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1.1

1.0 INTRODUCTION AND GENERAL DISCUSSION

Introduction

This report is a safety evaluation report on the application for operating licenses
for the San Onofre Nuclear Generating Station, Units 2 and 3 (San Onofre 2 and 3 or
the facility). This report was prepared by the United States Nuclear Regulatory
Commission staff (the NRC staff or the staff), and summarizes the results of our
radiological safety review of the facility. The application for operating licenses
has been filed by the Southern California Edison Company (SCE or Edison) on behalf of
itself and the San Diego Gas and Electric Company. The City of Anaheim, California,
and the City of Riverside, California have recently been added as co-holders of the
Construction Permits for San Onofre 2 and 3, and will soon request to be included as
applicants for operating licenses. The four groups are co-owners of the facility,
and are referred to herein as the applicants. The percentage of undivided co-tenancy
ownership interest of each of the co-owners is: Edison, 76.55 percent; San Diego Gas
and Electric Company, 20.00 percent; Anaheim, 1.66 percent; Riverside, 1.79 percent.
The Southern California Edison Company is authorized to act as agent for the other
co-owners and has exclusive responsibility and control over the physical construction,
operation, and maintenance of San Onfore 2 and 3.

The application for construction permits for the facility was filed with the United
States Atomic Energy Commission (now the Nuclear Regulatory Commission) on May 28,
1970. Following staff review and a public hearing before the Atomic Safety and
Licensing Board, Construction Permits No. CPPR-97 and No. CPPR-98 were issued on
October 18, 1973. The application for operating licenses was filed with the NRC in
late 1976 and was docketed for review on March 23, 1977. The applicants have stated
that construction of San Onofre Unit 2 will be complete and the.plant ready for fue)
loading by June, 1981. The staff independently estimates that the plant will be
ready in the July to September, 1981 period.

Prior to issuing an operating license for a nuclear power plant, the NRC staff is
required to conduct a review of the effects of the plant on public health and safety.
Our safety review of San Onofre 2 and 3 has been based on the Final Safety Evaluation
Report (FSAR) that accompanied the application for operating licenses, and Amend-
ments 1 through 22 thereto. A1l of this information is available to the public for
review at the NRC Public Document Room at 1717 H Street, N.W., Washington, D.C., and
at the Local Public Document Room at the Mission Viejo Branch Library, 24851 Chrisanta
Drive, Mission Viejo, California. During the course of our review we have held a
number of meetings with the applicants, their suppliers, and their consultants to
discuss the design, construction, and proposed operation of San Onofre 2 and 3. As a
consequence, additional information was requested, which the applicants provided in
Amendments 1 through 22 to the Final Safety Analysis Report. Meetings were also held
with the intervenors, at their request, to obtain any information they might have
pertinent to our review.
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Following the Three Mile Island Unit 2 (TMI-2) accident, the Commission "paused" in

its licensing activities to assess the impact of the accident. During this "pause"

the recommendations of several groups established to investigate the lessons learned
from TMI-2 became available. Al1 available recommendations were correlated and
assimilated into a "TMI Action Plan" now published as NUREG-0660, entitled "NRC

Action Plan Developed as a Result of the TMI-2 Accident." Additional guidance relating
to implementation of the Action Plan is given in NUREG-0737, "Clarification of TMI
Action Plan Requirements." These licensing requirements have been established to
insure incorporation of the lessons learned from the TMI-2 accident to provide addi-
tional safety margins.

Sections 2 through 21 of this report address our review and evaluation of non-TMI-
related issues that have been considered during the course of our review of the
application for operating licenses for San Onofre 2 and 3. The geology and seismo-
logy sections of this report (Sections 2.5.1 and 2.5.2) were published in a separate
volume on December 31, 1980, and are repeated herein. Section 22 of this report is
reserved for our review and evaluation of the applicants' response to our TMI-2
requirements; a supplement to this report completing our review of these issues will
be issued at a later date. In reviewing this report it should be kept in mind that
TMI-related requirements are not addressed in sections other than 22; only non-TMI-
related requirements. In cases where the non-TMI requirements have been completely
superseded by TMI-related requirements, that section will only reference Section 22.
The conclusions of this report are given in Section 23.

Appendix A is a chronology of our principal actions related to the review of the
application. Appendix B is a bibliography of the references used during the course
of our review. Appendix C is a discussion of how various ACRS generic concerns
relate to the San Onofre 2 and 3 application. Appendix D is an evaluation of onshore
atmospheric dispersion at San Onofre. Appendices E, F and G are reports by our
consultants relating to geology and seismology considerations. Appendix H is a
summary of our review of the compliance with the preservice inspection requirements
of 10 CFR 50.55a(g)(2).

As part of our review of San Onofre 2 and 3 for compliance with the Commission's
regulations, we requested that the applicants verify that San Onofre 2 and 3 meet the
applicable requirements in 10 CFR Parts 20, 50, and 100, The applicants' response to
this request is expected to be submitted in the near future.

In accordance with the provisions of the National Environmental Policy Act of 1969,
Draft and Final Environmental Statements which set forth the considerations related
to the proposed construction and operation of San Onofre 2 and 3 were prepared by the
staff and were issued prior to the issuance of the construction permits (November
1972 and March 1973, respectively). After receiving the application for operating
licenses for San Onofre 2 and 3, the staff issued a Draft Environmental Statement
(November 1978) and has recently issued a Supplement to the Draft Environmental
Statement (January 1981). A Final Environmental Statement is scheduled to be issued
in April 1981.
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The review and evaluation of San Onofre 2 and 3 for operating licenses is only one
stage in the continuing review by the staff of the design, construction and operating
features of the facility. The proposed design of the facility was reviewed as part
of the construction permit review. Construction of the facility has been monitored
in accordance with the inspection program of the staff. At this, the operating
license review stage, we have reviewed the final design to determine that the
Commission's safety requirements have been met. If operating licenses are granted,
San Onofre 2 and 3 must be operated in accordance with the terms of the operating
licenses and the Commission's regulations and will be subject to the continuing
inspection program of the staff.

General Plant Description

Units 2 and 3 of the San Onofre Nuclear Generating Station each utilize a nuclear
steam supply system incorporating a Combustion Engineering pressurized water reactor
and reactor coolant system. In each of the identical units the reactor core is
composed of fuel rods made of slightly enriched uranium dioxide pellets enclosed in
Zircaloy tubes with welded end caps that are grouped and supported into assemblies.
The mechanical control rods consist of clusters of NiFeCr alloy-clad boron carbide
absorber rods that are inserted into guide tubes located within the fuel assemblies.
The core fuel is loaded in three regions, each utilizing fuel of a different enrich-
ment of U-235, with new fuel being introduced into the outer region, moved inward at
successive refuelings, and removed from the inner region to spent fuel storage.

Water will serve as both the moderator and the coolant, and will be circulated through
the reactor vessel and core by four electric-motor-driven single-stage centrifugal
pumps, one located in each of the two cold legs of each loop. The coolant water
heated by the reactor will be circulated through the two steam generators where heat
will be transferred to the secondary system to produce saturated steam, and then be
returned to the pumps to repeat the cycle.

An electrically-heated pressurizer connected to the hot-leg piping of one of the
Toops will establish and maintain the reactor coolant pressure and provide a surge
chamber and a water reserve to accommodate reactor coolant volume changes during
operation.

The steam produced in the steam generators will be utilized to drive a tandem
compound-impulse-reaction turbine and will be condensed in a double-shell, single-
pass, multi-pressure, surface condenser. Cooling water drawn from the Pacific Ocean
will be pumped through the tubes of the condenser to remove the heat from, and thus
condense, the steam after it has passed through the turbine. The condensate will
then be pumped back to the steam generator to be heated for another cycle. The
cooling water will then be returned directly to the ocean.

The reactor will be controlled by a coordinated combination of a soluble neutron
absorber (boric acid) and mechanical control element assemblies whose drive shafts
will allow the plant to accept step load changes of 10 percent and ramp load changes
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of 5 percent per minute over the range of 15 to 100 percent of full power under
normal operating conditions. With steam bypass, the plant will also have the
capability to accept a 50-percent step load rejection without reactor trip.

Plant protection systems are provided that automatically initiate appropriate action
whenever a monitored condition approaches pre-established 1imits. These protection
systems will act to shutdown the reactor, close isolation valves, and initiate opera-
tion of the engineered safety features should any or all of these actions be required.

Supervision and control of both the nuclear steam supply system and the steam and
power conversion system for each unit will be accomplished from separate facilities
within a shared control room.

The emergency core cooling system for each unit consists of safety injection tanks,
and both high and low pressure injection subsystems with provisions for recirculation
of the borated water after the end of the injection phase. Various combinations of
these features will assure core cooling for the complete range of postulated coolant
pipe break sizes.

The two nuclear steam supply systems are each housed in a separate prestressed
concrete containment structure. Separate but adjoining auxiliary buildings located
between the containment structures for Units 2 and 3 house the radioactive waste
treatment facilities and various related auxiliary systems for each unit. Each unit
has a separate safety equipment building housing engineered safety feature systems,
and a separate fuel handling facility which contains a spent fuel pool and a new fuel
storage facility.

The plant is supplied with electrical power by independent transmission lines from
offsite power sources and is provided with independent and redundant onsite emergency

power supplies capable of supplying power to shutdown the plant safely or to operate
the engineered safety features in the event of an accident.

Comparison with Similar Facility Designs

Many features of the design of San Onofre 2 and 3 are similar to those we have evalu-
ated and approved previously for other pressurized water reactor plants now under
construction or in operation. To the extent feasible and appropriate, we have relied
on our earlier reviews for those features that were shown to be substantially the
same as those previously considered. Where this has been done, the appropriate
sections of this report identify the other facilities involved. Our safety evalua-
tion reports for these other facilities have been published and are available for
public inspection at the Nuclear Regulatory Commission's Public Document Room at

1717 H Street, N.W., Washington, D.C., and at the Local Public Document Room at the
Mission Viejo Branch Library, 24851 Chrisanta Drive, Mission Viejo, California.
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1.4

1.5

Identification of Agents and Contractors

Combustion Engineering, Incorporated (CE) is supplying the nuclear steam supply
system (NSSS) including the first core of nuclear fuel for San Onofre 2 and 3. The
Bechtel Power Corporation is the engineer-constructor for the facility. GEC Turbipe
Generators, Ltd., supplied the turbine generators for the plant. The Southern
California Edison Company is the project manager for the applicants, and is
responsible for the technical adequacy of the design, construction, and operation of
the plant.

Summary of Principal Review Matters

Our technical review and evaluation of the information submitted by the applicants
considered, or will consider, the principal matters summarized below:

(1) The population density and land use characteristics of the site environs and the
physical characteristics of the site (including seismology, meteorology, geology,
and hydrology) to establish that these characteristics have been determined
adequately and have been given appropriate consideration in the plant design,
and that the site characteristics are in accordance with the Commission's siting
criteria in 10 CFR Part 100, taking into consideration the design of the
facilities, including the engineered safety features provided.

(2) The design, fabrication, construction and testing criteria, and expected
performance characteristics of the plant structures, systems, and components
important to safety to determine that they are in accord with the Commission's
General Design Criteria, Quality Assurance Criteria, Regulatory Guides, and
other appropriate rules, codes and standards, and that any departure from these
criteria, codes and standards have been identified and justified.

(3) The expected response of the facility to various anticipated operating transients
and to a broad spectrum of postulated accidents. Based on this evaluation, we
determined that the potential consequences of a few highly unlikely postulated
accidents (design basis accidents) would exceed those of all other accidents
considered. We performed conservative analyses of these design basis accidents
to determine that the calculated potential offsite radiation doses that might
result, in the very unlikely event of their occurrence, would not exceed the
Commission's guidelines for site acceptability given to 10 CFR Part 100.

(4) The Southern California Edison Company's engineering and construction
organization, plans for the conduct of plant operations (including the organiza-
tional structure and the general qualifications of operating and technical
support personnel), the plans for industrial security, and the planning for
emergency actions to be taken in the unlikely event of an accident that might
affect the general public, to determine that the applicants are technically
qualified to safely operate the facilities.
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1.6

1.2

(5) The design of the systems provided for control of the radiological effluents
from the facilities to determine that these systems are capable of controlling
the release of radioactive wastes from the facility within the 1imits of the
Commission's regulations in 10 CFR Part 20, and that the equipment provided is
capable of being operated by the applicants in such a manner as to reduce radio-
active release to levels that are as low as is reasonably achievable within the
context of the Commission's regulations in 10 CFR Part 50, and to meet the dose
design objectives of Appendix I to Part 50.

(6) The Southern California Edison Company's quality assurance program for the
operation of the facilities to assure that the program complies with the Commis-
sion's regulations in 10 CFR Part 50, and that the applicants will have proper
controls over the facility operations such that there is reasonable assurance
that the facilities can be operated safely and reliably.

(7) The financial data and information supplied by the Southern California Edison
Company and its coapplicants as required by the Commission's regulations
(Section 50.33(f) of 10 CFR Part 50, and Appendix C to Part 50) to determine
that the applicants are financially qualified to operate the proposed facilities.

Modifications to the Facility During the Course of Our Review

During the review, we met a number of times (see Appendix A to this report) with the
applicants' representatives, contractors and consultants to discuss various technical
matters related to the facility. Also, we made a number of site visits to assess
specific safety matters related to the station. The applicants made a number of
changes to the facility design as a result of our review. We reviewed these design
changes also. Special details concerning these changes are included in amendments to
the Final Safety Analysis Report and in appropriate subsections of this report.

Summary of Outstanding [ssues

At this time, three sections of this report (Sections 18, 20, and 22) have been set
aside for completion at a later date. Section 18.0 is reserved for the report by the
Advisory Committee on Reactor Safeguards (ACRS). This report will be issued by the
ACRS following their review of the San Onofre 2 and 3 application and this Safety .
Evaluation Report (SER). The ACRS report is normally included in a supplement to the
SER. Section 20.0 is reserved for an evaluation by the NRC staff of the applicants'
financial qualifications. This evaluation is normally included in a SER supplement
so that the information reviewed will be reasonably current at the time a decision is
made on issuance of an operating license. Section 22.0 is reserved for issues that
have been identified as a result of the accident at Three Mile Island Unit 2 (TMI).
These items were identified and staff criteria for this evaluation were defined
rather late in our review of San Onofre 2 and 3, and our review of them is incomplete.
Therefore, they will be covered as a separate group in Section 22.0 of a supplement
to this report.
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As a result of our review of the non-TMI-related safety aspects of the San Onofre 2
and 3 application, a number of items remain outstanding at the time of issuance of
this report. Since we have not completed our review and reached our final positions
in these areas, we consider these issues to be open. Our review of these items will
be completed prior to a decision on issuance of an operating license and will be
reported in a supplement to this report. The open items, with appropriate references
to subsections of this report, are listed below.

(1) Explosion hazards. Section 2.2.2, page 2-13

(2) Toxic gas hazards. Section 2.2.2, page 2-14

(3) Systems Interaction. Section 3.8.6, page 3-22

(4) Seismic qualification pof equipment. Sections 3.10, page 3-28

(5) Reactor internals analysis. Section 3.9.2.3, page 3-23

(6) Independent piping analysis. Section 3.9.3.1, page 3-25

(7) Environmental qualification of equipment. Section 3.11.2, page 3-29

(8) Seismic plus LOCA loads on FEA. Section 4.2.2.10, page 4-7

(9) Core protection calculator. Section 4.4, page 4-21; Section 7.2.2, page 7-3;
Section 15.1.1, page 15-3; Section 15.2.3, page 15-8

(10) DNBR testing of revised FEA. Section 4.4, page 4-16

(11) Containment Pressure Boundary Fracture Toughness. Section 6.2.1.4, page 6-8.

(12) Emergency planning. Section 13.3., page 13-2

(13) Industrial security. Section 13.6, page 13-15

(14) Review of CENPD-183. Section 15.1.2, page 15-6

(15) Review of Q-list. Section 17.3, page 17-4

Each of these issues is summarized below.

(1) Explosion Hazards

The applicants have not demonstrated that the explosion risks associated with
transportation of hazardous materials past the site are sufficiently low to be
acceptable. They have agreed to revise their probability analysis, and to
evaluate the ability of plant structures to withstand overpressures greater than
the tornado loading. We will require that any portions of the plant found to be
vulnerable to significant blast damage be modified such that there will be
reasonable assurance that they will retain their functional capability in the
event of overpressure due to explosions.

(2) Toxic Gas Hazards

We are unable to verify the motor carrier accident rate which is presented in
Section 6.4 of the FSAR. The value used in Section 6.4 is about four orders of
magnitude less than the truck accident rate based on nationally averaged statistics
used by the applicants in Section 2.2 analyses. Our position is that the appli-
cants must substantiate the truck accident rate used in their toxic gas analysis

or revise it accordingly, and protect the control room from any additional

toxic gases that are a hazard to the plant operators.
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3)

(4)

(5)

(6)

(7)

(8)

Systems Interaction

We have requested, and the applicants have provided, additional information
concerning the objectives and scope of the applicants' systems interaction
program, the methodology and criteria used to postulate the interactions, and
the organization established to implement the program. We are evaluating the
applicants' response to our request and plan to conduct an onsite audit of the
applicants' program.

Seismic Qualification of Equipment

Our review of the information presented in the FSAR is in progress. Our findings
will be based on our review and on the information obtained during the September
1980 site visit by our Seismic Qualification Review Team. Our review is not

yet complete.

Reactor Internals Analysis

We have informed the applicants that the dynamic systems analysis described in
FSAR Section 3.7.3.14 require further amplification and clarification. The
applicants have agreed to provide the additional information.

Independent Piping Analysis

We are performing an independent confirmatory analysis of the shutdown cooling
line. This analysis will not only verify that this piping system meets

the applicable ASME Code requirements, but will also provide a check on the
applicants' ability to correctly model and analyze piping systems. We have
contracted with the Energy Technology Engineering Center (ETEC) to perform the
confirmatory analysis, and it is in progress.

Environmental Qualification of Equipment

We requested that the applicants reassess their qualification documentation for
equipment installed at the facility, to show that the qualification methods used
and results obtained conform to the staff positions in NUREG-0588. We believe
that this additional review will confirm our previously-reached conclusions that
the San Onofre 2 and 3 qualification documentation is adequate. Nevertheless,
we require that the additional review be completed prior to issuance of a full
power operating license.

Seismic plus LOCA Loads on Fuel Element Assembly (FEA)

The applicants have referenced the topical report CENPD-178, "Structural Analysis
of Fuel Assemblies for Combined Seismic and Loss-of-Coolant Accident Loading,"
which addresses this matter. As a result of our preliminary review, we concluded
that CENPD-178 did not contain an adequate model for analyzing lateral loads on



(9)

(10)

the fuel assembly nor did it present sufficient information on spacer grid
tests. The applicants have stated that they will provide additional information
on analytical methods and test results as an amendment to the Final Safety
Analysis Report.

Core Protection Calculator

We have required the San Onofre 2 and 3 applicants to submit a summary of any
modifications for their core protection calculator as compared to the Arkansas
Nuclear One Unit 2 core protection calculator, because of our significant
review effort on the ANO-2 computer.

The applicants noted modifications in the following areas and for the following
reasons:

(1) Core protection calculator/control element assembly protection algorithms -
these changes are a result of the change in the number of control element

assemblies and control element assembly subgroups for San Onofre 2 and 3.

(2) Core protection calculator/control element assembly data base constants -
these changes are due to the specific core and coolant system characteristics.

(3) Software changes related to thermal-hydraulic methods - the changes incor=
porate current Combustion Engineering methods.

Qur review of these modifications is still in progress.

DNBR Testing of Revised FEA

The departure from nucleate boiling correlation used for the design of the San
Onofre 2 and 3 core is the Combustion Engineering CE-1 correlation. However,
the San Onofre 2 and 3 reactors will use fuel assemblies with support grids
which are thicker and wider than comparable grids for the 16x16 fuel design

in Arkansas Nuclear One Unit 2 (ANO-2). Also, the grid spacing has been
increased relative to the grid spacing for ANO-2 by using one less grid for
the bundle. The effect of these changes in grid design may be to reduce the
critical heat flux for San Onofre fuel relative to that for ANO-2 and other
plants which use the same grid design as ANO-2. Therefore, we requested that
the applicants provide data to justify the use of the CE-1 CHF correlation.
This data has been submitted by the applicants, but our review of it is not yet
complete.



(11) Containment Pressure Boundary Fracture Toughness

(12)

The San Onofre 2 and 3 containment pressure boundary is comprised of ASME Code
Class 1, 2 and MC components. In late 1979, we generically reviewed the fracture
toughness requirements of the ferritic materials of Class MC, Class 1 and Class 2
components which typically constitute the containment pressure boundary. Based
on this review, we determined that the fracture toughness requirements contained
in ASME Code Editions and Addenda, typical of those used in the design of the
San Onofre 2 and 3 primary containment, may not ensure compliance with GDC 51

for all areas of the containment pressure boundary. We initiated a program to
review fracture toughness requirements for containment pressure boundary materials
for the purpose of defining those fracture toughness criteria that most appropri-
ately address the requirements of GDC 51. Prior to completion of this generic
study, we elected to apply in our licensing reviews the criteria identified in
the Summer 1977 Addenda of Section III of the ASME Code for Class 2 components.
These criteria were selected to ensure uniform fracture toughness requirements,
consistent with the containment safety function, are applied to all components

in the containment pressure boundary. Accordingly, we have reviewed the Class 1,
2 and MC components in the San Onofre 2 and 3 containment pressure boundary
according to the fracture toughness requirements of the Summer 1977 Addenda of
Section III for Class 2 components. However, in order to complete our review we
require additional information, because the San Onofre 2 and 3 FSAR does not
provide the information necessary to characterize the fracture toughness of the
reactor containment pressure boundary within the context of GDC 51. We have
requested that the applicants provide the necessary information, and we will
review it when it becomes available.

Emergency Planning

We have reviewed the San Onofre site emergency plan against the criteria in
NUREG-0654, Revision 1, "Criteria for Preparation and Evaluation of Radiological
Emergency Response Plans and Preparedness in Support of Nuclear Power Plants,"
November 1980. Based on our review, we conclude that the San Onofre site emer-
gency plan, when revised in accordance with the applicants' commitments, will
provide an adequate planning basis for an acceptable state of emergency
preparedness, and meets the requirements of 10 CFR 50 and Appendix E thereto.
However, the San Onofre site emergency plan must be revised to address the final
criteria and implementation schedule for the emergency centers and their
functions, emergency manpower levels, and metecrological systems.

The applicants have been requested to explicitly address protective action
determination and implementation after an earthquake in the revised site plan.

In addition, FEMA has been requested as part of their review of Federal, State,
and local emergency plans to review the planning efforts for the areas around the
site to assure that protective actions to be recommended by the applicants after
earthquakes could be implemented and are adequate.



After receiving the findings and determinations made by FEMA on Federal, State,
and local emergency response plans, and after reviewing the revised site plan
from the applicants, we will provide our overall conclusions on the status of
emergency preparedness for San Onofre and related emergency planning zones.

Our final approval of the state of emergency preparedness at San Onofre will
be made following implementation of the emergency plans to include development
of procedures, training and qualifying of personnel, installation of equipment
and facilities, and a joint exercise of all the plans (site, Federal, State,
and local).

(13) Industrial Security

The applicants submitted a Modified Amended Security Plan as required by 10 CFR
Part 73.55 encompassing protection of the San Onofre Nuclear Generating Station
Units 1, 2, and 3. The implementation of this plan at Units 2 and 3 is currently
undergoing a review prior to the issuance of operating licenses for these units
and will be reviewed throughout the plant's operating life to assure continuing
compliance with the requirements of Part 73.55 of 10 CFR 73.

The identification of vital areas and measures used to control access to these
areas, as described in the plan, may be subject to future amendments based upon

a confirmatory evaluation of Units 2 and 3 to determine those areas where acts of
sabotage might cause a release of radionuclides in sufficient quantities to
result in dose rates equal to or exceeding 10 CFR Part 100 limits.

(14) Review of CENPD-183

The analysis method used for loss-of-flow transients is described in CENPD-183,
this report originally was dépendent on the approval of CENPD-177, but CENPD-177
was withdrawn from review at the request of Combustion Engineering (Scherer,
1980a). Therefore, the staff review of CENPD-183 was deferred. Subsequently,
Combustion Engineering amended CENPD-183 and removed the dependence on CENPD-177
(Scherer, 1980b). We are currently in the process of rescheduling our review
of CENPD-183.

(15) Review of Q-Llist

We have completed our review of the 1ist of structures, systems, and components

to which the quality assurance program applies (the Q-List), and have identified

a number of systems which we believe should be added to the list. We have advised
the applicants of our position on these items, and they plan to respond in the near
future.
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1.8

1.9

1.10

Confimatory Issues

At this point in our review there are a few items which have essentially been resolved
to the staff's satisfaction, but for which certain confirmatory information has not
yet been provided by the applicants. In these instances, the applicants have committed
to provide the confirmatory information in the near future. If upon staff review of
the information it does not, as expected, provide confirmation of our preliminary
conclusions, we will treat that item as open and report on its resolution in a supple-
ment to this report.

The confirmatory items, with appropriate references to subsections of this report,
are Tisted below.

(1) Seismic margins format consistency, Section 3.9.3.1, page 3-25

(2) ECCS re-analysis using NUREG-0630 model, Section 4.2.2.13, page 4-8

License Conditions

There are several issues for which a license condition may be desirable to insure

that staff requirements are met during plant operation. These items, with appro-
priate references to subsections of this report, are listed below.

(1) High burnup fuel rod pressure, Section 4.2.2.2, page 4-2

(2) Low temperature overpressure protection, Section 5.2.2.2, page 5-3

(3) Recalculation of pressure-temperature limits, Section 5.3.1.2, page 5-11

(4) Secondary water chemistry, Section 5.4.2.3, page 5-19

(5) Diesel generator modifications, Section 8.3.1, page 8-9

(6) Turbine disc inspection, Section 10.2.2, page 10-3

Generic I[ssues

The Advisory Committee on Reactor Safeguards periodically issues a report listing
various generic matters applicable to light water reactors. A discussion of these
matters is provided in Appendix C to this report which includes references to sections
of this report for more specific discussions concerning this facility.

We continuously evaluate the safety requirements used in our review against new infor-
mation as it becomes available. In some cases, we take immediate action or interim
measures to assure safety. In most cases, however, our initial assessment indicates

that immediate licensing actions or changes in licensing criteria are not necessary.
In any event, further study may be deemed appropriate to make judgments as to whether
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our existing requirements should be modified. These issues being studied are some-
times called generic safety issues because they are related to a particular class or
type of nuclear facility. A discussion of our program for the resolution of these

generic issues is presented in a Appendix C to this report.
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2.1
24151

2.1.2

2.0 SITE CHARACTERISTICS

Geography and Demography
Site Description .

The San Onofre 2 and 3 facility is located in San Diego County, California, on the
coast of the Pacific Ocean, approximately 62 miles southeast of Los Angeles and

51 miles north of San Diego, California. The geographic location is shown in

Figure 2-1 and 2-2, The 83.6-acre site (approximately 4,500 feet long and 800 feet
wide) is located adjacent to San Onofre Unit 1 and is entirely within the boundaries
of the United States Marine base, Camp Pendleton, California, near the northeast end
of the 18-mile shoreline. San Clemente, California, is about 2.8 miles north of the
site.

Exclusion Area Control

The exclusion area shown in Figure 2=3 has a minimum exclusion distance of 600 meters
from the containment centerlines to the closest site boundary. The applicants'
authority to control all activities within the exclusion area was acquired by a grant
of easement from the United States of America made by the Secretary of the Navy in
1964 and modified by an amendment on September 18, 1975. The amendment to this grant
of easement expires on May 12, 2024. A1l mineral rights in the land portion of the
exclusion area are held by the United States Government. The exclusion area is
traversed by old U.S. Highway 101, the San Diego Freeway (Interstate 5), and the
Atchinson, Topeka and Santa Fe Railroad. The exclusion area on the ocean side
extends over a narrow strip of beach and into the Pacific Ocean.

The applicants' control of the landward portion of the exclusion area extends up to
the mean high tide 1ine but does not include the strip of beach lying between high
and lTow tide that is occasionally uncovered. This strip of "tidal beach" is owned by
the State of California and is used primarily as a passageway for individuals walking
along the beach. The applicants' lack of control of this strip of tidal beach has
been adjudicated in a Commission proceeding (see ALAB-432) and has been declared

"de minimis" on the basis of its occasional use, together with analyses which
indicate that any radiation exposure to individuals in this zone will be within the
guideline values of 10 CFR Part 100 in the event of emergency. We conclude that the
applicants have the authority to determine all activities within the exclusion area
as required by 10 CFR Part 100.

Activities within the exclusion area which are unrelated to plant operation include a

gas pipeline, railroad traffic, through traffic on the San Diego Freeway, and local
recreational traffic on old U.S. Highway 101. Recreational activities in the plant
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2.1.3

vicinity include swimming, camping and surfing. Recreational activities, such as
sunbathing or picnicking, are discouraged by the applicants within the landward
portion of the exclusion area (the area landward of the contour of mean high tide).
The seaward portion of the exclusion area (the area seaward of the contour of mean
high tide) may be used by small numbers of people for passageway transit between the
public beach areas upcoast and downcoast from the plant. Additional small numbers of
people may be anticipated to occasionally be in the water within the exclusion area.

Transient access to an approximately five-acre area at the southwest corner of the
site for the purposes of viewing the scenic bluffs and barrancas will be on the
unimproved walkway. The applicants have estimated that at any one time a maximum of
100 persons will be in the walkway and a five-acre barranca viewing area, and on the
beach and water below mean high tide. The improved walkway affords landward passage
between the two beach areas.

The San Onofre State Beach (Parcels 2 and 3) northwest and southeast of the San Onofre
exclusion areas, as shown in Figure 2-4, represents a public waterfront recreation
area within a five-mile radius of the plant. This figure shows the projected develop-
ment of inland parkland. The beach south of the nuclear facility is used for swimming,
hiking and vehicle parking. The 3,400-foot stretch of beach north of the site is

used primarily for surfing.

In case of a radiological emergency, the applicants have made arrangements with
agencies of the Federal, State and local governments to control all traffic on the
railroad, roadways and waterways.

Chain link fences extending between the beach passageway and the mean high tide line,
television monitoring, and plant security control will be used to control the

population on the beach within the exclusion area.

Population and Population Distribution

The population in the vicinity of the San Onofre site is shown as a function of
distance in Table 2.1,

The largest communities in the vicinity are San Clemente, located about 3 miles away,
which had a 1976 estimated population of 23,000, and the U.S. Marine Corp base,

Camp Pendleton, with a total estimated population of about 33,000. The Marine Corp
base consists of several population clusters or camps located at distances from

1.5 miles to 12 miles away.

The San Onofre 2 and 3 low population zone outer radius is 1.95 miles. The 1976

resident population within the low population zone was about 1,400 persons and is
projected to be about 1,500 persons in the year 2020.
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TABLE 2.1

SAN _ONOFRE POPULATION DISTRIBUTION

Distance: 0-1 miles 0-2 miles 0-3 miles
1976 population 0 1388 6672
1980 population 0 1462 6746
2020 population 0 1462 6746

2-7

0-4 miles

14,504
15,528
19,848

0-5 miles

24,102
26,551
37,351



2.1.4

The nearest population center (as defined in 10 CFR Part 100) is the city of

San Clemente which had a 1976 estimated population of 23,000 persons and which is
projected to reach or exceed a population of 25,000 persons in the early lifetime of
the plant. The closest boundary of San Clemente is located about 2.85 miles to the
north of Unit 2,

The San Clemente Planning Department has indicated that there is no potential for
future residential population south of the San Clemente city limits, since this area
is occupied by the U.S. Coast Guard reservation which lies between the city of

San Clemente and the San Onofre 2 and 3 site. We conclude that the population center
distance is at least 1-1/3 times the low population zone, as required by 10 CFR

Part 100,

We have made an independent estimate of the 1970 population within a 50-mile radius
of the San Onofre 2 and 3 site based upon the Bureau of Census data. Our value of
3,605,418 is lower than the 4,173,005 value listed by the applicants in the Final
Safety Analysis Report.

The applicants' projected growth rate for the year 2020 for the area within a 50-mile
radius of the site was compared with the population projections of the Bureau of
Economic Analysis for Areas 164 and 165, as shown in Figure 2-5. This comparison
showed a projected growth of about 11 percent per decade as compared with 22 percent
per decade estimated by the applicants.

The applicants have estimated a peak transient population in tourist and recreational
activities along Interstate 5 in a 10-mile radius of the plant to be 56,600 persons.
This increase during the summer months is due to persons engaged in water sport
recreation on the Pacific Ocean beach and coastal waters.

The population of Camp Pendleton is variable but averages approximately 33,000. We
conclude that the applicants' population projections are reasonable, based on our
independent review of the available demaographic information.

Our evaluation of the emergency plan for the San Onofre Nuclear Generating Station and
the steps that the applicants have taken to provide reasonable assurance that appro-
priate protective measures can and will be taken on behalf of the residents within the
low population zone in the event of a serious accident is discussed in Section 13.3 of
this report.

Conclusions

On the basis of the exclusion area and lTow population zone distances and the
specified population center distance, our analysis of the onsite meteorological data
from which atmospheric diffusion factors were calculated (see Section 2.3 of this
report), and the calculated potential radiological dose consequences of design basis
accidents (discussed in Section 15.0 of this report), we conclude that the exclusion
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area, low population zone and population center distance meet the guidelines of
10 CFR Part 100, and that the San Onofre 2 and 3 site continues to be acceptable.

Nearby Industrial, Transportation and Military Facilities
Locations, Routes, and Descriptions

The nearest major land transportation routes are the San Diego Freeway (Interstate 5)
and the Atchinson, Topeka and Santa Fe Railroad right-of-way east of the site between
Highway 101 and Interstate 5 which pass through the exclusion area approximately

600 feet to 700 feet from Units 2 and 3 containment buildings. 01d Highway 101 lies
between Interstate 5 and the reactor site and is used as an entrance road to the
south end of the San Onofre State Beach.

Three pipelines in the vicinity of the San Onofre Units 2 and 3 site include a 6-inch
natural gas pipeline adjacent to Basilone Road and located 1-1/4 miles away, a 12-inch
natural gas pipeline adjacent to Interstate 5, and a 10-inch refined petroleum
products pipeline 2 miles to 5 miles notheast of the plant in Camp Pendleton.
Commercial vessel shipping lanes are greater than 5 miles to the southwest of the
plant in the Pacific Ocean. There are no airports within 5 miles of the San Onofre 2
and 3 site. There are no missile sites within 10 miles of the San Onofre 2 and 3
site.

Camp Pendleton is used by the U.S. Marine Corps for training and maneuvers on both
the beach area and inland from the San Onofre 2 and 3 site. The military uses of
areas within a five-mile radius of the site include three base camps, numerous firing
areas (see Figure 2-6), and two ammunition storage areas. Most of the activities are
conducted inland from San Onofre 2 and 3, in the range of coastal hills that parallel
the coast. No amphibious landings will be made in the vicinity of the plant site due
to an agreement between the applicants and the Marine Corps and to the location of
fences surrounding the plant. A quarry is located in Camp Pendleton four miles north
of the plant site for crushed rock used to surface roads on the base. No explosives
are used at this quarry.

At a distance of five miles inland from the plant site, Marine Corps aircraft bombing
and strafing ranges are located. Aircraft approaching the ranges do not pass near
the plant. Firing of ground weapons is in a direction away from the San Onofre 2

and 3 site and lTocated so that the maximum range of the weapons would not permit an
impact closer than two miles from the plant, assuming that they were fired towards
the plant instead of in a designated sector. No bombardment from the sea is ever
permitted, and shore landings do not use live ammunition. We conclude that the
military training operations at Camp Pendleton will not affect the safe operation of
San Onofre 2 and 3.

Air traffic near the site (see Figure 2-7) includes Airway V-23 which passes

1/2 mile seaward of the San Onofre Units 2 and 3 site and is used by single- and
twin-engine aircraft. Commercial and other high-speed aircraft fly along the
coast (via V-25) 12 miles southwest of the plant. Military aircraft operations

2-10
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2.2.2

includes both helicopter flights associated with Camp Pendleton and high-speed
jets associated with the E1 Toro Marine Corps Air Station. These latter
operations are concentrated 7.5 miles northwest of the site in the E1 Toro landing
corridor.

There are no plans for expansion of existing facilities or new industrial
development within a five-mile radius of the plant,

Evaluation of Potential Accidents

The applicants have considered the shipment of hazardous materials including
toxic, flammable and explosive materials along Interstate 5 (I-5) and the
Atchison, Topeka and Santa Fe (ATSP) Railroad. The applicants have presented
analyses which conclude that the probability of transportation accidents, leading
to overpressures in excess of plant design criteria, is within NRC staff
acceptance criteria and is sufficiently low so that the accidents need not be
considered as design basis events. The applicants' conclusions stem from the
analyses presented in the Final Safety Analysis Report (FSAR) and from revised
analyses given in a study prepared by the Nuclear Utility Services (NUS)
Corporation. Their analyses are based on considering the frequency of quantity of
flammable or explosive material shipments, transportation accident statistics, and
meteorology.

Although the applicants' analyses for overpressure events offer a reasonable
approach and contain the basic elements necessary for a risk assessment, we do not
agree with the applicants' conclusions for the following reasons:

(1) We do not have assurance that the applicants' analyses are based on an
appropriate interpretation and use of data on transportation accidents, and,
therefore, that the risk level due to overpressures has been estimated
appropriately. For example, our review indicates that the applicants'
estimates of motor carrier and train accident rates are based on regionally
adjusted data which are difficult to justify in view of unadjusted nationally
averaged data. Data used to estimate motor carrier explosion probabilities
in the event of a spill are questionable with respect to completeness. With
respect to tank truck accident severity, the use of tandem trucks does not
appear to have been factored into the analyses, yet during a site visit it
was apparent to the staff that such traffic was fairly common on I-5. An
accident involving a tandem truck would potentially double the spill size
and, thus, raise the potential overpressure beyond that considered by the
applicants.

The above considerations lead us to believe that the applicants' explosion
probability estimates may be optimistic. Our own analyses indicate that
correction of some of the factors used by the applicants would yield
explosion risk estimates which are about 40 times higher than those reported
by the applicants.

2-13



(2) Even if the applicants' estimates are accepted, the resulting risk estimates, as
described in the NUS study, are marginal at best. The applicants estimate that
the annual probability of exceeding 3 psi overpressure at the plant is 7.7 x 10'7,
and contend that this is acceptable since it is less than 10—6. The staff
criterion for determining if an offsite hazard should be considered as a design
basis event is described in Standard Review Plan (SRP) 2.2.3. The staff position
is that a probabilistic risk estimate, when determined by conservative calcula-
tions, should not exceed 10-6 per year and, when combined with reasonable
qualitative arguments, the realistic estimate should be shown to be Tower.
However, when realistic estimates are made, the criterion to be used is
approximately 10.? per year.

It is our view that the NUS study clearly represents a realistic analysis,
wherein an in-depth and detailed assessment of each significant phase of an
accident sequence (i.e., accident rate, spill probability, spill size, probabil-
ity of ignition/detonation, meteorology) is made. Hence, the results of the
study, assuming for the moment that they are not invalidated by inappropriate
data, are closer to the 10_6 criteria of SRP 2.2.3 for a conservative analysis

than the llti-7 per year that is acceptable for a realistic analysis

In view of the above, we do not find that the applicants have demonstrated that
the explosion risks associated with transportaion of hazardous materials past
the site are sufficiently low to be acceptable. As a result of recent discus-
sions of this issue with the applicants, they have agreed to revise their
probability analysis, and to evaluate the ability of plant structures to
withstand overpressures greater than the design value of 3 psi (tornado
loading). The applicants will evaluate the overall plant response, including
the capability to carry out a safe shutdown for the spectrum of postulated
transportation accidents. We will require that the portions of the plant found
to be vulnerable to significant blast damage be modified such that there will be
a reasonable expectation of their survival and retention of functional capability
in the event of a design basis overpressure. We will report on the resolution
of this issue in a supplement to this report.

With respect to the applicants' analysis of toxic gas hazards from transportation
accidents, we are unable to verify the motor carrier accident rate which is
presented in Section 6.4 of the FSAR. The value of 2 x 10_10 accidents per mile
used in Section 6.4 is about four orders of magnitude less than the truck
accident rate based on nationally averaged statistics used by the applicants in
Section 2.2 analyses. Thus, the applicants' estimated need for control room
operator protection may have to extend beyond the selected gases, namely
chlorine, butane, carbon dioxide, and ammonia. Our position is that the applicants
must substantiate the truck accident rate used in their toxic gas analysis or
revise it accordingly. We will report on the resolution of this issue in a
supplement to this report.

The applicants' initial analysis of the consequences to the plant in the event

of a rupture of the 12-inch natural gas pipeline (about 450 feet from the nearest
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2.3

2.3.1

plant structure) was limited to considering atmospheric diffusion with buoyancy
effects. Staff review identified the potential for plume downwash, local
entrainment and turbulence due to the topography of the site and the relative
location of plant structures. The staff requested the applicants to provide a
probabilistic assessment of the risk associated with potential ruptures of the
pipeline. The applicant has responded by providing a risk analysis, complemented
by an additional natural gas transport analysis which took potential topography
effects into account. We have reviewed the revised analysis (Amendment 16) and
agree with the applicants' approach and results which indicate that the
probability of a pipe rupture and flammable concentrations of natural gas
reaching the plant air intakes is well below 1077 per year. Thus, the risk
associated with the 12-inch pipeline is acceptably small

Meteorology

In order to ensure that the San Onofre 2 and 3 safety-related plant design and
operating bases are within NRC guidelines, we have evaluated the regional and local
climatological information, including extremes of climate and severe weather
occurrence, which may affect the safe design of a nuclear power plant. To determine
that postulated accidental and routine operational releases are within these
guidelines, we have evaluated the atmospheric diffusion characteristics of the site.
Our evaluation and description of the meteorological characteristics of this site
followed the procedures outlined in Sections 2.3.1 through 2.3.5 of NUREG-75/087 (the
Standard Review Plan), except for one modification described in Section 2.3.4.

Regional Climatology

The climate of the coastal region of southern California is strongly influenced by
the Pacific Ocean. Summers are relatively cool with daytime temperatures averaging
between 70 degrees Fahrenheit and 80 degrees Fahrenheit; daytime seabreezes are
frequent. Hot, dry desert air from east of the coastal mountains (Santa Ana winds)
may intrude onto the coastal plain several times each year, primarily in the fall,
but temperatures exceed 90 degrees Fahrenheit usually less than five days annually.
The influence of the Pacific Ocean also results in mild winters, with daytime highs
in the 60 degrees Fahrenheit to 70 degrees Fahrenheit range, and nighttime lows in
the 40 degrees Fahrenheit to 50 degrees Fahrenheit range. Temperatures below
freezing are rare.

The maximum and minimum dry-bulb temperatures selected by Southern California Edison
Company for general plant design are 104 degrees Fahrenheit and 36 degrees Fahrenheit,
respectively. The maximum temperature is equalled or exceeded less than 1 percent of
the time for the summer months (June-August). The minimum temperature is equalled or
exceeded 99 percent of the time for the winter months (December-February).

Precipitation along the coastal plain averages around 10 inches annually. The

rainfall is very seasonally dependent with 85 percent of the total occurring from
November through March; almost no rain falls during the summer months. Average
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2.3.2

relative humidities range from above 80 percent during the early morning hours of

summer and fall, down to around 55 percent during winter afternoons.

Snow, glaze and hail are almost nonexistent in the site vicinity. Therefore, we
conclude that snow and ice loadings need not be considered for plant design.

Although they are infrequent, thunderstorms, tropical cyclones, tornados and dust
storms can affect the site area. Thunderstorms occur less than five days annually.
Tropical storms are also rare, with a storm entering the region on the average less
than once every 10 years.

Table 2.2 lists the characteristics of the design basis tornado for which the

San Onofre Units 2 and 3 facility was designed. These values are less severe than
those recommended by Regulatory Guide 1.76, "Design Basis Tornado for Nuclear Power
Plants," for tornado intensity region II (in which the site is located). This is
acceptable, as discussed by Regulatory Guide 1.76, provided the less severe design
basis tornado can be justified by a site-specific analysis using regional data. To
this end, the applicants provided regional tornado data to verify the site design
basis torpado characteristics, and we independently evaluated these data. Between
1952 and 1975, 23 tornadoes and 21 waterspouts were reported within a 13,000 square
mile are containing the site. Using the method described by Markee, et al. (1974),
we calculated, for an expected tornado path area of about 0.1 square miles, a
recurrence interval of about 70,000 years for any tornado or waterspout at the plant
site, and a probability of occurrence of about 10‘7 per year for the design basis
tornado. Since our calculated site-specific design basis tornado characteristics
were less severe than the design basis values, we conclude that the design basis
tornado characteristics 1isted in Table 2.2 are acceptable for the site and meet the
guidelines of Regulatory Guide 1.76.

Dust storms are relatively infrequent in the site region; between 1940 and 1970, dust
or blowing dust and sand reduced visibility to under seven miles only about one hour
annually.

We conclude that the applicants have sufficiently described the regional climatology

and severe weather phenomena which are important to the safe design of San Onofre 2
and 3.

Local Meteorology

The San Onofre 2 and 3 site is located on the relatively narrow coastal plain, near
the mouth of San Onofre Canyon. Coastal bluffs, nearby hills and valleys, and the
Pacific Ocean contribute to make the site topographically complex. Within 5 miles of
the site, elevations range from 1725 feet above sea level (about 3.5 miles east of
the site) to sea level along the Pacific Ocean.

To assess the local meteorological characteristics of the San Onofre site,
climatological data are available from San Diego, California (50 miles southeast of
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TABLE 2.2

DESIGN BASIS TORNADD CHARACTERISTICS
SAN_ONOFRE_NUCLEAR GENERATING STATION,
UNITS 2 AND 3

Tornado Parameter Value
Maximum Speed (miles per hour) 260
Rotational Speed (miles per hour) 220
Maximum Translational Speed (miles per hour) 40
Total Pressure Drop (pounds per square inch) 1:5
Rate of Pressure Drop (pounds per square inch) 0.3

The applicants have designed San Onofre Units 2 and 3 based upon
these values. Based upon our evaluation of regional tornado
data, we conclude that these values are acceptable for the site
and meet the guidelines of Regulatory Guide 1.76.
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2,3.3

the site), Los Angeles, California (60 miles northwest of the site), and from onsite
collection. These data are reasonably representative of the climatological conditions
expected in the vicinity of the site.

Based upon our review of regional data, we conclude that the design wind speed
(defined as the "fastest mile" wind speed at a height of 30 feet above ground level
with a return period of 100 years) of 100 miles per hour is an acceptable value. The
"fastest mile" of wind recorded at Los Angeles was 62 miles per hour (March 1952).

In the site area, average daily maximum and minimum temperatures range between

77 degrees Fahrenheit and 64 degrees Fahrenheit in August, the warmest month, to
between 65 degrees Fahrenheit and 46 degrees Fahrenheit in January, the coolest
month. The extreme maximum temperature recorded was 111 degrees Fahrenheit (San
Diego, September 1963); the extreme minimum temperature was 23 degrees Fahrenheit
(Los Angeles, January 1937).

The area receives about 10 inches of rain annually; December, January and February,
the wettest three-month period, average a total of about 6 inches, while June, July
and August combined average less than 0.1 inch. The maximum 24-hour rainfall
recorded among these stations has been 6.2 inches (Los Angeles, January 1956).
Snowfall is a rarity, with a trace (less than 0.01 inch) being the most ever
recorded, Heavy fogs (visibility 1/4 mile or less) occur on about 40 days each year
along the coast with about half of the occurrences during October through January.

Wind flow at the site has a strong diurnal dependence, primarily due to the land/sea
breeze effect. During daytime hours, the wind flow is predominantly onshore, while
at night wind flow tends to be seaward. Table 2.3 shows the wind direction with the
greatest frequency of occurrence for each hour of the day for the three-year period
of January 25, 1973 through January 24, 1976, as measured at the 10-meter (33-foot)
level of the onsite meteorological tower. Figure 2.8 shows the directional frequency
of these onsite winds. About 25 percent of the total windflow over the site was from
the northeast and north-northeast (principally nighttime offshore flow); 19 percent
of the flow occurred from the west and west-northwest (daytime onshore flow). Winds
were calm (wind speeds less than 0.75 mile per hour) less than 1 percent of the time
at the 10-meter (33-foot) level.

We conclude that the applicants have described the local meteorological conditions
which are important to the safe design of San Onofre 2 and 3

Onsite Meteorological Measurements Program

The ofiginal onsite meteorological program at the site began in late 1964 with wind
measurements at the top of a 19.5-meter (64-foot) mast. In December 1970, the
present meteorological monitoring program began with the installation of a 36.6-meter
(120-foot) tower atop the coastal bluff about 100 meters (330 feet) west-northwest
from the San Onofre Unit 1 containment and 420 meters (1,380 feet) west-northwest of
the Unit 2 containment. In October 1975, the tower was extended to a height of about
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TABLE 2.3

WIND DIRECTION WITH GREATEST FREQUENCY OF
OCCURRENCE BY TIME OF DAY
SAN ONOFRE UNITS 2 AND 3

Wind Frequency Wind Frequency

Hour Direction (percent) Hour Direction (percent)
1 a.m. NE 28 1 p.m WNW 25
2 NE 26 2 WNW 27
3 NE 27 3 WNW 27
4 NE 28 4 WNW 27
5 NE 30 ) WNW 22
6 NE 30 6 WNW 16
7 NE 25 7 NW 14
8 NE 19 8 NE 13
9 S 12 8 NE 16
10 W 17 10 NE 20
11 W 20 11 NE 23
Noon WNW 22 Midnight NE 25

Date measured at 10-meter (33-foot) level of onsite
meteorological tower.
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DIRECTIONAL FREQUENCY OF WIND-SAN ONFORE SITE. Onsite
data at 10 meters (33 feet) above ground level, January 25,
1973 through January 24, 1976. Bars show the direction
from which the wind blows. Calms are those winds with
hourly average speeds less than 0.75 miles per hour.

Figure 2-8
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43 meters (140 feet). Table 2.4 describes the kinds of measurements and their
evaluations on the tower between 1970 and the present. Section 2.3.3 of the Final
Safety Analysis Report provides information regarding maintenance, calibrations,
quality assurance, data handling and processing procedures, and the specific
instrumentation used for the onsite program.

The applicants also conducted an onshore tracer test program at the San Onofre site.
Among the objectives of the program were: (1) to characterize dispersion
representative of meteorological conditions during accidental and routine plant
releases; and (2) to evaluate the appropriateness of using data measured on the
permanent site meteorological tower located on the coastal bluff for making disper-
sion estimates for onshore flows. Appendix D of this report contains our evaluation
of the test data.

The applicants provided joint frequency distributions of wind speed and direction by
atmospheric stability class, based upon the vertical temperature gradient, collected
onsite during the period January 25, 1973 to January 25, 1976. The distributions

were for wind speed and direction measured at both the 10-meter (33-foot) and 40-meter
(131-foot) levels with the vertical temperature difference between the 6.1-meter
(20-foot) and 36.6-meter (120-foot) levels. For our dispersion estimates in

Sections 2.3.4 and 2.3.5, we used the joint frequency distributions with the 10-meter
level wind data. The joint data recovery rate for the vertical temperature difference
and the 10-meter level wind was 88 percent.

As discussed in Appendix D to this report, we originally concluded that the onsite
meteorological data collection system on the permanent bluff tower did not meet the
guidelines of Regulatory Guide 1.23, Revision 0, "Onsite Meteorological Programs."
We came to this conclusion because the data produced by the bluff tower appeared to
be anomalous compared to data from other sites that we had reviewed. Specific
anomalies included a very high occurence of the unstable wind stability classes and a
decrease in wind speed with increasing height. To explain these anomalies, the
applicants conducted an onsite atmospheric tracer gas release and measurement
program. Based on our evaluation of the onsite tracer program (see Appendix D), we
conclude that although some of the data from the permanent onsite tower appear
anomalous, other data from the tower can be used to estimate site atmospheric
diffusion conditions using the models in Regulatory Guide 1.145, "Atmospheric
Dispersion Models for Potential Accident Consequence Assessments at Nuclear Power
Plants," and Regulatory Guide 1.111, "Methods for Estimating Atmospheric Transport
and Dispersion of Gaseous Effluents in Routine Releases from Light-Water-Cooled
Reactors." Specifically, we conclude that the wind and vertical temperature
difference data measured on the permanent onsite tower are acceptable for use in
making atmospheric dispersion estimates for the site vicinity using our models
described in Sections 2.3.4 and 2.3.5, below. Therefore, on this basis we conclude
that the San Onofre meteorological data collection program, including the tracer
program and the permanent onsite tower data collection system, meets the guidelines
of Regulatory Guide 1.23, Revision 0 and is acceptable.
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TABLE 2.4

ONSITE METEOROLOGICAL INSTRUMENTATION

SAN _ONOFRE UNITS 2 AND 3

Period Measured Parameter
12/70 = 1/73 Wind: Direction, Speed
and Standard Deviation
Vertical Dry Bulb
Temperature Gradient
1/73 - 10/75 Wind Direction and Speed

10/75 - present

QD)
(2)
(3)
%)

Wind Direction Standard
Deviation

Dry Bulb Temperature (1)
Dry Bulb Temperature (2)

Vertical Dry Bulb
Temperature Gradient

Wind Direction and Speed

Wind Direction Standard
Deviation

Dry Bulb Temperature

Vertical Dry Bulb
Temperature Gradient

Installed 1/74

Installed 1/74, removed 1/75
Temporary

Two sets of instruments
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Elevation Above Ground

Meters

36.6

36.6 - 6.1

10, 36.6
36.6

6.1
6.1
36.6 - 6.1

10, 203, 40
10

10
a0 - 10
36.6 - 6.1(3)

Feet

120

120 - 20

33, 120
120

20
20
120 - 20

33, 663, 131
33

33
131 - 33(®
120 - 200



2.3.4

Short-Term (Accident) Diffusion Conditions

We estimated short-term relative concentration values for accidental releases from
plant buildings and vents. These values are estimated for various time periods
following a release and are applicable to the exclusion area boundary (580 meters
from the outer edge of the containment buildings) and the outer boundary of the Tow
population zone (3,140 meters). We used the applicants' meteorological data for the
three years of onsite collection with wind direction and speed measured at the
10-meter level. We assumed a ground-level release and calculated values for the
onshore (west-northwest clockwise through southeast) sectors only. Thus, our
evaluation does not consider the atmospheric diffusion conditions in the over-water
directions (south-southeast clockwise through west).

We conclude that the evaluation procedures we used for this site provide reasonable
estimates of the variations in atmospheric dispersion that occur as a function of
wind direction and distance from the source to a receptor. Certain air flow
directions can exhibit substantially different diffusion conditions than others, and
the wind can transport effluents in certain directions more frequently than in
others. For these short-term relative concentration estimates, we modified the
calculational procedures described in Section 2.3.4 of NUREG-75/087 (the Standard
Review Plan). We used the concepts described in Regulatory Guide 1.145, which
considers the variability of meteorological coditions by direction. Based upon our
review of the onsite tracer program, we conclude that this model is suitable for this
site. Appendix D of this report contains our assessment of the onsite tracer program
and the application of its data to calculate diffusion estimates for the site.

Table 2.5 shows the 0-2 hour relative concentration values which we estimate will be
exceeded no more than 27 hours per year (0.3 percent of the total time) on the
average at the exclusion area boundary for each of the onshore sectors. The
northwest downwind sector had the highest relative concentration values for both
exclusion area boundary and low population zone calculations; the values from this
sector were used in our evaluation of short-term accidental releases and are listed
in Table 2.6. The 0-2 hour relative concentration value of 4.0 x 10_a seconds per
cubic meter from this maximum sector will occur or be exceeded no more than about

150 hours per year (1.7 percent of the total time) for all onshore directions.

Our current position, which is defined in Regulatory Guide 1.145, consists of a
modification of the percentile at which the relative concentration values are
calculated in the sector-dependent model from the 0.3 percent level to the 0.5 percent
level. This would result in a reduction of the relative concentration value shown in
Table 2.5. Therefore, we conclude that the application of the modification to the
interim branch technical position for this site does not change our conclusion that
the plant meets the dose requirements of 10 CFR Part 100.
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TABLE 2.5

SHORT-TERM RELATIVE CONCENTRATIONS BY DOWNWIND DIRECTION
SAN_ONOFRE UNITS 2 AND 3

The values are the 0-2 hour relative concentrations (which we estimate
will be exceeded no more than 27 hours per year at the exclusion area
boundary (a 580-meter radius from the containment buildings) in the
downwind direction indicated (onshore directions only).

Relative Concentration Relative Concentration
Downwind Sector (seconds per cubic meter) Downwind Sector (seconds per cubic meter)

WNW 3.8 x 1074 NE 2.2x 107"
NW 4.0 x 107 ENE 2.4 x 1074
NNW 3.3x 107 E 2.5 x 107
N 2.7 x 107 ESE 3.0 x 1074
NNE 2.8 x 1074 SE 31 x 1074

2-24



TABLE 2.6

SHORT-TERM RELATIVE CONCENTRATION VALUES USED FOR ACCIDENT ANALYSIS
SAN ONOFRE UNITS 2 AND 3

The values are the short-term relative concentrations used to
evaluate accident releases from plant buildings and vents. The
values are for appropriate time periods following a release and
are for the exclusion area boundary (580 meters) and the outer
boundary of the low population zone (3,140 meters).

Relative Concentration

Time Period Location (seconds per cubic meter)
0-2 hours EAB 4.0 x 107*
0-8 hours LPZ 2.7 x 107
8-24 hours LPZ 1.9 x 1079
1-4 days LPZ 8.2 x 1078
4-30 days LPZ 2.5 x 1078
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2.3.5

2.3.6

2.4
2.4.1

Long-Term (Routine) Diffusion Estimates

Using the three years of onsite data with wind direction and speed measured at the
10-meter level as a basis, we estimated the annual average atmospheric dispersion
conditions. We used our atmospheric dispersion model for long-term released based
upon the "Straight-Line Trajectory Model" described in Regulatory Guide 1.111,
"Methods for Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in
Routine Releases from Light-Water-Cooled Reactors" (Revision 1).

The onsite tracer tests showed that ground-level normalized relative concentrations
were similar whether the source of release was elevated or ground-level. For
convenience we assumed that all plant releases were from ground-level, since this
assumption does not affect concentration.

The calculations also include considerations of intermittent releases during more
adverse atmospheric dispersion conditions than indicated by an annual/average
calculation as a function of total duration of release. Based upon the guidelines of
Regulatory Guide 1.111, the calculations include an estimate of the maximum increase
in relative concentration and deposition due to the spatial and temporal variation of
the air flow not considered in the straight-line trajectory model. Radioactive decay
of effluents and depletion of the effluent plume were also considered as described in
the guide.

Table 2.7 1ists the relative concentration and relative deposition values used to
estimate radiation doses as described in the San Onofre Units 2 and 3 Draft
Environmental Statement, issued in November, 1978.

Conclusions

The applicants have provided sufficient information for us to evaluate the regional
and local meteorological conditions of importance to the design of San Onofre 2

and 3. The three years (January 1973 - January 1976) of onsite meteorological data
and the onsite atmospheric tracer test data provide acceptable bases for calculation
of reasonably conservative relative concentration values of post-accident and
annual/average atmospheric diffusion conditions.

Hydrology
Hydrologic Description

The San Onofre 2 and 3 site is located on the southern California coast of the
Pacific Ocean near the city of San Clemente, California. The San Onofre 2 and 3 site
is bordered on the northwest by Unit 1, on the east by 01d U.S. Highway 101, on the
southeast by the San Onofre State Beach, and on the west by the Pacific Ocean.

The San Onofre 2 and 3 site is situated on the coastal plain at the base of the
western foothills of the Santa Margarita Mountain Range. 1In this area, elevations
rise sharply from sea level to a fairly level terrace formation 100 feet to 200 feet



TABLE 2.7

SUMMARY OF RELATIVE CONCENTRATION AND
RELATIVE DEPOSITION VALUES FOR SELECTED LOCATIONS NEAR
SAN ONOFRE UNITS 2 AND 3

Relative Concentration Relative Deposition
Location Source (seconds per cubic meter) (per square meter)

Nearest Site Boundary
580 meters A 5.4 x 107 2.1x 1077

(0.36 miles) B 2.4 x 107° 9.3 x 1078
west-northwest

Nearest Residence/Garden
2.1 kilometers A 4.8 x 10°° 2.0 x 1078
(1.3 miles) B 1.7 x 1078 6.9 x 107

north=northwest
Key: "Nearest" refers to that type of location where the highest
radiation is expected to occur from all appropriate pathways.

Sources: A - Gas decay tank, purge release
(48 purges/year, 2 hours/purge)

B - Vent continuous release
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2.4,2

above mean sea level. At the terminus of the terrace formation, some 7,500 feet
inland, the foothills begin, rising with moderate to steep slopes to an elevation of
3,000 feet above mean sea level. The foothill belt extends approximately 28 miles
inland and lies in a generally northwest-southeast direction.

There are no perennial streams in the general vicinity of the plant site. However,
ephemeral streams and water courses do exist. The major streams are San Mateo Creek,
about two miles northwest, and San Onofre Creek, about one mile northwest.

San Mateo Creek has a drainage area of 132 square miles. The drainage divide between
San Mateo and San Onofre Creeks will preclude the site from influence by San Mateo
Creek.

San Onofre Creek has a drainage of 43 square miles, is about 9.7 miles in length, and
4.7 miles in width. The origin of the basin is in the Santa Margarita Mountains to
the northeast of the site. Elevations in the basin range from sea level at the
Pacific Ocean to 3,187 feet above mean lower low water (U.S. Department of Commerce,
1978) in the mountain headwaters. There are no existing or proposed control
structures within the basin. Camp Pendleton currently utilizes surface runoff
infiltration for purposes of recharging the base well system. There are no other
surface water users in the basin.

The foothills drainage basin is east of the site and could be a potential source of
flooding. The basin drainage area is 0.86 square miles. Elevations in the basin
range from about 100 feet above mean sea level near Interstate 5 to 1,200 feet above
mean sea level at its origin.

There are no gauging stations or surface water records for this drainage area. There
are two water control structures used to divert water under Interstate 5. They have
diameters of 42 inches and 72 inches and capacities of about 180 cubic feet per
second and 520 cubic feet per second, respectively. Additionally, there is an
earthen channel on the east side of Interstate 5 with a capacity of about 1,850 cubic
feet per second for diverting water north to San Onofre Creek.

Flood Design Considerations

(1) San Onofre Creek
A probable maximum flood analysis by the applicants resulted in an estimated
maximum flood stage of 24.1 feet for a discharge of 71,000 cubic feet per second
at the mouth of the creek. Topographical features of the basin will contain
this flow and preclude flooding of the site from this source.

(2) Foothills Drainage Basin

The applicants computed the probable maximum flood based upon a probable maximum
thunderstorm over the basin and the associated debris runoff. The combined

2-28



2.4.3

(3)

hydrograph results in a peak water and debris discharge of about 7,340 cubic
feet per second. We have reviewed this analysis and find it to be conservative
and acceptable. The applicants have proposed a berm and ditch on the east side
on Interstate 5 to convey runoff to San Onofre Creek. The applicants used
sediment transport principles to analyze deposition of a portion of the debris
in the bottom of the ditch. Water surface profiles were then computed, using
the aggraded bed, to determine the probable maximum flood water surface
elevation. We have reviewed the proposed berm and ditch and find that these
provisions to protect the facility from the probable maximum flood are accept=
able and meet the criteria of Regulatory Guide 1.59, "Design Basis Floods for
Nuclear Power Plants."

Site Drainage

The site drainage facilities are designed to preclude loss of function of
safety-related structures and equipment during a probable maximum thunderstorm
on the plant area. All catch basins for the subsurface drainage system, roof
drains, and exposed floor drains were assumed to be plugged for the purposes of
determining water surface elevations arising during the thunderstorm probable
maximum precipitation event. Swales are provided in the asphalt areas around
the power block to convey the drainage to the seawall where it will discharge to
the ocean. The maximum depth of flooding in the power block area is estimated
at 0.8 feet on the east side of the auxiliary building. Maximum water depths
decrease in the direction of the seawall, which is at elevation 30.0 feet above
mean lower low water, Protection against site drainage flooding is discussed in
Section 2.4.7 of this report. Drainage towards Units 2 and 3 from the Unit |
power block area is prevented by a curb located at the slope interface between
the two power block areas.

The applicants have provided (Final Safety Analysis Report, Figure 2.4-12A) the
estimated depth of flooding on roofs of safety-related buildings and have stated
that probable maximum precipitation water depths result in loads that are less
than the design basis loads for roof design. We have reviewed the applicants’
site drainage features and analyses, have made independent calculations, and
conclude that the provisions meet the criteria of Regulatory Guide 1.59 and are
acceptable.

Probable Maximum Surge, Seiche and Tsunami Flooding

This subject was reviewed and found acceptable during the construction permit review.
No additional or new information was developed during the operating license review.

Following is a brief description of the pertinent aspects of this design consideration.

The applicants calculated a maximum runup of 27.5 feet above mean lower low water,
due to a 6 foot storm wave occurring during the design stillwater level of 15.6 feet
above mean lower low water. This is 2.5 feet below the top of the seawall which is

at elevation 30 feet. An independent analysis using our tsunami estimate showed that
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a 6 foot storm wave would overtop the seawall and produce water depths at access
doors of less than one foot for a very short time. The maximum depth would be
against the structures which are adjacent and parallel to the seawall. Runup would
be less at the diesel generator buildings because they are located about 300 feet
behind the seawall. Protection against flooding is provided as described in
Section 2.4-10 of this report.

Analysis of the flooding potential from distantly generated tsunamis was also
evaluated during the Construction Permit review, and found to be less severe than the
potential for locally generated events.

The spring high tide at San Onofre that has a 10 percent probability of exceedance is
7.0 feet above mean lower low water and the spring low tide with a 10 percent
probability of exceedance is 1.75 feet below mean lower low water. The estimated sea
level anomaly at the site (the likely difference between predicted high and low tides
and likely actual values) is +.33 foot.

The applicants concluded from their analysis of wind-induced rises in water elevation
that large surges will not develop in the vicinity of San Onofre. They predicted a
maximum surge of about 2 feet and stated that this will not be the controlling design
basis flood for the site. Based on our review of the applicants analysis, our
experience and preliminary evaluations, we agree that a storm surge will not be the
controlling design basis event for the site, although we believe that the probable
maximum surge will be higher than the maximum surge predicted by the applicants.

The applicants analyzed the potential of flooding from both locally generated and
distantly generated tsunamis. The locally generated tsunami was found to be the
design basis flood for the San Onofre 2 and 3 site. The applicants predicted a
locally generated tsunami stillwater level of 15.6 feet above mean lower low water.
This level was determined by combining the 10 percent exceedance probability spring
high tide, a 2 foot storm surge, a 0.33 foot sea level anomaly and the Probable
Maximum Tsuanmi runup. We and our consultants predicted a level of 15.8 feet above
mean lower low water. In our analysis, we used a surge level of 1.0 foot because we
have previously accepted this level and had no additional or new information on which
to base any change. The design bases for both the applicants' and our estimates are
shown in Table 2.8, below.

TABLE 2.8

COMPONENTS OF THE
DESIGN BASIS FLOOD LEVEL

Depth (feet) or Elevation (feet above MLLW)

Item Applicants Staff
10% Exceedance Spring High

Tide 7.0 feet 7.0 feet
Storm Surge 2.0 feet 1.0 feet
Sea Level Anomaly .33 feet .33 feet
Tsunami Runup 6.27 feet 7.5 feet
Design Stillwater Level 15.60 feet MLLW 15.83 feet MLLW
Annual Storm Wave Height 6.0 feet 6.0 feet

2-30



2.4.4

2.4.5

2.4.6

2.4.7

Ice Effects
Because of the mild climate, ice effects are not a safety consideration at this site.

Cooling Water Canals and Reservoirs

There are no cooling water canals or reservoirs for the San Onofre 2 and 3 site. The
small onsite pond associated with Unit 1 is located well away from San Onofre 2 and 3
and its failure cannot influence San Onofre 2 and 3.

Channel Diversion

Not applicable to the San Onofre site. See Section 2.4.5, above.

Flood Protection Requirements

The flood design bases for the site are: (1) thunderstorm probable maximum
precipitation on the site area, San Mateo Creek and the foothills drainage basin, and
(2) the probable maximum tsumami coincident with the 10 percent exceedance spring
high tide and wave runup.

The site drainage system is designed to convey runoff from a storm which is less
severe than the probable maximum precipitation event so there will be some flooding
in the power block area. As described in Section 2.4.2(3), above, the maximum depth
of site drainage flooding in the power block area is estimated to be 0.8 foot above
plant grade. This level is higher than exterior door entrances on some safety
related structures. To preclude water from entering these structures, all doors
except for the diesel generator building are watertight and open outward. Additional
specific provisions for flood control include administrative procedures to ensure all
watertight doors and hatch covers are locked-closed during normal operations. In
addition, all watertight doors are alarmed and monitored on the security office
console. Doors on the diesel building are not watertight but since the PMF level at
elevation 30.8 feet is 0.3 foot (3.6 inches) higher than the floor, a curb with a
minimum height of 4 inches will be placed to protect all safety-related electrical
conduit penetrations below the PMF level. We did not agree that this low curb
provided a conservative level of flood protection. To provide additional protection,
the applicants state that administrative procedures will require that the access
doors of the diesel buildings will be normally locked and alarmed and also that if a
door is opened during normal operation, a guard will be posted. We conclude that
this will provide adequate assurance that wave runup will not adversely affect the
diesel generators.

Protection against severe foothills drainage basin runoff will be provided by a ditch
and berm that will divert flows up to and including the probable maximum flood, away
from the site and into San Onofre Creek. Similarily, the roofs of safety-related
buildings are capable of safely storing or disposing of local precipitation as severe
as the local probable maximum precipitation.
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2.4.9

2.4.10

The reinforced concrete sea wall to elevation 30.0 feet above mean lower low water
will provide protection from the probable maximum tsuanami and coincident wave runup.
The short duration and small depth of water that could occur in the plant area due to
wave overwash will be provided for by watertight doors and other administrative
procedures as discussed above.

We have reviewed these flood provisions and conclude that they meet the criteria of
Regulatory Guide 1.59 and are acceptable.

Low Water Considerations

The most severe low water level that could be hypothesized would involve the worst
tsunami drawdown combined with an hypothetical extreme low stil] water level., The
extreme lTow still water level at San Onofre was estimated by the applicants to be
-2.63 feet, mean lower low water. This included a Santa Ana wind-induced sea level
depression of -0.55 feet, an isostatic anomaly of -0.33 feet, and a 10 percent
exceedance astronomical tide of -1.75 feet, mean lower low water. The maximum
tsunami drawdown of =12.3 feet, mean lower low water, when combined with the

=2.63 feet, mean lower low water, tide level, yields a maximum low water level of
=14,93 feet, mean lower low water. This level is well above the intake crest
elevation of -20.75 feet, mean lower low water. We concur with this low water level
estimated, find it acceptable, and conclude that such a condition will not constitute
a threat to the safe shutdown capability of the plant.

Groundwater

The San Mateo formation underlies the site to a depth of about 900 feet. It consists
of light brown to yellow, medium- to coarse-grained sandstone. The formation is
massive to thickly bedded, poorly cemented and well consolidated. The average
groundwater elevation beneath the site is elevation +5 feet, mean lower low water,
and is the design basis groundwater level. Groundwater fluctuations on the site
vicinity are controlled predominantly by the tides and do not exceed 1 foot. The
groundwater gradient is about 3 feet per 1,000 feet or less. There are no groundwater
users downgradient of the site. Camp Pendleton operates the only well in the area
and its established drawdown level, to prevent saltwater intrusion, is above the
elevation of the water table at the site. Thus, there is no potential for reversal
of the groundwater gradient at the site.

Ultimate Heat Sink Dependability

The ultimate heat sink provides cooling water for use in the saltwater cooling system
(See Section 9.2 of this report) during normal, shutdown, and accident conditions.
The ultimate heat sink is the Pacific Ocean.

During normal conditions, cooling water for each unit is obtained from the ultimate

heat sink by an intake conduit which connects the primary offshore intake structure
with the onshore intake structure (pump house). In addition to the primary offshore
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intake structure, there is also an auxiliary offshore intake structure which is
capable of providing the shutdown cooling requirements (approximately 34,000 gallons
per minute) for both units. Since one auxiliary intake structure can supply both
units, a redundant withdrawal capability is provided. The auxiliary offshore intake
structures are located about 90 feet shoreward of the primary offshore intake
structures,

Seismic Category I structures include the pumphouse, the axiliary offshore intake
structure and the intake conduit from the pumphouse to one conduit segment seaward of
the auxiliary offshore intake structure. The remainder of the intake conduit and the
primary offshore intake structure are not seismic Category I.

During the course of our review we expressed concern that the primary offshore intake
structure or the segment of the intake conduit which is not seismic Category I might
fail and block the conduit with sand and gravel. In response to our concern, the
applicants stated that the primary offshore intake structure is classified as seismic
Category 11, but it was designed to withstand Safe Shutdown Earthquake (SSE) loadings.
An extreme seismic event would therefore not result in complete structural failure of
the primary offshore intake structure. The seismic Category II portion of the intake
conduit was also designed to withstand the SSE but, in actuality, the shop-handling
loads governed the design, requiring three times more reinforcing than SSE design.
Complete structural failure of this conduit is also extremely unlikely.

Although complete failure of the primary offshore intake structure and the intake
conduit are highly unlikely, the applicants postulated a failure that would completely
block the inflow of water from the primary intake structure. In this situation, the
auxiliary intake structure would not be affected and would be fully capable of

supplying the required shutdown cooling water for both units

We reviewed the applicants' analysis and agree that complete blockage of the intake
conduit is extremely unlikely. Based on this, we conclude that the San Onofre 2
and 3 safety-related water supply (UHS) meets the suggested criteria of Regulatory
Guide 1.27, "Ultimate Heat Sinks for Nuclear Power Plants," and is acceptable.

2.5 Geology, Seismology, and Geotechnical Engineering
2.5.1 Basic Geologic and Seismic Information*
2.5.1.1 Introduction

The geology and seismology of the site was reviewed in detail prior to issuance of
construction permits for San Onofre 2 and 3 by the staff of the U.S. Atomic Energy
Commission (AEC), the predecessor to the U.S. Nuclear Regulatory Commission (NRC),
and its geological advisors, the U.S. Geological Survey (USGS) and its seismological
advisors, and the National Oceanic and Atmospheric Administration. The findings of
that review were published on October 20, 1972 (U.S.Atomic Energy Commission, 1972)

*x
Note: This section has been published verbatim in a Safety Evaluation Report on San Onofre 2
and 3 Geology and Seismology, issued December 31, 1980, also under NUREG-0712.

2-33



2.5.1.2

as part of the Safety Evaluation Report relating to construction of San Onfore 2
and 3, and are summarized below.

Additional investigations made by the applicants after the issuance of construction
permits for San Onofre 2 and 3 were prompted by discoveries of faulting in and around
the site area and by the occurrence of new seismic activity in the site vicinity near
the Cristianitos fault. The incidence of anomalous geologic features, consisting of
linear shear zones, discovered during the excavation for San Onofre 2 and 3 into the
San Mateo formation, is reported in "Safety Evaluation of the Geologic Features at
the Site of the San Onofre Nuclear Generating Station," issued by the NRC on July 8,
1975 and is also summarized below. Other investigations made by the applicants were
reviewed by NRC staff and the results of our review are discussed in the following
sections.

Based on our review of the applicants' submittal of all new information which has
become available since the CP review, we find no reason to change the conclusion
reached in the Safety Evaluation Report for the Construction Permit approving a Safe
Shutdown Earthquake (SSE) of 67g for San Onofre, Units 2 and 3.

Conclusions Reached Prior to Construction Permit Issuance

A comprehensive geologic investigation of the site region performed by the applicants
included detailed examinations of excavations along the Cristianitos fault and of the
sea cliff exposures, geologic mapping, and field examinations, and offshore seismic
reflection profiles. The information and the data were presented to the AEC in the
San Onofre 2 and 3 Preliminary Safety Evaluation Report with amendments, which we and
our advisors reviewed.

We interpreted the geologic information and data to indicate the existence of a zone
of deformation about five miles offshore from the San Onofre site which extends from
the Newport-Inglewood fault zone to the north and to the Rose Canyon fault zone to
the south. We concluded in the Safety Evaluation Report:

"The present evidence indicates an extensive, linear zone of deformation, at least
240 kilometers (km) long extending from the Santa Monica Mountains to at least Baja,
California. We and our consultants consider this zone of deformation to be poten=
tially active and capable of an earthquake whose magnitude could be commensurate with
the length of the zone. Onshore, data does not show evidence that there are any
faults immediately underlying the planned reactor facilities. Although the site is
located within 1 mile of the Cristianitos fault zone, exposures of parts of this
fault at the coast and at the Plano Trabuco excavations made by the applicant about
16 miles north of the coastal exposure, show that the overlying terrace deposits have
not been offset by the fault at these locations. A1l of the available evidence
indicates that the Cristianitos fault is inactive when evaluated using procedures
described in the proposed 10 CFR Part 100, Appendix A, "Seismic and Geologic Siting
Criteria for Nuclear Power Plants," November 25, 1971."
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2,5.1.3

2.5.1.4

Geologic Features Found During Excavation for Plant Foundations

One June 5, 1974, the applicants advised NRC that anomalous geologic features had
been discovered at the site during the excavation for San Onofre 2 and 3. On June 8,
1974 NRC and USGS staff examined the features at the site which consisted of a
conjugate set of linear shear zones (designated A and B type features by the
applicants) within the San Mateo formation, which exhibited minor mutual displace~
ments of not more than 4 inches at their intersection. In order to assess the
possibility of ground rupture under the plant structures, the applicants were
requested on June 10, 1974, to perform a detailed study of these shears. On July 12,
1974 the applicants reported their findings and conclusions (Fugro, 1974a).

On September 11, 1974 the applicants informed NRC of the discovery of two additional
geologic features, designated the C and D features, which we examined at the site on
October 3, 1974. On November 1, 1974 the applicants submitted their report (Fugro,

1974b) of investigations of these features. A final report of all geologic features
observed was submitted (Fugro, 1976). Sufficient information and analyses had been

generated by the applicants in the interim reports to permit the NRC and our

advisors, the USGS, to complete our evaluations prior to submittal of the final Fugro
report.

We and our USGS advisors concurred in the Fugro findings and we concluded in our
report (U.S. Nuclear Regulatory Commission, 1975) that all of the geologic features
at the site are older than the wave-cut terrace which is estimated to be 70,000 to
130,000 years old. This conclusion is based on the observation that none of them
displace the terrace/bedrock contact. Therefore, they are not capable faults as
defined in Appendix A to 10 CFR Part 100.

Investigation of Trenching Across Cristianitos Fault

A condition, described in the literature (Fife, 1974) evidence suggestive of Holocene
movement on the Cristianitos fault, was observed (photo 2 of the Fife report) in a
trench excavated in colluvium where the main branch of the fault crosses 0so Creek.

A single lime-filled fissure was found in the trench wall immediately over the fault
contact bwtween the 0so member of the Capistrano formation and the La Vida member of
the Puente formation. The report stated that "No conclusive evidence of Holocene
displacement was found on the Cristianitos fault in the study area. Undisturbed
Holocene or earlier terrace deposits cap fault traces in Aliso Canyon, Plano Trabuco,
and on the coast at San Onofre Bluff."

However, the report further states that the lime-filled vertical crack over the fault
trace "is believed to have resulted from differential seismic shaking of Oso and

La Vida beds on opposite sides of the fault. This may have occurred during any one
of the historic earthquakes that were strongly felt locally." This could have
indicated capability of the Cristianitos fault.



An apparently similar condition was observed on an April 9, 1975 site visit by the
NRC staff in a bulldozer excavation, made to examine the proposed Viejo Substation
site, which cut the Cristianitos fault at the north end of Alliso Valley approx-
imately one mile north of the Oso Valley exposure. We observed in the excavation
wall, a river terrace deposit with a linear separation or open crack (unfilled),
which was located immediately above and along the projection of one of the principal
traces of the Cristianitos fault observed in the bedrock.

Morton and others (1974) mention a backhoe trench, placed in 1971 by the California
Division of Mines and Geology, which succeeded in exposing the western branch of the
Cristianitos fault. He states that this trench showed apparent displacement of a
two-foot thick slope-wash cover along two shears a few feet apart. Maximum disloca-
tion of the soil-bedrock interface was approximately two feet. Additional trenching
was placed in the same area by the applicants in June, 1974 in order to check this
possibility.

Morton concludes:

"These excavations suggested that the apparent displacement of

the soil cover may have been due to a combination of animal

borings and differential erosion of the bedrock surface with

subsequent soil deposition. However, Holocene movement has not

been ruled out. To satisfactorily resolve the problem the

authors believe that additional trenches exposing the base of

Holocene alluvium are necessary."
In view of the coincidence and similarity of the phenomena observed by D. L. Fife and
the NRC staff and the concern raised by P. Morton, we requested that the applicants
perform a detailed investigation of the conditions observed and to demonstrate that
with reasonable assurance the Cristianitos fault does not present a hazard to
San Onofre 2 and 3. A log of the original excavation in the D. L. Fife report was
obtained and the trench was re-excavated and logged during September, 1975. The
findings reported (Southern California Edison Company, 1976, Enclosure 1 of Volume 1)

were as follows:

(1) The lime-filled crack does not coincide with the Cristianitos fault, but is
Jocated 10 to 12 feet west of the western edge of the fault. The crack is not
likely due to consolidation creep or to downslope movements in the underlying
debris.

(2) Detailed mapping of the Viejo Substation excavation showed that fault
displacement or shearing was not evidenced at the basal contact of the fluvial
terrace nor do the overlying terrace deposits show any evidence of shearing.

The staff has reviewed the reports and examined the filed evidence. As a results, we

concur in the applicant's findings and conclude that the evidence indicates that the
Cristianitos fault does not present a hazard to San Onofre 2 and 3.
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2.5.1.5

2.5.1.6

Stratigraphy and Mapping of the Site Area

During the course of our review of the application for operating licenses for

San Onofre 2 and 3, we observed that Figure 2.5-9 of the Final Safety Analysis Report
(FSAR) shows the San Mateo formation outcropping to the southeast of the Cristianitos
fault, which is in contradiction to the geologic structural interpretation at the
site. Consequently the applicants were requested to explain more completely the
stratigraphic and structural relationship between the San Onofre Breccia, Monterey,
Capistrano, and San Mateo formations. Of particular concern was the geometric
configuration of these units with regard to the Cristianitos fault and the possibility
of other branches of the fault southeast of the mapped location of the fault at the
sea cliff. If other unobserved branches of the fault exist, they could exhibit
evidence of movement on the fault which is more recent than that exhibited in the
mapped fault at the sea cliff. The evidence could indicate that the Cristianitos
fault is capable.

The applicants contracted with Dr. P. F. Ehlig to analyze the stratigraphy and to map
the area adjacent to and south of the San Onofre site. He mapped in detail a

24 square mile area, extending from San Mateo Canyon on the northwest to Las Pulgas
Canyon on the southeast and from the coast to the east side of the San Onofre
Mountains. His report (Ehlig, 1977) provides new information on the relationship of
the rock units, and geologic structure in the vicinity of the Cristianitos fault.

The report concludes:

(1) The costal area adjacent to the San Onofre site appears to have been tectonically
stable since late Pliocene time except for regional uplift.

(2) The Cristianitos fault is the only major fault within the area.

(3) Four minor faults have been mapped on the northwest flank of the San Onofre
Mountains to the east of the Cristianitos fault. None of these faults shows
evidence of Quaternary displacement.

(4) No other significant faults have been recognized within the area between the
coast and the San Onofre Mountains from the Cristianitos fault southeastward to
Las Pulgas Canyon. There is continuity in the geologic structure.

The analysis and mapping performed by Dr. Ehlig appear to be carefully derived and
adequately represent those aspects of the geology pertinent to an evaluation of the
safety of the site. Figure 2.5-9 of the FSAR is shown to be in error because the

San Mateo formation does not exist south of the Cristianitos fault. We concur in the
findings and conclusions presented in the report as stated above.

Investigation of Offset in Sea Cl1iff South of San Onofre 2 and 3

On May 20, 1977 a staff member of the California Energy Commission informed NRC of an
apparent fault in the sea cliff approximately 3 miles south of the San Onofre plant.
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2.5,1.7

The apparent fault, located within the margin of a large landslide, displaces the
bedrock/marine terrace deposit contact at the top of the San Mateo formation a total
of approximately 3 feet with reverse movement.

At our request the applicants performed a detailed geologic investigation, including
trenching, to study the apparent fault and to determine its relationship to the
landslide. They were asked to determine whether the displacements were tectonically
induced or are related to landslides. We requested that the applicants, if feasible,
trench along the trend of the apparent fault to where it intersects the failure plane
along which the landslide slumped.

The exposures in the two trenches excavated along the principal fracture clearly show
in the Fugro supplemental report (Fugro, 1977) the ralationship of the fracture and
the landslide rupture surface. The report concludes that the apparent fault is
caused by failure of the landslide mass and is not related to tectonic stresses. The
fracture that displaces the bedrock/marine terrace deposit contact is confined within
the southeastern boundary of the landslide and therefore is not significant to the
safety of San Onofre 2 and 3.

It is our opinion that the evidence demonstrates that displacement of the bedrock/
marine terrace deposit contact by the fracture terminates at the landslide rupture
surface, and that the displacement does not extend beyond the limits of landsliding.
Therefore, we conclude that the displacement of the becrock/marine terrace deposit
contact is the result of landsliding and has no significance to the seismic design of
the San Onofre plant structures.

Orange County Earthquakes of January 1975

Two small earthquakes of 3.3 and 3.8 magnitude occurred on January 3, 1975 near

San Juan, Capistrano, California. The preliminary locations of the events were near
the central portion of the Cristianitos fault. These events were of concern to us
because if the Cristianitos fault had generated these events, this would constitute
significant evidence that at least a portion of the fault might have moved during
historic time and thereby the fault may be considered capable.

A program of investigations was conducted by the applicants (Southern California
Edison Company, 1976) to evaluate the relationship of the two seismic events to the
tectonics of the area. A number of studies of the area were undertaken, including a
geomorphic study, an evaluation of microseismic events, a study of focal mechanism,
the construction of a sub-surface contour map with appropriate geologic structure
sections, an updating of historic seimicity, and geophysical surveys. The results

are integrated to develop the relationship between historic seismicity, including the
two recent events, and the regional tectonic structure, in particular the Cristianitos
fault.

Biehler (1975) concluded that the two seismic events of January 3, 1975 cannot be
located on the Cristianitos fault, using the best seismic model for the crustal
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2,5.1.8

structure, but rather appear to be associated with a northeast-trending fault which
parallels Trabuco Canyon. This conclusion is supported by the focal mechanism study
which indicates that the sense of motion was left-lateral oblique thrust, which is
opposite to the historic normal dip-slip motion on the Cristianitos fault. (See
Section 2.5.2.2 for further discussion).

Tectonics of Capistrano Embayment

Another report (West, 1975) resulting from the applicants' studies evaluates the
geologic structure and tectonics of the Capistrano Embayment. It concludes that no
significant movement has occurred along the Cristianitos fault since late Pliocene
time. The study indicates that the epicentérs of the January 3, 1975 earthquakes did
not occur on the Cristianitos fault. In fact, there was not substantial evidence
that any structure as interpreted by the study is compatible with the epicenters.

The report states that the earthquakes may be the result of differential settling
within the embayment.

In the report, geophysical and well log data are analyzed by the author resulting in
an interpretation of the age and noncapability of the structures in the Capistrano
Embayment. Because of insufficient information supporting the bases for the
interpretations of the geologic structure made in the report, additional information
was requested. This request resulted in additional studies by West (1979) and
Shlemon (January 1978, October, 1978) and new seismic reflection profiles by
Woodward-Clyde Consultants supplementary report. West (1979) concluded that the
structural interpretations made in his report suggest that the major tectonic
activity within ten miles of San Onofre site took place prior to the termination of
the Pliocene epoch, possibly two million years before present. Since that time the
area has been tectonically quiet with the exception of the South Coast Offshore fault
zone, along which some movement probably occurred in the Late Pliestocene. He
further states that the data examined by him revealed no additional faults of this or
younger age within five miles of the San Onofre site.

Because of the relative concentration of seismic activity near the Capistrano
Embayment and the faulting within the embayment, the applicants were requested to
investigate and evaluate any terrace deformation across the embayment. In response,
Shlemon (October, 1978) reported the result of a study of the Late Quaternary
evaluation of the coastal area. Specific objectives of the study were to delineate
the continuity and elevation of the 125,000 year old terrace contact, to determine
Late Quaternary rates of deformation, and to locate possible Late Quaternary
structural displacements between Laguna Beach and San Onofre State Beach in particular
across the Capistrano Embayment.

The report concluded that within the resolution of the survey (1 meter), the

125,000 year old terrace is not displaced between San Onofre 2 and 3 and Dana Point.
Regional uplift rates between Target Canyon and Dana Point increase northward from
about 6 to 26 c¢m/1000 years; and indicate longitudinal up-to-the-northwest tilt of
the coast across the Capistrano Embayment and toward the San Joaquin Hills. In terms
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of local late Quaternary uplift, the 9 cm/1000 year rate at San Onofre 2 and 3
compares with approximately 11-16 cm/1000 years for the San Diego area, 40-50 and
conceivably 500-800 cm/1000 years for Rancho La Brea and Baldwin Hills, respectively,
and 620 cm/1000 years for the Ventura coast. Therefore, compared with late Quaternary
uplift rates elsewhere, in California, the San Onofre region must be viewed as being
one of the most tectonically stable coastal areas in Southern California.

2.5.1.9 S1ip Rate Versus Magnitude and Its Application to the Offshore Zone

of Deformation

For the Construction Permit, a Modified Mercalli intensity value was used to
represent the Safe Shutdown Earthquake (SSE)* originating on the Offshore Zone of
Deformation (0ZD). Because the magnitude is a better measure of the size of an
earthquake (see Section 2.5.2.3), we asked that the applicants use magnitude in
defining the maximum earthquake potential for the 0ZD.

The applicants submitted a report (Woodward-Clyde Consultants 1979) which is to be
used in partial support for the determination of the maximum earthquake magnitude on
the 0ZD. It described a new method of determining earthquake magnitude by comparing
the degree of fault activity on the 0ZD with that of faults of similar style around
the world. According to Slemmons (1977), faults having higher degrees of activity
produce larger magnitude earthquakes than faults having lower degrees of activity.
The parameter chosen to represent the degree of activity is the fault slip rate. The
method was used to estimate the maximum earthquake magnitude associated with the 0ZD
by evaluating fault slip rates and historical seismicity of many faults of similar
style around the world. Data was collected and plotted on magnitude versus slip rate
(logarithmic) coordinates and a 1ine enveloping the maximum historical earthquake was
considered to represent the maximum earthquake associated with each slip rate. This
was called the Design Earthquake Limit (DEL).

2.5.1.10 Evaluation of the Slip Rate and Magnitude Data Used in the WCC Report

Figure 7 of the Woodward-Clyde Consultants (WCC) report is a plot of the long-term
slip rate measured on a fault versus the maximum historical earthquake magnitude
observed on that fault. The slip rates and magnitudes were taken from the literature
where there were often several values given for each fault as shown in Table G-1 of
Appendix G. The slip rate on the Newport-Inglewood fault zone portion of the 0ZD,
determined from analysis of electric well log data, was calculated to be 0.5 mm/yr.
The 0.5 mm/yr was considered to be representative of the slip rate for the 0ZD which
correlated with a maximum magnitude of 6 1/2 from the DEL in Figure 7. Thus, the
applicants concluded that the maximum magnitude that can be associated with the 0ZD
is MS =6 1/2.

X
The SSE is also called the design basis earthquake (DBE).
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A study of the data base in Table G-1 for Figure 7 of the WCC report showed that some
inconsistencies occur among the various reports on slip rate and magnitude for a
given fault. Since numerous publications were reviewed by WCC, a wide variation in
the data is bound to exist due to the differences in approach and scope of work of
the various investigators. Table G-1 presents the range of data and interpretations,
but does not reflect any attempt to appraise the quality or validity of the data.
Therefore, it was the opinion of the staff that the data selected for Figure 7 of the
June 1979 WCC report were not adequate.

To compensate for the wide range of data, the applicants were requested (in question
number 361.45; both the staff questions and the applicants' answers are given in the
"Question and Response" section of the FSAR) to provide a detailed description of the
method of selecting or rejecting basic data and to use error bands of variations
which encompass all of the values of slip rate and magnitude determinations by the
various investigators cited in Table G-1. As a result, the data selection process
was described in greater detail and several modifications to the data were made in
Amendment 18 to the FSAR. Extraneous or unverifiable data included in the WCC report
were eliminated and new data obtained since publications of the WCC report were
added. Also, in response to our request, preference was given to the slip rate
values based on Quaternary data because they best represent the current tectonic
environment and activity of the faults. The line bounding the augmented data set was
called the Historic Earthquake Limit (HEL); while the line bounding all of the data
established the Maximum Earthquake Limit (MEL) in Figure 361.45-4 in Amendment 18 to
the FSAR. The applicants state, "The MEL is interpreted most conservatively by
enveloping the lowest slip rate ranges and the maximum magnitude ranges of all the
data points. The most conservative use of the line is to estimate a maximum
earthquake by reading the MEL value based on the maximum slip rate value provided for
each fault,"

We concur that the MEL line represents a conservative estimate of the maximum
magnitude of future earthquakes on these faults or faults of similar style, The
maximum magnitude for the 0ZD is "5 = 7.0 applying the conservative interpretation of
the MEL 1ine and assuming the highest slip rate 0.68 mm/yr calculated for the
Newport-Inglewood fault zone as part of and representative of the 0ZD. Although
there is a paucity of data below 1.0 mm/yr, which reduces our confidence in the cor-
relation in the range below that value, we agree that "5 = 7.0 is a conservative
outcome for this method of approach to a determination of the SSE magnitude for the
0zD.

Dr. David Slemmons, consulting geologist to the staff, was contracted to review the
WCC report and responses to NRC questions which resulted from our initial review of
the report. In his report to NRC, which is Appendix E to this report, he comments on
the slip rate versus magnitude relationship, the adequacy of the WCC data base used
in deriving this relationship, and the maximum earthquake magnitude assijned to the
0ZD. We concur with his recommendation that the new approach presented by WCC is the
firmest, most quantitative approach for the evaluation of the maximum earthquake for
San Onofre 2 and 3 but it should be one of several approaches in a balanced
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2.5.1.11

multi-approach to the determination of the maximum earthquake magnitude. Dr. Slemmons
concurred in the applicants fault slip rate for the Newport-Inglewood fault zone at
0.5 mm/yr and with the maximum magnitude of 7 for the 0ZD.

Determination of the 0ZD Rupture Length

Dr. Slemmons (Appendix E) also provided a discussion of other methods that relate
fault parameters to estimating maximum earthquake magnitude on the 0ZD, with
particular attention to those methods relying upon fault length. He provided an
extensive discussion of the appropriate fault lengths to be used for the 0ZD and the
tectonic relationship of the 0ZD to faulting in Baja California.

Physical characteristics of a fault zone have been used in the past to estimate the
maximum earthquake potential. Typically a correlation is,éought between earthquake
magnitude and recorded or estimated rupture length. Genérally, these correlations
are poor because of the large scatter of data. While some of the scatter is due to
the inability to arrive at accurate estimates of rupture and displacement over the
whole fault plane, a great deal of uncertainty arises from the very complex nature of
tectonic conditions that lead to earthquake occurrence. Variations in important
elements such as local and regional stress conditions and specifics of fault geometry
undoubtedly preclude good correlations.

The application of the earthquake magnitude versus surface fault rupture length
procedure (Slemmons 1977) requires that brittle fracture occur and that total surface
rupture length be observable. However, the surficial offshore materials near SAn
Onofre 2 and 3 are such that plastic deformation conceals the tectonic effects along
the 02D. 1In addition, water covers the offshore portion of the 0ZD. However,

Dr. Slemmons (Appendix E) used indirect methods to apply this procedure. From the
subsurface rupture lengths observed by means of seismic reflection profiles, he was
able to use the earthquake magnitude versus surface rupture length method as another
approach to determining the maximum magnitude' for the 0ZD.

A most conservative approach used by Dr. Slemmons was to assume that the 0ZD is
segmented and that the segments are indicated by the length of main rupture not at
the surface or at shallow horizons, but at Horizon C, which is several thousand feet
deep. The trace of the 0ZD at Horizon C is shown in Figure D-1 of WCC (1979). The
segment of the 0ZD offshore of San Onofre 2 and 3 (the South Coast Offshore Zone of
Deformation) has a total length of 62 km and, applying the relationship of strike
slip faults of Slemmons (1977), leads to a maximum earthquake magnitude HS =7.1.
Assuming the values for segment length of 36, 27, and 48 kms provided by the
applicants in Table 361.66.1of the FSAR, the maximum earthquake magnitudes are

Mc = 6.7, M. = 6.6, and M. = 6.9, respectively.

S 5 S

Another approach to determining maximum earthquake magnitudes is to assume that a
fraction of the total length of a causative fault will rupture. Since the fraction
of the fault that is assumed to rupture varies over a wide range, Dr. Slemmons
reviewed the world-wide data for strike-slip faults to determine the fraction of

2-42



total fault length that has accompanied earthquakes of M. = 6 or greater (Appendix E).

The mean of the highest percentage for each fault was de:ermined to be 22 percent of
the total length of strike-slip faults. He applied this method to the 0ZD, assuming
that the zone extends from the Santa Monica fault to the San Diego Bay area. Based

on a total length of 200 km, and assuming the mean fractional rupture length of

22 percent (44 km), a maximum magnitude Mg = 6.9 is obtained. Using the fractional

rupture length corresponding to the mean plus one signer of 30 percent (60 km), a

maximum maggitude of Ms = 7.1 results.

We concur with Dr. STemmons that the north end of the 0ZD is truncated by the Santa
Monica fault, however, the south end is not clearly defined. Here the tectonic style
does appear to change from strike slip to normal faulting, which is the basis for

Dr. Slemmons southern terminus, giving a total length of 200 km. However, Greene and
others (1979) define the 0ZD as a discrete belt that extends at least 240 km from
near the Santa Monica Mountains into Baja California. Legg and Kennedy (1979) state
that the 0ZD "apparently merges with the Vallecitos-San Miguel fault zone, although a
connection with the Tres Hermanos or Agua Blanca fault zones is also possible." The
U.S. Geological Survey in their 1972 report to the AEC (now the NRC) concluded that
the 0ZD appears to extend southeastward to at least the Mexican border and is at
least 240 km in length (see Section 2.5.1.2 of this report).

The applicants (see FSAR response to Question 361.66) have argued that the 0ID and
the major Vallecitos-San Miguel faults in Baja California should not be associated
structurally. In support of their view they point to an absence of faulting and an
apparent age difference in faulting between the southern 0ZD and the northern
Vallecitos=-San Miguel. Seismicity and fault offsets vary greatly over both fault
zones. The most seismically active segments being the northern end of the 0ZD
(Newport-Inglewood fault zone) and southern section of the San Miguel fault.

Gastil (1979) discusses the evidence suggestive of a possible connection in the form
of a northwest trending lineament which extends from the southernmost end of the
known Rose Canyon segment of the 0ZD to the northernmost end of the known

Calabasas-Vallecitos-San Miguel fault zone. Evidence for the lineament are:

(1) Northwest trending faults in the San Ysidro area at the north end of the
lineament.

(2) Alignment of thermal springs.
(3) Alignment of the Tijuana Valley.
(4) Stratigraphic contrasts or facies changes across the lineament.

(5) A set of northeast trending faults appears to be truncated by the lineaments
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(6) Apparent offset (1 km) of the Pacific Boundary faults.
(7) A Richter magnitude 3.5 seismic event toward the south end of the 1ineament.

(8) Undocumented report of equivocal evidence for faulting in the Canon de la Presa,
the epicentral location of the magnitude 3.5 earthquake, by Robert Washburn.

The primary evidence given by Gastil against the lineament being structurally
controlled is that there is no photographic evidence of faulting in the bedrock
exposures across the lineament. This would suggest that throughgoing faulting has
not occurred in the area. The staff is of the opinion that the lineament is not an
expression of faulting of the type that would be needed to connect the 0ID with the
Calabasas-Vallecitos-San Miguel fault zone.

The applicants argue that the evidence is not supportive of a throughgoing fault and
that the occurrence of only one smal) earthquake (the 1978 event) near the proposed
connection is evidence of an historically quiet seismic record. While the existence
or non existence of this connection cannot be unequivocally demonstrated at this
time, nor can the structural tectonic relationship between the southern 0ZD and Baja
California be established, we conclude that, based upon the differences cited above,
it is unwarranted to consider the combined 0ZD-Calabasas-Vallecitos-San Miguel fault
zones capable of rupturing along major portions of its total length.

As further evidence of discontinuity, Dr. Slemmons states that the Vallecitos fault
lacks geomorphic evidence for activity. Mesozoic dikes appear to be offset by only
100 m or so (Gastil 1979) which would indicate very low slip rate activity. He
concludes that, "It is reasonable to interpret this zone in terms of separate, partly
en echelon, individual faults with very low slip rates and low activity that may be
activated independently, and the length of the zone should not be added to that of
the 0ZD." Based on the available evidence, as disclissed above, the staff agrees with
Dr. Slemmons' interpretation that the Calabasas- Vallecitos-San Miguel fault zone
should not be added to that of the 0ZD to form a continuous fault zone. It should be
assumed that the two fault zones would rupture independently.

In response to question 361.66, the applicants provided a discussion of the comparable
activity of the 0ZD and the Agua Blanca faults. The data are summarized in the FSAR
in Table 361.66-1. The characteristics that most prominently distinguish the Agua
Blanca fault from the 0ZD are the slip rate and the geomorphic features. The slip
rate on the Agua Blanca is given as 2.7 mm/yr as compared to 0.5 mm/yr on the 0ZD.

The geomorphic features of the Agua Blanca fault are characterized as considerably
prominent with a strong linear trace in alluvium, offset streams, shutterridges, and
fault sags. These features are not characteristic of the 0ZD.

In the opinion of the staff, the tectonic activity of the Agua Blanca fault is
distributed to the northwest via a connection (Legg and Kennedy, 1979) with the
Coronado Banks fault. There probably is lesser distribution to the Maximinos fault,
via a splay in the Agua Blanca near Valle Santo Tomas, and the San Clemente fault.
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2.5.1.12

Activity may be indirectly distributed to the 0ZD as a branch or conjugate fault to
the Coronado Banks fault. In view of the above, we agree with the applicants that
the 0ZD should not be considered comparable to the Agua Blanca fault, but is of a
lower order of tectonic activity.

Dr. Slemmons indicates a possible connection of the 0ZD with the Coronado Banks fault
and ultimately to the Agua Blanca fault. If such a connection exists, the 0ZD would
be 247 km long where it connected with the Coronado Banks fault, and 300 km long
where it extended to the Agua Blanca fault. Assuming the mean fractional rupture
length (22 percent of the fault length), the respective earthquake magnitudes would
be MS = 7.0 and HS = 7.1. The mean plus one sigma fractional rupture length

(30 percent of the fault length) results in estimated magnitude of MS= 7.2 and

Ms = 7.3, respectively.

The 02D changes from a southeasterly to a southwesterly direction and from strike-slip
to normal faulting starting at San Diego Bay where it appears to continue offshore.
Dr. Slemmons points out that such a change in strike and sense of movement may cause
the 0ZD to break as independent segments to the north and south of San Diego Bay. He
further concludes "If the 0ZD extends to the Agua Blanca fault, the branching
relation, the different strike, and the possibly different slip mechanism suggest

that it should be considered separately from the Agua Blanca fault; worldwide data on
branching faults suggest major rupture on one does not immediately cause major

rupture on the other."

The maximum earthquake magnitudes resulting from the various tectonic models
characterizing the 0ZD are discussed in Section 2.5.2.3 of this report.

Investigation of Offshore Extension of the Cristianitos Fault

(1) Discussion of H. G. Greene, and others, Paper

In the publication entitled, "Earthquakes and Other Perils San Diego Region"
edited by Abbott and E11iott, one of the articles in this reference, "Implica-
tion of Fault Patterns of the Inner California Continental Borderland Between
San Pedro and San Diego" by Greene and others contains a map (page 22) which
indicates a possible connection between the Cristianitos fault and the 0ZD.
Recent movement on the fault is also indicated. A discussion with two of the
authors, H. G. Greene and J. I. Ziony, confirmed the possibility of this connec-
tion. This postulation was based on limited reflection profiling by the USGS.

(2) Early NRC Staff Position

The staff was concerned that if the Cristianitos fault was deemed capable, a
large earthquake on it could result in high amplitude ground motion at the site;
however, the possibility of ground surface rupture under the San Onofre 2 and 3
plant facilities is negligible. Post Pliocene movements on the Cristianitos
fault, if they occurred, are not reflected in the excellent exposure of San
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Mateo formation between the fault and the site. Except for the minor shears
which appeared in the plant excavations, discussed in Section 2.5.1.3, there are
no visible faults within one-half mile of the plant site.

(3) USGS Evaluation of Seismic Reflection Profiles

A number of offshore seismic reflection surveys were performed by the applicant
and by others in the vicinity of the site over the 10-year period beginning with
the development of the safety analysis for the construction permit. The purpose
was to investigate the structural features offshore.

On May 8, 1980, we requested that a comprehensive review be made by the USGS of all
marine geophysical data relevant to the character and recency of faulting along the
offshore extension of the Cristianitos fault in the vicinity of the San Onofre 2

and 3. This request was concerned specifically with a proposed structural relation-
ship between the Cristianitos zone of deformation (CZD) and the 0ZD. The NRC
requested that this review be made jointly by H. G. Greene of the USGS and M. P. Ken-
nedy of the California Division of Mines and Geology, because of the extensive joint
research effort then underway by Greene and Kennedy on aspects of the structural
geology of the southern California borderland. Their review and a subsequent report
were completed on July 18, 1980, Their report, "Review of Offshore Seismic Reflection
Profiles in the Vicinity of the Cristianitos Fault, San Onofre, California" is
appended as Appendix F.

Plate 1 (Appendix F) shows the CID extending offshore of the San Onofre 2 and 3 site
and oblique to the 0ZD and to within less than 1 mile of the 0ZD. The segment of the
CZD shown was made with a high degree of confidence; however, continuation to the 0ZD
and its connection with the onshore Cristianitos segment are obscured due to data
voids in these areas. The report concludes that their interpretation of the offshore
seismic reflection profiles in the vicinity of San Onofre 2 and 3 indicates that two
structural zones of deformation are present in this area. The first and most well
defined zone is a segment of the 0ZD, a recognized Quaternary fault zone. The
second, the CZD, is less well defined but nevertheless exhibits characteristics
similar to those of the 0ZD. It consists principally of highly fractured and faulted
asymmetrical anticlinal structures.

The CZD and associated folds to the east combine to form a broad structural zone (up
to 3 km in width) which projects onshore to the north. The southeast end of the CZD
could become incorporated with a major syncline of the 0ZD; however, the structural
relationship of the CZD with the 0ZD is unconfirmed because of a data void. The
authors intepret a data void as an area where data may be available but not able to
be interpreted due either to structural complexity or poor reflections.

The age of most recent faulting along the CZD is unknown. A1l seismic profiles
examined show that faults associated with the zone end at or near the surface of an
apparent wave-cut platform that is overlain by Pleistocene sediment. Nowhere within

the zone is there evidence of seafloor displacement.
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The report concluded that a structurally deformed zone consisting of correlatable en
echelon faults and folds, many extending into shallow subsurface strata (probably
Neogene in age), is present along the expected offshore extension of the zone. The
seismic reflection data reviewed show that a fairly continuous fault zone extends
south to southeastward offshore from San Onofre 2 and 3 to within 1 km of the 0ZD,
where a projected connection is possible.

(4) May 1980 Seismic Reflection Profiles by Nekton, Inc.

(5)

A seismic reflection profile survey was conducted by Nekton, Inc. for the
applicant to provide higher resolution in the shallow offshore strata to help
determine whether or not the Cristianitos fault projects toward the 0ZD. The
report (Nekton, 1980) concludes:

(a) The Cristianitos fault does not project far enough seaward (i.e.,
south-southeasterly) to be identified in the survey area. Where the fault
may be projected to occur, there is no evidence of its existence. Nekton
concluded that along its offshore projection, displacement diminishes and
the Cristianitos Fault dies out, possibly in a number of lesser faults and
small folds. It does not connect to the OZD.

(b) The 0ZD was mapped parallel to the coastline for 8.8 kilometers in the
central and northern oceanside survey area. In the central part, at least
two branches of the fault occur and their width is limited. To the north,
it broadens to a zone of deformation up to 0.6 kilometers (0.4 miles) wide.
The 0ZD is not present in the Dana Point survey area.

(c) Other faulting offshore - a number of minor faults are interpreted to be
present offshore in the survey area. Minor faults in the area are short in
length and occur below a Pleistocene erosion surface in Tertiary age beds.

(d) Fault movement - none of the minor faults shows evidence of movement
following the period of erosion which developed the Pleistocene erosion
surface. Eighteen kilometers south of San Onofre, the 0ZD shows evidence
for at least two periods of probable movements. Movements during one
period have displaced the Pleistocene erosion surface and the movements
during the other period appear (locally) to displace terrace deposits of
probably Holocene age.

USGS Evaluation of the History and Age of the Cristianitos Fault

On November 26, 1980, our advisors, the U.S. Geological Survey, transmitted to
us, in response to our request, their review of the geologic and seismologic
data submitted by the applicants in support of their position concerning San
Onofre 2 and 3. The review is in the form of a letter report and was prepared
by Mr. Robert H. Morris and Mr. James F.Devine, with assistance provided by
Dr. H. G. Greene and Dr. Joseph S. Andrews. Attached to the report is an
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addendum to: "Review of Offshore Seismic Reflection Profiles in the Vicinity of
the Cristianitos Fault, San Onofre, California," by H. G. Greene and M. P. Ken-
nedy. This letter report is appended as Appendix G. The following excerpt
contains the USGS conclusions regarding the history and age of the Cristianitos
fault.

"In assessing the conclusions drawn by the applicant's
consultants in contrast with those by Greene and Kennedy,
there emerges a difference in the use of certain named
structures. Apparently, the applicant's consultants
restrict the use of the term "Cristianitos Zone of
Deformation" (CZD), to refer to a zone of short discon-
tinuous faults and folds. The applicant's consultants
conclude that the Cristianitos fault dies out to the south
whereas Greene and Kennedy project the Cristianitos Zone of
Deformation southward to the 0ZD. SCE recognizes the
southward projection by Greene and Kennedy but state in
their conclusion that it does not represent an intercon-
nection between the Cristianitos fault and the 0ZD. Both
parties recognize younger undeformed, probably marine
terrace, deposits capping the structures near shore. The
range in age of these capping deposits is stated by

Dr. Shlemon (oral discussion, September 23, 1980, and
viewgraph) to be from 80,000 years before present (YBP) to
8,500 YBP. The 8,500 YBP date was obtained by Cl4 method
and the 80,000 YBP was inferred based upon geomorphology
and late Pleistocene history. Assuming that the inferred
age is a reasonable conclusion, then the applicant's
contention that the Cristianitos Fault (restricted use) is
not capable is permissive. On land, the Cristianitos Fault
is capped by the 125,000 year-old marine terrace, and the
above conclusion then is consistent with that evidence.

Applicant's consultant, Dr. Perry Ehlig, discussed the
origin of the Cristianitos Fault (restricted use) and
concluded that the fault originated from 10 to 4 million
years ago during a period of crustal extension and that the
present stress regime of generally northeast-southwest
compression represents a significant change; therefore,
movement on the 0ZD would not trigger movement on the
Cristianitos Fault.

The USGS, in general, concurs with the conclusions stated
by the applicant and its consultants regarding the history
and age of last movement of the Cristianitos Fault, its
relation as one of several faults of the CZD of Greene and
Kennedy, and its apparent lack of potential for movement in
response to movement on the 0ZD."

The addendum attached to the above report concludes:

"The CZD merges with or is truncated by the 0ZD in the area
offshore from SONGS (plate 1). Generally faults within the CZD
with few exceptions (plate 1) displace shallow stratified
sedimentary rock that 1ies beneath a prominent unconformity and
younger poorly stratified sediments. The June 1980 NEKTON data
support the conclusions reported previously by Greene and
Kennedy (1980)."
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(6) Evidence Regarding the Non-Capability of the Cristianitos Fault

(a)

(b)

(c)

(d)

(e)

(f)

(@)

(h)

Trenching across the Cristianitos fault and Plano Trabuco demonstrated that
the segment of the fault observed was capped by non-marine terrace deposits
which are older than 33,000 years.

The excellent sea cliff exposure of the fault shows it cutting the San
Mateo formation but being truncated by marine and non-marine terrace
deposits that are approximately 120,000 years old.

There is no historic seismicity associated with the fault.

Mapping by P. Ehlig and Jack Harris show the fault to be capped by
Pleistocene (more than one million years old) or older strata.

Figure 5 of the report by Shlemon discussed in Section 2.5.1.8 of this
report shows that the 120,000-year-old terrace is not displaced between
Dana Point, north of the site, to Target Canyon south of the site.
Furthermore, nowhere in the vicinity of the Cristianitos fault is the
bedrock/ terrace contact observed to be faulted.

The numerous offshore seismic reflection profiles that cross the fault show
that the Pleistocene terrace which is more than 13,000 years old and
probably as old as 80,000 years is not offset by the fault.

Comparing the degree of fault activity for the CZD and 0ZD, we find that
the slip rate on the 0ZD is greater than that on the CID by a factor of 3.
This assumes a vertical displacement of 600 ft since Miocene time (12 mil-
lion years ago), which calculates to be 0.0015 cm/yr as the slip rate on
the CZD. The slip rate on the 0ZD is that of the Newport-Inglewood fault
zone which was given above as 0.5 cm/yr,

The faults are characterized as follows according to Slemmons (1977): The
CZD is of low activity, and for the range of 0.001 to 0.01 cm/yr within
which it falls, the recurrence interval between magnitude 7 earthquakes or
larger is generally measured in many tens of thousands of years to hundreds
of thousands of years for recurrence at a given point on the fault.

The 0ZD is of moderate activity. The slip rate range of 0.01 to 0.1 cm/yr
within which the 0ZD falls has a recurrence interval for generation of
magnitude 7 or higher earthquakes generally measured in thousands to few
tens of thousands of years for a given point on the fault

Dr. P. Ehlig's studies of the origin of the Cristianitos fault concluded

that the fault originated from 10 to 4 million years ago during a period of
crustal extension and that the present stress regime of generally north-

2-49



2.5.2
2.5.2.1

east-southwest compression represents a significant change; therefore,
movement on the 0ZD would not trigger movement on the Cristianitos fault.

The above indicates at this time that there is considerable evidence for
noncapability of the CZD. Furthermore, it has been amply demonstrated that
the CZD fulfills the role of a non-capable fault even assuming a structural
relationship between it and the 0ZD, based on the definitions in Appendix A,
10 CFR Part 100. In the definition of a capable fault, Appendix A states
that in the case of a fault having a structural relationship to a known
capable fault, the fault is considered capable if movement on the capable
fault could be reasonably expected to be accompanied by movement on the
fault in question. Movement on the 0ZD for at least the past 120,000 years
has not been accompanied by movement on the CZD.

Seismology*
Background and Summary

In the seismological review conducted for the Construction Permit (CP) of the San
Onofre Units 2 and 3 site, the staff relied primarily upon the evaluation provided by
the National Oceanic and Atmospheric Administration (NOAA). They assumed the
geological characteristics as defined by the USGS and described above. The "linear
zone of deformation..... extending from the Santa Monica Mountains to at least Baja
California" passing "within 5 miles of the site" was considered to be of primary
importance to the seismic evaluation of the site. NOAA then states that:

"An acceleration of 2/3g, resulting from a strong X intensity (MM) event, (should) be
used to represent the ground motion from the maximum earthquake likely to affect this
site. However, the accelerogram may contain a few peaks between 2/3 and 3/4g during
the 2/3g interval. These accelerations could result from an earthquake occurring
within a few miles from the site. Also, it must be assumed that a similar earthquake
could occur at any point along this zone of deformation."

The staff agreed with the NOAA evaluation and on this basis approved the earthquake
design bases (anchor points) of 0.67g and 0.33g for the Safe Shutdown Earthquake
(SSE) and Operating Basis Earthquake (OBE), as being appropriately conservative. The
FSAR refers to the SSE as the Design Basis Earthquake. The response spectra used in
conjunction with the above acceleration values were developed from a scaled,
smoothed, and modified set of real time histories. The development of these spectra
is outlined in Appendix 2.5.B of the FSAR. The staff has reviewed the seismological
information presented in the Final Safety Analysis Report (FSAR) and its amendments.
Our review of the FSAR has concentrated on the following topics:

(1) Selsmicity in the site region since the CP review and additional information on
historical earthquakes in southern coastal California and Baja California.

x
Note: This section has been published verbatim in a Safety Evaluation Report on San Onofre 2
and 3 Geology and Seismology, issued December 31, 1980, also under NUREG-0712.
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(2) Determination of the maximum earthquake on the Offshore Zone of Deformation
(0ZD) from historic and instrumented seismicity and fault parameters.

(3) Determination of the vibratory ground motion at the site due to occurrence of
the maximum earthquake on the 0ZD thru the use of empirical methods, theoretical
models and an examination of recent recordings of strong ground motion from
earthquakes.

(4) A comparision of the ground motion estimated above with the SSE approved for the
construction permit.

These topics resulted from a review of the information that has been made available
since the CP review, either in the literature or during subsequent analyses of the
seismic conditions at the San Onofre site. The new information described in the
following sections does not change the conclusions made following the CP review
regarding the adequacy of the seismic design basis.

Seismicity

The seismic record in the southern California region extends back to the 18th century.
Until the early part of this century, reports of earthquakes that were felt were the
only records of those events. Few epicenters were reliably determined instrumentally
prior to 1932. From 1932 to the present, however, a relatively complete listing of
instrumentally determined epicenters is available. In the FSAR the applicants
provided a 1isting of all non-instrumented events that had reported Modified Mercalli
Scale Intensities of IV or greater and that could have reasonably occurred within a
320-kilometer (200-mile) radius of the San Onofre site. This 1ist was compiled from
a number of earthquake catalogs; the earthquake locations, undoubtedly influenced by
population centers, should be considered very approximate. The grid 1ike pattern
shown in Figure 2.5-15 of the FSAR reflects locating these earthquakes at the nearest
degree or half degree of latitude and longitude. It does not appear useful to
attempt to correlate this biased pattern with known faults.

The applicants also provided 1istings of earthquakes of Richter Magnitude 5 or
greater within 320 kilometers (200 miles) of the site and all listed earthquakes
within 80 kilometers (50 miles) of the site for which instrumental records are
available. The lists were taken from the Historical Earthquake Data File compiled by
the National Geophysical and Solar-Terrestrial Data Center, Environmental Data
Service, National Oceanic and Atmospheric Administration, Boulder, Colorado and
contains events through 1975.

Those earthquakes of magnitude 6.0 or larger can be associated with specific faults
such as the San Jacinto, San Fernando, White Wolf or Imperial Valley faults. Of
particular interest to San Onofre is the 1933 Magnitude 6.3 earthquake on the
Newport-Inglewood fault zone approximately 45 km northwest of the site. This fault
zone and a proposed southward extension, the Offshore Zone of Deformation, is viewed
as the major contributor to seismic hazard at San Onofre., Earthquakes in the range
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of magnitude 5.0 to 6.0 appear to be associated with what the applicants call major
"zones of faulting." Many of these earthquakes are aftershocks of larger events.
Earthquakes smaller than magnitude 5.0 do not necessarily correlate well with
specific faults or zones of faulting. The density of these events varies with
location. The vicinity of the San Onofre site (within approximately 30 km) appears
to be one of relatively low seismicity.

In subsequent amendments to the FSAR, and in response to staff question 361.41, the
applicants have provided post-1975 (through September 1979) seismicity information
for the region within 320 kilometers of the site. Earthquake activity for data sets
greater than Local Magnitude (ML) 3, 4, and 5 were examined. No distinctive new
patterns of seismicity different than that evident in the pre-1975 data were observed.

Localized data sets of all magnitudes were also collected and evaluated in several
reports submitted to the NRC and the applicants. The occurrence of two small
earthquakes (magnitude 3.3 and 3.8) in 1975 several km west of the Cristianitos fault
zone, 30 km north of the site, was discussed in a report to the applicant by Biehler
(1975). Accurate locations, making use of new velocity data, placed the hypocenters
too far west to be on the Cristianitos fault zone. Focal mechanism solutions derived
for these events were not consistent with the north trending Cristianitos fault and
both historical seismicity and micro-earthquake surveys conducted in 1975 showed no
evidence of the Cristianitos fault being active.

Earthquake activity in the vicinity of the site was also examined in a report to NRC
by Whitcomb (1978) and by the applicants in response to Question 361.36. The
earthquake closest to the site (HL = 2.5) occurred 14 km to the northwest. This
event appears to be part of a broad band of low-level earthquake activity in the
Capistrano Embayment. Part of this earthquake activity includes the 1975 events
discussed above, and, in addition, a cluster of 5 smaller earthquakes (1.9 F ML

F 2.7) that also occurred within several km of the Cristianitos fault in 1977.

These and the other small earthquakes in the embayment appear to be scattered rather
than aligned along faults. These scattered locations and the focal mechanisms
discussed above do not indicate any direct relationship between seismicity and observed
faulting (including the Cristianitos) within or on the boundaries of the Capistrano
Embayment.

Magnitude of the Maximum Earthquake on the Offshore Zone

of Deformation

In the CP review we and our seismological advisors (NOAA) used a Modified Mercalli
Intensity of X to characterize the maximum earthquake that could affect the San
Onofre 2 and 3 site. This earthquake was assumed to occur along the Offshore Zone of
Deformation five miles from the site. ODuring the OL review the staff concluded that
magnitude is a better indicator of earthquake source strength than intensity.
Intensity is a measure of observed damage and felt effects. It depends upon the size
of the earthquake, its depth, the distance from the earthquake source, the nature of
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the geologic materials between the source and the point of observation and the
geologic conditions at the point of observation itself. Although an attempt is made
in the intensity scale to account for differences in structural design, it is only
done in a very general way. Particular problems are associated with determination of
intensities greater than VIII. Very often these intensities are based upon ground
failure (landslides, soil liquefaction, etc.) which are very much dependent upon

local conditions rather than ground shaking. Many investigators (for example, Nason,
1978; and Tocher and Hobgood, 1978) have suggested great caution in assigning these
high intensities. 1In addition strong motion data at high intensities is practically
nonexistent. Ground motion estimates at these levels are based upon highly non=unique

extrapoliations from the more abundant data at lower intensities.

Magnitude is a measure of earthquake source size using instrumental recordings of
ground motion at different distances. Different magnitude scales measure different
components of motion in different frequency ranges and care must be exercised in
choosing the appropriate scale for the intended purpose. Local Magnitude (ML), the
original magnitude scale, was developed from recordings of small earthquakes (ML<5.D)
at distances between 20 and 600 km in southern California. It is determined
utilizing the largest ground motion recorded on the Wood-Anderson seismograph. As a
result, it is particularly sensitive to short period (about 0.8 seconds) horizontal
motion. It is not applicable at distances greater than 500 or 600 km and must be
used with great care outside of California. Surface wave magnitude (HS) was
developed subsequently to complement ML for earthquakes of greater size and at
different locations. It is determined from longer period (20 second) motion.

Richter magnitude (M) as it is commonly, but very often not precisely, used is equal
to ML for magnitudes less than about 6 and Ms for larger earthquakes (Nuttli, 1979).
The reason ML cannot be used for larger earthquakes is the apparent saturation of the
scale at around 7 1/4. The great San Francisco earthquake of 1906, for example, had
an estimated MS of 8 1/4 while the ML is only estimated to have been between 6 3/4
and 7 (Jennings and Kanamori, 1979). ML saturates because the amplitude of the
shorter period waves which determine HL do not simply increase as the fault length
increases, As Kanamori (1978) states, "The amplitude of seismic waves represents the
energy released from a volume of crusta)l rock whose representative dimension is
comparable to the wave length." Seismic waves used in the determination of ML may
only reach wave lengths of 6 km. Thus, they cannot be expected to adequately reflect
the energy release of earthquakes associated with ruptures tens of kilometers long.
Similarly, they do not adequately reflect the seismic moment of such earthquakes.
Seismic moment, defined as being equivalent to the product of rigidity, fault area,
and fault displacement, is the measure most easily related to geologic fault
ﬁarameters.

In the range of interest for San Onofre (magnitude 6 to 7.5), MS' determined from
waves whose lengths are about 60 Km, is more related to seismic moment than ML.
According to Kanamori (1979), at magnitudes greater than 6, the average ML begins to

deviate and becomes less than the average HS for the same earthquake until the "L
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reaches the previously mentioned saturation point of about 7 1/4.* According to this
estimate, an HS of about 7 would have an average "L of 6.6 or 6.7. By assuming a
simple linear relationship between "S and ML‘ Nuttli (1979) arrives at a similar
result.

Thus, in estimating earthquake size from fault studies in southern California, the
most directly relateable magnitude scale based upon rupture lengths less than
hundreds of kilometers would be MS. Similarly the saturation of "L indicates that
the amplitude of strong ground motion at periods less than 1 second (periods of

interest to nuclear power plants) cannot be assumed to scale simply as M. or fault

S
size increase. Increases in estimates of maximum earthquake size around or above the

saturation level do not necessarily imply increased hazard to nuclear power plants.

We asked the applicants to specify the maximum magnitude of an earthquake on the 0ZD.
In the following subsections, we review several methods of determining the maximum
magnitude earthquake on the 0ZD, including the method used by the applicants.
Considerable research effort has been expended in an attempt to define more precisely
the maximum size of an earthquake that can be associated with various types of faults
and tectonic environments. However, in evaluation of the seismological characteris-
tics of a nuclear plant site, we must use theories and empirical data cautiously
until sufficient data have established their validity. Our discussions will note
areas of uncertainty and areas where we have used conservatism.

Maximum Magnitude from Historical Seismicity

A consideration of historical seismicity for the determination of the maximum
earthquake on the Offshore Zone of Deformation should include south coastal Califor-
nia and postulated extensions of this zone of deformation into Baja California. In
the southern coastal region of California, there have been three earthquakes in
historical time which could have had a major impact upon the San Onofre 2 and 3 site.
These occurred on November 22, 1800, December 8, 1812, and March 11, 1933. The
California Division of Mines and Geology (CDMG) has estimated epicenters and
magnitudes for the 1800 and 1812 earthquakes based upon felt reports (Toppozada and
others, 1979). The 1800 event was located near San Diego and the 1812 event was
located near San Juan Capistrano where the mission was destroyed. Becuse there were
few European settlements (mostly missions) in California at this time, locations
based upon felt reports should be considered as very approximate. Both these
earthquakes were estimated to have had magnitudes of 6.5. It is not quite clear
whether this is MS or "L‘ but since the calibration function used to determine
magnitude (Toppozada, 1975) used mostly MS for larger events we can assume that Hs is
the appropriate measure.

®M_ also saturates at about 8.3 and does not reflect the energy release in a truly great
eirthquake where fault rupture reaches hundreds of kilometers. For this purpose, a new
magnitude scale M“ was developed (Kanamori, 1978). For example, the great Chilean Earthquake
of 1960 had an HH of 9.5 while its HS was only B.3.
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The 1933 earthquake had both an "S and an "L of 6.3 and is the largest instrumentally
recorded event within the south coastal area of California. Its epicenter was
located on the Newport-Inglewood fault zone, the northern seismically active section
of the 0ZD. The rupture length associated with this earthquake (about 30 km) was
based upon aftershock data as there was no surface breakage (Woodward-Clyde, 1979).

In Baja California, the largest instrumental earthquake of postulated significance to
the San Onofre site is the E1 Alamo earthquake of February 9, 1956, which is
associated with the San Miguel fault. Evidence for and against a connection between
the 0ZD and the San Miguel fault is discussed in Section 2.5.1.8 above. MS for this
earthquake is reported to be 6.8 while ML is estimated as 6.6 (see FSAR response to

Question 361.68). The length of surface rupture for this event was at least 19 km.

On February 24, 1892, a large earthquake occurred which was felt strongly in southern
California, southwestern Arizona, and Baja California. Information on this earthquake
is limited to felt reports. Based upon felt reports in Los Angeles, Hanks, and

others (1975) suggested a seismic moment of 5 v 1027 dyne-cm and assumed a location
on the Agua Blanca fault south of the San Miguel fault. Seismic moments of this size
are usually associated with earthquakes of surface wave magnitude close to 8.

However, recent and more detailed work by Toppozada and others (1979) states that the
1892 event had a magnitude of 6.9 (probably Ms) and was located in the Peninsular
Range of northern Baja California near the Sierra Juarez fault system. This fault
system is believed to be related to the spreading of the Gulf of California (Gastil
and others, 1979) rather than the San Miguel Fault Zone or other postulated extensions
of the 0ZD into Baja California. Thus, the largest historical earthquakes which have
an impact upon the assessment of the maximum earthquake on the 0ZID are MS = 6.3, 6.5,
and 6.5 in southern coastal California and possibly MS = 6.8 in Baja California.

2.5.2.3.2 Maximum Magnitude from Fault Parameters

Much of the material relating earthquake magnitude to fault parameters has been
discussed in the geology section of this Safety Evaluation Report. In the following
paragraphs, we will review the maximum magnitude estimates discussed in that section
and discuss other estimates of magnitude based on additional fault parameters.

Typically the most utilized method of estimating earthquake potential has been the
use of fault rupture length. As our consultant, Dr. Slemmons, has pointed out
(Appendix E) direct application of this method "is not possible for the 0ZD as
surface faulting is rare along the zone." Indirect application of fault rupture
length earthquake magnitude methodology by our consultant as described in Sec-
tion 2.5.1.9, must rely upon subsurface estimates of individual rupture lengths or
appropriate percentages of estimated total fault length.

Utilizing Slemmons (1977), over 10 different estimates were made (Appendix E) for the

maximum magnitude on the 0ZD. These estimates ranged from "S = 6.6 to 7.3 depending
upon the specific approach, level of conservatism and fault length assumed. The
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lowest estimate was derived using an inferred subsurface rupture length on the
segment of the 0ZD nearest the site while the largest estimate was derived assuming a
total fault length of 300 km (from Santa Monica to the Agua Blanca fault in Baja
California) and that a fraction of this length would rupture consistent with the mean
plus one sigma fraction of observed strike-slip faults. The inability in this case
to use this method directly, the uncertainty associated with the assumed fault
lengths, and the scatter of resulting estimates preclude placing much weight on the
fault Tength versus magnitude approach.

Slemmons (1977) has also developed correlations between magnitude and fault
displacement. It is not possible to apply this method directly to surface displace-
ment on the 0ZD because of the plastic deformation of tertiary sediments (Appendix E).
We also find it inappropriate to take total displacement along the 0ZD that relates
to the past few million years and assume that it or any significant portion of it
could occur during one earthquake. However, the applicants have developed a
correlation between the average yearly displacement (slip-rate) and maximum magnitude
which has been reviewed in Section 2.5.1,8 and will be discussed below.

For the purpose of estimating maximum magnitude, Wyss (1979) advocated the use of
source length rather than surface rupture length, also postulated that fault area
(source length multiplied by fault width) would provide a more accurate and appro-
priate estimate than length alone. Bonilla (1980) has pointed out some problems
associated with this technique. In order to compare Wyss' proposal with estimates
derived using fault length, maximum magnitude for the 0ZD was computed assuming a
conservative fault width (depth) of 15 km and the range of fault lengths proposed by
our consultant in Appendix E. A similar range of maximum magnitudes (6.8 < MS <1.2)
was calculated. Because this method also relies upon indirect estimates of fault or
source length and an assumed fault width, little additional consideration should be
given to this approach.

The applicants have developed a methodology (Woodward-Clyde, 1979) relating maximum
earthquake magnitude to slip rate or degree of fault activity. As previously
discussed, it is our consultants' (Appendix E) and the staff's opinion that an
appropriate application of this approach results in an estimated maximum magnitude of
"S = 7.0 for the 0ZD. 1In a test of consistency between slip-rate and fault-length
estimates for maximum magnitude, the applicants developed a correlation between
slip=rate and fault-length from selected data. Half-lengths were conservatively
assumed to be the portion of total fault-length capable of rupturing in one earth-
quake. This correlation was then used in conjunction with Slemmons (1977) proposed
relationship between fault-length and magnitude for strike-slip faults. The
resulting plot of magnitude versus slip-rate called the Synthetic Earthquake Limit
(SEL) was then compared to the direct slip-rate estimates. This estimate had a
somewhat steeper slope than the direct estimate, that is, lower maximum magnitude for
high slip-rates and higher maximum magnitude for very low slip-rates. In the range
of interest for the 0ZD (slip-rate of 0.5 mm/year), the SEL was slightly less than
the applicants' conservative Maximum Earthquake Limit.
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The applicants have presented an additional argument as to the conservatism of the
slip-rate estimate. Assuming a constant b value of 0.85 and utilizing Anderson's
(1979) method, recurrence curves were computed from slip-rates and fault-lengths
assuming different maximum magnitudes (6.0, 6.5, 7.0 and 7.5). It is proposed that
the occurrence of the 1933 Long Beach and possibly the 1800 and 1812 earthquakes is
consistent with an assumed maximum magnitude of 6.5, while assuming a maximum
magnitude of 7.5 results in return periods (270 years for "S = 6.0 + 0.25, 720 years
for "S = 6.5 + 0.25) longer than the historical data would suggest.

Our consultant, Dr. Slemmons, has stated that the "fault-slip rate method is the
firmest, most quantitative approach for state-of-the-art assessment of the maximum
earthquake on the 0ZD." In a limited review of the applicants' slip- rate method,
the USGS (Appendix G) states that because of the limited data base at low geologic
slip-rates this technique "cannot be considered definitive in assessing maximum
magnitude." However, it "is helpful, when considered along with other procedures for
estimating earthquake size to assess the potential impact of earthquakes on the SONGS
site." Our evaluation of the applicants' slip-rate methodology can be stated as
follows:

(1) Correlation of maximum earthquake potential and degree of fault activity is in
itself a geological reasonable and intuitively sound idea.

(2) Use of present estimates of slip-rate to establish maximum earthquake magnitude
based upon the 1imited geological and seismological data requires both caution
and conservatism. This limited data set and limited understanding of the
physical basis between maximum magnitude and slip-rate preclude the exclusive
use of this technique in establishing maximum magnitude.

(3) The most appropriate slip-rate estimate used by the applicants is the Maximum
Earthquake Limit. This estimate (HS = 7.0 for the 0ZD) makes a specific attempt
to account for uncertainties.

As with many geologic and seismological assessments, estimation of maximum magnitude
for the 0ZD from fault parameters is not an unequivocal procedure. No single
technique, be it fault-length, fault-displacement, fault-area or slip-rate should be
considered as adequate in itself. Based upon the above discussions, it is our
position that "S = 7.0 is a reasonable, yet conservative, estimate of maximum
earthquake potential based upon fault parameter evaluation.

Maximum Magnitude from Intensity

In the CP review, the staff adopted the position of its seismological consultant
(NDAA) that "an acceleration... for a strong MM intensity X be used to represent
ground motion from the maximum earthquake likely to affect the site." Various
correlations relating magnitude to intensity have been proposed. Assuming an
intensity X would yield, for example, magnitude 7.7 from Gutenberg and Richter
(1942), 7 from Richter (1958), 7.1 from Krinitzky and Chang (1975) and 6.75 from
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Toppozada (1975). It is not always clear which magnitude scale is being referred to
but, since the data sets rely upon surface wave magnitudes for the larger events, we
assume that "S is the appropriate measure. However, we do not believe it is appro-
priate to relate epicentral or maximum intensity to magnitude at high intensities
because of the paucity of data at these intensities and the presence of other factors
such as site conditions which have a strong effect upon all intensity estimates. In
addition, most estimates are based upon linear fits to scattered data at lower
intensities extrapolated to few, if any, points at higher intensities.

Conclusions

Based upon our evaluation of the various approaches outlined above, we conclude that
an appropriate representation of the maximum earthquake on the OZD to be used in
determining the SSE at San Onofre is MS = 7.0. This conclusion rests upon the
combined results from the following approaches:

(1) Evaluation of Historical Seismicity -

(a) largest earthquake in southern coastal California: "S = 6.3 (1933);
possible Mg = 6.5 (1800, 1812)

(b) Tlargest earthquake on postulated extensions of the 0ZD into Baja California:®
HS = 6.8 (1956).

(2) Evaluation of Fault Parameters (in order of relative importance)-

(a) Slip-rate: wutilizing the estimator called Maximum Earthquake Limit which
incorporates uncertainty in both magnitude and slip-rate results in
“S = 7.0,

(b) Fault-length: utilizing the range of inferred fault lengths results in
estimates ranging from 6.6 < Mg < 7.3.

(¢) Fault-area: utilizing the range of inferred fault lengths with an
estimated fault width of 15 km results in magnitudes of 6.8 < Ms < 7.2.

While it is impossible to absolutely rule out the occurrence of an earthquake larger
than HS = 7.0 on the 0ZD, it is the staff's position that a maximum magnitude of

Ms = 7.0 is based upon a reasonable and conservative interpretation of all available
geological and seismological information.

Vibratory Ground Motion

The SER for the San Onofre 2 and 3 CP approved an SSE (then designated the DBE)
defined by a response spectrum shape derived from a scaled and modified study of real
earthquakes anchored at 0.67g. It was also required that consideration be given to
peaks of ground motion between 0.67 and 0.75g. In this section we will evaluate that
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spectrum with respect to ground motion from the controlling event defined as an
earthquake of "S = 7.0 occuring on the OZD at its closest location to the site
(8 km).

Determination of ground motion in the near field of large earthquakes is a difficult
and problematic task. Although "near field" has several definitions it is being used
here in the context of the "geometrical near field"; that is, at distances less than
the dimensions of the earthquake source. Since the earthquake assumed to occur on
the 0ZD is also assumed to result from a rupture tens of kilometers long and at least
10 km wide (deep), estimation of ground motion at a distance of 8 km from the fault
can be clearly considered a "near field" problem.

The sources of uncertainty in near-field ground motion estimation are several. First
of all, there has been a relative lack of data recorded close in (less than 10 km)
g = 6.0, The vast majority of data
was recorded at distances greater than 20 km. Simple extrapolation of the data to

from earthquakes, particularly those larger than M

close-in distances is not easily accomplished since ground motion at these distances
is less sensitive to factors such as gross source strength, geometric spreading, and
seismic wave attenuation which affect far field motion and is more sensitive to
source geometry and details such as localized stress conditions and direction of
faulting. The interpretation of these near-field effects and the type of "best fit"
curve one uses can lead to large differences in the near field. Those seismologists
who may agree with each other within a factor of two in predicting ground motion from
a magnitude 7 earthquake at 30 km, also find more than an order of magnitude
differences in their predictions for the same earthquake at a distance of 5 km
(Swanger and others, 1980).

Recently, a great deal of effort has been placed on theoretical models of earthquake
sources and attempts have been made to theoretically predict ground motion at various
distances. While these efforts are certainly encouraging they are controlled by
assumptions about the physical nature of the earthquake source. Different assumptions
such as the size of the stress drop and the effect of local inhomogeneities have a
major impact upon ground motion particularly at those frequencies (greater than 2 Hz)
of concern to nuclear power plants. As of this time, no consensus with sufficient
detail exists within the seismological community that would allow the exclusive use
of theoretical models in order to estimate ground motion in the near field. In face
of the probtems (not necessarily the same) associated with either the empirical or
theoretical approaches in estimating near field ground motion, it is our position
that the most appropriate way to arrive at an estimate involves the pursuit of both
approaches and a conservative comparison. As there are characteristics of ground
motion not directly related to nuclear power plant safety (for example, low frequency
motion and isolated high frequency peaks) it is important to take into account
engineering considerations so as to concentrate the analysis on those elements which

have a direct bearing upon safety.

A final confirmatory element can also be used to evaluate the adequacy of the ground
motion estimate. The October 1979 Imperial Valley earthquake (Hs = 6.9, "L = 6.6)
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has provided an unprecedented set of data from an earthquake of the appropriate size
at distances as close as 1 km from the fault rupture. In the sections below we
discuss the applicants effort at predicting ground motion from the controlling
earthquake using both empirical and theoretical approaches and a comparison of their
results with data from the October 1979 Imperial Valley earthquake. We find that the
ground motion specified in the SER for the San Onofre 2 and 3 CP exceeds a conserva-
tive representation of ground motion expected at the site from an occurrence of the
controlling earthquake; that is an Hs = 7.0 on the 0ZD at a distance of B km.

Empirical Approach

In order to estimate the ground motion at the site, the applicants (Woodward-Clyde,
1979) collected all available high quality digitized and processed horizontal strong
motion recordings from the western United States recorded at site conditions similar
to San Onofre (deep, stiff soil) from earthquakes of magnitude approximately equal

to 6.5. This collection, which was assembled prior to the 1979 Imperial Valley event,
yielded 56 recordings from 7 earthquakes. The ”L of the earthquakes ranged from 6.3
to 6.5 with 48 of the records coming from earthquakes of HL = 6.4. The HS of the
earthquakes ranged from 6.3 to 6.7 with 46 of the records coming from earthquakes of
M
earthquake of 1971, a weighing procedure was applied so that each earthquake had

g = 6.6. In order to reduce the bias from the heavily represented San Fernando

equal influence in any given distance interval where recordings were available. The
data (peak accelerations and response spectrum values at periods of 0.04 to

2.0 seconds at 2 percent damping) were then fit to a regression curve of a widely
used form first proposed by Esteva (1970).

Curves were computed for the mean and 84th percentile (mean plus one sigma) of each
period, and extrapolated to 10 km. This distance was used assuming the center of
energy release occurred on a vertical fault 8 km away at depth of 6 km. A 2 percent
damped response spectrum of horizontal ground motion for an M5 = 6.5 earthquake was
then constructed from these extrapolated values., A response spectrum for MS = 7.0
was estimated (see FSAR response to Question 361.54) by multiplying the peak
acceleration and spectra by scaling factors. These factors were determined from
several published ratios of peak accelerations at 10 km for "5 = 6.5 to MS =7.0
events and an empirical study of the effects of magnitude on spectral shape. The
peak accelerations associated with the mean and 84th percentile of "S = 6.5 are 0.42g
and 0.57g while those associated with Ms = 7.0 are 0.47g and 0.63g. As expected,
larger differences exist in the response spectra at long periods. The SSE spectrum
approved in the CP SER exceeds the 84th percentile M. = 7.0 spectrum at all

frequencies.

S

During the review of the applicants methodology, several issues were raised. The
most important of these were:

(1) The adequacy of the assumed attenuation relationship, that is, that acceleration

is proportional to (R+C)B where R is distance, B determines attenuation in the
far field, and C determines the flattening of the regression line in the near
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(2)

(3)

(4)

(%)

The

(1)

(2)

(3)

field. Based upon examination of the data, C = 20 was judged to be appropriate.
A smaller value of C would tend to increase near field values. C = 0, for
example, implies infinite acceleration at the fault.

The effect of focusing upon the assumed results. Focusing is the effect caused
by a propagating rupture which results in increased seismic amplitudes in the
direction of propagation and lower amplitudes in the opposite direction.

Use of distance to the center of energy release rather than distance to the
fault,

Inclusion of data within the analysis which may have been recorded on buildings
with large foundations and may, as a result, have lower peak accelerations than
the free field.

The impact of including data from northwest California earthquakes whose
locations are subject to large uncertainties.

applicants' response to these issues follows:

The appropriateness and degree of conversatism for the choice of C = 20 was
evaluated using a theoretical model of Hadley and Helmberger (1980) which
simulates the effects of large earthquakes through the mathematical super-
position of small, well-recorded earthquakes. These studies show that for a
magnitude 6.5 earthquake, the best choice of C is 22 while for a magnitude 7.0,
the best choice would be 30. The use of the smaller C = 20 would, according to
these studies, be conservative see FSAR (response to Question 361.53). In
addition a recent study by TERA Corporation (TERA, 1980), was submitted by the
applicants. This study gathered all recent earthquake data between magnitudes 4
and 8 at distances less than 50 km. One hundred and ninety-two peak accelera-
tions from 22 earthquakes were used. Of these, 31 were from "S = 6.5 or greater
events recorded at distances less than 10 km. Regressions on this data set
using different assumptions as to the choice of B and C indicated 1little
variation in predictions for “5 = 7.0 at 8 km. Predicted peak accelerations
ranged from 0.50g to 0.55g for the mean plus one standard deviation.

The data set used includes in it much data recorded under conditions of above
average focusing (see FSAR response to Question 361.56). In addition, it was
argued from a theoretical point of view that at a distance of 8 km the effect of
changing radiation pattern as seen by the station would rapidly diminish the
effect of focusing (see FSAR response to Question 361.53).

The applicants believe that the closest distance to the center of energy release
is more appropriate. However, the data was also plotted assuming closest
distance to the fault. The original curves assuming closest distance to center
of energy release were shown to be more conservative at moderate and close
distances (see FSAR response to Question 361.62).
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2.5.2.4.2

(4) The applicants concur with proponents of differences between small and large
structures (Boore and others, 1978) who state that "the differences between the
data from the large structures and the small structures are relatively small
compared with the range of either data set, and we do not believe that firm
conclusions are warranted solely on the basis of formal statistical tests. The
differences may be due to soil-structure interaction, but more study would be
required to demonstrate this" (see FSAR response to Question 361.55).

(5) Removal of data from northwest California earthquakes would result in lTower peak
accelerations at 10 km than those originally proposed.

We find their answers to the questions raised and the proposed spectra reasonable as
long as the general limitations inherent in empirical extrapolation into the near
field as outlined above are taken into account. The conservatism of the estimated
ground motion can also be judged when compared to the theoretical estimates and
recent earthquake data as discussed below.

Theoretical Estimates of Ground Motion

As part of the Systematic Evaluation Program of older operating plants, the staff is
reviewing the design of the San Onofre Nuclear Generating Station, Unit 1 (San

Onofre 1). This review is still underway and a final evaluation will be published in
the future. However, in support of the seismic reevaluation of San Onofre 1, the
licensee has submitted a series of theoretical studies whose purpose is the prediction
of ground motion at the site from an earthquake caused by a rupture along the Offshore
Zone of Deformation.

These studies (Del Mar Technical Associates, 1978, 1979a, 1979b, 1980a, and 1980b)
are described below and in Section 2.5.2.4.5 and discussed with reference to the
conservatism of the S5E adopted for 5an Onofre 2 and 3.

For the San Onofre 1 studies, a kinematic source model was assumed. The procedure
for modeling ground motion was accomplished in three steps:

(1) Fault-slip is characterized in terms of fault type, rupture velocity, dynamic
stress drop (slip velocity at the onset of rupture at each point on the fault)
static stress drop (fault offset), and duration of slip at each point. Random
processes are included to approximate irregularities in actual earthquake
rupture.

(2) Propagation characteristics (Green's functions) are calculated for the
particular earth structure, that is, surface motions are computed for several
hundred point sources along the fault plane. These earth response calculations
include all wave types up to frequencies of 20 Hz.

(3) Ground motion is calculated by convolving in time and space the fault-slip
characterization from Step 1 with the earth response functions from Step 2. By
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specifying hypocentral location, rupture extent and site location, the different
source site configurations can be examined.

For the initial study (Del Mar Technical Associates, 1978) the model (particularly
the slip-function) was calibrated using the 1966 Parkfield Earthquake (Hs = 6.0,

ML = 5.8). Prior to 1979 this was the best recorded earthquake in the near field.

In addition, the recordings from the 1940 Imperial Valley Earthquake (ML = 6.5,

"S = 7.1) and the 1976 Brawley earthquake (Hs = 4.9) were modeled. Utilizing
subsurface knowledge of the San Onofre site, P and S wave velocity, density,
attentuation, and layer thickness were computed. Green's functions were calculated
to predict propagation characteristics from source depths extending to 15 km, out to
epicentral distances of 60 km. The ground motion modeling centered about the effects
of a 40 km long rupture at a distance of 8 km from the site. This is an approximate
representation of an Hs = 7.0 earthquake on the 0ZD. Sensitivity tests were
conducted to test the effect of variations in site distance, fault length, and fault
location along the 0ZD (focusing), fault depth, hypocentral depth, changes in dynamic
and static stress drop, duration of slip, and changes in earth structure, upon
estimated ground motion.

In response to the staff's and its consultants' (Dr. Keiiti Aki, M.I.T.; Don L.
Bernreuter, Lawrence Livermore Labs; Dr. Robert Herrmann, St. Louis University; and
Dr. J. Enrique Luco, University of California-San Diego) review, a revised model and
additional studies were submitted (Del Mar Technical Associates 1979a). The
revisions in the model included:

(1) Utilization of additional randomness.
(2) Revision of the three parameter slip-function.
Additional studies were conducted with respect to:

(1) The effect of grid spacing used in the numerical modeling procedure upon
results.

(2) The assumption of a two parameter slip-function.
(3) Sensitivity of the results to changes in earth structure and fault parameters.

In response to other concerns, the licensee submitted (Del Mar Technical Associates,
1979b) calculations and discussions relating to magnitude and moment estimates of the
proposed numerical estimates of ground motion and estimated ground motion at
distances greater than 20 km. Utilizing a relationship between seismic moment and
surface-wave magnitude, the MS of the hypothesized offshore earthquake was calculated
to be 6.94. An M, of about 6 was calculated using the technique developed by
Kanamori and Jennings (1978) to estimate "L from strong motion records.
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2.5.2.4.3

2.5.2.4.4

In addition to the above mentioned consultants, the staff initiated a separate study
carried out on the I11iac Computer by Systems, Science, and Software (Day, 1979) to
investigate slip-functions. Making use of the unique capabilities of the Illiac,
numerical dynamic studies were carried out to test the sensitivity of earthquake slip
functions to fault geometry, functional strength, and prestress configuration.

Ground motion at different distances from the fault was not examined.

The revised model (Del Mar Technical Associates, 1979a) used by the licensee in
generating the proposed response spectra at the San Onofre 1 site assumes a 40 km
rupture maximally focused at the site with a fault offset of 130 cm and a rupture
velocity nine-tenths the shear wave velocity. Mean and 84th percentile spectra have
peak accelerations of 0.31 and 0.37g respectively. These spectra fall below the
empirically-derived spectra for MS = 7.0 and well below the SSE. The staff's
consultants reviewed the revised model and assumptions. Generally it was concluded
that there was an improvement but questions still remained regarding various aspects,
in particular, the slip function. A1l felt that the proposed spectra were good
representations of ground motion from rupture on the 0ZD. There was some question
whether this motion was appropriate for an HL = 6.0 or for a larger earthquake. In
general, the consultants suggested multiplication of the spectra by a factor of about
2 to account for uncertainties in the modeling process or an increase in magnitude.
Doubling the mean theoretical spectra would place it below the SSE at approximately
the 84th percentile level of the Ms = 7.0 empirical estimate discussed previously.

It is the staff's position that the modeling procedure utilized demonstrate the
conservatism of the empirically derived spectra and particularly the SSE.

Comparison of Estimated Ground Motion with Recent Earthquake Data -
The 1979 Imperial Valley Earthquake

The occurrence of an earthquake in the Imperial Valley in October 1979 provided an
excellent opportunity to judge the adequacy and conservatism of the previous ground
motion estimates and the SSE approved for the San Onofre 2 and 3 CP. This earthquake
of MS = 6.9 and HL = 6.6 occuring on the same fault (Imperial) that produced the 1940
MS = 7.1, HL = 6.5 earthquake resulted in approximately 31 km of surface rupture.
Rupture at depth was undoubtedly larger. It was a predominantly strike-slip
earthquake with some vertical movement at the northern end of the fault and possibly
some simultaneous movement on the adjacent Brawley Fault. The fault and vicinity
were heavily instrumented and provided the most extensive set of near-field ground
motion recordings available at distances as close as one kilometer. Aside from a
difference in site conditions (the Imperial Valley is a deep, alluvial valley) this
event is similar to the proposed Hs = 7,0 maximum earthquake on the 0ZD.

Comparison with the Empirical Approach

A comparison (see FSAR response to Question 361.55) of the mean and 84th percentile
empirical attenuation curves with the horizontal peak accelerations recorded during
this event indicate the general conservatism of the empirical approach. While the
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2.5.2.4.5

mean and 84th percentile peak accelerations of the new data at 8 km from the fault
are 0.32 and 0.44g, the mean and 84th percentile estimated for a magnitude 6.5 at the
SONGS site are 0.42g and 0.57g. Only 4 horizontal peak accelerations at any distance
exceed 0.57g. These were from the two components at Bonds Corners (0.81g and 0.66g)
at three km from the fault, 0.72g from one record at Station #6 one kilometer from
the fault, and 0.61g from one record at Station #4 seven km from the fault,

A compilation of horizontal response spectra from the October 15 earthquake (see FSAR
response to Question 361.55) shows that the mean and 84th percentile of 14 response
spectra recorded at distances between 6 and 13 km fall well below the predicted mean
and B4th percentile spectra for a magnitude 6.5 earthquake at almost all frequencies.
Between 5 and 10 Hz, the Imperial Valley spectra approach the level of the predicted
spectra.

Comparison with Theoretical Models

The theoretical model used to estimate ground motion for San Onofre 1 is currently
being evaluated with respect to its ability to predict observed ground motion from
the 1979 Imperial Valley earthquake (Del Mar Technical Associates, 1980b).

In order to better fit the observed data further refinements, mostly additional
randomness, were introduced into the earthquake model. As a result of these
refinements, better fits are obtained to the data particularly with respect to high
frequency vertical and close-in horizontal ground motion. Sensitivity tests were
carried out with respect to changes in the character of slip, inclusion of rupture
along the Brawley Fault, and proximity of the rupture to the surface.

Although this refined model produced better results for this earthquake than the
previous model, no comparison was made with respect to the original predictions for
the 1940 Imperial Valley earthquake, the 1966 Parkfield earthquake, and the 1976
Brawley earthquake (Del Mar Technical Associates, 1979a); additional events shown in
Supplement II (Del Mar Technical Associates, 1980a). Supplement 11 showed estimates
of ground motion for the 1933 Long Beach earthquake and 1971 San Fernando earthquake
based upon the original (revised) model and some, but not all, of the refinements
introduced above. It is difficult to judge as to the relative validity of the
original and refined models without a comparison of at least several different
earthquakes. However, computation of ground motion at San Onofre using the refined
model provided an assessment as to the significance of these differences with respect
to estimation of ground motion from the occurrence of an earthquake on the 0ZD.

These comparisons show rough equivalence of horizontal ground motion from both
models. At different frequency bands a different model may be more conservative.
With respect to vertical motion higher ground motion is predicted at high frequencies
utilizing the refined model. This is to be expected since the model was calibrated
with the Imperial Valley earthquake in which several stations produced anomalously
high vertical accelerations. These accelerations are discussed below in

Section 2.4.2.4.6.
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As with the response spectra estimated at San Onofre from the original (revised)
model response spectra estimated using the refined model fall below the applicants
empirically derived spectra for an Ms=7.0 earthquake occurring on the 0ZD. Thus,
while our review of the modeling study has not been completed and there may be
uncertainty as to the appropriateness of the different theoretical models proposed,
those examined do indicate conservatism in the empirical approach.

2.5.2.4.6 Comparison with the SSE

A direct comparison of ground motion recorded from the 1979 Imperial Valley event
with the SSE has been made by the applicants (see FSAR responses to Questions 361.57
and 361.64). The major difference between the "S = 6,9 October 1979 event and the
controlling MS = 7.0 assumed to occur at the 0ID is the difference in site conditions.
As indicated above, the Imperial Valley is a deep-alluvial (soft soil) valley, while
San Onofre is a stiff soil site that is more rock-like in character. Boore and
others (1978) compared ground motion from the San Fernando earthquake at rock and
soil sites., They found that while there was no significant difference in peak
accelerations, soil sites systematically recorded higher peak velocities and peak
displacements. This observation relates to response spectra in that peak accelera-
tions can be correlated with high frequency motion and peak velocities and
displacements can be correlated with motion at intermediate and low frequencies. In
other words, the major difference we would expect between similar size earthquakes
occurring in the Imperial Valley and near San Onofre would be a higher level of
ground motion recorded at frequencies of 1 Hz and less in the Imperial Valley.

A comparison of the recorded horizontal motions with the horizontal SSE (anchored at
0.67g) indicates the following:

(1) The mean plus one standard deviation level of ground motion at distances between
6 and 13 km is well below the SSE.

(2) The envelope of all response spectra in this distance range is below the SSE
except for some small exceedances. This exceedance is broadest at Bonds Corner
some 2 to 3 km from the fault.

A comparison of recorded vertical motion with the vertical SSE (anchored at 0.44q)
indicates the following:

(1) The mean spectral level at distances between 6 and 13 km falls below the SSE.

(2) The mean plus one standard deviation of response spectra in this distance range

exceeds the SSE by small amounts at frequencies greater than 2 Hz.
»

(3) There is some significant exceedence of the SSE by vertical response spectra at
stations at distances less than 6 km. Most notable is that of Station #6,
one km from the fault. The uncorrected peak vertical acceleration recorded at
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this site was 1.74g the highest acceleration recorded anywhere from any
earthquake.

The applicants indicate that these exceedances are not significant and points out the
following:

(1) Within a distance of 10 km the fault maximum vertical peak acceleration is
substantially higher than other peaks of vertical ground motion in recordings
with very high peak accelerations.

(2) Within 15 km of the fault maximum vertical motion occurs early in the recorded
motion approximately 2 to 4 seconds before the corresponding horizontal peaks.

(3) Algebraic and vectorial combination of ground motion records from all three
components of motion show that vertical and horizontal motions dominate at
different times during the ground motion (vertical < 5 seconds, horizontal
> 5 seconds).

With respect to the above, the applicants also indicate that in the design of

San Onofre 2 and 3 the significant ground motion from all components was assumed to
occur at the same time and the assumed duration of this motion including repetition
of high peaks of acceleration was much longer (80 seconds versus 15 seconds or less)
than that recorded at Imperial Valley. We agree with the applicants' assessment of
the significance of the high vertical motions particularly in light of the following
additional information which indicates that these motions are most likely related to
the particular site conditions in the Imperial Valley and not directly applicable to
San Onofre:

(1) Station #6 (which recorded high peak accelerations) has systematically recorded
high peak accelerations from other earthquakes at other locations (Boore and
Fletcher, 1980).

(2) Those high vertical accelerations occurring at certain stations within 10 km of
the fault did not occur at all stations near the fault and are believed to be
related to the interaction of the propagating rupture with the thick sedimentary
cover (Archuleta, 1980).

(3) Those strong motion records from other earthquakes in the past which have shown
relatively high vertical peak accelerations appear also to be related to site
and fault conditions not present at San Onofre. For example, the 1976 Gazli
earthquake caused strong vertical motion because the fault beneath the site
ruptured vertically up towards the site (Hartzell, 1980), and the 1979 Coyote
Lake earthquake resulted in high vertical acceleration at one station because of
S to P wave conversion at the interface between the soft alluvium and firm
bedrock at depth (Angstman and others, 1979).
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In conclusion, it is our position that the analysis of records from the extremely
well-recorded October 1979 event indicates that the SSE is a conservative repre-
sentation of ground motion to be expected at the San Onofre site from occurrence of a
similar size earthquake on the 0ZD at a distance of 8 km.

2.5.2.5 Summary

Our position with regard to the SSE approved for the CP can be summarized as follows:

(1) Specification of the controling earthquake for determining the SSE at San Onofre
as an MS = 7.0 on the 0ZD is conservative.

(2) The applicants' estimate of horizontal ground motion from this earthquake
utilizing an empirical methodology is reasonable and conservative and results in
an estimated response spectra less than the SSE, for which the facility was
designed, at all frequencies.

(3) The conservatism associated with this estimate is supported by a comparison with
those estimates computed from San Onofre 1 using theoretical models and with the
extensive near-field data set recently recorded from a MS = 6.9 earthquake in
the Imperial Valley.

(4) The SSE for vertical motion is considered to be appropriately conservative.
Exceedence of the vertical SSE at some stations in the Imperial Valley earthquake
is not considered to be significant due to the short duration of the high
acceleration and the lack of correlation between horizontal and vertical peaks
of motion. In addition these conditions which are believed to have caused the
anomalous high vertical ground motion in the Imperial Valley are not present at
San Onofre.

Therefore, based upon our review of the applicants' submittal of new information
which has become available since the San Onofre 2 and 3 CP review, we reaffirm our
conclusion reached at that time that the San Onofre 2 and 3 SSE high-frequency
acceleration anchor point (0.67g) and design spectrum are acceptable.

2.5.2.6 Operating Basis Earthquake (OBE)

The OBE for San Onofre 2 and 3 is 1/2 the SSE. This is conservative with respect to
the stipulation in Appendix A that the OBE be that earthquake which could reasonably
be expected to affect the plant site during the operating life of the plant. The OBE
for San Onofre 2 and 3 also meets the other criteria in Appendix A, which states that
it should be at least 1/2 the SSE. We see no reason for changing the conclusion
reached in the SER for the CP approving the OBE for San Onofre 2 and 3.
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2.5.3
2:5.3.1

2.5.3.2

Stability of Subsurface Materials and Foundations
Introduction

The applicants have presented in the FSAR information concerning the properties and
stability of soils and rock which may affect the San Onofre 2 and 3 facility. The
FSAR considers both static and dynamic conditions including the vibratory ground
motions associated with the safe shutdown eathquake. In a series of separate reports
the applicants have presented information regarding dewatering well cavity
investigations and dewatering well demobilization.

The San Onofre site is located on the sea coast in the gently sloping coastal plains.
The plains are terminated at the beach and form a 1ine of seacliffs. The near
vertical sea cliffs in the immediate vicinity of the plant site range from 60 to

130 feet above sea level and have a narrow band of beach sand along the coast

Two 1ithologic units are exposed in the excavations for the plant facilities. The
units are the Pliocene age San Mateo formation and the overlying Pleistocene terrace
deposits. The San Mateo formation is described as a massive, light brown to light
gray sandstone with scattered interbeds of gravel and layers of silty sandstone and
siltstone. The San Mateo formation can also be described as a poorly cemented but
very dense sand. The terrace deposits consist of a series of crudely stratified
mixtures of brown to gray sand, silt and clay underlain by a mixture of gravel,
cobbles and boulders in a red-brown silty sand matrix.

Subsurface Explorations

The engineering properties of the materials underlying the site were investigated by
drilling, sampling, laboratory testing, and geophysical techniques. The upper
portions of the terrace deposits between elevation +80 and +115 feet are generally
cohesive soils. Typically these soils are clayey sands to silty clays with unconfined
compressive strength between 6 and 10 kips per square foot. The lower portions of

the terrace deposits between elevations +50 and +80 feet are gravelly sand with low
cohesion (0.2 kips per square foot) and a high angle of shearing resistance (Typi-
cally 38°). The measured compressional and shear wave velocities for the terrace
deposits ranged from 1000 to 3100 feet per second and 330 to 1000 feet per second,
respectively.

The plant facilities are underlain by the very dense, well graded sands of the

San Mateo formation to a depth of about 900 feet. Laboratory testing shows that
these sands have a high value of effective cohesion (typically 800 pounds-per-
square-foot), and a very high angle of shearing resistance (typically 41°). The
measured compressional and shear wave velocities for the San Mateo sand range from
3,000 to 7,500 feet per second and 1,000 to 2,750 feet per second, respectively.
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29,3,

2.5.3.4

2.5.3.5

2.5.3.6

Site Preparation

Site preparation consisted of the removal of all terrace and San Mateo deposits down
to elevation +30 for plant grading. Major plant structures, including all seismic

Category I structures, are founded in the San Mateo formation. The terrace deposits
remain only in the area of switchyard slopes and support only switchyard structures.

Foundation Excavation

The foundation excavations below elevation +30 were made with conventional
earth-moving equipment in the San Mateo formation. Excavation depths extended up to
60 feet below plant grade depending on foundation dimensions and embedment depth.

A1l foundation excavations were protected against disturbance, and where over-
excavation was required, lean concrete or compacted backfull was placed to support
structures. A1l soil backfill used in seismic Category I areas consists of San Mateo
sand. Structural backfill was compacted to a minimum density of 95% of the maximum
dry density determined in accordance with ASTM D1557-70 specifications.

Groundwater

The average groundwater level at the site is elevation +5. The normal groundwater
Tevel beneath the site is stable. Dewatering was required during construction to
lower the groundwater level below the excavations required for deeply embedded
structures. The dewatering system consisted of 12 deep wells with turbine pumps
rated at 1,500 gpm. In addition to the deep wells a supplementary system of
wellpoints was required in the intake area. Dewatering well cavities are discussed
in Section 2.5.4 of this report.

Bearing Capacity and Settlement

A1l Seismic Category I structures were analyzed for static loading conditions.
Foundation bearing capacity and settlement were evaluated considering the unloading
due to the excavation and the design loads due to the plant structures. Lateral
earth pressures on structures from backfills were considered in the design of the
structures.

The pre-excavation surface elevation in the plant area was between elevation +95 and
+115. The finished plant grade elevation of +30 was achieved by excavating over

65 feet of terrace deposits and San Mateo sand. Therefore, the foundation soils have
been unloaded by at least 8,000 pounds per square foot. Reloading of the foundation
soils due to structural loads is less than the weight of overburden removed. Due to
the relatively high shear strength properties of the San Mateo formation and the low
ratio of construction loads to overburden removal, the bearing capacity of the
foundation material is well in excess of the design loads. In addition, calculations
show that the dense sand will settle between 1/2 to 1 inch, and maximum differential
settlements are expected to be less than 1/2 inch. Measured settlements have been
less than 1/2 inch.
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2.5:3.7

2.5.3.8

2.5.4

We concur with the applicants' assessment of bearing capacity and settlement
potential for the undisturbed in-situ San Mateo sand. We agree that the above
predicted settlement values are reasonable and convervative.

Liquefaction Potential

The San Mateo sand is the only natural soil deposit that is below the water table
(elevation +5). The liqufaction potential of the undisturbed sand was evaluated and
the results show that the in-situ dense sand is not susceptable to liquefaction.
This evaluation included field measurements, extensive laboratory testing and
analysis of dynamic shear stresses. We agree with the applicants' conclusions that
the in-situ undisturbed San Mateo sand is not susceptable to liquefaction.

Slope Stability

A1l seacliffs and cut slopes to the north and south of the plant are far enough away
that slope failure would not affect the plant facilities. The switchyard slopes east
of San Onofre 2 and 3 are the only permanent slopes in the vicinity of plant
structures. The cut slopes in the switchyard are 2 horizontal to 1 vertical. The
overall height of these slopes is about 90 feet with two benches cut at elevation +55
and +78 feet. The average slope including the benches is greater than 3 horizontal
to 1 vertical.

The upper portions of the switchyard slope consists of terrace deposits. Above the
bench cut at elevation +78, the soils are predominantly terrace clays. The lower
bench is cut into the terrace sands and gravels. The toe of the slope is cut into
the very dense San Mateo sand.

The applicants' analyses and design criteria for the switchyard slopes considered
static and dynamic loading conditions. These analyses included use of the modified
Bishop method of slices for static analyses and the finite-element method for dynamic
analyses. The applicants concluded that the factors of safety against slope
instability are adequate and that no adverse consequences would result for dynamic
loading conditions. We agree with these conclusions.

Dewatering Well Cavities

As noted in Section 2.5.3.1, above, the applicants have identified, investigated and
treated a number of cavities associated with dewatering wells for Units 2 and 3. The
first unmistakable evidence of dewatering cavities was observed on May 6, 1977 by the
applicants. Since that date, there have been numerous meetings, reports, site
visits, etc., that have addressed the identification and treatment of these cavities.
These activities and some of the more significant items are discussed herein. This
discussion is limited to our assessment of whether the cavities caused by the
applicants' temporary dewatering of the San Onofre 2 and 3 site will have an
unacceptable adverse effect on the capability of structures and equipment of

San Onofre 2 and 3 to withstand the design basis seismic events.
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The deepwell dewatering system included 12 wells. Each well generally consisted of a
200 foct deep, 30-inch diameter boring with a 14-inch diameter steel casing. The
lower part of the casing was perforated. A gravel filter was placed in the annular
space between the sidewall and the casing. At wells 6, 7, and 8 a problem developed
during the well operation and the well casing deteriorated due to corrosion. The
gravel filter migrated through the enlarged holes and resulted in erosion of the
surrounding material.

The first relatively detailed report on this condition was transmitted in a letter
report dated August 22, 1977, from the applicants to the NRC Office of Inspection and
Enforcement in Region V. This report discussed the background, investigation, cause,
and safety implications as of that date. This report was identified as an interim
report, subject to further investigation and analyses. This type of a foundation
problem encountered during construction requires that the staff review evolve with
the investigation, analyses and treatment of the problem.

The next significant step in the review process was a meeting held at the request of
the NRC staff, so that we could obtain a first-hand summary of the current status of
the dewatering well systems and the observed cavities. In addition, the applicants
presented the planned future activities to investigate and fill the cavities, and
demobilize the wells. This meeting was held on November 29, 1977 in Bethesda, Md.
In addition to this initial meeting, the staff met with the applicants on three other
occasions (March 10, 1978, June 22, 1978, and December 1, 1978) and made two site
visits (February 14, 1978 and April 13, 1978) to further understand and review the
dewatering well cavity conditions. The culmination of all these meetings, investi-
gations and interim reports is provided in a series of reports placed on the docket
by the applicants which describe the results of (1) deep exploration drilling,

(2) shallow exploration and grouting, and (3) analyses of the potential effects of
seismic shaking on the cavity at dewatering Well 8. A summary report dated July,
1979 provides a compilation of the data and conclusions of the investigation of the
dewatering wells.

Deep exploration drilling was accomplished with borings drilled to about 200 feet.
These holes were closely-spaced to assure that all cavities larger than 3 feet in
width and adjacent to the well, would be detected. These borings were also used to
locate the maximum depth of each cavity. Shallow exploration borings were drilled 50
to 120 feet deep to define any cavities or zones of disturbed material, and delinate
their extent and shape. These borings also were used as grout holes. Grout was
placed in the drill holes using both gravity and pressure injection methods. Gravity
grouting filled any open voids. Pressure grouting was used to fill any remaining
voids.

Truck-mounted drill rigs were used to advance borings for exploration and grouting.
Rotary drilling methods were utilized with Revert drilling fluid to remove cuttings
from the hole. Standard penetration tests were taken at regular intervals to help
define the 1imits of the disturbed zones. Gyroscopic and slope indicator surveys
were performed to determine the direction and drift of borings with depth. The
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combinations of these techniques and procedures to adequate to detect, define and
describe the properties of cavities in and around the site dewatering wells.

The above-described exploration drilling, mechanical measurements and geophysical
surveys were performed by the applicants to identify and define the location and
extent of each and every cnvtty at the site. These techniques are in conformance
with Regulatory Guide 1.32 entitled "Site Investigations for Foundations of Nuclear
Power Plants," dated September 1977.

In the investigations of the twelve dewatering wells at the site, the most intensive
effort was applied to wells 6, 7 and 8, the only cavities of sufficient size and
proximity to the San Onofre Units to have an impact on seismic category I structures.
A1l other wells were free of large cavities. This intensive effort was due to the
close location of these cavities to Seismic Category I structures and the size of the
cavities present at these locations.

Grout was placed in cavities to fill any void spaces and provide some densification
of the in-fill sand within the disturbed zone. Grouting was performed in stages on a
grid pattern The water-cement ratio varied from 5:1 to 3/4:1 for the grout mixes
used. Grout pressures were generally limited to one psi per foot of depth. These
grouting procedures and the close spacing of the grout holes are common foundation
treatment techniques and provide adequate assurance that cavities have been filled.
We find that these procedures are adequate and that the results have been
satisfactorily documented.

The cavities at wells 6, 7, and B were evaluated to determine the effects on adjacent
seismic Category I structures. These structures included the auxiliary building,
fuel handling buildings and the Unit 3 containment structure.* These evaluations
were made by calculating the potential reduction in stiffness and support charac-
teristics of the foundation soil caused by an increase in pore water pressure in an
adjacent grouted cavity. These evaluations were provided in a report titled "Report
on the Results of Analyses Performed on Well 8 at the SONGS Units 2 and 3, San Onofre,
California." This report provides analyses of the potential effects of seismic
shaking on the cavity at Well 8, and the resulting potential effects on the adjacent
structures. The results of the analyses for Well 8 were extrapolated to the Well 6
and 7 cavities. There are two basic elements to this report: (1) the evaluation of
the generation and dissipation of excess pore pressure in the soil foundation during
seismic loading; and (2) evaluation of the overall reduction in stiffpess of the soil
supporting the containment structure.

Two very conservative assumptions were considered with respect to excess pore water
pressure generation and dissipation. These assumptions were: (1) the geometry of
the sand fil1l within the cavity at Well B is two-dimensional (plane strain or

x
Unit 1 structures and the Unit 2 containment building are located too far from the cavities
to be affected by them.

2-73



axisymmetric) and (2) the shortest drainage path beneath the containment structure is
equal to the diameter of the basemat. The first assumption implies that the volume

of the pore pressure generating source is much greater than the actual size of the
cavity. For the axisymmetric case which is considered to model the cavity size more
realistically than that of the plane strain case, the volume of the cavity is calculated
to be more than one order of magnitude larger than the actual cavity size. The

second assmption increases time required for dissipation of excess pore pressures and
overestimates pore pressure at any given time during periods of dissipation as compared
to the actual field condition. Regarding the applicants' assessment of the generation
and dissipation of excess pore pressure, although many assumptions are required in

this analysis, it is conservative and we conclude that it is a reasonable assessment

of the expected conditions., The report concludes that the maximum effects on the

Unit 3 containment building is a 4 to 5% reduction in overall soil stiffness. The
effects of the cavity on settlement (less than 1/10-in. increase) and bearing capacity
of the containment structure are very small and will not affect the containment or
other structures on site. OQur review of that report has shown that conclusion to be
conservative.

In addition to the above structure, a tunnel passes over the Well 8 cavity and for
that reason has been assessed by the applicants. The effect of the cavity on the
tunnel was based on the assumption that the tunnel would be unsupported in the area
of the cavity. We find that this is a conservative assumption for geotechnical
engineering considerations for the tunnel. Structural spanning capabilities of the
tunnel are discussed in Section 3.8.4 of this report.

For the reasons listed above, we find that the applicants have performed acceptable
geotechnical investigations, treatment and analyses to determine the extent of all
the cavities existent at the site and to assess their potential impact on adjacent
structures during seismic or other conditions. Based on the above discussion and the
electrical tunne) evaluation given in Section 3.8.4, we conclude that the dewatering
well cavities at San Onofre 2 and 3, in their present, grouted condition, do not
significantly impair the ability of safety-related structures to withstand the safe
shutdown earthquake.
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3.0 DESIGN CRITERIA - STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS

Conformance With General Design Criteria

In Section 3.1 of the Final Safety Analysis Report, the applicants state that the San
Onofre 2 and 3 design complies with all General Design Criteria, with no exceptions.
We have assessed the final design of San Onofre 2 and 3 against the General Design
Criteria (GDC) of Appendix A to 10 CFR Part 50, and we conclude that the facility is
in conformance with these criteria, with the possible exception of General Design
Criterion 51 (See Section 6.2.1.4 of this report). We will require conformance to
GDC 51 prior to issuance of an operating license for the facility. We will discuss
the resolution of this issue in a supplement to this report.

Conformance With Industry Codes and Standards

Our review of structures, systems and components relies extensively on the application
of industry codes and standards that have been used as accepted industry practice.
These codes and standards, as cited in this report and attached bibliography, have
been previously reviewed and found acceptable by us; and have been incorporated into
our Standard Review Plan (NUREG 75/087),

Classification of Structures, Components, and Systems
Seismic Classification

Criterion 2 of the General Design Criteria requires that nuclear power plant
structures, systems, and components important to safety be designed to withstand the
effects of natural phenomena including earthquakes without loss of capability to
perform their safety function. This refers to the plant features necessary to assure
(1) the integrity of the reactor coolant pressure boundary, (2) the capability to
shut down the reactor and maintain it in a safe shutdown condition, or (3) the
capability to prevent or mitigate the consequences of accidents which could result in
potential offsite exposures comparable to 10 CFR Part 100 guideline exposures.
Structures, systems, and components that are designed to remain functional if a safe
shutdown earthquake (SSE) occurs are classified as seismic Category I.

We have reviewed the Final Safety Analysis Report and conclude that with one
exception, the safety-related structures, systems, and components at San Onofre 2
and 3 have been classified by the applicant as seismic Category I items in accordance
with the recommendations of Regulatory Guide 1.29 (Revision 2), "Seismic Design
Classification." The one exception is the letdown line of the chemical and volume
control system from isolation valves 004-C-105 and 023-C-105 (adjacent to back
pressure control valves 2PV-0201A and 2PV-0201B) to the volume control tank outlet
valve 2LV-02278. This line is not designed to seismic Category [ requirements.
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In response to our inquiry, the applicants have demonstrated that in the event of a
safe shutdown earthquake, there is an adequate plant procedure for achieving a cold
shutdown condition without use of the letdown line. In this situation, safe shutdown
can be achieved without letdown flow since the letdown 1ine is not required for boron
injection and is also not required to function for post-accident operation. The
Tetdown 1ine is isolated and the charging pumps are used to inject concentrated boric
acid into the reactor coolant system from either the boric acid makeup tanks or the
refueling water storage tank. These seismic Category I components assure an adequate
supply of boron solution to accommodate reactor coolant shrinkage. At our request
the applicants have developed an emergency procedure for achieving cold shutdown
without use of the letdown line. For the above reasons, we conclude that this alter-
nate method of plant shutdown is acceptable, and that the classification of the
letdown 1ine as non-seismic Category I is acceptable.

A1l other structures, systems, and components that may be required for operation of
the facility are designed to other than seismic Category I requirements, including
those portions of Category I systems such as vent lipes, fill lines, drain lines, and
test lines that are on the downstream side of isolation valves and that are not
required to perform a safe function. Structures, systems, and components important
to safety that are designed to withstand the effects of a safe shutdown earthquake
and remain functional are identified in an acceptable manner in Table 3.2-1 of the
Final Safety Analysis Report (FSAR). The basis for acceptance in our review is
conformance of the applicant's designs, design criteria, and design bases for struc-
tures, systems, and components important to safety with the Commission's regulations
as set forth in General Design Criterion 2 and to Regulatory Guide 1.29, and industry
codes and standards.

Except for the letdown line of the chemical and volume control system that is not
designed to seismic Category I requirements, but which we find to be acceptable as
discussed above, we conclude that structures, systems, and components important to
safety of San Onofre 2 and 3, that are designed to withstand the effects of a safe
shutdown earthquake and remain functional, are properly classified as seismic Cate-
gory 1 items in conformance with the Commission's regulations, the applicable Regu-
latory Guides, and industry codes and standards and are acceptable. Design of these
items in accordance with seismic Category I requirements provides reasonable assur-
ance that in the event of a safe shutdown earthquake, the plant will not endanger the
health and safety of the public.

System Quality Group Classification

Criterion 1 of the General Design Criteria requires that nuclear power plant systems
and components important to safety be designed, fabricated, erected, and tested to
quality standards commensurate with the importance of the safety function to be
performed. Fluid system pressure-retaining components important to safety will be
designed, fabricated, erected, and tested to quality standards commensurate with the
importance of the safety function to be performed. The applicants have identified
those fluid-containing components which are part of the reactor coolant pressure
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boundary and other fluid systems important to safety. Specifically, such

systems: (1) prevent or mitigate the consequences of accidents and malfunctions
originating within the reactor coolant pressure boundary, (2) permit shutdown of the
reactor and maintain it in a safe shutdown condition, and (3) contain radioactive
material. These fluid systems are classified in an acceptable manner in Table 3.2-1
of the FSAR and on system piping and instrumentation diagrams.

The applicants have applied Quality Groups A, B, C, and D in Regulatory Guide 1.26,
"Quality Group Classifications and Standards" (Revision 3) to the fluid system
pressure-retaining components important to safety. These components that are class-
ified Quality Group A, B, C, and D will be constructed to the codes and standards
identified in Table 3.2-2 of the FSAR as follows:

Component Code

Quality Group ASME Section III, Division 1
A Class 1
B Class 2
C Class 3

Quality Group A components comply with Section 50.55a of 10 CFR Part 50. Quality
Group B and C components comply with subsection NA-1140 of the ASME Code.

Components that are classified Quality Group D are constructed to the following codes
as appropriate: ASME Boiler and Pressure Vessel Code, Section VIII, Division 1,

ANSI B31.1.0, Power Piping Code, Manufacturer's Standards, API-620, API-650,
AWWA=D100 or ANSI B96.1.

The basis for acceptance in our review is conformance of the applicant's designs,
design criteria, and design bases for pressure-retaining components such as pressure
vessels, heat exchangers, storage tanks, pumps, piping, and valves in fluid systems
important to safety with the Commission's regulations as set forth in General Design
Criterion 1, the requirements of the Codes specified in Section 50.55a of 10 CFR
Part 50, Regulatory Guide 1.26, and industry codes and standards.

We conclude that fluid systems pressure-retaining components important to safety that
are designed, fabricated, erected, and tested to quality standards in conformance
with these requirements are acceptable and provide reasonable assurance that San
Onofre 2 and 3 will perform in a manner providing adequate safeguards to the health
and safety of the public.

Wind and Tornado Loadings

Wind Design Criteria

A1l seismic Category I structures exposed to wind forces were designed to withstand
the effects of the design wind. The design wind specified has a velocity of 100 mph
based on a recurrence interval of 100 years.
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The procedures that were used to transform the wind velocity into pressure loadings
on structures and the associated vertical distribution of wind pressures and gust
factors are in accordance with "Wind Forces on Structures" Paper No. 3269, American
Society of Civil Engineers, 1961. This document is referenced in SRP 3.3.1 as
describing an acceptable methodology.

The procedures that were utilized to determine the loadings on seismic Category I
structures induced by the design wind specified for the plant are acceptable since
these procedures provide a conservative basis for engineering design to assure that
the structures will withstand such environmental forces.

The use of these procedures provides reasonable assurance that in the event of design
basis winds, the structural integrity of the San Onofre 2 and 3 seismic Category I
structures will not be impaired and, in consequence, seismic Category I systems and
components located within these structures are adequately protected and will perform
their intended safety functions, if needed. Conformance with these procedures is an
acceptable basis for satisfying, in part, the requirements of General Design
Criterion 2.

Tornado Design Criteria

A1l seismic Category I structures exposed to tornado forces and needed for the safe
shutdown of the plant were designed to resist a tornado of 220 mph tangential wind
velocity and a 40 mph translational wind velocity. The simultaneous atmospheric
pressure drop was assumed to be 1.5 psi in 4.5 seconds. Tornado missiles are also
considered in the design as discussed in Section 3.5.1.4 of this report.

The procedures that were used to transform the tornado wind velocity into pressure
loadings are similar to those used for the design wind loadings as discussed in
Section 3.3.1 of this report. The tornado missile effects were determined using
procedures that are discussed in Section 3.5.1.4 of this report. The total effect of
the design tornado on seismic Category I structures was determined by the appropriate
combinations of the individual effects of the tornado wind pressure, pressure drop
and tornado associated missiles. Structures are arranged on the San Onofre 2 and 3
site and protected in such manner that collapse of structures not designed for
tornado forces will not affect other safety-related structures.

The procedures utilized to determine the loadings on structures induced by the design
basis tornado specified for the plant are acceptable since the procedures provide a
conservative basis for engineering design to assure that the structures withstand

such environmental forces.

The use of these procedures provides reasonable assurance that in the event of a
design basis tornado, the structural integrity of the San Onofre 2 and 3 structures
that are required to be designed for tornadoes will not be impaired. As a result,
safety-related systems and components located within these structures will be
adequately protected and may be expected to perform all necessary safety functions as
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required. Conformance with these procedures is an acceptable basis for satisfying,
in part, the requirements of General Design Criterion 2.

Water Level (Flood) Design

The design flood level resulting from the most unfavorable condition or combination
of conditions that produce the maximum water level at the site is discussed in
Section 2.4 of this report. The hydrostatic and hydrodynamic effects were considered
in the design of all seismic Category [ structures as appropriate.

We have reviewed the procedures utilized to determine the loadings on seismic
Category I structures induced by the design flood or highest groundwater level
specified for the plant. We find these procedures acceptable since they provide a
conservative basis for engineering design to assure that the structures will
withstand such environmental forces.

The use of these procedures provides reasonable assurance that in the event of floods
of high groundwater, the structural integrity of the plant seismic Category I
structures will not be impaired and, in consequence, seismic Category I systems and
components located with in these structures will be adequately protected and may be
expected to perform necessary safety functions, as required. Conformance with these
design procedures is an acceptable basis for satisfying, in part, the requirements of
General Design Criterion 2.

We have reviewed the design features provided to protect safety-related systems,
structures, and components from flood damage and to maintain the capability for a
safe plant shutdown during a design basis flood.

The probable maximum flood (PMF) level is calculated to be at elevation +30.8 feet
mean lower low water (MLLW). This flood level is based on the probable maximum
precipitation in the San Onofre area. The applicants identified all the openings and
penetrations in safety-related buildings that are below PMF level. A1l openings and
penetrations below the PMF level are either sealed, protected by watertight doors or
hatches, protected by waterstops, or the applicants' analysis has shown the PMF does
not impact safety-related equipment.

One safety-related structure that was of concern was the diesel generator building.
In this building the floors are located slightly below the PMF level. The building
exterior doors are not watertight. In response to our request the applicants, in
FSAR Amendment 15, agreed to provide curbing to protect safety-related electrical
conduit penetrations below the PMF level, for those penetrations that are not
protected by watertight seals. We also requested that additional protection be
provided for the effect of storm wave runup, which could cause splashing of safety-
related equipment above the PMF level. The applicants agreed to institute
administrative procedures to ensure that the diesel generator building doors are
normally locked and an alarm provided in the permanently manned central alarm station
to alert the security personnel in the event the doors are opened. We find that
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these administrative measures are acceptable, and conclude that the issue of flooding
of the diesel generator building has been resolved.

Another structure of concern was the seawall. The flood protection design of seismic
Category I structures was based on the assumption that the seawall which is parallel
to the shore line is capable of withstanding the safe shutdown earthquake (SSE).

This wall was not originally classified as a seismic Category I structure and we

had no assurance that the appropriate requirements of quality control and quality
assurance had not been applied during its construction. In response to our ques-
tions, the applicants stated that the seawall was designed for the SSE and
demonstrated that the wall satisfied the strength requirements for this loading
condition. Since the wall was not designed for the operating basis earthquake (OBE)
we requested that the applicants perform a confirmatory analysis to determine the
adequacy of the wall for OBE conditions. In response to our request, the applicants
performed an analysis of the seawall for horizontal OBE input motion. Vertical OBE
results were estimated from calculations performed for the SSE, because the effect of
vertical input is small compared to the effect of horizontal input.

The FLUSH computer code was used for both OBE and SSE analyses. This code has been
used in similar applications in the past, and was approved by the staff. The
criteria used in the FLUSH analyses were consistent with those used in analyzing the
effect of the SSE on other seismic Category 1 plant structures. We reviewed the
results of the applicants analysis of the seawall and found them acceptable, because
the seawall was shown to be capable of withstanding the OBE without losing the
ability to perform its safety function.

On the basis of our review as described above, we conclude that the design of the
facility for flood protection meets the requirements of Criterion 2 of the General
Design Criteria with regard to protection against the effects of natural phenomena,
and the guidelines in Regulatory Guide 1.102 "Flood Protection for Nuclear Power
Plants" with regard to provision of protection by incorporated barriers. On these
bases, we conclude that the San Onofre 2 and 3 water level (flood) design is
acceptable.

Missile Protection

Missile Selection and Description
Internally Generated Missiles (Outside Containment)

Missile protection is provided to ensure safe shutdown capability of the reactor
facility. Pressurized components and rotating machines have the potential to become
internal missile sources. Protection against missiles outside containment is
achieved by proper orientation of components and systems, by the use of missile
barriers, and by physically separating redundant safety-related systems or components
from each other and from non-safety-related systems.

As a result of our review, we conclude that the San Onofre 2 and 3 design is in
conformance with General Design Criterion 4 as it relates to structures housing
essential systems and to the systems being capable to withstand the effects of
internally generated missiles, Regulatory Guide 1.13, "Spent Fuel Storage Facility
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Design Basis," as it relates to protection of spent fuel pool systems and fuel
assemblies from internal missiles, and is acceptable.

3.5.1.2 Internally Generated Missiles (Inside Containment)

The applicants have evaluated the potential of internally generated missiles to
affect the function of safety related equipment inside containment and containment
itself. Potential sources of missiles have been identified including rotating
machinery, high energy fluid system failures, and missiles due to gravitational
effects.

Non-seismic structures and equipment which could fail and impact seismic Category I
equipment were evaluated to confirm that the impacted seismic Category I equipment
will not collapse or fail.

The applicants analyzed the equipment within containment which has the potential to
become missiles, and have identified the following equipment as potential missile
generators:

(1) Control Rod Drive Assemblies.

(2) Resistance Temperature Detectors

(3) Sump Pump Impeller.

(4) Reactor Coolant Drain Tank Pump Impeller.
(5) Normal Air Conditioning Unit Fan Blades.
(6) Containment Dome Circulator Fan Blades.
(7) Reactor Cavity Supply Fan Blades.

(8) Recirculation Filter Fan Blades.

(9) Lower Circulation Fan Blades.

The applicants also identified the systems and components requiring protection from
these missiles and the design features that provide the required protection. These
features include enclosing the potential missile sources in casings with sufficient
thickness or locating them in individual missile-proof compartments. The applicants
have shown that the systems and components requiring protection from potential
missiles are provided with proper missile barriers.

The staff has expressed concern regarding the possible gravity missiles generated by
the possible dropping of the reactor vessel seal ring. In response to our request
for additional information, the applicants, in Amendment 19 to the FSAR, stated that
during normal plant operation, the reactor vessel seal ring is stored and clamped on
the vessel head storage stand and cannot become a gravational missile. The clamps
are designed to prevent the seal ring from being dislodged during a safe shutdown
earthquake. Protection against missiles inside containment is achieved by physically
separating the safety-related equipment from the potential missiles using adequate
barriers o» distance.

The applicants have stated in the FSAR that all valves within the containment have
been eliminated as primary sources of missiles because of the presence of secondary
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retention features (e.g., bolted valve bonnets and valve stems with back seats). The
likelihood of all bolts experiencing a simultaneous complete severance failure is
considered very remote. Nuts, bolts, and nut and bolt combinations have only a small
amount of stored energy and thus are of no concern as potential missiles. We are in
agreement with the applicant's evaluation.

As a result of our review, we conclude that the San Onofre 2 and 3 design is in
conformance wth General Design Criterion 4 as it relates to structures housing
essential systems and to the systems being capable of withstanding the effects of
internally generated missiles, and is acceptable.

Turbine Missiles

The applicants have arranged the turbine generators in a non-peninsular orientation
relative to the containment buildings for San Onofre 2 and 3. This configuration is
not the preferred orientation recommended by Regulatory Guide 1.115. However, the
applicants received a Construction Permit in 1973, prior to the issuance of the
guide. We performed an independent analysis of the turbine missile risks for San
Onofre 2 and 3 and find that the only hazard of any significance is the potential for
missiles ejected from the low pressure turbine rotors damaging the primary system
pressure boundary within the containment. A conservative estimate of the probability
for damaging the primary system pressure boundary is 1.8 x lltl_5 per turbine year.

The following conservatisms are intrinsic to this probability estimate:

(a) The turbine wheels are assumed to always break into four equal segments. In
actuality, there are other potential wheel burst modes with lesser damage
potential (e.g., one large piece plus many small fragments).

(b) The probability for destructive overspeed is based on an historically observed
data base involving some turbines which were not subject to frequent overspeed
trip testing. The Technical Specifications will require that the turbine steam
valves be tested weekly, so that the probability for a destructive overspeed due
to a valve malfunction will be reduced significantly, i.e., at least by a
factor of ten.

In view of the estimated probability for turbine missile damage and in consideration
of the above conservatisms including frequent turbine steam valve testing, we con-
clude that the turbine missile hazards with respect to the safety related plant
systems for San Onofre 2 and 3 are significantly less than the conservative estimate
given above and are acceptably Tow.

Tornado Missiles

The applicants have assessed the potential for tornado generated missiles that could
pose a hazard to safety-related structures, systems, and components. The postulated
missile spectrum includes, among other missiles, a steel rod and utility pole. We
have independently verified the assessment of the applicant and find the tornado
missile design spectrum acceptable.
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We have reviewed the safety-related structures and equipment for San Onofre 2 and 3
with respect to torpado missile protection. The structures housing the safety-
related systems for the plant are constructed of reinforced concrete walls of

18 inches thickness with reinforced concrete roofs of a minimum thickness of

14 inches and a 3/4-inch minimum thickness for steel covers for safety-related
openings. Thesesare sufficient to resist the postulated tornado missiles.

Details of the San Onofre 2 and 3 design for the protection against tornado generated
missiles are discussed in Section 3.3.2 of this report. We conclude that the plant
is adequately protected against the effects of design basis tornado missiles
postulated for the San Onofre site in accordance wth General Design Criterion 4.

Barrier Design Procedures

The San Onofre 2 and 3 seismic Category I structures, systems and components are
shielded from, or designed to withstand various postulated missiles. Missiles con-
sidered in the design of structures include tornado-generated missiles and various
containment internal missiles, such as those associated with a loss-of-coolant
accident.

Information has been provided by the applicants to show that the procedures that were
used in the design of the structures, shields and barriers to resist the effect of
missiles are adequate. The analysis of structures, shields and barriers to determine
the effects of missile impact was accomplished in two steps. 1In the first step, the
potential damage that could be done by the missile in the immediate vicinity of
impact was investigated. This was accomplished by estimating the depth of penetration
of the missile into the impacted structure. Furthermore, secondary missiles were
prevented by fixing the target wall thickness above that determined for penetration.
In the second step of the analysis, the overall structural response of the target
when impacted by a missile was determined using established methods of impactive
analysis. The equivalent loads of missile impact, whether the missile is environ-
mentally generated or accidentally generated within the plant, were combined with
other applicable loads as is discussed in Section 3.8 of this report.

The procedures that were utilized to determine the effects and loadings on seismic
Category 1 structures, missile shields and barriers, induced by design basis missiles
selected for the plant, are acceptable since, as discussed above, these procedures
provide a conservative basis for engineering design to assure that the structures or
barriers are adequately resistant to and will withstand the effect of such forces.

The use of these procedures provides reasonable assurance that in the event of design
basis missiles striking seismic Category I structures or other missile shields and
barriers, the structural integrity of the structures, shields, and barriers will not
be impaired or degraded to an extent that will result in a loss of required protec-
tion. Seismic Category I systems and components protected by these structures are,
therefore, adequately protected against the effects of missiles and will perform
their intended safety function, if needed. Conformance with these procedures is an
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acceptable basis for satisfying, in part, the requirements of General Design
Criteria 2 and 4.

Protection Against Dynamic Effects Associated With the Postulated Rupture of Piping

Postulated Piping Failures in Fluid Systems Outside of Containment

L]
The staff's guidelines for protection against postulated piping failure in high- and
moderate-energy fluid systems outside containment are given in Section 3.6.1 of
NUREG-75/087, the Standard Review Plan (SRP) and Branch Technical Position (BTP)
ASB 3-1 and MEB 3-1. In accordance with BTP ASB 3-1, plants for which construction
permits were tendered before July 1, 1973, and for which operating licenses are
issued after July 1, 1975, should follow the guidance of Appendix B of BTP 3-1
(letter by A. Giambusso, December 1972, "General Information Required for Consider-
ation of the Effects of a Piping System Break Outside Containment") and also provide
moderate energy piping failure analyses in accordance with BTP ASB 3-1.

The San Onofre 2 and 3 applicants have proposed criteria in the Final Safety Analysis
Report for determining the location, type, and effects of postulated pipe breaks or
cracks in high energy piping systems and postulated pipe cracks in moderate energy
piping systems, The applicants analyzed high energy piping systems for the effects
of pipe whip, jet impingement, and environmenta) effects on safety-related systems
and structures. For moderate energy systems, protection of safety related systems
from effects due to critical cracks, including flooding, were analyzed. Using these
postulated effects, the applicants evaluated their design of systems, components, and
structures necessary to safely shut the plant down and to mitigate the effects of
these postulated piping failures. Protection for the systems, components, and
structures is accomplished by use of physical separation, enclosure in suitable
compartments, pipe whip restraints, and jet impingement barriers. The applicants'
analysis included consideration of a single active failure in systems necessary to
mitigate the consequences of a postulated pipe break in high energy systems, in
accordance with BTP ASB 3-1 and MEB 3-1.

The applicants have examined safety related areas outside containment for the effects
of high energy pipe failures. The San Onofre 2 and 3 design provides two physically
separated main steam isolation and pressure relief valve enclosures per unit, each
containing one main steam and one main feedwater train. The applicants have provided
the results of an analysis which indicated that these enclosures have been designed
to withstand the environmental effects of the limiting failure within the enclosure,
i.e., a main steam line break. Vent areas and blowout panels have been provided to
dissipate the blowdown energy. Safety related components located in these enclosures
have been environmetally qualified for the steam line break. Other safety related
areas examined by the applicants for the effects of high energy pipe breaks and
moderate energy pipe cracks include the auxiliary building, penetration building, and
safety equipment building. We conclude that the applicants have provided sufficient
information in their analysis to demonstrate that safety related systems and
components located in these areas will not lose the capability to provide safe
shutdown due to the effects of a high energy pipe break or moderate energy pipe

3-10



3.6.2

crack, including flooding, primarily by separation of redundant safety related
trains.

The applicants' original design provided for one motor driven and one steam turbine
driven auxiliary feedwater (AFW) train (see section 10.4.6 of this report), both
located in a common enclosure in the condensate storage tank building with 15 feet of
separation between trains. The applicants did not perform a complete high energy
pipe break analysis for this location, i.e., discrete pipe breaks were not assumed,
pipe whip dynamic analyses and jet impingement analyses were not performed. In FSAR
Amendment 21, the applicants presented a revised design including two motor driven
pump trains and one turbine driven pump train. The applicants have also submitted a
revised high energy pipe break analysis for the AFW area. The effects of pipe whip
and jet impingement, and environmental effects were analyzed, assuming the failure of
steam high-pressure nitrogen piping in the condensate storage tank building. The
most severe environmental effects would occur in the event of failure of the 6-inch
section of the AFW turbine steam supply line. This break would result in a maximum
pressure of 2.76 psig and a maximum temperature of 302°F within the room in the
building in which the break occurred. The applicants state that this pressure will
not compromise the structural integrity of the building, and that safety-related
components located in this area are qualified for the above environmental conditions.

For the AFW pump discharge lines, pipe whip analyses were not performed by the
applicants because no fluid reservoir exists that would sustain thrust after a pipe
break for sufficient time to result in pipe whip. We have reviewed the San Onofre 2
and 3 design and we concur that pipe whip analyses are not required for these lines
for the above reason. The applicants have performed a jet effect analysis for a
critical pipe crack and based on the results, has found the results acceptable, since
no safety-related equipment would be damaged.

Based on our review, we find that the applicants have adequately designed and
protected areas and systems required for safe plant shutdown following postulated
events, including the combination of pipe failure and single active failure. The
plant design meets the requirements of General Design Criterion 4 regarding protection
against the dynamic effects of pipe whip and discharging fluids, and the guidelines

of SRP 3.6.1 and BTP's MEB 3-1 and ASB 3-1 with regard to the protection of safety-
related systems and components from postulated high energy line breaks, and moderate
energy line cracks. We, therefore, conclude the plant design for the protection of
the safety-related equipment from the effects associated with the postulated failure
of piping outside containment is acceptable.

Determination of Break Locations and Dynamic Effects Associated with the Postulated
Rupture of Piping

The applicants have defined, in the San Onofre 2 and 3 FSAR, the criteria used for
postulating pipe breaks in high and moderate energy lines both inside and outside
containment. Based on our review and evaluation of these criteria, we conclude that
they are consistent with the criteria of Regulatory Guide 1.46 and Section 3.6.2 of
the Standard Review Plan (NUREG 75/087).
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The applicants have referenced topical report CENPD-168, Revision 1, September, 1976,
to describe their analytical methods for determining reaction loads on the reactor
coolant system (RCS) piping and components due to postulated RCS pipe breaks.

Topical report BN-TOP-2, Revision 2, May, 1974, is also referenced to describe
analytical methods for dynamic effects of postulated pipe breaks on balance-of-plant
(BOP) piping and components. Both CENPD-168, Rev. 1, and BN-TOP-2, Rev. 2, have been
reviewed and found to be acceptable references by the staff.

Because the pipe break criteria meet the above-referenced staff criteria, we find
that

(1) The proposed design of piping restraints and measures to deal with jet
impingement effects upon the reactor coolant pressure boundary and other
safety-related systems provide adequate protection for the containment structure,
reactor coolant pressure boundary elements, and other systems important to
safety.

(2) The provisions for protection against dynamic effects associated with pipe
ruptures of the reactor coolant pressure boundary inside containment and the
resulting discharging fluid provide adequate assurance that design basis
loss=of=coolant accidents will not be aggravated by sequential failures of
safety-related piping, and emergency core cooling system performance will not be
degraded by these dynamic effects.

(3) The proposed piping arrangement and applicable design considerations for high
and moderate energy fluid systems inside and outside of containment will provide
adequate assurance that the unaffected system components, and those systems
important to safety which are in close proximity to the systems in which postu=-
lated pipe failures are assumed to occur, will be protected. S5an Onofre 2 and 3
design will mitigate the consequences of a pipe break so that the reactor can be
safely shut down and maintained in a safe shutdown condition in the event of a
postulated failure of a pipe carrying a high or moderate energy fluid inside or
outside of containment,

Seismic Design
Seismic Input

The safe shutdown earthquake (SSE) spectrum for San Onofre 2 and 3 is anchored at a
zero-period acceleration of 0.67g. The seismic input design response spectrum was
developed by requiring it to envelope the peaks of the ground response spectra which
were in turn developed from site-specific earthquake acceleration time-histories
scaled to produce a 0.67g ground surface acceleration at zero periods. The vertical
motion spectra have the same shape as the horizontal motion spectra, but are

2/3 times the horizontal. The operating basis earthquake (OBE) response spectra have
the same shape as those of the SSE and one-half times the spectral values of the SSE
at corresponding frequencies. The acceptability of these site-specific response
spectra is discussed in Section 2.5.2. Note that the DBE postulated by the applicants
is identical to the safe shutdown earthquake described in Appendix A to 10 CFR 100.
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3.7.2

A synthetic time history of 80-second duration was used for seismic design of seismic
Category I structures, systems and components. The response spectrum of this time
history approximates the SSE response spectrum. The specific percentage of critical
damping values used in the seismic analysis of seismic Category I structures, systems
and components are equal to or less than those recommended in Regulatory Guide 1.61,
"Damping Values for Seismic Design of Nuclear Power Plants." Spatial soil damping
values actually used were limited to 10% for the SSE analysis and to 8% for OBE
analysis.

Seismic System and Subsystem Analysis

The scope of our review of the seismic system and subsystem analyses for the plant
included the seismic analysis methods for all seismic Category I structures, systems
and components. It included review of procedures for modeling, seismic soil-structure
interaction, development of floor response spectra, inclusion of torsional effects,
evaluation of seismic Category I structure overturning, and determination of composite
damping. The review included design criteria and procedures for evaluation of
interaction of non-Category I structures and piping with seismic Category I structures
and piping, and the effects of parameter variations on floor response spectra.

The system and subsystem analyses were performed by the applicants on an elastic

basis. Modal response spectrum and time history methods form the bases for the
analyses of all major seismic Category I structures, systems and components. When

the modal response spectrum method was used, governing response parameters were
combined by the square root of the sum of the squares (SRSS) rule. However, the
absolute sum of the modal responses was used for modes with closely spaced frequencies.

The FSAR indicates that the seismic design of structures is based upon an SRSS
combination of the response due to a single axis horizontal excitation in combination
with the vertical excitation (2 component 5RS5S). However, during the course of
design development, three distinct methods were employed: (a) three-component SRSS
combination, (b) two-component absolute summation, (c) two-component SRSS combina-
tion. Most of seismic Category I structures were designed by methods (a) and (b) and
it has been demonstrated that method (b) generally provides conservatism equal to or
greater than that of method (a). Method (c) was only used in developing in-structure
response spectra where equipment and components are supported. Less than a 3%
increase in the horizontal response levels is expected due to torsiona) effects of
the orthogonal horizontal excitation. About a 15% increase in vertical spectral
response levels at the periphery of the structure due to rocking effect of the
orthogonal horizontal excitation are expected. However, these increases would be
more than compensated for by decreases in response level resulting from (1) utili-
zation of actual soil damping characteristics rather than the upper bound limit of
10% used in current analysis and by (2) the fact that the time history utilized to
develop the in-structure response spectra conservatively envelops the design spectra.

Floor spectra inputs used for design and test verification of structures, systems and

components were generated using the time history method, taking into account variation
of parameters by peak widening. A vertical seismic system dynamic analysis was used
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3.7.3

3.8

for all structures, systems and components where analyses show significant structural
amplification in the vertical direction. Torsional effects and stability against
overturning were considered.

Depending upon the degree of embedment, either the lumped-parameter or the finite
element approach was used to evaluate soil-structure interaction effects upon seismic
responses. For the finite element analysis, appropriate nonlinear stress strain and
damping relationship for the soil were considered.

We conclude that the seismic system and subsystem analysis procedures and criteria
utilized by the applicants provide an acceptable basis for seismic design.

Seismic Instrumentation Program

The type, number, location and utilization of strong motion accelerographs used at
S5an Onofre 2 and 3 to record seismic events and to provide data on the frequency,
amplitude and phase relationship of the seismic response of the containment structure
comply with the recommendations of Regulatory Guide 1,12, "“Instrumentation for Earth-
quakes." Supporting instrumentation is being installed on Category I structures,
systems and components in order to provide data for the verification of the seismic
responses determined analytically for such seismic Category I items.

The installation of the specified seismic instrumentation in the reactor containment
structure and at other seismic Category 1 structures, systems, and components con-
stitutes an acceptable program to record data on seismic ground motion as well as
data on the frequency and amplitude relationship of the response of major structures
and systems. A prompt readout of pertinent data at the control room can be expected
to yield sufficient information to guide the operator on a timely basis for the pur-
pose of evaluating the seismic response in the event of an earthquake. Data obtained
from such installed seismic instrumentation will be sufficient to determine that the
seismic analysis assumptions and the analytical model used for the design of the
plant are adequate and that allowable stresses are not exceeded under conditions
where continuity of operation is intended. Provision of such seismic instrumentation
complies with Regulatory Guide 1.12.

Design of Category I Structures

During the course of our review of San Onofre 2 and 3, we conducted an audit of the
detailed calculations and calculational methods used in the analysis of seismic
Category I structures. From December 4 through 8, 1978, we met with the applicants
and their contractors and consultants in Los Angeles, California, to conduct the
seismic and structural audit. The audit covered each major safety-related structure
at San Onofre 2 and 3.

3-14



3.8.1

We conducted the audit in order to accomplish the following objectives:

(1) To investigate in detail the manner in which the applicants have implemented the
structural and seismic design criteria that they committed to use, prior to
obtaining construction permits for the facility.

(2) To verifty that the key structural and seismic design and the related calcula-
tions have been conducted in an acceptable way.

(3) To identify and assess the safety significance of these areas where the plant
structures were designed and analyzed using methods other than those recommended
by the NRC Standard Review Plan (NUREG-75/087).

During the audit we identified a number of items for which additional information was
needed. Following our request, the applicants provided the needed information. As

a result of our review of this information, we concluded that the manner in which
design criteria were implemented was acceptable and that the methods of analysis used
and the results of the analysis are consistent with staff criteria, and are therefore
acceptable.

Concrete Containment

The Reactor coolant system is enclosed in a prestressed concrete containment descri-
bed in Section 3.8.1 of the FSAR. We identified the deviations of the FSAR from
NUREG-75/087 (the Standard Review Plan, or SRP), and requested that the applicants
provide additional information to provide a basis for evaluating the criteria. To
demonstrate that the criteria used in the actual design of the containment structure
are equivalent to those presently acceptable by the staff, the applicants re-analyzed
the critical sections of the outer shell and the foundation mat of the containment
using the applicable subsections of the ASME Boiler and Pressure Vessel Code,
Section III Division 2 (ACI-359), 1977 edition. The results of this analysis show
that the stresses imposed on the structure by various load combinations are within
the allowables.

Since the present position of the staff reflects the provisions contained in the
ACI-359 Code, we concluded that the re-analysis was sufficiently representative to
accept the design.

The design incorporated various combinations of dead loads, live loads, environmental
loads including those due to wind, tornadoes, OBE, SSE and loads generated by the
design basis accident including pressure, temperature and associated pipe rupture
effects.

Static analysis for the containment shell and base was based on methods previously

applied. Likewise, the liner for the containment was designed using methods similar
to those previously accepted.
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The choice of the materials, the arrangement of the anchors, the design criteria and
design methods are similar to those evaluated for previously licensed plants, taking
into account the high seismic loads for San Onofre 2 and 3 compared to most plants.
Materials, construction methods, quality assurance and quality control measures are
covered in the FSAR and, in general, are similar to those used for previously accepted
facilities.

With regard to the San Onofre 2 and 3 tendon surveillance program, the applicants

have stated that the program will be consistent with the recommendations of Revi-

sion 3 to Regulatory Guide 1.35 and Revision 1 of Regulatory Guide 1.35.1 (both
published for comment at this time). The applicants also state that if the exceptions
to these guides proposed by Bechtel Power Corporation are approved by the staff they
will propose that the approved exceptions be incorporated into the surveillance
program for San Onofre Nuclear Generating Station, Units 2 and 3.

Based on our review of the information provided by the applicants we conclude that the
in-service tendon surveillance program satisfies, in part, the requirements of
General Design Criteria 2, 4, 16 and 50, and is acceptable,

During November 1980, the containment was subjected to an acceptance test in
accordance with Regulatory Guide 1.18, "Structural Acdeptance Test for Concrete
Primary Reactor Containments," during which the internal pressure was 1,15 times
the containment design pressure.

The quality control program described in the FSAR is different from that which is
specified in the corresponding sections of the SRP. On the basis of the information
provided by the applicants we have established that the testing program proposed by
the applicants provides the required degree of assurance that the materials of con-
struction satisfy design requirements thus allowing structures to perform their
intended functions.

The criteria that were used in the analysis, design, and construction of the concrete
containment structure to account for anticipated loadings and postulated conditions
that may be imposed upon the structure during its service lifetime are in conformance
with established criteria, codes, standards, guides, and specifications acceptable to
the NRC staff.

The use of these criteria as defined by applicable codes, standards, guides, and
specifications; the loads and loading combinations; the design and analysis pro-
cedures; the structural acceptance criteria; the materials, quality control programs
and special construction techniques; and the testing and in-service surveillance
requirements provided reasonable assurance that, in the event of winds, tornadoes,
earthquakes and various postulated accidents occurring within the containment, the
structure will withstand the specified design conditions without impairment of
structural integrity of safety function. Conformance with these criteria constitutes
an acceptable basis for satisfying, in part, the requirements of General Design
Criteria 2, 4, 16, and 50.
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3.8.2

3.8.3

Steel Containment

Not applicable for this facility.

Concrete and Structural Steel Internal Structures

The containment interior structures consist of walls, compartments and floors. The
major code used in the design of concrete interpal structures is ACI 318-71, "Build-
ing Code Requirements for Reinforced Concrete." For steel internal structures the
AISC Specification, "Specification, for the Design, Fabrication and Erection of
Structural Steel for Buildings," is used.

The containment concrete and steel internal structures were designed to resist
various combinations of dead and live loads, accident induced loads, including
pressure and jet loads, and seismic loads. The load combinations used cover those
cases likely to occur and include all loads which may act simultaneously. The design
and analysis procedures that were used for the internal structures are the same as
those on previously licensed applications and, in general, are in accordance with
procedures delineated in the ACI 318-71 Code and in the AISC Specification for
concrete and steel structures, respectively. During the course of our review we
found that the load combination equations contained in the FSAR were different from
those which are in the Section 3.8.3 of the Standard Review Plan. We identified
these differences as deviations from the SRP and requested the applicants to provide
sufficient information to enable us to justify their acceptance. In response to our
request the applicants compared for the key sections the capacities of members
required by the loading conditions with those which these members could develop as
designed. 1In all cases presented by the applicants, which we consider to be the
critical ones, the members are capable to withstand the loading conditions imposed by
the loads. On the basis of this comparison we conclude that the design of the
internal structures is acceptable.

The containment internal structures were designed and proportioned to remain within
1imits established by the Regulatory staff under the various load combinations.
These 1imits are, in general, based on the ACI 318-71 Code and on the AISC Specifi=
cation for concrete and steel structures, respectively, modified as appropriate for
load combinations that are considered extreme.

The materials of construction, their fabrication, construction and installation, are
in accordance with the ACI 318-71 Code and AISC Specification for concrete and steel
structures, respectively.

The criteria that were used in the deisgn, analysis, and construction of the
containment internpal structures to account for anticipated loadings and postulated
conditions that may be imposed upon the structures during their service lifetime are

in conformance with established criteria, and with codes, standards, and specifications
acceptable to the Regulatory staff.
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3.8.4

The use of these criteria as defined by applicable codes, standards, and specifica-
tions; the loads and loading combinations; the design and analysis procedures; the
structural acceptance criteria; the materials, quality control programs, and special
construction techniques; and the testing and in-service surveillance requirements
provide reasonable assurance that, in the event of earthgquakes and various postulated
accidents occurring within the containment, the interior structures will withstand
the specified design conditions without impairment of structural integrity or the
performance of required safety functions. Conformance with these criteria consti-
tutes an acceptable basis for satisfying in part the requirements of General Design
Criteria 2 and 4.

Other Category I Structures

A11 seismic Category I structures other than containment and its interior structures
are constructed of structural steel and concrete. No masonry walls are used at San
Onofre 2 and 3. The structural components consist of slabs, walls, beams and columns.
The major code used in the design of concrete seismic Category I structures is the
ACI 318-71, "Building Code Requirements for Reinforced Concrete." For steel seismic
Category I structures, the AISC "Specification for the Design, Fabrication and
Erection of Structural Steel for Buildings," is used.

The concrete and steel seismic Category I structures were designed to resist various
combinations of dead loads; live loads; environmental loads including winds, tor-
nadoes, OBE and SSE; and loads generated by postulated ruptures of high energy pipes
such as reaction and jet impingement forces, compartment pressures, and impact
effects of whipping pipes.

The design and analysis procedures that were used for these seismic Category I struc-
tures are the same as those approved on previously licensed applications and, in
general, are in accordance with procedures delineated in the ACI 318-71 code and in
the AISC Specification for concrete and steel structures, respectively.

The various seismic Category I structures were designed and proportioned to remain
within limits established by the staff under the various load combinations. These
limits are, in general, based on the ACI 318-71 Code and on the AISC Specification
for concrete and steel structures, respectively, modified as appropriate for load
combinations that are considered extreme.

The materials of construction, their fabrication, construction and installation, are
in accordance with the ACI 318-71 Code and the AISC Specification for concrete and
steel structures, respectively.

During the course of our review we found that the load combination equations con-
tained in the FSAR were different from those which are in the Section 3.8.4 of the
Standard Review Plan. We identified these differences as deviations from the SRP and
requested that the applicants provide sufficient information to justify their use.

In response to our request the applicants compared the capacities of key sections of
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structural members required by the loading conditions with those which these members
could develop as designed.

As a result of this comparison we found that the structural members can withstand the
SSE Toading condition. Stresses during the OBE would exceed levels that are
acceptable for continued operation after the OBE without inspection to assure that
degradation had not taken place. In this regard the applicants pointed out that the
structures, systems and components (i.e., seismic Category 1) designed for the SSE
can also withstand the OBE. We believe that the requirement to design the plant for
the OBE is not as severe as the requirement to design the plant for safe shutdown
after the SSE.

A seismic Category I structure requiring special analysis is the electrical tunnel
connecting the Unit 3 diesel generator building with the other Unit 3 structures.
This tunnel required special analysis because of the cavity created beneath the
future location of the tunnel by the dewatering system. Dewatering well cavities are
discussed in Section 2.5.4 of this report, Of the cavities created by the dewatering
system, the applicants concluded, and we concur, that the only one that could affect
seismic Category 1 systems is the cavity beneath the Unit 3 electrical tunnel. As
discussed in Section 2.5.4, all the dewatering well cavities were completely filled
with soil and grout. Nevertheless, the applicants analyzed the Unit 3 electrical
tunnel as if the cavity had not been filled, to show that the tunnel would not be
affected if the grout did not completely fill the cavity. Specifically, they
analyzed the capability of the tunnel to span the cavity, a distance of 25 feet.

This was accomplished by reducing the stiffness of the foundation material to zero.

The analysis incorporated soil-structure interaction between the tunnel, the Unit 3
containment structure, and the grout- and soil-filled cavity. The artificial time
history of acceleration representing the postulated safe shutdown earthquake (SSE)
previously developed for the San Onofre 2 and 3 was used as the control motion for
response computations. The control motion was specified at the finished grade of the
plant site. A peak acceleration of 2/3g and total duration of 80 seconds was used.

The structural analysis of the tunnel was performed using the conservative assumptions
listed below:

(1) The stiffness of the foundation material was reduced to zero within the area
where the pore pressure ratio is greater than 0.3. The span of 25 feet, for the
tunnel, was estimated on that basis.

(2) The three components of seismic response were combined using the method described
in the NUREG/CR-0098, "Development of Criteria for Seismic Review of Selected
Nuclear Power Plants" by N. M. Newmark Consulting Engineering Services, Urbana,
I11inois, May 1978.

(3) The tunnel was assumed to behave as a box-type beam for flexural considerations.
The change in cross-section was disregarded.
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(4) Seismic loading was calculated using 1.5 times the peak response of the
applicable response spectrum. The response spectra used are the same as those
used for other Category I structures at San Onofre 2 and 3.

As a result of our review we requested that the applicants provide additional
information regarding assumptions (2) and (3), for the reasons given below.

With respect to assumptions (2), the calculations did not use the method approved by
SRP 3.7.2, i.e., the square root of the sum of the squares (SRSS). Consequently, we
felt that combination of the three-dimensional components of seismic motion should
not be based entirely on these criteria. In view of the above, we requested that the
applicants perform a confirmatory analysis based on the criteria delineated in the
Standard Review Plan, Section 3.7, in order to verify that the method used by the
applicants to combine the three components of ground motion was conservative,

With respect to assumption (3), we concur with the applicants' assumption that the
tunnel has a uniform cross-section which will result in a lower fundamental frequency.
This is significant because it results in the highest amplitude of vibratory motion
and hence produces the highest stresses. However, we felt that the stresses in the
area of discontinuity of the tunnel may be higher when the abrupt change in the
cross-section is considered, and for this reason we believed that the actual
configuration of the tunnel should be investigated. This conclusion was based on the
fact that a break in uniformity of the cross-section of a member produces "stress
risers" and very often it becomes the critical section from the point of view of
structural design. Furthermore, the analysis did not consider stresses due to
Tongitudinal wave propagation.

In response to our requests for additional analyses, the applicants demonstrated that
the technique of combination of three components of seismic responses based on the
NUREG/CR-0098 methodology is equivalent to the square root of the sum of the squares
(SRSS) method. Also, the tunnel was reanalyzed for the condition with one end fixed
and the other simply supported. This condition represents the tunnel as it is
attached to the gallery structure, which provides complete fixity due its mass. The
applicants also performed another analysis which accounted for the stresses due to
longitudinal wave propagation. On the basis of the above analyses, we conclude that
the structural design of the tunnel is conservative and will not be adversely
impacted by dewatering well cavities.

For the reasons listed above, we find that the applicants have adequately performed
structural investigations and analyses which provide reasonable assurance that the
electrical tunnel, when exposed to the specified adverse loading conditions, will
perform the intended function without undue risk to public safety.

On the basis of the above and in view of the information presented by the applicants

we conclude that the design of the Category I structures other than containment is
acceptable.
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3.8.5

Thus, we find that the criteria that were used in the analysis, design, and
construction of all the plant Category I structures to account for anticipated
loadings and postulated conditions that may be imposed upon each structure during its
service lifetime are in conformance with established criteria, codes, standards, and
specifications acceptable to the Regulatory staff.

The use of these criteria as defined by applicable codes, standards, and
specifications; the loads and loading combinations; the design and analysis pro-
cedures; the structural acceptance criteria; the materials, quality control, and
special construction techniques; and the testing and in-service surveillance
requirements provide reasonable assurance that, in the event of winds, tornadoes,
earthquakes and various postulated accidents occurring within the structures, the
structures will withstand the specified design conditions without impairment of
structural integrity or the performance of required safety functions. Conformance
with those criteria, codes, specifications, and standards constitutes an acceptable
basis for satisfying, in part, the requirements of General Design Criteria 2 and 4.

Foundations

Foundations of seismic Category I structures are described in Section 3.8.5 of the
FSAR. Primarily, these foundations were reinforced concrete of the mat type. The
major code used in the design of these concrete mat foundations is ACI 318-71. These
concrete foundations have been designed to resist various combinations of dead loads;
live loads; environmental loads including winds, tornadoes, OBE and DBE; and loads
generated by postulated ruptures of high energy pipes.

The design analysis procedures that were used for these seismic Category I
foundations are the same as those approved on previously licensed applications and,
in general, are in accordance with procedures delineated in the ACI 318-71 Code. The
various seismic Category I foundations were designed and proportioned to remain
within 1imits established by the Regulatory staff under the various load combina-
tions., These limits are, in general, based on the ACI 318-71 Code modified as
appropriate for load combinations that are considered extreme. The materials of
construction, their fabrication, construction and installation, will be in accordance
with the ACI 318-71 Code.

The applicants' FSAR did not include the load combination equations which are
contained in the SRP Section 3.8.5. The applicants have established, however, that
the load combinations used for design of foundations of the containment as well as of
other seismic Category I structures contained in the other sections of the FSAR are
equivalent to those which are in the SRP, Section 3.8.5. Consequently, we have
accepted load combinations proposed by the applicants.

The criteria that were used in the analysis, design, and construction of all the
plant seismic Category I foundations to account for anticipated loadings and postu-
lated conditions that may be imposed upon each foundation during its service 1ifetime
are in conformance with established criteria, codes, standards, and specifications
acceptable to the NRC staff.
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3.8.6

3.9
3.9.1

3.9.2
3.9.2.1

The use of these criteria as defined by applicable codes, standards, and specifica-
tions; the loads and loading combinations; the design and analysis procedures; the
structural acceptance criteria; the materials, quality control, and special construc-
tion techniques; and the testing and in-service surveillance requirements provide
reasonable assurance that, in the event of winds, tornadoes, earthquakes, and various
postulated events, seismic Category I foundations will withstand the specified design
conditions without impairment of structural integrity and stability or the performance
of required safety functions. Conformance with these criteria, codes, specifications,
and standards constitutes an acceptable basis for satisfying in part the requirements
of General Design Criteria 2 and 4.

System Interaction

The applicants have undertaken a systems interaction program to ensure that non-
seismic Category 1 systems will not interact adversely with seismic Category I
systems as a result of a seismic event. We have requested additional information
concerning the objective and scope of the applicants' program, the organization
established to implement the program, the methodology used in the program and the
criteria used to postulate the interactions. We are evaluating the applicants'
response to our request for additional information and plan to conduct an onsite
audit of the applicants' program. We will report on the results of our review of the
applicants' seismic systems interaction program in a supplement to this report.

Mechanical Systems and Components

Special Topics for Mechanical Components

The criteria used in the methods of analysis that the applicants have used in the
design of all seismic Category I ASME Code Class 1, 3, and CS components, component
supports, reactor internals and other non-Code items are in conformance with

Section 3.9.1 of the Standard Review Plan. These criteria are acceptable to the
staff and satisfy the applicable portions of General Design Criteria 14 and 25. The
use of these criteria in defining the applicable transients, computer codes used in
analyses, analytical methods, and experimental stress analysis methods provides
assurance that the stresses, strains, and displacements calculated for the above
noted items are as accurate as the current state-of-the-art permits and are adequate
for the design of these items.

Dynamic Testing and Analysis

Preoperational Vibration and Dynamic Effects Piping Tests

The preoperational vibration test program which will be conducted during startup and
initial operation on all safety-related Nuclear Steam Supply System and Balance-of-
Plant piping systems, restraints, components, and component supports classified as
ASME Class 1, 2, and 3 and non-ASME classed portions of the main steam and feedwater
piping systems is an acceptable program and is consistent with Section 3.9.2 of the
Standard Review Plan. The tests will provide adequate assurance that the piping and
piping restraints of the system have been designed to withstand vibrational dynamic
effects due to valve closures, pump trips, and other operating modes associated with
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3.9.2.2

3.9.2.3

the design basis operational transients. The planned tests will develop loads
similar to those experienced during reactor operation. Compliance with this test
program constitutes an acceptable basis for fulfilling, in part, the requirements of
General Design Criterion 15.

Snubber Operability Program

At our request, the applicants have recently provided additional information regard-
ing the San Onofre 2 and 3 snubber operability program (see FSAR response to

Question 112.41). As requested, the snubber operability program will be documented
on data sheets which list all safety-related hydraulic and mechanical snubbers. This
list of snubbers will be identical to that in Tables 3.4-4(a) and 3.7-4(b) of

Section 3/4.7.9 of the San Onofre 2 and 3 Technical Specifications. A preservice
inspection within six months of preoperational testing is specified by the applicants
as a prerequisite, and will insure that the snubbers are properly installed.

Reactor Internals

Maine Yankee and Fort Calhoun are designated jointly as the prototype for the San
Onofre 2 and 3 reactor internals and the design similarities are noted in the FSAR.
However, both Maine Yankee and Fort Calhoun have thermal shields, whereas San
Onofre 2 and 3 do not. The Arkansas Nuclear One = Unit No. 2 (ANO-2) reactor, like
the San Onofre 2 and 3 units has no thermal shield, is also a two loop plant and
parameters cited in the FSAR as significant such as mass flow rate and pump char-
acteristics are similar. The prototype designation is conditionally acceptable to
the staff. The basis for the conditional acceptance is that the staff review of the
results of the ANO-2 augmented internals inspection is in progress; results to date
indicates that the inspection will probably verify satisfactory performance of the
ANO-2 internals. However, should the completion of our review of the ANO-2 inspec-
tion indicate the need for any corrective action to ANO-2, we will review the San
Onofre 2 and 3 applicants' evaluation of the need for similar corrective action on
San Onofre 2 and 3. We will require that appropriate corrective changes, if any are
required, be implemented for the San Onofre 2 and 3 reactor internals design.

The preoperational vibration program planned for the reactor internals provides an
acceptable basis for verifying the design adequacy of these internals under test
loading conditions comparable to those that will be experienced during operation.
The combination of tests, predictive analysis, and post-test inspection provide
adequate assurance that the reactor internals will, during their service lifetime,
withstand the flow-induced vibrations of reactor operation without loss of structural
integrity, The integrity of the reactor internals in service is essential to assure
the proper positioning of reactor fuel assemblies and unimpaired operation of the
control rod assemblies to permit safe reactor operation and shutdown. The preoper=
ational vibration tests conform with the provisions of Regulatory Guide 1.20,
"Comprehensive Vibration Assessment Program for Reactor Interpals During Preoper-
ational and Startup Testing," and constitute an acceptable basis for demonstrating
design adequacy of the reactor internals, and satisfy the applicable requirements of
General Design Criteria 1 and 4.
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3.9.3
3.9.3.1

The applicants have stated in the FSAR that: (1) The nonlinear response analysis of
the reactor internals due to horizontal and vertical DBE excitation have been com-
pleted and is described in Paragraph 3.7.3.14 of the FSAR; and (2) The adequacy of
the reactor internals to accommodate the Toads, stresses and deformations resulting
from these analyses is described in Subsection 3.9.5 of the FSAR., Section 3.9a.3.2.3
of the FSAR states that model definitions used for the dynamic systems analysis
employ the procedures established in Combustion Engineering Topical Report CENPD-42.
This appears to include both LOCA and seismic analyses. The models for the seismic
analysis are also presented in 3.7.3.14. Another set of models were presented at a
meeting at Whittier, California, on May 28, 1980. It was interpreted that these
models were used for both the LOCA analysis and the seismic analysis. The staff will
require that clarification be given as to the models actually used in the final
dynamic systems analysis (both LOCA and seismic).

The staff requires that the dynamic system analysis confirm the structural design
adequacy of the reactor internals and unbroken piping loops to withstand the combined
dynamic response loads of postulated loss-of-coolant accident (LOCA), normal opera-
tion loading and the safe shutdown earthquake (SSE). The analysis must demonstrate
that the combined stresses and strains in the components of the reactor coolant
system and reactor internals will not exceed the allowable design stress and strain
1imits for the materials of construction, and that the resulting deflections or dis-
placements of any structural element of the reactor internals will not distort the
reactor internals geometry to the extent that core cooling may be impaired. The
methods used for component analysis should be compatible with those used for the
systems analysis. Results of the dynamic analysis must verify structural integrity
of the reactor internals under postulated LOCA conditions combined with normal opera-
tion loading and the SSE and provide added assurance that the design will withstand a
spectrum of lesser pipe breaks and seismic loading events. Satisfactory completion
of the dynamic system analysis will constitute an acceptable basis for satisfying the
applicable requirements of General Design Criteria 2 and 4. The applicants have
committed to provide the results by April 1981. We will report on the completion of
our review of the reactor internals in a supplement to this report.

ASME Code Class 1, 2 and 3 Components, Component Supports and Core Support Structures
Loading Combinations and Stress Limits

The specified design basis combinations of loadings as applied to safety-related ASME
Code Class 1, 2, and 3 pressure-retaining components in systems designed to meet
seismic Category I standards provide assurance that in the event of an earthquake
affecting the site, or an upset, emergency, or faulted plant transient occurring
during normal plant operation, the resulting combined stresses imposed on systems,
components, and their supports will not exceed allowable stress and strain limits for
the materials of construction. Limiting the stresses under such loading combinations
provides a conservative basis for the design of system components to withstand the
most adverse combination of loading events without loss of structural integrity.

We have reviewed the methods used for combining dynamic responses and conclude that
the use of these methods provides an acceptable level of assurance of structural
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integrity and operability of all ASME Code Class 1, 2, and 3 components and their
supports. We conclude that the load combination methods are consistent with
Section 3.9.3 of the Standard Review Plan (NUREG-75/087) and also satisfy the
applicable portions of General Design Criteria 1, 2, and 4, and are acceptable.

Based on the staff review as outlined above, the criteria for design of all
safety-related components, equipment and their supports is considered adequate
without further review. However, in addition to the above review, we evaluated the
implementation of the design criteria of this relatively high seismic acceleration
design (.67g for the SSE). This evaluation concentrated on the primary loop and all
other Category I components, equipment and their supports which are required for safe
shutdown of the plant and continued shutdown heat removal. The evaluation was
conducted at the offices of the utility and the architect engineer, and included
representatives of the nuclear steam supply system vendor. In addition, site visits
were conducted to (1) inspect the installed systems, (2) compare the analytical
models and techniques used in the design with the actual as-installed systems, and
(3) assure that failure of non-Category I items will not impede satisfactory
performance of Category I systems, components and equipment. On the basis of the
above-described evaluation, we conclude that sufficient margin is available in these
systems to accommodate seismic input that is even greater than that used in the
design of San Onofre 2 and 3. At our request, the applicants' have committed to
revise the format of their FSAR response to Question 112.39 to provide a consistent
basis for the presentation of the seismic margins evaluation results for both NSSS
items and balance-of-plant items.

Based on the reviews described above, we conclude that the criteria used for the
design of all ASME Class 1, 2 and 3 components and equipment, and their supports, are
acceptable.

In addition to the above reviews, we are performing an independent confirmatory
analysis of the shutdown cooling line. This analysis will not only verify that the
sample piping system meets the applicable ASME Code requirements, but will also
provide a check on the applicants' ability to correctly model and analyze its piping
systems. We have contracted with the Energy Technology Engineering Center (ETEC) to
perform the confirmatory analysis. The results of their evaluation will be presented
in a supplement to this report.

Pump and Valve Operability Assurance

The component operability assurance program for ASME Code Class 1, 2 and 3 active
valves and pumps provides adequate assurance of the capability of such active compo-
nents (a) to withstand the imposed loads associated with normal, upset, emergency,
and faulted plant and component operating conditions without loss of structural
integrity, and (b) to perform necessary "active" functions (e.g., valve closure or
opening, pump operation) under accident conditions and conditions expected when plant
shutdown is required. The specified component operability assurance test program is
consistent with Section 3.9.3 of the Standard Review Plan and constitutes an
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acceptable basis for satisfying applicable portions of General Design Criteria 1, 2,
and 4 and is acceptable to the staff.

Design of Pressure Relief Valve Mounting

The criteria used in the design of the mountings for ASME Class 1, 2 and 3 safety and
relief valves provide adequate assurance that, under discharging conditions, the
resulting stresses will not exceed allowable stress and strain 1imits for the
materials of construction. Limiting the stresses under the loading combinations
associated with the actuation of these pressure relief devices provides a conserva-
tive basis for the design of the mountings for the devices to withstand these loads
without loss of structural integrity or impairment of the overpressure protection
function. The criteria used for the design of the mountings for ASME Class 1, 2

and 3 overpressure relief devices constitute an acceptable basis for meeting the
applicable requirements of General Design Criteria 1, 2 and 4 and are consistent with
those specified in Regulatory Guide 1.67.

Asymmetric Blowdown Loads on Reactor Coolant System

The applicants have performed a dynamic structural analysis to evaluate the effects
of asymmetric blowdown loads on the reactor coolant system. These loads result from
the postulated pipe breaks discussed in Section 3.6.2 of this report. In the dynamic
analysis, the pipe break thrust force, asymmetric subcompartment pressurization
forces and asymmetric reactor internals hydraulic forces were applied as simultaneous
time-history forcing functions. The resultant component and support reactions from
these forces were combined with the appropriate normal operating and seismic
reactions to arrive at maximum support loads. These maximum loads were all less than
the specified design loads which had been calculated by using ASME Section III design
rules.

As a part of NRC Task Action Plan A-2, "Asymmetric Blowdown Loads on Reactor Primary
Coolant System" the staff has performed an independent dynamic structural analysis
using the San Onofre 2 and 3 reactor coolant system as a model. The staff's analysis
confirmed the applicants conclusions' and therefore we conclude that the applicants'
analysis is acceptable.

Control Rod Drive Systems

The design criteria and the testing program conducted for verification of the
mechanical operability and life cycle capabilities of the reactivity control system
described in the FSAR conforms with the guidelines outlined in Standard Review Plan,
Section 3.9.4, "Control Rod Drive Systems" and is acceptable to us. The use of these
criteria provides reasonable assurance that the system will function reliably when
required, and is an acceptable basis for satisfying the mechanical reliability
stipulations of General Design Criterion 27.
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Reactor Pressure Vessel Internals

Subject to resolution of the issues discussed in Section 3.9.2.3 of this report, our
findings are as follows:

The specified transients, design and service loadings and combination of loadings as
applied to the design of San Onofre 2 and 3 provide reasonable assurance that in the
event of an earthquake or of a system transient during normal plant operation, the
resulting deflections and associated stresses imposed on these structures and com-
ponents would not exceed allowable stresses and deformation 1imits for the materials
of construction. Limiting the stresses and deformations under such loading combina-
tions provides an acceptable basis for the design of these structures and components
to withstand the most adverse loading events which have been postulated to occur
during service lifetime without loss of structural integrity or impairment of
function. The facility design procedures and criteria meet the requirements of
Standard Review Plan, Section 3.9.5, "Reactor Pressure Vessel Internals" and con-
stitute an acceptable basis for satisfying the applicable requirements of General
Design Criteria 1, 2 and 4.

Inservice Testing of Pumps and Valves

To ensure that all ASME Code Class 1, 2 and 3 safety-related pumps and valves will be
in a state of operational readiness to perform necessary safety functions throughout
the 1ife of the plant, a test program will be conducted which includes baseline
preservice testing and periodic inservice testing. The program provides for both
functional testing of the components in the operating state and for visual inspection
for leaks and other signs of distress.

The applicants have stated that the preservice and inservice testing programs for the
above mentioned pumps and valves will meet the requirements of 10 CFR 50.55a(g),
including the 1977 edition of the ASME Boiler and Pressure Vessel Code, Section XI
through the Summer 1978 Addenda and would comply, where appropriate, with the NRC
guidance document issued as part of question 112.27. The applicants requested relief
from these code requirements pursuant to 10 CFR 50.55a(g)(1) for certain pump and
valve tests.

At this time we have not completed our detailed review of the applicants' submittal.
However, we have evaluated their request for relief and based on our review, we find
that it is impractical within the limitations of design, geometry, and accessibility
for the applicants to meet certain of the ASME Code requirements. Imposition of
those requirements would, in our view, result in hardships or unusual difficulties
without a compensating increase in the level of quality or safety. Therefore,
pursuant to 10 CFR 50.55a(g)(1), we believe that the relief that the applicants have
requested from the pump and valve testing requirements of the 1977 Edition of ASME
Section XI through the Summer 1978 Addenda should be granted until our detailed
review is complete. If completion of our review results in additional testing
requirements, we will require that the applicants comply with them.
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One area of concern during our review was the perijodic leak testing of pressure
isolation valves.

There are several safety systems connected to the reactor coolant pressure boundary
that have design pressure below the rated reactor coolant system (RCS) pressure.
There are also some systems which are rated at full reactor pressure on the discharge
side of pumps but have pump suction below RCS pressure. In order to protect these
systems from RCS pressure, two or more isolation valves are placed in series to form
the interface between the high pressure RCS and the low pressure systems. The leak
tight integrity of these valves must be ensured by periodic leak testing to prevent
exceeding the design pressure of the low pressure systems and thus cause an inter-
system LOCA. Periodic leak testing of pressure isolation valves shall be performed
after all disturbances to the valve are complete. The pressure isolation valves to
be tested are listed in the Technical Specifications.

The applicants have agreed to categorize the San Onofre 2 and 3 pressure isolation
valves as A or AC according to IWV-2100 of Section XI of the ASME Code, for the
safety injection and shutdown cooling systems. This categorization meets our
requirements and is acceptable.

The Technical Specifications will contain Timiting conditions for operation which
will require plant shutdown or system isolation when the leakage limits are not met.
The Technical Specifications will include surveillance requirements which state the
acceptable frequency of leak rate testing. The above Technical Specifications will
be based on the latest revision of NUREG-0212, "Standard Technical Specifications for
Combustion Engineering Pressurized Water Reactors." Based on these Technical
Specifications and the applicants' commitment to perform periodic leak rate testing
of pressure isolation valves between the reactor coolant system and low pressure
systems, we conclude that there is reasonable assurance that the design pressure of
the low pressure systems will not be exceeded, and, therefore, an inter-system LOCA
will not occur. This meets, in part, the requirements of General Design Criterion 55
of Appendix A to 10 CFR Part 50.

Seismic Qualification of Seismic Category I Mechanical and Electrical Equipment

The FSAR describes the seismic qualification testing and analysis program for seismic
Category I mechanical, electrical, and instrumentation equipment at San Onofre 2

and 3. Our review of this information is in progress, and our findings will be based
on our review and on the information obtained during the September, 1980 site visit
by our Seismic Qualifications Review Team.

A seismic qualification testing and analysis program acceptable to the staff for
seismic Category I mechanical and electrical equipment, including their supports will
provide adequate assurance that such equipment will function properly during the
excitation from vibratory forces imposed by the safe shutdown earthquake and under
the conditions of post-accident operation. Such a program will constitute an
acceptable basis for satisfying the applicable requirements of General Design
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Criterion 2. However, our review is not yet complete. Resolution of this issue will
be presented in a supplement .to this report.

Environmental Design of Mechanical and Electrical Equipment
Environmental Conditions

The applicants have described the normal and post-accident radiation environment that
engineered-safety-features equipment is qualified for in Section 3.11 of the FSAR.

We conclude, based upon consideration of equipment location, the effect of shielding
due to containment equipment and structures and the magnitude of the radiation levels
given in the FSAR, that these levels provide an adequate degree of qualification for
the normal and post-accident radiation environment, and are acceptable.

Environmental Qualification

Our criteria for environmental qualification of electrical equipment are given in
NUREG-0588, "Interim Staff Position on Environmental Qualification of Safety-Related
Electrical Equipment." Recognizing that the equipment qualfication review for

San Onofre 2 and 3 has been an effort spanning several years, we recently requested
that the applicants reassess their qualification documentation for equipment
installed at the facility, to show that the qualification methods used and results
obtained conform to the staff positions in NUREG-0588. We believe that this addi-
tional review will confirm our previously-reached conclusions that the San Onofre 2
and 3 qualification documentation is adequate. Nevertheless, we require that the
additional review be completed prior to issuance of a full power license. We will
report on the resolution of this issue on a supplement to this report.
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4.2 Fuel

4.0 REACTOR

Introduction

Criterion 10 of the General Design Criteria requires that the reactor core and
associated systems be designed to assure that specified acceptable fuel design
limits are not exceeded during any condition of normal operation, including the
effects of anticipated operational occurrences. We have reviewed the information
provided in the Final Safety Analysis Report in support of the San Onofre 2 and 3
reactor design. Our evaluation is contained below.

Each unit's nuclear steam supply system is supplied by Combustion Engineering and
is designed to operate at a maximum core thermal output of 3390 megawatts, with
sufficient margin to allow for transient operation and instrument error, without
causing damage to the core and without exceeding the pressure settings of the
safety valves in the coolant system.

The reactor will be cooled and moderated by 1ight water at a pressure of 2,250
pounds per square inch, absolute. The reactor coolant will contain soluble boron
for neutron absorption. The concentration of the boron will be varied, as
required, to control relatively slow reactivity changes, including the effects of
fuel burnup. Additional boron, in the form of burnable poison rods, will be
employed to establish the desired initial reactivity. Part-length control element
assemblies may be used for axial power shaping, and full=lengh control element
assemblies will be used for reactor shutdown.

The design of the San Onofre 2 and 3 reactors is similar to that of the Arkansas

Nuclear One, Unit 2 facility, Docket No. 50-368. We have approved the latter
plant for operation. Both of these facilities utilize the 16x16 fuel assembly.

System Design

The objectives of the fuel system safety review are to provide assurance that

(a) the fuel system is not damaged as a result of normal operation and anticipated
operational occurrences, (b) fuel system damage is never so severe as to prevent
control rod insertion when it is required, (c) the number of fuel rod failures is
not underestimated for postulated accidents, and (d) coolability is always main-
tained. We have reviewed the information provided in the Final Safety Analysis
Report in support of the San Onofre 2 and 3 reactor design to determine if these
objectives have been met. Our evaluation is described below.
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K222

Description

The San Onofre 2 and 3 reactor core design is similar to that previously approved
(NUREG-0308) for the Arkansas Nuclear One, Unit 2 facility. The major differences
between the core mechanical designs of San Onofre 2 and 3 and Arkansas Nuclear One,
Unit 2 are in the number of fuel assemblies comprising the core, the number and
construction of the fuel rod spacer grids, and the number of control element
assemblies employed.

The San Onofre 2 and 3 cores are each composed of 217 fuel assemblies of a 16x16 fuel
rod array design. Each fuel assembly will have 10 Zircaloy-4 fuel rod spacer grids
and 1 Inconel-625 bottom spacer grid. Four of the Zircaloy grids which are located
along the mid length of the fuel assemblies will have higher crushing strengths to
improve lateral resistance to seismic and LOCA loading conditions. Each core will
employ a total of 91 full- and part-length control element assemblies.

Design Evaluation

Evaluation of the Combustion Engineering 16x16 fuel mechanical design is based upon
engineering analyses, tests, and in-reactor operating experience. In addition, the
performance of the design will be subject to continuing surveillance of operating
reactors by Combustion Engineering and 1icensees having Combustion Engineering
reactors. These programs continually provide confirmatory and current design
performance information.

Fuel Densification

One of the major thermal analysis considerations reviewed by the staff is related to
fuel densification. In our evaluation of the thermal performance of the reactor
fuel, we assume that densification of the uranium oxide fuel pellets may occur during
irradiation in 1ight water reactors., Briefly stated, in-reactor densification
(shrinkage) of oxide fuel pellets (a) may reduce gap conductance, and hence increase
fuel temperatures, because of a decrease in pellet diameter; (b) may increase the
linear heat generation rate because of the decrease in pellet length; and (c) may
result in gaps in the fuel column as a result of pellet length decreases (these gaps
produce local power spikes and sites for cladding creep collapse).

Combustion Engineering has conducted an extensive study of fuel densification and has
developed a conservative time-dependent description of the densification process as
described in the Combustion Engineering topical report CENPD-118, "Densification of
Combustion Engineering Fuel." Our review of the Combustion Engineering densification
mode] along with other general information on fuel densification is given in
NUREG-0085.

Fission Gas Release at High Burnups

The densification kinetics expression, along with data on fuel swelling, thermal
expansion, fission gas release, fuel relocation, thermal conductivities, cladding
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creep, and other properties, have been combined in a detailed fuel performance
evaluation model called FATES, which is presented in the Combustion Engineering
topical report CENPD-139, "Fuel Evaluation Model." This model is used to calculate
fuel temperature and stored energy, changes in linear thermal output, and augmenta-
tion (power spikes) factors. We have reviewed CENPD-139 and had previously concluded
that the fuel performance evaluation model was a generically acceptable method of
describing the fuel behavior, as discussed in our safety evaluation that is bound
into CENPD-139-A, and that this model would be applicable to San Onofre 2 and 3 fuel.

However, we have recently questioned (NUREG-0418) the validity of fission gas release
calculations in most fuel performance codes including FATES for burnups greater than
20,000 megawatt days per metric ton of uranium. Combustion Engineering was informed
of this concern, and NUREG-0418 provided a method of correcting gas release calcula-
tions for burnups greater than 20,000 megawatt days per metric ton of uranium. Since
there was no question of the adequacy of FATES for burnups below 20,000 megawatt days
per metric ton of uranium, the San Onofre 2 and 3 calculations would be acceptable
for operation early in 1ife unti] the peak local burnup reaches 20,000 megawatt days
per metric ton of uranium. For burnups in excess of that value, FATES calculations
(and other affected analyses) would have to be redone using the correction method
mentioned above or such modified methods that might be submitted by the applicants or
Combustion Engineering and approved by NRC.

The applicants have stated in Amendment 18 to the Final Safety Analysis Report that
the maximum calculated end-of-1ife fuel rod pressure has been redone using the NRC
burnup enhancement factor and tolerances which were biased to maximize the rod
pressure. The resulting pressure was found to be acceptable inasmuch as it remained
less than the nominal primary system pressure. Other affected analyses have not been
provided to NRC so that this issue remains unresolved. Because gas release for
burnups less than 20,000 megawatt days per metric ton of uranium is not in question,
we do not require resolution of this issue prior to the cycle of operation that will
result in peak pellet burnups greater than this value. Accordingly, the San Onofre
Unit 2 operating license will be conditioned to reflect this limitation, as was the
operating license for Arkansas Nucler One, Unit 2. If the issuance of the San Onofre
Unit 3 operating license precedes the final resolution of the enhanced fission gas
release issue, then that license will also be conditioned similarly.

Cladding Collapse

Combustion Engineering has written a computer code that calculates time-to-collapse
of Zircaloy cladding in a pressurized water reactor environment. This code is
described in the report CENPD-187, "CEPAN Method of Analyzing Creep Collapse of Oval
Cladding." We have reviewed this code and found it acceptable as described in our
safety evaluation, which is bound into CENPD-187. The applicants have performed
time-to-cladding-collapse calculations using the CEPAN code and the worst-case
combination of material properties and component dimensions including the allowable
manufacturing tolerances. The results of this analysis showed that the minimum
time-to-collapse is in excess of the design batch-average discharge lifetime of the
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fuel. We conclude, therefore, that the fuel rod cladding will not collapse and is
acceptable in this regard.

Flow-Induced Vibration

Mechanical tests to demonstrate the effects of flow-induced vibration and consequent
fretting and corrosion have been performed on 4x4 test assemblies and on full-size
14x14 fue) assemblies to demonstate that flow-induced vibration, fretting and wear
are acceptably low. Similar full-scale, hot-flow testing of 16x16 assemblies has
been peformed to substantiate these results for the new 16x16 design. The staff has
reviewed the summary report PED-76-033P, "16x16 Fuel Assembly Flow Test," prepared by
Combustion Engineering on the results of the flow test of a 16x16 fuel assembly
similar to that used in Arkansas Nuclear One, Unit 2 and San Onofre 2 and 3. The
submittal was adequate with the exception that insufficient information was provided
on the determination of hydraulic loss coefficients for fuel assembly entrance, exit,
and spacer grids. In response to our request for information, additional information
(Williams, 1977) was provided that acceptably (Ross, 1977) confirms that the local
loss coefficients for the spacer grids and the fuel assembly entrance and exit are
consistent with the design values used in the thermal-hydraulic analyses.

CEA Guide Tube Wear

A wear tendency that was not originally observed in the above-described flow tests
has been observed (for example see Scherer, 1977; Johnson, 1978; Lundvall, 1978) in
irradiated fuel assemblies taken from operating Combustion Engineering reactors.
These observations detected unexpected degradation of guide tubes that are under
control element assemblies. Coolant turbulence was responsible for inducing
vibratory motions in the normally fully withdrawn control rods and, when these
vibrating rods were in contact with the inner surface of the guide tubes, a wearing
of the guide tube wall has taken place. Significant wear has been found to be
limited to the relatively soft Zircaloy-4 guide tube because the Inconel-625 cladding
on the control rods provides a relatively hard wear surface. The extent of the
observed wear has appeared to be plant dependent and has in some cases extended
completely through the tube wall.

In response to our request, the applicants, in Amendments 17 and 21 to the FSAR
described two permanent and one temporary hardware modifications that will be

effected to mitigate guide tube wear in the San Onofre 2 and 3 cores. First, permanent
flow channel extensions will be placed on the lowermost portion of each core's 87 upper
guide tube structures that accommodate 5-element CEAs. These extensions will extend

to the bottom of the fuel alignment plate and thereby minimize flow turbulence near

the control rods by isolating the interior of the control rod shroud from much of the
flow exiting the fuel assembly. This design alteration lead to a configuration

similar to that in the older Combustion Engineering NSSS plants that use 14x14 fuel
assembly designs. Also, a nearly identical modification was made to the first
Combustion Engineering NSSS plant to the 16x16 fuel assembly design (i.e., Unit 2 of
Arkansas Nuclear One).



The second permanent modification consists of placing flow bypass inserts in the
lowermost portion of each core's 4 upper guide structures that accommodate 4-element
CEAs. The function of these inserts is the same as that of the flow channel
extensions, namely to divert a portion of the fuel assembly flow directly to the
outlet plenum, thus away from control rods and the CEA shroud cavities.

The third modification is the attachment of sleeve inserts to the interior of the
uppermost portions of fuel assembly guide tubes. These sleeve inserts are chrome-
plated, stainless steel inserts that are mechanically attached to guide tubes that
are to reside under CEA banks. The function of the sleeve inserts is not to
eliminate CEA vibratory motion, but rather to protect the guide tubes by providing
relatively fretting resistant barriers. In the initial San Onofre 2 and 3 core
loadings, all fuel assemblies will be sleeved except 9 assemblies in Unit 2. These
9 unsleeved assemblies constitute a demonstration program. They will be strategi-
cally placed in locations that will represent the full range of flow conditions in
the core. It is anticipated that the fretting wear rates in these demonstration
assemblies will be found insignificant and, consequently, that further use of sleeve
inserts may be determined to be unnecessary.

We conclude that the three hardware modifications described above are potentially
effective methods of mitigating guide tube wear. In regard to the first modifica-
tion, we have previously approved the addition of flow channel extensions in Unit 2
of Arkansas Nuclear One. The San Onofre 2 and 3 flow channel extensions are
conceptually and dimensionally similar to those previously approved. We regard the
second modification as an innovative design change that is similar in concept to
other modification, inasmuch as its use should result in less flow-induced control
rod vibration due to the additional shielding and flow diversion. Should the
performance of this modified design not be as satisfactory as anticipated, the overall
degradation to the core performance would be insignificant due to the limited
application of this modified design and its employment only in core periphery
locations. Further confidence on the effectiveness of both of these designs has been
initially demonstrated in two separate 250 hour out-of-pile flow tests of full-sizes
16x16 fuel assemblies.

Finally, we have previously concluded for other plants that the use of sleeve inserts
is an acceptable means of mitigating guide tube wear and does not produce undesirable
changes in the fuel assembly structural properties. In addition, confirmatory CEA
scram testing has not revealed any significant occurrences where the use of sleeve
inserts produced unacceptable scram times. Our previous approvals for use of sleeve
inserts in Combustion Engineering plants were for Calvert Cliffs, Units 1 and 2;
Millstone, Unit 2; Arkansas Nuclear One, Unit 2; and St. Luice, Unit 1. Should the
applicants desire to discontinue the use of sleeve inserts for future cycles of

San Onofre, Units 2 and 3, the adducible justification should include guide tube wear
measurements taken on previously rodded, unsleeved fuel assemblies that were
discharged from either unit of San Onofre 2 and 3 or a similar plant.
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Fuel Rod Waterlogging

We have reviewed the safety aspects of waterlogging fuel rod failures. A recent
survey (NUREG-0303) of available information included (a) the results of tests in the
capsule driver core at the SPERT facility and the Japanese test reactor NSRR, and

(b) observations of waterlogging failures in test and commercial reactors. This
survey indicated that the rupture of waterlogged fuel rods should not result in
failure propagation or significant fuel assembly damage that would affect coolability
of the fuel rod assembly. The San Onofre 2 and 3 applicants have addressed the
potential and consequences of operating with waterlogged fuel rods. We have found
the evaluation, as presented in the Final Safety Analysis Report, to be in agreement
with our independent evaluation and, thus, to be acceptable.

Pellet/Cladding Interaction

The Combustion Engineering 16x16 fuel rod design used in San Onofre 2 and 3
incorporates features that, when compared with the older 14x14 design, reduce
cladding strain due to pellet/cladding interaction. Based on the available experi-
mental and commercial reactor data, these design features should result in a
reduction or delay of pellet/cladding interaction failures to later in the fuel
design 1ife. Although the failure thresholds are probably lower at high burnup than
at low burnup, the fuel duty is also less severe. There are presently no licensing
requirements that deal with small-strain PCI failures.

The effects of pellet/cladding interaction have not been restricted solely to fuel
rods, but have also been observed (CEN-50) in burpable poison rods. In burnable
poison rods, pellet/cladding interaction has predominately resulted in excessive
axial growth of the rod, rather than perforation of the cladding wall. To reduce the
potential for poison rod growth, Combustion Engineering has made several pertinent
modifications and manufacturing process changes. These revisions consist of the
following: (a) increased pellet-to-cladding gap, (b) chamferred pellets,

(c) increased rod pressurization, and (d) reduced plenum spring preload. We have
reviewed these revisions and agree that they should significantly reduce pellet/
cladding interaction in poison rods.

Poison Rod Primary Hydriding

In the past, some Combustion Engineering burnable poison rods have experienced
failures due to primary hydriding (CEN=77). Subsequently, Combustion Engineering
proposed changes to the poison rod design and manufacturing processes. The
revisions included reduced pellet moisture 1imit and revised manufacturing processes
aimed at reducing moisture ingress to the poison rod. We have approved (NUREG-0308)
such modifications and agree that they will reduce the potential for primary
hydriding of burnable poison rods. No further failures of this kind have been
reported.
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Poison and Fuel Rod Bowing

Because fuel rod bowing in pressurized water reactors affects neutronic and
thermal-hydraulic safety margins, the applicants were required to analyze the
anticipated extent of rod bowing in their plant. The consideration of both fuel and
poison rod bowing in the 16x16 design was previously analyzed by Combustion
Engineering and documented in the topical report CENPD-225, "Fuel and Poison Rod
Bowing." In this report, Combustion Engineering has documented its rod bowing
experience, which, to date, is based on the inspection of discharged fuel assemblies
from three operating plants. This surveillance experience has demonstrated an
exposure (burnup) dependence of rod bowing; accordingly, the proposed Combustion
Engineering bowing predictions have been based on a burnup dependence.

CENPD-225 has not yet been approved by the staff, but is still under review. For
interim acceptance of methods by which rod bowing analyses can be made, the staff has
issued two reports (Ross and Eisenhut, 1976; Ross and Eisenhut, 1977) in which we
have (a) given approval of the burnup-dependent approach to rod bowing, (b) presented
a formulation to be used in extrapolating bow magnitudes to new designs (i.e., 16x16),
and (c) described the factor that increases the cold rod bow magnitudes (which are
determined from cold-measured gap closures in spent fuel pools) to account for hot
rod bow magnitudes that occur in-reactor during hot-operating conditions. These
interim methods will be used for San Onofre 2 and 3 prior to completion of our review
of CENPD-225. The effects of rod bowing on thermal-hydraulic effects (departure from
nucleate boiling) due to reduction in hot channel pitch are discussed in Section 4.4
of this report,

Combined LOCA and Seismic Loads

An important aspect of the behavior of the reactor core during a loss-of-coolant
accident is the calculation of the combined loads on the fuel due to blowdown forces
and the safe shutdown earthquake. The applicants have referenced the topical report
CENPD-178, "Structural Analysis of Fuel Assemblies for Combined Seismic and Loss-of-
Coolant Accident Loading," which addresses this matter. As a result of our
preliminary review, we concluded that CENPD-178 did not contain an adequate model for
analyzing lateral loads on the fuel assembly nor did CENPD-178 present sufficient
information on spacer grid tests. The applicants have stated that they will provide
additional information on analytical methods and test results as an amendment to the
Final Safety Analysis Report. We will report on the resolution of this issue in a
supplement to this report.

Zircaloy Growth

The San Onofre 2 and 3 Final Safety Analysis Report references a Combustion Engineering
topical report, CENPD-198, "Zircaloy Growth In-Reactor Dimensional Changes in
Zircaloy-4 Fuel Assemblies," in support of a discussion on the dimensional stability
of Zircaloy. We have reviewed the topical report and approved it for referencing,
provided specific instructions (Kniel, 1976) are followed for application of the
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4.2.2,12

4,2.2.13

burnup-dependent growth relationships. Combustion Engineering later submitted
Supplement 1 to CENPD-198 to ;upport their request for the removal of our restric-
tions. To complete the review of Supplement 1, additional information was requested
(Baer, 1978) and provided by Combustion Engineering in Supplement 2 to CENPD-198.

Our final evaluation (Baer, 1979) of CENPD-198 and its Supplements removed the previous
staff-imposed restrictions. However, our approval was limited to an axially averaged
fast neutron fluence of 4x1021 n/cuz, which corresponds to a maximum assembly exposure
of 22500 megawatt days per metric ton of uranium. This is an exposure above which
Combustion Engineering has not reported data on their core components.

Fuel Assembly Inspection Program

Assurances on the acceptability of the San Onofre 2 and 3 fuel design beyond an
exposure of 22500 megawatt days per metric ton of uranium will be furnished by the
detailed visual fuel assembly inspection program (see Section 4.2.1.5.1 of the Final
Safety Analysis Report), which will be performed on all of the fuel assemblies after
they are discharged to the spent fuel pool. Thus any trend toward unanticipated
growth or mechanical interference will be evident during inspection. In addition,
during the first three refueling outages of the Arkansas Nuclear One, Unit 2 facility
(a plant whose fuel design was also based on the CENPD-198 methods), the length of
the fuel assembly and peripheral fuel rods will be precisely measured in six assemblies
(two from each fuel region) that have been extensively precharacterized (see the
ANO-2 FSAR). Thus, we will be able to compare the measured values versus those
calculated as the burnup progresses. If a non-conservative gap closure is observed,
remedial action can be taken before safety is affected.

ECCS Analysis Using NUREG-0630 Model

The NRC staff has been generically evaluating three materials models that are used in
ECCS evaluations. Those models predict cladding rupture temperature, cladding burst
strain, and fuel assembly flow blockage. We have (a) discussed our evaluation with
vendors and other industry representatives (Denise, 1979), (b) published NUREG-0630,
"Cladding Swelling and Rupture Models for LOCA Analysis," and (c) required licensees
to confirm that their operating reactors would continue to be in conformance with

10 CFR 50.46 if the NUREG-0630 models were substituted for the present materials
models in their ECCS evaluations and certain other compensatory model changes were
allowed (Eisenhut, 1979; Denton, 1979).

Until we have completed our generic review and implemented new acceptance criteria

for cladding models, we will require that the ECCS analyses in the Final Safety
Analysis Report be supplemented by calculations to be performed with the materials
models of NUREG-0630. The applicants have agreed to provide these supplemental
calculations in the near future, and have provided the complete ECCS analysis required
by current regulations. The applicants state that the revised analysis will result

in little, if any, penalty on plant operational 1imits. Further, we believe that any
such penalty could easily be accommodated by adjustment of the Technical Specifications
prior to their being issued (the Technical Specifications will be issued in final

4-8



4.2.3

4.2.3.1

form as an Appendix to the Operating License). Based on the above, we consider this
jtem to be resolved, subject to confirmatory documentation of the revised analysis in
a formal submittal by the applicants.

Testing, Inspection, and Surveillance Plans

Testing and inspection plans for the new core components include verification of
cladding integrity, fuel system dimensions, fuel enrichment, burnable poison concen-
tration, and absorber composition. Details of the Combustion Engineering testing and
inspection programs are documented, referenced, and summarized in the Final Safety
Analysis Report. On-site inspection of new fuel and control assemblies after they
have been delivered to the plant is also described. These testing and inspection
programs are similar to those for the previously approved Arkansas Nuclear One,

Unit 2 facility.

Fuel Surveillance Program

Combustion Engineering has instituted a fuel surveillance program for the 16x16
fueled reactor core. This program is being conducted in Arkansas Nuclear One, Unit 2
and involves the irradiation of six standard 16x16 fuel assemblies=- two in each fuel
loading region. Each assembly includes a minimum of 50 precharacterized, removable
rods. Interim examination of all remaining test assemblies will be conducted during
the first three refueling outages.

We conclude that the design-oriented surveillance program originally proposed by
Combustion Engineering will adequately demonstrate the performance of the 16x16 fuel
assembly if that program is supplemented with a more comprehensive but less detailed
surveillance program in the first two Combustion Engineering plants to use a core
load of 16x16 fuel assemblies. The first two plants to use the Combustion Engineering
16x16 fuel assemblies are Arkansas Nuclear One, Unit 2 and San Onofre 2. Hence, we
required that a supplemental surveillance be used for San Onofre 2. The applicants
have described an acceptable supplemental surveillance program in Section 4.2.1.5.1
of the Final Safety Analysis Report. The supplemental program will not be required
for San Onofre 3, which is currently scheduled to load fuel 18 months after fuel is
loaded into San Onofre 2.

The supplemental program will provide visual inspection of all the peripheral rods on
100 percent of the initial fuel assemblies once they are moved from the core to the
spent fuel pool. A minimum of 10 to 15 fuel assemblies will be examined prior to
power ascension, and, if any anomalies are detected, further examinations will be
performed. This supplemental surveillance program, which is being required for all
new pressurized water reactor fuel designs, will be a proof test to give final
reassurance that no long-term detrimental behavior has occurred.



4.2.3.2 CEA Surveillance Program

Surveillance of the B4C-filled control rods is needed to insure that poison is not
lost through leaching by the coolant in the event of loss of cladding integrity. At
our request, the applicants submitted a control element assembly surveillance program
for San Onofre 2 and 3 that is similar to the program we approved for the Arkansas
Nuclear One, Unit 2 reactor. While this program involves no additional testing, we
find that the planned control element assembly symmetry tests described in

Section 14.2.12.82 of the Final Safety Analysis Report are adequate because they are
capable of detecting reactivity anomalies that would result from the loss of poison
material prior to significant loss of shutdown capability. These low-power physics
tests will be conducted prior to plant startup and at the beginning of each refueling
cycle. We conclude that the above tests satisfy control element assembly testing and
surveillance requirements.

4.2.4 Fuel Design Conclusions

Two outstanding issues remain to be resolved prior to completing our review. These
are:

(1) Combined seismic and LOCA loads analysis (Section 4.2.2.10).
(2) Supplemental ECCS calculations with NUREG-0630 models (Section 4.2.2,13).

When these issues are resolved, we will be able to conclude that the San Onofre 2 and
3 plants have been designed such that (a) the fuel system will not be damaged as a
result of normal operation and anticipated operational occurrences, (b) fuel damage
during postulated accidents will not be so severe as to prevent control rod insertion
when it is required, (c) the number of fuel rod failures will not be underestimated
for postulated accidents, and (d) core coolability will always be maintained, even
after severe postulated accidents. The applicants will have provided sufficient
evidence that these design objectives have been met based on operating experience,
prototype testing, and analytical predictions. The applicants have also provided for
testing and inspection of new fuel to ensure that it is within design tolerances. We
will be able to conclude that the applicants have met all the requirements of the
applicable regulations, current regulatory positions, and good engineering practice.
We will report on the resolution of the outstanding issues in a supplement to this
report.

A1)l applicable requirements related to the reactor fuel are described in Section 4.2,
"Fuel System Design," of the Standard Review Plan (NUREG-75/087). The applicable
Regulations and Regulatory Guides are: 10 CFR 50.46; 10 CFR 50 Appendix A (GDC-10);

10 CFR 50 Appendix K; Regulatory Guide 1.3; Regulatory Guide 1.4; Regulatory Guide 1.25;
Regulatory Guide 1.77; and Regulatory Guide 1.126. Some of these requirements are
satisfied in Chapter 15 of the Final Safety Analysis Report rather than in Section 4.2.
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4.3

4.3.1

4.3.2

Nuclear Design

The nuclear design of the San Onofre 2 and 3 reactors is in many respects similar to
the Arkansas Nuclear One, Unit 2 design previously reviewed and approved by the
staff. The principal difference is that the Arkansas Nuclear One, Unit 2 core consists
of 177 fuel assemblies where as the San Onofre 2 and 3 design utilizes 217 fuel
assemblies. The core average linear heat generation rate at 100 percent of rated
power is 5.34 kilowatts per foot.

Design Bases

We have reviewed the design bases used by the applicants to establish the core design
and the designs of the reactivity and power distribution control systems. We have
established that these design bases are consistent with General Design Criteria 10,
11, 12, 13, 20, 25, 26, 27, and 28 of 10 CFR 50, Appendix A. Those design bases that
are important to the safety of the plant are discussed below.

Power Distribution Control

The applicants' basis for power distribution control is that the power distributions
produced during all phases of normal operation are no worse than those assumed as
initial conditions in the safety analyses. Specifically, the peak linear heat
generation rate must be maintained below the value of 13.9 kilowatts per foot used as
the initial condition in the loss-of-coolant analysis. Also, the power distribution
must be controlled to maintain the departure from nucleate boiling ratio initial
condition in the loss-of-flow analysis and certain control element assembly drop
analyses,

The applicants have established a value of 2.28 as the design limit on the three-
dimensional heat flux peaking factor at full power. This value is based on a design
radial peaking factor of 1.55 and an assumed maximum axial peaking factor of 1.47.

The applicants have performed extensive power distribution calculations to demonstrate
that the design 1imits described above can be met during normal operation. These
calculations simulated the reactor behavior during both steady-state operation and
during typical load-following maneuvers. The results of these calculations show that
the maximum steady-state peaking factor, excluding uncertainties, is 1.85. This

value occurs near beginning of life.

The uncertainties to be applied in comparing the expected power distributions and
implied peak linear heat generation rate produced by analysis with the design limits
include a power level uncertainty factor of 1.02, an engineering factor of 1.03, and
an augmentation factor of 1.03 to account for power spiking associated with fuel
densification. In addition, the applicants have supplied an estimate of the calcula-
tional uncertainty which we are reviewing as a part of our overall evaluation of the
core protection calculator system. Pending completion of our review, we have
established that a value of 1.10 is acceptably conservative.
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Recently refined Combustion Engineering physics calculations have resulted in increased
first-cycle local pin power peaking in assemblies with control element assembly (CEA)
water holes. These multigroup transport theory calculations indicate that the current
standard design model is underpredicting the power in fuel pins adjacent to control
element assembly water holes by about 4.5 percent for 14x14 fuel assembly design

cores and by about 4 percent for the 16x16 cores (such as San Onofre 2 and 3).

In Amendment 13 to the FSAR, the applicants state that the power peaking predicted by
the design model for all fuel pins adjacent to a CEA water hole was increased by a
factor of 1.05 to account for the underestimation. The values of local power peaking
used in the safety analysis were confirmed to conservatively envelop the adjusted
calculations, including all appropriate uncertainties. Furthermore, the constants
used in the reactor protective system and monitoring systems will be based upon power
peaking values which have been increased by the factor 1.05.

We conclude that applying this increase of 5% to all pins adjacent to CEA waterholes
is acceptable and conservative and, therefore, consider this matter to be resolved.

4.3.3 Core Operating Limit Supervisory System

The applicants plan to employ a reactor monitoring system, designated the core operating
1imit supervisory system (COLSS). This system, which is in use at ANO-2, is used to
continvously monitor important reactor characteristics and establish margins to
operating limits. This system, which consists of software executed on the plant
computer, will utilize the output of the incore detector system to synthesize the

core average axial power distribution. Rod positions taken from the control rod
position indication system, together with precalculated radial peaking factors, will
be used to construct axially dependent, radial power distributions. By using this
information, together with measured primary coolant flow, pressure, and temperature,
the core operating limit supervisory system will establish the margin to the operating
lTimits on maximum linear heat generation rate and minimum departure from nucleate
boiling ratio (DNBR). The system will also monitor azimuthal flux tilt and total
power level and will generate an alarm if any of these limits are exceeded. The
margins to all of these Timits except azimuthal tilt are continuously displayed to

the operators; the tilt can be displayed at the request of the operator. The operator
will monitor these margins and take corrective action if the Timits are approached.
These actions include improving the power distribution by moving full-length or
part-length rods, reducing power, or changing thermal-hydraulic conditions, i.e.,
coolant inlet temperature and primary system pressure,

A description of the core operating 1imit supervisory system algorithms and an
uncertainty analysis of the calculations performed by the core operating limit
supervisory system is presented in Combustion Engineering topical report CENPD-169-P,
"COLSS-Assessment of the Accuracy of PWR Operating Limits as Determined by the Core
Operating Limit Supervisory Systems." We have reviewed this report and conclude that
the methods employed in the core operating limit supervisory system to determine
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4.3.4

4.3.5

power distributions are acceptable because they will result in the core thermal-
hydraulic parameters being maintained within the Technical Specifications and core
protection calculator limits. The axial power distribution synthesis methods are the
same as those used at existing Combustion Engineering plants for periodic processing
of incore detector data. Similarly, the use of precalculated information to determine
radial peaking factors is consistent with the approach now used to establish monitoring
limits on existing reactors

Reactivity Coefficients

The reactivity coefficients are expressions of the effect on neutron multiplication
of changes in core conditions such as power, temperature, pressure, and void content.
These coefficients vary with fuel burnup. The applicants have presented calculated
values of these coefficients and have also evaluated the accuracy of these
calculations.

We have reviewed the calculated values of the reactivity coefficients apd conclude
that they adequately represent the full range of expected values. We also conclude
that the reactivity coefficients used in the safety analysis conservatively bound the
expected values including uncertainties.

The predicted total power coefficient is strongly negative for all reactor conditions
through core life, thus satisfying the requirements of Criterion 11 of the General
Design Criteria. The applicants will measure the moderator temperature coefficient
and the power coefficient during startup tests to check the calculated values and to
further ensure that conservative coefficient values were used in the accident analysis.

Control

To allow for changes of reactivity due to reactor heatup, changes in operating condi-
tions, fuel burnup, and fission product buildup, a significant amount of excess reac-
tivity will be built into the core. The applicants have provided sufficient informa-
tion relating to core reactivity balance for the first core and have shown that means
are incorporated into the design to control excess reactivity at all times.

Control of both excess reactivity and power level will be achieved with movable
control element assemblies and through the variation of boron concentration in the
reactor coolant. In addition, the chemical and volume control system will be capable
of shutting down the reactor by adding soluble boron poison and maintaining the
reactor at least five percent subcritical when refueling. The combination of control
systems satisfies the requirements of Criterion 26 of the General Design Criteria.

The plant will be operated at steady-state full power with only one bank of the
full-length control element assemblies slightly inserted. Limited insertion of the
full-length control rods will permit compensating for fast reactivity changes (e.g.,
that required for power level changes and for the effects of minor variations in
moderator temperature and boron concentrations) without impairing shutdown capability.
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4.3.7

Rod insertion will be controlled by the power dependent insertion limits that will be
specified in the technical specifications. These limits will (1) ensure that there
is sufficient negative reactivity available to permit the rapid shutdown of the
reactor with ample margin, and (2) ensure that the worth of a control rod that might
be ejected in the unlikely event of an ejected rod accident will be no worse than
that assumed in the accident analysis.

Soluble boron poison will be used to compensate for slow reactivity change including
those associated with fuel burnup, changes in xenon and samarium concentration,
buildup of long-life fission products, burnable poison rod depletion, and the large
moderator temperature change from cold shutdown to hot standby. The soluble boron
poison system will provide the capability to take the reactor at least ten percent
subcritical in the cold shutdown condition.

We have reviewed the calculated rod worths and the uncertainties in these worths,
based upon appropriate comparison of calculations with experiments. On the basis of
our review, we conclude that the applicants' assessment of reactivity control is
suitably conservative and that adequate negative reactivity worth has been provided
by the control system to assure shutdown capability, assuming that the most reactive
control element assembly is stuck in the fully withdrawn position. We conclude that
the control element assembly and soluble boron worths are acceptable for use in the
accident analysis.

Stability

The stability of the reactor to xenon-induced power distribution oscillations and the
control of such transients have been discussed by the applicants. Due to the negative
power coefficient, the reactor is inherently stable to oscillations in total reactor
power.

The core may be unstable to axial xenon oscillations during the first cycle. The
applicants have provided sufficient information to show that axial oscillations will
be detected and controlled before any safety limits are reached, thus preventing any
fuel damage. The core will be stable to both radial and azimuthal xenon oscillations
throughout core life.

Vessel Irradiation

Maximum fast neutron fluxes having energies greater than 1 million electron volts
incident on the vessel and shroud inside diameters are presented. For reactor operation
at the full power rating and an 80 percent capacity factor, the calculated vessel
fluence greater than 1 million electron volts at the vessel wall does not exceed
3.68x1019 neutrons per square centimeter over the 40-year design life of the vessel.

The calculated exposure includes a 10 percent uncertainty factor. We conclude that

the vessel fluence is acceptable because it is less than the 1020 neutrons per square

centimeter criterion given in the Standard Review Plan (NUREG-75/087).
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4.3.8

4.3.9

4.3.10

Criticality of Fuel Assemblies

Criticality of fuel assemblies outside the reactor is precluded by adequate design of
fuel transfer and storage facilities. The applicants have presented information on
calculational techniques and assumptions in Section 9.1 of the Final Safety Analysis
Report that were used to assure that criticality is avoided. We have reviewed this
information and the criteria to be employed and find them to be acceptable.

Analytical Methods

The applicants have described the computer programs and calculational techniques used
to calculate the nuclear characteristics of the reactor design and have provided
examples to demonstrate the ability of these methods to predict experimental results.
We conclude that the information presented adequately demonstrates the ability of
these analytical methods to calculate the reactor physics characteristics of the San
Onofre 2 and 3 cores.

Nuclear Design Conclusions

To allow for changes of reactivity due to reactor heatup, changes in operating
conditions, fuel burnup, and fission produce buildup, a significant amount of excess
reactivity is designed into the core. The applicants have provided substantial
information relating to core reactivity balances for the first cycle and have shown
that means have been incorporated into the design to control excess reactivity at all
times. The applicants have shown that sufficient control rod worth is available to
shut down the reactor with at least a 1.0 percent Wk/k subcritical margin in the hot
condition at any time during the cycle with the most reactive control rod stuck in
the fully withdrawn position.

On the basis of our review, we conclude that the applicants' assessment of reactivity
control requirements over the first core cycle is suitably conservative and that
adequate negative worth has been provided by the control system to assure shutdown
capability. Reactivity control requirements will be reviewed for additional cycles
as this information becomes available. We also conclude that nuclear design bases,
features, and 1imits have been established in conformance with the requirements of
Criteria 10, 11, 12, 13, 20, 25, 26, 27, and 28 of the General Design Criteria.

The applicants have described the computer programs and calculational techniques used
to predict the nuclear characteristics of the reactor design and have provided examples
to demonstrate the ability of these methods to predict experimental results. We
conclude that the information presented adequately demonstrates the ability of these
analyses to predict reactivity and physics characteristics of the San Onofre 2 and 3
plant.
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4.4,1

Thermal and Hydraulic Design

The principal criterion for the thermal-hydraulic design of a reactor is avoidance of
thermally induced fuel damage during normal steady-state operation and during antici-
pated operational occurrences. At San Onofre 2 and 3, the following design limits
are used to satisfy this criterion:

(1) The margin to departure from nucleate boiling will be chosen to provide a
95 percent probability with 95 percent confidence that departure from nucleate
boiling will not occurr on a fuel rod having the minimum departure from nucleate
boiling ratio during steady-state operation and anticipated operational occur-
rences. The CE-1 correlation is used in conjunction with the TORC code to
provide this probability and confidence at a minimum departure from nucleate
boiling ratio of 1.19.

(2) Operating conditions are selected to ensure hydraulic stability within the core,
thereby preventing premature departure from nucleate boiling.

(3) The peak temperature of the fuel will be less than the melting point (5080°F
unirradiated and reduced by 58°F per 10,000 megawatt days per metric ton of
uranium during steady-state operation and anticipated operational occurrences).

The thermal and hydraulic design parameters for the reactor are 1isted and compared
with those of Arkansas Nuclear One, Unit 2 in Table 4.1, below. The principal
differences include increases in the allowable power, flow rate, and number of fuel
assemblies. Hot channel thermal-hydraulic conditions are comparable. Predictions of
the hydraulic characteristics are based on model tests for the San Onofre 2 and 3
reactor configuration.

DNBR Considerations

The margin to departure from nucleate boiling at any point in the core is expressed
in terms of the departure from nucleate boiling ratio (DNBR). The departure from
nucleate boiling ratio is defined as the ratio of the heat flux required to produce
departure from nucleate boiling, at the calculated local coolant conditions, to the
actual local heat flux. The departure from nucleate boiling correlation used for the
design of the San Onofre 2 and 3 core is the Combustion Engineering CE-1 correlation.
Combustion Engineering was requested to use applicable 16x16 fuel assembly departure
from nucleate boiling data to support the thermal hydraulic design basis used for
steady-state and limiting transient analyses. The Combustion Engineering departure
from the nucleate boiling test program was previously conducted with an axially
uniform heat flux distribution applied to electrically heated rod bundles representa-
tive of 14x14 and 16x16 fuel assemblies. The assemblies utilized standard Combustion
Engineering spacer grids. The CE-1 correlation was developed from the data from
these tests. Based on our review of the results of the tests, we established 1.19 as
an acceptable value for the minimum DNBR (Parr, 1976a).
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TABLE 4.1
REACTOR DESIGN COMPARISON

Thermal & Hydraulic
Design Parameters (Nominal)

Performance Characteristics:

Reactor Core Heat Output, thermal megawatts

System Pressure, pounds per square inch,
absolute

Minimum Departure From Nucleate Boiling Ratio
(full power)

Coolant Flow:
Total Flow Rate (106 pounds per hour)
Effective Flow Rate for Heat Transfer
(10s pounds per hour)
Average Mass Velocity Along Fuel Rods, feet
per second
Average Mass Velocity (106 pounds per hour
per square foot)

Coolant Temperature, °F:
Nominal Reactor Inlet
Nominal Reactor Outlet
Average in Vessel
Nominal Hot Channel Qutlet

Heat Transfer, 100 percent Power:
Active Heat Transfer Surface Area, square feet
Average Heat Flux, British thermal units per

hour per square foot
Maximum Heat Flux, British thermal units per

hour per square foot
Average Linear Heat Rate, kilowatts per foot

(based on heat deposited in fuel only)
Maximum Thermal Output, kilowatts per foot
Clad Surface Temp, Maximum, °F
Fuel Temperature, Maximum, °F
Rod Energy Deposition Factor

Core Mechanical Design Parameters

Fuel Rod Array
Number of Fuel Assemblies

4-17

San Onofre

2 and 3

3390

2250
2.07 (CE-1)

148.0

142.8

16.3

2.61

553

611

582

642

62,000

182,400

428,000

5.34

12.5

657

3180
.975

16x16
217

Arkansas
Nuclear One

Unit 2

2815

2250
2.14 (w-3)

120.4

116.2

16.4

28

553.5
612.0
582.75
652

51,000
185,000
433,800
5.41
12.7
657

3420
.974

16x16
177



TABLE 4.1 (continued)

Core Mechanical Design Parameters (cont'd)

Fuel Assembly Overall Dimensions, inches
Spacer Grids per Assembly

Fuel Rods:
Number
Outside Diameter, inches
Clad Thickness, inches
Clad Material

Fuel Pellets:
Material
Length, inches

Fuel Enrichment, weight percent U-235:
Region 1
Region 2
Region 3

Control Element Assemblies:
Number of Control Element Assemblies,

Full/Part Length

Nuclear Design Parameters

Heat Flux:

Total Heat Flux Factor
Enthalpy Rise:

Nuclear Enthalpy Rise Factor
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San Onofre

2 and 3

7.97x7.97
11

49,580
0.382
0.025
Zircaloy 4

Sintered UO2
0. 390

1.87
1.87/2.41
2.41/2.91

83/8

2.35

1.55

Arkansas
Nuclear One

Unit 2

7.97x7.97
12

40,644
0.382
0.025
Zircaloy 4

Sintered UDZ
0.390

1.93
2.27
2.94

73/8

2.35

1.55



The departure from nucleate boiling test program was extended by Combustion
Engineering to include axially non-uniform heat flux data using the TORC analysis
code and the CE-1 critical heat flux correlation, with the addition of the Tong
F-factor to account for the non-uniform heat flux. Our generic review of the CE-1
correlation as applied to non-uniform heat flux distributions is incomplete pending
completion of the review of the topical report CENPD-207. Until our generic review
is complete, we will impose a five percent penalty on the CE-1 correlation described
in CENPD-162. This penalty is included in the 1.19 DNBR 1imit used in the San Onofre
2 and 3 thermal-hydraulic analysis and is acceptable for use in conjunction with the
Tong F-factor for non-uniform flux shapes.

In addition to the other DNBR considerations discussed herein, the San Onofre 2 and 3
reactors will use fuel assemblies with support grids which are thicker and wider than
comparible grids for the 16x16 fuel design in AND-2, Also, the grid spacing has been
increased relative to the grid spacing for ANO-2 by using one less grid for the
bundle. The effect of these changes in grid design may be to reduce the critical
heat flux for San Onofre fuel relative to that for ANO-2 and other plants which use
the same grid design as ANO-2. Therefore, we requested that the applicants provide
data to justify the use of the CE-1 CHF correlation. This data has been submitted by
the applicants, but our review of it is not yet complete. We will report on the
resolution of this issue in a supplement to this report.

The reactor core was designed using the TORC code, an open-core analytical method
based on the COBRA-IIIC mode. The TORC code solves the conservation equations for
mass, axial and lateral momentum, and energy for a collection of parallel flow channels
that are hydraulically open to each other. Combustion Engineering has submitted a
topical report (CENPD-161) describing TORC and including a description of data used
to verify the TORC code on a subchannel basis. Combustion Engineering has provided
an additional report (CENPD-206, discussed below) that uses existing reactor data to
verify the TORC code on a core-wide basis. These topical reports have been reviewed
for adequacy and we have found the TORC computer code described in CENPD-161 to be
acceptable for performing steady state calculations of the reactor core thermal
hydraulic performance. The application should be limited to conditions of single
phase flow or homogeneous two-phase flow (such as the bubbly flow regime). When used
the analysis of flow blockage conditions, the blockage must be assumed to occur in
the high power fuel assembly.

The applicants have provided a summary of test data from the hydraulic tests on a

1/5 scale reactor vessel model and a 1/8 scale model. The data are applicable to the
San Onofre 2 and 3 vessel configuration. Data from the 1/5 scale flow test were used
to determine the core inlet flow distribution used in the San Onofre 2 and 3 design.
The data are referenced in the Combustion Engineering topical report CENPD-206,
"Comparison of TORC Code Predictions with Experimental Data," December 1976. We have
reviewed these comparisions and we find that they satisfy our requirements, and are
acceptable.
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4.4.2 Fuel Rod Bowing

With regard to rod bowing of Combustion Engineering 16x16 fuel, there is no data base
for direct evaluation of rod bowing as a function of burnup. Consequently, rod bow
measurements on 14x14 fuel have been extrapolated by us to 16x16 fuel with methods
which are generally conservative. This extrapolation was based on methods developed
by the staff for interim evaluation of rod bowing and combines the Combustion
Engineering data on the effect of rod bow on departure from nucleate boiling with rod
bow magnitude versus exposure. Credit has been given for thermal margin due to a
multiplier of 1.05 on the hot enthalpy rise used to account for pitch reduction due
to manufacturing tolerances. Also, the effect of modifications in grid design,
including the increased grid spacing over that used in ANO-2, has been accounted for.
The resultant reduction in the departure from nucleate boiling ratio due to rod bow

is given by:
Burnup (gigawatt-days per Departure from Nucleate Boiling
metric ton of uranium) Ratio Penalty (percent)

0-2.4 0
2.4-5 3.0

5-10 7:1

10-15 10.3

15-20 12.9
20-25 15.3

25-30 17.4

30-35 19.4

35-40 21.2

The applicants have presented to the staff an acceptable method of accommodating the
thermal margin reduction shown above so that appropriate provisions may be incorporated
in the Technical Specifications.

4.4.3 Crud Deposition

Crud deposition in the core and an associated change in core pressure drop and flow
have been observed on some pressurized water reactors. The applicants have stated
that the effects of possible crud deposits are included in the San Onofre 2 and 3
design in the form of adjustments to (1) the fuel assembly design uplift forces and
(2) the pressure differentials used in the determination of design hydraulic loads on
the reactor vessel internal components. In addition, the core flow will be continuously
monitored by the core operating limits supervisory system using pump casing differen-
tials and pump speed as input. Any reduction in core flow rate due to crud deposits
will be accounted for in the core operating 1imits supervisory system thermal margin
assessment. We will include in the plant Technical Specifications the requirement
that the actual reactor coolant system total flow rate shall be greater than or equal
to the value indicated by the core protection calculator system.
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4.4.5

4.4.6

4.4.7

4.5
4.5.1

Hydrodynamic Stability

The applicants have discussed the San Onofre 2 and 3 analysis of hydrodynamic stability.
We are performing a generic study of the hydrodynamic stability characteristics of
pressurized water reactors, including the evaluation methods used for San Onofre 2

and 3. The results of our study will be applied to the acceptability of the stability
methods used by the applicants. In the interim, we conclude that past operating
experience, flow stability experiments, and the inherent thermal-hydraulic character-
istics of light water reactors provide a basis for accepting the San Onofre 2 and 3
stability evaluation for normal operation and anticipated transient events.

Loose Parts Monitoring System

The applicants have provided a description of the loose parts monitoring system to be
provided for San Onofre 2 and 3. The design will include two sensors at each selected
natural collection region. The system will be capable of detecting a Toose part
having an impact energy greater than or equal to 0.5 foot-pounds. The applicants
have stated that the system will be designed to remain functional for a seismic event
up to and including the operating basis earthquake and will be qualified to function
in the normal service environment inside containment. Alarm settings will be estab-
lished based on baseline data taken during startup testing at selected nominal power
levels. We have evaluated the San Onofre 2 and 3 loose parts monitoring system in
comparison with the equipment and procedures used on other comparable plants and,
taking into account pertinent differences, find that the San Onofre 2 and 3 system is
acceptable.

Core Protection Calculator Algorithms

The data base constants and changes to the algorithms (from Arkansas Nuclear One,
Unit 2) for the core protector calculator system for San Onofre 2 and 3 will be
reviewed by the staff and addressed in the supplement to this report.

Conclusion
We conclude that, with the exceptions noted, the thermal-hydraulic design of
San Onofre 2 and 3 conforms to the Commission's regulations and to applicable

regulatory guides and staff technical positions and is acceptable.

Reactor Materials
Reactor Internals Materials

The materials for construction of components of the San Onofre 2 and 3 reactor
internals have been identified by specification and found to be in conformance with
the requirements of Section III of the ASME Code.

The materials for reactor internals exposed to the reactor coolant have been identified
and all of the materials are compatible with the expected environment, as proven by
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extensive testing and satisfactory performance. General corrosion on all materials
is expected to be negligible.

The controls imposed on reactor coolant chemistry provide reasonable assurance that
the reactor internals will be adequately protected during operation from conditions
which could Tead to stress corrosion of the materials and loss of component structural
integrity.

The welding controls imposed upon components constructed of austenitic stainless
steel, as used in the reactor internals, satisfy the requirements of the ASME Code
Section III. Austenitic stainless steel welding filler materials are controlled to
deposit from 8 to 25 percent delta ferrite, except for 309 and 309L welding filler
materials, which are controlled to deposit from 5 to 15 percent delta ferrite and are
used when welding ferritic steel to austenitic stainless steel. A1l austenitic
stainless steel materials are furnished in solution heat treated condition in accord-
ance with the applicable ASME material specification. Sensitization is avoided by
not permitting heat treatment in the temperature range of 800 to 1500°F.

The nondestructive examination of tubular products is performed in accordance with
the provisions of the ASME Code, Section III

Material selection, fabrication practices, examination procedures, and protection
procedures performed as stated above provide reasonable assurance that the austenitic
stainless steel used for reactor internals will be in a metallurgical condition which
precludes susceptibility to stress corrosion cracking during service. The use of
materials proven to be satisfactory by actual service experience and conformance with
the requirements of the ASME Code constitutes an acceptable basis for meeting, in
part, the requirements of Criteria 1 and 14 of the General Design Criteria.

Control Rod System Structural Materials

The mechanical properties of structural materials selected for the control rod system
components exposed to the reactor coolant satisfy Appendix I of Section III of the
ASME Code, Part A of Section II of the Code, and also the NRC staff position that the
yield strength of cold worked austenitic stainless steel should not exceed 90,000
pounds per square inch.

The controls imposed upon the austenitic stainless steel of the system satisfy the
requirements of the ASME Code, Section III. A1l austenitic stainless steel materials
are furnished in solution heat treated condition in accordance with the applicable
ASME material specification. Sensitization is avoided by not permitting heat treat-
ment in the temperature range of 800 to 1500°F. Fabrication and heat treatment
practices performed as stated above provided added assurance that stress corrosion
cracking will not occur during the design 1ife of the components.

The compatibility of all materials used in the control rod system in contact with the
reactor coolant satisfies the criteria for Articles NB-2160 and NB-3120 of Section III
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of the Code. Both martensitic and precipitation-hardening stainless steels have been
given tempering or aging treatments in accordance with NRC staff positions. Cleaning
and cleanliness control are in accordance with American Nuclear Standards Institute
(ANSI) Standard N45.2.1-1973, "Cleaning of Fluid Systems and Associated Components
During the Construction Phase of Nuclear Power Plants," and Regulatory Guide 1.37,
"Quality Assurance Requirements for Cleaning of Fluid Systems and Associated Components
of Water-Cooled Nuclear Power Plants."

Conformance with the codes, standards, and regulatory guides indicated above and with
the staff positions on the allowable maximum yield strength of cold worked austenitic
stainless steel and minimum tempering or aging constitutes an acceptable basis for
meeting the requirements of Criterion 26 of the General Design Criteria.

Functional Design of Reactivity Control System

The San Onofre 2 and 3 reactivity control systems are designed to meet certain basic
types of control requirements. First is the requirement that the reactor must be
capable of operation in the unrodded, critical, full power mode throughout plant
life. Second is the requirement that power level and power distribution control must
be sufficient to allow the power to be varied from full power to hot shutdown and
sufficient to assure the power distributions at any power level may be controlled
within acceptable l1imits. Third is the requirement that shutdown reactivity control
capability be sufficient to mitigate the effects of postulated events discussed in
Section 15 of this report.

The reactivity of the reactor core is controlled by three separate active systems;

(1) the chemical and volume control system, (2) the full-length control element
assemblies, and (3) the part-length control element assemblies. The chemical and
volume control system is designed to control slow or long-term reactivity changes

such as that caused by fuel burnup or by variation in the xenon concentration resulting
from changes in reactor power level. The chemical and volume control system controls
reactivity by adjusting the dissolved boron concentration in the moderator (see
Sections 4.3.5 and 9.3.3 of this report).

The boron concentration is controlled to obtain optimum control element assembly
positioning, to compensate for reactivity changes associated with variations in
coolant temperature, core burnup, xenon concentration, and to provide shutdown margin
for maintenance and refueling operations or emergencies. A portion of the chemical
and volume control system (the charging pumps, the boric acid pump discharge, or the
boric acid makeup tanks) injects a high concentration boron solution into the reactor
coolant system to help ensure plant shutdown in the event of a safety injection
actuation signal. The boric acid concentration in the reactor coolant system is
controlled by the charging and letdown portions of the chemical and volume control
system.

The chemical and volume control system can be used to maintain reactivity within the
required bounds by means of the automatic makeup system which replaces minor coolant
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leakage without significantly changing from the boron concentration in the reactor
coolant system. Dilution of the reactor coolant system boron concenttation is required
to compensate for the reactivity losses occurring as a result of fuel and burnable
poison depletion. This is accomplished by manual operation of the chemical and

volume control system.

The concentration of boron in the reactor coolant system is changed manually under
the following operating conditions:

(1) Startup -- boron concentration decreased to compensate for moderator temperature
and power increase.

(2) Load follow == boron concentration increased or decreased to compensate for
xenon transients following load changes.

(3) Fuel burnup == boron concentration decreased to compensate for burnup.

(4) Cold shutdown -- boron concentration increased to compensate for increased
moderator density due to cooldown.

Soluble poison concentration is used to control slow operating reactivity changes.
If necessary, control element assembly movement can also be used to accommodate such
changes, but assembly insertion is used mainly to mitigate anticipated operational
occurrences (the analysis assumes a single malfunction such as a stuck rod). In
either case, fuel design 1imits are not exceeded. The soluble poison control is
capable of maintaining the core subcritical under conditions of cold shutdown which
conforms to the requirements of Criterion 26 of the General Design Criteria.

The regulating control element assembly groups (full- and part-length) may be used to
compensate for changes in reactivity associated with power level changes or varia-
tions in moderator temperature or changes in boron concentration (see Sections 3.9.4
and 4.3.5 of this report).

No reactivity credit toward shutdown margin is taken for the part-length control
element assemblies. The eight part-length control element assemblies provide a
strong neutron absorber in the top 10 percent of their active length which on reactor
trip offsets any positive reactivity insertion due to the shift in axial flux
distribution between ful)l and zero power. The part-length control element assemblies
help control power distribution and suppress xenon-induced power oscillations.
Full-length control element assemblies provide shutdown for accidents and normal
operation and control power level and power distributions.

Full-length control element assemblies are the primary shutdown mechanism for tran-
sients and are inserted automatically. Concentrated boric acid solution is injected
by the emergency core cooling system in the event of a loss-of-coolant accident,
steam line break, loss of normal feedwater flow, steam generator tube rupture, or
control element assembly ejection, thereby complying with General Design Criterion
20, which requires that automatic protective systems be provided (1) to assure that
specified acceptable fuel design Timits are not exceeded and (2) to sense accident
conditions and to initiate operation of systems and components important to safety.
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The ability of each control element assembly to change position is tested every

31 days during power operation. At every refueling shutdown each control element
assembly is stepped over its entire range of movement, and drop tests are performed
to demonstrate the ability of the assemblies to meet required drop times. A single
failure will not result in loss of the protection system nor will a loss of
redundance occur as a result of removal of a channel or component from service. The
foregoing periodic testing, reliability, and redundancy conform to the requirements
of Criterion 21 of the General Design Criteria.

Failure of electrical power to any control element drive mechanism will cause
insertion of that assembly. A single failure of the control element drive mechanism
is included in transient and accident analyses by assuming the most reactive control
element assembly is stuck outside the core. Analysis of accidental withdrawal of a
control element assembly is found to have acceptable results. This conforms to
Criteria 23 and 25 of the General Design Criteria.

The reactivity control systems, including the addition of concentrated boric acid
solution by the emergency core cooling system, are capable of controlling all
anticipated operational changes, transients, and accidents, including the full
spectrum of loss-of-coolant accidents. Al11 accidents are calculated with the
assumption that the most reactive control element assembly.is stuck and cannot be
inserted, which complies with the requirements of Criterion 27 of the General Design
Criteria.

Compliance with General Design Criterion 28 is discussed in Sections 4.3 and 15 of
this report.

We find that the San Onofre 2 and 3 reactivity control systems meet the applicable
General Design Criteria and are acceptable.
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5.1

5.0 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

Summary Description

The reactor in each unit at San Onofre 2 and 3 is a pressurized water reactor (PWR)
with two coolant loops. The reactor coolant system (RCS) circulates water in a
closed cycle, removing heat from the reactor core and internals and transferring it
to a secondary (steam generating) system. In a pressurized water reactor, the steam
generators provide the interface between the reactor coolant (primary) system and the
main steam (secondary) system. The steam generators are vertical U-tube heat
exchangers in which heat is transferred from the reactor coolant to the main steam
system, Reactor coolant is prevented from mixing with the secondary system by the
steam generator tubes and the steam generator tube sheet, making the RCS a closed
system thus forming a barrier to the release of radioactive materials from the core
of the reactor to the containment building.

Major components of the reactor coolant system are the reactor vessel; two parallel
heat transfer loops, each containing one steam generator and two reactor coolant
pumps; a pressurizer connected to one of the reactor vessel outlet pipes; and
associated piping. A1l components are located inside the containment building.
Effluent discharges from the pressurizer safety valves are condensed and cooled in
the quench tank.

System pressure is controlled by the pressurizer, where steam and water are
maintained in thermal equilibrium. Steam is formed by energizing immersion heaters
in the pressurizer, or is condensed by the pressurizer spray to limit pressure
variations caused by contraction or expansion of the reactor coolant.

The average temperature of the reactor coolant varies with power level and the fluid
expands or contracts, changing the pressurizer water level.

The charging pumps and letdown control valves in the chemical and volume control
system (CVCS) are used to maintain the programmed pressurizer water level. A
continuous but variable letdown purification flow is maintained to keep the RCS
chemistry within prescribed 1imits. Two charging nozzles and a letdown nozzle are
provided on the reactor coolant piping for this operation. The charging flow is also
used to alter the boron concentration or correct the chemical content of the reactor
coolant.

Other reactor coolant loop penetrations are the pressurizer surge line in one reactor
vessel outlet pipe; the four safety injection inlet nozzles, one in each reactor
vessel inlet pipe; one outlet nozzle to the shutdown cooling system in one
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reactor vessel outlet pipe; two pressurizer spray nozzles; vent and drain
connections; and sample connections and instrument connections.

Overpressure protection for the reactor coolant pressure boundary is provided by two
spring-loaded ASME Code safety valves connected to the top of the pressurizer. These
valves discharge to the quench tank, where the steam is released under water to be
condensed and cooled. If the steam discharge exceeds the capacity of the quench
tank, it is relieved to the containment atmosphere through a rupture disc.

Overpressure protection for the secondary side of the steam generators is provided by
18 spring-loaded ASME Code safety valves located in the main steam system upstream of
the steam 1ine isolation valves.

Integrity of Reactor Coolant Pressure Boundary
Compliance with Codes and Regulations
Compliance with 10 CFR 50.55a

We have reviewed the San Onofre 2 and 3 application and find that the components of
the reactor coolant pressure boundary, as defined by the rules of 10 CFR Part 50,
Section 50.55a, have been properly identified and classified as ASME Section III,
Class 1 components in Table 5.2.1 of the FSAR. These components within the reactor
coolant pressure boundary are constructed in accordance with the requirements of the
applicable codes and addenda as specified in 10 CFR Part 50, Section 50.55a, Codes
and Standards.

We conclude that construction of the components of the reactor coolant pressure
boundary in conformance with the ASME code and the Commission's regulations provides
adequate assurance that component quality is commensurate with the importance of the
safety function of the reactor coolant pressure boundary and is acceptable.

Applicable Code Cases

The ASME Code Cases specified in Section 5.2.1.2 of the San Onofre 2 and 3 FSAR whose
requirements have been applied in the construction of pressure retaining ASME

Section III, Class 1, components within the Reactor Coolant Pressure Boundary
(Quality Group Classification A), are in accordance with those code cases that are
generally acceptable to the Commission. We conclude that compliance with the
requirements of these code cases, in conformance with the Commission's regulations,
is expected to result in a component quality level that is commensurate with the
importance of the safety function of the reactor coolant pressure boundary and is
acceptable.

Overpressurization Protection

Overpressure protection of the primary coolant system is designed to accommodate both
Tow and high temperature operation. High temperature overpressure protection is
designed to 1imit transient pressures to below 110 percent of design pressure.
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Low temperature overpressure protection is designed to prevent the reactor coolant
system (RCS) from exceeding 10 CFR 50, Appendix G limits.

High Temperature Overpressure Protection

The San Onofre 2 and 3 high temperature overpressure protection system is designed to
maintain secondary and primary operating pressures within 110 percent of design by
means of 2 primary safety valves, 18 secondary safety valves, and the reactor
protection system. The secondary safety valves are sized to pass a steam flow
equivalent to a power level of 3580 MWt, which is greater than the proposed licensed
power level of 3410 MWt. The reactor is designed to trip at an RCS pressure of

2400 psia while the primary pressurizer safety valves are designed to 1ift at a
pressure of 2500 psia, which is system design pressure,

The design basis event for the sizing of this system is a loss-of-load with a delayed
reactor trip. The applicants have indicated that the loss-of-load analysis was done
with preliminary plant system parameters and initial conditions. In the analysis
provided, no credit was taken for operation of the following:

(1) Pressurizer level control system,

(2) Pressurizer spray,

(3) Secondary turbine bypass control system,
(4) Feedwater flow after turbine trip.

In order to justify the conservatism of the high temperature overpressure design for
the as-built system parameters and initial conditions, the applicants referenced
Chapter 15 overpressure events where conservative as-built values were used in the
calculations. In the limiting pressure transient, the loss of condenser vacuum, the
initial core power level was assumed to be 102% of the design power level, the core
and system parameters input to the calculation were chosen to maximize pressurizer
pressure, protection system setpoints and response times included the maximum
uncertainties or delays, and the first reactor trip signal was ignored. The
calculated pressurizer safety valve flow rate was less than the rated capacity of the
two pressurizer safety valves. We find the high temperature overpressure protection
system acceptable.

Testing and inspection of the primary safety valves is based on ASME Section XI,
Subsection IWV. The secondary safety valves are individually tested during initial
startup operation by checking actual 1ift and blowdown point. Periodic in-service
testing of the secondary safety valves will be defined in the Technical
Specificationk.

Low Temperature Overpressure Protection

The applicants propose to use the shutdown cooling system (SDCS) safety/relief valve
(2PSV-9349) to provide low temperature overpressure protection while on shutdown
cooling. The stated capacity of this spring-loaded (bellows) liquid relief valve is



3089 gallons per minute at 417 psia with 10 percent accumulation. The most limiting
transients calculated were inadvertent safety injection (mass input) and reactor
coolant pump start when a positive steam generator to reactor vessel AT exists
(energy input). Calculations show that this relief system can mitigate these
transients and prevent violation of 10 CFR 50, Appendix G.

System design criteriﬁ required by the staff include no credit for operator action
for 10 minutes; the mitigating system must meet single active failure criteria; the
system must be testable; the system must be able to withstand an operating basis
earthquake (OBE); and the system must be capable of functioning following loss of
offsite power. The applicants have met all the design criteria of our position on
water solid overpressure protection provided the following staff requirements are
implemented and the additional staff concerns are satisfactorily resolved:

(1) The Technical Specifications will include requirements to ensure that the RCS is
on shutdown cooling system with all suction line valves open whenever the RCS
temperature is below 280°F;

(2) Vvalves 2HV9337, 2HV9339, 2HV9377, and 2HV9378 must be locked open in the control
room when on the SDCS;

(3) The Technical Specifications will prohibit actuation of a reactor coolant pump
if the associated steam generator to reactor coolant system AT is greater than
100°F;

(4) The set point for the automatic isolation of the SDCS must be raised to
700 psig.

The applicants have committed to bench test valve PSV-9349, the SDCS safety/relief
valve, at intervals not to exceed thirty months in order to provide increased
assurance of valve operability. We find this testing interval acceptable. The
applicants discussed various analyses which show that flashing at the safety/relief
valve discharge does not prevent the valve from passing its rated flow. We find the
relief capacity of the valve acceptable. The applicants stated that PSV-9349 is
designed to operate during and after an operating basis earthquake since it is
constructed to Seismic Category 1, Quality Class II, and ASME Section III, Class 2
criteria. We find the capability of PSV-9349 to withstand an operating basis
earthquake acceptable.

The Technical Specification requirements described above for steam generator/RCS AT
and SDCS initiation temperature limits are only valid for the §irst 10 years of plant
operation and must be reexamined in the future to ensure they are still suitably
conservative. Subject to the above requirement for reexamination, which will be
enforced by a license condition, we find the design of the San Onofre 2 and 3 low
temperature overpressure mitigation system acceptable.
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Reactor Coolant Pressure Boundary Materials
Material Specifications and Compatibility with Reactor Coolant

The materials used for construction of components of the reactor coolant pressure
boundary (RCPB), including the reactor vessel and its appurtenances, have been
identified by specification and found to be in conformance with the requirements of
Section III of the ASME Code. Special requirements of the applicants with regard to
control of residual elements in ferritic materials have been identified and are
considered acceptable.

The RCPB materials of construction that will be exposed to the reactor coolant have
been identified and all of the materials are compatible with the expected environ-
ment, as proven by extensive testing and satisfactory performance. General corrosion
of all materials except carbon and low alloy steel will be negligible. For these
materials, conservative corrosion allowances have been provided for all exposed
surfaces of carbon and low alloy steel in accordance with the requirements of the
ASME Code, Section III. The external nonmetallic insulation to be used on austenitic
stainless steel components conforms with the requirements of Regulatory Guide 1.36,
“"Nonmetallic Thermal Insulation for Austenitic Stainless Steels."

Further protection against corrosion problems will be provided by control of the
chemical environment., The composition of the reactor coolant will be controlled.

The proposed maximum contaminant levels have been shown by tests and service
experience to be adequate to protect against corrosion and stress corrosion problems.

The controls imposed on reactor coolant chemistry are in conformance with the
recommendations of Regulatory Guide 1.44, "Control of Sensitized Stainless Steel,"
and provide reasonable assurance that the RCPB components will be adequately
protected during operation from conditions that could lead to stress corrosion of the
materials and loss of structural integrity of a component.

The instrumentation and sampling provisions for menitoring reactor coolant water
chemistry provide adequate capability to detect significant changes on a timely
basis. The use of materials of proven performance and the conformance with the
recommendations of the regulatory guides constitutes an acceptable basis for
satisfying the requirements of NRC General Design Criteria 14 and 31, Appendix A of
10 CFR Part 50.

Fabrication and Processing of Ferritic Materials

Materials selection, toughness requirements, and the extent of the materials testing
proposed by the applicants provide assurance that the ferritic materials used for
pressure retaining components of the reactor coolant boundary, including the reactor
vessel and its appurtenances, will have adequate toughness under test, normal
operation, and transient conditions.

9-5



5.2.3.3

The ferritic materials are specified to meet the toughness requirements of the ASME
Code, Section III. In addition, materials for the reactor vessel are specified to
meet the additional test requirements and acceptance criteria of Appendix G, 10 CFR
Part 50.

The fracture toughness tests and procedures required by Section IIl1 of the ASME Code,
as augmented by Appendix G, 10 CFR Part 50, for the reactor vessel, provide reason-
able assurance that adequate safety margins against the possibility of nonductile
behavior or rapidly propagating fracture can be established for all pressure
retaining components of the reactor coolant boundary.

The results of the fracture toughness tests performed in accordance with the ASME
Code and NRC regulations provide adequate safety margins during operating, testing,
maintenance, and postulated accident conditions. Compliance with these code
provisiens and NRC regulations constitutes an acceptable basis for satisfying the
requirements of NRC denera] Design Criterion 31, Appendix A of 10 CFR Part 50.

The controls imposed on welding preheat temperatures and weld cladding satisfy the
recommendations of Regulatory Guide 1.50, "Control of Preheat Temperature for Welding
of Low-Alloy Steel," and Regulatory Guide 1.43, "Control of Stainless Steel Weld
Cladding of Low-Alloy Steels." These recommendations provide reasonable assurance
that cracking of components made from low alloy steels will not occur during
fabrication.

A1l welding conducted in limited access areas is performed by welders qualified in
accordance with the requirements of Section IX of the Code. The completed welds are
volumetrically inspected by either radiography or ultrasonic examination method. The
ultrasonic method for examination of ferritic steel tubular products satisfy the
requirements of the ASME Code, Section III. The fabrication practices and examina-
tion procedures performed as stated above provide reasonable assurance that welds in
the reactor coolant pressure boundary (RCPB) will be satisfactory in locations of
restricted accessibility, and that unacceptable defects in tubular components of the
RCPB will be detected.

Conformance with the code and regulatory guides mentioned constitutes an acceptable
basis for meeting the requirements of NRC General Design Criteria 1 and 14,

Appendix A of 10 CFR Part 50.

Fabrication and Processing of Austenitic Stainless Steel

Within the reactor coolant pressure boundary, no components of austenitic stainless
steel have a yield strength exceeding 90,000 psi, in accordance with our
requirements.

The controls imposed upon components constructed of austenitic stainless steel used

in the reactor coolant pressure boundary and for the reactor vessel and its appur-
tenances satisfy the requirements of the ASME Code, Section III. Austenitic
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stainless steel welding materials are controlled to deposit from 8 to 25% delta
ferrite, except for 309 and 309L welding materials which are controlled to deposit
from 5 to 15% delta ferrite. A1l austenitic stainless steel materials are furnished
in the solution heat treated condition in accordance with the applicable ASME
material specification. Sensitization is avoided by not permitting heat treatment in
the temperature range of 800 to 1500°F. Cleaning and cleanliness controls procedures
satisfy the recommendations of Regulatory Guide 1.37, "Quality Assurance Requirements
for Cleaning of Fluid Systems and Associated Components of Water-Cooled Nuclear Power
Plants." A1l welding conducted in limited access areas is performed by welders
qualified in accordance with the requirements of Section IX of the Code. The
completed welds are volumetrically inspected by either radiography or ultrasonic
examination method. The nondestructive examination of tubular products is performed
in accordance with the recommendation of the ASME Code, Section III.

Materials selection, fabrication practices, examination procedures, and protection
procedures performed in accordance with these recommendations provide reasonable
assurance that the austenitic stainless steel in the reactor coolant pressure
boundary will be free from hot cracking (microfissures) and in a metallurgical
condition which precludgs susceptibility to stress corrosion cracking during service.
Conformance with the code and regulatory guide mentioned constitutes an acceptable
basis for meeting the requirements of General Design Criteria 1 and 14, Appendix A of
10 CFR Part 50.

Reactor Coolant Pressure Boundary Inservice Inspection and Testing

General Design Criterion 32, "Inspection of Reactor Coolant Pressure Boundary,"
Appendix A of 10 CFR Part 50, requires, in part, that components which are part of
the reactor coolant pressure boundary be designed to permit periodic inspection and
testing of important areas and features to assess their structural and leaktight
integrity.

To ensure that no deleterious defects develop during service, selected welds and weld
heat-affected-zones will be inspected periodically at San Onofre 2 and 3. The design
of the ASME Code Class 1 and 2 components of the reactor coolant pressure boundary at
San Onofre 2 and 3 incorporates provisions for access for inservice inspection in
accordance with Section XI of the ASME Code. Methods have been developed to
facilitate the remote inspection of those areas of the reactor vessel not readily
accessible to inspection personnel.

Section 50.55a(g), 10 CFR Part 50, defines the detailed requirements for the
preservice and inservice inspection programs for light water cooled nuclear power
facility components. Based upon a construction permit date of October 18, 1973, this
section of the regulations requires that a preservice inspection program be developed
and implemented using at least the Edition and Addenda of Section XI of the ASME Code
in effect six months prior to the date of issuance of the construction permit. Also,
the initial inservice inspection program must comply with the requirements of the
latest Edition and Addenda of Section XI of the ASME Code in effect twelve months
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prior to the date of issuance of the operating license, subject to the limitations
and modifications listed in Section 50.55a(b) of 10 CFR Part 50.

Our evaluation review of the applicants' preservice inspection program indicates that
program meets the requirements of 10 CFR Part 50, Paragraph 50.55a. As a result of
our review of this program for San Onofre 2 and 3, we have determined that certain
preservice examination requirements are impractical and performing these examinations
would result in hardships or unusual difficulties without a compensating increase in
quality and safety. Our evaluation of the applicants' relief requests and a
supporting technical justification are presented in Appendix H to this report. The
inservice inspection program will be evaluated after the applicable ASME Code Edition
and Addenda have been determined and before the initial inservice inspection.

The conduct of periodic inspections and hydrostatic testing of pressure retaining
components of the reactor coolant pressure boundary in accordance with the require-
ments of Section XI of the ASME Boiler and Pressure Vessel Code and will provide
reasonable assurance that evidence of structural degradation or loss of leaktight
integrity occurring during service will be detected in time to permit corrective
action before the safety functions of a component ‘* compromised. Compliance with
the inservice inspections required by this code constitutes an acceptable basis for
satisfying the inspection requirements of General Design Criterion 32.

Reactor Coolant Pressure Boundary Leakage Detection System

A limited amount of leakage is to be expected from components forming the reactor
coolant boundary. Components such as valve stem packing, circulating pump shaft
seals, and flanges are not completely leak tight. This type of leakage (identified
leakage) is monitored, limited, and separated from other leakage (unidentified) as
required by Section C.1 of Regulatory Guide 1.45, "Reactor Coolant Pressure Boundary
Leakage Detection Systems."

The sources and disposition of identified leakage are:

(1) Stem leakoffs from valves 2PV0O100A, 2Tv0221, 2PV0100B, and 2HV-9201 inside
containment to the reactor coolant drain tank;

(2) Reactor coolant pump seals to volume control tank;

(3) Pressurizer safety relief valves and reactor coolant pump bleedoff safety valves
to the quench tank;

(4) Safety injection tank drains, hot leg injection line drains, reactor vessel head
seals, reactor coolant loop cold leg drains, reactor pump seal leakoffs, incore
detector transfer machine drain, pressurizer spray control line isolation valve
stem leakoff, and the quench tank drain to the reactor coolant drain tank.



Leakage rates for (1) through (4) are monitored by flow meters and alarmed in the
control room.

Unidentified leakage, which includes steam generator tube or tube sheet and
intersystem leakage, is monitored by several devices as required by Regulatory
Guide 1.45 (Sections C.2, 3, 4).

Steam generator tube leakage is detected by condenser air removal system monitors,
blowdown system monitors, or routine steam generator water samples. The method of
detection of intersystem leakage depends on the particular interfacing system.
Leakage from the RCPB to the suction side of the SDCS is discharged from the relief
valve and is detected by an increase in the emergency sump level which is alarmed in
the control room. Leakage from the RCPB to the high pressure safety injection (HPSI)
discharge lines is detected by pressure transmitters and alarmed in the control room.
Leakage past the safety injection tank (SIT) check valves is indicated by SIT level
and pressure which are alarmed in the control room. Leakage past drain valves
2HV9341, 2HV9351, 2HV9361 and 2HVI371 is detected by a temperature alarm which
annunciates in the control room. Leakage past the safety injection system (SIS) line
second check valves and past SIS header isolation valves is indicated in the control
room by pressure sensors. Should leakage be alarmed and confirmed in a flow path
with no flow meters, the Technical Specifications will require that a water inventory
material balance be begun within 1 hour to determine the extent of the leakage.

Indication of unidentified leakage from the reactor coolant boundary into the
containment is provided by two sources. The first is containment atmosphere
radiation indicators and alarms. The second is containment sump flow with its
associated alarms. The particulate and gaseous air activity monitors operate
continuously to detect radiation in the containment atmosphere. The containment
particulate monitor uses a scintillation counter-filter paper detector assembly with
a continuously moving paper surface while the containment gas monitor measures
containment air samples directly. Both systems are Seismic Category 1, testable, and
may be calibrated as required by Sections C.6, 7 and 8 of Regulatory Guide 1.45. The
applicants indicate that the sensitivity of the particulate and gaseous monitors is
such that leaks of 1 gallon per minute or less are detectable in less than 1 hour.

If a break were to occur in the primary system, the resulting coolant flow would pass
to the containment and go to the containment sump or would be condensed by the
containment air coolers and control element drive mechanism cooling units and
directed to the sump. Each path has a separate flow meter. These flow transmitter
signals are summed and sent to a recorder. An increase in flow of 1 gallon per
minute above normal flow rates is alarmed in the control room. The sump flow
measuring system is testable and can be calibrated as required. The sensitivity of
these measuring systems meet the requirements of Section C.5 of Regulatory

Guide 1.45,

Additional sources of indication of unidentified leakage include containment pressure

indicators, pressurizer level indicators, containment temperature and humidity, and
low pressure safety injection header pressure.
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5.3.1.1

The RCPB leakage detection systems are diverse and the applicants' design conforms to
the requirements of Regulatory Guide 1.45 as noted above.

We conclude that the San Onofre 2 and 3 design provides reasonable assurance that
primary system leakage will be detected as required by General Design Criterion 30
and is acceptable.

Reactor Vessel
Reactor Vessel Materials

General Design Criterion 31, "Fracture Prevention of Reactor Coolant Pressure
Boundary," Appendix A, 10 CFR Part 50, requires that the reactor coolant pressure
boundary be designed with sufficient margin to assure that when stressed under
operating, maintenance, testing, and postulated accident conditions the boundary
behaves in a nonbrittle manner and the probability of rapidly propagating fracture is
minimized. General Design Criterion 32, "Inspection of Reactor Coolant Pressure
Boundary," Appendix A, 10 CFR Part 50, requires that the reactor coolant pressure
boundary be designed to permit an appropriate material surveillance program for the
reactor pressure boundary.

We have reviewed the San Onofre 2 and 3 materials selection, toughness requirements,
and extent of materials testing in accordance with the above General Design Criteria.
The ferritic materials were specified to meet the toughness requirements of the 1971
Edition of the ASME Boiler and Pressure Vessel Code, Section III, "Rules for
Construction of Nuclear Power Plant Components."

Appendix G, "Fracture Toughness Requirements," and Appendix H, "Reactor Vessel
Material Surveillance Requirements," of 10 CFR Part 50, specify the fracture
toughness requirements for the ferritic materials of the reactor coolant pressure
boundary. The ferritic materials of San Onofre 2 and 3 were qualified by impact
testing in accordance with the 1971 ASME Code, Section III, and pursuant to
paragraph 50.55a(c)(2) of 10 CFR Part 50, the reactor vessel ferritic materials were
evaluated in accordance with the 1971 edition of the ASME Code through 1971 Summer
Addenda.

Compliance with Appendix G to 10 CFR 50

We have evaluated the information in the San Onofre 2 and 3 FSAR to determine the
degree of compliance with the fracture toughness requirements of Appendix G, 10 CFR
Part 50. Our evaluation indicates that the applicants have met all requirements of
Appendix G, 10 CFR Part 50, except for paragraph II1.B.4, for which the applicants
have supplied sufficient data and analyses to justify an exemption. Our evaluation
of deviations from the explicit requirements of Appendix G is given below.

Paragraph I1I.B.4 requires that the testing personnel shall be qualified by training

and experience and should be competent to perform the tests in accordance with
written procedures. For San Onofre 2 and 3, no written procedures for component
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testing were in existence as required by the later regulation; however, the
applicants have supplied sufficient information to demonstrate that the intent of
Paragraph I11.B.4 has been met. The applicants have stated that individuals who
conducted the testing were qualified by education, training, and years of experience
and were certified by qualified supervisory personnel. Because these tests are
relatively routine in nature and are continually being performed in the laboratory,
we conclude that it is unlikely that the tests were conducted improperly. Conse-
quently, we conclude that an exemption for not performing the tests in accordance
with written procedures is justified, and that such an exemption will not endanger
life or property or the common defense and security and is otherwise in the public
interest.

Compliance with Appendix H to 10 CFR 50

The toughness properties of the reactor vessel beltline materials will be monitored
throughout the service 1ife of San Onofre 2 and 3, by a materials surveillance
program that must meet the requirements of ASTM Standard E-185-73, "Standard
Recommended Practice for Surveillance Tests for Nuclear Reactors,” and Appendix H,

10 CFR Part 50. We have evaluated the applicants' information for degree of
compliance with these requirements. We conclude that the applicants have met the
requirements of Appendix H, 10 CFR Part 50, except for Paragraph II.B, for which the
applicants have provided sufficient information to justify an exemption. Our
evaluation of the deviation from the explicit requirements of Paragraph II.B is given
below.

Paragraph I1.B requires the beltline region of the reactor vessel to be monitored by
a surveillance program complying with ASTM Standard E-185-73. According to this
standard the base material and weld metal to be included in the program should
represent the material that may limit the operations of the reactor during its
lifetime. This selection is based on initial transition temperature, upper shelf
energy level, and estimated increase in transition temperature considering chemical
composition (copper and phosphorous) and neutron fluence.

AccorQing to our evaluation, plates C-6404-2 and C-6802-1 are the most limiting base
materials in Units 2 and 3, respectively. The San Onofre 2 and 3 surveillance
program contains material from both plates C-6404-2 and C-6802-1. However, the
applicants have identified the weld metal used in the surveillance program as being
that of weld seam 9-203, the intermediate-to-lower shell girth weld for both vessels.
According to our evaluation the most 1imiting weld seams in Unit No. 2 are 3-203A and
3-203B, and in Unit No. 3, weld seams 2-203A, 2-203B, and 2-203C. Because weld seam
9-203 is not the most limiting weld in the beltline region, the applicant's materials
surveillance program is not in full compliance with Appendix H, 10 CFR Part 50. To
have an acceptable surveillance program for San Onofre 2 and 3, the applicants must
use the following analysis for every capsule removed and tested.

During the plant's 1ife the applicants must recalculate the pressure-temperature
operating limits based on the greater of the following:
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(1) the actual shift in reference temperature for plates C-6404-2 (Unit No. 2) and
C-6802-1 (Unit No. 3) as determined by impact testing, or

(2) the predicted shift in reference temperature for either weld seams 3-203A or
3-203B in Unit No. 2 and for weld seams 2-203A, 2-203B, or 2-203C of Unit No. 3,
as determined by Regulatory Guide 1.99, "Effects of Residual Elements on
Predicted Radiation Damage to Reactor Vessel Materials."

If the applicants do not commit to the above requirement prior to issuance of an
operating license, we will condition the Ticense accordingly. Although material from
the most limiting weld seams is not contained in the San Onofre 2 and 3 materials
surveillance program.

Based on the above-required recalculation of pressure-temperature limits, we find that
an exemption to Paragraph II.B of Appendix H, 10 CFR Part 50, is justified for the
following reasons.

(1) the applicants have included in the surveillance program each vessel's beltline
material predicted to be the most limiting, and

(2) we have conservative methods of analysis contained in Regulatory Guide 1.99 to
determine the radiation characteristics of the limiting beltline weld.

For these reasons we conclude that the jntegrity of the reactor coolant pressure
boundary will be ensured during all normal plant operations, and thus, the exemption
to Paragraph II.B, Appendix H, 10 CFR Part 50, is justified. We find that such an
exemption will not endanger 1ife or property or the common defense and security and
is otherwise in the public interest.

Conclusions

Our technical evaluation has not identified any practical methods by which the
existing San Onofre 2 and 3 reactor vessels can comply with the specific requirements
of Paragraphs I1I1.B.4 of Appendix G and Paragraph II.B of Appendix H, 10 CFR Part 50.
However, the alternate methods proposed to demonstrate compliance with these para-
graphs of Appendices G and H have been reviewed and evaluated, and have been found to
demonstrate that the safety margins required by Appendices G and H have been achieved.
Compliance with Appendices G and H and the fracture toughness requirements of

Section III of the ASME Code ensures that the ferritic components in the primary
coolant pressure boundary will behave in a nonbrittle manner, that the probability of
rapidly propagating fracture is minimized and that an appropriate material surveil-
lance program exists to monitor radiation damage for the reactor pressure boundary.
Compliance with the requirements of the NRC regulations and the specified codes and
standards satisfies the requirements of the Commission's General Design Criteria 31
and 32.
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Based on the foregoing, pursuant to 10 CFR, Section 50.12, exemptions from specific
requirements of Appendices G and H of 10 CFR Part 50, as discussed above, are
authorized by law and can be granted without endangering 1ife or property or the
common defense and security and are otherwise in the public interest. We conclude
that the public is served by not imposing certain provisions of Appendices G and H of
10 CFR Part 50 that have been determined to be either impractical or would result in
hardship or unusual difficulties without a compensating increase in the level of
quality and safety.

Furthermore, we have determined that the granting of these exemptions does not
authorize a change in effluent types or total amounts nor an increase in power level
and will not result in any signficant environmental impact. We have concluded that
these exemptions would be insignificant from the standpoint of environmental impact
and pursuant to 10 CFR 51.5(d)(4) that an environmental impact statement, or negative
declaration and environmental appraisal, need not be prepared in connection with this
action.

Pressure-Temperature Limits

Appendix G, "Fracture Toughness Requirements," and Appendix H, "Reactor Vessel
Material Surveillance Program Requirements," 10 CFR Part 50, describe the conditions
that require pressure-temperature limits for the reactor coolant pressure boundary
and provide the general bases for these limits. These appendices specifically
require that pressure-temperature limits must provide safety margins for the reactor
coolant pressure boundary at least as great as the safety margins recommended in the
ASME Boiler and Pressure Vessel Code, Section III, Appendix G, "Protection Against
Non=Ductile Failure." Appendix G, 10 CFR Part 50, requires additional safety margins
whenever the reactor core is critical, except for low-level physics tests.

The following pressure-temperature 1imits imposed on the reactor coolant pressure
boundary during operation and tests are reviewed to ensure that they provide adequate
safety margins against non-ductile behavior or rapidly propagating failure of ferri-
tic components as required by General Design Criterion 31:

(1) Preservice hydrostatic tests,

(2) Inservice leak and hydrostatic tests,
(3) Heatup and cooldown operations, and
(4) Core operation.

Appendices G and H, 10 CFR Part 50, require the applicants to predict the shift in
reference temperature due to neutron irradiation. The shift in RTypy due to neutron
irradiation is then added to the initial RTNDT to establish the adjusted reference
temperature. The base plate and weld seam having the highest adjusted reference
temperature are considered the most 1imiting materials for which the pressure-
temperature operating 1imits are based on. In the case of San Onofre 2 and 3, the
most limiting materials are plaste C-6404-2 and C-6802-1, respectively. 0Once in
service, the pressure-temperature limits must be revised to reflect the actual
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neutron radiation damage as determined for the results of the reactor vessel
materials surveillance program.

According to our evaluation the proposed heatup and cooldown pressure-temperature
limits (FSAR, Figures 16.3-7A and 16.3-7B) are acceptable for the first ten (10)
effective full power years. Although these 1imits have been established for only
Unit No. 2, they are also acceptable for Unit No. 3, because they provide equivalent
margins of safety to those required by Appendix G, 10 CFR Part 50. However, the
applicants are not required to use the Unit No. 2's pressure-temperature limits for
operation of Unit No. 3. The applicants may submit in the future a separate set of
1imits for Unit No. 3, and we will evaluate these pressure-temperature limits at that
time.

Subsequent to operation, the applicants must recalculate the pressure-temperature
operating limits based on the greater of the following:

(1) the actual shift in reference temperature for plates C-6404-2 (Unit No. 2) and
C-6802-1 (Unit No. 3) as determined by impact testing, or

(2) the predicted shift in reference temperature for weld seams 3-203A or 3-203B in
Unit No. 2, and for weld seams 2-203A, 2-203B, or 2-203C in Unit No. 3, as
determined by Regulatory Guide 1,99, "Effects of Residual Elements on Predicted
Radiation Damage to Reactor Vessel Materials."

The above requirements are discussed in Section 5.3.1, above.

The data obtained must be compared to that used to develop the pressure-temperature
1imit curves in the Technical Specifications. If this information indicates
anomalies to the then existing predictions, the curves must be redrawn to reflect the
actual or predicted shift in RTNDT as discussed in items(a) and (b) above.

The pressure-temperature limits to be imposed on the reactor coolant system for all
operating and testing conditions, to ensure adequate safety margins against non-
ductile or rapidly propagating failure, are in conformance with established criteria,
codes, and standards acceptable to the staff. The use of the operating limits based
on these criteria, as defined by applicable regulations, codes, and standards,
provides reasonable assurance that nonductile or rapidly propagating failure will not
occur and constitutes an acceptable basis for satisfying the applicable requirements
of General Design Criterion 31.

Reactor Vessel Integrity

We have reviewed the following FSAR sections related to the reactor vessel integrity
of San Onofre 2 and 3. Although most areas are reviewed separately in accordance
with other review plans, reactor vessel integrity is of such importance that a
special summary review of all factors relating to reactor vessel integrity is
warranted.
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We have reviewed the information in each area to ensure that it is complete and that
no inconsistencies exist that would reduce the certainty of vessel integrity. The
areas reviewed are:

(1) Design (Section 5.3.1 of this report)

(2) Materials of Construction (Section 5.3.1)
(3) Fabrication Methods (Section 5.3.1)

(4) Operating Conditions (Section 5.3.2)

We have reviewed the above factors contributing to the structural integrity of the
reactor vessel and conclude that the applicants have complied with Appendices G and
H, 10 CFR Part 50, except for Paragraphs III.B.4, Appendix G, and Paragraph II.B of
Appendix H, for which the applicants have provided sufficient information to justify
an exemption.

Paragraph 111.B.4, Appendix G, requires the applicants to conduct impact testing
according to specific written procedures. Although the tests were not conducted to
formal written procedures for San Onofre 2 and 3 impact tests, the applicants have
supplied sufficient information to demonstrate that the tests were conducted
correctly, and therefore, we conclude that an exemption to Paragraph II1.B.4,
Appendix G, is justified.

Paragraph 11.B, Appendix H, requires per ASTM 185-73 that the applicants use surveil-
lance specimens from the most limiting base material and weld metal. The materials
in the San Onofre 2 and 3 surveillance program did not include the limiting weld
material; however, the materials that are in the program, together with methods for
predicting radiation damage provide sufficient information for us to conclude that an
exemption to Paragraph II.B, Appendix H, is justified.

We have reviewed all factors contributing to the structural integrity of the reactor
vessel and conclude there are no special considerations that make it necessary to

consider potential reactor vessel failure for San Onofre 2 and 3.

Reactor Vessel Installation, Unit 2

The San Onofre Unit 2 reactor vessel was installed on April 26 and 27, 1977. On
November 15, 1977, the reactor vessel was discovered to be installed on its four-
vessel support columns rotated 180 degrees from the orientation planned by Combustion
Engineering, Incorporated (CE), the nuclear steam supply system manufacturer.

San Onofre Plant Units 2 and 3 are mirror images of each other in layout of the
structures and components. If a layout drawing of Unit 3 were flipped over with the
stationary side of the drawing taken to be the dividing 1ine separating Units 2

and 3, the layout would describe the Unit 2 arrangement. This would mean that the
reference mark on the Unit 2 vessel should face south while the Unit 3 reference mark
should face north.
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The architect-engineer-constructor's (Bechtel Power Corporation) standard practice at
this site was to orient items with the reference mark north unless otherwise noted.
The Bechtel drawings for the Unit 2 vessel did not contain a note advising that the
reference mark was to face south; therefore, following the standard practice the

Unit 2 reactor vessel was positioned with the reference mark north. The review by CE
site personnel of the Bechtel reactor vessel installation procedures did not reveal
this oversight. This was not discovered during further work involving the vessel
because the vessel is symmetrical about its east-west axis, i.e., the northern half
of the vessel is externally identical to the southern half

When the installation of the Unit 3 vessel was being made, Bechtel representatives
made a check of the Unit 2 vessel installation, and knowing that Units 2 and 3 were
planned images of each other, discovered that both vessels were being installed with
the reference mark north.

It has been determined by the applicants that the Unit 2 reactor vessel, the reactor
vessel head, and the reactor vessel internals, except for the flow skirt, are sym-
metrical and therefore the 180 degree misorientation is of 1ittle consequence. The
only changes required will be the installation of the flow skirt with the reference
mark north to agree with the installed vessel and a change in the fuel loading
procedures to agree with the installed vessel. None of the electrical or piping
connections to the vessel are affected.

The NRC Office of Inspection and Enforcement reviewed this issue and, as a corrective
measure for the future, required that installation drawings and procedures relating
to CE-provided equipment be sent to CE-Windsor for concurrence/approval before
activities on site are initiated. We have reviewed the issue and conclude that with
the proposed modification in the flow skirt installation and fuel loading procedures
discussed above, the reactor vessel will operate effectively and safely despite the
180° misorientation in its installation.

Component and Subsystem Design
Reactor Coolant Pumps
Pump Flywheel Integrity

General Design Criterion 4, "Environmental and Missile Design Bases," of Appendix A
to 10 CFR Part 50, requires that nuclear power plant structures, systems, and compo-
nents important to safety be protected against the effects of missiles that might
result from equipment failures. Because flywheels have large masses and rotate at
speeds of approximately 1200 revolutions per minute during normal operation, a loss
of flywheel integrity could result in high energy missiles and excessive vibration of
the reactor coolant pump assembly. The safety consequences could be significant
because of possible damage to the reactor coolant system, the containment, or the
engineered safety features. Adequate margins of safety and protection against the
potential for damage from flywheel missiles can be achieved by the use of suitable
material, adequate design, and inspection.
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The applicants' selection of materials, fracture toughness tests, design procedures,
and inspection procedures have been reviewed to determine conformance wth Safety
Guide 14, "Reactor Coolant Pump Flywheel Integrity," (10/27/71).

The reactor coolant pumps have been designed for a speed 125% that of the normal
synchronous speed of the motor (approximately 1500 rpm). The minimum speed for
ductile failure is estimated to be much higher than 125% of operating speed for
flywheels of the design used at San Onofre 2 and 3. The pump flywheels are made from
ASTM 543, Grade 1, Type B steel which has been Charpy-impact tested in the tranverse
direction to establish an upper shelf energy of at least 50 ft-lbs. The applicants
have also provided sufficient data to demonstrate that the NDTT of the flywheel
material is no higher than +10 degrees Fahrenheit and that the minimum fracture
toughness at the normal operating temperature of the flywheel (120°F) is equivalent
to a dynamic stress intensity of at least 100 ksi Jin.

Based upon our evaluation, we conclude that San Onofre 2 and 3 is in compliance with
Safety Guide 14. Compliance with the recommendations of Safety Guide 14 constitutes
an acceptable basis for satisfying the requirements of General Design Criterion 4,
Appendix A of 10 CFR Part 50.

Steam Generators
Steam Generator Materials

The materials used in Class 1 and Class 2 components of the steam generators were
selected and fabricated according to codes, standards, and specifications acceptable
to the staff. The steam generator pressure retaining parts are designed and
manufactured to meet the ASME Code, Section III. The reactor coolant pressure
boundary materials comply with the fracture toughness requirements of Article NB-2300
of Section III. The onsite cleaning and cleanliness controls during fabrication
conform to the recommendations of Regulatory Guide 1.37, "Cleaning of Fluid Systems
and Associated Components during the Construction Phase of Nuclear Power Plants."
The controls placed on secondary coolant chemistry are in agreement with established
staff technical positions. Conformance with applicable codes, standards, staff
positions, and regulatory guides constitutes an acceptable basis for meeting in part
the requirements of General Design Criteria 14, 15, and 31.

Recent operating experience with some Combustion Engineering, Inc. (CE) plants has
revealed problem areas associated with steam generator tube deformation in the form
of reduction in tube diameter (i.e., phenomenon known as a tube denting). Tube
denting is a term which describes a group of related phenomena resulting from
uncontrolled corrosion of the carbon steel in the crevices formed between the tubes
and the tube support plates or tubesheet. In CE designed plants, denting has been
observed at locations at which the steam generator tubes pass through drilled carbon
steel support plates. Denting has not been detected in steam generators utilizing
the full "egg crate" design support system. The "egg crate" support system precludes
denting because, (1) it eliminates the circumferential annular gap that can be
plugged with corrosion products, and (2) the system is flexible and this prevents the
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accumulation of nonprotective magnetite around the tubes (the accumulation of the
nonprotective magnetite that is necessary to cause denting is prevented from building
up at any localized location).

The tube supports for the San Onofre 2 and 3 steam generators are of the "egg crate"
type which provide no crevice or low flow areas that might promote tube denting.

Tube expansion into the tube sheet is total with no voids or crevices occurring along
the length of the tube in the tube sheet.

Additional assurance against corrosion problems is provided by the high quality of
the condenser system design. Ingress of impurities due to corrosion of the condenser
is minimized through the use of titanium tubes, aluminum bronze tube sheets and water
boxes which have a corrosion resistant coating. The use of full "egg crate" tube
support, total tube expansion into the tube sheet and the use of corrosion resistant
materials in the condenser provides reasonable assurance of satisfactory corrosion
resistant performance of steam generator tubing.

Steam Generator Inservice Inspection

General Design Criterion 32, "Inspection of Reactor Coolant Pressure Boundary,"
Appendix A of 10 CFR Part 50, requires, in part, that components which are part of
the reactor coolant pressure boundary or other components important to safety be
designed to permit periodic inspection and testing of critical areas for structural
and leaktight integrity. '

The components in a steam generator are classified as ASME Boiler and Pressure Vessel
Code Class 1 and 2 depending on their location in either the primary or secondary
coolant systems respectively. The San Onofre 2 and 3 steam generators have been
designed to permit inservice inspection of the Class 1 and 2 components, including
individual tubes. The design aspects that provide access for inspection and the
proposed inspection program should follow the recommendations of Regulatory

Guide 1.83, "Inservice Inspection of Pressurized Water Reactor Steam Generator
Tubes," Revision 1, NUREG-0212, "Standard Technical Specifications for Combustion
Engineering Pressurized Water Reactors,”" Revision 1, and comply with the requirements
of Section XI of the ASME Code, with respect to the inspection methods to be used,
provisions for a baseline inspection, selection and sampling of tubes, inspection
intervals, and actions to be taken in the event defects are identified.

We have reviewed the information provided by the applicants concerning the San
Onofre 2 and 3 steam generator tube inspection program. We conclude that the program
is in compliance with the guidelines of Regulatory Guide 1.83, "Inservice Inspection
of Pressurized Water Reactor Steam Generator Tubes," Revision 1, without exceptions,
and NUREG-0212, Revision 1, "Standard Techncial Specifications for Combustion
Engineering Pressurized Water Reactors," with one exception. That is that the
preservice examination of the steam generator tubes was performed before rather than
after the hydrotest. Because inspection prior to the hydrotest meets the major
objective of the preservice inspection, i.e., to define the condition of the tubes

5-18



5.4.2.3

prior to power operation, we conclude that the essential requirements of NUREG-0212
will be met. The program will also comply with the inspection requirements of
Section XI of the ASME code.

Conformance with Regulatory Guide 1.83, NUREG-0212 and ASME Code Section XI will
constitute an acceptable basis, in part, for meeting the requirements for General
Design Criterion 32.

Secondary Water Chemistry

(1)

Background

In late 1975 we incorporated provisions into the Standard Technical Specifica-
tions that required 1imiting conditions for operation and surveillance require-
ments for secondary water chemistry parameters. The Technical Specifications
for all pressurized water reactor plants that have been issued an operating
license since 1974 contain either these provisions or a requirement to
establish these provisions after baseline chemistry conditions have been
determined. The intent of the provisions was to provide added assurance that
the operators of newly licensed plants would properly monitor and control
secondary water chemistry to limit corrosion of steam generator components such
as tubes and tube support plates.

In a number of instances, the Technical Specifications have significantly
restricted the operational flexibility of some plants with little or no benefit
with regard to limiting degradation of steam generator tubes and the tube support
plates. Based on this experience and the knowledge gained in recent years, we
have concluded that Technical Specification limits are not the most effective
way of assuring that steam generator degradation will be minimized.

Due to the complexity of the corrosion phenomena involved and the state-of-
the-art as it exists today, we are of the opinion that, in lieu of specifying
1imiting conditions in the Technical Specifications, a more effective approach
would be to institute a license condition that required the implementation of a
secondary water chemistry monitoring and control program containing appropriate
procedures and administrative controls.

The required program and procedures are to be developed by applicants with input
from their reactor vendor or other consultants, to account for site and plant-
specific factors that affect chemistry conditions in the steam generators. In
our view, plant operation following such procedures would provide assurance that
licensees would devote proper attention to controlling secondary water chemis-
try, while also providing the needed flexibility to allow them to deal effec-
tively with an off-normal condition that might arise.

Consequently, we requested, in a letter dated August 24, 1979, that the
applicants propose a secondary water chemistry program which will be referenced
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(2)

(3)

in a condition to the license. In the letter, we concluded that such a license
condition, in conjunction with existing Technical Specifications on steam
generator tube leakage and inservice inspection, would provide the most
practical and comprehensive means of assuring that steam generator tube
integrity would be maintained.

Discussion

By letter dated November 25, 1980, the applicants provided a secondary water
chemistry monitoring and control program. At our request, the applicants
provided additional information by letters dated January 9 and 14, 1981. The
proposed program addresses the six program criteria of our August 24, 1979
letter as discussed below, and is based on the steam generator water chemistry
program recommended by the NSSS vendor (Combustion Engineering).

The proposed program monitors the critical parameters to inhibit steam generator
corrosion and tube degradation. The limits and sampling schedule for these
parameters have been established for steam generator blowdown and feedwater/
condensate under power operation, startup, shutdown, and wet layup conditions.
The control points for the critical parameters and the process sampling points
have been identified in the submittals. The analytical techniques for measuring
the values of the critical parameters are indicated in the submittals, and
reference to the plant chemical procedures is given for the complete procedures.
The procedure for recording and management of data is stated in each analytical
procedure for a given paramter. For the procedure defining corrective actions
for off-control point chemistry conditions and the procedures identifying the
sequence and timing of administrative events to initiate corrective actions
either they are given in the submittals, or reference is made to the current
Combustion Engineering report, "Chemistry Manual CENPD-28," revision 2, and
Branch Technical Position MTEB 5-3, "Monitoring of Secondary Side Water
Chemistry in PWR Steam Generators," revision 1. The authority ultimately
responsible for interpretation of secondary-side water chemistry data is the
site Chemical-Radiation Protection Engineer.

Evaluation

We find that the applicants' secondary water chemistry monitoring and control
program:

(a) is capable of reducing the probability of abnormal leakage in the reactor
coolant pressure boundary by inhibiting steam generator corrosion and tube
degradation, and thus meets the requirements of General Design
Criterion 14;

(b) adequately addresses all of the program criteria delineated in the NRC
staff August 24, 1979 letter;
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(c) 1is based on the NSSS vendor's recommended steam generator water chemistry
program;

(d) monitors the secondary coolant purity in accordance with Branch Technical
Position MTEB 5-3, revision 1, and thus meets acceptance criterion 3 of
Standard Review Plan Section 5.4.2.1, "Steam Generator Materials,"
revision 1;

(e) monitors the water quality of the secondary side water in the steam gene-
rators to detect potential condenser cooling water in-leakage to the con-
densate, and thus meets Position 2 of Branch Technical Position MTEB 5-3,
revision 1;

(f) describes the methods for control of secondary side water chemistry data
and record management procedures and corvective actions for off-control
point chemistry, and thus meets Position 3 of Branch Technical Position
MTEB 5-3, revision 1. However, the applicant proposed an alternate
approach for meeting the 96-hour corrective action requirement of
Position 3.a.(6) in an event of a condenser leak, The alternate approach
consists of (a) implementing corrective actions and 1imiting operation
under transient chemistry conditions of feedwater and steam genrator
blowdown for up to four hours, and (b) chemistry limits for immediate
shutdown. Immediate shutdown will also be considered if the transient
limits are exceeded for longer than four hours. We find this alternative
approach to Branch Technical Position MTEB 5-3 acceptable since:

(i) it establishes a specific continuously monitored condensate sample
point for confirming a condenser leak,

(ii) it provides an early indication of impurities entering the steam
generator before the entire steam generator secondary side reaches or
exceeds its operational limits, and

(iii) it provides an effective limit to the quantity of impurities entering
the steam generator.

(4) Conclusion

On the basis of the above evaluation, we conclude that the proposed secondary
water chemistry monitoring and control program for San Onofre 2 and 3 meets

(1) the requirements of General Design Criterion 14 insofar as secondary water
chemistry control assures primary boundary material integrity, (2) Acceptance
Criterion 3 of Standard Review Plan Section 5.4.2.1, revision 1, (3) Positions 2
and 3 of Branch Technical Position MTEB 5-3, revision 1, and (4) the program
criteria in the staff's August 24, 1979 letter, and therefore, is acceptable.

We will condition the San Onofre 2 and 3 operating licenses to require that the
proposed secondary water chemistry monitoring and control program be carried
out.
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5.4.3

Shutdown Cooling (Residual Heat Removal) System

The shutdown cooling system (SDCS) is used in conjunction with the main steam and
main or auxiliary feedwater systems to reduce reactor coolant system (RCS) tempera-
tures from normal operating temperatures to the refueling temperature.

Initially, heat is rejected from the steam generators to the condenser or atmosphere.
When the RCS temperature and pressure have been reduced to approximately 350%F and
360 psig, the SDCS is put into operation to reduce the reactor coolant temperature to
the refueling temperature and to maintain this temperature during refueling.

When the SDCS is in operation, the system takes its suction from hot leg number 4 via
a system of parallel lines and valves forming redundant trains. From the discharge
of the two pumps, a portion of the coolant is diverted to the shutdown cooling heat
exchangers which are cooled by component cooling water. The diverted flow is then
mixed with the main SDCS flow stream and discharged into the four reactor cold legs.
No single active failure to the SDCS system can cause the total loss of shutdown
cooling or restrict the cooling ability such that the RCS cannot be brought to or
maintained at refueling temperature (assuming operator action to correct single
failure).

Besides cooldown and cold shutdown, the SDCS operates in several other modes. These
are:

(1) Startup - connected to chemical and volume control system (CVCS), acting as an
alternate letdown path to control reactor coolant system pressure,

(2) Refueling - used for refilling the refueling canal.

(3) Emergency Core Cooling - the low pressure safety injection (LPSI) pumps which
drive the SDCS are aligned during power operation and hot shutdown for low
pressure coolant injection into the RCS as an integral part of the emergency
core cooling system.

(4) Containment Spray - During normal operation the containment spray pumps are
aligned to discharge through the shutdown cooling heat exchangers. This is the
required alignment for emergency operation following a loss-of-coolant-accident
(LOCA). During shutdown cooling, the heat exchangers are isolated from the
containment spray system.

SDCS leak detection is discussed in Section 5.2.5. If onsite electric power is
available and offsite electric power is unavailable, the SDCS is capable of cooling
the RCS given a single active failure. Each of the two SDCS trains may be isolated
independently from the other while allowing the nonisolated 100 percent capacity
train to perform its safety function, which is in compliance with General Design
Criteria 34.
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The SDCS is housed in a structure that is designed to withstand tornadoes, floods,
and seismic phenomena in accordance with GDC 2. Flood protection is discussed in
Section 3.4 of this report.

The SDCS is designed to meet the environmental requirements for normal operation and
for operation during or following LOCA where required. Missile protection and the
protection against dynamic effects of pipe whip and discharging fluid are discussed
in Sections 3.5 and 3.6 of this report.

The SDCS is designed to comply with Regulatory Guide 1.29, "Seismic Design
Classification," Regulatory Guide 1.26, "Quality Group Classification and Standards
for Water-, Steam-, and Radioactive-Waste-Containing Components of Nuclear Power
Plants," and Regulatory Guide 1.48, "Design Limits and Loading Combinations for
Seismic Category I Fluid System Components" as discussed in Sections 3.2 and 3.9 of
this report.

Since no components of the SDCS are shared between Units 2 and 3, the SDCS meets
General Design Criteria 5.

We have reviewed the containment isolation capability of the San Onofre 2 and 3 SDCS
and find that adequate containment isolation capability exists and find that the SDCS
design meets GDC 55, 56 and 57. We have reviewed the component cooling water system
to assure that sufficient cooling capability is available to shutdown cooling heat
exchangers. The cooling capability was found acceptable, as discussed in Section 9.2
of this report.

The SDCS is designed to provide adequate isolation between the SDCS and the safety
injection tanks or the RCS when the RCS is above the design pressure of the SDCS
(435 psig) as follows

(1) There are two parallel paths with two isolation valves per path inside
containment on the suction line to the SDCS pumps. Each valve has a separate,
independent power source and each valve is interlocked with a separate and
independent pressurizer pressure signal. Valve opening is prevented until the
RCS pressure falls to a value of 361 psig. We require that the setpoint for
automatic closure of the SDCS suction line isolation valves be increased to
700 psig to preclude premature isolation of the SDCS and loss of water-solid
overpirressure protection.

(2) Safety injection tank (SIT) pressure will be lowered to 361 psig by the operator
when RCS pressure reaches 650 psig. An interlock with pressurizer pressure will
prevent the SIT isolation valves from being closed until RCS pressure drops to
375 psig.

(3) There are two check valves and an open (closed when not on SDC; open on SIS)

motor-operated isolation valve on each line from SDCS discharge to the four cold
legs to protect the system from RCS pressure. The applicants have provided
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design features to permit leak testing of each check valve separately during
plant operation to fulfill staff requirements for high/low pressure isolation.

Overpressure protection of the SDCS is provided by relief valves in the suction line
and valves in the LPSI pump discharge header. Three relief valves are in the SDCS
suction line to protect isolated pipe lengths against transient thermal effects,

Each valve has a 5 gallon per minute flow capacity and a setpoint consistent with the
piping design pressure. Further protection is provided by relief valve PSV-9349
between the inside and outside containment isolation valves. The relief valve
protects the SDCS from inadvertent RCS pressurization during SDCS operation. The
valve is sized and designed to provide protection against water-solid overpressure
transients as discussed in Section 5.2.2 of this report. Low temperature water-solid
overpressure protection is discussed in Section 5.2.2.2 of this report. The setpoint
and valve capacity for PSV-9349 are 417 psia and 3089 gpm, respectively. This valve
is capable of passing full safety injection flow. The relief valve at the discharge
of the LPSI pumps protects the header from pressure developed by temperature changes
to the trapped water. The setpoint for the relief valve is 615 psig with a capacity
of 5 gallons per minute.

Preoperational tests are conducted to verify proper operation of the SDCS. The
preoperational tests include testing of the automatic flow control, verification of
adequate shutdown cooling flow, and verification of the operability of all associated
valves, In addition, a preoperational hot functional performance test is made on the
installed shutdown cooling heat exchangers. Flow tests complying with Regulatory
Guide 1.68, "Initial Test Programs for Water-Cooled Reactor Power Plants," will be
performed during preoperational testing to verify the design performance of the
system and its individual components. In addition, preoperational hydrostatic tests
will be performed per Section III of the ASME Boiler and Pressure Code while
in-service hydrostatic testing will be performed per Section XI of the ASME Code.

During the course of our review, we requested that the applicants demonstrate how the
requirements of Branch Technical Position RSB 5-1, "Design Requirements of the
Residual Heat Removal System" have been met by the San Onofre 2 and 3 design.
Specifically, the applicants were asked to demonstrate that the plant could be
brought to a cold shutdown condition in less than thirty-six hours using only seismic
Category 1 equipment, assuming the most limiting single failure, and with only onsite
or only offsite power available. We requested that the applicants demonstrate that
the seismic Category I auxiliary feedwater system has sufficient inventory to
maintain the plant at hot shutdown conditions for four hours. In addition,
supporting analysis was requested which would:

(1) confirm that adequate mixing of borated water added prior to or during cooldown
can be achieved under natural circulation conditions. The analysis must include

an estimate of the times required to achieve such mixing and,

(2) confirm that the cooldown under natural circulation conditions can be achieved
within the 1imits specified in the emergency operating procedures.
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The applicants' response identified the systems which would be used to meet these
requirements. Cooldown to cold shutdown conditions employs the auxiliary feedwater
system, the main steam system, the chemical and volume control system, the component
cooling water system, the saltwater cooling system, and the shutdown cooling system.
The initial plant cooldown is accomplished by heat rejection to the atmosphere by the
steam generator atmospheric dump valves. Two safety grade atmospheric dump valves,
one per steam generator, are provided for each unit at San Onofre Units 2 and 3. The
atmospheric dump valves, valve operators, nitrogen supply, nitrogen supply regulator
valves, instrument 1ines, and power supplies are all built in accordance with seismic
Category I, Quality Class II requirements. Atmospheric dump valve HV8419 and its
solenoid operator HV8419A are supplied from vital bus A; the other atmospheric dump
valve HVB421 and its solenoid operator HV8421A are supplied from vital bus B. The
valves are also supplied with handwheels to allow them to be operated manually.
Should a single failure occur making one atmospheric dump valve inoperable, the other
valve may be used to release steam from either or both steam generators.

During loss of offsite power the reactor coolant system is depressurized using
auxiliary spray. The auxiliary spray is safety grade and has vital power supplied by
emergency onsite power (4160 volt ac bus, diesel generator). The applicants have
agreed to a staff request to install a bypass around the auxiliary spray valve to
allow depressurization if the valve should fail.

Boration is accomplished using the chemical and volume control system. This system
incorporates redundant charging pumps, boric acid makeup tanks and charging pump
suction and delivery paths. This system satisfies the single failure criterion and
can function without offsite power.

When the plant reaches the appropriate temperature and pressure, the shutdown cooling
system is aligned, and the cooldown proceeds by rejecting heat to the shutdown
cooling system heat exchangers. Assuming loss of offsite power, the most limiting
single failure associated with the thirty-six hour criterion is the failure of a
diesel generator. This failure disables the auxiliary spray valve and one train of
components associated with the chemical and volume control system, the auxiliary
feedwater system, the component cooling water system, the salt water cooling system,
and the shutdown cooling system. In addition, the "swing" charging pump is assumed
to be aligned to the inoperable diesel generator. The sequence of operator actions
described below is required to cool down to the shutdown cooling system entry
conditions.

Thirty minutes after initiation of the event the "swing" charging pump is realigned
to the operating diesel generator and boration has begun using two charging pumps.
Two hours after initiation of the event boration is complete and the cooldown is
begun. The two atmospheric dump valves are opened to control the rate of cooldown.

According to the present procedure, five hours after initiation of the event the

operator manually closes the charging line valves HV9202 and HV9203 and opens the
auxiliary pressurizer spray valve HV9201 to begin depressurization of the reactor
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system. However, we are presently investigating problems of inadequate circulation
in the reactor vessel head which may cause a steam bubble to form in the vessel
during depressurization. If it is determined that this is a problem for San Onofre 2
and 3, this procedure will be changed. Approximately six hours after initiation of
the event the reactor coolant system reaches the temperature and pressure necessary
for transfer to the shutdown cooling system.

In the original San Onofre 2 and 3 design, realignment of the reactor coolant system
to the shutdown cooling system was accomplished via a combination of manual/local and
remotely (from the control room) operated valves. The staff concluded that because
it is necessary to leave the control room to align the shutdown cooling system, this
design did not comply with Branch Technical Position RSB 5-1, We have informed the
applicants that the design must be modified so that realignment of the RCS to the
shutdown cooling system can be accomplished from the control room. Correction of the
design will require significant changes to the shutdown cooling and emergency core
cooling systems. However, we are not requiring compliance before the scheduled
issuance of an operating license. We believe that this schedule is consistent with
the recommendations of BTP RSB 5-1 for "Class 2" plants (plants for which BTP 5-1
requires only partial implementation) such as San Onofre 2 and 3. This implementa-
tion schedule will not compromise plant safety because all the functions recommended
by RSB 5-1 can be performed manually prior to 