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FOREWORD
This report is presented in three volumes:

Volume - Executive Summary
Volume Program Resul:ts
Volume Potential Finding Reports
Book 1 - Reports 0001 to 0058 and FO0Ol to F040

Book 2 - Reports FO041 to F112 and Corrective Action
Plans

Volume 1, Executive Summary, is a complete overview of the program, the
g9

work performed, and the major conclusions drawn.

Volume 2, Program Results, gives a more complete description of the
program, particularly of the actual work performed, the questions raised
during the review, the resolution of these questions, and the final
conclusions associated with each part of the program. This volume is

designed to give a thorough overview of the complete program.

Volume 3, Potential Finding Reports, is a compilation of all of the
questions raised during the review and the Corrective Action Plans together
with the review of those Corrective Action Plans. For convenience of han=-
dling, this volume has been divided into two books. Book 1 contains PFR's
J001 through 0058, the reports that were filed before the Interim Report was
issued, and PFR's FOOl through F040. Book 2 contains the remaining PFR's,
FO41 through F112, and the Corrective Action Plans that were prepared by
Southern California Edison in response to the seven Findings. This document

does not include program discussions, description of the work, or any

conclusions.
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Task E covered processing of the PFR's and Task F pertained to
preparation of the program reports. These two tasks, together with program
management, required 55 man-months. The total program effort was 177

man-months.

This volume presents the details of the work that was performed in this
review. The work performed in each of the six review tasks (A, B, C, D, G,
and H) is discussed in Sections 2 through 7. Section 8 provides an overview
of the Potential Finding Reports (PFR's) that were filed in the review pro-
gram, and presents the overall conclusions of the program. Tasks E and F

are not discussed because they were administrative tasks.
1.2. GENERAL ATOMIC QUALIFICATIONS AND INDEPENDENCE

General Atomic Company, through its Torrey Pines Technology (TPT)
Division, brought significant qualifications to its task of evaluation for
SCE. General Atomic Company has been in the nuclear power plant industry
for more than 20 years and has large staff of capable, experienced, tech-
nically trained personnel. In addition, General Atomic operates under the
first NRC-approved Quality Assurance Progam and has acknowledged expertise
in quality assurance. This seismic design evaluation for SCE was conducted

under the provisions of this Quality Assurance Program.

General Atomic Company and all its personnel on this program are
independent of SCE and San Diego Gas & Electric Company (SDGE), the major
owners of San Onofre Units 2 and 3. Revenues from SCE and SDGE are not a
significant portion of General Atomic's revenues. No person working on this
program has a significant financial interest in SCE or SDGE, nor does any
person have any family member who is presently emploved by SCE or SDGE or
who is engaged directly or indirectly in the de'ign or construction of San

Onofre Units 2 and 3.
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TABLE 1-1
PROJECT PROCEDURES

Name

Review of Design Procedures (Task A)

Review of Design Procedure Implementation
(Task B)

Processing of Findings (Task E)
Review of Audit Plans and Schedules (Task D)

Procedure for Field Auditing Piping,
Isometrics, and Support Drawings (Task G)

Procedure for Seismic Design Technical Review
(Task C)

Procedure for Performing Independent Calculations
(Task H)
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The classification of the Potential Finding was reviewed by the Project
Manager to determine if the correct procedures had been followed. Subse-
quently, the Observations and Findings were sent to the Executive Vice-
President of SCE for resolution. In the case of Findings, a Corrective
Action Plan was prepared by SCE and returned for review. The review
determined if the Corrective Action Plan satisfied the concern expressed in

the Finding.



2. DESIGN PROCEDURE REVIEW, TASK A

This task was designed to determine if the design process used by SCE
CE, and BPC was adequate. This was accomplished by determining if each
organization had design control procedures in place during the design phase,
determining if these procedures addressed commitments in the NRC-approved QA
programs, and idertifying the specific manuals and procedures that applied
to the design activities at each organization. General guidance from
Title 10, Code cf Federal Regulations, Part 50 (10CFRS50) and American
National Standards Institute (ANSI) N45.2 was used to interpret and

supplement these programs,

The scope of this task included the following:

° Preparation of procedures to provide detail working instructions

for the review.

. Preparation of a description of the design control procedure

structure,

° Performance of the revie of current procedures for conformance

to program commitments,

° Summarization of the design control process used by each

organization,

o Evaluation of selected design control procedure revisions for

compliance with the PSAR.




2.1, DESIGN CONTROL PROCEDURE STRUCTURE

A detailed description was developed of the structure of the design
control procedures applicable to seismic design work performed by SCE, CE,
and BPC. The approach taken was to examine the design control procedures,
since these procedures included the seismic design work and since there are
generally no procedures exclusively devoted to seismic design. Therefore,
although this report is devoted to seismic design, this task addresses the

design process in general.

These procedure structure descriptions were developed by visits to the
SCE, CE, and BPC design offices, through interviews with staff members, by
telephone contact with cognizant SCE, CE, and BPC personnel, and by reading
Appendix A of the Preliminary Safety Analysis Repcr (PSAR) and the relevant

manuals and procedures of SCE, CE, and BPC,

Figures 2-1 through 2-5 are summaries of the procedure structures for
each of these organizations. Combustion Engineering centralized its design
control procedures on May 3, 1976, and consolidated the design control 0A
requirements into one manual, the Quality Assurance of Design Manual (QADM).
Before this date, each department maintained its own procedures. Thus, in
the case of CE, the procedures in effect prior to May 3, 1976, were con-
sidered to represent the system in effect up to that time, and the QADM was
considered to represent the system in effect after that time. These two
systems are shown schematically in Figs., 2-2 through 2-4., Southern
California Edison and BPC each had one system in place throughout the design

period, as shown in Figs. 2-1 and 2-5, respectively.

The basis for acceptability of this review was Appendix A of the PSAR
and (in the case of CE) the CE 0OA Topical Report (CENPD-210-A). These
sources were supplemented by 10CFR50 Appendix B and ANSI N&45,.2.11.
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procedures were obtained. Tables

procedures and manuals

These procedures were reviewed to determine if the QA program
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made by SCE 5, at BPC in Appendix A of the PSAR (and also by

Entering the commitments as checklist questions on a specially

prepared checklist form.

Examining the manuals in detail and recording on the checklist

the specific section(s) in which each commitment was addressed.

Indicating on the checklist whether or not the commitment was

1

adequatelv addressed. [n those cases in which judgement had to
be exercised as to adequacy ( 4 the manuals contained wording

)r phrasing similar to, but not exactly the same as, that used in

the PSAR), comments were added to justify the reviewer's decision

L i

>

18 to adequacy. The documentation of the review is in the form
ompleted checklists and the procedure that describes the

review process.
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TABLE 2-1
SONGS UNITS 2 & 3 QA PROGRAM BASE DOCUMENTS
(Used as Basis for Task A Review)

PSAR - Appendix A, Amendment 20 (3/24/74)

Attachment 1 - QA Program Plan, SCE

Attachment 2 - Quality Program Plan, Nuclear Power Plants, BPC, LA Power
Division

Attachment 3 - Quality Program Plan, CE
PSAR Deviation Numbers E19, E22-E23, E26-E32, E34-44, B97, B102, B11-Bl113

CE QA Topical Report, "Quality Assurance Program,"” CENPD-210A,

Rev. 3, November 1977




TABLE 2-2
SCE DOCUMENTS FOR TASK A REVIEW

sonNes(3) 2&3 0A Manual, Part 1
(Chapter 3, all issues since 1977)
SONGS 2&3 0OA Manual, Part !

SONGS 2&3 0A Manual, Part 2

QA Reference Procedures Manual
(Engineering and Construction)

QA Reference Procedures Manual
(Corporate Documentation Services)

OA Reference Procedures Manual
(0OA Sections N3.01, N3.03, N18.07, N18.08)

(a)san Onofre Nuclear Generating Station



TABLE 2-3
BPC DOCUMENTS FOR TASK A REVIEW

Quality Program Manual, LA Power Division

QA Department Procedures Manual, LA Power Division

SONGS 2&3 Project Quality Program Manual, LA Power Division
Project Internal Procedures Manual, Volumes 1 and 2
Field Coanstruction and QC Manual, Volumes 1, 2, 3, and 4

Project Design Criteria Manual

Project External Procedures Manual



TABLE 2-4
CE DOCUMENTS FOR TASK A REVIEW

GA of Design Manual

Preparation and Maintenance of MPIs, NPS-MPI-l

Control of Engineering Drawing, NPS-MPI-2

Specification Preparation and Revision, NPS-MPI-4

Technical Change Request (TCR), NPS-MPI-7

Deviation of Contract Requirements (DCR), NPS-MPI-8

Purchase and Manufacturing Prerequisitions and Supplements, NPS-MPI-10
Safety Analysis Report Preparations Procedures, NPS-MPI-19

QA of Design, NPS~-MPI-18

Design QA Procedures - Reactor Design Department RD-1

Design QA Procedures Applicable to Plant Engineering NSSS Safety Related
Design Activities, PE-QA-001

Group QA Manual
QAP 4.1
QAP 4,2
OAP 4,4
QAP 15.2
QAP 16.1

Design Procedure, I&CE Procedure 100

Design Development and Review, I&CE Procedure 13

Quality Assurance of Design, I&CE Procedure 12

Vendor Cuality Control Program Specification, WOC 1l1l.1,

Submittal Instructions for Technical Change Request (TCR), WQC 3.1

- G e I T m A e oz



This review letermined that SCE, BPC, and CE each had design control
procedures in ef ect for the plant design period. In the case of BPC and
SCE, these proce lures were found to satisfy the design control commitments
made in the PSAR.

Tn the case of CE, the review uncovered sevaral instances in which
it appeared that a PSAR or a Topical Report commitment was nct addressed
in the CE internal procedure: reviewed. Nine PFR's were written to cover
these instances. Processi g wes suspended on three of these because they
addressed procurement activitiss that were cutside the program scope, and
one was classiiied as inv:'id. Of the five valid PFR's two were classified
as Observations and three as Findinga. Further datails of these PFR's are

presented in Section 2.5.

2.3. DESICN CONTROL PROCESSES

Summaries of the design controi processes used by SCE, CE, and BPC were
prepared. The summari: ; provided descriptions of the design control process
witiif{n each organizati n, and were used to help train personnel working on
the project under Tasx B. Using the background provided by these summaries,

the Task B reviewers wire able to perform their jobs more efficiently.

2.4, PROCEDURE REVISI(NS

All procedure reviews described above were performed using the current
revisions of procedures and, for CZ, the procedures in effect immediately

prior to the QADM (May 3, 1976).

Selected design s« trol procedure revisions that applied during
vther time p:riods were reviewed for compliance with the applicable PSAR
revision (and with the Topical Report in the case of CE)., This work veri-
fied that the PSAR (and the Topical Report) commitments were implemented in
working procedures and manuals throughout the design activity period, except

as noted in the PFR's described in Section 2.2 above.

2-13



No additional PFR's were generated in this review.

2.5. CONCLUSIONS - TASK A

Five valid PFR's were issued under Task A. All related to CE
activities. Table 2-5 lists the PFR's and shows the contractor, the

subject, and the classification associated with each report.

PFR 0049 was classified as an Observation. The concern identified on
the PFR was the possibility that an inadequate checklist was used to review
specifications. However, it was determined that other procedures that were
in effect minimized the significance of tnis possibility, as well as

minimizing or eliminating any impact on design adequacy.

PFR FOO4 was classified an an Observation. The concern identified in
the PFR was the lack of training requirements in a specific CE design
department procedure., However, evidence was presented which demonstrated
that adequate training was provided, even th.ough there was no specific

procedural requirement.

PFR 0038, 0047, and 0052 were classified as Findings. These PFR's all
related to the lack of formal procedures to meet PSAR commitments pertaining
to the project management coordination and committee review functions.

PFR's 0038 and 0052 concern the lack of procedures to describe the interface
and design coordination functions attributed to the Project Manager in the
PSAR. PFR 0047 involves the lack of procedures to describe the design
review function that the PSAR attributes to the Nuclear Safety Committee

and the Chief Scientist.

Al! three PFR's were satisfactorily resolved by confirming that the
require! safety-related activities were properly and adequately carried out,
even though they were not, in all cases, covered by formal 0OA procedures.
The co:rective action plans submitted by SCE in response to these rfindings

demoristrated that many of the required safety-related activities described



TABLE 2-5
VALID PFR's ISSUED IN TASK A
VAL : S ! |

PFR No. Contractor Subject Classification
38 CE Project office - interface control Finding
47 CE Design reviews Finding
49 CE Specification review Observation
052 CE Project Office - design coordination Finding
FOO4 CE Desim™ control - training Observation



in the PFR's were carried out, even though they were not in all cases
covered by OA procedures. In addition, the review performed in Task B
sampled implementation of issues covered by the PFR and verified that the
work was performed satisfactorily. Finally, no evidence was found during
the Task C review that would adversely impact on the design as a result of

these procedural deficiencies. Current procedures cover these issues.

Based on the review performed in Task A, it is concluded that SCE, CE,
and BPC each had design control procedures in place during the design proc-
ess. The SCE and BPC procedures were adequate. The CE procedures were ade-
quate except for the area of concern identified in the above-discussed
PFR's. Although the CE procedures were not adequate in those areas, it was
confirmed through the Corrective Action Plan and the Task B and C reviews
that the functions in question were carried out, thus resolving the concern

regarding safety impact of the procedural deficiency.

2-16
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2. Additional safety-related points and steps were to be included to
bring the total to about 200,

3. SCE/BPC/CE interfaces were to be included.

4, Work spanning the entire calendar period of the seismic design

effort was to be included.
5. Work in all phases of the project was to be included.
6. All types of design documents were to be included.
7. Work within BPC and CE was to be included.
The total number of points and steps actually reviewed was 321.

3.2, DOCUMENT IDENTIFICATION

The pertinent design documents and governing procedures required to
review the 321 steps described above were identified and located. This was
accomplished in the course of the review by visits to the cognizant design
offices and by requests for specific documents to be sent to the reviewer.

Approximately 1,280 documents were identified.
3.3. IMPLEMENTATION REVIEW

The first step in this review was to develop a procedure of detailed
working instructions for the review of design documents. This procedure
included the use of checklists of procedural requirements for each type of
design document., These checklists were used by the reviewers to ensure a
thorough review of each document and to provide a record of the review. The
review evaluated the compliance of seismic design activities, processes,
and documents with the design control requirements called for by various

manuals, procedures, and instructions.




The review was carried out by examining documents sent to the reviewers
and by visits to the cognizant design offices to review documents, files,
and records that supported the design process for each step or point in
question. In addition, during these visits, interviews with design office
personnel helped to support the review and to identify documents relevant to

the revizw.

Each of the points and steps reviewed is documented by one or more
completed checklists describing each check made for that point or step and
describing the results of that check. Each document reviewed for each point
or step (approximately 1,280 documents) is identified on the checklist. The
types of documents examined are shown in Table 3-1. The total number of

individual checks made in the course of the review exceeded 33,000.

The review resulted in the initiation of 52 PFR's. Sixteen of these
were determined to be invalid and 36 to be valid. Of the valid PFR's 35
were classified as Observations and 1 as a Finding. Details of the PFR's

are presented in Section 3.4.
3.4. CONCLUSIONS - TASK B

Thirty-six valid PFR's were issued under Task B, These are listed in
Tables 3-2 and 3-3, organized by component and category, respectively. One

PFR was classified as a Finding and 35 as Observations.

The single Finding (PFR FOl5) resulted from the accumulation of seven
valid PFR's that were initiated against only two SCE design documents
relating to lack of strict compliance with procedures in the design of the
auxiliary intake structure. Individually, each of the seven PFR's were
judged Observations, but collectively they were judged a Finding because
they were repetitive similar procedural violations. PFR FOl5 served as the
vehicle for transmitting this Finding. SCE provided acceptable corrective
action responses for each of the PFR's that comprised the Finding. A review
of all documentation in the SCE Corrective Action Plan demonstrated an

understanding of the scope and importance of the problem, and provided a

3-3




resolut{ r justification for each of the problems identified in the
’.',)'I.

All PFR's associated with Finding PFR FOl5 were related to the
iuxiliary intake structure. This was the only seismic safety item designed
by SCE, and the SCE design was reviewed for technical adequacy under Task C.

review showed the work to be satisfactory, eliminating any concern that
the lack of compliance with procedures identified here had a safety impact.

Thirty-five PFR's were classified as Observations. Eight dealt with
the SCE design process, including the seven mentioned above. These Observa-
tions ymprised procedural violations that included deficiencies in docu~-
mented design input requirements and design review, lack of documented

ws and approvals, and distribution of incomplete or unreleased design

ocuments., These were classified as Observations because there was evidence
that, although a procedural violation did occur, there was no adverse imp~ct
n plant safety

Iwenty~two of these Observations dealt with the BPC design process.
These Observations comprised procedural violations in the following areas:

s Calculations: format, insufficient reference to computer code

Qace

validation information, references to app

h |
} i

icable codes, standards,

lesign criteria review and approval, timely completion.

. Drawings: review and approval, issuance prior to completion of

supporting calcuiations.

o esign change notices: review and approval, timeliness of

}

incorporation into design documents.

N Design change review: input and authorization of SCE.

N
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i
i
i
§
)
i
¥
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TABLE 3~-1

TYPES OF DOCUMENTS EXAMINED IN TASK B

Type

Description

l.

“o

3.

Drawings

Logs

Specifications

Sketches and preliminary drawings

Design drawings

Pipe support and hanger drawings
Electrical drawings

General arrangement drawings

Piping & Instrumentation Diagrams (P&ID's)
PLN's (planning logic networks) (CE)

Calculatior control logs

Drawing control logs

Transmittal letter logs

Specification control logs (including SCN's)
Supplier deviation disposition request (SDDR) logs
Field change request (FCR) manual logs

FCR computer logs

FCR delinquent lists

Document distribution lists

Pipe support logs

Field change notice logs

Purchase specifications
Construction specifications
ASME design specification
Design specifications

Bilis of material

General specifications (CE)

Project specifications (CE)



Type

Tr\BLE 3- 1

(Continued)

Description

4. Memoranda

Sa Calculations

6. Files

~J4

. Computer data

8. Criteria

9. Procedures

10, Individual Documents

Purchase memos

Inspection memos

Transmittal letters

Computer code certifications (CE)

FCR/FCN files

Procurement files

SCN Microfilm files

Drawing (microfilm) files

Personnel files

Drawing control stick files

Calculation files

Purchase order files

Computer printout and computer terminal display

for information

Design criteria

Balance-of -plant design criteria

Engineering Department procedures

DRN's
SCN's
DCN's
DCP's
SDDR's

Document Revision Notice
Specification Change Notice
Design Change Notice

Design Change Package

Suppliers Deviation Disposition
Request




TABLE 3-1 (Continued)

Type Description
10, Individual Documents TCR's - Technical Change Requests (CE)
(eontinued) DCR's -~ Deviation from Contract Requirement (CE)
RAR's - Requests for Review and Approval (CE)
FAR's - Field Change Requests (CE)

Purchase orders

Test requests (CE)

Test procedure (CE)

Vendor qualification reports
Vendor surveys/audits

NRC audits

11. Computer Programs Computer program validation lists

Computer program verification reports

12, Correspondence BPC and SCE

CE and BPC



TABLE 3-2
VALID PFR's ISSUED IN TASK B
(BY COMPONENT)

NOTE: All PFR's in this table were classified as Observations with the
exception of the one Finding identified by an asterisk.

Con~-
Component PFR No. tractor Subject
Auxiliary intake FO10 SCE Purchase specifi-
structure cation
FO11 SCE Design document
reviewer comments
FO12 SCE Professional
Engineer's approval
of specification or
calculation
FO13 SCE Specification dis-
tribution
FOl4 SCE Review of revised
calculation
FO15* SCE Computer program
validation
Piping F020 BPC Calculations
FO21 BPC Calculations
F022 BPC Calculations
F023 BPC Calculations
FO24 BPC Calculations
F027 BPC Calculations
FO77 BPC Computer codes
Pipe support FO56 BPC Field change notice
FO66 BPC Calculations
F097 BPC Calculations
Cable tray hangers F029 BPC Drawing review and
approval
FO31 BPC Drawing
3-9



Component

Containment

Tanks

Boric acid makeup
tank

Alarms

Pump

Electrical pene-
trations

Valves

Control board

Generic

TABLE 3-2 (Continued)

Con~-

PFR No. tractor Subject

F034 BPC Calculation

F036 BPC Calculation

F044 BPC Calculation

FO18 BPC Specification

F0O89 CE Calculation, method
of verification

FO75 BPC Specification
revision

F042 BPC Specification
change notice

FO60 SCE Specification

FO61 BPC Specification
change notice

F062 BPC Supplier design
change request

FOl16 SCE Review and approval
requirement for
calculations

FO17 SCE Quarterly listing
of new and revised
standards

F035 BPC Bechtel Design
Criteria Manual
review

FO079 CE Design input
requirements

FO80 CE BOP design criteria

FO81 CE Design basis infor-
mation

FO86 BPC Authorization
design changes

FO88 CE Design distri-
bution/approval form

3-10



TABLE 3-3
VALID PFR's ISSUED IN TASK B
(BY CATEGORY)

NOTE: All PFR's in this table were classified as Observaticns with the
exception of the one Finding identified by an asterisk.

Contractor PFR No. Subject Component
Document Review, Verification, and Control
SCE FOI1 Design document Auxiliary
intake structure
FO12 Professional Auxiliary
Engineer's approval intake structure
of specification or
calculation
FOl4 Review of revised Auxiliary
calculation intake structure
FO15* Computer programr Auxiliary
validation intake structure
FO16 Review and approval Generic
requirements for
calculations
BPC F022 Calculations Piping
F023 Calculations Piping
FO27A Calculations Piping
F029 Drawing review and Cable tray hanger
approval
FO31 Drawing Cable tray hanger
F035 Bechtel Design Generic
Criteria Manual
~eview
F042 Specification change Feedwater pump
F0OS56 Field change Pipe support
notice
FO66 Calculations Pipe support
FO77 Computer codes Piping analysis
CE FO80 BOP design criteria Generic
F089 Calculation, method Boric acid makeup

of verification

3-11
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TABLE 3=3 (Continued)

Contractor PFR No. Subject Component
Document Maintenance
SCE FO13 Specification distri- Auxiliary
bution intake structure
FO17 Quarterly listing of Generic
ney and revised
standards
F060 Specification Electrical
penetrations
BPC FC18 Specification Storage tank
change notice
F024 Calculations Piping
FO61 Specification Valves
change notice
F062 Supplier design Control panel
change request
FO75 Specification Evacuation alarm
revision
FO86 Authorization of Generic
design changes
F097 Calculations Pipe support
CE F088 Document distribution/ Generic
approval form
Document Input Assumptions
SCE FO10 Purchase specifi- Auxiliary
cation intake structure
BPC F020 Calculations Piping
FO21 Calculations Piping
F034 Calculations Containment
FO44 Calculations Containment
CE FO79 Design input Generic
requirements
FO81 Design basis Generic
information
Document Format
BPC FO36 Calculation Containment
B-L:



4, SEISMIC DESIGN TECHNICAL REVIEW, TASK C

The objective of this task was to review the seismic design of
selected safety-related structures, components, and systems of San Onofre
Units 2 and 3 for compliance with the NRC-approved design basis and
methodology specified in FSAR Sections 3.7 and 3.8.

The scope of this task included the following:

° Preparation of the seismic design chain networks for major safety

systems of San Onofre Units 2 and 3.

° Preparation of the selection plan for use in choosing the features

to be reviewed.
- Selection of the features to be reviewed.

? Preparation of the procedure to be used for performing the

technical review.

® Performance of the detailed technical design review of the

selected features.

4.1, SEISMIC DESIGN CHAIN NETWORKS

The seismic design chain networks (or the equivalent of the seismic
interface chart described in Appendix B of ANSI N45,2.11-1974) illustrate
the seismic-related design process associated with structures, components,
and systems for San Onofre Units 2 and 3. The networks include the flow
(input/output) of interface information between distinct design activities.
The networks also identify the principal design organizations involved (SCE,
BPC, and CE), including identification of design groups within these



principal or,anizations at the design activity level. Major engineering

service subcontractors involved are also identified.

For this program, seismic design chain networks were generated for nine

safety-related syscems as follows:

l. Safety Injection System (SIS).

2. Reactor coolant system and reactor internals.
. Shutdown cooling system.
. Component cooling water system.

8 Ultimate heat sink.

3

4

5

6. Containment spray system.

i Chemical and volume control systems.
8. Reactor protection system.

9

. On-site electric power svstems.

The network titled "Site seismicity and soil-structure interaction”
(Fig. 4~1) is the common starting point for all safety system networks. The
seismic design chain network for each of the nine safety-related systems is
shown in Figs. 4-2 through 4~10. These ten seismic design chain networks
cover all the seismic design work performed by SCE, BPC, and CE.

These networks, in conjunction with the selection plan (Section 4.2),
were utilized in choosing the features of San Onofre Units 2 and 3 to be
subjected to a detailed design review. The networks were also used to iden-
tify the design process points and steps that were checked for compliance

with the design control procedures discussed in Section 3.
4,2, SELECTION PLAN FOR PLANT FEATURES

The selection plan was prepared for use in choosing the features (i.e.,
plant structuies, systems, segments of systems, components, and other equip-
ment) of San Onofre Units 2 and 3 to be subjected to a detailed seismic

review. The selection plan satisfied the criteria shown in Table 4-1 for
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TABLE 4-~]
CRITERIA FOR SELECTING FEATURES FOR SEISMIC DESIGN REVIEW

Most of the features selected shall be important to safe
shutdown and cooldocwn of the reactor in the event of a safe
shutdown earthquake [or the equivalent, the design basis

earthquake (DBE)].

Features selected shall be representative of safety-related

portions of the plant, including:

a. At least one safety-related structure.

b. At least one major NSSS component.

Components selected shall be at different elevations.

The majority of components selected shall be in the selected

safety-related structure(s).

The complete range of sophistication in seismic design

methods shall be included in the review.

Features with design interfaces between SCE, BPC, and CE
shall be included. Other subcontractors will be included, if

significant,

The system{s) selected shall contain safety-related
mechanical cowponents, controls, electrical, piping, and

cabling.



selecting representative features. In addition to these criteria, other

factors were considered in developing the selection plan.

The first factor considered was previous seismic reviews of other
nuclear power plants, such as the PWR plants included in NRC's systematic
evaluation program (SEP).* The reassessment of seismic design under the SEP
was based on the review of selected structures, components, and systems of
thé nuclear plants. The basis for, and selection of, features reviewed pro-

vided background data for use in the selection plan.

The second factor considered was the margin designed into the features
to assure continued functioning during a seismic event. The results of the
preliminary determination of failure modes associated with a seismic event
for safety-related structures and components of the reference plant (Zion 1)
for NRC's seismic safety margins research program (SSMRP) have been reported
by Campbell and wesley.** The selection of features for the San Onofre seis-
mic design review utilized this report as guidance, especially in focusing
on the seismic-sensitive areas of the selected feature to be subjected to a

detailed structural evaluation.

The third factor considered was the results of previous audits of San
Onofre conducted by SCE. Some features that had been audited previously

were selected for review with emphasis on any open seismic design issues.

Conformance of the selection plan with established criteria is demon-
strated in Table 4-2, where elements of the plan are cross-referenced to

relevant selection criteria.

'Nelaon. T. A., R. C. Murray, D. A, Wesley, and J. D. Stevenson,
“"Seismic Review of the Palisades Nuclear Power Plant Unit 1 as Part of the
Systematic Evaluation Program,” NUREG/CR-1833 UCRL-53015, January 1981.

*'Campbell, R. D., and D. A. Wesley, "Preliminary Failure Mode Pre-
dictions for the SMRP Reference Plant (Zion 1),” NUREG/CR-017303, UCRL-
15042, January 1981.
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TABLE 4-2
SELECTION PLAN FOR IDENTIFYING FEATURES FOR SEISMIC DESIGN REVIFW

Element

Relevant

Criteria
(Table 4-1)

Review dynamic analysis and structural design of seismic-
sensitive areas of two major structures.
tures must contain portions of the selected systems in Items
2 and 3.

Review seismic design of a well defined segment of a
major safety system. Include:

a. Large- and small-bore piping at low and high elevations
covering various ASME piping classes.

b. At least 10 pipe supports and snubbers.

c. At least one major piece or component supplied by BPC;
one supplied by CE and installed by BPC. Components to
be considered are tanks, pumps, and valves.

d. Instruments and electric-equipment-associated cabling,
panels, racks, and supports at low and high elevations.
Choose at least 2 instruments supplied by CE and
installed by BPC.

e. Electrical raceways and at least 10 raceway supports at
low and high elevations.

f. At least 5 seismic-sensitive items.

Review features within other systems, primarily the reactor
coolant system, in CE's scope of supply with BPC design
interfaces. Include:

a. Reactor vessel, internals, and supports.

b. At least one major mechanical component, e.g., primary
coolant pump.

¢. Class 1 piping supplied by CE.

d. Items with design interface between BPC and CE.

e. At least 5 seismic-sensitive items.

If the seismic design of a major safety-related feature
other than equipment (e.g., piping, structures) was subcon-
tracted by BPC, CE, or SCE, review at least one feature to
represent each chain.

Review at least one feature that had been previously audited
by SCE and left open or recommended for further review.

If significant differences in the design of Seismic
Category 1 features are found between San Onofre Units 2
and 3, review at least one feature representative of the
differences.

(a)Additional factors.

The selected struc-—-

2,9

3,3,6

(a)

1,6



4.3, SELECTED FEATURES FOR REVIEW

Twenty-two features were selected for the detailed seismic design
review in accordance with the selection plan (Section 4.2) and in conjunc-
tion with the seismic design chain networks (Section 4.1). Table 4-3 lists
the selected features and shows how they comply with the elements of the

selection »>lan.

The major structures selected for detailed review were the reactor con-
tainment building and the auxiliary intake structure (features 1 and 2 in
Table 4-3)., The review included all dynamic analyses necessary to show rea-
sonableness of in-structure response spectra used for seismic design of com-
ponents and systems located in the reactor containment building. Structural
design of several component and equipment supports were also reviewed to
verify that imposed loadings and responses were correctly reflected in the
structural design. Of primary interest was the internal structure that sup-
ports major pieces of equipment in the reactor containment building. Stress
analyses of seismic-sensitive areas of the reactor containment building and
auxiliary intake structure were reviewed to verify that the structure

included adequate resistance to DBE locads.

The major safety system selected for detailed review was the Safety
Injection System (SIS). The segment of the SIS reviewed (features 3 to 12
in Table 4-3) extends from the refueling water storage tank T-006 (which is
part of the fuel pool cooling system) to the nozzle in the cold leg loop 1A
of the NSS piping. The major piping for this segment runs from tank T-006
in the yard to the low-pressure safety injection (LPSI) pump P-016 in the
safety eqiupment building, to the low-pressure header which is also in the
safety equipment building, through containment penetration number 48, past
the safety injection tank T-008 in the reactor containment building, and
thence to the cold leg piping nozzle. The branch line to the safety injec-
tion tank was also included within the major piping. Small-bore piping
included within the SIS segment consisted of one-inch lines for safety
injection tank T-008 and one-and two-inch lines between the major piping in

the vicinity of the tank. All valves on this segment of the SIS system, and
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TABLE 4-3

FEATURES SELECTED FOR SEISMIC DESIGN TECHNICAL REVIEW

Review Feature

Selection
Plan
Element

(Table 4-2)

Major

1.
2.

Structures

Reactor containment building
Auxiliary intake structure

Segment of the Safety Injection System

(oS}
.

—

L™ B = 2R - B M= ARV D
.

[—

—
ro
.

Refueling water storage tank

Low pressure spray injection pump
Safety injection tank

Major piping

Small=bore piping

Pipe supports and snubbers

Valves

Instruments, racks, and panels
Switchgear and power panels
Electrical and control cables

Features Within Other Systems

13,
14,
15.
16.
17.
18,
19.

Other

0.
l.
2

NN

Dynamic analysis of reactor coolant system
Reactor coolant pump and supports

Reactor vessel support

Fuel element grid spacers

Reactor coolant system cold leg (piping)
Diesel generator oil storage tank

Two locally mounted instruments

Structures, Components, or Features

Cable raceways

Control nanel CRS57

Segment of reactor containment building internal
structure and supported equipment

o I e
-
&

2¢, 2¢
26, 2f
e, 28

24, ¢
2d, 2f

3a, 3d
3b, 3d, 3e
3a, 3d, 3e
3a, 3e
e, 34, 3a

2e, 2f



yperators where ocC ed included in t review,
tanks
associated
segment i vst were reviewed. All major instruments and
subtier instruments, including electrical cables, associated with this

segment of the SIS system » also reviewed. elected pipe supports and

snubbers, equipment support 1d cable tray supports within the SIS segment

were reviewed for seismf
following features associated with the reactor coolant system were
- £

for review, These features are generally E scope of

but they also contain BPC interfaces.

Table 4-13
Feature No.

Dynamic analysis of the RCS major components
(react« vessel, steam generators, primary coolant

pumps, and pressurizer).

’

ic-sensitive areas vessel
1

vessel support).
Fuel assembly clip grid spacers.

Reactor coolant pump and support.

RCS cold leg

Additional selected features having aspects satisfying other require-

of the Selection Plan were:

Table 4-3
Feature No.

Diesel generator oil storage tank (underground
Control room panel design subcontracted by BPC.

Segment of reactor containment building internal

structure and supported equipment.




4.4, REVIEW PROCEDURES

The purpose of the review procedure was to establish a uniform and
comprehensive method of performing the seisn'!c design technical review of
selected safety-related structures, components, and systems of San Onofre
Units 2 and 3. The objective of the review was to ascertain that the seis-
mic design of the selected features is consistent with the NRC-approved
design basis and methodclogy specified in FSAR Sections 3.7 and 3.8.

Listed below is a series of specific questions related to seismic
design. These questions have been extracted from Section 6.3.1 of ANSI
Standard N45.2,11-1974, "Quality Assurance Requirements for the Design of

Nuclear Power Plants,” and have been used as a guideline in the development

of these procedures.

° Were the inputs correctly selected and incorporated into design?

® Are those assumptions that are necessary to perform the design
activity adequately described and reasonable? Where necessary,
are the assumptions identified for subsequent reverifications when

the detailed design activities are completed?

° Are the appropriate quality and quality assurance requirements
specified?
. Are the applicable codes, standards, and regulatory requirements

including issue and addenda properly identified and are their

design requirements met?

“ Have the design interface requirements been satisfied?
. Was an appropriate design method used?
. Is the output reasonable compared with inputs?
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° Are the specified parts, equipment, and processes suitable for the

required application?

° Are the acceptance criteria that are incorporated in the design
documents sufficient to allow verification that design require-

ments have been satisfactorily accomplished?

The technical review was performed following the steps shown in the
flow diagram in Fig. 4~11. The reviewer addressed the questions from Sec-
tion 6.3.1 of ANSI N,45.2.11 as they applied to each step of the review.
These questions were augmented by lists of factors considered important in a
technical review of a seismic design. The lists were provided for the

review of structures, piping and support, cable raceway and supports, com-

ponents, equipment, and cables.

Where deemed essential, the technical review was supplemented by inde~-
pendent calculations performed by the reviewer. These calculations ranged
from simple calculations verifying structural section properties and load
combinations to simplified computer models. The computer models were used
to independently check the dvynamic response of structures where complex

dynamic analyses were utilized in the original analysis,
The technicel review was docume~ted., The documentation included a

listing of the documents reviewed, a brief description of the review proc-

ess, a checklist, and calculation files, where generated, for each item

reviewed.
4.5. DETAILED TECHNICAL DESIGN REVIEW
The summary of the review conducted for each feature follows.

4.5.1, Reactor Containment Building, Feature 1

The reactor containment building is a cylindrical concrete shell 150 ft

in diameter and 170 ft high, topped by an integral hemispherical dome. The
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containment is a prestressed concrete structure with walls approximately 4
ft thick, and is supported on an integral concrete basemat 9 ft thick. This
structure is equipped with approximately 150 penetrations for piping, elec-
trical cabling, and personnel and equipment access. The containment build-
ing is physically separated from surrounding structures to avoid anv signif-

fcant seismic interaction. BPC is responsible for the building design.

Thirty-one documents were reviewed while evaluating the seismic
analysis of the reactor containment building and the effects of its interior
structure and reactor coolant system. The seismic analysis of the contain-
ment building with its soil foundation must consider the soil=-structure
interaction. Areas of seismic review concentrated on the following items:
the time history of seismic acceleration input traces and design response
spectra; soil parameters (damping, spring constants); basemat and super-
structure dynamic property input values; modeling features and computer pro-
grams used; output cuantities, which include natural frequencies and mode
shapes; maximum acceleration response values; in-structure response spectra;
and methods of combining response data. Fo: all of these areas of review, a
checklist of selected items was maintained to ensure that inputs were prop-

erly incorporated and that assumptions, codes, and standards were correctly

interpreted.

The containment building was analyvzed by BPC as a lumped parameter
model or finite element model using computer codes such as SMIS and ASHSD to

determine seismic response.

Natural frequencies of the containment building were checked bv devel-
oping idealized models that were solved by analytical solutions. Calculated
natural frequencies obtained from these models, using either single or two-
degree-of ~freedom systems, indicated good agreement with the SMIS model used
by BPC for the lower modes. Information from this study was then used

during the development of a more accurate analysis based on a multi-degree-

of-freedom computer model.

s
4=24



The MODSAP computer program, developed by General Atomic, was used to
construct a model that would verify the accuracy of BPC's acceleration
values and in-structure response spectra curves. This model, which is
dynamically equivalent to SMIS, couples the properties of soil springs,
basemat, exterior shell, and interior structure, including effects due to
the mass and flexibility of the reactor coolant system. Following the
incorporation of a basemat :racking feature in the MODSAP program, the max-
imum horizontal acceleration figures for the various building elevations
were in excellent agreement with the SMIS model. The horizontal
in-structure response spectra were also in good agreement. The vertical
in-structure response spectra comparison, however, showed differences
between the two models. This was attributed to the additional response
resulting from nodal rotations due to horizontal input in SMIS, whereas such
response combinations were not incorporated in the simplified MODSAP analy-
sis. The in-structure resonse spectra generated by the SMIS model are

considered valid for seismic design.

Four PFR's, three of which werr -lassified as Observations, were issued
under this review of the reactor coatainment building. One PFR was
invalid.

One PFR (0057) pertained to an incorrect value in the input data for
the SMIS code. Inspection of the data by BPC revealed that the error found
during the seismic review was in fact a typographical error in the input
tabulation. It was further established that the actual computer input data
was correct, and that the calculated results were therefore valid. This PFR

was classified as an Observation.

The second PFR (0058) questioned the orientation of »eam elements that
were defined by local coordinates. The moment of inertia associated with
these elements was provided as input to the SMIS code, and because of orien-
taticn it appeared that the values used may have been incorrect. A further
review, however, showed that the actual input data were indeed correct and
that only the momant of inertia designations were inconsistent. This PFR

was classified as an Observation.
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The third PFR (F105) questioned certain deviations noted in the
response values obtained from the alternate analysis using the MODSAP code
as compared with th. values computed by the SMIS code. These deviations
resulted from differences in damping simulation and the incorporation of a
basemat tracking feature in the SMIS model. It was noted, however, that the
free-field ground motion tracking technique used by BPC for time history
analysis is a valid but not a widely used method for seismic analvsis of
embedded basemats. Also, it was not specifically mentioned in the method-
ology referenced in the FSAR. Comparison of the results from the two codes
was acceptable following inclusion of the basemat tracking feature in the

MODSAP analysis. This PFR was classified as an Observation.

No major problems were found during the review of the dynamic analysis
of the reactor containment building. The output of the dynamic analysis in
terms of the loads, displacemen.s, and in-structure response spectra is
valid for seismic design and qualification of internal structures, compo-

nents, and equipment located in the reactor containment building.

4.5.2. Auxiliary Intake Structure, Feature 2

The offshore circulatine water system auxiliary intake structure is a
submerged reinforced concrete structure mostly embedded in the ocean floor.
It is located approximately 3200 ft offshore, approximately 100 ft shoreward
of the primary intake structure., The auxiliary intake structure was
designed by SCE.

Five documents were reviewed, including the design calculations and
drawings. From these documents, the seismic design criteria and assumptions
were reviewed (including the g-levels and hydrodynamic loads used). The
review also included the structural analysis, design, and stability analysis
of the structure itself. Review checklists were maintained to ensure that
all of the prescribed areas of the design review had been properly

addressed.
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containment. This tank (one of two similar tanks) has a capacity of 245,000
gallons, and is opzrated under normal atmospheric pressure. The refueling
water storage tanks provide a source of water for the low-pressure safety
injection system. BPC supplied the design specifications for the tank;

Brown-Minneapolis Tank performed the engineering and fabrication.

Five design-related documents were reviewed during the design evalu-
ation of this tank. The BPC specifications were examined to verify that
prover seismic criteria were defined and that applicable seismic loads could
be traced to source documents. The design analysis documents developed by
the tank fabricator were also reviewed to verify that the proper input data
had been incorporated into the tank design and to evaluate certain assump-
tions that had been made in the analysis. These documents showed that a
fairly low natural frequency had been calculated for the tank, and that a
correspondingly low seismic acceleration value had therefore been used in
the analysis. Further, a check was made to determine if a proper accounting
had been made for the hydrodynamic effects associated with seismic vibration
(slosh), and to verify that the resulting loadings would not overstress the
tank structure. Throughout this effort, checklists were maintained to

assure that the review was correctly performed.

Three PFR's were issued and each was classified as an Observation.

The first PFR (0008) concerned the accuracy of nozzle loads included in
the design specification and whether the use of these load values would
result in a nonconservative nozzle design. Subsequent evaluation of the
calculations from which these loads were developed indicated an error of
about 102, This was insufficient to materially affect the design margins,

and the PFR was therefore classified as an Observation.

Two related PFR's (FO71 and F078) were written on the refueling water
(RW) storage tanks.

PFR FO7]1 concerned the procedures and calculations used to determine

allowable buckl‘ng stresses of the tank structure. This PFR noted that the
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is instance,

ppropriately y Section III of ti SME c . BPC concurred and per-

formed new calcul: ons, based on the proper application of the code, which

showed

1

that the design stresses still remained within acceptable values.
Extensive calculations were also performed by TP o evaluate the results of

hydrodynamic buckling locads applied to thi TPT found the stress at a
y Mr

point in the top course of the storage tank (as calculated by BMT) to

slightly exceed the allowable stress, but it was well below the minimum
buckling siress. The allowable buckling stresses referenced above are

obtained from nonmandatory Appendix F, Subsecticn F-1325, of the ASME code
h includes a margin., The difference in calculated allowable stresses
between BPC and TPT arose from a difference in interpretation of the curve

defining the minimum of the a on buckling stress as a function of tank

radius-to-thickness ratio.

PFR FO78 involved the method for calculating hydrondynamic loads on the

tank during a DBE. BMT used a technique for rigid .anks developed by

- R o @ : . "
Housner. Tank flexibility may lead to increased hydrodynamic loads. In

addition, fluid sloshing was predicted to cause significant interaction with

=il w i

the domed roof of the tank. A series of calculations was performed to

assess the added effect of hydrodynamic loading on the buckling and tensile

stresses in the tank structure. The results indicated that although the

1llowable buckling stresses are exceeded at the base of the tank, these

stresses still remain below the minimum buckling values, based on evidence

from te 3 and analysis of actual seismic data on tanks. It was also recog-
the buckling phenomenon is basically a stability consideration

a mode of failure that would result in loss of fluid from the

tank, n the review of these two PFRs, no inadequacies were observed that

would prevent the tank from performing its safety function. Thus, these two

PFR's i

were classified as Observations.

Earthquakes, "August 1963, as modified




In the review of the refueling water tank, no inadequacies were

observed which would prevent the tank from performing its safety function.

4.5.4. Low Pressure Safety Injection Pump, Feature 4

The low-pressure safety injection (LPSI) pump (P-016) is a motor-driven
vertically oriented single-stage centrifugal pump, used to transfer water
into the reactor coolant system under emergency conditions and to provide
for circulation during subsequent plant cooldown. CE was iesponsible for
the pump specification, while BPC provided engineering for the pump/support
interface plus the suction and discharge piping.

Ten documents were examined during the seismic design review of this
pump. These documents included general and project specifications (CE),
pump operational analysis studies, piping analyses, and design drawings.
Other documents were also reviewed, including shaft and motor frame stress
analyses, critical frequency studies, and bearing loads based on manufac-
turers' limits., These documents were used to evaluate calculated natural

frequencies of the overall installation.

The procurement specifications were reviewed carefully to establish
that appropriate seismic requirements had been provided to the vendor
(Ingersoll-Rand). Similarly, the motor specifica’ions (Westinghouse) were
also reviewed. Seismic acceleration levels and response spectra presented
in the FSAR were thoroughly researched to verify that the procurement speci-
fications developed for this pump were responsive to the procedure and meth-
odology commitments listed for this type of plant equipment. A checklist
was maintained during this review to ensure that all required areas of seis-

mic design were adequately addressed.

Implicit in the design of the LPSI pump suction piping system is a
requirement to maintain adequate net positive suction head. It was postu-
lated that seismically induced sloshing in the refueling water tank, which
supplies feed for the LPSI pump, coupled with the seismic accelerations

could result in periodic pressure fluctuations at the pump that could cause

4-30



¢ §
pert

)T

{t ctuations

y of

PFR's

re
ree

)11
1
component

of

pretation

se value for

ump stresses
ling allowable
ified as an

No ma jor
he 1
L§ Lol

pump.

pump.,

k;.‘: etv

were

were

questioned the
testing,

f an

the

was performed to

Observati«

problems

I~
vee

Injection

writte Observation and the

inval

use of g seismic acceleration level

as opposed to apparent value of 1.2 g based on

FSAR figure depicti response spectra. Although the

acceleration was stablished, a reevaluation of

verify that ‘ would not result in

stresses, this was veri PFR

N

were review seismic design of

st 3 . : ‘
Task H further scussion on this

Tank (T-008), Feature

water under

loops.

S on

1t

teral

pres

the

is a 42-ft-high by 9-ft-diameter assembly

the reactor containment building. There

LOur more hese tanks

store

use during emergency injection into the

'ied the tank design and performed the

B 1 g } €& - " - » s 2
the luding the effects of slosh, evaluation

nozzles (based on BPC input) plus the design of the

sunpports. F. Avery (a division performed the

fabrication.

leven

111 anmt W " {
iocuments were seismic

computer codes were used in t ank

e U

aind stress allowables




' { N Yawrd avs
were all determined to be in conformance with the ASME code. Review

Vi

1 4

checklists were maintained ) ensure that all prescribed areas of the

seismic design had been

PFR's were written in this review of the safety injection tank.

7) was an Observation, and one was invalid.

PFR 0037 identified a discrepancy in the calculated moment of inertia
of the concrete floor slab. The discrepancy pertained to a difference
between values calculated by BPC and those used by CE in the dynamic analy-
sis the tank. Review of the calculations revealed that the discrepancy
involved an incorrect conversion of units by CE. In response to this PFR CE
established that use of the correct moment of inertia in the calculation did
not result in stresses exceeding design allowable values.

This review of the seismic design of the T-008 safety injection tank

found no major problems concerning the adequacy of the design.

Major Piping, Feature 6

A seismic review of major piping (typically 8 in. or greater in

diameter), associated with a prescribed segment of the SIS, was completed.

The piping that was reviewed included those runs between the refueling water
tank and the LPSI pump (24-in., and 16-in.), and from the pump to the lA
reactor coolant loop (8-in., 10-in., 12-in., and l4-in.). Also included was
the discharge piping between the safetv injection tank and the injection
system (12-in.). BPC was responsible for the design and analysis of this
ASME Class 1, 2, and 3 piping. Six separate analysis packages were evamined

during this review.

Fifty-four individual documents were reviewed, including design speci-
fications, isometric drawings, calculations, piping area drawings, valve
data sheets, input/output computer data, and piping and instrument (P&I)

diagrams.
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properly incorporated into the design and the mption codes, and

standards were correctly interpreted.

In developing pipe support loads, BPC uses the square root of
of the squares (SRSS) method for combining seismic inertia and seismic
anchor movement (SAM) loads, which are then added algebraically with the
weight and thermal loads. The issue of whether the SRSS or the absolute sum
be used for combining the seismic loads was addressed. However, the SAM ana
thermal loads are secondary-type effects for pipe support design under
aulted conditions and need not be included. Therefore, the manner of

bining DBE-induced loads is not an issue «f concern.

Twenty-one PFR's were issued for the major piping design review.
of these were classified as Observations; the remaining nine were

invalid.

One PFR (0035) involved a failure to incorporate¢ the effects of a
change notice into the piping analysis, two PFR's (0036 and F074) addressed
the omission of piping specialty weights or the use of 1iicorrect values for
piping weights, and two other PFR's (0003 and 0024) involved problems with
the basis and traceability of seismic anchor movement loads used in the
analysis. Three PFR's (0023, 0040, and 0056) pointed out inconsistencies

between the input isometric sketches and the resulting computer model for

the pipe runs repr.sented by those sketches, including incorporation of

valve center-of-gravity data. Three PFR's (0001 006, and 0007) involved

’ 'y

documentation errors and the fact that one pipe support analysis did not

correspond exactly to the actual installed support. | ( these PFR's were

classified as Observations.

One PFR (F043) questioned the techniques used by BPC in calculating the

seismic g~lcading on valves to account for the contribution of the higher

frequency modez which are excluded from the computer output due t program

14 { " Te r s 4 v : "o nalved e - L - &5 O 4
limitation, in reviewing the piping analvsis packages., it
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various techniques were used by BPC. The basic approach was to add the zero
period acceleration (ZPA) component under certain conditions. No mathemati-
cal justification was provided to substantiate the techniques used. In
response, BPC presented the correct procedure and showed that the various
techniques previously used were appropriate simplifications. In essence,
the ZPA is combined with the computer-calculated g-load by the SRSS method
only when the calculated g-load is less than the ZPA in a specific direc-
tion. The resulting g-load in the three orthogonal directions are then com-
bined by the SRSS method to obtain the effective valve g-loads. BPC pre-
sented justificatic . of this procedure which was evaluated and confirmed.

This PFR was classified as an Observation.

The effect on seismic design due to each of the above-discussed PFR's
does not materially change the calculated pipe stresses or pipe support

loads associated with the major piping.

No major problems were found during this review concerning the adequacy

of the design of the major piping.

As a result of the review of major piping, a trend was investigated
concerning the incomplete analysis of Unit 3 piping in areas where it was
not identical or the mirror image of Unit 2 piping as noted in several
PFR's. In response to TPT's inquiry, BPC stated that two independent checks
were provided to assure that all unique Unit 3 piping was analyzed., First,
BPC reviewed all design documents and ta' uiated the Unit 3 piping runs where
they were not identical nor the mirror image of Unit 2. This tabulation,
prepared prior to this program, has been reviewed and the piping runs asso-
ciated with the above-mentioned PFR's are included in the tabulation. BPC
is in the process of completing the analysis of these piping runs. The
second check is the comprehensive as-built verification program. The proce-
dure used for this verification and the format for the tabulation has been

reviewed and found to be acceptable.
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4.5.7. Small Bore Piping, Feature 7

Certain small-bore piping runs (typically 2-in. diameter and under),
installed in the SIS of Unit 2, were selected for seismic review. This
piping provides for fill, drain, relief, and pressure equalizing functions
associated with the T-008 safety injection tank and its main 12-in. dis-
charge line. The seismic design of approximately 100 linear feet of piping
was reviewed, including th: effects contributed by several in-line valves.
BPC was responsible for th design, analysis, and installation of this
small-bore piping.

Six documents were examined during this review, including piping stress
analysis packages and appropriate hand calculations. The major stress pack-
age, PS5G-245, contains a complete dynamic analysis of the modeled piping

system, and provides the analytical justification for the overall analysis.

The seismic review was conducted by comparing isometric sketches, P&I
diagrams, and area drawings to verify consistency, and bv carefully checking
techniques and assumptions used in the hand calculations. For the computer
analyses, input data from the isometrics and valve drawings were verified,
and the resulting output was analvzed to assure the validit; of support
reactions, pipe stresses, and anchor loads. The seismic response spectra

used for these studies was also checked.

In general, it was observed that the small-bore piping stress analysis
packages lacked adequate documentation and traceability of the various
assumptions used when combining loads and evaluating the effect of axial
restraints at support points. Although this information was not directly
available, it was determined during tuis review that no significant effect
on the seismic design resulted from these deficiencies. To verify that all
aspects of the seismic analysis were properly addressed, tabulated check-

lists of the significant requirements were maintained throughout the

review,




Only one PFR was written for the small-bore piping, and it was
classified invalid.

No problems were found with respect to this small-bore piping, and it
was concluded that the seismic design of the piping, including the location

of its supports, is adequate.

4.5.8. Pipe Supports and Snubbers, Feature 8

A representative group of 13 pipe supports was selected for a detailed
seismic review. These supports are directly associated with piping that
comprises the SIS of Unit 2. Four piping analysis packages were examined:
PSG Nos. 78, B2, 245, and 56-4., Within these packages, the pipe support
structure was reviewed in detail, along with both the physical orientation
and the means of attachment to the building structure. The supports are
designed as planer or three-dimensional frames composed of structural steel
members welded or bolted together. These frames bear on the building struc-
ture by means of rock-bolt anchors, by welding to steel plates embedded in

concrete, or by some combination of these methods.

The pipes are supported on these frames either by direct contact or by
integral attachments. Snubbers and/or shock arrestors may also be connected
between the integral attachments and the adjacent load bearing structure.

BPC is responsible for the overall design of these supports.

One hundred and one Jocuments were examined du:ing this seismic design
review. These documents included design specifications, criteria and proce~-
dures, calculations (both hand and computer), pipe support drawings, and

applicable field change requests and design change notices.

The seismic review involved load verifications to assure consistency
between design calculations and piping analyses, review of the support
drawings to establish that configuration details (dimensions, connections,

member and weld sizes, etc.) were properly reflected in the design



calculations, and a verification check was made of the calculations and

procedures used to develop the final design of the support.

In the course of this overall review, a checklist of seismic analysis
requirements was maintained to ensure that all appropriate areas were

adequately addressed.

Fourteen PFR's were written for the pipe supports and snubbers. Five
of these were classified as Observations and the remaining nine were

invalid.

The first PFR (0014) dealt with a mislabeled piping node in the com-
puter calculation; however, there was no impact on the design due to this
error. A second PFR (F065) discussed inclusion of shear deformation effects
in the piping support calculation. A recalculation was performed during the
design review to assess the impact of considering such deformation. The
result showed that the calculated stresses were not materially affected and
that the design remained conservative. A third PFR (F082) addressed utili-
zation of an incorrect pipe wall thickness plus incorporation of inaccurate
parameters in the stress calculations. Consideration of the correct values,
however, still resulted in stresses below the allowables. A fourth PFR
(F091) determined that incorrect procedures had been used to evaluate ten-
sion and shear loadings in the rock-bolt anchors. However, the reevaluated
loadings developed during the design review indicate that stresses still
remain conservative. The fifth PFR (F092) described several calculations in
which stresses in the structural elements and welds were not adequately
documented. BPC's analysis in response to this PFR, however, showed that

the calculated stresses are within allowable values.

As a result of this review no problems were found that showed the

seismic design of the pipe supports and snubbers to be inadequate.

The review of BPC's pipe support design, performed under features 6, 7,
and 8 resulted in a trend being investigated concerning the possible impli-

cations of node point disagreement between pipe stress isometrics and pipe

-
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support drawings as noted in PFR's 0006, 0014, and 0056. In answer to TPT's
inquiry, BPC stated that this discrepancy could not lead to any design
inadequacies. The first line of defense against any such inadequacy 1is the
design procedure followed by BPC engineers. BPC engineers do not use the
node points to correlate pipe supports and piping system stresses after the
initial preparation of the documentation. This practice is substantiated by
TPT's review in that no inadequacies resulted from the observed mislabeled
nodes. The second level of defense is the BPC comprehensive verification
that the pipe support capability is greater than the stress placed on the
support by the piping system. The procedure used and typical checklists

developed were reviewed and found acceptable.

4,5.9. Valves, Feature 9

A representative group of 28 valves was selected for review from the
major piping runs in the Safety Injection System. Certain design documents
associated with these valves were reviewed to determine the extent to which
the specifications issued for the valves were responsive to the bases and
methodology prescribed in the FSAR, and to verify that the seismic design
requirements applicable to the valves and their installation had been

adequately addressed.

Of the 28 valves reviewed, 24 were specified by BPC; the remaining four
were the responsibility of CE. These valves range in size from a 3/4-in.
600-1b manually operated globe valve, to a 24-in. diameter clamshell type
of check valve. There were three electric-motor-driven valves, three pneu-
matically operated valves, two solenoid valves, two relief valves, and 18

miscellaneous manual or process operated valves (check, stop check, etc.).

Forty-three design documents were examine. during this review. For
each of the valves, the calculated seismic accelera’ : 'n level was tabulated
and compared to allowables, and several representa: calculations were
carefully reviewed to verify input information, assumptions, methods, and

accuracy. During the design review of these valves, checklists were
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ensure that all approprlate areas

one PFR was written f« the valves and it
Observation. This PFR (0051) noted that, for the CE-procured
seismic acceleration limit of ) is specified in the design documents.
This value is less than the 5.0-g figure specified for the BPC-supplied
valves. This qualification difference was accommodated b ecking the
piping design calculations at the points where CE valves are lccated and
verifying that these valves are installed and supported in such a way that
their 3.0-y qualification limit is not exceeded. The impact cf this differ-
ence produces no significant effect on the seismic capability of the

valves.

The overall review of these 28 valves revealed no problems of couse-
juence, and as a result the seismic design requirements established in tne

appropriate valve documents were considered to be adequate.

Instruments, Racks, anels, Feature 10

A representative cross section of control and instrumentation equipnent
selected for seismic review. This equipment controls and monitors the

Included in this review were the following equipment

iary relay panels 2L-34 and 2L-35 in the engineered safety

ures actuation system (these features control operation of
28, pumps, fans, and dampers, etc., based on input signals
plant protection system).

control room panels 2L-071 L 1 whic among other

fons, provide for operation

panels 2L v 1 : whic contain plant

ol instrumentation.




4. Auxiliary relay panel 2L-413, which contains a series of relays and
handswitches.

5. Electrical penetration assemblies,

6. A series of nine instruments, including temperature sensors,
transmitters, and recorders (the locally mounted transmitters are

evaluated as part of Feature No. 19).

7. Two position-indicating limit switches associated with valve

8. Two panel-mounted handswitches, HS-9301-2 and HS-9391-Z,

9. Three position-indicating lights, two for valve HV=9340 and one
for the FV-0306 manual bypass valve. This equipment was furnished
by either BPC, CE, or SCE, depending on the function involved.

Twenty-five documents were reviewed during this evaluation. The vari-
ous procurement specifications supplied to the vendors were examined to
determine the adequacy of the prescribed seismic qualifications with respect
to instrument panel mounting details. This examination included the oper-
ability of the panels under seismic conditions, as well as their ability to
rema‘n intact during and after the DBE event. Procedures and seismic quali-
fication methodology delineated in these specifications were also reviewed
for completeness and applicability, and the listed seismic response spectra
were checked for consistency with instrument and equipment location., These
procedures were also checked to verify consistency with source documents
such as [EEE-344 and the FSAR. A review checklist was maintained for each
of the above-listed equipment {tems to verify that design inputs were prop-
erly incorporated and that assumptions and applicable codes and standards

were correctly interpreted.

Twelve PFR's were issued, onlvy one of which was classified as an

Observation. The remaining 1l were invalid.
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y 2 Has the equipment mounting interface been conservatively simulated
during equipment testing, and were the equipment mounting seismic
loads submitted to BPC for incorporation in the details of the

ancher design?

3. Have the basic criteria for Seismic Category I equipment been
included in the specification documents and have those criteria

been met?

During the course of this review, particular note was taken to assure
that the effects of heavy cabling, bus-bars, and panel interconnections had
been considered in the seismic design. In addition, documented locations
and floor elevations for the various panels were verif.ed so that it could
be confirmed that proper seismic response spectra had been used in the

specifications.

The interim report questioned the design associated with the floor
mounting configuration for the panels, and the floor embedment constraints.
Based on additional information supplied by BPC, and the vendors, it was

determined that this interface was adequate. (See also Section 4.5.21.)

Throughout the seismic review of switchgear and power panels, check~-

lists were maintained to assure that all requirced aspects £ the evaluation

were being accomplished.

Five PFR's, three of which were classified as Observations, were {ssued

for these switchgear and power panels, The other two were invalid.

The first PFR (0031) noted that the seismic response spectra contained
in the procurement specifications for motor control centers was marked "Pre-
liminary.” Subsequent correspondence, however, indicated that the proper
response spectra were used during equipment testing but that the "Final"
response spectra still required formalization in the procurement specifi~-

cation. This was classified as an Observation.
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items; this then assures that electrical cables in these buildings are

located in Seismic Category I trays and conduits.

No PFR's were written for Feature 12,

It was concluded that the electrical and control cables that were
reviewed are routed in the proper trays and raceways. This assures that

their installation is seismically adequate,

4.5.13. Dynamic Analysis of Reactor Coolant System, Feature 13

The major components of the reactor coolant system include the reactor
vessel, two steam generators, four reactor coolant pumps, supporting struc-

tures ror each component, plus the interconnecting piping sysiem (two hot

legs and four cold legs).

CE was responsible for developing the design of the nuclear steam
supply system, including the requirement to provide a seismic analysis of

the reactor coolant system,

A simplified three-dimensional mathematical model of the reactor
containwent building was generated by BPC and was incorporated into the CE

seismic analysis.

The reactor coolant system dynamic analysis review was conducted in

three successive steps:

s A review was made of the FSAR seismic analysis procedure (Section
3.7) and of its implementation as displayed by CE in the "Flow
Diagram of a Computer Code for STRUDL Model.”

y 28 A detailed review was made of the reactor coolant system mathe-
matical model. The review included an independent calculation of
the majority of the elastic and inertia properties. This was fol-

lowed by a review of the dynamic behavior of the mathematical
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Byron Jackson, and are driven by 9700-hp electric motors. This vertically
oriented pump/motor installation is 12 ft in diameter and 32 ft high. The
seismic design review was limited to the analysis of the lA pump instal-
lation along with its various supports. CE was responsible for specifying
the pump and the hydraulic snubber attached to the motor, plus the vertical
arnd horizontal support columns for both the pump and the motor. Twenty-two
design documents were reviewed during this seismic analysis, and for each of
the areas reviewed (pump, snubber, and supports), proper checklists were
maintained to ensure that all required aspects of the seismic evaluation

were bein, {nvestigated.

The pump specifications and the Byron-Jackson performance reports were
reviewed to determine that these documents were consistent with applicable
FCUAR statements, that seismic load tables were correctly referenced, and
that the faulted conditions (DBE/LOCA) were being considered. These data
were found to be consistent, and nozzle loads pius g-loadings on the pump

were also found to be satisfactorily referenced.

The large horizontal and vertical support columns (5 ft to 7 ft long,
9 in., in diameter) were reviewed to verify the structural analysis. This
review included the eight Byron-Jackson anchor clevises on the pump skirt,
plus the connecting bearings and pins at both ends of the columns. Actual
bolt anchoring into the nearby walls and floor are a BPC responsibility.
The computer program MARC was used by CE to define the pin load distribution

and to check the vertical columns for buckling.

The large hydraulic snubber assembly (1.5 ft dia, 5 ft long, 2000 1b)
is mounted between the upper section of the motor and a nearby concrete
wall, This device allows the slow movement associated with thermal expan-
sion, but locks up and becomes a rigid support to resist OBE (90,000 1b) and
DBE (826,000 1b) seismic loadings. The snubber stress report was reviewed
and reconciled to the FSAR and the ASME code requirements and was found to

be adequate.
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to the upprr flange of the column, and the columns in turn are supported on

the expansion plates that bear on the building foundation.

The reactor vessel supports were designed and fabricated by CE, and are
intended .to accommodate the reactor vessel under all normal loading condi-

tions, plus the effects of combined loads induced by the DBE.

Fifteen documents were reviewed to establish the seismic design ade-
quacy .of the vessel support structure. These included five design speci-
fications, two stress reports, and eight design and installation drawings.
The review included verification of the seismic loadings specified in the
project specification and a comparison with the DBE loading values listed in
the FSAR, - In addition, the procedures and calculations associated with the
stress analysis for this support structure were examined to verify the ade-
quacy of the design. Seismic review checklists were maintained as required

to ensure that all aspects of the seismic design had been covered.

The design review of the reactor vessel support included an evaluation
of the technique employed by CE in combining seismic-induced loads with
other loads (Normal Operation and LOCA for faulted conditions). An equiva-
lent static analytical technique is used by CE wherein the DBE loads were
calculated from seismic acceleration input obtained from a dynamic analysis
and combined with Normal Operation and LOCA loads. The LOCA loads are input
as jet forces for a specific pipe break case. Normal Operation includes
dead weight and normal thermally induced loads. The specification required
the absolute sum technique for combining LOCA and DBE loads be used. The
equivalent static model compares well with the model developed for the time-
history dyramic analysis. The equivalent static analytical technique for
combining design loads {s considered valid and produces reactions at the

reactor vessel support columns which are combined in an absolu’:. sum.

Three PFR's were {ssued for the reactor vessel supports. One of these

was classified as an Obser—-ation and two were invalid.
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as an amount equal to or less than manufacturing tolerances. These criteria

were met during test.

No PFR's were written for the fuel rod grid spacers.

Based on this review it {s concluded that the seismic design of these

fuel rod grid spacers is adequate.

4.5.17. Reactor Coolant System Cold Leg (Piping), Feature 17

The reactor coolant system cold leg includes a segment of 30-in. dia
high-pressure piping, which forms that portion of the primary coolant system
between the outlet of the steam generator, through a reactor coolant pump
(one of four identical pumps), and into a typical reactor vessel inlet
nozzle. The piping and fittings that are seismically analyzed in this review
include the following items: main line piping and elbow fittings, the safety
injection nozzle, the charging inlet nozzle, the pressurizer spray nozzle,
and the letdown and drain nozzles. Specifically excluded from consideration
in this review were the steam generator and reactor inlet nozzle interfaces,
plus any piping beyond the various branch nozzles connected to the main

cold-leg piping.

Six documents were reviewed during this effort, including a CE report
that describes the analytical approach used to evaluate this piping segment.
This seismic review consisted primarily of checking the n. “hodology and con-
sistency of the procedure assumptions and input information used in the
cold-leg piping analysis. The results were then evaluated to determine the
combined stresses that developed, based on consideration of all potential
loading conditions. For the piping, simple hand calculations were used for
the initial wall sizing as suggested by the ASME code. For nozzles, stress
conditions were established by using a photoelastic approach plus computer
modeling. These models include ring/thick-shell theory, finite element
analysis, and a stress indices approach as described in the ASME Code, Sec-

tion III, Checklists of seismic design criteria were maintained during this
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Following BPC-supplied design specifications and seismic response data,
Process Equipment Co. designed, manufactured, tested, and delivered this
tank to the site, A formal stress report was not prepared, since it was not
required by the procurement specification, However, a detailed review was
made with respect to the stress analysis asscciated with this tank and its
various nozzles and ccanections, including dynamic and static loads and the
effects of sloshing. This analysis reconciles the manufacturers' calcula-
tions to the applicable sections of the ASME code (1971). Minor discre-
pancies were discovered with respect to local stresses at nozzle penetra-
tions. When these local stresses are combined with membrane stresses due to
external soil pressure, allowable stresses for Class 3 components are
exceeded. However, combinational s*ress limits appropriate to Class |
equipment are not exceeded, and therefore the overall nozzle penetration

design was considered satisfactory.

No PFR's were issued for the fuel oil storage tank.

No significant problems were found during this design review, and it is

concluded that the seismic design of the this tank is adequate,

4.5.19. Two Locally Mounted Instruments, Feature 19

Two types of representative locally installed instruments (located near
the process equipment, but uot in panels) within the SIS were selected for
seismic review, The safety injection tank T-008 level transmitter instru-
ment plus an integral series of three system temperature transmitters were
chosen. These instruments are specified and supplied by CE; however, their
actual installation in the plant is performed following BPC prc-edures. The
instruments are identified as 2LT-0313 (level transmitter) and TT-0352-2,
TT-0351-1, and TT-0351Y (temperature transmitters). Twenty-two design

documents were examined during this review.

The seismic review of these locally mounted instruments included a
determination that the applicable procurement specifications properly repre-

sert commitments in the FSAR., In addition, appropriate installation and
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Three PFR's were issued for the raceway supports. One of these PFR's
was classified as a Finding, one was determined to be an Observation, and

one was invalid,

The first PFR (F032) pointed out that an incorrect load combination was
used in the analysis of a cable tray support. This PFR was classified as an
Observation, since the existence of a large design margin in this area

resulted in an insignificant {mpact on the support function.

The second PFR (0009), classified as a Finding, pertains to the design
adequacy of a cable tray support diagonal brace cornection to the concrete
slab. The primary concern was that the diagonal pullout design loads
imposed on the concrete inserts exceeded allowable limits. In additicn, the
diagonal braces are designed to be installed at an angle of 45°, while the
installation drawings allow these braces to be installed at 30°, 45°, and
60° angles, A fileld inspection revealed that the specific brace is
installed at 67.3°, causing the dominant vertical load component to be at
its worst case., In reviewing this Finding with BPC, it was also agreed that
concrete insert pullout allowable values from the catalog should be dis-

counted to account for the limited data base upon which the allowable values

vere derived,

A Corrective Action Plan has been prepared by BPC to resolve this PFR.
This plan i{nvolves 1) a review of calculation packages to establish that
proper methodology and procedure was used for design of bracing for cable
tray supports, 2) calculation of maximum bracing angles for certain braces,
plus use of actual maximum cable tray loadings rather than conservative
design values, 3) use of qualified capacity reduction factors for con-
nections, where the load capability data are referenced to a limited data
base, and if necessary, reduction in the tray load to the actual electrical
maximum rather than design tray loading figures, and 4) a field inr tion
sampling to verify that bracing angles and member sizes are consistent with
calculations and drawings. This plan has been reviewed and is considered

adequate to resolve the Finding.
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The second PFR (0017) related to the dynamic interaction of a panel
with one free-standing face, plus panel interaction between bolted sections.
Considerable analysis, plus review of existing seismic-related test docu-
ments, were required to resolve the dynamic interaction issue. The result
indicated that the acceleration levels that would exist at panel 2CR57
during a DBE are conservatively less than the specified maximum of 3 g's,
with the conclusion that the seismic qualification was met, This PFR was

classified as an Observation.

Completion of this seismic review showed that no major problems exist,
and that the seismic qualification of the control room panel 2CRS57 is

adequate.

4.5,22, Segment of Reactor Containment Building Internal Structure,
Feature 22

Six general areas of the containment building internal structure were
selected for seismic review. These areas included the concrete slab sup-
porting the safety injection tank (T-009) at elevation 45 ft; a secondary
shield wall between elevations 15 ft and 93 ft 5 in.; concrete floor slabs
at elevation 63 ft 6 in.; vertical support colum.s between elevations 15 ft
and 63 ft 6 in.; the safety injection tank upper lateral supports at ele-
vation 63 ft 6 in.; and the reactor vessel and reactor ccolant pump support
areas of the containment building. Forty-seven documents were reviewed

during the verification of seismic response for these items.

All of these structures were designed by BPC. In the case of the major
component supports, the design input figures were referenced trom CE load
tables, and then a 15% contingency factor was applied to compensate for

uncertainty associated with the preliminary status of the initial design

loads,

The portion of the concrete slab that supports T-009 is situated
between vertical support columns 12, 13, and |, in an area which represents

the severest floor loading conditions. In particular, the slab was checked
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The seismic design review of the lateral supports for the safety
injection tank included the following: design of the shear key and steel
bracket, the bolts in the bracket, the bearing area against the plate, the
side plates, the bearing of the bolt sleeves on the concrete, and the pull-
out resistance of the anchor bolts. This support is located at elevation
63 ft £ {n, in the containment building. The design review verified loading
valurs used in the references, and noted that an increase in actual bolt
size to 1-1/4 {n. had heen made, from the original design value of 1-1/8

in.. a change which further increased the design margin.

The seismic design loads calculated for the major component supports
(concrete embedments) represent maximum forces and moments based on computer
studies. These loads, which develop from a consideration of normal, earth-
quake, and LOCA events, are comparatively smaller than the design load

actually used to seismically qualify the internal structure associated with
this review.

Several computer programs were utilized during the design of the
above-discussed structures. The codes were SAP 1.9, RESCO, and OPTCON,
These codes were reviewed to establish that the appropriate input seismic
response spectrum was utilized to generate the maximum design loads for the
structural members, In addition, basic assumptions, load combinations,
static analyses and seismic analyses were also checked. In general, the

computer results appeared satisfactory.,

During the course of the above review, a checklist of selected items

was maintained to ensure *%.:t all aspects of the seismic design w re

adequately covered.

T»5 valid PFR's, both of which were classified as Observations, were

Issued for this internal structure.

The first PFR (F100) pointed out an error in the moment of inertia
calculation for a concrete beam element. The error was valid; however, the

floor beam was subsequently deleted from the building design. The finite

4-58
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NOTE:

TABLE 4-4

VALID PFR's

All PFR's in this table were classified as Observations with the

exception of the one Finding identified by an asterisk.

Design
Review Feature PFR Organization
l., Dynamic 0057 BPC
analysis
of reactor 0058 BPC
contalinment
building
F105 BPC
2., Auxiliary F106 SCE
intake
structure F108 SCE
J. Refueling 0008 BPC
NRaE FO71 BPC
storage
tank FO78 BPC
&, LPSI 0011 CE
pump
5. Safety 0037 CE
injection
tank
6. Major 0001 BPC
piping 0003 BPC
0006 BPC
0007 BPC

4=0f0)

PFR Description

Soil spring stiffness values are
inconsistent in computer input

Deviation in computer input for
beam element moments of {nertia

Use of basemat tracking feature
in the SMIS code

Combination of loads and moments
in the structural calculations
Incorrect factor used in the
moment distribution calculations
Incorrect nozzle loads

Buckling criteria for tank design
Effects of hydrodynamic loading

associated with sloshing

Response spectra g-levels used
for design

Inconsistencies in the moment of
inertia values used in the floor
support slab

Line incorrectly identified

Documentation of seismic anchor
movement loads

Inconsistencies in support
description. Wrong type of
support analyzed

Inconsistency in use of response
spectra






Design Feature

11,

16,

l7.

Switchgear
and power
panels

Electrical
and
control
cables

Dynamic
analysis
of the
reactor
coolant
system

Reactor
coolant
pump

and
supports

Reactor
vessel
supports

Fuel
element
grid
spacers

Reactor
coolant
system
cold leg
(piping)

TABLE 4~4 (Continued)

Design
PFR Organization PFR Description
0031 BPC Use of "preliminary” response
spectra in "final"” specification
0053 BPC Elevation and loration
fnconsistencies for switchgear
F0OO3 BPC Extrapolation of seismic test data
to multi-array motor control
centers
BPC No PFR's
CE No valid PFR's
F0O98 CE Seismic qualification criteria
for pump snubber
F102 CE Nonconservative design of pump
support clevises
F0O96 CE Inlet nozzle material allowable
stresses
CE No PFR's
FO9S CEC Stress analysis {ntensity values =
charging inlet nozzle
4=62
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Thirty-four valid PFRs were written on BPC's design resulting from the

review of approximately 340 technical documents on 14 design features. The
majority of the valid PFRs (19 of 34) pertained to the review of 4 features
which involve design and analysis of piping, pipe supports, and cable tray
supports, The remaining 15 valid PFRs resulted from the review of 7 other
design features. The deviations uncovered were generally attributed to
inadequacies in documentation and in the subsequent checking and internal
review of the design. The design and construction experience of BPC, when
coupled with the large degree of conservatism found in essentially every
part of the design, resulted in these deviations having no significant

impac’. on the seismic adequacy of the features reviewed.

The one PFR (0009) classified as a Finding identified an inadequacy in
the BPC design of a cable tray support brace connection to the concrete.
The diagonal pullout design loads imposed on the concrete insert exceed the
allowable limits, A field inspection revealed that the specific brace is
installed at an angle resulting in the dominant vertical load component to
be at {ts worst case, The review also established the need to discount
catalog allowable values to account for the limited data base used to derive

the allowable values.

SCE's Corrective Action Plan for the above Finding incliudes 1) review
of existing cable tray support calculations; 2) re-calculation using actual
maximum cable tray loads; 3) derivation of a justifiable capacity reduction
factor to be applied to allowable values, and, if necessary, reduction in
the tray load to the actual electrical maximum rather than design tray
loading figures; and 4) field inspection sampling to verify installed brace
angles as consistent with calculations and drawings. The plan was reviewed

and {s considered adequate to resolve the concerns of the Finding.

In addition to concerns identified in the PFRs, certain trends noted
during the design review were investigated. Two of thease trends pertained
to BPC's design activities, specifically 1) analysis of Unit 3 piping where
it was neither identical nor the mirror image of Unit 2 piping, and 2) pos-

sible implications of node point disagreement between pipe stress isometrics
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5. AUDIT PLAN REVIEW, TASK D

Task D was designed to determine if SCE and BPC performed audits at the
site and at fabricators' shops in the area of implementation of seismic
design documents, and to evaluate the effectiveness and results of such
audits, (CE audits were not included in this review, since CE had no
responsibility for site audits, and the CE fabricators were audited by SCE,)
In carrying out this task, the work focused on a review of audits that
addressed site or fabricator's activity on seismic-qualitied components,

systems, or structures.

The scope of this task included the following:

- Preparation of a procedure to provide detailed working

instructions for the review.
K Performance of a review of audit plan and schedule preparation.

. Performance of a review of audit plan implementation.

5.1. AUDIT PROCEDURE

The SCE and BPC procedural requirements (from 1971 to the present) for
audit planning and scheduling were identified and evaluated against the

applicable regulatory requirements.

The work was carried out by visits to the SCE and BPC offices, by
interviews with cognizant personnel, and by the review of relevant proce~-
dures and regulatory requirements., The procedures collected and reviewed

under this subtask are listed in Table 5-1.

The review showed that SCE and BPC procedures for audit plannirg and

scheduling were consistent with regulatory requirements with the exception

wn
'
s



TABLE 5~1
PROCEDURES GOVERNING AUDIT PLANNING AND SCHEDULING
(Reviewed for Task D)

SCE

® (A Reference Procedures Manual NIB8,.04
(Rev, 18)
(Ref, 17-6)

(Ref. 401)

@ SONGS 2 and 3 Project OQuelity Program Manual
Procedure No., 18 - "Project Quality Audit,”
Rev. 0 (October 1974) to Rev, 6 (Dct. 1979).

® LAPD OQuality Program Manual, procedure No. 18.1,
"0A Audits,” REf, 0 (10-74) and Rev. 1 (10=75),

® LAPD QA Department Procedures, No. 5.1,
"Project OA Audits,” Rev, 7 (1-15-76) to

® LAPD OA Standard, "Project Quality Audit,”
No. 12; Rev, 3 (12-28-=73) and Rev., & (4~=16=74).

® Procedure Supplier Quality Manual, 6th Edition,
Rev. O (Nov., 1979); 5th Edition, Rev, 0-2
(October 1977-April 1978),

® Procurement Inspection Department Manual,
4th Edition, Section 3.1.2, "Audit Scheduling,”
Rev, 0 (May 1973) to Rev. 4 (Aug. 1976); 3rd Edition,
Seciton 5.3.2.18, "Audits,” Rev, 3 (March 2, 1970).

® Procurement Supplier Ouality Department Procedure,
PSOP=TS~4,2 Rev, 0 (4-81); "Audit Planning
and Scheduling.”
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This work confirmed that the area of interest ({mplementation of
seismic design documents) was, in fact, {ncluded in the SCE and BPC audit

programs,

No PFR's were {nitfated.

5.4, EVALUATION OF AUNIT REPORTS

Audit reports ident{fied in Section 5.3 above were examined for the

following:

l. Determining {f audit plans were cerried out as required.

2. Identifying any deficiencies uncovered in the area of implemen-

tation of seismic design documents.

i Evaluating the resolution of any such deficiencies to determine if

they were satisfactorily resolved or corrected.

\udits were sclected from each of the six categories, as shown in Table
5-2. A total of 279 audit reports were reviewed. For each audit, a

checl.list was completed to decument the review.

The audits identified some deficiencies in the implementation of
selsmic design documents, While most of the deficiencies were satisfac-
torily resolved or corrected, several ins.ances were noted in which this was

judged not to be the case.

Sixteen PFR's were ini.iated. Ten of these PFR's were judged to be
invalid after add.tional information was reviewed. The six valid PFR's are

discussed in Sectlion 3.5,

Overall, the review confirmed that a comprehensive audit program was

implemented by SCE and BPC, and that audits were carried out as required.






5.5. CONCLUSIONS, TASK D

A total of seven valid Potential Finding Reports were initiated under
Task D, These are listed in Table 5-3. PFR 0034 was initiated under the
review described in Section 5.1; all other valid PFR's were initiated under
the review described in Section 5.4, In summary, two PFR's were classified

as Findings and five as Observations.

PFPR 0034, classified as a Finding, was discussed earlier. It addressed
a deficiency {n the SCE audit procedures regarding lack of a procedural
requirement for each audit to address effectiveness of the QA program. SCE
corrected the procedural deficiency and provided evidence to demonstrate
that the effectiveness evaiuation was carried out, even though not

explicitly required by procedure.

PFR FOS51, classified as a Finding, addressed the issue of BPC not
maintaining a permanent record of audit nonconformances classified as
"minor.” The impact of this was that the permanent records appeared not to
include all deficiencies or nonconformances unccvered in audits. This was
judged to bc 4 violation of ANSI N45.2 requirements regarding maintenance of
records, SCE's Corrective Action Plan provided information showing that all
deficiencies reported on BPC audit checklists were in fact maintained in the
SCE permanent record system. Thus, the issue which led to the Finding
classification was resolved and the substance of the PFR was, in essence, a
perceived procedural violation by BPC that would not have been a Finding if
the information in the Corrective Action Plan had been known at the time the
PFR was classified.

Five PFR's were classified as Observations; one of these was against
BPC, and four were against SCE. The Observation with regard to BPC con-
cerned corrective action judged to be inappropriate. The BPC response and
the nature of the corrective action was such that it was judged to have no

adverse impact on safety.




FARLE 5-1
VALID PFR's ISSUF TN TASH
PFR No. Contractor subiect Classification
14 SCF Procedure inconsistent with Finding

FO1317 SCFE Procedure violation Observation
FO38 SCI Procedure violation Observation
FO4b SCE Procedure violation Observation
FOSI BPC Report of deficiencies Finding
FO52 BPC Corrective action Observation
) CE Corrective action Observation



The four Observations written concerning SCE included three on
procedural violations and one on inappropriate or ineffective corrective

actions.

The three procedural violaticns were judged to have no adverse impact
on safety since it was shown that the subject in question (corrective action
implementation and verification) was properly resolved, even though certain

procedural steps were not followed.

The SCE Observation regarding ineffective corrective actions (PrR
0054) also led to a concern that, because of ineffective corrective
actions and a continuing trend of deficiencies in implementation of Document
Management Center procedures, there was a possibility that the document
control system was not being implemented in accordance with procedurcs over
an extended time. However, the activities performed in Task B and C of this
review and the results of BPC and SCE audits of site activites indicated no
evidence that the possibility expressed above actually led to the use of

{mproper design documents.

Based on the work performed in this task, it is concluded that SCE and
BPC did carry out an audit program of site and supplier activities in the
area of {mplementation of s2ismic design documents. That program is
documented by procedures responsive to Appendix B and by records of audit
schedules, plans, audit reports, and follow-up reports. Further, those

records do not indicate any significant unresolved deficiencies.

5-8
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It was observed during this field audit that the piping was routed as
defined on the stress i{sometric drawings and that the tvpes of seismic
restraints installed in the field agreed with the types shown on the stress
isometric drawings. Some discrepancies were noted {in dimensions, material
sizes and shapes, and configuration between pipe support analysis drawings

and the data acquired from the walkdown.

6.2. CONCLUSIONS

Two PFR's were issued and both were classified as Observations.

PFR 0042 concerned an as-built drawing error in the location of a
clevis to which a strut was attached. BPC provided a calculation that
verified that the as-built configuration was acceptable. This PFR also
noted that clearance between the lugs on the pipe and tha steps on the
support were out of specification tolerance. The BPC response and a TPT

calculation showed the allowable valiss were not exceeded.

PFR 0043 {nvolved a drain line installation that did not conform to
the BPC standard detail. BPC provided a calculation that verified that the

as~-built configuration was acceptable.

The walkdown showed the as-built configuration of this pipe segment to

be adequate,
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mount, a pinned connection was assumed between the pump and support. The
computed frequencies were compared with BPC's original calculation to verify

that the pump mount was rigid as assumed in the original design.

The columi base plates are bolted to the concrete slab with four bolts
per base plate, These column bzse connections were modeled as both pinned
and clamped conditions to bound the possible constraint by the foundation
and base plate., For a pinned condition, the calculated fundamental natural
frequency {s 15.4 Hz, while for a clamped condition, the frequency is
31.%3 W., These values differ substantially when compared with the 112 Hz
originally calculated by BPC and are lower than the CE-specified minimum
requirement of 33 Hz for the pump support. If the flexibility of the pump
is considered, the resulting frequency may be further reduced. PFR-F10l was

filed as a result of this discrepancy.

In response to the PFR, Bechtel agreed that the originally calculated
fundamental frequency of 112 Hz for the pump support was too high and incor-
rect, Bechtel performed a more rigorous analysis (similar to TPT's) and
derived fundamental frequencies of 15.5 Hz for the pinned condition and
32 Hz for the clamped condition. BPC conservatively estir.ted a fundamental
frequency of 20 Hz for the support mount although the actual condition is
closer to the clamped than the pinned condition. This frequency is outside
the region of amplification of the floor response spectra at the pump loca-
tion; the seismic response of the pump-support system as estimated from the
floor response spectra at 20 Hz i{s less than the design basis of 1.5 g in
the horizontal direction. rechtel also checked to see that 20 Hz is not
close to the fundamental frequencies of the piping connected to the pump,
which ranged from 8.0 to 15.5 Hz. The fundamental frequency of 20 Hz
results in minimal amplification with respect to the ZPA, which is consis-
tent with the design requirement of a rigid support for the pump; therefore,

the PFR was classified as an Observation.
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TABLE 7-2

COMPARISON OF MAXIMUM FORCES, MOMENTS AND LOADS
ACTING AT THE SUPPORTS OF THE SAFETY INJECTION WATER TANK

FOR THE DBE RESPONSE SPECTRA

Result CE Model MODSAP Model
Dead Weight (1b) 208,396 204,259
Forces at base of the support skirt

Fx (1b) 99,792 88,420
Fy (1b) 101,605 88,240
Fz (1b) 255,081 214,800
Moments at base of the support skirt

Mex (1b=in,) 3,310,717 4,097,000
Myy (1b=in,) 4,036,067 3,935,000
Maximum moment acting on support

skirt (at skirt-head interface)

Myx (1b=in,) 11,269,633 9,687,000
Myy (1b=in.) 11,514,328 9,561,000

Loads aeflng at the seismic lugs

Lug 1 (1b) 121,087

Lug 2 (1b) 119,232

Lug 3 (1b) 121,087

Lug 4 (1b) 119,232
7=6

102,000
101,450
102,000
101,450
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TABLE 8-]
VALID PFR's ISSUED

NOTE: All PFR's in this table were classifed as Observations with the
exception of the seven Findings which are identified with an

asterisk.
TASK A
PFR No. Contractor Subject
0038* CE Project office - interface control
0047* CE Design reviews
0049 CE Specification review
0052* CE Project Office - design coordination
FOO4 CE Design control - training
TASK B
Component PFR No. Contractor Subject
Auxiliary intake FO10 SCE Purchase specification
structure
FOl1 SCE Design document reviewer
comments
FO12 SCE Professional Engineer's

approval of specification<
or calculation

FO13 SCE Specification distribution<
FOl4 SCE Review of revised
calculation
FO15* SCE Computer program validation
Piping FO20 BPC Calculations
snalysis FO21 BPC Calculations
F022 BPC Calculations
F023 BPC Calculations
F024 BPC Calculations
82
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(Continued)

TABLE B-]
TASK C
Des{ign
Review Feature PFR Organization
l. Dynamic 0013 BPC
analvsis
of reactor 0057 BPC
containment
building
0058 BPC
F105 BPC
2. Auxiliary F106 SCE
intake
structure F108 SCE
3. Refueling 0008 BPC
e FO71 BPC
storage
tank FO78 BPC
4, LPSI 0011 CE
pump
5. Safety 0037 CE
injection
tank
6. Major 0001 BPC
piping 0003 BPC
0006 BPC
0007 BPC
0023 BPC
0024 BPC

PFR Description

Deviation in computer input for
mass values at a node

Soil spring stiffness values are
inconsistent in computer input

Deviation in computer input for
beam element moments of inertia

Use of basemat tracking feature
in the SMIS code

Combination of loads and moments
in the structural calculations
Incorrect factor used in the
moment distribution calculations
Incorrect nozzle loads

Buckling criteria for tank design
Effects of hydrodynamic loading

associated with sloshing

Response spectra g-levels used
for design

Inconsistencies in the moment of
inertia values used in the floor
support slab

Line incorrectly ident.fied

Documentation of seismic anchor
movement loads

Inconsistencies in support
description. Wrong type of
support analyzed

Inconsistency in use of response
spectra

Improper modeling of valve center
of gravity

Improper documentation of seismic
anchor movement data ;
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TASK

(Continued)

Design Feature

PFR

1

14,

16.

17.

«itchgear

and power
panels

Electrical

and
control
cables

Dynamic
analysis
of the
reactor
coolant
system

Reactor
ccolant
pump

and
supports

Reactor
vessel
supports

Fuel
element
grid
spacers

Reactor
coolant
system
cold leg
(piping)

0031

0053

FOO3

FO98

F102

F096

F095

TABLE 8-~1 (Continued)

Design
Organization

BPC

BPC

CE

CE

CE

CE

(o 4]
|
(o

PFR Description

Use of "preliminary” response
spectra in "final"™ specification

Elevation and location
inconsistencies for switchgear

Extrapolation of seismic test data
to multi-array motor control
centers

No PFR's

No valid PFR's

Seismic qualification criteria
for pump snubber

Nonconservative design of pump
support clevises

Inlet nozzle material allowable
stresses

No PFR's

Stress analysis intensity values -
charging inlet nozzle
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TABL

PFR No.

0034*

TASK G

0042

0043

TASK H

F10]

E 8-]1 (Continued)

Contractor

SCE

SCE
SCE
SCE
BPC
BPC

SCE

BPC

Subject
Procedure inconsistent with
Appendix B
Procedure violation
Procedure violation
Procedure violation
Report of deficiencies
Corrective action

Corrective action

Piping support installation not
per drawing

Installed piping does not
conform to stress isometric

LPSI pump support fundamental
frequency
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were carried out, was satisfactorily removed by the review in Tasks C and H.
The results from these tasks indicaced that there was no design inadequacy

resulting from a lack of design review.

One Finding, PFR FOl5, resulted from Task B. The corresponding
Corrective Action Plan, together with the review in Task C, satisfactorily

remove any concern about design adequacy.

Another Finding, PFR 0009, resulted in Task C. The Corrective Action
Plan demonstrates that the concern is understood and, when implemented will

remove all concern on the cable tray support design.

Finding PFR FO5]1 and 0G34 resulted in Task D. The information
submitted in the Corrective Action Plan for FOS51 indicated that the Finding
was due to lack of information and thus inappropriate. The Corrective
Action Plan submitted satisfactorily closed the Finding. The Corrective
Action Plan for PFR 0034 indicated that the procedural deviation had been
corrected and provided evidence to demonstrate that the effectiveness evalu-
ation was carried out, even though not explicitly required by procedure.
Thus, these Corrective Action Plans remove any concern.about design

adequacy.

In summary, all the Findings are either satisfactorily closed out or
will be upon completion of the Corrective Action Plan. It should be noted

that no physical changes were requ.red as a result of the Findings.

8.3. CONCLUSIONS

The independent verification program for San Onofre Nuclear Generating
Station Units 2 and 3 was structured to verify that the design process
adequately converted the seismic design bases specified in the Final Safety
Analysis Report into design documents that were transmitted tc “he con-
structor or fabricator. The major tasks, Tasks A, B, C, and H (see Sections

2, 3, 4, and 7) taken together have provided a discerning basis to judge

8-10
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Two aspects of the construction process were reviewed.

| Task D, Section 5, reviewed the plan for field audits. Based
on this review {t is concluded tht SCE and BPC did carry out
an audit program that was properly planned and scheduled in
accordance with commitments and that this program was
effective as indicated by the lack of significant unresolved

deficiencies,.

y {8 Task G, Section 6, reviewed the as-built configuration of a
segment of pipe. Based on this review it is concluded that
the installation of this pipe efegment is adequate with regard

to seismic requirements.

Although the program was structured to concentrate on Unit 2, Unit 3

review was included insofar as there are signficant unique features. Based

on tuis review, the conclusions of the program are applicable to both
Units,

The procedure review in Tasks A and D, and to some extent B, used the
OA ™ ogram documents and PSAR commitments as a source of requirements.
These requirements were interpreted in light of 10CFRS0O Appendix B and L
N45.2. Although a comprehensive review of the QA Program using these
documents as sources of requirements was not done, the currvent 0A Program

was,k {n general, responsive to 10CFRS5S0 Appendix B and ANSI N45.2 and no

deficiencies were noted,

Overall, the seismic aspects of the San Onofre Units 2 and 3 project
are judged adequate and no reason has been found to prohibit issuance of the

full power license for Units 2 and 3.
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