surveilance of ground motion analysis techniques to determine 

whether advancements in the state of the art may also have 

affected conclusions with respect to design safety.  

(a) Testimony of Dr. Stewart W. Smith: 

Dr. Smith also testifies with respect to the 

appropriateness of the maximum magnitude assigned to the OZD 

and his qualifications are set forth in the testimony 

submitted on that issue. In this portion of his testimony, 

Dr. Smith's purpose is to discuss developments in ground 

motion analysis techniques since the construction permit and 

certain data qathered from earthquakes which have occurred 

subsequent to issuance of the construction permit.  

With respect to data gathered from earthquakes 

occurring subsequent to issuance of the construction permit, 

Dr. Smith notes that in the last approximately eight years 

there has been a significant increase in the number of 

close-in strong ground motion records. He considers the 

principal effect of this additional data as being to provide 

a solid statistical basis for the conclusion peak ground 

accelerations reach a limiting value almost independent of 

earthquake magnitude in the near field. Additionally, he 

sees this data as demonstrating that focusinq effects on peak 

acceleration are substantially less than would have been 

predicted through the simple models available at the time of 

the construction permit proceedings.  
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With respect to advancements in the theoretical 

understanding of earthquake rupture phenomena, Dr. Smith 

states that the major advances have been in the area of 

calculating wave propagation through realistic models of the 

earth's crust. With this improved understanding, Dr. Smith 

believes we are now able to better quantify the conservatisms 

actually present in various desion levels.  

Dr. Smith also addresses the recent publication 

USGS 81-365 and is of the opinion that it is not appropriate 

for near-field accelerations from large earthquakes. His 

testimony demonstrates that the model is inappropriate for 

distances less than about 40 km. and should not be applied to 

a situation such as that at SONGS, where there is 

hypothesized an Ms7 earthquake at an 8 km. distance.  

(b) Testimony of Dr. Gerald A. Frazier: 

Dr. Frazier testified with respect to the adequacy 

of the seismic design basis in the context of the issue 

addressing appropriateness of the assignment of the maximum 

magnitude. Dr. Frazier's qualifications are set forth in the 

testimony submitted on that issue.  

Dr. Frazier's testimony in this portion of the 

proceeding addresses theoretical developments and ground 

motion analysis techniques which have occurred since the 

issuance of the contruction permit, as well as the 1979 

earthquake which occurred in Imperial Valley, California.  

Dr. Frazier testifies that the principal 
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advancement in the theory of ground motion analysis has been 

an increased ability to implement theories through use of 

large digital computers. Such computerization has allowed 

further understanding of the physical processes related to 

fracture of the earth itself and the propagation of seismic 

waves from the fracture to the recording site. His testimony 

discusses the various ways in which these problems are being 

examined and the various limitations associated with these 

approaches. Dr. Frazier's modeling is, itself, an example of 

the advances that have been made in ground motion analysis 

techniques since the time of the construction permit stage.  

Dr. Frazier also points out that there has been a 

significant increase in the number of strong ground motion 

recordings available to researchers in the area. This has 

resulted in an increase in the statistical confidence with 

which projections can be approached. To a certain extent, 

this is shown in Dr. Frazier's discussion of the 1979 

Imperial Valley earthquake. That earthquake resulted in a 

significant number of additional strong motion recordings.  

Dr. Frazier testifies that as a result of the Imperial Valley 

earthquake there has been considerable confirmation of the 

fact that peak accelerations close to large earthquakes are 

essentially independent of the earthquake magnitude, that the 

effects of focusing on acceleration peaks are much less 

important than earlier theorized, that peak horizontal 

accelerations saturate with decreasing distance to the 

35



earthquake fracture, and that the scatter in recorded 

acceleration peaks from one recording site to another is 

comparable to the scatter in acceleration peaks recorded for 

several different earthquakes when properly scaled for 

magnitude and distance.  

Dr. Frazier discusses the Imperial Valley 1979 

earthquake as it may or may not impact the SONGS site. He 

concludes that as a result of the specific geology of the 

Imperial Valley, the velocities vertical accelerations at 

that location are higher than would be expected at San 

Onofre. When this difference is accounted for between 

Imperial Valley and SONGS, the seismic design basis for SONGS 

remains conservative. This is confirmed by the computer 

modeling results set forth in Dr. Frazier's Exhibit GAF-4.  

Based both onearthquake theory and earthquake 

recordings, Dr. Frazier remains firm in his conclusion that 

the DBE used for SONGS is conservative with respect to the.  

largest postulated earthquake on the OZD.  

(c) Testimony of Dr. Shawn Biehler: 

Dr. Biehler is a consulting geophysicist. He 

obtained a Bachelor of Science degree from Princeton 

Unversity in 1958. He also holds Master of Science and Ph.D.  

degrees from the California Institute of Technology in 1961 

and 1964, respectively. Dr. Biehler is a registered 

geophysicist in the State of California.  

In 1975 two small earthquakes occurred in Trabuco 
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Canyon, a distance of approximately 20 kilometers from SONGS 

2 & 3, and in 1977 a cluster of microseismic events occurred 

in approximately the same area. Dr. Biehler assesses the 

significance of these events, if any, to SONGS 2 & 3.  

In his investigations at the Trabuco Canyon area, 

Dr. Biehler first developed a refined model to accurately 

locate the epicenter of the events in question. Having 

accurately located the epicenters, Dr. Biehler proceeded to 

assess the possibility of spatial association of these events 

with-the Cristianitos fault. He concludes from available 

well-log data and the results of his own work locating the 

events, that the Trabuco Canyon events could not have 

occurred on the Cristianitos fault.  

Dr. Biehler further investigated the style of 

,faulting of the Trabuco Canyon events by use of focal 

mechanisms. His studies demonstrate that the motion of the 

Trabuco Canyon events occurred on a plane which is at an 

oblique angle to the trend of the Cristianitos fault. He 

also determined that the motions of the Trabuco Canyon events 

had to result from strike-slip or thrust movement which is 

inconsistent with the character of the Cristianitos fault, a 

fault which when it was active produced dip-slip motions.  

Similarly, for the cluster of events that occurred in Trabuco 

Canyon in 1977, Dr. Biehler concludes that the data from 

these events is consistent with thrust mechanism movement 

which is again inconsistent with the nature of the 
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Cristianitos fault.  

Dr. Biehler concludes that the two 1975 small 

earthquakes in Trabuco Canyon and the 1977 cluster of events 

are likely associated with each other but have no association 

with the Cristianitos fault.  

(d) Testimony of Dr. I. M. Idriss: 

Dr. Idriss testified on the issue of the adequacy 

of the seismic design basis given a maximum magnitude 

earthquake of Ms7 on the OZD. His qualifications appear in 

his testimony submitted with respect to that issue.  

The purpose of Dr. Idriss' testimony in this 

portion of the proceeding is to discuss the data gathered 

from the 1979 Imperial Valley earthquake.  

Dr. Idriss' study of the Imperial Valley data is 

set forth in Exhibit IMI-9, "NRC Staff Question and Response 

361.44". As described in that exhibit, the instrumental 

spectrum for Imperial Valley exceeds the design spectrum for 

SONGS 2 & 3 only in a very narrow band and by an 

insignificant amount. However, Dr. Idriss affirms the 

testimony of Dr. Frazier that the high vertical accelerations 

recorded in the near-field at Imperial Valley were due to 

unique subsurface conditions at Imperial Valley and would not 

be expected to be seen at the SONGS site.  

Dr. Idriss also discusses the importance of the 

phasing difference between the peak vertical and horizontal 

components of ground motion in the near-field at Imperial 
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Valley. With respect to the horizontal component, Dr. Idriss 

testifies that the-SONGS DBE spectrum envelops the Imperial 

Valley earthquake mean and 84th percentile spectra during the 

entire period range. Dr. Idriss concludes that the SONGS 2 & 

3 vertical DBE spectrum is conservative with respect to 

ground motions recorded at comparable distances during the 

1979 Imperial Valley earthquake.  

(e) Testimony of Dr. Robert L. McNeill: 

Dr. McNeill presented testimony with respect to the 

issue of whether Ms7 is the appropriate maximum magnitude 

for the OZD, and if so, whether the seismic design basis for 

SONGS 2 & 3 is adequate. Dr. McNeill's qualifications are 

set forth with that testimony.  

The purpose of Dr. McNeill's testimony in this 

portion of the proceeding-is to demonstrate that when 

compared against earthquakes occurring since issuance of the 

construction permit, the DBE spectrum for SONGS 2 & 3 is 

conservative.  

Dr. McNeill has reviewed every large recent 

earthquake for which he has data. He has compared that data 

to the DBE in a manner discussed in his testimony. Dr.  

McNeill has not compared every earthquake occurring since the 

construction permit stage, but rather has compared specific 

earthquakes having exceptional recordings. The criteria for 

an exceptional recording is set forth in page 2 of that 

testimony. Based on that criteria, there are six earthquakes 
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which warrant consideration. Dr. McNeill has studied those 

earthquakes and adjusted them for magnitude and distance.  

Thus scaled, he has compared the values obtained with the 

zero period acceleration of the instrumental form of the 

design basis earthquake spectra. Based on that comparison, 

it is his conclusion that the SONGS 2 & 3 design spectra is 

conservative. It is also noted that none of the peak ground 

accelerations associated with the exceptional recordings 
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exceed the design basis earthquake zero point acceleration 

value for SONGS 2 & 3.  

Dated: June 18,.1981 
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