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~

- Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Office, Post Office Box 37082,
Washington, DC 20013 7082

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
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Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical Information Service include NUP.EG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.
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state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations,and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free, to the extent of supply, upon written request
to the Division of Information Support Services, Distribution Section, U.S. Nuclear Regulatory
Commission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.
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ABSTRACT
,

j

l Supplement 14 to the Safety Evaluation Report related to the operation of the
1 Comanche Peak Steam Electric Station (CPSES), Units 1 and 2 (NUREG-0797), has

been prepared by the Office of Special Projects of the U.S. Nuclear Regulatory,

Commission (NRC). The facility is located in Somerville County, Texas,
approximately 40 miles southwest of Fort Worth, Texas. This supplement

p(CAP) related to large and small bore piping and pipe supports. resents the staff's evaluation of the applicants' Corrective Action ProgramThe scope and
methodologies for CAP workscopes as summarized in Revision 0 to the large and
small bore piping project status reports and as detailed in related docunents
referenced in this evaluation were developed to resolve various design issues
raised by the Atomic Safety and Licensing Board (ASLB); the intervenor,
Citizens Association for Sound Energy (CASE); the Comanche Peak Response Team
(CPRT); CYGNA Energy Services (CYGNA); and the NRC staff.

The NRC staff concludes that the CAP workscopes for large and small bore
piping provide a comprehensive progran for resolving the associated technical

. concerns identified by the ASLB, CASE, CPRT, CYGNA, and the NRC staff and their
_

implementation ensures that the design of large and small bore piping and pipe
*

supports at CPSES satisfies the applicable requirements of 10 CFR 50.

.

J
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1 INTRODUCTION

In September 1984, Texas Utilities Electr.ic Company (TV Electric), lead
applicant for the Comanche Peak Steam Ele::tric Station (CPSES) Units 1 and 2
established the Comanche Peak Response Team (CPRT) and fermulated the CPRT
Procpam P7an and 1.uue-specific action plans to address issues identified by
the U.S. huclear Regulatory Commission (NRC) staff in its reviews of technical
concerns and allegations pertaining to the CPSES plant. As the CPRT Program
Plan evolved, its scope was expanded to include (1) the resolution of all
design, construction, testing, and quality assurance / quality control issues
raised in the Atcaic Safety and Licensing Board (ASLB) proceedings, in the
Independent Assessment Program conducted by CYGNA Energy Services, and in other
NRC staff reviews, and (2) the development of self-initiated reviews to broadly
examine the adequacy of the design and construction of the CPSES plant.

In early 1987, TU Electric evaluated the preliminary results of the CPRT
self-initiateo reviews as the investigat.ive phase of these reviews was
completed. As a result of the numerous, broad-scope findings, TV Electric
initiated a comprehensive Corrective Action Program (CAP) that consistea of a
complete design and hardware validation and provided for an integrated
resolution of identified problem areas rather than a resolution of each issue.
In the design area, ongoing design validation activities from the CPRT Program
Plan were incorporated into the CAP, which was divided into the following
design workscopes:

(1) mechanical systes
(2) electrical systems
(3) instrumentation and control
(4) civil / structural
(5 large bore piping
(6 small bore piping
(7 cable tray hangers

conduit supports (Trains A and B, and Train C greater than 2 inches)
conduit supports (Train C less than or equal to 2 inches)

) heating, ventilation,andair-conditioning
.

(11) equipment qualification

The applicant contracted with three major design organizations - Ebasco
Services Incorporated, Impell Corporation, and Stone & Webster Engineering
Corporation (SWEC) - to perform the activities related to the above design
workscopes.

This supplement presents the NRC staff's safety evaluation of two of the CAP
design workscopes: large and small bore piping. The CAP contractor for large
and small bore piping is SWEC. The staff review of the remaining nine CAP
design workscopes will be addressed in subsequent safety evaluations.

The staff's evaluation of the CPSES piping and pipe support activities
provided in this supplement covers a wide range of subjects that cannot be
presented appropriately in the usual Safety Evaluation Report (SER) format used

Comanche Peak SSER 14 1-1
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for licensing activities. Therefore, the format in this supplement will be
used for the staff evaluations of the TU Electric CAP.

Section 2 of this supplement discusses the background and source of the issues
of concern. Section 3 provides an overview summary of the corrective actions
taken by the applicant. Section 4 discusses the staff's evaluation of the
corrective E.ctions including the design criteria and methodologies used in the
CAP. Section 5 provides the staff's evaluation of the applicant's preventive
actions including the programmatic and quality assurance aspects. Section 6
presents the staff's overall conclusions. Section 7 lists the references cited
in this report. Availability of all reference material cited is described on
the inside front cover of this report.

Appendix A provides the staff's review and evaluation of the generic technical
issues associated with piping crd pipe supports. Appendix 8 describes the
resolution of open items related to piping and pipe support design from
previous NRC inspection reports. Appendix C describes the resolution of open
itens related to piping and pipe supports from Supplement 13. Appendix 0

provides a chronology of NRC staff meetings, audits, and inspections associated
with these workscopes. Appendix E is a listing of Comanche Peak Project
procedures and project memoranda used in the CAP piping and pipe support design
validation. Appendix F discusses the staff evaluation of piping and pipe
support issues raised in the ASLB hearings on CYGNA's Independent Assessment
Progran.

itanagement and coordination of all the outstanding regulatory actions for
Comanche Feak are under the overall direction of Mr. Christopher I. Grimes, the
NRC Comanche Peak Project Division Director. Mr. Grimes may be contacted by
calling (301) 492-3299 or by writir.g to the following address:

Mr. Christopher 1. Grimes, Director
Comanche Peak Project Division
Office of Special Projects
Mail Stop 7H-17
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Copies of this supplement are available for public inspection at (1) the NRC's
Public Document Room located at 1717 H Street, NW, Washington, DC 20555,(2)
the Local Public Document Room located at the Somervell Ccunty Public Library
on The Square, P. O. Box 1417, Glen Rose, TX 76043, ano (3) the mini Local
Public Document Room at the University of Texas at Arlington Library, 701 South
Cooper, P0 Sox 19447, Arlington, TX 76019.

t
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2 SOURCE OF ISSUES

Since 1982, the applicant for CPSES has been involved in a heavily contested
hearing before the Atomic Safety and Licensing Boaro (ASLB). The only
remaining contention is Coctention 5.* Contention 5 was broadiy interpreted by
the ASLB to apply to quality assurance in regard tc the design and construction
of CPSES. The ASLB also permitted the intervenor, Citizens Association for
Sound Energy (CASE), to raise questions related to potential design
deficiencies that allegedly were not caught by the design control program.

The pipe support design issues (Walsh/Doyle issues) were initially raised
during the July and September 1982 ASLB hearing sessions by CASE witnesses,
Mark A. Walsh and Jack Doyle, who both worked for the same pipe support group
at CPSES from August 1981 to June 1982. The staff formed a Special Inspection
Team (SIT) to review and evaluate the Walsh/Doyle issues during an inspection
performed from October 1982 to February 1983. The SIT categorized the
Walsh/Doyle issues into the following 19 broad areas of concern and the SIT's
conclusions regarding each of the areas of concern were documented in NRC
Inspe.ction Report 50-445/82-26, 50-446/82-14 dated February 15, 1903 (SIT
Report) (Reference 1).

(1) the interface between pipe support design groups

(2) interface between pipe support design groups and pipe stress
aralysis organizations

(3) design analysis for Richmond inserts and Hilti-bolts

(4) differential thermal expansion effects in pipe supports

(5) differential thermal expansion and other effects in wall-to-wall,
floor-to-ceiling, and floor-to-wall pipe supports

(6) stability of pipe support designs

* Contention 5 in the ASLB hearings on Comanche Peak states:
The applicants' failure to adhere to the quality assurance / quality control
(QA/QC) provisions required by the construction permits for Comanche Peak,
Units 1 and 2, and the requirements of Appendix B of 10 CFR Part 50, and
the construction practices employed, specifically in regard to concrete
work, mortar blocks, steel, fracture toughness testing, expansion joints,
placement of the reactor vessel for Unit 2, welding, inspection and
testing, materials used, craf t labor qualifications and working conditions
(as they may affect QA/QC) and training and organization of QA/QC
personnel, have raised substantial questions as to the adequacy of the
construction of the facility. As a result, the Commission cannot make the
findings required by 10 CFR 50.57(a) necessary for issuance of an
operating license for Comanche Peak.

Comanche Peak SSER 14 2-1
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(7) use of U-bolts in pipe support designs

(8) loading due to seismic acceleration of the pipe support structure

(9) moment restraint and local pipe stress oue to welded stanchions

(10) deflections and local stresses in pipe support structure

(11) consideration of friction loads

(12) consideration of kick loads

(13) modeling of wide-flange members as infinitely rigid in torsion

(14) effect of cold forming on the ductility of tube steel

(15) operating loads that appeared to be in error

(16) welded stepped connections, fillet welds, and skew welds

(17) section property values used by Pipe Support Engineering

(18) support pads welded over pipe girth welds

(19) damage to pipe support during hydrostatic testing

Concurrent with the ASLB hearings, the staff requested the applicant to conduct
an independent verification program in regard to the quality of design and
construction activities at CPSES. In requesting this independent verification
program, the staff was seeking additional assurance that the design process
used at CPSES complied with NRC regulations ano licensing conunitments. The

applicant submitted a plan for an Independent Assessrrent Program (IAP) for
CPSES to be performed by CYGNA Energy Services (C)GNA). In hvember 1983,

CYGNA submitted the results of the draft IAP Phases 1 and 2 (Reference 2) to
the staff and the applicant. The CYGNA IAP report (Phases 1 and 2) was a
limited-scope assessment of a portion of the design control process and its
implementation. In its IAP, CYGNA concluded that the overall design activities
at CPSES were adequate and were properly implemented.

Subsequently, the ASLB issued its preliminary findings on the design issues
(i.e., Walsh/Doyle issues) in its Memorandum and Order (Quality Assurance for
Design)datedDecember 28, 1983 (Reference 3). The ASLB found that the
applicant had not demonstrated the existence of a system to promptly correct
design deficiencies and concluded that the applicant was in non-compliance with
10 CFR 50, Appendix B. The ASLB also noted that the hearing record was devoid
of a satisfactory explanation for several piping and pipe support design
questions raised by the intervenor, CASE. The ASLB urged that a third party
conduct an independent review of the technical issues addressed in the
hearings. The applicant again contracted with CYGNA to perform this review and
referred to this review as Phases 3 ar.d 4 of the CYGNA IAP. Phase 3 was
directed primarily toward a review of the piping and pipe support designs for
selected systems. Phase 4 was primarily a multidisciplined review of the
design of a portion of the con.ponent cooling water system for Unit 1.

Comanche Peak SSER 14 2-2
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in addition, the applicant proposed to conduct tests and analyses, prepare
testimony and documentary evidence, and perform an independent review of the
principles ano analyses contained therein. This effort resulted in several
submittals to the ASLB by the applicant containing affidavits, documentary
evidence, and the results of tests and analyses to address the specific
unresolved concerns relateo to piping and pipe support design discussed in the
hearings. The intervenor rcsponded with many counterarguments. The staff

| review of the applicant's submittals resulted in many ouestions and unresolved
concerns which the staff determined should be addressed in order to ensure that
technically justified resolutions for the Walsh/Doyle issues existed. The
staff presented its views on the piping and pipe support design and desien
process used by TU Electric in a public meeting held at the CPSES site on
Februa ry 26-27, 1985 (Board Notification BN-85-026A) (Reference 4).
Subsequently, the applicant developed Revision 2 of its CPRT Program Plan,
which included a plan for the resolution of the Walsh/Doyle issues, and
withdrew its previcus submittals to the ASLB.*

Because of the conclusions in the draft IAP report for Phases 1 and 2, CYGNA
personnel appeared as witnesses before the ASLB in hearings held during
February, April, and May 1984 to testify on the quality of design at CPSES. In
the course of their testimony, CYGNA witnesses responded to numerous cuestions
posed by CASE on specific piping, pipe support, end cable tray design issues
pertaining to the scope of werk in the craft IAP report for Phases 1 and 2.
The hearings resulted in several items that required further explanations by
CYGNA. When errata finalizing the CYGNA IAP Phases 1 and 2 report were issued
on October 12,1984 {%ference 5), these hearing items had not been f ully
resolved. The staff evaluation of the unresolved items pertaining to piping
and pipe supports from the CYGNA hearings with respect to their applicability
to the current designs under the CAO design valication is provided in Appendix
F to this supplement.

In July 1984, CYSNA submitted a report documenting the ihitial results of its
Phase 3 IAP (Reference 6) which was initiated to address the concerns of the

,
ASLB in its December 28, 1983 Memorandum and Order (Reference 3). Errata

| finalizing the report were submitteo on November 1984 (Reference 7). CYGNA

concluded that the two piping systems reviewed (main steam and component
cooling water) were designed to perform their intended function. The staff

,

raised the question of whether the CYGNA Phase 3 1AP (Reference 7) had been
fully responsive to the ASLB's concerns regarding the pipe support issues

* The applicant's withdrawal of its submittals to the ASL8 are documented in
the following pleadings and ASLB decision in the CPSES record:

(1) Applicants' Memorandum in support of Motion for Modification With Respect
to the Board's Memorandum of August 29, 1985 (Proposal for Governance of
This Case), dated September 25, 1985 at 10.

(2) Memorandum and Order (Withdrawal of Written Filings Motion), dated
Noverrber 8, 1985, at 4-5.

(3) Applicants' Statement of Continuing Intent to Withdraw Motions for Summary
Disposition, dated December 5, 1985.

I Comanche Peak SSER 14 2-3
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raised by Walsh and Doyle. CYGNA subsequently identified many open issues
associated with the Walsh/Doyle concerns that were not adequately addressed in
the Phase 3 report in a letter from N. H. Williams (CYGNA) to V. Noonan (NRC)
dated January 18, 1985 (Reference 8). In a letter from N. Williams (CYGNA) to
V. Noonan (NRC) dated January 25, 1985 (Reference 9), CYGNA retracted its
conclusions previously established in Phases 1, 2, and 3 of its IAP because of l

information obtained through later reviews and conclusions affected by a
cumulative effects assessment across all phases of the IAP and identified many
open and unresolved issues remaining from its IAP (Phase 4) that were related
to cable tray and conduit support design. In a letter from N. Williams (CYGNA)
to J. Beck (Texas Utilities Generating Company) dated April 4,1985 (Reference
10), CYGNA summarized in its review issues list (RIL) all its findings and open
items from Phases 1, 2, 3, and 4 of the IAP. The staff finds that the CYGNA
IAP (Phases 1, 2, 3, and 4) had not only substantiated some of the concerns
related to pipe supports but also revealed additional design concerns related
to pipe stress, cable tray and conduit support design.

.

|
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3 OVERVIEW SUMMARY

3.1 CPRT Program Plan

Decause of many technical concerns identifiec in regard to the design of large
bore piping and pipe supports at CPSES, the CPRT d'aveloped an action plan to
identify and correct design deficiencies relating to these ccmponents. This
piping discip'ine-specific action plan (DSAP) was part of the overall CPRT
Program Plan to address and resolve all technical concerns relating to the
adequacy of design, quality of construction, quality assurance / quality control,
and testing at CPSES.

The "Comanche Peak Response Team Program Plan and Issue-Specific Action Plans,"
Revision 2, was issued on June 28, 1985. Revision 3 was issuea on January 27,
1986, and Revision 4 was issued on June 18, 1987.* The NRC staff provided its
evaluation of Revision 3 to the CPRT Program Plan in SER Supplement 13 dated
May 1986 13) (Reference 11).

In regard to piping and pipe supports, DSAP IX was developed as part of the
Design Adequacy Program (DAP) under the charter of the CPRT Program Plan. DSAP
IX (Appendix C of the CPRT Program Plan) described project ** and third-party
activities pertaining to the resolution of concerns related to piping and pipe
supports. The action plan included project activities involving a complete
piping ana pipe support reg alification program and a third-party review of
this progrom. The project activities were to be perfonned by Stone & Webster
Engineering Corporation (SWEC), and the third-party activities were to be
performed by TENERA, L.P. (formerly known as TERA Corporation).

Because the scope of the CPRT Program Plan was dynamic in nature, its
implementation was continually changing. In addition to providing for the
resolution of all identified technical concerns, the plan included a self-
initiated evaluation of the CPSES quality of construction and adequacy.cf
design to investigate additional areas so that its conclusions could be
extended to the balance of the CPSES plant. In the piping and supports action
plan, the scope of the requalification program was essentially all-encompassing
and a self-initiated review in regard to the piping discipline was not
required.

Revisions 0 and 1 of the CPRT Program Plan, which were issued on October 8*

and November 21, 1984, respectively, provided a plan for the resolution of
only those issues identified by the NRC Technical Review Team's inspection at
CPSES conducted from July to September 1984. The piping issues identified in
the ASLB hearings and by CYGNA were not included.

** "Project" includes the TV Electric organization and its contractors (e.g.,
Stone & Webster Engineering Corporation) responsible for design activities.

Comanche Peak SSER 14 3-1
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In Section 3.5.3 of Supplement 13 (Reference 11), the staff in its evaluation
of the piping and supports action plan found that the piping and pipe support
requalification program provided an adequate framework to address the design
issues raised in regard to the piping and pipe support discipline.

Additionally, the staff stated that it would assess the effectiveness and
completeness of the program through technical audits performed during the
implementation of the program.

!

3.2 TU Electric Corrective Action Program

In April 1987, as the investigative phase of the DAP (Appendix A to the CPRT
Program Plan) neared completion, TV Electric became aware of the numercus and
broad-scope findings of the CPRT self-initiated design reviews. Subsequently,
TV Electric decided to initiate a comprehensive Corrective Action Program (CAP)
involving a complete design validation of 11 design workscopes to be performed
by three major design organizations. The design workscopes and the responsible
CAP contractors are:

(1) mechanical systems (SWEC)*
(2) civil / structural (SWEC)
(3 electrical systems (SWEC)
(4 instrumentation and control (SWEC)
(5 large bore piping (SWEC)
(6) small bore piping (SWEC)
(7) heating, ventilation, and air-corditioning (Ebasco)

cable tray hangers (Ebasco/Impell)(8)9) conduit supports (Trains A end 3 cnd Train C greater than 2") (Ebasco)
10) conduit supports Train C less than or equal to 2" (Impell)
11) equipment qualification (Impell)

The establishment of the CAP made the continuation of some CPRT overview and
corrective action activities unnecessary and resulted in a redirection of the
CPRT's assessment of design adequacy. The applicant provided a description of
the CAP to the NRC staff in letters from W. Counsil dated January 29, June 25,
August 20, August 28, September 8, and September 23, 1987 (References 12, 13,
14, 15, 16, and 17). As a result of the establishment of the CAP and the
completion of the CPRT investigative activities, Revision 4 to the CPRT Program
Plan was issued on June 18, 1987 (Reference 18) to reflect the CPRT Program
Plan's revised scope of work. The staff provided its evaluation of Revision 4
to the CPRT Program Plan and of the overall CAP in a letter from S. D. Ebneter
to W. G. Counsil (TV Electric) dated January 22,1988 (Reference 19).

The scope of the piping and pipe support requalification program being
implemented by SWEC under Revision 3 to the CPRT Program Plan (DSAP IX) was not
significantly affected by the establishment of the CAP. The SWEC

requalification program was incorporated into the CAP and reformatted so that

The design validation of Fire Protection is being perforned by Impell and0

that of systems interaction is being performed by Ebasco.
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it was consistent with the Design Basis Consolidation Program (DBCP)*
(Reference 20), and its overall scope was expanded. The SWEC requalification

, program as described in Attachment 2 of DSAP IX of the CPRT Program Plan
! (Reference 18) evolved into the design validation component of the CAP for

large and small bore piping and supports.

The CAP process in regards to piping and pipe supports consists of design
validation, modifications, hardware validation, final reconciliation, and final
documentation. This supplement addresses the overall CAP process, each of its
components (except for those modifications for which the applicable site
procedures for hardware rework are being evaluated under the NRC site
inspection program for CPSES), and the effectiveness of the third-party
reviews.

The staff evaluated the activities ccmpleted by TENERA under the CPRT Program
Plan's DAP for piping and supports (DSAP IX) through several design audits and
inspections. The staff's evaluation of TENERA's activitics and associated
reports is provided in Section 4.2.1 of this supplement. Resolution of open
items identified during previous NRC staff inspections of TENERA activities as
documented in NRC Inspection Report 50-445/86-19,50-446/86-16 dated November 4,
1986 (Reference 21) is provided in Appendix B to this supplement.

The third-party review activities that were transferred from TENERA to the TV
Electric Technical Audit Program (TAP) as a result of the CPRT redirection are
described in the foreword to Appendix A to the CPRT Progran Plan (Revision 4)
(Reference 18). The staff's review and evaluation of the effectiveness of the
TAP activities related to piping and pipe supports are provided in Section
4.2.2 of this supplement.

The open items identified in the Independent Assessment Program (IAP) conducted
by CYGNA from 1983 to 1985 have been addressed unoer both the CPRT Program Plan
and the Corrective Action Program. In addition, since November 1986, TV
Electric has been actively pursuing the resolution of the open IAP issues with
CYGNA in meetings between CYGNA and the CAP contractors. The status of the
CYGNA open items related to piping and supports have been documented in review
issues lists (References 22 and 23) by CYGNA. The staff evaluation of the
CYGNA activities is provided in Section 4.2.3 of this supplement.

The staff has completed its audits and inspections of the piping and pipe
support design validation and third-party activities and concludes that the
effectiveness and completeness of the program's implementation are sufficient
to ensure that licensing commitments are satisfied and that the piping and pipe
support issues raised by the intervenor (CASE), CYGNA the NRC staff, and other
external sources currently known to the staff are being properly resolved. The
staff reviews and evaluations are provided in Section 4 of this supplement.
Open items from Supplement 13 (Reference 11) related to the design of piping
and pipe supports under the CPRT Program Plan are discussed in Appendix C to
this supplement.

* The applicant uses the DBCP to manage the CAP and ensure consistency of
each contractor's activities and products.
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4 CORRECTIVE ACTIONS

To evaluate the design of large and small bore piping and pipe supports at
CFSES, the staff reviewed the CPRT Program Plan up to arnd including Revision 4
the applicant's letters describing its Corrective Action Program (CAP)
(References 12, 13, 14, 15, 16, ano 17), CYGNA's Independent Assessment Program
and review issues lists (References 2, 5, 6, 7, 9, and 10), and the piping
project status reports (References 24 and 25). In addition, the NRC staff
conducted auaits and inspections of the CPRT Program Plan and CAP activities
related to large and small bore piping and pipe supports at CPSES from August
1985 through January 1988 (see Appendix D of this supplement for a chronology
of staff audits and inspections of piping and pipe support activities).

The following sections provide the staff's review and evaluation of the
corrective actions taken by the applicant to ensure the structural integrity of
the piping and pipe supports at CPSES including third-party overviews of the
CAP activities.

4.1 Applicant Actions

4.1.1 Corrective Action Prcgrata Process

The CAP process for large and small bore piping and pipe supports is described
in a letter from W. Ccunsil to the NRC dated August 28, 1987 (Reference 15) and
in the piping project status reports (PSRs) (References 24 and 25). The major
elenents of the CAP procest are design velidation, har6:are modifications,
hardware validation, final reconciliation, and final documentation.

(1) Design Validation

The design validation for piping crd pipe supports provides a comprehensive
program for the reanalysis of American Society of Mechanical Engineers
Boiler and Pressure Vessel Code (ASME Code) Class 2 and 3 piping * and ASME
Code C1 css 1, 2 and 3 pipe supports. The scope of the CAP implemented to
date for CPSES Unit 1 and Common ** also includes (a) non-seismic Category I
piping as defined in NRC Regulatory Guide 1.29 (Reference 26) Position C.2,
(b) high and moderate energy piping that is computer analyzed to determine

ASME Code Class 1 piping is under the design scope of the Nuclear Steam*

Supply System (NSSS) vendor and is, thus, excluded from the balance-of-
plant piping scope of the CAP.

** "Common" refers to the areas of the CPSES piant containing systen.s,
components, and equipment for both Units 1 and 2.
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locations for pipe breaks and leakage cracks, and s ) portions ofc

non-seismic piping that are included in seismic Category I pipe stress
analysis packages. Design validation includes (a) establishing design
basis docurrents (DBDs) including the validation of piping system design
input, (b) conducting pipe stress analyses and pipe support calculations,
and (c) performing a final reconciliation. The results of design
validation at the conclusion of final reconciliation are provided in
piping design validation packages (DVPs) consisting of piping and pipe
support calculations, orawings, and related interface data. The DVPs

provide the necessary documentation to ensure compliance with the design
requirements of Section III of the ASME Code (References 27 and 28).

(2) Modifications
As a result of the resolution of generic technical issues (see Appendix A
to this supplement), several types of pipe supports were identified for
modification before stress analyses were performed as described in Section
5.2.2.1 of the piping PSRs (References 24 and 25). In addition, pipe

supports were modified in conjunction with design validation on the basis
of the following reasons: prudency, adjustments, cumulative effects, and
recent industry practice. Table 5-4 of the piping PSRs (References 24 and
25) lists the CPSES Unit 1 and Common pipe support modifications and the
reasons for the modifications. Appendix A of this supplement provides the
evaluaticn of the adecuacy of the modifications of pipe support designs for
each generic technical issue (as cpplicable).

(3) Hardware Validation

The Post Construction dardware Validation Proaram (PCHVP) (References 16
and 17) was established by the applicant as a complete validation of final
inspection attributes and included safety-related and selected non-safety
related piping and pipe supports. Reinspection by either physical

verification or engineering (evaluation is performed for those inspectionattributes associated with 1) CPRT recorrrendations to reinspect, (2)
system design changes, or (3) modifications to existing piping and pipe
supports. The PCHYP provides assurance that as-installed piping and pipe
supports meet the validated design.

(4) Final Reconciliation

The final reconciliation resolves differences between the piping stress
analyses and support calculations and the validated design input and
as-built configuration. The piping design input data are confirmed by
interfacing design organizations and as-built piping and pipe support
configurations are validated under the PCHVP. The final reconc'liation
of the pipe stress analyses is performed using validated as-built data
from the PCHVP and satisfies the requirements of Office of Inspection and
Enforcement (IE) Bulletin 79-14. "Seismic Analysis for As-Built
Safety-Related Piping Systems" (Reference 29). The final reconciliation
ensures that the piping DVPs adequately validate the as-built piping and
pipe support hardware.
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(5) Final Documentation

This element requires that all piping DVPs are transmitted to the
permanent records facilities (Veult). This ensures that the results
of the CAP are adequately maintained and retrievable.

On the basis of its review, the staff finds that the overall CAP process for
piping and pipe supports, provides a complete program for ensuring compliance
with licensing commitments, the identification and resolution of oesign
deficiencies, conformity of design with construction, and proper documentation
and maintenance of results, and is thus acceptable.

4.1.2 Design Validation

The design validation phase of the CAP process includes validation of design
input, development of design criteria and analytical methodologies to resolve
generic technical issues, piping and pipe support analyses, and final
reconciliation. The areas reviewed and the staff evaluation are provided
below.

4.1.2.1 Validation of As-Built Design Input

The accuracy of the piping and support as-built drawings used as input to the
initial pipe stress analyses of design validation were verified by SWEC using
Comanche Peak Project Procedures CPPP-5 and CPPP-8 (see Appendix E to this
supplement) before the stress analyses were initiated.

Initial As-Built Walkdown

The initial SWEC walkdown was performed in accordance with procedure CPPP-5
(see Appendix E to this supplement). The purpose of the CPPP-5 walkdown was to
establish confidence in the adequacy of dimensions and the functionality of
supports shown on the existing as-t,uilt drawing before the piping analysis
effort was initiated. The results have been published in SWEC walkdown reports
"Large Bore Field Walkdown Repcrt," cated October 10, 1985, and "Small Bore
Field halkdown Report," dated June 19, 1986.

The staff audited the CPPP-5 walkdown process (Appendix D to this supplement -
Event 2) and reviewed the CPPP-5 procedure and the two SWEC walkdown reports.
The results of the staf f audit were discussed in a public meeting in Granbury,
TX teld on October 2, 1985. The staff found that the SWEC CPPP-5 walkdown
verified the adequacy of fcur attributes obtained from a ranoon selection of
680 large bore pipe supports and valves. The four attributes were (1) valve
location (sample size of 80), (2) pipe support location (sample size of 200).
(3) pipe support function (sample size of 200), and (4) valve and support
orientation (sample size of 200). The fcur attributes were selected on the
basis of their potential impact on the pipe stress analyses. Other attributes
(e.g., pipe run geometry) that could also affect pipe stress analyses were
verified indirectly by the methods used in verifying the above four attributes
(e.g., pipe run distances from elbows, tees, valves, and supports). The staff
audit of the CPPP-5 w:lkdown found that the attribute sample size was adequate

j for the purpose of establishing trends in the data accuracy and that the four
attributes were the significant attributes with respect to potential impact on
piping stress analyses.

i

l
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The staf+ concludes that the CPPP-5 walkdown was well-documented and easily
verifia~o m The dimensions measured by the staff verifieo the accuracy of the
5WEC dimensicos as marked in the SWEC CPPP-5 as-built walkdown packages. As a
result, the staff concurs with the conclusions reached by SWEC as reported in
the two SWEC walkdown reports that the as-built documentation was adequate
to initiate the SWEC design validation activities.

1The SWEC walkdown reports identified a need to review the results from the CPRT
I

Quality of Construction (QOC) Program (Appendix B to the CPRT Program Plan) and
a need to verify the accuracy of valve and support orientations shown on the
drawings. A stuoy was initiated to review the deviation reports generated by
the CPRT Q0C Program and to evaluate their impact on the design validation of
piping and pipe supports. This study is discusseo in more detail later in this
supplement. In addition, the walkdowns identified a need for a complete
walkdown of valve and support orientation that was subsequently perfo Tued in
accordance with Comanche Peak Site Procedure CPSP-12 "As-Built Verification."

The staff finds that the CPPP-5 walkdowns verified the adequacy of dimensions
and functions shown on existing as-built drawings to support initiation of the
piping analysis activities and provides confidence that the use of existing
as-built piping data in the initial stress analyses of design validation will
not result in significant changes to the stress analysis results curing final
reconciliation when verified as-built data from the PCHVP are available.

Engineering Walkdown

In a public meeting held on February 26-27, 1985 (Board hotification
BN-85-026A) (Reference 4), the NRC staf f identified a need for an as-built
walkdown to verify engineering assumptions used in piping stress analyses. In
response to the staff concern, a second type of walkdown was performed by SWEC
in accordance with CPPP-8 (see Appendix E to this supplement) which consisted
of a piping and support system walkdown by experienced SWEC engineers in the
piping and support design discipline. The objectives of the CPPP-8 walkdown
were

(1) te determine whether there were issues in regard to hardware
configurations - other than external source issues - that should be
evaluated relative to the functional behavior of the piping system

(2) for experienced SWEC personnel to become familiar with the physical
aspects of piping and pipe support design and to determine whether
additional, or refinements of, design inputs, guidelines, or procedures
were necessaiy for the pipe stress and pipe support requalification effort

The results of the CPPP-8 walkdown are documented in a SWEC report entitled
"Piping and Support System Engineering Walkdown Final Report," dated June 4,
1986 (CPPP-8 walkdown report).

The staff audited the CPPP-8 walkdown process (Appendix 0 to this supplement - ,

Events 3 and 6) and reviewed the CPPP-8 procedure and the CPPP-8 walkdown
report. The staff found that the SWEC CPPP-8 walkdown resulted in a field
walkdown of 70 CPSES Unit 1 piping stress packages involving approximately
2,400 pipe supports. The scope included portions of small bore piping and
supports. The staff review of the scope finds it encompasses various piping
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systems, sizes, ano classes and is thus representative of the types of piping
systems included in the SWEC design validation.

The staff audit of the CPPP-8 walkdown included accompanying the SWEC walkdown
teams, independently verifying two piping systems, and reviewing the completed
SWEC data packages. The staff audit confirmed the accuracy and completeness of
the SWEC CPPP-8 walkdowns. The CPPP-8 walkdown observations resulted in
modifications and additions to the Comanche Peak Project procedures (Appendix E
to this supplement) and to design input provided by TU Electric. The
modifications to the procedures were mainly administrative and address the
interdisciplinary interface requirements in the design validation process.

The staff finds that the CPPP-8 walkdown provided an opportunity for both the
pipe stress engineers and the pipe support engineers to thoroughly understand
the actual piping and pipe support installations in the plant thus enabling
them to verify the appropriateness of the design criteria used in the design
validation. It also identified the need for consistent interaction between the
pipe stress engineers and the pipe support engineers.

Impact of As-Built Piping Construction Deviations

As a result of the CPPP-5 and CPPP-8 walkdowns, several areas of as-built
piping construction deviations were ictntified that could affect the SWEC
design validation activities. The quality of construction of CPSES, however,
was being evaluated urder the CPRT 00C Program under Issue-Specific A.ction Plan
VII.c.

A review of the piping-relateo deviation reports generated from the CPRT 000
Program was performed by SWEC. The results of the review were documented in a
SWEC report entitleo "Impact of Construction Deviations on Stress
Pequalification Progran," Report No. 15454-N(c)-010, oated December 15, 1986.
The report concluded that the concerns relatec' to clearances and other hardware
construction deviations did not directly affect the SWEC piping stress analyses
activities ar.c thus, there was no need to change these activities to address
the CPRT 00C Program oeviation reports. However, the report confirmed the need
to address clearances between the piping and adjacent comporents and structures
on a plantwide basis as conraitted to in Section 7.2 of CPPP-6 (Revision 2)
(Appendix E of this supplement). It clso verified the need to conduct a
Hardware Validation Program (HVP), as recommended in a SWEC report entitled
"Assessment of TUGC0's As-Built Documentation for Piping and Pipe Supports,''
dated July 1986. The HVP concept was subsequently accpted by TU Electric for
all 11 CAP scopes of work and evcived into the Post-Construction Hardware
Validation Program as discussed in Section 4.1.3 of this SSER.

based on its review of the applicant's actions discussed above that were taken
tu address the impact of construction deviaticns identified by the CPRT QOC
Program on the piping and pipe support requalification effort, the staff finds
that the PCHVP and its implementation reasonably ensure Ht construction
ceviatior s are identified and corrected and, thus, will not adversely affect
the ability of piping and pipe supports to perform their intended functions.
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4.1.2.2 Design Criteria and Nothodology

The CPSES pipe stress and pipe support design criteria in CPFP-7 (Reference 30)
have been oeveloped by SWEC for the design validation of ASME Code Class 1, 2, 4

Theand 3 pipe supports and ASME Code Class 2 and 3 piping systems.
controlling documents for the SWEC design validation eff ort are contained in

|Comanche FeaK Project Procedures CPPP-1 through CPPP-35 (Appendix E of this
|supplement). The piping stress analyses and pipe support calculations will )become the CPSES analyses of record and provide assurance that the structural )

qualification of the piping and ipe supports within the CAP scope are in
accordance with CPSES licensir mitments and the applicable requirements of ;

the ASME Boiler and Pressure i .1 Code (References 27 and 28). The following
sections discuss the staff review and evaluation of the CPSES design criteria
and analytical methodologies used in the piping and pipe support design
validation.

Review of Final Safety Analysis Report Amendment 61

In Amendment 61 (Reference 31) to the CPSES Final Safety Analysis Report (FSAR)
(Peference 32), the applicant provided the changes made to the FSAR pipingAs a resultdesign criteria as a result of the CAP design validation effort.
of its review of the FSAR Amendment 61 changes, the staff concludes that the
changes do not significantly alter the staff findings in the previous CPSES SEP
and supplements (Reference 11) except in the areas related to (1) the
combination of loss-of-coolant accident (LOCA) and safe-shutdown earthquake
(SSE) Iceds (Section 3.9.2.3 of the SER) and (2) the piping system damping
values (Section 3.7.1 of the SER).

The staff evaluated the combination of LOCA and SSE loads for reactor coolant
system heavy component supports in its safety evaluation provided in a letter
from C. I. Grimes (NRC) to W. Counsil (TV Electric) dated June 8, 1987
(Reference 33), in conjunction with the implementation of the final rule on the
modification of 10 CFR 50, Appendix A, General Design Criterion 4 requirements
for protection against the dynamic effects of postulated pipe ruptures (5111,1986). Similarly, the staff found thatFederal Recister 12505, dated April
the use of revised damping values per ASME Code Case N-411 (Reference 34) was
acceptable for CPSES as discussed in a letter from V. Noonan (NRC) to W.
Counsil (TV Electric) dated March 13, 1986 (Reference 35).

The staff also reviewed the technical acceptability of the FSAR Amendment 61
changes and the use of later ASME Code provisions as permitted in paragraph
HA-1140(f) of the ASME Code, Section III (Reference 27). The staff's review of
the use of later ASME Code provisions focused primarily on the technical
justifications provided in the applicant's report entitled, "Documentation of
ASME III NA-1140 Review for Piping and Supports," Revision 2, dated September 30,
1987 (NA-1140 report). This report documented the applicant's review
perforraed to ensure that the use of design criteria in CPPP-7 is in conformance
with paragraph NA-1140(f) of the ASME Code and, in particular, that all related
ASME Code requirements are met. The code of record for CPSES piping is ASME

| Code, Section III, 1974 Ecition, including Summer 1974 Addenda Subsections
The code of record for CPSES pipe supports is the 1974

NC/ND (Reference 27).;
Edition including Winter 1974 Addende Subsection NF (Reference 28). On the

|
I basis of its review of the NA-1140 rg ort, the staff finds that all related |

!
|

,

\ |
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requirements associated with the use of spccific provisions of a Ccde edition
or addenda were met and thus, the use of later Code provisions as specified in
the NA-1140 re.. ort is acceptable. The specific provisions from later Code
editions and addenda reviewed and approved by the staff for CPSES are listed
below:

(1) 1977 EDITION - WINTER 1978 ADDENDA

Appendix 0 - Rules for Design of Safety Valve Installations

(2) 1983 EDITION

t;C-3658.2 - Standard Flange Joints at Moderate Pressures and
Temperatures

NC-3658.3 - ANSI B16.5, Flanged Joints with high-Strength
' dol ting

fiD-3658.2 - Standard Flange Joints at Moderate Pressures and
Temparatures

ND-3658.3 - ANSI B16.5, Flanged Joints with High-Strength Bolting

(3) 1983 EDITION - WINTER 1984 ADDENDA

Figure NC-3673.2(b)-1 - Flexibility and Stress Intensification
Factors (Do/tm less than or equal to 100)
(Branch Connections, Buttwelds, and Fillet
Welds)

Figure NC-3673.2(b)-2 - Branch Dimensions

Figure ND-3673.2(b)-1 - Flexibility and Stress Intensification
Facters (Do/tm less than or equal to 100)
(Branch Connections, Buttwelds, and Fillet
Welds)

Figure ND-3673.2(b)-2 - Branch Dimensions
:

(4) 1977 EDITION - WINTER 1978 ADDENDA

XVII-2211 - Stress in Tention

Figure XVIl-2111(c)-1 - Illustrations of Ma>imum Design Stress in
Thrcugh Thickness Direction of Plates and
Elements of Rolleo Shapes (Figure Deletto)

hF-3226 - Throuch Plate lhickness Tensile Limit

Figure AF-3226.5-1 - Illustrations of Maximum Design Stress in,

Thrcugh Thickncss Direction of Plates and
Elements of Rolled Shapes (Figure Deleted)'

NF-3321.1 - Design Ccnditions

,
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:

(5) 1977 EDITION - WINTER 1979 ADDEhDA

NF-3391.1 - Allowable Stress Limits (Class 2 and PC Plate /Shell)

NF-3392.1 - Allowable Stress Limits (Cicss 2 and MC Linear)

(6) 1900 EDITION

NF-1133 - Intervening Elements in Relation to Jurisdictional
Bcundaries h

NF-1131.6 - Portion F

(7) 1980 EDITION

XVII-2462 - Minimum Edge Distance

(8) 1983 EDITION - SUMMER 1983 ADDENDA

NF-3225 - Design of Bolting

NF-3324.6 - Design Reauirements for Bolted Joints

(9) 1983 EDITION - SUMFER 1985 ADDENDA

HF-4721 - Bolt Holes

(10) 1974 EDITION - WINTER 1975 ADDENDA

NC-6221 - Minimum Required Hydrostatic Test Pressure

(11)1974 EDITION - WINTER 1975 ADDENDA

XV11-2410 - General Requirements (for the Design of Connections
and Joints

(12)1960 EDITION - WINTER 1982 ADDENDA ,

NF-3324.5 - Design Requirements for Welos

(13)1974 EDITION - SUMMER 1975 ADDENDA

NB-3630(d) - Exemptions for Class 1 Piping

It should be noted that 10 CFR 50.55a "Codes and Standards," currently
references the ASME Code, Section III, Division 1 up to the 1983 Edition
including the Summer 1984 Addenda. Although the portion of 10 CFR 50.55a
pertaining to ASME Code Class 2 and 3 piping is not directly applicable to
CPSES, it does provide the staff position regarding the latest Code edition and
addenda found suitable for use. Several provisions listed above from later
Code addenda (i.e., Winter 1984 Addenda and Summer 1985 Addenda) are not
referenced currently in 10 CFR 50.55a. A final rule has baen develnped to
update 10 CFR 50.55a to incorporate by reference the Winter 1984 Addenda,
Summer 1985 Adcenda, Winter 1985 Addenda, and 1986 Edition cf Section III,
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DWision 1 and its issuance is awaiting final staff approval. Thus, contingent
upon final acceptance of those Code editions and aodenda for which firal staff
approval is pencing, the staff finds the use of the above listea Code provision
to be acceptoble for CPSES.

The staff's findings as a result of its review of the FSAR changes in Amendment
61 related to the design of piping and pipe supports are given below.

In FSAR Section 3.78.3.1, an analytical technique, developed in accordance with
NUREG/CR-1161, "Recomended Revisions to Nuclear Regulatory Comission Seismic
Design Criteria," May 1980 (Reference 36), is usea by SWEC for piping systems
to account for the modal contribution above the cutoff frequency. The
NUREG/CR-1161 methodology ensures participation of high frequency seismic
responses in the zero period acceleration regicn of the seismic response
spectra and is thus acceptable.

In FSAR Section 3.78.3.2, the maximum amplitude loading cycles for an operating
basis earthquake have been revised from 600 cycles to 50 cycles and for a safe
shutdown earthquake from 120 cycles to 10 cycles. The number of cycles
specified by this change is applicable to ASME Code Class 2 and 3 piping
systems. The revised number of earthquake cycles is in conformance with the
acceptance criteria in Section 3.9.2 of the NRC Standard Review Plan (Reference
37) and is thus acceptable.

In FSAR Section 3.98.1.1.1, the SSE has been removed from the emergency
conditions (but remains in the faulted condition). This change is applicable
to ASME Code Class 2 and 3 piping systems and Class 1, 2, and 3 pipe supports.
The FSAR change as such is in conformance with the service ccnditions specified
in Appendix A to Section 3.9.3 of the NRC Standard Review Plan (Reference 37)
and is thus acceptable,

in FSAR Section 3.98.3.1.1, Amendment 61 changed the combination of peak
dynamic responses from the absolute-sum method to the square-root-of-the-
sum-of-the-squares (SRSS) method. The SRSS method for combining dynamic
responses is consistent with the guidelines of NUREG-0484, "Methodology for
Con.bining Dynamic Responses," Revision 1 dated May 1980, (Reference 38) and is
thus acceptable.

In FSAR Section 3.98.3.1.2, the applicant has established stress limits in
addition to those established by the ASME Boiler and Pressure Vessel Code
(Reference 27) to ensure that during and after a design basis accident
condition, essential piping systems will maintain their capability to deliver
the rated flow and retain their dimensional stability. These stress limits
used to ensure the piping functional capability are in accordance with the
General Electric Company topical report, "Functional Capabili"y Criteria for,

| Essential Mark II Piping," NED0-21985 datad September 1978 (kt ference 39),
! which has been approved by the NRC staff for all nuclear facilities. As an

alternative criteria for stainless steel elbows and bends, the applicant will
continue to use the stress limits for functicnal capability that had been
approved for CPSES in Sections 3.9.3.1 of Supplements 1 ar.d 3 (Reference 11).
The criteria used to ensure pipir.g functional capability are thus acceptable.
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In FSAR Section 3.98.3.3, the applicant has described more detail the fluid
transient analysis methods used by SWEC. Specifically, the fluid transient
hydraulic forces - previously calculated using a factor approach - are nowSecondly, rather than providing acomputed directly by SWEC analysis methods.
pipe support for each straight run of pipino, to which the applicart had
previously conrnitted, SWEC determines the need for a pipe support for fluid
transient loadings by dynamic analysis methods and eliminates unnecessary

In addition, for open discharge piping systems, the SWEC methodologysupports.
used is in conformance with Appendix 0 of ASME Code Section III (Reference 40).
The staff's review of fluid transient analysis methods is provided in Appendix A

On the basis of its review and aucits of theto this supplement (Sec' tion 18).
SWEC fluid transient analysis methods, the staff finds that the approach is
technically adequate and consistent with the analysis methods used by SWEC for
other nuclear facilities and is thus acceptable.

In Table 3.98-18, the loading combinations ano stress limits are provided for
In Amenan.cnt 61, the loading combinations haveASME Code Class 2 and 3 piping.

been revised to describe the loading combinations used by SWEC in the piping
design validation. The normal condition has been expanded to include testing
conditions and thermal anchor c:ovements.

the upset condition has been revised

to include thermal anchor movements. The emergency cendition has been revised
to delete the SSE as previously discussed. The f ulted condition has been
expanded to include temperature, thermal anchor novements, containmentThese changes to Table 3.98-1B (withdisplacements, and SSE anchor movements.
the exception of deleting the SSE from the energency condition) result in more
conservative loading combinations than those that were previously considered
and are thus acceptable.

In Appendix 3B, the applicant has provided a description of the computer codesAlland the verification methods used by SWEC in the piping design validation.The staff's reviewcodes have been used by SWEC for other nuclear facilities.
ano evaluation of the computer code methods of verification are provided in
Appendix A to this supplement (Section 29).

On the basis of its review of FSAR Amendment 61 (Reference 31), the staff finds
the revised criteria related to piping and pipe support design provided in FSAR
Amendment 61, including the use of later ASME Code provisions as discussed in
the NA-1140 report, are in accordance with the ASME Code (Reference 27),
satisfy the applicable provisions of 10 CFR 50.55a as qualified above, and
are thus acceptable.

Review of Piping Design Criteria

lhe piping design criteria for CPSES Units 1 and 2 are documented in CPPP-7
(Reference 30) and project memoranda (Appendix E of this supplement). The

staff reviewed the design criteria to ensure that the design validation of the
piping and supports at CPSES Units 1 and 2 is in accorence with licensing
commitments and the applicable ASME Boiler and Pressure assel Code
requirements (Reference 27 and 28). The staff's evaluatioa of the design
criteria consisted of reviews and audits in the following areas:
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_-_ . ___ - _-______-___________-___-__ __-____



.

(1) FSAR changes to reflect revised design ~ criteria

(2) design criteria pertaining to the resolution of generic technical
issues as incorporated in CPPP-7

(3) third-party actions relative to the detailed review end evaluation .

of the design criteria

(4) overall adequacy of pipe stress design criteria
.

The staff's review and evaluation of the piping design criteria in the CPSES
FSAR (up to and including Amendment 61) are discussed in the CPSES SEP and
supplements (up to and including Suppe ;ent 12). The staff's review and
evaluation of Amendment 61 to the FSAR - which included changes to reflect the
revised piping design criteria applicable to the CAP design validation effort -
are discussed in the previous section of this supplement. Subsequent changes
to piping design criteria that may affect FSAR licensing commitments or the
bases of staff evaluations contaired in its SER and supplements shall appear in
future FSAR amendments, and staff evaluatiens of those changes will be provided
in future supplen;ehts to the SER.

The staff in its review of the piping design criteria for resolving generic
technical issue; conducted several design audits. (See Appendix 0 to this
supplement - Events 11, 17, 18, and 31.) The piping design criteria auolted by
the staff were developed by SWEC in part to address the generic tecnnical
issues applicable to piping and pipe supports at CPSES. The staff review and
evaluation of the piping design criteria pertaining to the resolution of
generic tech".ical issues as incorporated in CPPP-7 are discussed later in this
section ano specifically in Appendix A to this supplement.

The staff's review and evaluation of the third-party (TENERA) activities
associated with the review of the piping design criteria are discussed in
Section 4.2.1.

! The staff reviewed the overall technical adequacy of the pipe stress design
criteria in CPPP-7 (Refererce 30). As part of its design audit, the staff
revieweo the bases for selected design criteria and their applicability to
CPSES (see Appendix D to this supplement - Events 35 and 37). As a result of
its audits, the staff finds that the CPPP-7 design criteria for pipe stress
analysis provide adequate guidelines to ensure that the design of ASME Code
Class 2 and 3 piping systems satisfies the design requiremeats of ASME Code,
Section III, Subsections NC and ND (Reference 27) and are thus acceptable.

On the basis of its review of the CFPP-7 design criteria (Reference 30), the
,

staff finds that the criteria provide adequate technical guidelines for the
resolution of generic technical issues and for ensuring that the applicable
piping and pipe support design requirements of ASME Code, Secticn III
(References 27 and 28) and licensing commitments are satisfied and are thus
acceptable.

Generic Technical Issues

The generic technical issues are those design concerns identified by sources
external to the TV Electric organization that potentially affects more than one
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specific pipe support calculation or pipe stress package. The staff has
reviewed the resolution of the generic technical issues provided in the SWEC
"Piping Generic Technical Issues Report" (Referer.ce 41) ano piping proiect
status reports (PSRs) (References 24 and 25) as incorporated in the CPPP-7
design criteria. Several audits were conductec to evaluate the adequacy of
the piping design criteria developed for the resolution of the generic
technical issues (see Appendix 0 to this supplement - Events 10, 11, 17, 18,
and 31).

The staff finds that the design criteria in CPPP-7 (Reference 30) provide
explicit ouidelines for the resolution of the generic technical issues and that
the overal1 epproach for issue resolution as described in Appendix A to the
piping FSRs (References 24 ano 25) is acceptable. The staff has also completed
its evaluation of the resolution of each generic technical issue and finds that
the approach used by SWEC is acceptable. The staff's review and evaluation of
each generic technical issue are discussed in Appendix A to this supplement.

!

The staff also conducted an audit (see Appendix 0 to this supplement - Event
29) of the CPRT third-party (TENERA) activities and revieweo the CPRT
evaluations of the piping issue resolutions as documented in the CPRT
"Discipline Specific Results Report: Piping and Supports," (piping results
report) (Reference 42). The staff's audit of the CPRT third-party activities
and evaluations is provided in Section 4.2.1. The staff finds that the CPRT
third-party (TENERA) evaluations of piping issue resolutions were comprehensive
in scope and was based on extensive and indepth engineering evaluations for
each issue. Thus, the third-party conclusions in regard to the resolution of
the generic technical issues as documented in the piping results report
(Reference 42) and supporting engineering evaluations provide assurance to the
staff of the technical acceptability of the resolution and of the specific
design criteria in CPPP-7 (Reference 30) applicable to the resolution of
each issue.

On the basis of its review of the CPRT piping results repont and engineering
evaluations and its audits of the SWEC resolutions of generic technical issues,
the staff finds that a technically sound and viable approach for each generic
technical issue has been developed and is being implemented as a part of the
CAP design validation and is thus acceptable.

Small Bere Pipino

A staff review of the CAP for both large bere and small bore piping design
detennined that the scopes of both programs are identical except for the
following three design areas - applicable only to small bore piping. (1) the
design of an ASME Code, Section III Class 1 system, (2) the design of
cantilever vent or drain lines having no supports, and (3) the use of a clamp
anchor type of support.

The staff's evaluation of an ASME Code, Section III Class 1 piping system in
the small bore scope finds that the Class 1 system, for which design validation
is being performed by SWEC, is an in-core instrumentation line with a ocminal
pipe diameter of 1 inch or less and as such can be designed using ASME Code
Class 2 piping rules in accordance with ASME Code, Section III (Sumer 1975
Addenda) subsubparagraph hB-3630(d)(1). The use of ASME Code Class 2 rules for
this particular Class 1 piping system is thus acceptable.
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The staff's evaluation of the cantilever vent or drain lines having no supports
( finds that Procedure CPPP-15 (see Appendix E to this supplement) permits the

use of equivalent static analysis calculations for small bore, cantilever vent
and drain lines having no supports. The use of this equivalent static analysis

| for short cantilever vent and drain lines whose fundamental frequency is
greater than 33 hz is acceptable b& sed on rigid body mechanics. In addition,i

accordance with ASME Code Case N-411 (Reference 34)g use the damping values'in
the equivalent static analyses for small bore pipin

that are consistent with
those for large bore piping. The use of N-411 damping values for small bore
piping equivalent static analyses is acceptable based on the use of a 1.5
factor which results in a more conservative method than the amplified response
method used for large bore piping and is thus acceptable,

,

The staff's evaluation of the use of a clamp anchor type of support finds that
the clamp anchor provides an alternative and acceptable means of restraining
pipe translational and rotational movements when additional weloment to the
piping is undesirable. CPPP-7 Paragraph 4.2.7 and Attachmant 4-22 provide the
methods for evaluating the frictional capacity of the clamp anchors.

On the basis of the above evaluations, the staff finds that CPPP-7 as

,

supplemented by subsubparagraph NB-3630(d)(1) of the ASME Code, Section Ill
(Summer 1976 Addenda) and SWEC procedure CPPP-15 (Appendix E to this'

supplement) provides acequate design guidance and control for the three design
areas that are applicable to small bore piping and thus are acceptable.

4.1.2.3 Implementation cf Design Validation

The staff conducted several audits of the implementation of design validation
by reviewing the SWEC application of large bore piping and pipe support design
criteria related to CPSES Units 1 and 2. (See Appendix 0 to this supplement -
Events 32, 33, 34, 35, and 36.) The purpose of the audits was to determine the

,

adequacy of the application of CPPP-7 design criteria (Reference 30) developed
by SWEC for the resolution of generic technical issues associated with the
design of large bore piping and pipe supports at CPSES. Before these audits,

the staff had reviewed the conceptual approach to resolving large bore piping
generic technical issues as initially documented in the SWEC "Generic
Technical Issues Report" (Reference 41) and subsequently firalizeo in Appendix
A to the Piping PSRs (References 24 and 25). Since the SWEC approach to issue
resolution is implemented through the use of soecific CPPP-7 design criteria
developeo to address each issue, the staff tracked selected issue resolutions
from the "Piping Generic Technical Issues Report" through their inplementation
in the piping and pipe support design verification activities and finally in
the plant. For these audits the staff selected when possible, examples of
specific piping analyses or supports that had previous concerns associated
with them as identified by external sources (i.e., ASLB, CASE, CYGNA, and NRC
staff). The staff's review and evaluation of the SWEC application of the
design criteria for each generic technical issue as applicable are discussed'

in Appendix A to this supplement.j

On the basis of the audits discussed above, the staff fir.ds that the piping and
4

i pipe support design criteria develcped for the resolution of the generic
technical issues are being adequately applied in the CAP oesign validction and!

plant hardware modifications in accorccrce with CPPP-7 guidelices and are thus
! acceptable.
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4.1.3 Hardware Validation

The applicant described to the NRC staff a program for hardware valication in
letters dated August 20, August 28, September 8, and September 23, 1987
(References 14, 15, 16, and 17). The program referreo to as the Post-
Construction Hardwarc Validation Program (PChVP) is one of the major elements
of the CAP.

The staff's evaluation of the overaii concept of the CAP incluaing hardware
validation was provided in a letter from C. I. Grimes (NRC) to W. G. Ccunsil
(TV Electric) cated January 22, 1988 (Reference 19). Specificclly for piping
and pipe supports, the need for and development of a hardware vclidation

The PCHVPprogram are described in Section 4.1.2.1 of this supplement.
| procedures (field verification methods or FVMs) were developed by SWEC to

validcte that the as-built piping and pipe supports tre in compliance with tre
CPSES insti.'iation and inspection procedures. The PCHVP procedures for piping
ano pipe supports include the following:

(1) FVM-81, * Piping and Pipe Supports Inspection and Hardware Validation"

(2) FVM-80, "Clearance Walkdowns"

(3) FVM-82, "Validation of Seismic Category 1: Large Bore Piping and Pipe
Supports Over Seismic Category I Equipment"

These procedures are described in Section 5.1.3.1 of the piping project status
reports (References 24 and 25). The staff finds that the PCHVP procedures for
piping and pipe supports ensure that construction deviations, system design
changes, and hardware modifications associated with piping and pipe supports
will be adequately evaluated for reinspection as part of the overall CAP
process and are, thus acceptable. However, the acceptability of the specific
attributes to be inspected or excluded from the PChVP will tie reviewed in
detail by the staff at a later date.

4.1.4 Final Peconciliation

Final reconciliation of piping and pipe support design is performed in
dCCordance with CPPP-23 (Appendix E to this supplement) for all small and large
bore piping and pipe supports within the scope of the CAP. The purpose is to
ensure ccmpliance of the piping and pipe support design and analyses with the
as-built configuration, final design criteria, and validated design input.

The as-built configuration used in the final reconciliation is obtained from
results of as-built and engineering walkdowns perfomed as a part of the CAP
and implemented in accordance with lu Electric ovality control inspections and

Final reconcilhtien of the piping stress analyses is performedthe PCHVP.
using validated as-built data fren the PCHVP and complies with IE Bulletin
79-14 (Reference 29).

As a result of its review of CPPP-23 (Appendix E to this supplement), the staf f
finds the final reconciliation 01 piping and pipe supports to be sufficient and
complete because it
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(1) complies with -IE Bulletin 79-14 (Reference 29) and incorporates validated
design input and as-built piping and pipe support configurations

;

(2) incorporates the resolution of hRC staff open items identified in
Supplements 8,10, and 11 (Reference 11) related to piping and pipe

| supports

(3) incorporates the resolution of CPRT issue-specific action plans and
external source issues

(4) includes confirmation of results by interfacing design organizations

(5) resolves open items from NRC notices of violations and TU Electric
significant deficiency analysis reports

Because of the inclusion of the above items in the final reconciliation, the
staff concludes that the CPPP-23 procedure developed for the final
recenciliation is sufficient to ensure compliance of the piping systems with
final and validated design requirements and is thus acceptable.

4.1.5 Final Documentation
,

lhe fifth and final step in the overall CAP process for piping and pipe
supports is the transmittal of CAP results (e.g., design validatian packages),

| to the permanent records facilities (Vault) in accordance with procedures
.

CPPP-4, CPPP-11, and CPSP-11 (Appendix E to this supplement). Because the
i design basis and analyses of record for the CPSES plant are established under

the CAP, the staff finds that the final documentation ensures that the3

technical bases and criteria used for the CPSES design and the analysis results
documenting the compliance of the as-built piping and pipe supports with the
design basis are controlled during plant operation, and are thus acceptable.

'

4.2 Third-Party Actions

4.2.1 CPRT (TENERA, L.P.)

The CPRT third-party review of the project (SWEC) activities was conducted by
TENERA, L.P. (previously known as TERA Corporation) to ensure verification of
the resolution of issues, confirm the adequacy of design criteria, and provides
overview of piping design validation activities. The review as described in
CPRT Program Plan DSAP IX (Revision 3) consisted of three major activities:

(1) identification, revicw, anu tracking of all external source issues

(2) verification that all design criteria and applicable stanaards are>

i addressed in project procedures

(3) overview cf the SWEC piping and pipe support requalification program

The CPRT Program Plan describes the third-party area of review related to the
identification, review, anc tracking of external source issues. The external
scurce issue review included not only issues related to piping and pipe
supports but also issues related to cable tray hangers, ccr,cuit supports,

,

^
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nechanical systems and components, electrical systems, instrumentation and
control, and civil / structural disciplines. However, this supplement addresses
only those external source issues related to piping and pipe supports. The

external source issues also includea the NRC technical review team issue,
evaluated by the CPRT under Issue-Specific Action Plan ISAP V.c, concerning
design considerations for piping between seismic Category I and nonseismic
Category I buildings. This ISAP has been resolved as part of the project
(SWEC) piping and pipe support design validation and is discussed in Appendix A
to this supplement (Section 31).

As stated in the foreword to kevision 4 of the CPRT Program Plan (Reference
18), the TV Electric's commitment to the CAP, with its comprehensive design
validation component, resulted in a decision by the CPRT senior review team
(SRT) to redirect the Design Acequacy Program as of April 10, 1987. As a
result of this recirection, further identification, review, and tracking of
external source issues was terminated.

The third-party has verified that the methodologies and acceptance criteria
used to establish the SWEC piping and support design criteria are in accordance
with licensing commitments. The commitments include satisfying FSAR
commitments, design specifications, and ASME Code requirements and were used in
the development of checklists for the review of specific areas of the SWEC
design validation.

The third-party overview of the CAP design validation for piping and pipe
supports consisted of two major activities: (1) a review of Comanche Peak
Project Procedures CPPP-6 and CPPP-7 (Appendix E to this supplement) to be used
for the CAP design validation and (2) a review of the SWEC resolution
methocologies for the external source issues.

The staff conducted inspections and an audit of the third-party activities at
the offices of TENERA, L.P. to evaluate the activities associated with the CPRT
third-party review. The inspections in the area of piping and pipe support
design were conducted during the period fror. October 28 to hovember 1. 1985 at
Bethesda, MD (Appendix 0 to this supplement - Event 4) as documented in
Inspection Report 50-445/86-17, 50-446/85-14 (Reference 43) and from July 7 to
uly 10, 1986 at Berkeley, CA (Appendix D to this supplement - Event 20) as

documented in Inspection Report 50-445/86-19, 50-446/86-16 (Reference 21).
Open items identified in Inspection Report 50-445/86-19, 50-446/86-16
related to piping and pipe supports have been addressed by TENERA, and their
resolution is provided in Appendix B to this supplement.

In addition, the staff conducted an audit of the TENERA activities at Berkeley,
CA from August 17 to August 20, 1987 (Appendix D to this supplement - Event 29)
to determine (1) the final scope of the TENERA third-party review of large bore

,

|

piping, (2) the completeness of the piping issues addressed in the TENERAl

| engineering evaluations, and (3) to determine the overall comprehensiveness of
the TENERA evaluations of the SWEC resolution of the piping and pipe support
issues raised by external sources. The scope of the audit included a review of
the CPRT "Discipline Specific Results Report: Piping and Supports"
(DAP-RR-P-001) Rev!sion 0, dated July 2, 1987 (piping results report) including

Theselected supporting engineering evaluations and third-party calculations.
following sections summarize the portions of the inspections and subsequent
audit that were relevant to piping and pipe support design.
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The staff reviewed the process used by TENERA to verify design criteria and I

standards used by SWEC. The TENERA process involved a review of all FSAR |

commitments, design specifications, ASME Code requirements, and other relevant I

industry standards (e.g., those of the American National Standards Institute,
American Institute of Steel Construction, and Manufacturers Standardization
Society) in accordance with CPRT Design Adequacy Procedure DAP-1, "Preparation
and Review of Criteria Lists," to develop a design criteria list. DAP-1
describes the preparation of design criteria lists and requires all criteria
and commitments used in the CPSES design to be sequentially numbered,
summarized, and its source document identified. The design criteria list was
used to develop a checklist for reviewing SWEC design criteria and procedures.
The staff finds that the process provides a systematic method for ensuring that
all relevant design criteria, standards, and licensing commitments were
identified, documented, and addressed in SWEC design procedures and is thus
acceptable.

In its review of the third-party overview of the project (SWEC) actions, the
staff found that the third-party had completed its review of the SWEC piping
analysis and pipe support design procedures contained in CPPP-6 and CPPP-7
(Appendix E to this supplement). The third-party design criteria list as
discussed above was used to develop a checklist for the review of the piping
analysis and pipe support design validation. TENERA conducted several audits
of the SWEC design validation. However, the overview of the SWEC piping and
pipe support design validation has been transferred to TU Electric Technical
Audit Program (TAP) in accordance with Revision 4 of the CPRT Program Plan as
discussed above. During the staff's August 17-20, 1987 audit (Appendix 0 to
this supplement - Event 29), specific activities that TENERA recomnenced be
transferred to TAP were icentified. At the time of the staff audit, this list
of activities was under preparation and upon completion will be transnitted to
TU Electric TAP for followup.

The staff has reviewec and evaluated the CPRT third-party involvement in the
identification, review, and tracking of issues. In its review of the process
used by the CPRT third-party to identify, review, and track external source
issues, the staff founo that the issues, as they were identified, were Icgged
into a computer and their status was tracked on the basis of a periodic
updating of the issue evaluation. This process provided a reasonable method
for ensuring that all identified external source issues were properly tracked
until they were resolved. The external source issues were identified by a
TENERA review of 364 source documents containing issues of concern. The S

documents included Atomic Safety and Licensing Board (ASLB) hearing
transcripts, submittals to the ASLB by the various parties, NRC staff meeting
transcripts, safety evaluation reports, inspection reports, and CYGNA letters
and reports. The TENERA review of the source documents resulted in the
icentification of 781 specific issues that were related to piping and pipe
supports. A Discrepancy / Issue Resolution Report (DIR) useo to track cach issue
to closure was assigned to each issue. The 781 DIRs were censolidated by
TENERA into 32 external source issue summaries ana 51 miscellaneous DIRs. The
781 DIRs correspond approximately to the first 35 SWEC external source issues
described in Appendix A to the piping project status reports (References 24 and
25) and to the 33 generic technical issues described in Appendix A to this
supplement.
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On the basis of its review of the scope of the externcl source issues,
including all issues identified by CYGNA, the intervenor, and the NRC staff,
the staff concludes that the scope was corrplete anc thus acceptable.

The piping results report (Reference 42) oocuments the conclusions of TEhERA's
evaluation of the SWEC resolution methodologies for the piping external cource
issues. The basis for TENERA's conclusions are primarily documented in 32
engincering evaluations. Additional er.gineering evaluations were generated in
TENERA's review of supporting calculations and studies. The staff's review of
the 32 TENERA engineering evaluations finds that each engineering evaluation

. contains (1) a c;etailed description of the issue, (2) the TENERA review'

process, (3) relevant reference documents, (4) acceptance criteria, (5) the
SWEC resolution methodology cna the TENERA evaluation including the details of
its basis for acceptability, and (6) conclusions. The staff found the
engineering evaluations to be thorough in their technical justifications and
bases of acceptance. It was apparent that many of the TENERA engineering
evaluations were the result of technically extensive and in-depth efforts
involving many engineers who were knowledgeable of the CPSES piping issues.

On the basis of its review of the technical bases discussed in the TENERA
engineering evaluations, the staff finds that the piping results report and
supporting engineering evaluations provide a comprehensive technical review of
the resolution of the piping external source issues developed by SWEC and thus
ensures the adequacy of the resolution.

4

The staff concludes that the CPRT third-party activities related to piping and
pipe support design provided an adequate program to ensure that all external
source issues are identified, that the SWEC resolution methodologies for the
generic technical issues are technically adequate, and that the SWEC procedures
and design criteria satisfy FSAR commitments, ASME Code requirements, design
specifications, and other relevant industry standards.

|
4.2.2 TU Electric Technical Audit Program

The TV Electric Technical Audit Program (TAP) is described in a letter from W.
|

Counsil to the NRC dated September 8, 1987 (Reference 44). The TAP, which is
part of the TV Electric Quality Assurance Program, was establishad to (1)i

ensure the technical ano progrargnatic effectiveness of the Corrective Action
Program, and (2) provide oversight of project responses to CPRT recorra.endations.

For piping and pipe supports, the TAP audits of the CAP activities are designed
to evaluate the effectiveness of the design validation process and the

; technical adequacy of the validated design product and supporting|

docunientation. These audits tre coordinated with other TU Electric audit
detivities and with the Engineering Functional Evaluation (EFE) (Reference 44).
(The EFE activities are being addressed by NRC staff inspections of those
design areas under the EFE scope of review.) TAP audits are also conducted on
project actions taken in response to CPRT reconvrendations as a part of the ISAP
audit progran. The TAP audit methodology used for the CAP and ISAP audits are
described in NEC Quality Assurance Department Procedure NQA 3.07-1.01,
"Technical Audit Program" (Attachment 3 to Reference 38). The audit
methodologies include both a vertical and a horizontal review of the design
validation process. A vertical review would involve a review of the piping and
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pipe support designs contained within a selected package. A horizontal review
would involve a review of a SWEC resolution of a generic technicai issue common
to a number of piping packages.

On the basis of its review of TAP audit reports on CAP activities (Appendix 0
to this supplement - Event 35), the staff finds that under the TU Electric TAP,
the implementation of technical ano design control requirements for the design
validation of CPSES Unit 1 piping and pipe supports is being effectively
audited. In addition, the staff fincs that under the TAP, appropriate actions
have been taken to resolve discrepancies previously identified during the CPRT
audits of the piping and pipe support design validation activities. On the
basis of its review of the TAP activities, the staff finds the TAP provides an
effective level of technical oversight of the CPSES piping and pipe support
design validation that is comparable to the level provided previously by the
CPRT third-party oversight and is thus, acceptable.

4.2.3 CYGNA Energy Services

The piping and pipe support design issues identifled by CYGNA as a result of
its Independent Assessment Program (IAP) (Phases 1-4) for CPSES were includeo
in CPRT Program Plan DSAP IX and designated as external source issues. With
the establishment of the CPRT Prograra Plan and the TV Electric CAP design
validation, the activities of CYGNA related to the IAP have been effectively
overtaken. The CYGNA piping and pipe support issues were addressed by SWEC as
part of the resolution of generic technical issues in Appendix A to the piping
project status reports (References 24 and 25) and have been evaluated by the
staff in /.ppendix A to this supplement. The CYGNA findings related to other
design areas - cable tray hangers, conduit supports, civil / structural,
mechanical and electricol systems, instrumentation and control, and design
control - will be addressed by the staff in safety evaluations for those areas.
As such, Supplement 5 to the CPSES SER, which was intended to evaluate the
CYGNA IAP, is no longer necessary.

CYGNA is continuing its design reviews under the formal protccol established
curing the IAP for closure of the piping and pipe support issues raised by
CYGNA. The status of the CYGNA reviews are cocumented in review issLe lists
(RILs) for each design discipline in their scope. For piping and pipe
supports, all the issues in the respectise Rils (References 22 sno 23) have
been closed.

The staff firds that the CYGNA review provides an additionc1 level of
confidence that the corrective acticns taken by Til Electric to resolve the
piping and pipe support design deficiencies are appropriate and acceptable.
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5 PREVENTIVE ACTIONS

In assessing the adequacy of the preventive actions taken by TU Electric with
respect to the progr6rmiatic and cuality assurance aspects of the CFSES piping
ano pipe support design, it is important to understand the uncerlying causes of
the piping and pipe support design prcblems that resulted in the type of design
deficier.cies identified in the external source issues. The staff's Evaluation
identifies the underlying causes and addresses the appropriateness of the
preventive actions taken to preclude their recurrence.

Construction ana Desian Interface

In its safety evaluation of the Corrective Action Program (CAP) (Reference 19),
the staf t noted that prograrmiatic ceficiencies have occurred historically in
the quality assurance / quality control activities during the design and
construction of CPSES. Evidence of these progrermiatic deficiencies occurred in
the control of field design changes (Reference 45). Althcugh procedures
existed to control field design cnanges, many design problems evolved from an
insufficient review by the original architect-engineer of the field-originated
designs and design changes on a concurrent basis.

On the basis of its observations of the number of non-standard large bore pipe
supports installed in the plant, it has become evident to the staff that in the
piping and pipe support area, significant design changes were implemented
during construction tc expedite hardware installation. Although the field
designs and design changes did not necessarily result in an uracceptable
design, the type of changes, in many cases, invalidated the analytical
assumptions made in the supporting calculations and thus caused a deficiency in
the supporting calculations. Specific analysis methods to reconcile these
designs aid not exist to guide the designers consistently in their work. As a
result, analytical justification was difficult and would have required
extensive reanalysis, aavanced analytical techniques, or experimental tests to
adequately qualify the designs. The applicant's use of engineering judgement
at the time to qualify the designs was found unacceptable because the designs
transgressed the limits of standard industry practice into an area where that
judgment had little or no basis. Because the design process wus not effective
in promptly correcting these design deficiencies caused by construction, the
staff found that many of the field cesign changes - and subsequent designs that
may have been based on those field cesign changes - resulted in a large number
of unacceptable pipe support desians at CPSES. The responsible design
organization could have readily eliminated the non-standard pipe support
designs had it been properly informed of their existence before their
installation. However, once installed, the cesign process appeared to cause
unaue pressure to justify what was dcre and the design was accepted rather than
causing extensive and costly construction rework. As a result, major design
changes to pipe supports which should have required detaileo reconciliation
with the pipe stress analyses were not receiving an adequate degree of design
review after their installation.

J
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Piping and Pipe Support Design Interface*

Piping design and pipe support design are so closely intertwined and
technically interdependent that it is difficult to separate the two from a
design standpoint. In designing a piping system, the designer makes certain
assumptions concerning individual pipe support configurations. Also, a piping
designer usually cannot make appropriate judgments about the adequacy of a
piping system without reviewing the piping layout with all of its supports.
This review is particularly important when addressing an issue such as pipe

f support stability because the interaction between the support and the pipe is
usually critical in making this determination. To accomplish the kind of
design review discussed above, it is necessary to have an established and
functioning link between the group responsible for piping design and analysis
and the group responsible for pipe support design and analysis.

Typically, in the design of nuclear facilities, a utility constructing a
nuclear power plant contracts with a design firm (usually one of the major
architect-engineering firas) to provide design services in the areas of both
piping and pipe supports. The architect-engineer (AE) is responsible for the
design process interface controls and procedures required to develop
construction crawings for piping and pipe supports. The AE may elect to
delegate a portion or all of this design work to a subcontractor. However,
responsibility for, and control of, the design of both piping and supports
rests with the AE. This respersibility and control exists even when the
subcontractor uses its own design QA process and procedures. The AE will
review and approve the process and perform audits to determine the
acceptability of implementation, lhe above does not eliminate the rcouirement
that the utility is ultimately respcnsible for the overall safety of the
design.

For CPSES, TU Electric originally contracted with Gibbs and Hill, Inc. (G&H) to
perform piping design and separately contracted with ITT Grinnell and NPSI to
perform pipe support design. In addition, the applicant established its own
pipe support design grcup (Pipe Support Engineering) to perform a portion of
the pipe support desigr. work and directly managed the ITT Grinnell and NPSI
pipe support work at the site. The interfacing (control) document between the
piping and support groups was Specification MS-46A.* From a contractual
standpoint, it was TV Electric's responsibility to perform the activities
necessary to ensure that an overall process was in place and functioning,
including necessary interfaces, and that the process was one that would provide
control on the drawings for compliance with licensing commitments. Although
this contractual approach is not unicue to CPSES and is not necessarily an
unworkable approach, the responsibility placed on the utility ccordinating
the independent piping and pipe support design groups requires extremely close
communication and coordinution. The staff concludes that a lack of close
communication and coordination existed et the time between the piping and pipc
support design groups. Adcitionally, from a technical standpoint, it was G&H's
responsibility to ensure the adequacy of the overall piping system design

'

* Specification 2323-MS-46A, "Nuclear Safety Class Pipe Hangers and
Supports."
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including the piping and pipe supports. This assurance was to have been
provided through the as-built piping program. However, the steft found that
an onsite lu Electric as-built group - functioning as part of the QA/QC
organization - perfomed the as-built walkdown and provided the as-tuilt ;

infornction to G&H tor final as-built reconciliation. Because G&H was not
required to (and therefore did not) review support designs before their

! fabrication and installation, it was always involved with pipe supports as
i installec' cr "ready for installation." This situation could bias the judgment
! of a reviewing individual. The staft finds that the CPSES as-built walkdewn

program as perfomed by the applicant's as-built group is not unique tn CPSES
and also is not an unworkable approach. However, the overall situation
involving the lack of interf ace betweer the piping and pipe support groups,
the as-built walkdown performed by TV Electric, in conjunction with the types
of field design changes made to the pipe supports, tended to place G&H in a
position where a detailed review of the pipe supports to assess their impact
on the overall 1 ping system woulo have been an extrenely oifficult task and
one for which . had ultimate respcr.sibility. As a result, many of the pipe
support design details that influenced the overall acceptability of the piping
systems were apparently overlooked in the design review process.

Staff Evaluation

In the discussion above on the underlying causes for the piping and pipe
support design problems, it follows that a detailed review of all pipe support
designs, as a minimum, would be required to identify potential design
deficiencies. It is also apparent that an objective review of the pipe support
designs by an organization r.ct initially involved with the CPSES pipe support
designs would be necessary to provide an unbiased assessment of the
conventionality and acceptability of those designs.

When TU Electric contracted with Store & Webster Engineering Corporation (SWEC)
to perform a complete design validation of ASME Code Class 1, 2, and 3 large
bore pipe supports as part of its corrective action, objectiveness and freshI

perspective was established. The pipe support calculations for all A ME Code
Class 1, 2, and 3 piping systems are being design validated by SWEC at their
home offices and at the CPSES site. The previous Texas Utilities Generating
Company pipe support engineering organization has been dissolved and a new TU
Electric engineering organization has been fomed. A significant change is
that TV Electric no longer directly supervises the technical work of the pipe
support engineers but rather monitors and oversees the daily administrative
activities. The direct supervision of the pipe support engineers is performed
under the SWEC engineering organization.

Additionally, the engineering walkdown conducted under CPPP-8 (Appendix E to
this supplement) provided SWEC engineers the opportunity to obtain a firsthand
understanding of the pipe support issues and to identify any other yet
undetected technical issues arising from a lack of control of construction
practices that may have a potential impact on the piping and pipe support
design adequacy. The results of the engineering walkdown and the resolution of
the generic technical issues by SWEC led to the development of explicit design
guidelines for the piping and pipe support designers to use to determine the
acceptability of the designs thus ensuring a uniformly applied validation of
the installed hardware.

Comanche Peak SSER 14 5-3
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Based on the many modifications SWEC has developed for the pipe support
designs, the staff has gained confidence that the design validation process
does not cause the same degree of pressure to accept the installed designs
which the original architect-engineer may have experienced. Furthermore, on

the basis of its audits, where designs were deemed questionat81e but not
necessarily a proven design deficiency, the staff has found that it was likely
that those designs had been subsequently eliminated or acceptably modified by
SWEC.

Thus, on the basis of its review of the corrective actions associated with the
CAP, the staff finds that the extent of the design validation performed by SWEC
and the degree to which design changes are being made to the installed piping
and pipe supports provice sufficient confidence that all design deficiencies in
the large and small bore pipe supports resulting from the failure of the
original design process to promptly correct design oeficiencies have been
identified and corrected in the implementation of the CAP design validation
activities. Consequently, the staff finds that the pipe support designs have
been doequately reviewed under the CAP thus satisfying the applicable portion
of Criterion III of 10 CFR 50, Appendix B. Furthermore, design deficiencies
have been corrected, thus satisfying the applicable portions of 10 CFR 50,
Appendix B, Criterion XVI.

On the basis of its review of the CAP activities related to the
design-construction interface and the piping-pipe support design interface, the
staff concludes that the TV Electric CAP fcr piping and pipe supports
adeauately corrects the underlying causes of the past design problems to
prevent their recurrence and, thus, satisfies the applicable portion of
Criterior, XVI of 10 CFR 50, Appendix 8.
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6 CONCLUSIONS

On the tasis of its review of the CPRT Progran Plan ~(Revision 4) and the TV
Electric Corrective Action Progran as discussed in Section 4 of this
supplement, the staff concludes for the design validation of_ASME Code piping
and pipe supports at CPSES Units 1 and ? that the specified design is
acceptable and meets the applicable requircments of 10 CFR 50.55a and General
Design Criteria 1, 2, ard 4 of 10 CFR 50, Appendix A. This conclusion is based
on the following.

The applicant'has met the requirements of 10 CFR 550.55a and General
Design Criteria 1, 2, and 4 with respect to the design and service load
combinotions and associated stress and deformation limits specified for
ASME Ccde Class 2 and 3 piping and ASME Code Class 1, 2, and 3 pipe
supports by ensuring that the piping and pipe supports important to safety
are designed to quality standards corcensurate with their importance to
safety and that these piping systems can accomoaate the effects of normal
operation as well as postulated events such as loss-of-coolant accidents
and the dynamic effects resulting from earthquakes. The specified design
and service combinaticns of loadings as applied to the piping and pipe
supports at CPSES Units 1 and 2 in piping systems designed to meet seismic
Category I standards are such as to provide assurance that in the event of
an earthquake affectirg the site or other service loadings due to '

postulated events or system operating transients, the resulting combined
stresses imposed on system components will nct exceed allowable stress and
strain limits for the materials of construction. Limiting the stresses
under such loading combinations provides a conservative basis for the
design of system components to withstano the most adverse combination of
loaoing events without loss of structural integrity. (See Section 4.1.2.2
and Appendix A of this supplement.)

The staff further concludes that for the resolution of identified and potential
design deficiencies in the piping and pipe supports at CPSES Units 1 and 2, the
TV Electric Corrective Action Program for large and small bore piping and pipe
supports ano the CPRT Program Plan (Revision 4) collectively establishes
effective means to identify all cesign deficiencies, provide comprehensive,

corrective actions for their resolution, and ensure proper implementation of
the ccrrective actions. These conclusions are based on the following.

The applicants' piping and pipe support design valioation activities
performed by SWEC and the CPRT third-party review by TENERA, L.P. provide

.

d Comprehensive program for ioentifying and resolving the technical
concerns raiseo by the intervenor, CYGNA Energy Services, the NRC staff,
and other external sources related to the design adequacy of large and'

small bore piping and pipe supports at CpSES. The staff concludes that
the overall program reasonably ensures that all deficiencies in the design
of large bore and small bore piping and supports are identified and
corrected. The staff further concludes that the effectiveness of the

,
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program implementation ensures that those issues will be acceptably
resolved upon completion of the program. (See Sections 4.1.2 and 4.2.2
and Appendix A of this supplement.)

The applicant's piping and pipe support hardware validation activities
provide assurance that construction deviations in the piping and pipe
support areas are corrected and, thus, will not adversely affect the
ability of piping and pipe supports to perform their functions. (See
Sections 4.1.2.1-and 4.1.3 of this supplement.)

The scope and depth of the independent review by CYGNA Energy Services
provide additional assurance of the satisfactory resolution of
deficiencies in the-design of piping and pipe supports at CPSES.
Additionally, satisfactory findings by the third-party (TENERA) in its
review of the large bore piping and pipe support design criteria provide4

assurance that the design of the large bore piping and pipe supports
satisfies licensing conunitments and applicable ASME Code requirements.
(See Sections 4.2.1 and 4.2.2 of this supplement.)

The TU Electric Technical Audit Program provides assurance that the
execution of the aesign validation by ShEC is technically adequate and

that the implementation of the resolution of the piping (and pipe supportSeneric technical issues is appropriate and complete. See Section 4.2.2
of this supplement.)

On the basis of its review of the design and interface controls associated with
the TV Electric Corrective Action Program as discussed in Section 5 of this
supplement), the staff coricludes that the corrective actions are acceptable and
satisfy the applicable requirements of 10 CFR 50, Appendix B, Criteria III and
XVI. This conclusion is based on the followirg.

The applicant has satisfied the requirements of 10 CFR 50 Appendix B,
>

Criterion 111 with respect to esteblishing measures to ensure that the
applicable regulatory requirements and the design basis are correctly
translateo into specifications, design drawings, and procedures by
establishing aesign basis documents and implementing a complete design
validation for piping and pipe supports importe to safety. The design
validation provides proper centrol of the desi a interface between the9
piping and pipe support groups and provides an adequate review of
installed field designs arad design changes. (SeeSections 4.1.1, 4.1.2,
and 5.0 of this supplement.)

The applicant has satisfiec the requirerrents of 10 CFR 50 Appendix B,
Criterien XVI by establishing a program to correct desigr; ceficiencies and
to preclude repetition cf the underlying causes of the problems associated
with the design of piping and pipe suppcrts at the CPSES. (See Section 5
of this supplement.)
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APPENDIX A
,

RESOLUTION OF GENERIC TECHNICAL MATTERS

The generic technical issues * consist of those external source issues raised
primarily by the intervenor Citizens Association for Sound Energy (CASE) (e.g.,
Walsh/Doyle concerns), CYGNA Energy Services, and the NRC staff that could
potentially affect more than one specific pipe support calculation or pipe
stress analysis package. The third-party organization (TENERA, L.P.) was
responsible for identifying, reviewing, and tracking of the resolutions of the
external source issues. The development of the technical resolutions of the
external source issues was the responsibility of Stone & Webster Engineering
Corporation (SWEC) as part of the piping and supports design validation. The
resolution methodologies for the generic technical issues were initially
discussed in a SWEC report entitled "Generic Technical Issues Report," datea
June 26, 1980 (generic issues report) (Reference A1) and subsequently have been
documented in Appendix A to the project status reports for large bore piping
and small bore piping (References A2 and A3) (hereinafter referred to as the
"piping project status reports"). The method for implementing the technical
resolutions was incorporated into the Comanche Peak Project Procedure CPPP-7,

23, 1987 (Reference A4)pe Stress and Pipe Supports" (Revision 3) dated February
"Design Criteria for Pi

SWEC implemented that method in conjunction with the.

large ano small bore piping and pipe support design validation under the TV
Electric Corrective Action Program (CAP).

The Comanche Peak Response Team's (CPRT's) third-party (TENERA, L.P.)
evaluations of the SWEC resolution methodologies were summarized in the CPRT
"Discipline Specific Results Report: Piping and Supports," DAP-RR-P-001
Revision 1, dated September 29, 1987 (hereinafter referred to as the "piping
results report") (Reference A5). The CPRT detailed evaluations were documented
in supporting engineering evaluations developed by the CPRT third-party for

detailed description of the issue, (2)gineering evaluation contains (1) a
each generic technical issue. Each en

relevant referer.ce documents, (4) acceptance criteria, (5)y review process, (3)
the CPRT third-part

the SWEC resolution
methodology and accompanying CPRT evaluation, and (6) conclusions. This
appendix contains the relevant portions of the engineering evaluations that
give the staf f assurance about the technical acceptability of the SWEC
resolution methodologies for those areas of the generic technical issues ,

not specifically reviewed by the staff. As such, the reader does not need
the engineering evaluations to understand the CPRT's basis for acceptability,

* In the staff's terminology a generic technical issue (e.g., Richmond
inserts) may consist of several external source issues (e.g. , factor of
safety, concrete strength, etc.)
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however, the amount of technical detail provided therein might contain useful
background information for the reader should further details be required.*

The staff's review of the generic technical issues and their resolution
consisted of a review of the SWEC generic issues report, a review of Appenoix A
to the piping project status reports, a review of the applicable paragraphs of
CPPP-7, a review of the CPRT piping results report and engineering evaluations,
ano audits and inspections at the SWEC and TENERA, L.P. offices (Appendix D tc
this supplement - Events 4, 10, 11, 17, 18, 20, 29, 31, 32, 33, 34, 35, and
36). The staff has evaluated each external scurce issues in this appendix.
The staff evaluation addresses all 781 discrepancy / issue resolution reports

| (DIRs) generated by the CPPT in its review of 364 various source documents,
which are related to piping and pipe support issues raised by external sources.
The 33 generic technical issues evaluated by the staff in this appendix and all
external source issues addressed under each generic technical issue are:

1 Richmond Inserts

1.1 Factor of Safety
1.2 Concrete Strength
1.3 Shear Stress Allowables for 1-1/2-inch Richmond inserts (Type EC-6W)
1.4 Computation of Bolt and Insert loads
1.5 Frame Modeling of Tube-to-Insert Connections
1.6 Testing of Richmond Inserts
1.7 TUGCO** Finite Element Study
1.8 Local Stress at Bolt Holes in Tubing
1.9 Fatigue

1.10 Improper Use of Richmond Allowables
1.11 Spacing at Richmond Inserts
1.12 Shear Distribution at Richrncnd Inserts
1.13 LOCA Thermal Expansion of Tube Steel

2 Local Stresses in Piping

2.1 Integral Welded Attachments and Pads
2.2 Radial loads on Piping
2.3 Line Loads on Piping'

2.4 Welded Attachments on Girth Butt Welds

3 Large Franeo Wall-to-Wall and Flecr-to-Celling Supports

3.1 Thermal Expansion ano Relative Differential Displacement Effects

The Engineering Evaluations are a part of the CPRT working files and*

are available for inspection with 48 hours notice at the offices of
Texcs Ltilities Electric Ccapany, Skyway Tower, 400 h. Olive Street,
Dallas, TX 75201 or at the Comanche Peak Steam Electric Station site
in Glen Rose, TX.

Texas Utilities Generating Company<*
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4 Stability of Pipe Supports

4.1 Box Francs Connected to Struts or Snubbers
4.? U-Bolts With Single Struts or Snubbers-
4.3 Trapeze Supports
4.4 Colun;n/ Strut Assembliese

'

4.5 Trunnion / Strut Assemblies

5 Generic Stiffness cf Pipe Supports

5.1 Actual Versus Generic Stiffness Values
5.2 Local Flexibility Effects

6 Uncinched U-Bolts Acting As Two-Way Restraints

6.1 Medeling of U-Bolts in Pipir.9 Analysis
6.2 Qualification of U-Bolts

7 Friction Forces

7.1 Friction Considerations in Piping Analysis

t AWS Versus ASME Weld Design

8.1 Pre-heat Requircments for Welds on Plates Over 3/4 Inch Thick
8.2 Drag Angles and Work Angles
8.3 Beta Factors for Tube-to-Tube Welds
8.4 Multiplication Factor and Reduction Factor for Skewed T-Joint Welds
8.5 Limitations and Angularity for Skewed "T" Joints ,

8.6 Calculations for Punching Shear on Step Tube Joints-

8.7 Lap Joint Requirements
8.8 Design of Tube-to-Tube Joints With Beta Equal to 1.0
8.9 Calculation for Effective Throat of Flare Bevel We.lds

8.10 Limitations on Weld Sizes Relative to Plate Thickness

9 A500 Grade 8 Tube Steel,
,

9.1 Material Properties for A500 Grade B Tube Steel
.

10 Tube Steel Section Properties
1 10.1 Variations in Tube Steel Section Properties

10.2 Effect of Bolt Holes on Section Properties ;

11 U-Bolt Cinching

11.1 Cinching of Standard U-Bolts
11.2 Stiff Pipe Clamps

'

12 Axial / Rotational Restraints

12.1 Rotation Restraint Effects in Piping Systems
12.2 Rotation Restraint Effects en Component Standard Support Design

Loads
i

i
>
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12.3 Differential Snubber Lock-up and End Clearance Effects on
Snubber Design Loads in Dual Snubber Supports

12.4 Design Allcwables for Dual Component Standard Supports
12.5 Cinched U-Bolts in Trapeze Supports
12.6 Lug Load Distribution
12.7 Load Point Application on Frames with Lugs

13 Gaps

13.1 Use of Linear Elastic Analysis Techniques
13.2 Concrete Anchorage Gaps
13.3 U-Bolt Gaps
13.4 Pipe / Support Clearances

14 Seismic Design Load Specification

14.1 Piping Computer Analysis Seismic Load Input
14.2 Seismic Response Spectra Definition
14.3 Equivalent Static Analysis Dynamic Amplication Factor

15 Support Mass Effects en Piping Analysis

15.1 Support Mass Criteria, Modeling, and Dynamic Effects

16 Mass Point Spacing

16.1 Mass Point Spacing Criteria and Computer .pplication

17 High Frequency Mass Participation

17.1 Insufficient Modes and Computer Program Concerns

18 Fluid Transients

10.1 Main Steam SRV Load Modelling
18.2 Fluid Transient Analysis Methocology

19 Self-Weight Excitation

19.1 Dead Weight Loads
19.2 Seismic Self-Weight Excitation

20 Local Stress in Pipe Support Members

20.1 Zero-Gap and Cinched U-Bolt Design
20.2 Highly Constrainea Pipe Anchors
20.3 Structural Connections and Localizea loadings
20.4 Short/ Deep Beams
20.5 Support Deflection ard Flexibility

21 Safety Factors

21.1 Cumulative Effect of Issues
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22 SA-36 ana A-307 Boltir.c Material

22.1 SA-36 Used in Dynamic Applications
22.2 SA-307 Material in U-Bolts and Richmond Inserts
22.3 Use of Low Strength Nuts with High Strength Bolting

23 Valve and Flange Oualification/ Valve Modeling

23.1 Main Steam Relief Valve Qualification
23.2 Modeling of Supported Valves -

23.3 Valve and Flange Qualification

24 Piping Modeling

24.1 Pipe Support Locations
24,2 Stress Intensification Factors (SlFs)
24.3 Valve and Flange Insulation and Fluid Mass
24.4 Snubbers Adjacent to Restrained Piping Locations
24.5 Minimum Pipe Wall Thickness Violations

25 Design of Welds
.

25.1 Unsymmetrical Welds (Eccentricity of Three-Sided Welds)
25.2 Cover Plate Welds
25.3 Combination Bolt and Welded Connections

26 Anchor Bolts

26.1 Friction Versus Bearino Connections
26.2 Baseplate Edge Distance
26.3 Embedment Lengths

27 Strut Anaularity

27.1 Design Considerations for Strut Angularity (Kick Loads)
27.2 Justification for 5-Degree Angular Tolerance

28 Structural Modeling for Frame Analysis

28.1 Torsional Stiffness of Wide Flange Members
28.2 Member End Restraint and Boundary Conditions

29 Computer Ver'.fication and Use

29.1 Computer Program Qualification

30 Hydrotest

30.1 Design Considerations for Hydrotest Cor:ditions
30.2 Main Steam Line Flushing

<

i
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31 Seismic /Non-Seismic Interface

31.1 Seismic Design Considerations for Piping Routed Between Seismic
Category I and Non-Seismic Category I Buildings

32 Programmatic Aspects and 0A

33 Miscellaneous External Source Issues

The references identified in this appendix are listed in Section 34.

l
l

.

!-
1

i
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1 RICHMOND INSERTS

A number of concerns were raised associated with the design of pipe supports
using Richmora inserts at Comanche Peak Steam Electric Station (CPSES). In its
December 28, 1953 Femorandum ana Order (Reference A6) (p. 1445), the Atomic
Safety and Licensing Board (ASLB) discussed concerns related to pipe support
designs using Richmond inserts. Subsequently, the CPRT third-party (TENERA)
identified 79 relatec issues from various source documents associated with thedesign of Richmond inserts. In its Engineering Evaluation DAP-E-P-001,
"Richmono Inserts," TENERA categorized these issues into 13 areas of concern as
follows:

(1) factor of safety
(2) ccncrete strength
(3) shear stress allowables for 1-1/2 inch Richmond inserts
(4) computation of bolt and insert loads
(5) frame modelling of tube-to-insert connections
(6) testing of Richmond inserts,

! (7) TUGC0 finite element study
I (8) local stress at bolt holes in tubing

(9) fatigue
(10)improperuseofRicnmondallowables
(11) spacing at Richmond inserts
(12) shear distribution at Richmond
(13) LOCA thermal expansion of tube steel

1.1 Factor of Safety

The issue backgrour.d is provided in External Source Issue Summary ESIS-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodology is provided in
the piping project status reports (Section 2.1 of Subappendix A1). The Design
Acequacy Program (DAP) evaluation is provided in Engineering Evaluation
DAP-E-P-001 (Section 5.2.2) and is summarized in the piping,results report
(Section 3.2.3.1).

Of primary concern was whether the design allowable values used at CPSES for
Richmond inserts were adeouate using a safety factor of 2.0 for normal, upset,
and emergency loading conditions. SWEC uses a safety factor of 3.0 for normal,
upset, and emergency conditions w ech complies with the recommendation of the
manufacturer, Richmond Screw Company. SWEC uses a safety factor of 2.0 for the
faulted ccnditions. Although ACI-318-71 (Reference A7) is the CPSES code of
record, this ccde does not contain explicit provisions for the consideration of
the faulted load condition. However, ACI-349-85 (Reference AS), which is based
on the general building code ACI-318, was developed specifically for concrete
structures in nuclear facilities and contains appropriate guidance for
considering seismic loadings for steel embeaments. On the basis of ACI-349-85,
a safety factor of 2 for faulted load conditions is accepteble.

SWEC uses the Prestressed Concrete Inrtitute (PCI) Marual (Reference A9)
interaction equation to evaluate Richmond inserts for combined tension and
shear. The justification for using the PCI interaction equation is provided in
SWEC Calculation GENX-037, "Generic Calculation: Qualificati0n of Richmond
Inserts," which has been reviewed and found acceptable by TENERA in DAP-E-P-001
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based on the equation providing a lower bound curve on the insert test results.
The curve represents the minimum test failure loads to M used for design and
is a conservative assumption.

On the basis of (1) the Richmond insert methodology providing design factors of
safety based on manufacturer recommendations and code guidelines and (2) the
DAP evaluation of the PCI Manual interaction equation concluding its use
appropriate for inserts, the staff finds the safety factors used by SWEC for
Richmond inserts in the design validation of pipe supports acceptable.

1,2 Concrete Strength

The issue background is provided in External Source Issue Samary ESIS-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodology is provided in
the piping project status reports (Section 2.0 of Subappendix A36). The DAP
Evaluation is provided in Engineering Evaluation DAP-E-P-001 (Section 5.4.2) ,

'

and is sucmarized in the piping results report (Section 3.2.3.1).

The concern of whether a minimum reouired design strength of 4000 psi was met
has been reviewed by SWEC under the civil / structural Corrective Action Program
(CAP). Plant concrete strength was addressed by the CPP.T in the Issue-Specific
Action Plan (ISAP) II.b results report, "Concrete Compressive Strength."
Accordingly, the staff's evaluation of this issue will be addressed in
conjunction with the staff's review of the civil / structural CAP and the ISAP
II,b results report.

1.3 Shear Stress Allowable for 1-1/2-inch Richmond Inserts (Type EC-6W)

The issue background is provided ' xternal Source Issue Summary ESIS-P-001

thepipingprojectstatusreports(,,bappendixAlSection2.7)yisprovidedin(Attachment A to DAP-E-P-001). 1 :WEC resolution methodoloa
The DAP.

evaluation is provided in Engineering Evaluation DAP-E-P-001 (Section 5.4.2)
and is sumarized in the piping results report (Section 3.2.3.1).

Of initial concern was that the CPSES design of 1 1/2-inch Richmond inserts
used shear allowables 50 percent greater than the values recommended by the
manufacturer Richmond Screw Company. SWEC developed shear allowables for
Richmond inserts based on average TUGC0 test failure loads. The DAP evaluation
found the SWEC allowables in compliance with ACI-349-85 and the manufacturer's
recomtendations.

On the basis of DAP conclusions, the staff finds the shear allowailes for
Richmond inserts useo by SWEC in the CAP design validation for piping and pipe
supports acceptable.

!

1.4 Computation of Bolt ano Insert Loads

The issue background is provided in External Source Issue Sumary ESIS-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodology is provided in

| the piping PSRs (Subappendix Al Section 2.5). The DAP evaluation is provided
! in Engineering Evaluation DAP-E-P-001 (Section 5.5.2) and is summarized in the
l piping results report (Section 3.2.3.1).

| At CPSES, Richmond inserts are used to attach tube steel to the concrete

|
structure. Although Richrrcnd inserts are comonly used in other nuclear

|
|
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facilities, their use with tube steel rather than baseplates is not standard
industry practice. The analysis methods used previously by TUGC0 did not
account for the Richmond threaded rod / bolt bendino when there was torsional
moment about the tube steel axis and may have underpredicted prying tensinn in
the threaded reds / bolts.

SWEC uses a non-linear interaction equation to evaluate the adequacy of the
threaded rod in Richmond insert connections. The justification for this
ecuation is provided in R. L. Cloud Associates (RLCA) reports
RLCA/P142/01-85/003 "Richmond Insert / Structural Tube Steel Connections," and
RLCA/P142/01-86/008, "Richmond Insert / Structural Tube Steel Connections, Design
Interaction Equation for Boit/ Threaded Rods." The SWEC non-linear rod
interaction equation was evaluated by TEhERA in DAP calculation DAP-C-P-006,
"Rods in Tension ano Shear - SWEC Interaction Equation," February 9, 1987. The
DAP calculation shows that the SWEC interaction equation satisfies the
applicable portions of the American Institute of Steel Construction (AISC)
specification for A36 and A193 Grade 87 rod material.

TEhERA has reviewed the SWEC modeling requirements to compute the rod end
reactions at the insert. The SWEC method was compared to a more detailed
finite element analysis in RLCA reports RLCA/P142/01-85/003, "Richmond
Insert / Structural Tube Steel Connections" and RLCA/P142/01-86/006, "Richmond
lasert/ Structural Tube Steel Connections, Evaluation of CPPP-7 Modelling
Proceduras." TENERA concluded that the SWEC method always results in a larger
rod interaction equation value than the finite element analysis and is, thus,
conservative.

TENERA reviewed the SWEC procedure for computing insert tension from the
bolt / rod leads. A comparison to RLCA finite element analysis results found
that W SWEC procedures resulted in insert tension lcads equal to or greater
than tne finite element analysis loads and are, thus, acceptable.

In audits conducted by the staff (Appendix D to this supplement - Events 32 and
34), the staff selected two supports to assess the adequacy of SWEC's design
criteria application. For support AF-1-001-035-Y33R, the calculation was
reviewed for compliance with CPPP-7 interaction equations for threaded rod and
insert as specified in Attachment 4-5, Paragraphs 3.2.1 and 3.2.2. The
calculation for support CT-1-053-418-C62R was reviewed for compliance with
CPPP-7 interaction eqtations for single tubes as specified in Attachment 4-5,
Paragraph 3.3.2. The calculations were found to be in accordance with the
applicable CPPP-7 design criteria and are, thus, acceptable.

On the basis of the above discussions, the staff finds that the SWEC
methodology for computing Richmond insert and bolt / rod loads is conservative
ano has been properly implemented and is, thus, acceptable.

1.5 Frame Modeling of Tube-to-Insert Connections

The issue background is provided in External Source Issue Sumary ESIS-P-031
(Attachment A to DAP-E-P-031). The SWEC resolution methodology is provided in
the pipi.ig PSRs (Subappendix A31 Section 2.2). The DAP evaluation is provided
in Engineering Evaluation DAP-E-P-031 (Section 5.3.2) e a is summarized in the
piping results report (Section 3.2.3.28).
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The staff evaluation of the frame modelling of tube-to-insert connections is
discussed Section 28.2 of this appendix.

1.6 Testing of Richmond Inserts

The issue background is provided in External Source Issue Summary ESIS-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodology is provided in
thepipingPSRs-(SubappendixAlSection2.1). The DAP evaluation is provided
in Engineering Evaluation DAP-E-P-001 (Section 5.7.2) and is sumarized in the
piping results report (Section 3.2.3.1).

The staff evaluation of the testing of Richmond inserts will be addressed in
conjunction with the staff review of the civil / structural CAP.

1.7 TUGC0 Finite Element Study

The issue background is provided in External Source Issue Summary ESIS-P-001
( Attachment A to DAP-E-P-001). The SWEC resolution methodology is provided in
the piping PSRs (Subappendix Al Section 2.4). The DAP evaluation is provided
in Engineering Evaluation DAP-E-P-001 (Section 5.8.2) and is sumarized in the
piping results report (Section 3.2.3.1).

The concern was raised by CYGNA in its review of a screening method used
previously by TUGC0 to justify their simplified design method for Richmond
inserts. The concern is no longer applicable to CPSES because the SWEC design
methodology for Richmond inserts does not rely on the previous TUGC0 work.

1.8 Local Stress at Bolt Holes in Tubing

The issue background is provided in External Source Issue Summary ESIS-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodology is prcvided in
the piping PSRs (Subappendix Al Section 2.9). The DAP evaluation is pr Svided
in Engineering Evaluation DAP-E-P-001 (Section 5.9.2) and is summarized in the
piping results report (Section 3.2.3.1).

CYGNA raised a concern that the local stresses at holes in tube steel
under nuts or bolt heads could cause a punching-type failure. SWEC developed a
procedure for evaluating local stresses due to nuts bearing on tube steel walls
as provided in CPPP-7 Attachment 4-13, Paragraph 4.3. TENERA reviewed the SWEC
design methodology and supporting Calculation GENX-023, "Generic Calculation:
Development of the Method for Evaluating Local Stress in Pipe Support Members,"
and found them technically acceptable.

On the basis of the DAP evaluation findings, the staff concludes that the SWEC
rethodology for calculating local stress at belt holes in tube steel is
acceptable. In addition, the CYGkA review of this issue and resolution has
resulted in its closure in Revision 4 to the CYGNA review issues list for pipe
supports (Item 4) (Reference A10).

1.9 Fatigue

The issue background is provided in External Source issue Sumary ESIS-P-001
(Attachment A to DAP-E-P-C01). The SWEC resolution methodology is provided in

j the piping PSRs (Subappendix Al Section 2.3). The DAP evaluation is provided

(
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|
in Engineering Evaluation DAP-E-P-023 (Section 5.2.1) ano is suamarized in the
piping reruits report (Section 3.2.3.1).

This issue is addressed in Section 22.1 of this appendix.

1.10 Improper Use of Richmond Allowables

The issue background is provided in External Source Issue Summary ESIS-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodology is provided in
the piping PSRs (Subappendix Al Section 2.11). The DAP evaluation is provided
in Engineering Evaluation DAP-E-P-001 (Section 5.11.2) and is sunmarized in the
piping results report (Section 3.2.3.1).

The concern raised by CASE was that the threaded rods / bolts in Richmond inserts
were at times incorrectly evaluated using tension and shear allowables for the
insert that had different allowables. The SWEC resolution is to evaluate both
the threaded rods / bolts and the inserts using specified allowables and
interaction equations.

On the basis of the SWEC methodology evaluating both the threaded rods / bolts
and the insert to their separate stress allowables, the concern of using the
incorrect allowable is adequately resolved.

1.11 Spacino at Richmond Inserts

The issue backgrouno is provided in External Source Issue Summary ESIS-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodology is provided in
the piping PSRs (Subappendix Al Section 2.6). The DAP evaluation is provided
in Engineering Evaluation DAP-E-P-001 (Section 5.14.2) and is summarized in the
piping results report (Section 3.2.3.1).

The staff evaluation of this issue will be addressed in conjunction with the
staff review of the civil / structural CAP.

1.12 Shear Distribution at Richmond Inserti

The issue background is provided in External Source Issue Summary ESIS-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodoiogy is provided in
the piping PSRs (Subappendix Al Section 2.10). The DAP evaluation is provided
in Engineering Evaluation DAP-E-P-001 (Section 5.12.2) and is summarized in the
p'. ping results report (Section 3.2.3.1).

The primary concern was that when a hole is drilled through the tube steel, the
resulting gap between the Richmond insert threaded rod (which is inserted
through the hole) and the tube steel wall would cause an unequal shear load
distribution among other threaded rods in the tube steel. The SWEC procedure
accounts for this unequal shear load distribution and requires a doubling of
the shear load ratio (V/Va) (where V is the calculated shear load and Va is the
allowable shear load) when the shear ratio exceeds 0.25.

The DAP evaluation found that the Richmond insert-to-tube steel connections
behave in a ductile manner and therefore the assumption of equal shear load
distribution in the threaded rods and insert is reasonable. Because the SWEC
methodology requires a doubling of the shear ratio when it exceeds 0.25, the
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SWEC method assumes the shear is twice as large as calculated and is, thus,
ccnservative.

The staff finds the SWEC method for calculating shear loads in Richmond inserts
and threaded rods acceptable.

1.13 LOCA Thernal Expansion of Tube Steel

The issue background is provided in External Source Issue Summary ESIS-P-001
(Attachment A to DAP-E-P-001). lhe SWEC resolution methodology is provided in
the piping PSRs (Subappendix Al Section 2.8). The DAP evaluation is provided
in Engineering Evaluation DAP-E-P-001 (Section 5.13.2) and is summarized in the
piping results report (Section 3.2.3.1).

CASE raised a concern that under loss-of-coolant accident (LOCA) environmental
conditions, long tube steel frames anchored to the concrete by Richmond inserts
would thermally expand and overstress the threaded rods in the inserts. The

SWEC procedure for evaluating the thermal rods is based on an RLCA report
RLCA/P142/01-86-009, "Richmond Insert / Structural Tube Steel Connections, Effect
of Thermal Expansion of Tube Steel on Richmond Inserts and Bolts." The SWEC
cpproach establishes the maximum lengths for long tube steel pipe support
members with P.ichmond inserts for tube steel sizes up to and including TS 8 x 8
x 1/2-inch. The SWEC approach also contains guidelines for limiting the maximum
spacings between threaded rods for large frame-type hangers mounted to the
concrete with kichmond inserts.

In aucits conducted by the staff (Appendix D to this supplement - Events 34 and
36), the staff selected a feedwater frame support located inside the
containment that consisted of 19 individual pipe supports on a long tube steel
frame attached to the containment wall with Richmond inserts. The prinary
support is FW-1-099-001-C62S. The statf reviewed the support calculations to
verify that the maximum lengths of the tube steel frame were in compliance with
C9PP-7, Attachment 4-5. The staff found that a reduction in the overali length
of the tube steel frame has been implemented and the CPPP-7 design criterion is
being used to establish the maximum tube steel lengths and spacings between
Richmond inserts. The staff finds the overall process used to determine the
acceptability of thermal expansion in long tube steel frares inside the
containment using Richmond inserts results in reasonable lengths of
interconnected tube steel and is, thus, acceptable.

1.14 Conclusions

Based on the above evaluations concerning Richmond insert design, the staff
concludes that the concerns associated with the design of Richmond inserts hcve
been adequately resolved. The generic technical issue related to Richmond
inserts in piping systems is, therefore, closed for CPSES.,

I

2 LOCAL STRESS IN PIPING

Several concerns were raised relatino to the localized ef fects of pipe support
designs on piping at CPSES. In its December 28, 1983 Memorandum and Order
(Reference A6) (page 1434), the ASLB expressed its concern regarding local
stresses in piping induced by pipe supports. Subsequently, the CPRT third-
party (TENERA, L.P.) identified 51 related concerns from various source
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documents. In its Engineering Evaluation DAP-E-P-002, "Local Pipe Stresses,"
TENERA categorized these concerns into four primary issues:

integral weloed attachments and pads
racial loads on piping
line loads on piping

(4) welded attachments on girth butt welds

2.1 Integral Welded Attachments and Pads

The issue background is provided in the DAP External Source Issue Sumary
ESIS-P-002 (Attachment A to DAP-E-P-002). The SWEC resolution methodology is
provided in the piping project status repcrts (Subappendix A2 Section 2.2).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-002 (Section
5.2) and is summarized in the piping results report (Section 3.E.3.2).

The primary concern was that local stresses at welded attachments to piping
(e.g., lugs, trunnions, stanchions) were not being adequately evaluated. The
SWEC analysis methods for the evaluation of local pipe stresses inouced by
welded attachments are provided in CPPP-7 Attachment 4-6A. TENERA has reviewed
the SWEC acceptance criteria for local stresses and found then te be consistent
with the FSAR. CPPP-7 also allows the use of ASME Code Cases N-318-2 and N-392
(References All and A12) and TENERA found them acceptable for attachments on
straight pipe. For trunnicns on elbows, SWEC developed a calculation to
justify an evaluation method for attachments on long-radius elbows. TENERA's
resiew of this calculation found it acceptable.

Local pipe stresses are calculated using computer programs PILUG, PITRUST, and
PITRIFE. PILUG and PITRUST are used for evaluating the effects of standard
lugs and trunnions, respectively, using an established analytical method based
on WRC Bulletin 107 (Reference A13). PITRIFE is used for evaluating the
effects of trunnion sizes larger than those covered by WRC Bulletin 107 and is
based on finite element results. TENERA reviewed the SWEC generic calculation
that justifies the expanded application range of WRC Bulletin 107 used in
PITRIFE and found it acceptable.

Some existing non-standard trunnion designs unique to specific supports were
qualified by SWEC using special finite element analyses. Five special analyses
have been reviewed by TENERA in DAP-E-P-002 and were found acceptable. In
addition, TENERA reviewed the SWEC method for evaluating local stress at pads
as provided in CPPP-7 Paragraph 4.6.5. SWEC has performed finite element
analyses to justify its analysis method for trunnions with pads. TENERA's
review of the SWEC calculation found it to be acceptable.

The staff conducted several audits to assess the adequacy of design guideline
implementation by SWEC. (Appendix D to this supplement - Events 31 and 36.)
The staff selected SWEC Calculation GENX-173 "Load Rating for Service Water
Support Modification," to review the qualification of pads on large diameter
piping used to minimize the effects of bearing loads on the pipe. In addition,

the staff reviewed the local bending stresses and thermal gradients that would
occur in integral welded attachments (IWA) on the main steam and feedwater
piping. In an internal letter from R. P. Klause (SWEC) to L. D. Nace (TV
Electric) dateo July 24, 1987, the results of a fatigue analysis including
thermal gradients at worst-case locations at welded attachments were
uocumented. Based on its review of the results presented in the study, the
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staff finds that the maximum fatigue usage factors for IWA on the main steam
and feedwater piping are 0.840 and 0.344, respectively, and thus sctisfy the
ASME Code allowable of 1.0. The results of our audits found that the local
pipe stresses have been calculated in accordance with CPPP-7 guidelines and
satisfy the ASME Code allowable stress limits and are, thus, acceptable.

On the basis of the DAP evaluation findings and the staff review and audits
discussed above, the staff concludes that the SWEC design methods for
evaluating the local pipe stresses caused by welded attachments are in
accordance with ASME Code requirements using generally recognized engineering
methods, were found to be applied in a technically appropriate manner, and are,
thus, acceptable. In addition, the CYGNA review of this issue and resolution
has resulted in its closure in Revisicn 4 to the pipe stress review issues list
(Items 11 and 26) (Reference A14).

2.2 Radial Loads on Piping

The issue background is provided in the DAP External Source Issue Summary
ESIS-P-002 (Attachment A to DAP-E-P-002). The SWEC resolution cethodology is I

'

provided in the piping project status reports (Subappendix A2 Sections 2.1.1
and 2.2). The DAP evaluation is provided in Engineering Evaluation DAP-E-P-002
(Section 5.3) and is sumarized in the piping results report (Section 3.2.3.2).

The primary concern was that pipe stresses caused by radial loads induced by
zero-gap box frames, cinched U-bolts, and opposing-trunnion anchors were not
properly evaluated previously by TUGC0. The SWEC resolution rethodology has
eliminated or modified the zero-clearance box frames. The modifications to the
zero-clearance box frames are discussed in the staff evaluation provided in
Section 4.1 of this appendix anc were found to be acceptable.

The concern in regard to local pipe stresses caused by cinched U-bolts is
discussed further in Section 11 of this appendix.

Local pipe stresses caused by stiff pipe clarrps as identified in Board
Notification BN-82-105A (Reference A15) have been evaluateo by SWEC using
Project Memorandum PM-139 "Procedure for Evaluating Pipe Stresses at Stiff
Cl ap Supports." The methods therein are consistent with the methods used by
other nuclear design organizations to evaluate stiff pipe clamp effects. The

DAP evaluation found the SWEC methods reasonable in comparison to previous work
on cinched U-bolts.

( For opposing trunnion anchors, the local pipe stress due to differential radial
thermal expansion between the pipe and support is calculated and added to the
loct1 pipe stress at the attachment due to support restraint of pipe thermal
expansion, and both local stresses are cdded to the piping general bending
stress due to thernal expansion. The SWEC method for combining pipe stresses
caused by thental loadings is conservative and is therefore acceptable. The

DAP evaluation also found the SWEC finite element analyses to evaluate radial
thermal expansion at two types of anchors to be acceptable.

The staff conducted an aucit to assess the adequccy of SWEC's application of
the methocs for opposing trunnions. (Appendix 0 to this supplement - Events 34'

and 36.) The staff selected a support (MS-1-007-009-C72K) with an opposing
double trunnion design and reviewed the local stress calculation. The staff
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found that the calculation was performed in accaroance with CPPP-7, Paragraph
4.6.4.1, and is, thus , acceptable.

On the basis of the DAP evaluation findings ano the staff review and aucit
discussec above, the staff concluoes that the SWEC resolution methodology for
addressing radial loads on piping is consistent with industry practice and is
thus acceptable. In adoition, the CYGNA review of this issue has resulted in
its closure in Revision 4 to the pipe support review issues list (Items 1 and
36) (Reference A10).

2.3 Line Loads on Piping

The issue background is provided in DAP External Source Issue Summary
ESIS-P-002 (Attachment A to DAP-E-P-002). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A2 Section 2.1.2).
The DAP evaluation is provided in the Engineering Evaluation DAP-E-P-002

i (Section 5.4) and is summarized in the piping results report (Section 3.2.3.2).
|
| The concern was raised regarding the consideration of local pipe stresses

caused by the pipe bearing on the pipe support (line loads). The SWEC design
method as provided in CPPP-7, Attachments 4-6B and 4-6C, addresses longitudinal
and circumferential bearing stresses in piping. The method was reviewed by
TEhERA and found to be conservative as demonstrated by a collapse load analysis
performed by Robert L. Cloud Associates in Calculation No. RLCA/P142/01-86-005,
"Acceptable Support Bearing Loads on Pipe Based on Plastic Analysis."

On the basis of the DAP finding that the SWEC method predicts stresses higher
than actual stresses, the staft finds that the SWEC analytical methods for
evaluating line loads on piping are acceptable. In addition, the CYGNA review
of this issue and resolution has resulted in its closure in Revision 4 to its
pipe support review issues list (Item 37) (Reference A10).

2.4 Welded Attachments on Girth Butt Welds

lhe issue background is provided in External Source issue Summary ESIS-P-002
(Attachment A to DAP-E-P-002). The DAP evaluation is provided in Engineering
Evaluation DAP-E-P-002 (Section 5.2.2).

The primary concern was that welding trunnions, pads, or lugs over girth butt
welds in the piping were in violation of ASME Code, Section III (Reference
A16). The DAP reviewed this issue and concluded that the ASME Code, Section
III does not contain any provisions that would prevent welding a pad or
trunnion over a girth weld. The objection that the girth weld under the
attachment cannot be inspected to ASME Code Section XI (Reference A17)
requirements was addressed in the DAP evaluation by clarifying that the
inservice inspection program under ASME Code Section XI does not require all
welds to be inspected. The inspections are performed on a sampling basis.
General inaustry practice does encourage providing clearances around girth
welds to facilitate inservice inspection; hcwever, this practice is not
possible for all welds. All ASME Code Class 2 and 3 piping welds are required
to be hydrostatically tested to ensure the integrity of the piping pressure
boundary. The staff has reviewed the DAP evaluation and concurs in its
discussion of code requirements and industry practice.
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On the basis of the DAP evaluation, the staff finds that the concerns
associated with welded attachments on piping girth welds have been adequately
resolved.

2.5 Conclusions

Based on the above evaluations, the staff concludes that the concerns
associated with local stresses in piping have been acequately resolved. The
generic technical issue concerning local pipe stresses is, therefore, closed
for CPSES.

3 LARGE FRAMED WALL-TO-WALL AND FLOOR-TO-CEILING SUPPORTS

Several concerns were raised relating to the design of large franted pipe I

supports at CPSES. In its December 28, 1983 Femorandum and Order (Reference i
A6) (p. 1443), the ASLB identified a concern regarding differential seismic |

from wall to wall or floor to
displacementassociatedwithsupportsspanninfTENERA,L.P.) identified 47 |ceiling. Subsequently, the CPRT third-party
related concerns from various source documents associated with these supports
and corner supports. In its Engineering Evaluation DAP-E-P-003, "Large Framed
Wall-to-Wall and Floor-to-Ceiling Supports," TENERA categorized these concerns
into three arcas and provided a detailed evaluation of the three areas of
concern for wall-to-wall and floor-to-ceiling supports as well as for corner

(2) relative differential displacement effects, and (3) pansion effects,supports. The three areas of concern are (1) thermal ex
cumulative relative

movements and building structure effects and are all evaluated in the issue
below.

3.1 Thermal Expansion and Relative Differential Displacement Effects

The issue background is provided in External Source Issue Summary ESIS-P-003
(Attachment A to DAP-E-P-003). The SWEC resolution methodology is provided in
the piping project status reports (Subappendix A Secticns 2.1 and 2.2). The

DAP evaluation is provided in Engineering Evaluaticn DAP-E-P-003 (Sections
5.2.1.2 and 5.3.1.2) and is summarized in the piping results report (Section
3.2.3.3).
In accordance with NF-3231.1(a) of the ASME Code, Section III, support nenber
thermal expansion effects need not be included in the design of linear-type
component supports. However, Appendix XVII-2271.3 of the ASME Code states that
adequate provision shall be made for expansion and contraction appropriate to
the function of the support. At CPSES, frame member supports were designed
spanning from wall tc wall and floor to ceiling without slip joints. These

designs raised concerns regarding their ability to withstand thermal expansion
effects and relative displacement effects between the building and support.

Currently at CPSES only eight supports, that span wall to wall or floor to
ceiling without slip joints remain. These eight supports are all located in

,

the service water tunnel ano are identified as follows:

SW-1-011-016-F33R
SW-1-011-017-F33R
SW-1-011-018-F33R

|
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SW-1-011-019-F33R
SW-1-011-020-F33R
SW-1-011-021-F33R
SW-1-011-022-F33R
SW-1-011-029-F33R

All eight supports have been analyzed for thermal expansion, floor live loads,
and relative building seismic displacements due to both the operating basis
earthquake and the safe shutdown earthquake. Differential displacement between
the fluor anc the wall due to long-term concrete creep is evaluated for
floor-to-ceiling supports only because its effect does not affect the
wall-to-wall suppcrts.

TENERA has evaluated the acceptability of the SWEC analysis methods for
evaluating wall-to-wall, floor-to-ceiling, and corner supports for the
cumulative relative movements and buildino structural effects and found them to
be technically adeouate.

~

The staff audited the application of the design criteria for wall-to-wall /
ficor-to-ceiling supports (Appendix D of this supplement - Event 32). The
staff reviewed the calculations for all eight wall-to-wall / floor-to-ceiling
supports remaining in the service water tunnel to verify the actual stresses
and the complibnce of the calculations to Attachment 4-19 of CPPP-7. The staff
found that the stresses were within the CPP-7 allowebles and are, thus,
acceptable. In addition, the staff found that a special task group was formed
within SWEC to perfonn the calculations for these eight supports because of
their uniqueness and complexity. The fonnation of the special task group
ensures consistency in the application of the CPPP-7 criteria associated with
the wall-to-wall / floor-to-ceiling supports.

3.2 Conclusions

Based on the above evaluation, the staff concludes that the concerns associated
with the design of wall-to-wall, floor-to-ceiling, and corner supports have
been adequately resolved. The generic technical issue concerning large framed
wall-tc-wall and floor-to-ceiling supports incluoing corner supports is,
therefore, closed for CPSES.

4 STABILITY OF PIPE SUPPORTS

A number of concerns were raiseo associated wfth potentially unstable pipe
support design at CPSES. In its Memoranda and Orders dated December 28,
1983 and February 8, 1984 (References A6 and A18), the ASLB expressed its
concerns about pipe support instability. Subsequently, the CPRT third-party
(TENERA, L.P.) identified 61 related concerns from various source documents.
In its Engineering Evaluation DAP-E-P-004, "Support / System Stability," TENERA
categorized those concerns into five categories of potentially unstable pipe
support configurations:

(1) box frames connected to struts or snubbers
(2) U-bolts with single struts or snubbers
(3) trapeze supports

4 column / strut asserrblies
5 trunnion / strut assemblies

Ccmanche Peak SSER 14 - 17 - Appendix A

. - - .
.. . _ _ _ _ _ . _ _ _ _



_. . _ _ _ - _ ._. _ _. _ . - - - - - _ __ _.

4.1 Box Frames Connected to Struts or Snubbers

The issue background is provided in the DAP External Source Issue Summary
ESIS-P-004 (Attachment A to DAP-E-F-004). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A4 Sections 2.1.1
and 2.1.3). The DAP evaluation is provided in Engineering Evaluation
DAP-E-P-004 (Section 5.3.2.1) and is sumarized in the piping results report
(Section 3.2.3.4).
At CPSES, the concept of instability as exemplified by these non-standard pipe
supports involved a support that could potentially shift - by rotating around

The SWEC resolutionor sliding along the piping - to an unqualified position.
metnodology involves either eliminating or modifying these potentially unstable
pipe supports. The modifications to zero-clearance box frames supported by ;

'

single or multiple struts or snubbers consist of removing the box frame and
replacing it with a standard pipe clamp or changing it to a rigid frame with

For multistruttec gang support frames, the modification results in agaps.
rigid frarre with gaps. The SWEC modifications result in a support i

configuration typically used in the nuclear industry and are thus acceptable.
'

In addition, the CYGNA review of this issue anc resolution has resulted in its
closure in Revision 4 to its pipe support review issues list (Item 6)
(Reference A10).

The staff audited the implementation of the SWEC modifications to several box
frames connected with struts or snubbers (Appendix D of this supplement -
Events 32 and 36). The supports selected by the staff were initially
identified in the August 1982 deposition of CASE witness J. Doyle (CASE
Exhibits 669/6698). The staff found that supports CC-1-028-034-533R,
CC-1-028-039-533R, and CC-1-020-001-A33K have been deleted. Multi-strutted
gang frames CC-1-136-704-E63R and CC-1-041-710-A63R have been subsequently
modified to a rigid frame. The modifications are in accordance with the .

'

CPPP-7, Paragraph 4.2.4 and Attachment 4.9, ano are thus acceptable.

4.2 U-Bolts With Single Struts or Snubbers

The issue background is provided in the DAP External Source Issue Summary
E51S-P-004 (Attachment A to DAP-E-P-004).

The SWEC resolution rethodology is
provided in the piping project status reports (Subappendix A4 Section 2.1.2 and
Subappendix All Section 2.0). The DAP evaluation is provided in Enginc 'ing
Evbiuation DAP-E-P-004 (Section 5.3.2.2) and is summarized in the piping
results report (Section 3.2.3.4).

Many concerns were identified in the use of U-bolts with single struts and
snubbers. All cinched and uncinched U-bolts on single struts or snubbers have
been eliminated by SWEC in safety-related piping systems at CPSES Units 1 and
2. Therefore, the concerns are not applicable to CPSES and the SWEC resolution
acceptability resolves the U-bolt concerns for CPSES.

The staff auditeo the implementation of the Sl!EC resolution for several
supports using U-bolts with single struts or snubbers previnusly identified in
CASE Exhibits 669/6698. Supports MS-1-003-013-C72K, MS-1-001-002-S72R, and
MS-1-004-005-S72K have been eliminated. For support CC-1-019-004-A33R, the
U-bolt has been replaced with e stiff clanp. Support MS-1-001-005-S72R has
been modified to a integrally welded piping stanchion. Support
CC-1-257-005-C53R has been nodified by replacing the U-bolt with a stanoard
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pipe clamp. The SWEC modifications are in accordance with CPPP-7 Paragraph
4.T.4 and Attachment 4-9, and cre thus acceptable.

4.3 Trapeze Supports

The issue backgrouno is provided in the DAP External Source issue Sumary
ESIS-P-004 (Attachment A to DAP-E-P-004). The SWEC resolution methodolony is
provideo in the piping project status reports (Subappendix A4 Section 2.1.4).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-C04 (Section
5.3.2.3) anc is sunmarized in the piping results report (Section 3.2.3.4).

Many concerns were raised in use of U-bolts in trapeze type pipe supports.
All trapeze supports with U-bolts were eliminated by SWEC or are being|

! modified. The modifications include replacing the support with a single
strut / snubber and standard pipe clamp or redesigning the support as a rigid
fran;e consistent with standard industry practice. A third option involves
modifying the support to one of three redesigns. The first redesign involves
replacing the U-bolt with a strap and adding shear lugs to the pipe. The
second redesign involves replacing the U-bolt with a strap and adding clamp
anchors to the pipe. The third redesign involves replacing the U-bolt with
a strap and adding a pair of stabilizing struts parallel to the pipe
centerline normal to the trapeze crosspiece. The staff finds the three
redesign options adequately preclude support rotation around or novement
along the pipe axis and thus are stable configurations.

The staff audited the implementation of the SWEC resolutions for several
trapeze supports with U-bolts previously identified by CASE in Exhibits
669/6698. Suppcr ts CC-1-234-017-C53R, RH-1-008-008-S22K, and CC-1-008-019-A33K
have been deleted. Support CS-1-239-007-A42R has been redesigned to a strap
with shear lugs. Support CT-1-008-010-S22K has been modified to a rigid frame.
Support MS-1-150-047-C52K has been modified to a single snubber with standard
pipe clamp. The SWEC modifications are in accordance w.ith CPPP-7, Attachment

.

4-8, ano are thus acceptable.

The CYGNA review of this issue and its resolution has resulted in its closure
in Revision 4 to the CYGNA review issues list for pipe supports (Item 6)
(Reference A10).

4.4 Colun;n/ Strut Assemblies

The issue background is provided in DAP External Source issue Summary
ESIS-P-004 (Attachment A to DAP-E-P-004). The SWEC resolution is provided in
the piping project status reports (Subappendix A4 Section 2.1.5). The DAP
evaluation is provided in Engineering Evaluation DAP-E-P-004 (Section 5.3.2.4)
and is sunmarized in the piping results report (Section 3.2.3.4).

The primary concern was that long struts at CPSES that were susceptible to
column buckling were modified to a rigid column (e.g., tube steel) and shorter
strut. However, for the modification, the buckling of the rigid column was
analyzed independent of the strut. The SWEC resolution methodology evaluates
column buckling as a function of the ratio of the strut to the column length as
documented in SWEC Calculation GENX-019, "Column Strut Assemblies." TENERA
reviewed this calculation by performing an alternative calculation as
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documented in DAP-C-P-002, "Alternate Calculation: Calc 019 Review," and the
SWEC calculation was found to be conservative.

On the basis of the DAP review of the SWEC methodology, the staff concludes
that the SWEC methodology for evaluating column / strut assemblies is acceptable.

4.5 Trunnion / Strut Assemblies

The issue background is provided in DAP External Source Issue Summary
ESIS-P-004 (Attachment A to DAP-E-P-004). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A12 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-004 (Section
5.3.2.5) and is sunnarized in the piping results report (Section 3.2.3.4).

CASE identified a concern regarding the potential instability of a strut or
snubber on a single trunnion welded to the pipe. The eccentric line of action
for a strut or snubber on a single trunnion is modeled by SWEC in the pipe
stress analysis. Any potential instabilities resulting from this eccentric .

line of action is thus analytically predicted in the piping computer |
The staff finds that the SWEC resolution acceptably resolves thisprogram.

Concern.

4.6 Conclusions

Based on the above evaluations, the staff concludes that the concerns
associated with pipe support instability have been adequately resolved. The

generic technical issue concerning stability of pipe supports is therefore
closed for CPSES.

5 GENERIC STIFFNESS OF PIPE SUPPORTS

Cercerns were raised that the pipe support stiffness values were not adequately
considered in the piping stress analyses. In its December 28, 1983 Memorandum
and Order (Reference A6) (p. 1443), the ASLB expressed its concern regarding
the use of generic stiffness values at CPSES. Subsequently, the CPRT
third-party (TENERA, L.P.) identified 49 related concerns from various source
documents. In its Engineering Evaluation DAP-E-P-005, "Generic Stiffness,"
TENERA categorized these concerns into two areas:

(1) use of generic stiffness values
(2) inclusion of support component flexibility effects

5.1 Actual Versus Generic Stiffness Values

The issue background is proviced in DAP External Scurce Issue Summary
ESIS-P-005 (Attachment A to DAP-E-P-005). The SWEC resolution methccology
is provided in the piping project status reports (Subappendix AS Section
2.1). The DAP evaluation is provided in Engineering Eu luation
DAP-E-P-005 (Section 5.2) ano is sunnarized in the piping results report
(Section 3.2.3.5).

ASME Code, Section III (Reference A16), dces not provide specific requirements
to be used in the modelling of supprt stiffness in piping analyses. The ASME

Code states in both NB-3672.7(d) and NC/hD-3673.2(d), "where simplifying
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assumptions are used in Calculations... the likelihoCd of underestimation of
forces, moments, and stresses... shall be evaluated." In this regard, there is
no provision in the ASME Code that would prohibit the use of generic pipe
support stiffnesses, provided the actual support stiffness and flexibility do
not significantly affect the validity of the piping analysis results.

In its resolution methodology, SWEC has developed a set of generic stiffness
values for pipe supports to be used in the piping stress analysis. These
stiffnesses were aeveloped to more accurately reflect the actual stiffnesses of

| the pipe support designs found at CPSES, CPPP-7, Paragraph 3.10.8, provides
the guidelines for stiffness representations of pipe supports. The stiffnessi

values of pipe supports comonly found at CPSES are tabulateo in Attachment
4-18 of CPPP-7.

The DAP evaluation of the SWEC generic stiffness approach reviewed the
acceptance criteria used by SWEC - which permitted a 15 percent increasc in
responses due to actual stiffness compared to generic stiffnesses - in
conjunction with two SWEC documents: (1) SUEC report, "Generic Pipe Support
Stiffness Values for Piping Analysis," and (2) SWEC Calculation GENX-117
"Verification of the Generic Stiffness Criteria in the Analysis of Piping
Systems," which sumarizes the sample verification results from five
comparison piping stress analyses. The DAP concluded that the two SWEC
documents reasonably justify the basis and verification of the generic
stiffness approach for CPSES.

The staff audited the adequacy of the SWEC resolution implementation (Appendix
D to this supplement - Events 32,34,36). The staff reviewed four supports
(CT-1-124-418-C72R, MS-1-001-005-C72K, AF-1-001-035-Y33R, and
CT-1-013-012-532R) to verify the appropriateness of the support stiffness
calculated for each support configuration. The staff also selected three
supports (CC-1-107-008-E23R, MS-1-001-005-C72X, and CC-2-011-001-A63R) to
verify that the calculated suppcrt stiffnesses were used properly in the
corresponding piping stress analyses. The staff found the calculations to be
acequate.

In addition to the above, the staff reviewed the circumstances when actual pipe
support stiffnesses would be used in lieu of the generic stiffnesses as
specified in CPPP-7. This led to a staff review of SWEC Project Memorandum
(PM)-187 (Appendix E of this supplement) which controis when actual stiffnesses
are to be used and specifies that actual stiffnesses will be useo during final
reconciliation of the as-built piping conditions. The staff finds that PM-187
ensures that the stiffness values used at CPSES reflect actual support
configurations.

The staff reviewed a CPRT third-party finding related to the improper use of
generic stiffnesses by SWEC which has been subsequently transferred to the TV
Electric Technical Audit Program. The CPRT found examples where pipe support
stiffnesses used in piping analyses were not accordance with CPPP-7 guidelines.
On the basis of its review of SWEC calculations, the staff concluded that the
CPRT finding was the result of isolated analyst errors and that, overall, the
CPPP-7 guidelines for generic stiffnesses are being properly implemented.

On the basis of the DAP conclusions on the SWEC validation of the generic
approach and values used for pipe support stiffnesses, and the staff review and
audits of the pproach implementation, the staff concludes that the generic
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stiffness methodology used by SWEC for the CPSES piping design validation
establishes representative stiffness values for the pipe supports at CPSES,
allows the piping system loads to be adequately predicted, and is, thus,
acceptable.

The CYGNA review of this issue and resolution has resulted in its closure in
Revision 4 to the CYGhA review issues list for pipe supports (Item 13)
(Reference A10).

5.2 Local Flexibility Effects

The issue background is provided in DAP External Source. Issue Summary
ESIS-P-005 (Attachment A to DAP-E-P-005). The SWEC resolution methodology is
provided in CPPP-7, Paragraph 4.3.2.2 and Attachment 4-18. The DAP evaluation
is provided in Engineering Evaluation DAP-E-P-005 (Section 5.3.2) and is
summarized in the piping results report (Section 3.2.3.5).

The primary concern was that local flexibilities of composite members in pipe
supports at CPSES may preclude the support from performing its function (i.e..
restrain the piping from dynamic loacir.gs). The local flexibility of composite
members (e.g., plates, tube steel walls, webs in wide flanges) is not addressed
in the SWEC generic stiffness approach because of the numerous variations of
parameters involved. The SWEC resolution to addressing local flexibilities is
to evaluate each support stiffness by inspection or comparison to similar
designs with known stiffnesses, simple hand calculations, or detailed analysis.
The method is determined by the analyst performing the calculation and is
checked by independent reviewers.

On the basis of its review, the staff fir.ds that the ShEC review of each
support provides assurance of the apprcpriateness of the stiffness values to be
used, and is, thus, acceptable.

5.3 Conclusion

Based on the above evaluations, the staff ccncludes that the concerns
associated with pipe support gercric stiffness and local flexibilities have
been adequately resolved, lhe generic technical issue concerning generic
stiffness is, therefore, closed for CPSES.

6 UNCINCHED U-BOLTS ACTING AS TWO-WAY RESTRAINTS

Several concerns were raised relating to the use of U-bolts as rigid pipe
support nembers. The CPRT third-party (TENERA, L.P.) review of this issue ;

:

! identified 22 related concerns from various source documents. In its

Engineering Evaluation DAP-E-P-006 "V-Dolts Acting As Two-Way Restraints,"
TENERA sumarized these concerns as follows:

(1) Pipe stresses and support loads are not accurately predicted because of
the unanalyzed (lateral) restraint caused by the U-bolt,

(2) U-bolts are not coequately designed for actual loads.
:

I 6.1 Modeling of U-Bolts in Piping Analysis
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The issue background is provided in DAP External Source Issue Sumary
ESIS-P-006 (Attachment A tu DAP-E-P-006). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A6 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAF-E-P-006 (Section
5.3) and is summarized in the piping results report (Section 3.2.3.6).

The primary concern was t'at in some cases uncinched U-bolts attached to rigid
frames were modeled and analyzed as one-way restraints (i.e. , restreining the
M pe in the direction parallel to the axis of the U-bolt legs) but will
actually behave as a two-way restraint (i.e., also providing a lateral
restraint perpendicular tc and in the plane of the U-bolt legs). The SWECi

| resolution c.athodology is to model all uncinched U-bolts on a rigid support as
two-way restreints. SWEC has eliminated all uncinched U-bolts on rigid frames
for piping 8 inches (nominal pipe size) and greater. The SWEC resolution
ensures that all uncinched U-bolts on rigid frames are properly modeled and
analyzed in a consistent manner and is, thus, acceptable.

The staff perforr.ed an audit of the U-bolt modeling as a part of our
implementation review (Appendix D to this supplement - Events 32 and 34). The
staff reviewed the modeling of supports CC-1-007-040-A63R and CC-X-025-005-A43R
which utilized U-bolts en a rigid support. The staff found the U-bolts to be
modeled as a two-way restraint in accordance with CPPP-7 and are, thus,
dCCeptable.

6.2 Qualification of U-Bolts

The issue background is provided in DAP External Source Issue Summary
ESIS-P-006 (Attachment A to DAP-E-P-006). The SWEC resolution niethodology is
provided in the piping project status reports (Subappendix A6 Section 2.2).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-006
(Attachment C) and is summarized in the piping results report (Section
3.2.3.6).

A related concern was that U-bolts were not properly quafified to restrain the
pipe in a lateral direction (i.e. , perpendicular to and in the plane of the
U-bolt legs) when U-bolts were modeled as two-way restraints. The SWEC
resolution methodology involved developing stiffness values and allowable
U-bolt load ratings based on STRUDL analyses. The SWEC U-bolt qualification
was reviewed by TENERA in its review of SWEC Calculation No.
15454-NZ(c)-GENX-005A, "Qualification of U-Bolts For Use As 2-Way Restraints
For Pipe Supports," and was found to be in compliance with ASME Code, Section
III (Reference A19), paragraph NF-3330 which permits design by analysis.

On the basis of the DAP conclusions, the staff finds that thE ualification of
U-bolts at CPSES is in accordance with ASME Code, Section III, and is, thus,
acceptable.

The CYGNA review of this issue and its resolution has resulted in its closure
in Revision 4 to the CYGNA review issues list for pipe supports (Item 43)
(Reference A10).

6.3 Conclusion

Based on the evaluations discussed above, the staff concludes that the concerns
associated with U-bolt acting as two-way restraints have been adequately
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resolved. The generic technical issue concerning uncinched U-bolts acting as
two-way restraints is, therefore, closed for CPSES.

7 FRICTION FORCES

Concerns were raiseo that friction effects between the pipe and pipe supports
were not adequately evaluated. The CPRT third-party (TENERA, L.P.) review ofIn
this issue identified 27 related concerns from various source documents.
its Engineering Evaluation DAP-E-007, "Friction Forces," TENERA sumarizeci
these concerns as follows:

(1) The coefficient of friction was incorrect.
.

(2) Friction was neglected for pipe movements less than 1/16 inch.

(?) The reduction in friction loads based on support stiffness was improper.

(4) Friction was not evaluated for dynamic loads.
fThe above concerns are discussed in the issue below,

7.1 Friction Considerations in Piping Analysis

The issue background is provided in DAP External Sources Issue Sumary
E51S-P-007 (Attachment A to DAP-E-P-007). The SWEC resolution methodology is

The DAPprovided in the piping project status reports (Secticn 2.0).
evaluation is provided in Enoineering Evaluation DAP-E-P-007 (Section 5.0) and
is summarized in the piping results report (Section 3.E.3.7).

The primary concerns relating to the consideration of friction forces in pipe
support designs at CPSES included the use of an appropriate coefficient of The
friction and a reduction or no evaluation of friction under certain cases.
SWEC resolution methodology involves applying a coefficient of friction of 0.3
to evaluate friction Mads for static loadings at all sliding surfaces
regardless of the pipe displacement magnitude. The calculated friction force
is not reduced on the basis of support stiffness. The use of a coefficient of
friction of 0.3 is consistent with industry practice.

For dynamic loadings, industry practice generally assumes that triction effects
are negligible. Friction forces under slidir.g conditions are by nature lower
than static friction forces. Furthermore, unoer vibratory conditions of
seismic ano oynamic trarsient conditions, the pipe tends to lose contact with
the surface and any friction forces developed are thus relieved.

Because of the inclusion of friction fcrces in the pipe support calculations,
the staff iinds the SWFC methodology to be acceptable.

|

The staff audited the inclusion of friction forces in the pipe support
calculation as a part of its implementation review (Appendix D to this |

supplement Event 34). The staff's review of the calculation for support
| CC-1-028-044-S33R found that the friction forces were calculated in accordance

with CPPP-7 and are, thus, acceptabic.

1 i

i

|
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In addition, the CYGNA review of this issue and resolution has resulted in its
closure in Revision 4 to the CYGNA review issues list for pipe supports (Item
29) (Reference A10).

7.2 Conclusion

On the basis of its review and audit of this issue resolution, the staff
concludes that tne concerns associated with the inclusion of friction forces in
pipe support calculations have been adequately resolved. The generic technical
issue concerning friction forces is, therefore, closed for CPSES.

8 AWS VER5US ASME WELD DESIGN

CASE contended that many provisions frcm American helding Society Code AhS D1.1
Code (Reference A20) were applicable to the design of pipe supports at CPSES.
In its December 28, 1983 Memorandum and Order (Reference A6) (p.1435), the
ASLB questioned the extent to which certain weld design requirements of AWS
D1.1 that were not addressed in the ASME Code, Section III (Reference A19) were
applicable to pipe support design. Subsequently, the CPRT third-party (TEhERA,
L.P.) identified 40 related concerns from various source documents associated
with the appiicability of AW5 D1.1 to CPSES pipe supports. In its Engineering
Evaluation 9AF-E-P-008 "AWS versus ASME," TENERA listed 10 specific areas
identified by CASE as follows:

(1) pre-heat requirements for welds on plates over 3/4 inch thick
(2) drag angle and wurk angles
(3) Beta factor for tube-to-tube welds
(4) multiplicaticn factor and reduction factor for skewed "T" weld

joints
(5) limitations on angularity for skewed "T" joints

( calculatiens for punching shear on step tube joints
( lap joint requirements
( design of tube-to-tube joint with Beta equal to 1.0
(9 calculation for effective throat of flare bevel welds
(10) limitations on weld sizes relative to plate thicknesses

8.1 Pre-heat Requirements for Welds on Plates Over 3/4 Inch Thick

The issue background is provided in the DAP External Source Issue Summary
ESIS-P-008 (Attachment A to DAP-E-P-008). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A27 Section 2.8).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-008 (Section
5.2) and is summarized in the piping results report (Section 3.2.3.8).

This issue is related to the welding procedures used at CPSES and is not
directly associated with the TU Electric Corrective Action Program for design.
Nonetheless, the concerns related to welding procedures at CPSES have been
addressed in an ASLB Memorandum and Order dated June 29, 1984 (LBP-84-25, 19
NRC 1589) (Reference A21). Therein, the ASLB concluded, "Applicants compliance
with ASME Code has been adequate to assure the safety of its welding procedures
with respect to welding parameters in issue." Thus, the staff finds this issue
closed.

8.2 Drag Angles and Work Angles
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The issue background is provided in the DAP External Source Issue Sumary
ESIS-P-008 (Attachment A to DAP-E-P-008). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A27 Section 2.8).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-008 (Section
5.2) and is summarized in the piping results report (Section 3.2.3.8).

The staff evaluation of this issue is the same as that in Section 8.1.

8.3 Beta Factor for Tube-to-Tube Welds

The issue background is provided in the DAP External Source Issue Summary
ESIS-P-008 (Attachment A to DAP-E-P-008).

The SWEC resolution methodoloay is
provioed in the piping project status reports (Subappendix A21 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-021, "Local
Stress in Pipe Support Members" (Section 5.4.3) and is summarized in the piping
results report (Section 3.2.3.20).

The concern was that the previous TUGC0 design procedures did not consider the
effects of tube steel diameter ratios (Beta factor) for the evaluation of
tube-tu-tube welds. SWEC design criteric in CPPP-7, Attachment 4-13,
Paragraphs 4.2 and 4.4, explicitly include the provisions from AWS D1.1 for
this evaluation. Thus, the staff finds this concern to be adequately resclved.

8.4 Multiplication Factor and Reduction Factor for Skewed T-Joint Welds

The issue background is provided in the DAP External Scurce Issue Summary
ESIS-P-008 (Attachment A to DAP-E-P-008). The SWEC resolution nethodology is
provided in the piping project status reports (Subsppendix A8 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-027, "Welding'
(Section 5.6.2) and is sumarized in the piping results report (Section
3.2.3.25).

The concern was that the previous TUGC0 design procedures did not consider
SWEC designmultiplication and reduction factors for skewed T-joint welds.

criteria in CPPP-7, Attachu.ent 4-2 (Table 2.6.2), contain the trultiplication
dnd reduction factors for skewed T-joint welds. Thus, the staff finds this
concern to be adequately resolved.

8.5 Limitations on Angularity for Skewed T-Joints

The issue backgrouno is provided in DAP External Source Issue Sumary
ESIS-E-P-008 (Attachment A to DAP-E-F 008).

The SWEC resolution methodology is

provided in the piping project status reports (Subappendix A8 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-027, "Welding"
(Section 5.6.2) and is sumarized in the piping rcsults report (Section
3.2.3.25).

The concern was that the previous TUGC0 design procedures did not consider the
angularity limits of skewed T-joint welds. SWEC design criteria in CPPP-7,
Attachment 4-2, Paragraph 2.6, include loss factors for welds at angles between
60 and 30 decrees and a weld-length reduction for angles between 135 and 150

For weld angles greater than 150 degrees or less than 30 degrees,degrees.
SWEC excludes the welo from the analysis cnd thus no credit is taken for the

The staf f firis the SWEC design criterie consistent with AWSweld strength.
D1.1 provisions and, therefore, the concern has been adequately resolved.
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8.6 Calculations for Punching Shear on Step Tube Joints

The issue background is provide 1 in DAP External Source Issue Summary
ESIS-P-008 (Attachment A to DAP-E-P 008). The SWEC resolution methodology is
provided in the piping project status reports (5ubappendix A21 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-021 (Section
5.4.3) and is sumarized in the piping results report (Section 3.2.3.20).

i

The concern was that the previous TbGC0 design procedures did not consider the
punching shear effects of stepped tube steel connections. SWEC design crtieria
in CPPP-7, Attachment 4-13 Paragraphs 4.2, 4.3, and 4.4 contain explicit
guidelires for evaluating local stresses in pipe supports including punching
shear effects. The staff finas the SWEC design criteria consistent with A.WS
D1.1 provisions and, therefore, thic concern is resolved.

8.7 Lap Jcint Requirements

The issue background is provided in DAP External Source Issue Summary
ESIS-P-008 (Attachment A to DAP-E-P-008). The SWEC resolution methocology is
provided in the piping project status reports (Subappendix A27 Section 2.8).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-008 (Section
5.2) ana is sumarized in the piping results report (Section 3.2.3.8).

The staff evaluation of this issue is the same as that in Section 8.1.

8.8 Design of Tube-to-Tube Joints with beta Eoual to 1.0

The issue background is provided in DAP External Source Issue Sumary
ESIS-P-008 (Attachment A to DAP-E-P-008). The SWEC resciution methodology is
provided in the piping project status reports (Subappendix A21 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-021, "Local
Stresses in Pipe Support Members," (Section 5.4.3) and is summarized in the
piping results report (Section 3.2.3.20).

The concern was that the previous TUGC0 cesign procedures did not contain
adequate guidelines for evaluating tube-to-tube joints vnen the tubes are of
equal sizes (Beta equal to 1.0). The SWEC design criteria CPPP-7 Attachment
4-13 (Sections 4.2 and 4.4) contain explicit guidelines for evaluating the tube
steel connections when Beta equals 1.0. The staff finds the SWEC design
criteria consistent with AWS D1.1 provisions and they are, thus, acceptable.

8.9 Calculation for Effective Threat of Flare Bevel Welds

The issue background is provided in DAP External Source Issue Summary
ESIS-P-008 (Attachment A to DAP-E-P-008). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A10 Section 2.2).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-006 (Section
5.3) and is sumarized in the piping results report (Sections 3.2.3.8 and
3.2.3.10).

Several concerns were raised regarding the appropriate ef fective throat to be
used for fiare bevel welds in tube steel connections. Based on a SWEC survey
documented in SWEC Report No. 15454-N(c)-004, "Survey of Structural Tube Steel
Dimensions to Verify the Effective Throat of Flare Bevel Welds," March 1987,
the SWEC methodology uses an ef fective throat equal to t-1/16 inch for all tube
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steel sizes except for TS 2x2 where an effective throat equal to t-1/8 inch is
used. AWS 01.1 specifies an effective throat ecual to t, the thickness of the
tube steel wall. The SWEC resolution is based on actual weld sizes which can
be achieved at CPSES and is more conservative than AWS D1.1 provisions and is,
thus, acceptable.

The staff conducted an audit to verify the adequacy of the design criteria
application (Appendix 0 to this supplement - Event 36). The rtaff reviewed
three support calculation packages (FW-1-096-007-C62R, CC-1-057-006-A33R, and
CC-1-048-009-A33R) to confirm that an appropriate throat dimension was used for
flare bevel weld designs. The staff review confirmed that the throat
dimensions used for flare bevel welds were in accordance with CPPP-7,
Attachment 4-2, and Project Memorandum PM-140 and are, thus, acceptable.

8.10 Limitations on Weld Sizes Relative to Plate Thickness
|

The issue background is provided in DAP External Source Issue Summary
ESIS-P-008 (Attachment A to DAP-E-P-008).

The SWEC resolution methodology is
provided in the piping project status reports (Subappendix AE7 Section 2.1).
The DAP evaluation is provided in the Engineering Evaluation DAP-E-P-027,
"Welding" (Section 5.4.2) and is summarized in the piping results report
(Section 3.2.3.25).
The concern was thac the previous TUGC0 design procedures did not contain
adequate guidelines for limiting the base metal thickness for varicus fillet

The SWEC design criteria in CPPP-7weld sizes for prequalified joints.
incorporote ASME Code Case N-413 "Minimum Size of Fillet Welds for Subsection
NF Linear Type Supports, Section III, Division 1," (Reference A22) which
removed the minimum fillet weld size requirements based on tne ASME
requirements that all welded construction joints be qualified in accordanceThe NRC staff has accepted the use of thewith Sectich IX of the ASME Code.
ASME Code Case in Regulatory Guide 1.84, "Design and Fabrication Code Case
Acceptability, ASME Section III, Division 1," Revision 24 dated June 1986
(Reference A23). Thus, the staff finds the concern in regard to minimum fillet
weld sizes to be resolved.

The CYGNA review of this issue and its resolution has resulted in its closure
in Revision 4 to the CYGNA review issues list for pipe supports (Item 21)
(ReferenceA10).

8.11 Ccnclusion

Based on the above evaluations, the staff concludes that the concerns
associated with differences in weld requirements between AWS D1.1 and the ASME
Code have been adequately resolved. The generic technical issue concerning AWS
versus ASME is therefore closed for CPSES.

| 9 A500 GRADE B TUDE STEEL

Concerns were raised regarding the use et American Society for Testing and
Materials (ASTM) A500 Grade B material for pipe supports at CPSES. In its

October 6, 1963 Memorandum and Order (Reference A24), the ASLB identified a
need to dcmonstrate the safety margin in pipe supports in which A500 Grade B
tube steel was used. Subsequently, the CPRT third-party (TLhEPA, L.P.)
identified seven related concerns from varicus source documents. in its
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Engineering Evaluation DAP-E-P-009 "A500 Grade B Tube Steel," TENERA sumarized
these concerns into two primary aspects:

(1) material yield strength
(2) material ductility

9.1 Material Properties for A500 Grade B Tube Steel

The issue background is provided in DAP External Source Issue Summary
ESIS-P-009 (Attachment A to DAP-E-P-009). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A2 Section 2.2).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-009 (Section
5.0) and is summarized in the piping results report (Section 3.2.3.9).

The primary issue as discussed in the ASLB hearinos concerned the appropriate
yield strength to be used in the design of pipe supports utilizing A500 Grade B
tube steel. ASME Code Case N-71-9 (Reference A25) specified a yield strength
of 42 ksi and was used initially in the CPSE3 pipe :;upport design.
Subsequently, the yield strength was revised to 36 ksi in ASPE Code Case
N-71-10. CASE contended that since the yield strength was decreased to 36 ksi,
the CPSES pipe supports may be inadequate using a 42 ksi yield strength. This
resulted in the ASLB concern that the safety margins be demonstrated in pipe
supports using A500 Grade B tube steel.

The SWEC resolution methodology is to design validate all ASME Code Ciass 1, 2,
ard 3 pipe supports that utilized A500 Grade b tube steel by using a yield
strength of 36 ksi. However, certain pipe supports in which stresses exceeded
the allowables based on a yield strength of 36 ksi were design validated to
allowables based on a 42 ksi yield strength.

The use of a 36 ksi yield strength at 100 F for A500 Grade B tube steel (as
specified in Code Cases N-71-10 through N-71-14) provided more stringent
requirements believed to be justified by the staff until the currently
available test data established that there was no significant reduction of the
yield strength of the cold-formed material in the heat-affected zone of
weldments. As a result of these test data, the yield strength was revised by
the ASME Code Committee in Code Case N-71-15 and increased from 36 ksi to 46
ksi.

Although the NRC staff at this time has not yet finalized its review of the

dCCeptability(as specified in Code Case N-71-15)gth of 46 ksi for A500 Grade B
of using an increased yield stren

tube steel, , the staff finds that the use

of a 42. ksi yield strength at 100*F (as previously specified in Code Case
N-71-9 and approved by the staff) can be implemented without undue risk to the
public health and safety and is, thus, acceptable. The staff acceptance of 42
ksi for the design of pipe supports at CPSES using A500 Grade B tube steel was
provided in a letter from C. Grines to W. Counsil, dated January 15, 1908
(Reference A26).

The coldforming process used in manufacturing A500 tube steel increases
material yield strength but reduces its ductility. Ductility is related to the
amount of plastic deformation a material can undergo before it fails. A related
concerr was that A500 Grade B material may not be adequate for dynamic
application (i.e., seismic pipe supports). NRC Regulatory Guide 1.85,
"Materials Code Case Acceptability, ASME Section III, Division 1," Revision 24
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(Reference A27), approves for use ASME Code Case N-71-13. A500 Grade B
material is included in the Code Case. Regulatory Guide 1.85 does not place
any limitations or restrictions in ti.e use of A500 material and, thus, its use
is acceptable for seismic pipe supports in nuclear facilities.

9.2 Conclusion

Based on the above evaluation, ne staff concludes that the concerns associated
with A500 Grade B tube steel have been adequately resolved. The generic
technical issue concerning A500 Grade B tube steel is, therefore, closed for
CPSES.

10 TUBE STEEL SECTION PROPERTIES

Concerns were raised that the section properties used in the design of pipe
supports using tube steel were inappropriate. The CPR1 third-party (TENERA,
L.P.) identified 28 related concerns from various source documents. In its
Engineering Evaluation DAP-E-P-010 "Section Properties,* TENERA summarized
these concerns into two primary aspects:

(1) variations in tube steel section properties
(2) effect of bolt holes on section properties

10.J Variations in Tube Steel Section Properties

The issue background is provided in DAP External Source Issue Summary
ESIS-F-010 (Attachment A to DAP-E-P-010). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A10 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-010 (Section
5.2.2) and is summarized in the piping results report (Section 3.2.3.10).

Although the CPSES safety-related pipe supports are designed to ASME Code,
Section III, Subsecticn NF (Reference A19), the ASME Code does not specify
explicit section properties for tube steel therein. Common practice in the
nuclear industry is to use the section prcperties specified in the American
Institbte of Steel Construction (AISC) Nanual of Steel Construction (AISC Coce)
(Refeience A28). Other catalogs and manuals containing tube steel section;

properties or rules for cold-formed steel cesign are also acceptable sourcesi

(e.g., AISI Cold-Formed Steel Design Fanual) (Reference A29).

At CPSES, the pipe supports previously designed by TUGC0 used various sources
,

of ti 5e steel section properties during diff erent time periods. These sources
(and 'e time periods used) were the AISC Ccde, 7th Edition (Reference A28)l

(beforu January 1981); the 1974 Welded Steel Tube Institute's "Manual of Cold
Formed Welded Structural Steel Tubing" (Reference A30) (January 1981 to January
1982); and the AISC Code 8th Edition (Reference A31) (January 1982 to July
1985). Section properties fron these various sources varied by as much as 25
percent. The variations resulted primarily from the tube steel (with square
cross-section) ccrner radius used to calculate the section properties. The

| AISC Code 7th Edition, assumes a 3t corner radius; the AISC Code, 8th Editior
(Reference A31), assumes a 2t corner raaius; and the WSTI manual 1st EditionI

assumes a It corner radius. Concerns were raised that the inconsistent use of
section property values was improper and may lead to inappropriate values being
used for tube steel manuf6ctured during the different time periods.

|
Comanche Peak 5:n 14 - 30 - Appendix A



__ - _. - - - ._ _ - . - -

The ShEC resolution methodology involved conducting a survey of the American
Institute of Steel Construction and Welded Steel Tube Institute to detennine
what differences existed in the manufacturing cf tube steel between 1974 and
1984. SWEC determined that the standard milling tolerances did not change
during the time structural tube shapes were procured for CPSES, and that the
prcduct delivereo during this time period conforms to the AISC Code, 8th
Editiun. SWEC surveyeo tube steel corner dimensions for installed pipe i

supports at CPSES and confirmed that the tube steel at CPSES have a ncminal 2t
corner radius. ShEC design criteria in CPPP-7 use the section properties from
the AISC Ccde, 8th Edition, for the design validation of all ASME Code Class 1,
2, ano 3 pipe supports. The DAP evaluation confirmed that the standard nill
practice did not change between the 7th and 8th Editions of the AISC Code.

On the basis of its review of the SWEC resoluticn methodology, the staff finds
that the tube steel section properties as specified in the AISC Code, 8th
Edition, are appropriate for use in the oesign of pipe supports at CPSES and
are, thus, acceptable.

The staff conducted an audit to verify the adequacy of the design criteria
application (Appendix D to this supplement - Event 36). The staff found that
the tube steel section properties are compiled in and then extracted from Table
HSSTUBE of the STRUDL computer program. The data in this table were verified
to be in 4ccordance with the 8th Edition of the AISC Code, and are, thus,
acceptable.

10.2 Effect of Bolt Holes on Section Properties

The issue background is provided in DAP External Source Issue Sunmary
ESIS-P-010 (Attachment A to DAP-E-P-010). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A10 Section 2.3).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-010 (Section
5.3.2) and is summarized in the piping results report (Section 3.2.3.10).

The concern was that reductions in member section propertie's for holes drilled
in the tube steel were not considered for pipe supports using Richmond inserts
anc tube stsel. The SWEC methooology as stated in CPPP-7, Paragraph 4.3.2.1,
provides no reduction in section properties for holes drilled through critical
bending sections, except in cases where the reduction of area by such holes in
a particular side of the member exceeds 15 percent of the gross area of that
side. Only the excess above 15 percent is deducted. The SWEC methodology is
in accordance with ASME Code Section III (Reference A32) paragraph XVII-2231
and is, thus, acceptable.

10.3 Conclusion

Based on the above evaluations, the staff concludes that the concerns
associated with tube steel section properties have been adequately resolved.
The generic technical issue concerning tube steel section prcperties is,
therefore, closed for CPSES.

11 U-BOLT CINCHING
,

Several concerns were raised that stresses caused by tightening the nuts on the
threaded end of U-bolts (U-bolt cinching) were detrimental to the pipe and
U-bolt. In its December 28, 1983 Memorandum and Order (Reference A6) (p.
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1430), the ASLB expressed its concerns about several unanswered questions
related to cinched U-bolts. The CPRT third-party (TENERA, L.P.) identified 50
related concerns from various source documents. In its Engineering Evaluation
DAP-E-P-011 "U-bolt Cinching," TENERA categorized these concerns into two
primary areas:

(1) cinching of standard U-bolts
(2) stiff pipe clamps

11.1 Cinching of Standara U-bolts

The issue background is provided in DAP External Source Issue Summary
ESIS-P-011 (Attachment A to DAP-E-P-011), The SWEC resolution methodology is
provided in the piping project status reports (Subappendix All Section 2.0).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-011 (Section
5.2.2) and is sunnarized in the piping results report (Section 3.2.3.11).

There were several issues related to U-bolt cinching including the stability of
the cinched U-bolt supports, local stresses induced in the pipe, forces and
stresses in the U-bolt and crosspiece (including local stresses, various loads
to be considered such as preload, thermal expansion, pressure, and pipe
reaction), relaxation characteristics of SA-36 material, use of SA-36 and A307
material for cinched U-bolts, and fstigue considerations of SA-36 U-bolt
material that were subsequently identified by various other external sources.
SWEC's resolution of the U-bolt cinching issues was to rerove all cinched
U-bolts and to replace the U-bolts with some other suppcrt component as
specified in Paragraph 4.2.5.1 of CPPP-7.

Because of the elimination of all cinched U-bolts in safety-related pipe
support designs at CPSES, the staff finds that the issues associated with
cinched U-bolts are no longer applicable to the structural integrity of the
CPSES pipe supports and the resolution is thus acceptable.

The staff audits (Appendix D of this supplement - Events 32 and 36) focused on
the application of the CPPP-7 guidelines to replace cinched U-bolts. The

design drawings for two supports (CT-1-124-418-C72R and CC-1-048-009-A33R) were
selected in the audit and both support designs were founa to have been modified
from a cinched U-bolt to a standard pipe clamp type. Other U-bolt supports
that have been modifieo by SWEC were audited by the staff crd are discussed in
Sections 4.2 and 4.3 of this appendix. One support modification
(CT-1-124-418-C72R) was further verified by the staff in c plant walkcown
(Appendix D of this supplement - Event 35) to ensure that the installed design
was in accordance with the rrodified design drawings. The staff tound the
U-bolt supports had been modified in accorcance with CPPP-7 guidelines and are,
thus, acceptable.

11.2 Stiff Pipe Clamps

The issue background is provided in CAP External Source Issue Summary
ESIS-P-011 (Attachment A to DAP-E-P-011). The SWEC resolution n.ethodoloay is'

provided in Project Memorandum PM-139 "Procedure for Evaluating Pipe Stresses
at Stiff Clamp Supports." The DAP evaluation is provided in Engineering
Evaluation DAP-E-P-011 (Section 5.3.2) ano is summarized in the piping results
report (Sections 3.2.3.2 and 3.2.3.11).
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The staff evaluation is provided in Section 2.2 of this appendix.

11.3 Conclusion

Based on the above evaluations, the staff concludes that the concerns
associated with U-bolt cinching have been adequately resolved. The generic
technical issue concerning U-bolt cinching is, therefore, closed for CPSES.

12 AXIAL /kOTAT10hAL RESTRAINTS

A number of concerns were raised regarding pipe support designs which could
potentially restrain the piping in an axial or torsior.al direction
(axial / rotational restraints). These concerns related to the following thr9e
types of 6xial and/or trapeze-type supports which utilize welded lugs or
trunnions to transfer loads to frames er component standard supports (i.e.,
snubbers or struts):

(1) single or double integrally welced trunniens with dual component standard
supports

(2) ncn-trunnion type supports

Trapeze supports with U-bolts*

Riser clamp and integrally welded lugs with dual component standard
supports

Riser clamp and integrally welded lugs with single eccentric*

coroponent standard support

(3) fran:e with integrally welded lugs type supports.

TENERA identified 35 separate issues related to these restraints during their
review of external source documents. These issues were categorized by TENERA
in Engineering Evaluation DAP-E-P-012 "Axial / Rotational Restraints," into 6
broad areas of concern,

component support design load for dual supports
stress and load allowables
lug load dstribution

(4) cinched U-bolts on trapeze supports
(5) loao point application on frames from lugs
(6) eccentricity of single / double trunnion supports

The above six concerns are discussed in the seven issues below which have been
reforniatted for clarity.

12.1 Rotational Restraint Effects in Piping Systems

This issue is described in DAP External Source Issue Summary ESIS-P-012
(Section 1.6). The SWEC resolution methodology is provided in the Piping
project status reports (Section 2.1 of Subappendix A12). The DAP evaluation is
provided in Engineering Evaluation DAP-E-P-012 (Section 5.7.2) and is
sunTnarized in the piping results report (Sections 3.2.3.12).

,
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The primary concern was that support designs using dual struts / snubbers were
not adequately modeled in the piping analyses and could restrain the rotation
of the pipe and cause local overstress at the welded attachment. The SWEC
resolution methodology requires that the rotational restraints due to (1)
integrally welded trunnion type supports with dual component standard supports
ano (2) the eccentricities of rf,ser clamp and single trunnion both with single
component standard supports be modeled in the piping stress analyses. In
addition, ronintegral (i.e., riser clamp with lugs) exial type supports with
d"al component standard supports are required to be modeled as translational
restraints at the pipe centerline or modified and modeled as cccentric supports
with a single component standard support. Procedures for determining the
appropriate alternative are based en criteria for the stiffnesses of the two ,

Ilegs of the dual component standard type support.

Basc.o on the modeling procedures for integrally welced trunnion type supports q

with dual component supports, anc riser clamp and single trunnion with a single
eccentric component standard support, the staff finds that rotational restraint
effects have been adequately included in the piping and pipe support design
methodology. The procedures provide 3ssurance that for piping systems
containing such supports, the respcnse of and stresses in the piping systems
and loads in the component standard supports under the applicable service
loading cnnditions will be reasonably predicted. However, the staff finds
that piping system stresses and pipe support loads may be underpredicted in
long straight runs of pipe with a series of adjacent integrally welded dual
trunnion type supports (or single stanchion trapeze type supportsJ modeled
with moment restraining capability. The SWEC rredeling procecure will be
conservative for supports at the ends of the series but wili be unconservative
at supports interior to the series. The staff fincs that the SWEC resoluticr
methodology is acceptable for consideration of rotational restraint effects
with the above noted limitation. The staff requires that any such piping and
pipe support configuration ider.tified in the CPSES design validation be
subject to a case-by-case evaluation and the resolution be proviced to the
staff tor its review.
Based on the modeling and modification procedures and stiffness criteria for
nonintegral (riser clamp with lugs) axial type supports with dual ccraponent
rupports, the stof f finds that rotational restraint effects have also been
adeccately included in the piping and pipe support design methcdology. The

stiffness criteria for the two legs of these supports provide an acceptable
basis for iaentifyirq supports with rotaticnal restraining capability. These

criteria were I an reviewed tsy TENERA and found to be acceptable. Supports of
this type with negligible rotational restraining capability are modeled as
translational restraints at the pipe centerline. As previuusly noted, the
staff finds a linitetion in the SWEC methodology with underpredictions of
piping stresses anc pipe support loads in long straight runs of piping with
axial supports. The staff finds that the SWEC resolution rethodology is
acceptable for the consideration of rutational effects in these types of
supports subject tc confirmation that the precedino describec piping and pipe
support configuration be identified tc the staff for final resolution.

12.2 Rotaticrai Restraint Effects on Componer.t Standard Design Loads

This issue is described in DAP External Source issue Summary ESIS-P-012
Dection 1.6). The SWEC resolution methodology is provided in the piping
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project status reports (Sections 2.1 ano 2.2 of Subapperdix A12). The DAP
evaluation is provided in Engineering Evaluation CAP-E-P-01F (Sections 5.2.2
and 5.7.2) and is sumart:ed in the piping results report (Section 3.2.3.12).

The primary concern was that support designs using dual struts or snubbers
could restrain the piping system and cause an increase in the design loads for
the struts and snubbers. The SWEC resolution methodology requires that the
design loads for component standard supports be based on the loads cbtained
from the piping anc pipe support system stress analyses as folicws depending on
the support type.

Fcr supports with riser clamp or single trunnion and single eccentric ccmponent
standard support, the component standard supports are to be mooeled as
eccentric translational restraints in the piping anc pipe support system stress
analysis and their design loads are to be assumed to be equal to the loads
obtained in the stress analysis,,

i

For dual trunnion type supports with dual corrponent standard supports modeled
with rotaticral restraints in the piping and pipe support system stress
analysis, the design loads i.1 struts and snubbers are to be assumed to be equal
to 100 percent and 120 percent, respectively, of the loads cbtained in the
stress analysis. The 20 percent increase for snubbers is to account for the
effects of differential snubber lockup.

For supports with riser clamp and dual component standard supports modeled as
translationel restraints in the piping and pipe support systen stress ar.alysis,
the design load of each ut the component standard supports is to be assumed to
be equel to 75 percent of the load obtained in the stress analysis. The 75
percent design factor was supported by calculations in SWEC Calculation No..

15454-NZ(c)-GENX-042 "Justification of Design Loads for Struts / Snubbers and
Lugs Unsed in Conjunction with Riser Clamps" (GENX-042). These calculations
conservatively assumed that the load is uneoually distributed between the
ccmponent stanoard supports due to bearing of the riser cl,,anp against two lugs
only, four lugs are typically used. The 75 percent factor was determined to be
the bounding factor over the range of geometrical configurations considered.
This calculation was reviewed by the staff and found to be acceptable. In
addition, TENERA reviewed the SWEC calculation and documented its review in
Engineering Evaluation DAP-E-P-057, ' Review of Calc GENX-042." The DAP
concluced that the SWEC method is adequate since it is t,ased on application of
simple statics.

The staff finds that the modeling techniques and the basis fcr determining the
design loads for component standard supports in the <ial/ rotational type
supports are acceptable. For long runs of pipe with a series of dual trunnion
type supports or axial type supports, the staff finds that loads in the piping
and pipe supports may be underpredicted and the resolution of any such
identified configurations should be evaluated on a case-by-case basis and

.'
provided to the staff for its review.

The staff conducted an audit to verify the adequacy of the design criteria
application in the design validation (Appendix 0 tu this supplement - Event '

37). The staff inspected Design Drawings FW-2-100-400-CS2R, Revision 1;
FW-2-101-404-C62R, Revision 1; FW-2-105-410-S62R, Revision 4; and
AF-2-096-445-S43R, Revision 1. These designs were of riser clamp and lugs with
dual component standard supports. The staff found during their review of SWEC
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Calculation GENX-042 that the load distributions in supports of this type were
based on the assumption that the axis of symmetry of the two halves of the
clenip was oriented at 45 to aojacent lugs. TENERA had found that the load
distribution in the support would vary significantly depending on the lug / clamp
orientation. The staff found that the lug / clamp orientation in the drawings
inspected was controlled and consistent with the orientation assumed in SWEC
Calculation GENX-042. Accordingly, the staff found that the lug / clamp
orientation in riser clan:p and lugs with dual component standard supports
appears to be controllea to ensure that the load distribution assumed in their
design is in accoroarce with the distribution as calculated in SWEC Calculation
GENX-042, and is thus acceptable.

l

12.3 Differential Snubber Lock-up and End Clearances Effects en Snubber
Design Loads in Dual Snubber Supports

This issue is described in DAP External Source issue Sum 3ry ESIS-P-012
(Section 1.1). The SWEC resolution methodology is provided in the piping
pro,iect status r eports (Sections 2.2 and 2.3 of Subappendix A12). The DAP
evaluation is provided in Engineering Evaluation DAP-E-P-012 (Section 5.2.2)
and is summarized in the piping results report (Section 3.2.3.12).

Concerns were raised that the design loads for dual snubber supports did not
adequately consider the effects of differential lock-up, support steel
stiffness variations, support clearances, and dual suppcrt clearance
differences. The SWEC resolution methodology requires that (1) for integral
dual trunnien supports, the design load for each snubber and its suppcrting
structure be increased by 20 percent above the loads obtainea from the piping
and pipe support system stress analysis, (E) for nonintegral dual snubber
supports, each snubber is designed for 75 percent of the total support loac
obtained from the piping and pipe suppcrt system stress analysis, and (3)
snubber pairs in dual snubber supports will be matched in accordance with the
Department of Energy Nuclear Stanaard NE-E7-9T "Mechanical and Hydraulic
Snubbers for Nuclear Application," (Reference A33).

t;csed on the 20 percent increase for integral dual trunnion supports, the 50
percent (75 percent versus 50 perce1t) increase of half of the total loac for
non-integral duc1 snubber supports, and the connittent to match paired snubbers
in accoraance with Standard NE-E7-9T, the staff finds that the SWEC resolution
methoculogy procedures are acceptable to resolve the effects of differential
snubber loch-up in dual snubber supports. These procedures have also been
reviewed by TEkERA and found to be acceptable. The 20 percent increase in
design load is consistent with manuf acturer's reconnendations and is usually
applied when snubbers are r'atched in accordance with Standard NE-E7-91.

| In the case of the effects of differential end fitting clearcnces on (1) load'

! sharim and (2) the validity of the results of linear methods of analyses as
described in t& REG /CR-2175 "Snubber Sensitivity Study" (Ref erence A34), the

| SWEC resolution nethodology does not impose any liniitation on differentiel end!

fittine clearances in cual snubber supports. 1ENERA has conducted a cetailed
review of the huREG/CR-2175 test data in its Eng;neering Evaluation DAP-E-P-06E
"Differential Snubber Lock-up of Dual Snubber Assemblies," and found that the
NUREG provioed sufficient data to conclude that strut / snubber end clearances
can have cn effect on predicted lohcs. However, it was ccncluded that the
hUREG did not provide sufficient basis with which to establish the magnitude of

I such effects or specific criteria te account for such effects in the design
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process. The Standard Review Plan (HUREG-0800) (Reference A36) states in
Section 3.9.3 "the snubber end fitting cleararce and lost motion must be
minimized and should be considered when calculating snubber reaction loads and
stress which are based on a linear analysis of the system or ccmponent...
Equal load sharing of multiple snubber supports should not be assumed if
mismatch in end fitting clearance exists." The NRC staff identified end
fitting clearances as an unresolved item in Inspection Report 50-445/88-11,

| 50-446/88-09 (Reference A35). The resolution to this item will be addressed in
I a followup inspection report.

In the piping project status reports (Section 2.3 of Subappendix A12) the SWEC
methodology is to catch snubber pairs used in dual cenponent type applications
in accercance with Standard NE-E7-9T. The staff reviewed SWEC Calculation
15454-NZ(c)-GENX-242, "Parallel Snubbers" for the matchino of such snubber
pairs. Standard NE-E7-9T requires that (1) oifferential lost motion between
the snubber pair shall not exceed 0.02 in, and (2) differential activation
level between the snubber pair shall not exceed 0.005g or 50 percent of the
smallest of the activation levels of the snubber pair. The staff review found
that of the 235 supports evaluated: (1) the 0.02 in, differential lost motion
criterion was satisfied in 100 perecnt of the supports, and (2) the
differential activation level was satisfieG in 83 percent of the supports. The
SWEC calculation concluded that supports not in compliance with the
differential activation level criterion were acceptable on the basis that
matching of activation levels for proper icad sharing in snubber pairs was not
industry practice. The statf review finds that the differential lost motion
(and mismatch of end fitting clearance) has a greater effect on the load
sharing of these snubbers than does the mismatch of activation level as stated
in Standaro Review Plan NUREG-0800 (Reference A36) in Section 3.9.3. This is
particularly evident for mechanical snubbers subjected to rapid cyclic loadings
such as earthouake loadings. In NUREG/CR-2175 (Reference A34), the test
results indicate for zero end fitting clearance and any combination of
activation level, eceal load sharing (50/50) was observed to an accuracy of 3
percent. Thus, the matching of all 235 mechanical snubber pairs for only the
differential lost motion not exceeding 0.02 inch provides a sufficient basis to
conclude that the snubber design loads will be reasonably predicted.

12.4 Desian Allowables for Dual Component Standard Supports

The issue is described in DAP External Source Issue Sumary ESIS-P-012 (Section
1.2). The SWEC resolution methodology is provided in the piping project status
reports (Section 2.1 of Subappendix A12). The DAP evaluation is provided in
Engineering Evaluation DAP-E-P-012 (Section 5.3.2) and summarized in the piping
results report (Section 3.2.3.12).

A concern was raised regarding the treatment by Gibbs and Hill of support loads
resulting from rotational restraint of the piping seismic displacements as
secondary loads. As secondary loads, the resulting support allowables were
increased by a factor of three. The SWEC resolution methodology requires that
leads in dual component standard supports modeled as rotational restraints be
classified as primary loads. The staff finds that this classification is
acceptable to resolve the concern. The ASME Code three times increase in
allowable stresses for the constraint of free end displacement is not invoked.

12.5 Cinched U-bolts in Trapere Supports
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The issue is described in DAP External Source Issue Sumary ESIS-P-012 (Section
1.5). The SWEC resolution methodology is provided in the piping project status
reports (Section 2.2 of Subappendix A12). The DAP evaluation is provided in
Engineering Evaluation DAP-E-P-012 (Section 5.5.2) and summarized in the piping
results report (Section 3.2.3.11).

Several concerns were raised in the use of cinched U-bolts in trapeze type
supports. The SWEC resolution nethodology requires that trapeze supports with
cinched U-bolts be eliminated or modified to provide stable support
configurations. Proposeo modifications incluce replacement of the U-bolt with
a strap and replacement of snubbers with struts if resulting piping stresses
are acceptable. In addition, SWEC resolution methodology procedures require
that a pair of axial struts or two clamp anchors or three pairs of lugs be
utilized with the special strap for stability. The staff evaluation uf the
prcposed modifications is provided in Section 4.3 of this appendix.

12.6 Lug load Distribution

The issue description is provided in DAP External Source Issue Summary
ESIS-P-012 (Section 1.3). The SWEC resolution methodology is prcvided in the
piping project status reports (Sections 2.2 and 2.4 of Subappendix A12). The
DAP evaluation is provided in Engineering Evaluaticn DAP-E-P-012 (Section
5.4.2) and sumarized in the piping results report (Section 3.2.3.12).

The concerns relate to the distribution of leaa lugs in (1) fran.e with lugs and
(2) riser clamp and lugs, both with component standard support types cf
supports.

For frames with lugs type supports, the SWEC resolution methodology requires
that the load be conservatively distributed to one-half, but no more than two,
of the total number of lugs. The staff finds that the load distributicn
rethodolog/ conservatively assumes that the minimum number of lugs is effective
and is thus acceptable.

For riser clamp and lugs with dual ccmponent supports modeleo as translational
restrairts at the piping centerline, the SUEC resolution methodology requires
that each lug be designed for 50 percent of the suppurt load - four lugs are
typically used. For riser clamp and lugs with single component standard
support type supports modeled as eccentric translational restraints, the SWEr
resolution methocology requires that the load for each lug is calculated
assuming that the entire mon,ent is restted at the lugs. The resistance of the
pipe-to-clamp connection is conservatively neghcted. The nethod was developec,

by SWEC in Calculation GENX-042. The tevelopment of this formula was reviewed
by the staff and TENERA (DAP-E-P-057) ^ Review of Ccle GENX-042," and founc to
be acceptable. The staff finds that the lug lo6o distribution for supports i

with riser clamp and lugs with ou61 cnmpunent standard supports or sirgle
'

eccentric compcnent star.dard support is c;nservative and thus acceptable. <

12.7 Load Point Application en Frames with Lugs

The issue is aescribed in DAP External Source Issue Sumary ESIS-P-012 (Section
| 1.5). The SWEC resolution methocology is previded in the piping project status
' reports (Sections 2.4 and 2.5 of Subappendix A1P). The DAP evaluatiun is

provided in Engineering Evaluaticn DAP-F-P-012 (Section 5.6.2) cnd summarizec'
in the piping results report (Secticn 3.2.3.12).
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The primary concern was the load point application on frame type supports from
lugs welded on the piping. The SWEC resolution methodology requires that the
total load be applied to the frame at the lug location that will produce the
most critical stress in the f ran,e. The staff finds that the load application
precedure is acceptable to resolve the concern. In addition, evaluations by
SWEC of potential rotaticnal restraint due to supports of frame with lugs-type
supports have been perfurtred and documented in Calculation GENX-281, "Potential
Birding of Lugs in Axial Supports." These evaluations are to be based on tbc
anticipated rotation of the piping at the supports and the gap between the lugs
and the freme. The staff finds that the methodology for the assessment of
rotational restraint of this type is also acceptable.

I

l The staff conducted an audit of the adequacy of the design criteria application
I in the design validation activities (Appendix 0 to this supplement - Event 37).

The staff reviewed SWEC Calculation 15454-NZ(c)-6ENX-E81, "Potential Binding of
Lugs in Axial Supports," for the development of criteria for the evaluation of
potential binding and hence, moment restraining capability, of lugs in axial
type supports. These criteria are provided in SWEC Project Memorandum PM-154
(Appendix E to this supplement) which requires that this evaluation be
performed for all axial restraints with lugs. The staff's review of the
development of the criteria for the evaluation of potential binding of lugs in
axial restraints found that the assumptions and methodology utilized provided
an acceptable basis for the criteria. The 1/16-inch lug / support clearance
assumed in the development is consistent with the construction tolerance and
the methodology is based en geometrical considerations.

12.3 Conclusion

Based on the above evaluations, the staff finds the concerns associated with
axial / rotational restraints have been adequately resolved. The generic
technical issue conceing axial / rotational restraints is, therefore, cicsed
for CPSES.

13 GAPS

Several concerns were raised regarding excessive gaps associated with concrete ,

anchorages and clearances between piping and pipe supports. The CFRT
third-party (TEMERA, L.P.) identified 23 related concerns from various external
source documents. In its Engineering Evaluation DAP-E-013, "Gaps," TENERA
categorned these concerns into four areas:

use of linear elastic analysis technique
concrote anchorage gaps
U-bolt gaps

(4) pipe / support clearances '

13.1 Use of Linear Elastic Analysis Techniques;

,

The issue background is discussed in DAP External Source Issue Summary -

ESIS-P-013 (Attachment A to DAP-E-P-013). The SWEC resolution methodology is
| provided in Appendix A to the piping project status reports. The DAP
' evaluation is provided in Engineering Evaluation DAP-E-P-013 (Section 5.2.2).

,

;

,
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The primary concern was the appropriateness of using linear elastic analysis
methods to predict piping system response when the actual system contains gaps
and clearances that coulo result in a nonlinear response. The concern was
initially raised at CPSES in conjunction with certain pipe support designs and
construction practices that did not conform to codes and !tandard industry
practice (i.e., the designs and/or construction tolerances; resulted in a less
stringent fit than standard practice). The SWEC resolution methodology is to
design validate all ASME Code Class 1, 2, and 3 pipe supports. In that
process, SWEC has modified many pipe support designs and reestablished
construction tolerances at CPSES to conform to (or exceed) those established by
codes or standard industry practice. The tolerances esta.blished by SWEC are
' discussed further in Sections 13.2, 13.4, and 27. The design modifications are
discussed in Sections 1, 2, 4, 6, 11, 12, 13, and 20. Accordingly, the use of
linear elastic analysis methods is a widely accepted practice ano recognized by
ASME Code, Section III in the load combinations, allcwable stresses, and cesign
equations established therein.

On the basis of the pipe support designs and because tolerances conforming to
codes and standard industry practice, the staff finds the use of linear elastic

|. analysis techniques acceptable.
|

13.2 Concrete Anchorage Gaps

The issue background is oiscussed in DAP External Source Issue Sumary
ESIS-P-013 (Attachnent A to DAP-E-P-013). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A13 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-013 (Section
5.3.2) and is sumarizea in the piping results report (Section 3.2.3.26).

ASME Code (1974), Section III (Reference A19), Paragraph NF-4721 states "Holes
for nonfitted bolts shall be 1/16 inch larger than the nominal diameter of the
bolt for bolt sizes up to and including 1 inch and 1/8 inch 1crger than the
ncminal diameter of the bolt for bolt sizes larger than 1 inch."

At CPSES, the following tolerances were used for the bolt holes in basepletes:

For bolt sizes less than or equal to 3/4 inch, the hole size shall be
,

equal to the bolt diameter plus 1/16 inch.!

i For bolt sizes 1 inch to 1-1/2 inch, the hole size shall ic equal to the
bolt diameter plus 1/8 inch.

|
Thus, the concern with oversized bolt holes was only applicable to CPSES andar

|

I
bolts of 1 inch diameter where the CPSES tolerance was 1/16 inch larger than

|
the 1974 ASME Cude requirement.

The SWEC approach in the pipe support design validation uses ASNE Code, Section
III,1985 Sumer Adoenda subparagraph NF-4721(a). The Summer 1986 Addenda
revised paragraph NF-4721(a) to specifically acoress anchor bolts and states,
"For anchor bolts set in concrete or concrete expansion anchor bolts, the hole

|
sizes indicated in the Subsection may be ',ncreased by 1/16 inch." Thus, using
the Sumary 1985 Addenda, the CPSES tolerances for anchor bults meet Code

( requirements and are, thus, acceptable. The use of a paragraph from a later
'

Code edition is pcrmtteo by paragraph NA-1140 of ASME Code, Section III,
provided all related requirements are r:et. The staff review of the related

|
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requirements was performed in conjunction with its review of the SWEC 5A-1140
report as oiscussed in this supplement in Section 4.1.2.2 and found toe use of
this later Code provision acceptable.

13.3 U-Bolt Gaps

The issue background is discussed in DAP External Source Issue Summary
ESIS-P-013 (Attachment A to DAP-E-P-013). The SWEC resolution niethodology is

,

provioed in the piping project status reports (Subappendix A6 Section 2.2).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-006
( Attachment C).

U-bolts were initielly designed at CPSES as one-way restraints (restraining the
pipe in the direction parallel to the U-bolt legs). The gap between the U-bolt
legs and the pipe varied up to 1/16 inch. The concern was that when pipe
movement exceeded 1/16 inch in this lateral direction, the resulting constraint
of the pipe was not considered in the piping analysis.

The SWEC resolution rethodology is to consider U-bolts as two-way restraints.
The staff evaluation of this issue is discussed in Section 6 of this appendix.

13.4 Pipe / Support Clearances

The issue background is discussed in DAP External Source Issue Summary
ESIS-P-013 (Attachment A to DAP-E-P-013). The SWEC resolution methodology is
provided in CPPP-7, Attachment 4-11. lhe DAP evaluation is provided in
Engineering Evaluation DAP-E-P-013 (Section 5.5.2) and is sumarized in the
piping results report (Section 3.2.3.13).

The primary concern was that CPSES clearanccs between the pipe and the support
(up to 3/16 inch) were less conservative than clearances commonly used in
industry practice (1/8 inch). The SWEC approach establishes a maximum
clearance between 1.he pipe and rigid frame type support of 1/8 inch in the hot
condition and a minimum clearance of 0.01 inch in the hot condition. The
clearances are provided in the cold position to facilitate installation and
vary with the size of the pipe and the temperature. The staff finds that the
SWEC clearances result in a maximum clearance of 1/8 inch consistent with
comon practi:e and a minimum clearance of 0.01 inch to preclude thermal
binding between the pipe and the support and are, thus, acceptable.

13.5 Conclusion

Based on the above evaluations, the staff concludes that the concerns
associated with gaps and clearances in piping and pipe support members have
been adequately resolved. The generic technical issue concerning gaps is,
therefore, closed for CPSES.

14 SEISMIC DESIGN LOAD SPECIFICATION

Several issues concerning the seismic analysis of CPSES piping systems
previously performed by Gibbs & Hill, Incorporated, were raised. The CPRT
third-party (TENERA, L.P.) identified 17 related concerns from various source
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documents. In its Engineering Evaluation DAP-E-P-014 "Seismic Design Loao
Specification," TENERA categorized these concerns into three primary areas:

piping computer analysis seismic load input
structural response spectra definition
equivalent static analysis dynamic amplification factor

14.1 Piping Computer Analysis Seismic Load Input

The issue background is provided in DAP External Source Issue Summary
ESIS-P-014 (Attachment A to DAP-E-P-014). The SWEC resolution methodology
consists of a complete oesign validation (reanalysis) of ASfiE Code Class 2 and
3 piping systems which were previously analyzeo by Gibbs & Hill Incorporated.
The ASME Code Class 1 piping systems were analyzeo by Westinghouse and are not
a part of the Corrective Action Program design validation as such. The DAP
evaluation is provided in Engineering Evaluation DAP-E-P-014 (Section 5.2) and
is summarized in the piping results report (Section 3.2.3.14).

The primary issues were related to inappropriate damping values used as input i

in the CPSES piping computer analyses performed before the SWEC design |
validation. The SWEC design validation uses damping values based on Regulatory |

Guide 1.61, "Damping Values for Seismic Design of Nuclear Power Plants,"
(Reference A37) or ASME Code Case N-411, "Alternative Damping Values for
Response Spectra Analysis of Class 1, 2, and 3 Piping Systems, Section III,
Division 1" (Reference A38). As discussed in Section 4.1.2.2 of this
supplement, the staff has approved the use of Code Case h-411 damping values
for CPSES in a letter from V. Noonan (ARC) to W. Counsil (TV Electric) dated
March 13,1986 (Reference A39). Thus, the damping values used by SWEC are
acceptable.

The CYGHA review of this issue and its resolution with respect to piping input
errors has resulted in its closure in Revision 4 to the CYGNA review issues
list for pipe stress (Items 13 and 15) (Reference A14).

14.2 Seismic Response Spectra Cefinition

The issue background is provioed in DAP External Source Issue Sumary
ESIS-P-014 (Attachment A to DAP-E-P-014). The SWEC resolution methodology
involves a validatien of the CPSES seismic response spectra as part of the
civil / structural CAP design validation. The DAP evaluation is provided in
Engineering Evaluation CAP-E-P-014 (Section 5.3.2).

The staff evaluation of the adequacy of the CPSES seismic response spectra
definition will be addressed in conjunction with the staff review of the
civ il/structurcl CAP design validation.

14.3 Equivalent Static Analysis Dynamic Amplification Factor

The issue backgrcund is provided in DAP External source Issue Sumary
ESIS-P-014 (Attachment A to DAP-E-P-014). The SWEC resolution methodology is
previded in CPPP-7, Paragraph 3.4.5.4.1. The DAP evaluation is provided in
Engineering Evaluetion DAP-E-P-002 (Section 5.4.2) ano is summarized in the
piping r esults report (Section 3.2.3.14).
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The primary concern was that the previcus Gibbs & Hill analysis procedure
specified a oynamic amplification factor of-1.0 in the equivalent static
analysis of small bore piping without justification. The SWEC resolution
methodology involves a design validation of small bore piping using a 1.5
dynamic amplification factor when equivalent static analysis is used. The SWEC
methodology is in conformance with the NRC Standard Review Plan (Reference A36)
Section 3.9.2 ano is, thus, acceptable. This issue is discussed further in
this supplement in Section 4.1.2.2.

14.4 Conclusion

i Based on the above evaluations, the statf concludes that the concerne.
| associated with piping damping values ano equivalent static analysis dynamic
i amplification factors hcve been adequately resolved. The generic technical
l issue concerning seismic design load specification for piping systems is,
| therefore, closed for CPSES.

15 SUPPORT MASS EFFECiS ON PIPING ANALYSIS

Concerns were raised that the Gibbs & Hill piping analyses did not adequately
evaluate the effects of pipe support mass on the piping stresses. The CPRT
third-party (TENERA, L.P.) ioentifiec 10 related concerns from various source
documents. In its Engineering Evaluation DAP-E-P-015 "Support Mass Effects on
Piping Analysis," TENERA summarized these concerns into three primary areas:

(1 support mass criteria
(2 support mass modeling method
(3 effect on piping dynamic response / thermal hycraulic loads

15.1 Support Mass Criteria, Modeling, and Djnamic Effects

ihe issue background is provided in DAP External Source Issue Summary
ESIS-P-015 (Attactnent A to DAP-E-P-015). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A15 Section 2.0).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-015 (Sections
5.2, 5.3, and 5.4) and is summarized in the piping results report (Section
3.2.3.15).

ASME Code Section III (Reference A16), states in paragraph NC/ND-3623 for Class
2 and 3 piping systems "Piping systems shall be supported to provide for the
effects of live and dead weights.... The dead weight shall consist of the
weight of the piping, insulatien, and other loads permanently imposed upon the
piping."

The staff understands these requirements to mean that the designer should
consider the effects of the support mass in the piping stress analysis. The
staff does not view these requirements to imply that an explicit calculation
must be performed to ensure stress compliance unless the support dead weight
load can significantly affect the accuracy of the analysis.

The primary concern was that there were no Gibbs & Hill procedures specifying
when support nass should be included in the piping analysis although support
masses were found to be modeleo in selected piping systems (e.g., main steam).
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The SWEC methodology requires all piping analyses to consider contributing
support mass. ,A procedure was developed by SWEC detailing the support mass or
portion of the mass to be included in the piping analytical model. The SWEC

procedure for determining mass inclusion has been revieweo by TENERA and found
to be acceptable allowing for a 10 percent deviation in support mass for
subsequent modifications. The OAP evaluation found that this 10 percent,

deviation will generally amount to a shift in piping frequency of less than 5
percent. The staff 1inds a 5 percent shift in piping frequency to be within
acceptable tolerance limits.

The SWEC mass modeling methods have been reviewed by TENERA. The DAP
evaluation found the SWEC guidelines for modeling component supports to be
acceptable. Furthermore, the CAP reviewed the coupling effects of cantilever
supports on piping response and found that the ShEC criteria which do not
require addition of support mass to the piping analysis when the support weight
is not directly supported by the piping system are adequate for common supports
of this type. In addition, TENERA reviewed the SWEC criteria for predicting
support mass effects in time history dynenic responsc analyses and founc them
to be acceptable.

On the basis of the OAP conclusions discussed above, the staff finds that the
SWEC methooology for considering pipe support mass effects in piping analyses
satisfies the applicable requirements of the ASME Code and is, thus,
dcceptable.

The staff Ludited the application of the mass criteria in two pipe stress
calculation packages RH-1-069 and MS-1-003 (Appendix D of this supplement -
Event 32). The staff found that the pipe supports were modelled in the pipe
stress analyses in accordance with CPPP-7 and are thus acceptable.

In acdition, the CYGNA review of this issue and its resolution has resulted in
its closure in Revision 4 to the CYGNA review issues lists ,for pipe stress
(Items 9,19) and pipe supports (Item 5) (References A14 ar.d A10,
respectively).

16.2 Conclusion;

Based on the above evaluation, the staff concludes that the concerns associated
with ruass criteria, mass n.cdelling and mass dynaraic effects have been
adequately resolved. The generic technical issue concerning pipe support mass
effects on piping analysis is, therefore, closeo for CP5ES.

2 16 MASS POINT SPACING

Corcerns were raised that the piping stress analyses previously perfurried by
Gibbs & Hill did not shtisfy project criterie for modeling lumped mass points
in the piping aralytical model. The CPRT third-party identified seven related

' concerns from varicus source documents. In its Engineering Evaluationj

DAP-E-P-017, "Mass Point Spacing," TFNERA summarized these concerns into two!

dreas:

(1) in&dequate application M mass point spacing criteria
(2) ADLPIPE Version C compui e program concerns

I The above two concerns are addressed in the issue below.
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16.1 Mass Point Spacing Criteria and Computer Application

The issue background is provided in DAP External Source issue Summary
ESIS-P-017 (Attachment A to DAP-E-P-017). The SWEC resolution is provided in
the piping project status reports (Subappendix A17 Section 2.0). The DAP
evaluation is provided in Engineering Evaluation GAP-E-P-017 (Section 5.0) and

i

is summarized in the piping results report (Section 3.2.3.16). '

The issue was raised in the CYGNA Independent Assessment Program, Phase 3
(Reference A40) as a part of CYGNA's review of the bibbs & Hill piping stress

,
analyses for CPSES. The TV Electric CAP for piping includes a complete

| reanalysis, using SWEC computer program NUPIPE-SW, of all ASME Code Class 2 and
| 3 piping systems previously analyzed by Gibbs & Hill. The ADLPIPE computer

program is not used by SWEC in the piping design validatien. The SWEC modeling
guidelines for locating mass points in the piping analytical model are provided
in Paragraph 3.10.6.1 and Attachment 3-7 of CPPP-7. A checklist item was added *

to incluce mass point spacing in CPPP-6, Attachment 9-9. TENERA has reviewed
SWEC Calculation GENX-012, "Lumped Mass Spacing for Piping System Dynamic
Analysis," which forms the basis for the mass point spacing criteric. ceveloped
by SWEC and found the equation used to calculate the mass point spacing
requirement to be adequate for frequencies up to 200 Hz.

The staff aucited the application of the mass point spacing criteria for pipe
stress calculation package RH-1-069 (Appendix D to this supplement - Event 32).
The staff found the modelling to be in accordance with CPPP-7 guidelines and
is, thus, acceptable.

CYGNA has subsequently closed this issue in Revision 4 to its pipe stress
review issue list (Item 1) and pipe support review issues list (Item 5)
(References A14 and A10, respectively).

16.2 Conclusion

Based on the above evaluation, the staff concludes that the concerns associated
with mass point spacing have been adequately resolved. The generic technical
issue concerning mass point spacing in piping analysis is, therefore, closed
for CPSES.

,

17 HIGH FREQUENCY MASS PARTICIPATION
'

Concerns were raised that the piping seismic response spectra analyses
previously performed by Gibbs & Hill did not include a sufficient number of
modes to comply with the FSAR commitment that the inclusion of higher order

1 modes not increase the system response by more than 10 percent. The CPRT
third-party (TENERA, L.P.) identified 11 related concerns from various source
documents. In its Engineering Evaluation DAP-E-P-018, "High Frequency Mass
Participation," TENERA summarized these concerns into two primary areas:>

(1) insufficiert modes
; (2) computer program concerns

t 17.1 Insufficient Modes and Computer Program Concerns

The issue background is provided in DAP External Source Issue Summary
i ESIS-P-018 (Attachment A to DAP-E-P-018). The SWEC resolution methodology is
i
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provided in the piping project status reports (Subappendix A18 Section 2.0).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-018 (Section
5.2.2) and is summarized in the piping results report (Section 3.2.3.17).

The issue was raised in the CYGNA Independent Assessment Program, Phase 3'
(Reference A40) as a part of CYGNA's review of the Gibbs & Hill piping stress
analyses for CPSES. The TU Electric CAP for piping includes a complete
reanalysis, using SWEC computer program NUPIPE-SW, of all ASME Code Class 2 and
3 piping systems previously analyzed by Gib's & Hill. The SWEC resolutiono

methodology consists of two analysis options to address high-frequency mass
participation as specified in Paragraph 3.10.6.8 of CPPP-7:

(1) Perform seismic amplifed response spectrum modal analysis with 50-Hz

cutoti frequency, including (a high-frequency missing. mass correctionoption, by using NUPIPE-SW V04/L02)orlaterissue.

(2) Perforrn an equivalent static analysis by using ';he zero-period
acceleration values in all three directions. 8ambine these results by the
square-root-of-the-sum-of-the-squares method with the results of the

fseismic analysis with a 50-Hz cutoff frequency that did not include the
high-frequency missing mass correction.

TENERA reviewed the above two SWEC methods and found them to be technically
adequate based on the SWEC procedures providing guidance relative to nissing
mass correction and the methods complying with the applicable FSAR comitrrents.

On the basis of the DAP conclusions on the adequacy of the two methods used by
SWEC to address high-frequency riass participation, the staf f finds the SWEC
inethodology acceptable. CYGNA has subsequently closed this issue in its pipe
stress review issue list (Item 1) and pipe support review issues list (Item 5)
(References A14 and A10, respectively).

17.2 Conclusion

Based on the above evaluation, the staff concludes that the concerns associated
with high frequency r. ass participation have been adequately resolved. The

gcneric technical issue corcerning high frequer.cy mass participation is,
therefore, closed for CPSES.

10 FLUID TRANSIENTS

fluid transient loadir.gs
.

Concerns were raiseo that dynarif c effects from piping (TENERA, L.P.) identified: were not adequately evaluated. The CPRT thiro-party
eight related concerns from various source docunents. In its Engineering,

I

Evaluation DAP-E-P-Olg "Fluid Transients," TENERA categorized these concerns
! into two aspects:

: (1) main steam safety / relief valve (S/RV) load modeling
(. 2 ) fluid transient analysis methodclogy

i

!
18.1 Main Steam S/RV Load Modellir.g

The issue background is dhcussed in DAP Exterrel Source issue Summary
ESIS-P-019 (Attachment A to DAP-E-P-019).

The SWEC resolution ir.ethodology is
prosided in the piping project status reports (Subappendix A25 Section 2.1).

,

1
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The CAP evaluetion is provided in Engineering Evaluation DAP-E-P-019 (Section
5.2.2) and is summarized in the piping results report (Section 3.2.3.18).

The primary concern was identified in the CYGNA Independent Assessment Program
for CPSES in its review of the Gibbs & Hill main steam piping analyses. The
Crosby S/RVs on the mair, steamline have a dual-port outlet ecnfiguration. The
issue of concern was the assumptions used to account for ar.y unbalanced flow
that could result in higher moment loads at the main steam header-to-valve
ccr.rection. i

On the basis of discussier.s between SWEC and Crosby, an equal (50/50) flow
| distribution ratio was verified to be an acequate assurption. For
' conservatism, SWEC assumes a 55/45 S/RV flow distribution ratio to calculate

7

blowdown force. The DAP evaluation found the 55/45 assumption acceptable,
t

TENERA also reviewed SWEC Calculation 1545-NP(N)-MS-1-0230 "Main Steam Pipe '

Stress Calculation," and found the 55/45 ficw distribution was correctly
applied and the resulting thrust variations were properly included in the main '

steam header-to-valve connection.

In a related issue, TENERA reviewed the SWEC assumption used in the
multiple-valve-opening sequence. SWEC assumes all tive S/RVs open
simultaneously consistent with Regulatory Guide 1.67, "Installation of
Overpressure Protection Devices," (Reference A41) and is, thus, acceptable.

On the basis of the DAP conclusions that the flow distribution ratio is
conservative and the multiple-valve-opening sequence is in corapliance with '

Regulatory Guide 1.67, the staff finds the SWEC methodology for evaluating the
main steam S/RV oynamic loads acceptable. The CYGNA review of this issue and
its resolution has resulted in its closure in Revision 4 to the CYGNA review
issues-list for pipe stress (Item 19) (Rnference A14).

18.2 Fluid Transient Analysis Methodology

The issue background is discussed in DAP External Source ' Issue Sumary
ESIS-P-019 (Attachment A to DAP-E-P-019). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix 19 Section 2.0).
The DAP evaluetion is provided in Engineering Evaluation DAF-E-P-019 (Section
5.3.2) and is summarized in the piping results report (Section 3.2.3.18).

.

In a public meeting held on February 26, 1985 (Board Notification BN-85-026A)
(Reference A42), the staff expressed a concern about a lack of review of the
dynamic effects resultino from steam and water-hemmer. SWEC identified the
fluid transient loadings applicable to CPSES in Attachment 1 of CPPF-10 (see

i
Appendix 0 to this supplement) using the guidelines of NUREG-0582, "Water '

Hamer in Nuclear Power Plants," dated July 1979 (Reference A43). Fluio -

transient forcing functions were developed by SWEC, and the applicable piping '

systuas were analyzed for their effects.

The DAP reviewed the identification of the fluid transient events and the
development of the fluid transient loadings including the computer methods and

tthe analytical models used. The DAP found the SWEC procecures provide adequate '

guidelines to identify the fluid transient events applicable to CPSES
consistent with industry practice. The DAP also found the development of fluid
transient forcing functions acceptable consistent with industry practice. TFe

,

DAP reviewed SWEC Calculation 15454-hP(B)-GENX-207 "Evaluation of Fluid
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Transient Cutoff Forces and Development of Screening Criteria for Piping
Systems," which developed a fluid transient force limit below which no further
evaluation is required and found it acceptable.

The staff also conducted audits of the methodology used by SWEC to identify and
develop fluid transient loadings (Appendix D to this supplement - Events 10,
33, and 34). The staff review of the adequacy of application of transient
forcing function was included in its review of the ir.iplementation of the issue
resolution related to fluid transients. The staff selected four piping stress
problems that included an analysis for fluid transient loadings. The staff
reviewed the stress problems to ensure that the fluid transient forcing
functions were input properly in the piping stress analyses. The staff found
the forcing functicns for the system operating transients were properly-applied
in the piping stress analyses.

As a result of its audits, the steft' identified two items from its review of
two chemical and volume control piping systems (Calculation Nos. F-15 and
F-16). Both piping calculhtions consist of pipe runs with relief valves
located within their analytical boundaries. In Calculation No. F-15, the inlet I

lines from the main header to the relief valves are approximately 75 feet in I

length. The staf f identified an issue regarding the potential water-column
separation and resulting waterhammer leads in the lines. A second issue
identified by the staff for Calculation Nos. F-15 and F-16 was related to the
consequences of the potential water column separation af fecting the ability of
the relief valves to perform their intended functions. The SWEC resolution of
these issues is currently addressed in a test program to establish the valve
opening characteristics. The test program will establish the valve opening
times. If the valves open slowly erough, water column separation will not
occur in the inlet lines. This will eliminate the concern of waterhammer loads '

in the inlet lines and valve operability under column separation. The staff
finds the test program approach to be an acceptable resolution. However, if
the test program cannot establish acceptable valve opening characteristics,
then the staff requires that alternative corrective actions be provided to the
staff for further review and approval.

On the basis of the DAp conclusions discussed above and on the staff review and
audits, the staff finds the SWEC methodology used to identify and oevelop fluid
transient forcing functions is consistent with the approach.provided in
AUREG-0582. The application of the forcing func. ions in the piping stress
analyses is a widely used analysis technique to calculate the limiting stresses
and strains in the piping system under dyanmic loadings and is, thus,
acceptable.

The CYGNA review of this issue and resolution has resulted in its closure in
Revision 4 to the CYGNA review issues list for pipe stress (Items 8 and 20)
(Reference A14).

18.3 Conclusion

Based on the above evaluatiun, the staff concludes that the concerns associated ~

with analysis n,ethods used to evaluate fluid transient effects have been
adequately resolved. The generic technical ~ issue concerning fluid transients
in piping systens at CPSES is, therefore, closeo.

19 SELF-WEIGHT EXCITA110N
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Several concerns were raised that pipe support calculations generally did not
include the pipe support dead weight nor the self-weight seismic excitation
loads, lhe CPRT third-party (TENERA, L.P.) identified 23 related issues from

!various source documents. In its Engireering Evaluation, DAP-E-P-020,
"Self-Keight Excitation," TENERA categorized these concerns into two primary
areas:

(1) dead weght loads
(2) seismic self-weight excitation

19.1 Dead Weight Loads

The issue background is discussed in DAP External Source issue Summary
ESIS-P-020 (Attachrr.cnt A to DAP-E-P-020). The SWEC resolution methodology is
provided in CPPP-7 Paragraph 4.3. The DAP evaluation is provided in
Engineering Evaluation DAP-E-P-020 (Section 5.2.2) and is summarized in the '

Piping Results Report (Section 3.2.3.19).

The primary issuo was that dead weight lead of the pipe support itself was not
included in the pipe support calculations. Generally, the pipe support dead
weight is much smaller than the piping loads to which the support is designed.
At CPSES, the concern was that certain supports were relatively large compared
to the piping being supported.

ASME Code, Section III (Reference A19), paragraph NF-3111 states "the loadings4

that shall be taken into account in designing a component support
include... weight of the component support." The staff understands this ,

requir ment to mean that the designer should consider the effects of the.

support weight on the support design. The staff does not view this requirement
to imply that an explicit calculation must be performed to ensure stress ,

compliance unless the dead weight load can be a significant load contributor
and can affect the accuracy of the analysis,

i
The SWEC resolution methodology includes the dead weight lohd of any support
component in the piping analysis tredel or in the support calculation. Where a
support component deac weight load is considered negligible, the assumption is |

reouired to be included in the calculation. The staff finds that the inclusion
of the support dead weight load in either the piping analysis or support

icalculation properly accounts for the component support weight in the support
cesign and is, thus, acceptable. The required statement of assumed
negligibility provides a means to verify that all support components have been
accnunted for in the calculation and is, thus, acceptable.

'
'

19.2 Seismic Self-Weight Excitation

The issue background is discussed in DAP External Source Issue Summary.

ESIS-P-020 (Attachment A to DAP-E-P-020). The SWEC resolution nethodology is'

provided in the piping project status reports (Subappendix A20 Section 2.0).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-020 (Section '

5.3.2) and is summarized in the piping results report (Section 3.2.3.19).
.

,

The concern was that the inertial loads developed in a pipe support during an
earthquake iself-weight excitation) were not included in the pipe support'

calculations. Similar to the dead weight loads issue discussed above, the
,

concern at CPSES was that relatively large pipe supports were designed using-

'
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piping loads that were small compared to the pipe support self-weight
excitation loads.

ASME Code, Section 111 (Reference A19), paragraph NF-3111 states "The loadings
that shall be taken into account in designing a component support include ...
(d) dynamic loads; including loads caused by earthquake and vibration."
Furthermore, in subparagraph NF-3112.2, the ASME Code provides an explicit
requircrent indicating that the designer must consider the effects of
earthquakes in the design of component supports.

The staff understands these requirements to mean that the effects of
earthquakes whether from the piping load contribution or the pipe support load
contribution must be included in the design of pipe supports when the load
contribution can be significant.

The SWEC resolution methodology includes the seismic self-weight excitation
load in the support evaluation for all frame supperts. SWEC does not require a
calculation of seismic self-weight excitation for certain support hardware
associated with supports without structural trames (i.e., snubber rear
brackets) because of its rigid characteristics and small mass. The SWEC

procedure does require modeling a portien of the support mass in the piping
model for these types of supports.

TENERA has reviewed three SWEC methods for statically analyzing supports for
seismic loads and one dynamic rethod. The status methcds use a 1.5 multimode ;

multiplication factor with the peak acceleration values from the applicable
!

seismic response spectrum. TLhERA also reviewed SWEC Calculation
(15454.05-NZ(c)-GENX-006) "Methods for Calculating Seismic Stresses Due to
Acceleration of Pipe Support Mass." The DAP evaluation fcund the SWEL methods
dnd supporting calculation to be acceptable. t

On the basis of the DAP conclusions on the acceptability of the methods used to
evaluate seismic self-weight excitation of pipe supports, the staff finds the :

SWEC resolution methoc' ology properly accounts for the earthquake effects in the
pipe support design and is, thus, acceptable.

The CYGNA review of this issue and resolution has resulted in its closure in
Revision 4 to the CYGNA review issues list fcr pipe supports (Item 12)
(Reference A10).

19.3 Conclusion

Based on the above evaluctions, the staff concludes that the concerns '

associated with the support weight and self-weight excitation loads in the
design of pipe support.s have been adequately acoressed. The generic technical
issue concerning self-weight excitation is, therefore, closed fnr CPSES.

20 LOCAL STRESS IN PIPE SUPPORT MEMBERS

Several concerns were raised that pipe support designers at CPSES were not
edequately (voluating the locali:eo effects of pipe loadings on pipe support
members. The CPRT thiro-party (TENERA, L.P.) icentified 28 related concerns ,

from varines source documents. In its Engineering Evaluetion DAP-E-P-021,
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"Local Stress in Pipe Support Members," TENERA categorizeo these concerns into
five technical areas:

(1) zero-gap and cinched U-bolt designs
(i) highly constrained pipe anchors
(3) structural connections and localized loacings
(4) short/ deep bearns
(5) support deflection and flexibility

20.1 Zero-Gap and Cinched U-Bolt Design

The issue background is discussed in DAP Engineering Evaluation DAP-E-P-021
(Section 5.2.1). The SWEC resolution methcdology is provided in the piping
project status reports (Subappendix A21 Section 2.2). The DAP evaluation is
provided in Engineering Evaluation DAP-E-P-021 (Section 5.2.3) and is
summarized in the piping results report (Section 3.2.3.20).

The zero-gap box frame designs and the cinchea U-bolt designs have been either
eliminated or modified by SWEC. 1he staff evaluations of these modifications
are discussed in Sections 4.1 and 11 of this appendix, respectively.

20.2 Highly Constrained Pipe Anchors

The issue background is discussed in DAP Engineering Evaluation DAP-E-P-021
(Section 5.3.1). The SWEC resolution methodology is provided in the piping
project status reports (Subappendix A2 Section 2.2). The DAP evaluation is
provided in the Engineering Evaluation DAP-E-P-021 (Section 5.3.3) and is
surmarized in the piping results report (Section 3.2.3.20).

The primary concern was that certain piping anchors consisting of two or four
opposing trunnions on the pipe in a box frame would constrain the thermal
radial expension of the pipe and the resulting loads were not considered in the
pipe support design. The SWEC approach as described in,, Paragraph 4.6.4.1 of
CPPP-7 requires the piping restraint of free end displacement loads to be
combined with the piping radial thermal expansion loaos to evaluate the support
structure adequacy. The SWEC procedure conservatively considers these
pipe-induced thermal loads as primary loads and is, thus, acceptable.

20.3 Structural Connections and Localized Loadings

The issue background is discussed in DAP Engineering Evaluation DAP-E-P-021
(Section 5.4.1). The SWEC resolution methodology is provided in the piping
project status reports (Subappendix A21 Section 2.1). The DAP evaluation is
provided in Engineering Evaluation DAP-E-P-021 (Section 5.4.3) and is
summarized in the piping results report (Section 3.2.3.20).

The DAP identified seven local stress concerns related to structural
connections and localized pipe support member loadings:

(1) tube steel to tube steel connections
(2) rear bracket to tube steel connections

rear bracket to end plate connections
web crippling of I-shape n. embers
flange bending of I-shape members
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(6) bolt and U-bolt nuts bearing against washet plate / tube steel cord face
(7) main member edge distance at structurel connections

Concerns 1, 2, and 7 are related to. provisions in AWS D1.1 (Reference A20) and
are discussed in Section 8 of this appendix. Ccncern 3 is related to local
flexibility in pipe support members and is discussed in Section 5.2 of this
appendix. Concern 6 is related to local stress at bolt holes in tube steel and
is discussed in Section 1.8 of this appendix.

Concerns 4.and 5 are related to local stresses in wide flange members. Web
crippling of wide flange members is evaluated by SWEC using Paragraph
XVII-2215.5 of the ASME Code, Section III, and is, thus, acceptable. Flange

bending guidelines are provided in CPPP-7, Attachment 4-13 Paragraph 4.7.1 and
utilize basic engineering principles in the development of the equations.

The dev.elopment of the SWEC methodologies to evaluate the seven local stress
concerns listed above is documented in SWEC Calculation 15454-NZ(c)-GEhX-023,
"SWEC Generic Calculation: Development of the Method for Evaluating Local
Stress in Pipe Support Members." The DAP review of the SWEC GEhX-023
calculation is documented in Engineering Evaluation DAP-E-P-070, "Local Stress
in Pipe Support Members." The DAP evaluat;on concluded that GENX-023 provides
an acceptable development of methodologies for evaluating local stress in
structural connections and at points of localized loading on structural
members.

On the basis of the staff review discussed above and the DAP review of
GENX-023, the staff finds that the SWEC approach to evaluating local stress in
structural connections and points of localizea loadings is acceptable.

20.4 Short/ Deep Beams

The issue backgrcund is discussed in DAP Engineering Evaluation DAP-E-P-021
(Secticn5.5.1). The SWEC resolution methodology is provided in the piping
project status report (Subappendix A21 Section 2.3). The DAP evaluation is
provided in Engineering Evaluation DAP-E-P-021 (Section 5.5.3) and is
summarizeu in the piping results report (Section 3.2.3.20).

The primary concern was that the flexure ecuations for calculating bending
stresses in beams are not oppropriate for short/ deep structural members to

The SWECwhich pipe support components (e.g., struts, snubbers) are attached.
methodology as provided in Paragraph 5.0 of Attachment 4-13 of CPPP-7 requires
a localized evaluation of membcr stresses when the member length to depth
ratio is less than one. The staff finds the SWEC procedure provides a
limitation in the application of flexural equations to short/ deep beams and is,
thus, acceptable.

,

20.5 Support Detlection and Flexibility

lhe issue backgrcund is oiscussed in DAP Engineering Evaluation DAP-E-P-021
(Section 5.6.1). The SWEC resolution methodology is provided in the piping
project status reports (Subappendix A5 Sectier 2.2). The DAP cvaluation is
provided in Engineering Evaluation DAP-E-P-021 (Section 5.6.3) and is
sumarized in the piping results report (Section 3.2.3.20).
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The staff evaluation of support deflection and flexibility is provided in
Section 5.2 cf this appendix.

20.6 Conclusion

Based on the abnve evaluations, the staff concludes that the concerns
,

associated with local stresses in pipe support members have been adequately ~!
resolved. The generic technical issue concerning local stress in pipe support
merrbers is, therefore, closed for CPSES.

21 SAFETY FACTORS
*

Concerns were raised that the cumulative effects of ignoring various design
loadings coulo have an adverse impact on piping and pipe supports. The CPRT
third-party (TEhERA, L.P.) identified 11 related concerns from various source
documents. In its Engineering Evaluution DAP-E-P-022, "Safety Factors," TENERA

,

: identified the following items as potentially having an aoverse effect on
L safety facters with respect to the piping and pipe support analyses performed

prior to the TV Electric CAP design validation for piping: '

|

(1 pipe analysis assumptions / methods
(2 material properties
(3 oversized bolt holes
4) self-weight excitation of pipe supports
5 relative differential support building attachment motion effects
6 friction effects

(7 axial / rotational restraints
(8) local stresses in piping and pipe supports
(9) unstable pipe support effects
10) desigr, code applicability -

11) certain designs using Richmond inserts
12) certain designs using Hilti fasteners

21.1 Cumulative Effect of Issues.

The issue background is proviced in DAP External Source Issue Summary *

DAP-E-P-022 (Attachment A to DAP-E-P-022). The SWEC resolution methodologv is
providedinthepipingprojectstatusrepcrts(SubappendixA22Section2.0).

,

The DAP evaluation is provided in Engineering Evaluation DAP-E-P-022 (Section
5.3) and is summarized in the piping results report (Section 3.2.3.21).

'

The SWEC resolution methodology is to develop explicit design guidelines to
evaluate the impact of design loadings previously assumed to be negligible.
The design guidelines are provided in CPPP-7, "Design Criteria for Piping and
Pipe Supports" (Reference A4). The DAP reviewed the ShEC design guidelines for.

| compliance with the applicable FSAR commitments, codes, standards, and
regulatory guides. When specific rules or requirements were not available,
acceptance criteria were developed which included a minimum acceptable factor
of safety (as applicable to the procedure). Small potential lead variations
are expected to occur from installation tolerances established by standard
industry practice which inherent design margins established by codes and
standards are intended to cover. Safety factors for seismic design of piping '

i are discussed further in a report by E. C. Rodabaugh, "Realistic Scismic Design
Margins of Pumps, Valves, and Piping," NUREG/CR-2137, Battelle Columbus

i Laboratories, Jur.e 1986 (Reference A44).

|
'
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On the basis the SWEC methodology evaluating the contribution of the various
design loadings described above and the DAP evaluations ensuring that
appropriate acceptance criteria are used, the staff tinds that the safety
factors in the SWEC design validation of piping and pipe supports at CPSES
provide adequate margin to ensure that the piping and pipe supports will
maintain their structural integrity and functional capability during normal
operation ano design basis accident conditions as required and are, thus,

;
- acceptable.

21.2 Conclusion

Based on the above evaluation, the staff concludes that the concerns associated
with the cumuletive effects of neglecting design loadings have been adequetely
resolved. The generic technical issue concerning safety factor is, therefore,
closed for CPSES.

22 SA-36 AND A-307 BOLTING MATERIAL
,

Several concerns were raised regarding the appropriateness of using ASTM A-307
materici in friction-type connections at CPSES. In its February 8,1984
Memorandum and Order (Reference A18) the ASLB expressed its views regarding the
extent to which clamping forces exerted by cinched U-bolts made from SA-36 (or i

A-307) material can prevent rotation of the pipe. The CPRT third-party
(TENERA, L.P.) identified 12 related concerns from various source documents.| In its Engineering Evaluation DAP-E-P-023, "SA-36 and A-307 Steel," TENERA
categorized these concerns into five areas:

(1) SA-36 used in dynamic application
(2) SA-307 material used in dynamic application
(3) violation of Regulatory Guide 1.124 limits
(4) SA-36 steel used and referred to as SA-307
(5) use of low strength (A563 Grade A) nuts with high strength

(SA-103 Grade E.7) boltina'

22.1 SA-56 Used in Dynamic Application'

!
The issue background is discussed in DAP Externai Source Issue Sumary
ESIS-P-023 (Attachment A to DAP-E-P-023). The SWEC resolution methodclogy is,

'

provided in the pipi'ng project status reports (Subappendix A23 Section 2.3).
The DAP evaluatiun is provided in Engineering Evaluation DAP-E-P-023 (Section4

5.2.2) and is surmarized in the piping results report (Section 3.2.3.22).

The prirary concern was that SA-36 steel has been used, although not
recomended, for dynwaic applications ir v:hich fatigue night occur. The SWECr

resolution methodology utilizes SA-36 material in U-bolts designed as two-way
restraints and SA-36 threaded rods in Richmond insert / tube steel joints and are
designed in accordance with ASME Code Section III Appendix XVII (linear-typei

supports) and the AISC Code, respectively. ASME Code, Section III, and the
AISC Codc both establish a lower bound limit cf 20,000 cycles below which no
reduction in stress allcwable is required for fctigue considerations. SWEC

J

1 further dcnonstrated that for pipe supports at CPSES that the number of loading
cycles (censidering thermal, seismic, and fluid transients) is less than 20,000

The DAP reviewed SUEC Calculation 15454-NP(c)-GENX-103 "Fatigue Cyclecycles.5

Determir:ation for Pipe Supports" which established the number of cycles
j

;
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i

applicable to pipe supports and found the methocology conservative ano the
results rcasonable.

,

Because the number of cycles applicable to pipe supports at CPSES are less
than 20,000 cycles, the staff finds that there is ne reduction in stress
allowables required for fatigue considerations. On this basis, the concern of

usina SA-36 materiel in dynamic applications in which fatigue might occur has -

been acequately addressed anG the SWEC resolution is, thus, acceptable.

22.2 SA-307 Material Used In U-Bolts and Richmond Inserts

The issue background is described in DAP Externel Source Issue Sumary
ESIS-P-023 (Attachraent A to DAP-E-P-023). The SWEC resolution methodology is
discussed in the piping project status reports (Subappendix A23 Section 2.2).
The DAP evaluation is provided in Encineering Evaluation DAP-E-P-023 (Sections
5.3.2 and 5.5.2) and is summarized in the piping results rcrort (Section
3.2.3.22).

The primary concern was that A-307 (or SA-307) material had been used in
friction-type connections such as cinched U-bolts on piping. Its use was not

,

permitted by the ASME Code of record (Reference A19) as stipulated in ASME
Code, Section III, Appenoix XVII, Table XVII-2461.1-1 Note 1. In a related
concern, SA-36 material was often referred to as "SA-307 material" and the ASLB
exter.ded its views concerning A-307 material to SA-36 material as well, since
the materials arc similar.

'

The SWEC resolution methodology eliminated all cinched U-bolts from the ASME
Code Class 1, 2, and 3 pipe supports. U-bolts used as two-way restraints do

4

} not rely on friction to prevent rotation of the pipe. Richmond insert joints
| were designed as bearing connections and do not rely on friction for load >

transfer capability.

10 CFR 50 Appendix B (III. "Design Control"), states in part that "Measures .

shall also be established for the selection and review for suitability of :
.

application of materials, parts, equipment, and process are essential to the)
: safety-related functions of the structures, systems, and components." In

Table XVII-2461.1.1 of the 1974 ASME Code, Section III, appendices, the ,

allowable bolt tension and shear stresses are provided for various bolt ,
'

specifications. For SA-307 bolt material, the shear allowable ds provided
i for both (1) friction-type connections and (2) bearing-type connections. For |
! bearing-type connections, the Code allows the use of 30 percent of the yield

strength. For friction-type connections, the Code provides the above
referenced statement in Note 1, "Friction type connections loaded in shear are
not permitted. The amount of clamping force developed by SA-307 bolts is
unpredictable and generally insufficient to prevent complete slippage." ;

;

A properly made friction connection is highly dependent on the yield strength
of a bolt since the material yield strength controls its ability to maintainq

1
the connection, whereas a bearing connection is dependent on the shear strength

; of the bolt since shear strength governs failure in this moce. It should also
1 be noted that the allowable values establishec in Table XVII-2461.1-1 were

developed en the basis of testing of straight-headed bolts, and thus, were not'

0 intended to apply specifically to U-bolts.
1

| .

4
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1

Although SA-36 and SA-307 materials have equivalent material properties, a
major difference between the SA-36 and SA-307 specification is that SA-307
requires, as a mechanical requirement, only a tensile strength test (i.e.,
miniccam ultimate tensile stress). SA-36 requires both a test for the tensile
strength and a test for the minimum yield point of the material.

Consequently, SA-307 material, although similar to SA-36 material, has the
potential for a lower yield point than SA-36. Thus, it is evident that the
Code statenient "clamping force developed by SA-307 bolts is unpredictable" is
referring to the fact that the yield point of SA-307 bolt is uncertain because
the SA-307 material specification does not require its testing. Hcwever, the
SA-36 material specification does require the test for minimua yield point.
Thus, the staff believes. the clamping force developed by SA-36 material for
U-bolts is not unpredictable, and if an SA-307 bolt receives a supplemental
test to establish its yield stress, it would also not be unpredictable.

ASME Code Case N-249-4, (Reference A45) allows the use of A-307 material for
bolting in Subsection NF component supports with the following additional
reouirement: "When the ASTP specification referenced in Tables 1 through a
does not specify rainimum tensile and yield strengths, the value listed under
the appropriate columns shall be met by the material." For A-307 bolting
n.aterial, the appropriate column in Code Case N-249-4 establishes a minimum
yield strength of 30 ksi to be met. NRC Regulatory Guide 1.85 (Reference
A27) approves for use ASME Code ' . N-249-4. The Regulatory Guide does not
place any limitations or restrictions in the use of A307 bolting material
provided its suitability of application has been established.

The SWEC resolution methodology to eliminate all cincheo U-bolts acceptably
resolves the concern of using U-bolts as friction connections. The
design of bolts and threaded rods (using A36 material) in Richmond insert
joints as bearing connections is further discussed in Section 26.1 of this
dppendiX.

On the basis of the above discussion, the staff 1'inds the concerns regarding
SA-307 material used in U-bolts and Richmond inserts has been adequately
resolved.

22.3 Use of Low-Strength Nuts hith High-Strength Bolting

The issue background is discussed in DAP External Source Issue Sumary
ESIS-P-023 (Attachment A to DAP-E-P-0?3). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A23 Section 2.5).
The DAP evaluation is provided in Engineering Evaluttion SAP-E-P-023 (Section
5.6.2) and is sur.rnarized in the piping results report (Section 3.2.3.22).

4

The primary concern was raised by CYGNA in its Independent Assessment Program
fnr CPSES. The issue was that TUGC0 pipe support des.igners previously did not
follow the recommendation of American Society for Testing and Materiels (ASTM)
Specitication A563 that Grade A (lov-strength) nuts be restricted for use with

,

low-strength bolting although when not using high-strength nuts the designersi

did specify double nuts with both nuts tightened trugly. The SWEC apprcach per,

i CPPP-7, Attachment 4-5, Paragraph 1.2, specifies that the tensile allowable
load for high-strength bolts (Alg3 Grade B7) using low-strength nuts (A563

|
Grade A) is to be multiplied by a reduction f actor of 0.6. The basis for the
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|

;

0.6 factor was established in SWEC Calculation 15454-NZ(c)-GENX-008
'

"Cocumentation of Use of Low Strength A-563 Grade A Double Nuts on High
Strength SA-193 Grade B7 Rod for Richmond Inserts." SWEC GENX-008 Calculation
was reviewed by the DAP. In DAP Alternate Calculation DAP-C-P-004, "DAP
Alternate Calculation: Use of Low Strength (A-563 Grade A) Nut with High ,

Strength (SA-193 B7) Rod," the DAP confirmed that SWEC's reduced allowable
loads are acceptable.

On the basis of the DAP evaluation of the SWEC reduction factor, the staff
finds that the concerns with the use of low-strength nuts with high-strength
bolting have been adequately resolved, and the SWEC approach is acceptable.
CYGNA has subsecuently closed this issue based on its review of SWEC's
reduction factor as summarizcd in Revision 4 to CYGNA's review issues list for
pipe supports (Item 28) (Reference A10).

1

22.4 Allowable Stresses in Boltino Material

The issue backgrouno is discussed in DAP External Source Issue Sumary
ESIS-P-023 (Attachment A to DAP-E-P-023). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A23 Section 2.4).
The DAP evaluatiun is provided in Engineering Evaluation DAP-E-P-023 (Section .

5.4.2) and is sumarized in the piping results report (Section 3.2.3.22).

The concern was that bolt designs in CPSES piping supports were in violation of
NRC Regulatory Guide 1.124 (Reference A46) which limited shear stresses to 1.5
times the Service Level A limits. The SWEC resoluticn methodology utilizes the

i tension and shear requirements for bolting design under the faulted (Service
Level D) conditions as specified in the ASME Code, Section III, subparagraph
NF-3225 1983 Edition including Summer 1985 Addenda. The staff review of the
use of this subparagraph from the later Code edition was performed in
conjunction with our review of the SWEC NA-1140 report as discussed in this;

supplement in Section 4.1.2.2 and its use was found acceptable,
,

j On the basis of our review of the CPSES allowable stresses in bolting material
used for pipe support design validation, the staft finds that these stresses
are in accordance with the ASME Code, Section III, a " are, thus, acceptable.

2?.5 Conclusion

' Based on the above evaluations, the staff firds that the concerns associated
with SA-36 and A-307 bolting material have been adequately resolved. The staff
concludes that the generic technical issues regarding SA-36 and A-307 bolting
material used in CPSES pipe support designs is, therefore, closed.

23 VALVE AND FLANGE QUALIFICATION / VALVE MODELING

Several issues were ioentified by CYGNA in the Independent Assessment Program
related to (1) valve and flange loads and (2) valve modelling. The CPRT
third-party (TENERA, L.P.) identified the following three primary issues in its
Engineering Evaluation DAP-E-P-025 "Valve & Flange Qualifications & Valve
Modelling":

main steam relief valve qualification
modelling of supported valves
valve and flange qualification

I
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23.1 Main Steam Relief Valve Qualification

The issue background is discussed in DAP External Source Issue Sumary
ESIS-P-025 (Attachment A to DAP-E-P-025). The SWEC resolution methodology is
discussed in the piping pioject status reports (Subappendix A25 Section 2.2.).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-025 (Section
5.2.2) and is sumarized in the piping results report (Section 3.2.3.23).

CYGNA identified that snubbers on Fisher main steam relief valves were not
qualified to as-built loads. This led to the concern regaraing the
e,valification of the main steam relief valves themselves for the as-built
loads. The SWEC validetion of the Fisher relief valve branch connection piping
model included the effects of the snubbers on the valve. ShEC procedures
require both valve accelerations and support loaos to be provided to the
equipment qualification organization (Impell Corporation) performing design
valiaation or to Westinghouse for validation as applicable. The staff finds
the SWEC procedures pre ide specific guidelines to ensure that cesign-
valicated loads imposed on the Fisher valves are used in the design validation
of the valves and are, thus, acceptable. CY6NA has also reviewed this issue ,

'

and resolution anc has subsequently) closed it in Revision 4 to the reviewissues list for pipe stress (Item 6 (Reference A14).

23.2 Modeling of Supported Valves
,

The issue background is discussed in the DAP External Source Issue Summary
ESIS-P-C25 (Attachment A to DAP-E-P-025). The SWEC resolution methodology is
provided in the piping project status reports (Sub6ppendix APS Section 2.3).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-023 (Section
5.3.2) and is sumarized in the piping results report (Section 3.2.3.23). ,

CYGNA raised questions cbout the stif fness used in the modeling of the yoke oni

'!
fisher valves. SWEC developed a cantilever-based equation as provided in
paragraph 3.10.6.5 of CPPP-7 to determine a yoke moment-of-inertia using the
valves fundamental frequency. The DAP review of this equation as provided in
DAP-E-P-023 fcund it results in a reasorable, fundarrental frequency-based valve
model. Similarly, the UAP review of the valve mass distribution found that it
is a relatively common method and provioes a reasonable discrete mass model of
a distributed mass component.

! On the basis of the DAP conclusions, the staff fincs the modeling of Fisher
valves tc be adequately resolved. CYGNA also reviewed the SWEC modeling method
and found it has acequately addressed its questions as surr'arized in the pipe
stress review issues litt (Item if.) (Reference A14).

23.3 Valve and Flange Qualification

The issue background is discussed in DAP External Source Issue Sumuary
ESIS-P-025 ( Attachrrent A to DAP-E-P-025). The SWEC resolution methodology is
provided in the. piping project status reports (Subappendix AEE Section 2.4).,

|
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-025 (Section
5.4.2) and is summarized in the piping reruits report (Section 3.2.3.23).'

I

l

!
i

|
|
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The concern raised by CYGNA was that the Gibbs 8 Hill sampling process to
determine the worst-case valve or flange loads in a piping stress analysis
might not have been sufficient to ensure that all valves and flanges were ,

properly qualified. The SWEC methodology requires that all valves be qualitied
for applicable acceleration and end lead allowables, and all flange joints be
qualifico for moment loadings including ASME qualification of the flange bolts.

On the basis ali valve and flanges being qualiiied to their respectivo
allowable limits, the staff finds the SWEC methodology acceptable. CYGhA also
reviewed the SWEC 1rocedures and has found this issue was adequatel addressed
as summarized in tie CYGNA pipe stress review issues list (Item 21)y(Reference
A14).

23.4 Conclusion

| Based on the above evaluations, the staff concludes that the concerns
associated with valve modeling anu valve / flange qualification have beenI

adequately resolved. The generic technical issue concerning valve and flange
qualification and valve modelling is, therefore, closed for CPSES.

24 PIPING MODELING

Several coricerns about piping modeling were raised in the CYGNA Independent
assessment Prcgram for CPSES which could have affected more than one specific
pipe stress analysis package. The CPRT third-party (TENERA, L.P.) icentifiec >

,

13 related concerns fron various source documents. In its Engineering
E, valuation DAP-E-P-026, "Piping Model," TEhERA summarized these concerns into
tour areas:

(1 pipe support locations
(2 stress intensification factors (SIF)
(3 valve and flange insulation and fluid mass>

(4) snubbers adjacent to equipment nozzles

24.1 Pipe Support Locations

The issue background is discussed in DAP External Source Iscue Sunmary
| ESIS-P-026 (Attachment A to DAP-E-P-026). The SWEC resolution methodology is

provided in the piping project status reports (Section 5.1.1.1). The DAP
evaluation is provided in Engineering Evaluation DAP-E-P-026 (Section 5.2.2)
and is suramari:ed in the piping results report (Section 3.2.3.24). ,

.

A number of pipe support locations modeled in the Gibbs & Hill piping stress
analyses differed from the actual installed location by more than the tolerance
limits. The SWEC methodology involves the use of as-built drawings for all
CPSES piping analysis performed in the CAP design validation. In addition,

SWEC verified the accuracy of as-built data including support location in a
preliminary walkoown of selected piping systems conducted in accordance with
CPPP-5 (Appendix E to this supplement) before initiating stress analyses. The

staff evaluation of the CPPP-5 walkdown as discussed in Section 4.1.2.1 of this
supplement found the SWEC walkdown adequate in verifying support locations'

shown on piping as-built drawings.
4

[

1

Comanche Peak SSER 14 - 59 - Appendix A
.

4

- , . , - . . . . - . ..- ,-., ._.._ , m-. .- , _ ~ , - , - - - - . _ . - , ., _. _ . - - - - - - . ,



-

.. .7 . . .- - .-

1

' The CYGNA revfew of this issue and its resolution has resulted in its closure
in Kevision 4 to the CYGNA review issues lists for pipa stress (Item 14) and
pipe Supports (Item 44) (References A14 and A10, respectively).

24.2 Stress Intensification Factors (SIFsj

The issue background is discussed in DAP External Source Issue Sumary
- ESIS P-026 (Attachment A to DAP-E-P-026). The SWEC resolution methodolony is
provided in the piping project status reports (Subappendix A26 Section 2.0).

' The DAP evaluation is provided in Engineering Evaluation.DAP-E-P-026 (Section
5.3.2) and is sumarized in the piping results report (Section 3.2.3.24).

CYGNA identified instances of incorrect SIFs used in the Gibbs & Hill piping
stress analyses. The SWEC resolution methodology useo SIFs from more recent
ASME Code editions than the piping code of record (Reference A16) as permitted
in paragraph NA-1140(f) of ASME Code, Sectiun III. The staff review of the
SIFs used in the SWEC piping analyses was performed in conjunction with the
staff's nott of the SWEC report, "Documentation of ASME III NA-1140 Review for
Piping and Supports" (hA-1140 report). The staff evaluation of the NA-1140
repurt is discussed in Section 4.1.2.2 of this supplement.

The staff audit of SIFs used by SWEC in the CPSES piping design validation
includea an assessnent of the SIF used to evaluate piping weld shrinkage. The

SWEC approach to evaluate weld shrinkage is described in Project Memorandum
(PM) - 229 (Appendix E to this supplement).

The rules for AS.'IE Code Ciass 2 and 3 piping systems do not contain explicit
design provisions for evalueting weld shrinkage effects in piping. However,
the rules for .*,SME Code Class 1 piping systems do address weld shrinkage in
NB-3683.4(b). The stress incires therein are not applicable when x/t is
greater than 0.25 where x is the radial shrinkage measured from the nominal
outside diameter.

At CPSES, weld shrinkage is defined in piping where x/t is greater than 0.5.
The SWEC Project Memorandum PM-229 provides specific guidelines for cases where
weld shrinkage exists. The guidelines provide screening rules to determine
when weld reinforcement is required including the analysis rules to be used.
The guidelines alsu reouire re-work of the weld when x/t is greater than 1.0.
Additionally, the guidelines provide a stress intensification factor (i) for
evaluating welds with radial weld shrinkage with no weld reinforcement. The,

SIF value and the range of applicable x/t values are based on a report by
- S. E. Moore entitleo "ASME Code Stress Intensification Factors for Comanche
I Peak Steam Electric Station, Units 1 and 2" (Moore report). The conclusions in

the Moore report were verified by SWEC using finite element analysis methoos.;
1

SWEC performed a welkdown at 7.he CPSES site to determine the extent of weld1

i shrir.kage that actually exists. Seven cases were found with a radial shrinkage
due to welding (x) that resulted in a ratio of x/t greater than or equal to

| 0.5. In addition to measuring shrinkage, SWEC personnel napped the length over
,

which the shrinkage occurrec. The result was a detailed configuration of the
wall thickness and diametrical geometry in the region of the shrinkage. Thisj.
allowed SWEC to oevelop detailed finite element models to evaluate the ef m t:
of shrinkage on stress intensification factors and to use those results to

i

conp6re with the Moore report.
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lhe SWEC finite element analysis, the walkdown to n>tasure and map geometry, and
the Moore report indicate weld shrinkage values (x/t) at CPSES are
conservatively addressed by SilEC procedures. Based or. the above discussion,
the staff finds the SIF used to evaluate piping weld shrinkage to be
conservative. |

The stoit review of other SIFs from more recent ASME Code editions as used in
the ShEC design validation fines that all applicable related requirements have
been adequately acoressed per paragraph NA-1140 of ASNE Code, Section 111, and

. the SIFs are, thus, acceptable.
l
| The CYGNA review of this issue and its resolution has resulted in its closure

in Revision 4 to the CYGNA review issues li0t for pipe stress (Item 10)
(Reference A14).

24.3 Valve and Flange Insulation and Fluid Mass

The issue background is discus-ad in DAP External Source issue Summary
ESIS-P-026 (Attachment A to DAT' 2-P-026). The SWEC resolutien methodology is
provided in the piping project status report (Subappendix A26 Section 2.0).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-026 (Section
5.4.2) and is surraarized in the piping results report (Section 3.2.3.24).

lhe primary issue was that the Gibbs & Hill piping stress analysis model did
not include water and insulation mass at valves and flanges. The SWEC design
criteria include a general requirement to include mass effects of piping
contents and insulation in analyses. The DAP evaluation found that the
procedure was adequate to address the issue. The staff finds that the
inclusion of piping contents at vcives and flanges ano the inclusion of
insulation weight by SWEC in the piping cesign validation adequately solve this
issue.

The CYGNA review of this issue and its resolution has resulted in its closure
3 in Revision 4 to the CYGNA review issues list for pipe stress (Item 4)

(Reference A14).

24.4 Snubbers Adjacent to Restrained Piping Locations

The issue backgrcund is discussed in DAP External Scurce Issue Summary
ESIS-P-026 (Attcchment A to DAP-E-P-026). The SWEC resolution methodology is
provided in CPPP-7, Paragraph 3.10.6.10. The DAP evaluation is provided ir.
Engineering Evaluation DAP-E-P-026 (Section 5.5.2) and is sunmarized in the
piping results report (Section 3.2.3.24).

CYGNA identified certain snubbers on piping located close to rigid attachment
points (e.g., equipment nozzles). The ccncern was that piping cynamici

displacements intended to be restrained by the snubber may be insufficiently
small to activate the snubbers. The SWEC approach is to evaluate the piping
displacement at snubbers in close proximity to anchors and equipment to
determine if the snubbers can be activated as assumed in the analysis. The
staff finds that the SWEC guidelines provide a sufficient cautionary note for
the piping analyst to verify the snubber modeling assumptions and are, thus,;

acceptable,>

,

|

!
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The CYGNA review of this issue and its resolution has reunited in its closure
in Revision 4 to the CYGNA review issues lists for pipe stress (Item 7)
(Reference A14).

24.5 Minimum Pipe Wall Thickness Violations

The NRC's technical review team (TRT) and intervenor CASE discussed this issue
on hovember 7, 1984. The concern was that a large amount of piping receiveo at
CPSES before 1982 had wall thickness less than the minimum wall thickness
allowed by the piping specification and that the nonconformance reports (NCRs)
did not adequately resolve the deviations.

The SWEC resolution methodology includes a review of all minimum pipe wall
violations documented in NCRs. The NCRs are reconciled with the piping stress
cnalyses to ensure that any stress increase resulting from the reduced wall
thickness is within Code allowable stresses.

The SWEC design criteria in CPPP-7, Attachment 3-14, contain specific
guidelines for evaluating localized thinning of the pipe wall in straight pipe
sections. The guidelines utilize a factor to evaluate the stress increase
based on the ratio of the manufacturer's required minimum wall thickness to the
actual wall thickness. The factored stress appreach is an acceptable method to
evaluate pipe wall thinning because the potential stress increase is linearly
proportional to the change in wall thickness. In addition, Project Memorandum
(FM)-137 does not allow an evaluation of pipe wall thickness less than the
minimum wall thickness required by ASME Code, Section III, in Paragraph
NC/ND-3640 for pressure design. Any pipe wall thicknesses less than the Code
minimum is reported to the SWEC Options Review Committee for resolution on a
case-by-case basis. To date, no pipe wall thicknesses less than the Code
minimum have been identified.

Cn the basis of the SWEC nethodology ensuring that niinimum pipe wall thickness
violations are appropriately evaluated, the staff finds the concerns regarding
previous erroneous closure of the NCRs related to pipe niinimum wall violations
have been adecuately resolved. In addition, CYGNA has reviewed the SWEC
methodology for addressing pipe wall thickness violations and found it
acceptable es summarized in the CYONA pipe stress review issues list (Revision
4) Issue 27 (Reference A14).

24.6 Conclusion

Based on the above evaluations, the staff concludes that the concerns
associated with piping modeling have been adequately addressed in the piping
design validation activities. The generic technical issue is, therefore,
clcsed for CPSES.

25 DESIGN OF WELDS

Several concerns were raiseo regarding the adequacy of the design methods used
for sizing welds and evaluating weld stresses in pipe supports at CPSES. The
CPRT third-party (TENERA, L.P.) idantified EO related issues from various
source documents. In its Enginee: '.ng Evaluation DAP-E-P-027, "Welding," TENERA
categorized these issues into five design areas:
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(1) unsymmetrical welds (eccentricity cf three-sidea welds)
cover plate welds
minimum weld size (undersize fillet welds)
ccabination bolt and welded connections

(5) skewed T-joint welos

The staff evaluation of minimum weld size is discussed Section 8.10 of this
appendix.

The staff evaluation of skewed T-joint welds is discussed in Sections 8.4 and
8.'5 of this appendix.

Further evaluations of the design of welds with respect to specific previsions
of AWS 01.1 applying to ASME Code, Section III, pipe supports is discussed in
Section 8 of this appendix.

25.1 Unsymmetrical Welds (Eccentricity cf Three-Sideo Welds)
|

lhe issue background is discussed in DAP External Source Issue Sunmary
ESIS-P-027 (Attachment Al to DAP-E-P-027). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A27 Section 2.3).
The DAP evaluation is provided in Engineering Evaluatinn DAP-E-P-027 (Section
5.2.2) and is summarized in the piping results report (Section 3.2.3.25).

The primary concern was that TUGC0 pipe support designers did not consistently
evaluate the eccentricity between the member center of gravity ana the weld
center of rigidity when determining weld loads to be used in the design. The
SWEC approach is to evaluate the weld eccentricities using the guidelines ana
equations provided in CPPP-7 Paragraphs 3.1.2, 4.6, and 4.7. The DAP
evaluation found the SWEC guidelines and equations technically adequate. On
the basis of the DAP conclusions an the adequacy of the CPPP-7 guidelines and
equations, the staff finds that specific methods for evaluating weld
eccentricities have been developed and i.mplemented in the pipe support design
validation and are, thus, acceptable. '

The CYGNA review of this issue ana its resolution has resulted in its closure
in Revision 4 to the CYGhA review issues list for pipe supports (Item 22)
(Reference A10).

25.2 Cover Plate Welds

The issue background is discussed in DAP External Source Issue Summary
ESIS-P-027 (Attachment Al to DAP-E-P-027). The SWEC resolution trethodology is
provided in the piping project status reports (Subappendix A97 Section 2.6).
The OAP evaluation is provided in Engineering Evaluation DAP-E-P-027 (Section
5.3.2) ano is surrmarized in the piping results report (Section 3.2.3.25).

The concern as identified by CYGNA in its Independent Assessment Program was
that the weld design for cover plates welded to tube steel or wide flanges cid
not consistently evaluate all applicable loads. The SWEC guidelines for
eveluating cover plate welds for shear flow are provided in CPPP-7, Attachment
4-2, Paragraph 3.1.5, and for evaluating welo stresses in general are provided
in C??P-7, Attachment 4-2, Paragraph 4.0. The staff review of the SWEC design
criteria finds that the procedures require an evaluation of cover plate welds
for all applicable loads and are, thus, acceptable. CYGNA has subsequently
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closed this 1ssue in Revision 4 to the pipe support review issue list (Issue
23)(ReferenceA10).

25.3 Combination Bolt and Welded Connections

The issue background is discussed in DAP External Source Issue Summary
ESIS-P-027 (Attachment Al to DAP-E-P-027).

The SWEC resolution methodology is

provided in the piping project status reports (Subappendix A27 Section 2.5).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-027 (Section
5.5.2) and is summarized in the piping results report (Section 3.2.3.25).

The ASME Code Section III (Reference A32) states in Appendix XVII-2442, "SA-507
bolts or high strength bolts used in bearing type connections shall not beWelds, if used,considered as sharing the stress in combination with welds.

The SWECshall be provided to carry the entire stress in the connection."
rrethodology requires that welds in combination welded / bolted connections be

For pipe support baseplates (includingcesigned for the entire shear force.
the Richmond insert / tube steel designs), the staff finds the SWEC guioeline
is in accoroance with the above-stated ASME Code Section III, requirement,
since the direction of bearing on bolts in baseplates is also the shear
direction in the baseplates. The Code provision was intendeo to address the
deformation incompatibility between welds and bearing connections in the

The staff understands that tensile loadsdirection of bolt bearing.
(perpendicular to the plane of the baseplate) are assumed by SWEC to be shared
between the weld and the bolt. This practice is acceptable provided weld
deformation is compatible with the bolt tensile oeflection.

Because the SWEC guidelines satisfy the applicable ASME Code requiren,ent, as
qualifiec sbove, the staff finJs that the SWEC method for evaluating the welds
in combination with bolts satisfies the ASME Code requirement and is, thus,
acceptabic,

lhe CYGHA review of this issue and its resolution has resulted in its closure
in Revision 4 to the CYGNA review issues list for pipe supports (Item 2)
(Reference A10).

25.4 Conclusion

Bas 2d on the above evaluations, the staff concludes that the concerns
associated with weld sizing and weld stress evaluation have been adequately
addressed. The generic technical issue concerning the design of welds is,
therefore, closed for CPSES.

26 ANCHOR 30LTS

Several .oncerns were raised regarding the adequacy of pipe support designs
using concrete expansion anchor bolts. The CPRT third-party (TENERA, L.P.)

In its
identified 38 related concerns from various source documents.
Engineering Evaluation DAP-E-P-028, "Anchor Bolts," TENERA categorized these
concerns into three areas:

Baseplates fastened to concrete with Hilti expansion anchors should be
| (1) designed as triction-type rather than as bearing-type connections.
!

|
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(2) Anchor bolt location tolerance may result in increased bolt loaos and
baseplate stress that have not been accounted for in design procedures.

(3) Installed anchor bolt embedment length in concrete may not be properly
considered in design and as-built reconciliation procedure.

26.1 Friction Versus Bearing Connections

The issue background is discussed in DAP External Scurce Issue Sumary
ESIS-P-028 (Attachment A to DAP-E-P-020). The SWEC resolution methodolony is
provided in the piping project status reports (Subappendix A13 Section 2.2).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-028 (Section
5.2.2) and is summarized in the piping results report (Section 3.2.3.26).

The AISC Code (7th Edition) (Reference A28) Commentary states:

1.5.2.1 Shear

Connections which transmit load by means of shear in
their fasteners are categorized as "friction-type" or
"bearing-type." The former depend upon sufficiertly
high clamping force to prevent slip of the connected
parts. The latter depend upon contact of the fasteners
against the sides of their holes to transfer the load
from one connected part to another.

Many questions and issues were raised as to whether baseplates fastened with
concrete expansion anchors (e.g., Hilti Kwik-Bolts) should be designed as
friction or bearing ccnnections. In a related concern, the pipe support
designers in some cases were using a bolt hole size with 1-inch diameter bolts
in concrete anchorages that was 1/16 inch larger than permitted by ASME Code,
Section 111 (Reference A19). Both issues are related to whether shear loads in
concrete anchor bolts can be shared equally among the bolts in the baseplate.
A concern was also raised that bearing connections are not permitted to be used
ir, dynamic load applications.

The SWEC methodology has adopted Paragraph NF-4721(a) of the ASME Code Section
III, 1985 Summer Addenda. Therein, the Code provided an additicnal 1/16-inch
increase in the hole size for concrete anchor bolts of 1 inch diameter. Using
this later Code provision, the bolt hole sizes for CPSES pipe supports satisfy
ASME Code requirements. As such, tt.e evaluation of the concrete anchor bolts
in baseplates assumes an equal sharing of the baseplate shear load by all bolts
as a bearing connection.

The staff finds the SWEC approach to evaluate concrete anchor bolts as bearing
connections to be consistent with industry practice. The acceptability of
using the later ASME Code paragraph has been reviewed by the staff as a part cf
its review of the SWEC NA-1140 report as discussed in this supplement in
Section 4.1.2.2 and found acceptable.

TENERA in conjunction with the DAP evaluation bas reviewed the acceptability of
using bearing connections in dynamic load applications. On the basis of
TENERA's review of the Westinghouse Report No. HEDL-7246, "Final Report, USNRC
Anchor Bolt Study, Data Survey, and Dynamic Testing," (Reference A47) TENERA
concluded that the Westinghcuse dynamic tests demonstrate that bolt preload has
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noinfluenceontheultimatestrengthoftheexpansionanchors(including
shear) and only a slight influence on load-displacement characteristics.
Further review by TENERA of the CPSES Hilti installation procedure found that
the procedures require fairly high preload corresponding to a level at which
Westinghouse tests show that preload has no effect on load-displacement
behavior. On the basis of the'DAP evaluation, the staff finds that the
Westinghouse dynamic tests demonstrate that concrete anchor bolts when used as
bearing-type connections in pipe support baseplates are acceptable for dynamic
load applications. In addition, an evaluation of a bearing connection with a-
1-1/8 inch bolt hole size for a 1-inch diameter anchor bolt (assuming shear
with no friction) was performed by CYGNA and addressed in the ASL8 hearings in
'' CASE Question: Doyle (16" (Appendix F to this supplement) and found to be
acceptable.

The staff finds that concrete anchor bolts when tested as bearing-type
connections satisfactorily perform their intendeo functions during dynamic
loadings. The design of baseplates fastened with concrete expansion anchors as
bearing-type connections, are, thus, acceptable.

26.2 Baseplate Edoe Distance

The issue background is discussed in DAP External Source Issue Summary
ESIS-P-028 (Attachment A to DAP-E-P-020).

The SWEC resolution rcethodology is
provided in the piping project status reports (Subappendix A28 Section 2.2).
The DAP. evaluation is provided in Engineering Evaluation DAP-E-P-028 (Section
5.3.2) and is summarized in the piping results report (Sectico 3.2.3.26).

The issue raiseo by CYGNA in its Independent Assessment Program that anchor
bolt eage distance tolerances could result in a 15 percent increase in
beseplate stresses for baseplate designs with struts, springs, or snubbers with
a 5-degree offset. SWEC perforned a bounding analysis of the effects of edge
distance tolerances on bolt loads and plate stresses using as-built dimensions.
The SWEC analysis showed that the highest bolt interaction ratio increase was 5

The DAP evaluationpercent and the baseplate stress increase was 1 percent.
found the baseplate edge distance tolerances to be acceptable on the basis of
the SWEC analysis results.

| On the basis of the DAP conclusions, the staff finds the concerns to be
adequately addresseo. In addition, CYGNA has subsequently reviewed the SWEC
cr.alysis and on the basis of the SWEC result has also closed this issue in
Revision 4 to the pipe support review issues list (Issue 11) (Reference A10).

Er.bedment Lengths26.3 n

i The issue background is discussed in DAP External Source Issue Summary
ESIS-P-028 (Attachacnt A to DAP-E-P-028).

The SWEC resolution methodology is
previoed in the piping project status reports (Subappendix A28 Section 2.3).
The DAP evaluation is provided in Engir.eering Evaluation DAP-E-P-028 (Section
5.4.2) and is summarized in the piping results report (Section 3.2.3.26).,

|
The issue was tsised in the CYGNA Independent Assessment Program pertainino to

|

the discrepancy between the embedn.ent lenuths of Hilti Kwik-Bolts shown on the
desigr. drawings and the embedment lengths used in the support ceiculations.
Although this issue was previnusly closed by CYGNA (pipe support review issuesl

list, item 17), the SWEC resolution methodology addresses this issue for the

|
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!

CAP design validation by using the embedment lengths shown on the drawings in j
the SWEC pipe support calculations. Because of the SWEC use of embedmenc
lengths from the design drawings in the support calcuictions, the staff finds
that the issue identitiec by CYGNA has been adequately addressed in the piping
design validation.

26.4 Conclusion

Based on the above evaluations, the staff concludes that the concerns
associated with anchor bolts have been adequately resolved. The generic
technical issue concerning anchor bolts is, therefore, closed for piping
system at CPSES.

27 STRUT ANGULARITY

Concerns were raised that the angular orientation of pipe supports (i.e.,
snubbers and struts) relative to the pipe was not properly considered in the
piping and support designs at CPSES. The CPRT third-party (TEhEPA, L.P.)
identified nine related concerns from various source documents. In its
Engineering Evaluation CAP-E-P-029 "Strut Angularity," TENERA categorized these
concerns into two areas:

(1) design considerations for strut angularity (kick load)
(2) justification for an angularity tolerance of 5 degrees

27.1 Design Considerations for Strut Angularity (Kick Loaa)

The issue background is discussed in DAP External Source Issue Sumary
ESIS-P-029 (Attachment A to DAP-E-P-029). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A27 Sections 2.1 and
2.2). The DAP evaluation is provided in Engineering Evaluation DAP-E-P-029
(Sections 5.2.2 and 5.4.2) and is sumarized in the piping results report
(Section 3.2.3.27).

When a strut or snubber is installec en a piping system at an angle not
perpendicular to the pipe axis, a load component in the direction of the pipe
dxis results ("kick 1000"). The Concern raised was whether this kick load had
been adequately considered in the piping and pipe support designs.

The SWEC piping analysis input includes as-designed support angularities in the
piping analytical model. In this manner, any system instabilities or kick
loads are calculated. If the swing angle deviation from the stress analyzed
orientation exceeds 5 de rees, then an evaluation is required to ensure the
proper function and load rating of the strut / snubber assemblies including
cnnsideration of the additional load component. The swing angle consists of
the sum of the installation deviation plus the angular swing due to thermal,
seismic, and dynamic transients (as applicable). Walkdowns were conducted to
verify all strut / snubber orientations and those that exceeded 2 degrees were
noted in the as-built drawings. The effect of a kick load for angular
deviations less than 5 degrees from the analyzed position is not evaluated on a
system basis. However, because significant changes are being made to bring the
CPSES piping and pipe support design into conformance with accepted industry
practice (e.g., snubber optimization and elimination of small snubbers on large
diameter piping), the impact of kick loads is significantly reduced (e.g., kick
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loads from large snubters will not cause failure to small snubbers on the same
system).

On the basis of the design considerations ciscussed above, the staff finds that
the SWEC evaluation of kick loads exceeds conson industry practice because no
evaluation is generally performed for support angular deviations less than 5
degrees and is, thus, acceptable.

The staff performed several audits to assess the adequacy of SWEC's
implementation of CPPP-7 angularity guidelines (Appendix D to this supplement -
Events 2, 28, 32, 34, and 35). The staff selected five supports to review the
analytical modelino of the support angularity and subsequently verified the
as-installec support angularity in the CPSES plant. The staff found that the
support angularities were in accordance with the CPPP-7 guidelines and
tolerances and are thus acceptable.

27.2 JustificAtton for 5 Degree Angular Tolerances

The issue background is provided in Appendix F to this supplement (Issue 5). !The DAP evaluation is provided in Engineering Evaluation DAP-E-P-029 (Secticn
5.3.2).
The staff recognires that an angular change in support orientatior, can
significantly affect the support loads calculated in the piping stress analysis
and was a major factor to be considered in Office of Inspection and Enforcement
(IE) Bulletin 79-14 (Reference A48). IE Bulletin 79-14 addressed as-built
piping systems and recognized that excessive construction and installation

Thedeviations might exist and must be reconciled with the design analyses.
staff acknowledges that construction and installation tolerances are a

Anecessity in order to proceed with construction in a reasonable manner.
5-degree construction tolerance was established by the applicant for pipe
support angular deviation. There are several reasons of which the staff is
aware for the basis of the 5-degree tolerance:

The pipe support manufacturers provide functioral tolerance in their(1) catalogs for pipe clamps and brackets to account for installation
misalignment. This tolerance is typically i 5-degree or a 10 degree to 12
degree cone of action. Loading beyond this tolerance is not reconnended
ano cculd exceed the load rating of the catalog item. Thus, the
installation tolerance should account for the functionality of support
hardware.

(2) The angular tolerance should not result in a significant load increase
that can invalidate the calculateo loads. On the other hand, the
instaliation tolerance should not be so restrictive as to exceed the
accuracy of the calculation itself. A 5-degree of fset will, in most
cases, result in a load increase (or decrease) of less than 10 percent
(i.e., sin 5-degree = 0.067).

Althcugh the staff does not dispute the f act that a "kick" load exists as(3) a result of skewed restraints, the statt does not believe that kick loads
causeo by a 5-degree skew tnlerance will result in an unstable collapse of
the pipino system because of the redundant nature of pipe supports and the
inherent ductility of the piping. The staff believes the 5-dearee
tolerance is an appropriate tolerance as a general rule, but there are
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certain exceptions where the practice should be evaluated with due
caution. These exceptions include where the 5-degree tolerance can result
in a load exceedance of more than 10 percent or where a 10 percent load
increase can be considered significant (e.g., near sensitive eculpment
nozzles).

(4) The 5-degree angular tolerance for pipe support installaticn is used in
many nuclear facilities and has been found to be a reasonable basis for
achieving the geals of both design and construction of piping systems and
is recommended in WRC Bulletin 316 (Reference A49).

On the basis of the above reasons, the staff finds the 5-degree angular
tolerance to be acceptable.

27.3 Conclusion

Based on the above evaluations, the staff concludes that the concerns
associated with strut and snubber angularity have been adequately addressed.
The generic technical issue concerning strut angularity is, therefore, closed
for CPSES.

28 STRUCTURAL MODELING FOR FRAME ANALYS:S

Several concerns were identified regarding the modeling assumptions used as
input to the computer analyses f or CPSES pipe supports. The CPRT third-party
(TENERA, L.P.) identified 10 related concerns from various source documents.
In its Engineering Evaluation DAP-E-P-031 "Structural Modeling for Frar:e
Analyses," TENERA categorized these concerns into two primary areas:

(1) torsional stiffness of wide flange members
(2) member end restraint and boundary condition modeling

28.1 Torsional Stiffness of Wide Flange Members

The issue background is discussed in the DAP External Source Issue Sumary
ESIS-P-031 (Attachment A to DAP-E-P-031). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A31 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-031 (Section
5.2.2) ano is sumarized in the piping results report (Section 3.2.3.28).

required the use of an extremely high value (10,000 in.4)esign procedures
The primary concern was that the previous pipe support d

for the torsional
resistance of wide flange members in order to conservatively calculate wide
flange member torsional stress. The procedure, however, could result in
unconservative deflections and did not account for local effects in the wide
flange members at locations of torsicnal loading.

The SWEC method uses values for torsional resistance from the AISC Manual
of Steel Construction (8th Edition) (Reference A31) and provides equations for
evaluating member stresses including local effects due to torsional loading.
TENERA reviewed the adequacy of SWEC's methods and found it to be a
conservative approach for evaluating wide flange stresses induced by torsion.
The DAP evaluation found that the SWEC modeling of wide flange torsional
resistance is based on geometric parameters of the section. SWEC guidelines
for stiffening wide flange connections validate member end modeling
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assumptions. Table 4.7.2-3 of CPPP-7 provides equations that. evaluate.
torsional stress in wide flange members. Torsional shear, warping shear, and
warping normal stresses are all conservatively evaluated by assuming each
stress is produced by the full torsional mcment. These stressas are also
conservatively combined with other stresses by assuming that all maximum

- stresses occur at the same point in the wide flange cross section.

The staff review of the DAP evaluation finds it provides an adequate basis for
acceptability. On the basis of the DAP conclusions, the staff finds that the
SWEC method provides acequate guidelines for evaluating torsional effects in
wide flange members and is, thus, acceptable.

28.2 Member End Restraint and Boundary Conditions

The issue background is discussed in DAP External Source Issue Summary
ESIS-P-031 (Attachment A to DAP-E-P-031). The SWEC resolution methodology is
provided in the piping project status report (Subappenoix A31 Sect 1on 2.2).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-031 (Section
5.3.2) and is summarized in the piping results report (Section 3.2.3.28). )

The primary concern was the inconsistent modeling assumptions used for the tube
steel member and constrcint of moments at Richmond insert connections. The
SWEC method is to model the tube steci trame with a member connecting the
centerline of the tube steel frame to the face of the concrete at the Richmond .

insert connections. This connecting member is modeled with the properties cf
the threaded rod in the Richmond insert. The two bending moments on the
threaded rods are fixed but the torsional moment is released. The SWEC ,

procedure further provides guidelines for modeling the eccentricity between
the tube steel centerline and threaded rod. The DAP evaluation of the
acequacy of this modeling technique fcund it results in an acceptable
evaluation of member stress and stiffness. The staff review finds the ShEC
noceling technique proviacs an analytical model that is reasonably
representative of the actual system behavior and is, thus, acceptable.

28.3 Conclusion

Based on the above evaluations, the staff concludes that the concerns
associated with torsional considerations in wide flange members and Richmor d
insert / tube steel modeling have been adequately address. The generic technical
issue concerning structural moceling in frame analysis of pipe supports is,
therefore, closed for CPSES.

,

29 COMPUTER VERIFICATION AND USE :

| Concerns were raised regarding the adequacj che applicability of certain
,

. computer programs previously used for pipe support designs at CPSES. The CPRT

third-party (TENERA, L.P.) identified nine related concerns from various source .!

!
documents. In its Engineering Evaluaticn DAP-E-P-032, "Computer Program

|-
Verification and Use," TENERA categorized these concerns in the following two
areas:

(1) computer procram verification and qualification
|

(2) computer progran version
1
,

!
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29.1 Computer Program Qualification

The issue background is discussed in DAP External Source Issue Summary
ESIS-P-032 (Attachment A to DAP-E-P-032). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A32 Section 2.0).
The DAP evaluation is provided in Engineering Evaluat;on DAP-E-P-_032 (Sections
5.2.2 and 5.3.2) ano is summarized in the piping results report (Section
3.2.3.29).

The initial concerns were related to the specific ecmputer programs: (1)
ADLPIPE Version 2C (a Gibbs & Hill piping stress analysis program), (2) FUB-II
(an ITT Grinnell baseplate qualification progran), and (3) a Corner and Lada
baseplate qualification program. The specific concerns are described below:

(1) The ADLPIPE piping analysis program used Version 2C dated April 1977. That
program version date differs from the version date identified in the FSAR,
which is September 1972. Also, the version used is based on the 1974 ASME
Code, Section III, with Addenda through Winter 1975. This differs from
the Code identified in the Gibbs & Hill piping design specificction
2323-MS-200, which identifies the 1974 ASME Code, Section III, through
Summer 1974 Addenda as the code of record.

(2) FUB-II is an ITT Grinnell prcgram used tc qualify pipe support baseplates
with unsymmetrical bolt patterns. The specific concern was that the
program checks loads at only one of four baseplate bolts.

(3) The Corner and Lada caseplate qualification progran assumes rotation about
the center of attachment points. There is concern that this assumption is
not accurate becausE of the rigidity at this peint.

The above computer programs are not used in the SWEC design validation of
piping and pipe supports. The primary computer programs used in the design
validation by SWEC are listed in CPPP-7, Section 5.0.

The DAP evaluation found that the SWEC computer prograns are controlled by SWEC
quality assurance program requirements with regard to verification, technical
adequacy, and use of appropriate versions. The DAP concluded that the SWEC
methods used to control computer program use are acceptable. The staff review
verified that the three ccmputer programs ADLPIPE Version 2C, FUB-II, and the
Corner and Lada baseplate programs are not used by SWEC in the CPSES design
valioation. In additien, the staff review finds that the concern about the
Code edition used in the piping stress analysis program being different from
the code of record has been addressed in conjunction with its review of the
stress intensification factors in Section 24.2 of this appendix and with its
review of the SWEC NA-1140 report in Section 4.1.2.2 of this supplement.

The SWEC baseplate program BAP calculates loads for all bolts in the baseplate
and, thus, the concern that only one of four bolt loads was calculated is not
applicable to the SWEC program.

The concern with the Corner and Lada baseplate program was related to its
assumption of a point loading at the center of attachment. The BAP progran
models the attachment perimeter and considers the stiffening effect of the
support attachment. Thus, the concern of a point loading not considering
rigidity effects is not applicable to the SWEC program. i
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The staff finds the specific concerns associated with the ADLPIPE, FUB-II, and
Corner and Lada prograns are not applicable to the piping stress and baseplate
program used by SWEC in the piping and pipe support design validation and,
thus, the SWEC computer programs are acceptable.

29.2 Conclusion

Based on the above evaluation, the staff concitdes that the concerns associated
with ADLPIPE Version 2C, FUB-II, and the Corner and Lada baseplate computer

|

| programs are no longer applicable to CPSES piping and pipe support desigr. The
generic technical issue concerning computer verification and use is, therefore,
closed for CPSES.

30 HYDR 0 TEST

Concerns were raised that hydrotest loading conditions were not adequately
considered for piping and pipe support designs at CPSES. The CPRT third-party
(TENERA, L.P.) identified seven related concerns from various source documents.
In its Engineering Evaluation DAP-E-P-034 "hydrotest," TENERA described these
concerns as follows:

(1) Damage observed during or subsequent to a hydrotest to the component
cooling water system was attributed to the hydrotest. This involved local
yielding of support CC-1-116-038-F43R, indicating to the observer that the
support haa not been adequately designed for the load.

| (2) Third-party review by CYGNA indicated hydrotest conditions were not
considered in support design calculations and piping analysis.
Apparently, design consideration of hydrotest conditions was by a
hydrotest temporary support procedure only.

In addition, the NRC's technical review team (TRT) identified a concern that
| hydrostatic loadings imposed on the main steamlines during flushing conditions

may have caused overstress of the piping. This issue is discussed in detail in
Supplement 10 (p. N-102 in AP-13) (Reference A50).

30.1 Design Considerations for Hydrotest Conditions

The issue background is discussed in DAP External Source Issue Sumary
ESIS-P-034 (Attachment A to DAP-E-P-034). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A33 Section 2.0).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-034 (Section
5.2.2) and is sumcarized in the piping results report (Section 3.2.3.30).

The primary concern was that piping and pipe supports at CPSES were not
adequately desioned for hyorostatic test loading. For piping, the SWEC
methodology is based on Paragraph NC-6221 of the ASME Code, Section III, 1974
Edition including the Winter 1975 Addenda. The CPSES code of record for piping
is the 1974 Edition including the Summer 1974 Addenda. The use of the
paragraph from the later Code addenda revised the minimum required hyorostatic
test pressure from 1.5 times to 1.25 times the design pressuie. As discussed
in Code Interpretation 111-1-83-96, the reouirement for a 1.5 times design
pressure was an error and, thus, there are no related requirments affected by
this change. The staff review of the use of later Code paragraphs is discussed
further in this supplement in Section 4.1.2.2.
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For steam piping, es specified in CPPP-7, Paragraph 3.4.5.2, a loading
ccndition is analyzed assuming that the piping is cold but filled with water in
order to calculate hydrotest loads and stresses. This hydrotest condition also
assumes that spring hangers are lccked. The analysis assumptions are
consistent with the actual system conditions during hydrotest loadings and are,
thus, acceptable. The oted weight lcad of the pipe and contents during test
loading conditions is also specified ir. the load combinations for pipe
supports. Punching shear effects in tube steel members are considered as
discussed in Section 8.6 of this cppendix (which was the primary concern with
supportCC-1-116-038-F43R).

On the basis of the above discussiont, the staff finds that the SWEC
methodology for considering hydrostatic test loadings is in accoroance with the
ASME Code, Section III, rcquirements and properly accounts for the asscciated
loads in the design of piping and pipe supports and is, thus, acceptable. The
CYGNA review of this issue and its resolution has resulted in its closure in
Revision 4 to the CYGNA review issues list for pipe stress (Item 25) (Reference
A14).

30.2 Main Steam Line Flushing

Supplement 10 (Reference A50) provides the results of the staff's evaluation of
technical concerns and allegations in the mechanical and piping area regarding
construction practices at CPSES. An issue was identified in Supplement 10
concerning the flushing of the main steam piping. The staff required in part
that TV Electric assess stresses in the pcrtions of the Unit 1, locp 1 main
steam and feedwater lines that were affected in the sequence of events involved
during their initial installation, flushing, and final installation.
Conditions of concern are those

(a) when the lines were full of water and ten.porary supports had sagged or
settled

(b) when vibrations of the temporary line could hase occurred

(c) when forces were applied by the polar crane and come-alongs

Pipe stress analyses were performed by SWEC tor loops 1 and 4 main steam lines
considering (1) pre-lift chase, (2) disconnect phase, (3) lifting phase, and
(4) flushing phase. The CPRT found, in all cases, the maximum stress levels
were within ASME Code limits. Thus, the staff finds the results of the stress
analyses provide an adequate basis to conclude that the ef fects of initial
instalhtion, flushing, and final installation of the main steam piping did not
adversely affect the structural integrity of the piping system and are, thus,
acceptable.

30.3 Conclusion
|

Based on the above evaluations, the staff cercludes thet the concerns |
associated with the design considerations used for the hydrostatic test loading
conditions have been adequately resolved. The generic technical issue
concerning hydrotest is, therefore, closed for CPSES.

31 SEISMIC /h0h-SEISMIC INTERFACE
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31.1 Seismic Design Considerations for Piping Routed Bctween Seismic
Category I and Non-Seismic Category 1 Buildings4

This issue was initially identified by the NRC staff's technical review team in
Supplement 10 (page N-329) (Reference A50). The issue background is provided
in the CPRT Program Plan (Revision 3) (Reference A51) under Appendix C,
Issue-Specific Action Plan (ISAP) V.c, "Design Considerations for Piping
Systems Between Seismic Category I and Non-Seismic Category I Buildings."
Because the CAP design validation for piping included provisions for the
reanalysis of all seismic Category I piping including the seismic to
non-seismic transition regions, this issue was addressed within the CAP design
validation activities performeo by SWEC. Accordingly, the scope of the
ISAP V.c results report (Reference A52) was reduced. The SWEC resolution
methodology for this issue is provided in the piping project status reports
(Subappendix A34 Section 2.0). The DAP evaluation is provide in
Engineering Evaluation DAF-E P-038, "Seismic /Non-Seismic Interface" (Section
5.0) and is surmiarized in the piping results report (Section 3.2.3.31).

In Supplement 10, the stuff required that TV Electric provide an analysis and
documentation that the piping systems routed from Seismic Category I to
non-seismic Category I buildings meet the commitments provided in FSAP.
(Reference A53) Sections 3.7B.3.13.1 and 3.78.2.8 which include the assumption
of a turbine building failure. In CPPP-7, Attachment 4-10, the SWEC criteria
and methods for the design of seismic /non-seismic piping interfaces are
provided. These interface design criteria are used for the evaluation of
anchors on seismic piping in the seismic Category I buildings which are
connected to non-seis.nic piping in the non-seismic Category I buildings (e.g. ,
turbine building). In addition, Project Memorandum PM-203, "Clarification for
CPPP-7, Attachtrent 4-10. Design Methods for Interface Anchors," September 4,
1987, linn ts the option of seismically analyzing non-seismic piping to only
those piping systems located in seismically analyzed buildings.

The staff review of the SWEC design criteria finds that thrEe methods were
developed for evaluating the piping routed between seismic Category I and
non-seismic Category I builaings. Two of the methods involve seismically
analyzing the non-seismic piping (or portions of the non-seismic piping) using
alternate seismic design criteria ano analysis nethods from those used for
safety-related ASMt Ccde Class 2 and 3 piping systems. These methods have been
reviewed by TENERA and were found accpetable. However, their use for piping in
the turbine building would not be acceptable based on the turbine building
failure assumption curing a safe shutoown earthquake. The third SWEC method
assumes the formation of a plastic hinge at the interface anchor and, thus,
conservatively considers a building failure assumption. PN-203 ensures that
the two methcds previously discussed will not t'e used for piping routed between
seismic Category I and ncn-seismic Category I buildings. The staff finds the
t.hree methods described in CPPP-7, Attachment 4-10, as clarified by PM-203 to
be acceptable.

As pdrt uf its aucit on the CAP implementation (Appendix D of this supplement -
Event 36), the staff selected a seismic /non-seismic interface anchor in the
auxiliary feedwater system to revicw the methods of enalysis applied to the
piping systenis connected to the anchor. The piping on the seismic side of the
dnchor useo a deldiled response spectrum method of analysis (stress problem
1-N015). The piping on the non-seismic (turbine building) side used a
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simplified calculation based on the plastic hinge moment that would occur in
the event of piping system collapse. The methods of analyses are in accordance
with CPFP-7 Attachnent 4-10 and PM-203, are consistent with the licensing
commitments in the FSAR and are, thus, acceptable.

The CYGNA review of this issue and its resolution has resultea in its closure
in Revision 4 to the CYGNA review issues lists for pipe stress (Item 28) and
pipe suppurts (Item 45) (Reference A14 and A10, respectively).

31.2 Conclusions

The staff concludes that the SLEC application of their aesign criteria and
methods for the seismic /non-seismic interface anchors is adeouate to address
the design concerns identified by the TRT in Supplement 10. The generic
technical issue associated with the seismic /non-seismic interface is,
therefore, closed for CPSES.

32 PROGRMIATIC ASPECTS AND QA

The LPRT third-party (TENERA, L.P.) identified 59 quality assurance and
programmatic concerns from various source dccuments. In its Engineering
Evaluation DAP-E-P-016, "Programmatic Aspects and QA," TENERA categorized these
concerns into 10 primary aspects:

(1) interfaces
(2) iterative oesign
(3) quality assurance
(4) timeliness
(5) field changes

I(6 personnel
(7 proceoures
(8 construction
(9) calculation errors
(10) miscellaneous

The descriptions of the above 10 QA and progranriatic aspects are discussed in
DAP External Source Issue Summary ESIS-P-016 (Attachment A to DAP-E-P-016).
The SWEC resolution methodologies are provided in the piping project status
reports (Subappendix A16 Secticn 2.0). The DAP evaluations are provided in
Engineering Evaluation DAP-E-P-016 (Section 5.0) and are sumarized in the
piping results report (Section 3.2.3.32).

1

The staff evaluation of the programmatic aspects and QA issues are provided in
Section 5.0 of this supplement.

33 MISCELLANEOUS EXTERNAL SOURCE ISSUES

In conjunction with the CPRT Design Adequacy Program (DAP), a third-party
(TENERA, L.P.) review related to the identification, review, and tracking of
external source issues was conducted as discussed in Section 4.2.1 of this
supplement. As a result of that review, the CPRT third-party generated 781
piping-related discrepancy / issue resolution reports (DIRs). In this appendix,
all but 51 of the 781 issues in the piping-related DIRs have been consolidated
into the 32 generic technical issues (including 1 programmatic /QA issue) and
evaluated herein. The remaining 51 DIRs are listed in Attachment B to the
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piping results report. The staff reviewed the list of DIRs and finds that
TENERA has categorized them as those

1) with no specific concerns or unsubstantiated concerns
2) closed outside the DSAP IX review or invalid
3) not pertinent to CAP resolutions
4) associated with calculational or procedural concerns
5) associated with inconsistent or nonstandard criteria

(6) associated with cumulative effects

The staff review of the DAP resolution of each of the 51 DIRs has identified no
additional external source issues applicable to the CAP design validation for
piping that have not been adequately resolved. However, the resolution of the
issues in five DIRs (E-0812, E-1174, E-1198, E-1199, and E-1200) is discussed
below.

In DIR E-0812, TENERA identified an issue regarding overthickness in pipe
fittings. No specifics were identified in the resolution. The staff review of
this issue finds that the concern of overthickness in pipe fittings was raised

Theby an NRC inspection at the Beaver Valley Power Station Unit E facility.
concern was evaluated specifically for the Beaver Valley Power Station Unit 2

The resultsdnd generically for typical nuclear facilities by the NRC staff.
of the staff evaluations were documented in NRC Inspection Report 50-412/85-24,
(Reference AS4) and t.1e item was closed. No generic implications were
identified that would adversely affect the CPSES design validation activities
for piping.

In DIR E-1174, TEhERA identified a cencern regarding piping stresses due to
reducec wall thickness. This issue ano the staff evaluation are discussed in
this appendix in Section 24.5.

In DIRs E-1198, E-1199, and E-1200, TENERA identified three items related to
ongoing NRC staff reviews. The issue in DIR-E-1198 concernir.g asymmetric
dynamic loads on the reactor coolant system was subsequently closed out in
Supplement 12 (Reference A50). The issue in DIR-E-1199 concerning the use of

Thethe WECAN computer program was similarly closed out in Supplement 12.
issues in DIR-E-1200 concerning the TMI Action Plan Items were addressed in
Supplement 12, and the status cf the staff review is documented ther ein.

On the basis of our review of the 32 generic technical issues (including 1
prograim1atic/QA issue), and the 51 other DIRs listed in Appendix B to the
piping results report, the staff finds that all external source issues related
to piping and pipe supports identified by the CPRT third-party have been
cdequately addressed in the CPRT activities, in the TU Electric CAP, and/or in
hRC staff reviews.
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APPENDIX B

RESOLUTIONS OF OPEfl ITEMS FROM NRC INSPECTION REPORTS

B.1 NRC INSPECTION REPORT 50 445/86-19, 50-446/86-16

The following open items were identified in the pipino and pipe support dis-
ciplines in Inspection Report 50-445/8f-19, 50-446/86-16. The Design Adequacy
Program (DAP)responseswere rovided in a followup audit held at TENERA L.P.
offices (Berkeley, California cn August 17-20, 1987 (Appendix 0.to this
supplement- Event 29). The staff evaluation follows.

B.1.1 Open Item P-1 (Closed)

DAP-2, Section 4.1.1 states that if an issue has both technical and program-
matic components, both will bc documented on separate issue records. The
inspection team found that progrannatic issue records had not been developed
concurrently with their related technical issue records.

DAP Pesponse

The inspection team's comment was correct; however, Revision 5 of DAP-2 changed
the referenceC requirenent to permit documentation of both technical and
programatic aspects on the same issue record. No further action is required.

NRC Evaluation

The staff reviewed Section 5 of DAP-2 and found that it addresses the NRC
concern.

B.1.2 Open Item P-2 (Closed)

External source documents to be reviewed by TERA Corporation are described in
DI-P-002 as "public documents... generated between May 17, 1978 and February 6,
1986 (which) address technical concerns and issues associated with the adequacy
of the piping analysis and support design at CPSES." This time limitation
appears to be inconsistent with the requircrent of Procedure DAP-2 that the
identification of issues be an ongoing process.

DAP Response

An apparent inconsistency was noted between DI-P-002 and DAP-2 regarding the
duration of the process for identification of issues. DAP-2 requires the
process to be ongoing, and DI-P-002 notes that the documents reviewed were
generated between May 17, 1978 and February 6, 1986.
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The coment is based on a misinterpretation of DI-P-002. DI-P-002 does not
prescribe the range of issue dates for external source documents to be re-
viewed. The dates given above are provided for background; that is, at the
time 01-P-002 was issued, the external documents that had been subjected to a
DAP-2 review were within that time frame.

The program plan requires that a systematic process be used to identify
external source issues from external source documents. DAP-2 implements this
requirement but is not prescriptive reoarding the process. Discretion was
allowed because of the varied nature of the external source documents. and the
nature of the issues. Briefly, the initial process involved selecting a set of
documents that would likely contain the most significant information
regarding the issues. The selection was performed by the Discipline Coordi-
nator for Piping and Supports. Documents were selected fren the library of
information assembled by Texas Utilities Generating Company relating to the
hearing process. The review of these documents led to other documents which
were, in turn, reviewed. On completion of this selected review, a comparison
was nade between the reviewed documents and a list of all docurrents relevant to
external sources with dates fron March 5, 1979 to December 31, 1985. This list

was obtained from the NRC docket accession list for CPSES. Spot-checking of
unreviewed external scurce documents demonstrated that no new issues that would
affect the Corrective Action Program were likely to be found in the remaining j

document. The senior review team (SRT) has determined that further reviews are
.

not necessary (see Revision 4 of the Program Plan). The ongoing process
required by DAP-2 was accomplished through periodic updating of the list of
documents being reviewed. The resulting issue records generated are processed
in accordance with DAP-2. For the piping discipline, the external source issue
sammaries (ESISs) were prepared in accordance with DAP-01-P-02. The ESISs were
revised to incorporate any additions resulting from that process.

NRC Evaluation

The DAP response cicrified the apparent inconsistency between DI-P-002 and
DAP-2 and adequately addresses the NRC concerns.

B.1.3 Open Item P-3 (Closed)

As an initial step in assessing TERA's issue identification, the inspection
team determined if 11 Pertinent external source documents had been documented.

Seven of these documents were identified by TERA as ASLB-12, ASLB-2, ASLB-3,
ASLB-6, CASE-22, CASE-2, and NRCT-17 but the followino were not identified:

Atomic Safety and Licensing Board Partial Initial Decisinn (Change in''

Materials Properties for A500 Steel), October 6,1983

NRC letter "Staff Response to Applicants' Response to Partial Initial*

Decision Regardirig A500 Steel," May 17, 1984

Applicants' Response to Partial Initial Decision Pecarding AE00 Steel
April 11, 1984
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NRC Region IV letter requesting infornntion on Level B and Level C*

allowables dated December 31, 1084

DAP Response

The inspection team's comment is correct. A review was conducted to identify
any additional documents that should be included in the review of external
source documents. A team of ennineers has reviewed all the NRC Public Document
Rncm monthly accession lists starting from March 5, 1979 (the date of the
Citizens Associatior for Sound Energy (CASE) petition for intervention) through
December 31, 1985. Documents identified frcr the lists were further screened
to select documents with pertinent content for the review of external source
issues. References in the CYGNA issue review transmittals were added to these
documents.

From the documents identified in the above process, those that were most likely
to contain additional issues were reviewed in accordance with DAP-2. Based on
the review of these documents, ard other checks of external source documents,
the DAP determined that any external source issues contained in the unrevieved
documents would likely be enveloped by existing primary issues. Consequently,
no new information that would affect corrective actions was likely to be found.
The SRT determined that further reviews were not necessary (see Revisinn 4 of
the Program Plan).

e
'

NRC Evaluation

The DAP responses to Open Items P-2 and F-3 clarified the DAP precess for the
identification of external source documents. The DAP responses indicate that
the initial process involved the selection of a set of external source docu-
nents that vould likely centain the nost significant infornation regarding the
issues. Reviews of this initial set of documents identified additional ex-
ternal source documerts to be reviewed. This expanded set of external source
documents was compared acainst a list of documents relevant to external source
doucments with dates between March 5, 1979 and December-31, 1985. This list
was obtained from the NRC docket accession list for CPSES. Spot-checking of
unreviewed external source documents found that no new issues that would affect
the Corrective Action Program were likely to be found in the remaining docu-
nents.

In addition, the DAP response to Open item P-4 indicates that additional
reviews were instituted in response to the inspection team's findings. A
second-level review was conducted. A subset of external source documents was
reviewed by the DAP Quality Assurance (QA) Manager ard his staff to indeper-
dently compare the issues to be documented in the ESISs. This review found
that the DAP documentation of the issues raised in the external source docu-
ments reviewed was adequate.

Moreover, the DAP responses irdicate that the SRT determined that further
reviews were not necessary.

A staff review of the external source documents identified in Appendix A to
the "Piping and Supports Discipline Specific Results Report," DAP-RR-P-001,
Revision 0, July 2,1987, found that the four unidentified documents were not
listed among the documents. However, based on the DAP issue-identification
process described above, the staff conducted an additional review to assess the
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adequacy of the external source documents reviewed by the DAP to identify the
issues. A further staff review of DIR reports found that the issues in the
four unidentified documents were identified. This item is closed.

B.1.4 Open Item P-4 (Closed)

The inspection team reviewed ASLB-6, CASE-22, CASE-2, and ASLB-2 to determine
if specific external source issues were identified in DIRs and related to ESIS.
U-bolt cinching was identified as a primary issue in ESIS-E-P-011 (draft). The
primary-issue binder contained ASLB-6 and DIR E-0791, documenting the single
U-bolt cinching issue. However, the following Board concerns in ASLB-6 were
not identified in the above TERA documents:

(1) "the extent to which the items tested by Applicants have been representa-
tive of the steels actually employed at the plant." (p. 4)

(2) "the extent to which the configurations in the plant are the same as
those tested." (pp. 5-6)

DAP Response

The comments are correct; however, the ESISs reviewed by the inspection team
were in draft form and had not yet been subjected to the controls established
to ensure the adequacy of a document. Before a document is issued, the
c;iginator must first review the DIRs and the external source document on
which it is based. The checker repeats the process, confirming that all DIRs
referenced in the DlR are addressed. Finally, approval requires both a con-
firmation that the process has been followed and a technical overview based
on broader knowledge of the issues. None of these steps had been taken when

|
the audit was performed.

To address the inspection tear's comments on the DIRs ard to measure the
effectiveness of the process for preparing and issuing an ESIS, a second-level;

I

review has been conducted. A subset of the totel listing of external scurce
documents was reviewed by the DAP QA Manager and his staff. A sample of the
external source documents in the ESISs wts reviewed. Based on that review, it
was determined that DAP documentation of the issues raised in public documents
was adequate.

NRC Evaluation

The DAP responses to Open Items P-?, P-3, and P-4 clarified the DAP process
for the identification of external source issues. Furthermore, as noted in
the DAP response to Open Item P-4, the ESISs reviewed during the inspection
were in draft form. The second-level review discussed above provides addi-
tional assurance that DAP identification and documentation of issues raised in
public documents were adequate.

Subsequently, a staff review of selected issues found that the issues had been
identified. The issues regarding the following - 1) the extent to which the
items tested were representative of the steels actually employeo at the plant,
ard 2) the extent to which the configurations in the plant are the same as
those tested - were not identified in DAP ESIS-P-023 and ESIS-P-016 and other
DIRs external source issues.
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However, these issues are identified in the large ba.e piping and pipe supports
project statur report in the "SA-36 and A307 Steel" external source issue
(SubappendixA23). This item is closed.

B.1.5 Open Item P-5 (Closed)

Description

With respect to U-bolt cinching issues, there was no DIR for Mr. Doyle's
concern (CASE-22, pp. 4-5) regarding the applicability to cinched U-bolt
designs of the provisions of 10 CFR 34(a)(2) and (a)(8) pertaining to pre-
ifninary safety analysis report requirements for unique designs, nor for the
issues in CASE-2, pp. 195-212.

DAP Response

See response to Open Item P-4.

NPC Evaluation
|

The DAP responses to Open Items P-2, P-3 and P-4 clarified the DAP process for
the identification of external issues. In addition, the DAP response to Open
Item P-10 clarified the extent to which issues were to be identified. Aspects
of issues that would not affect the basis for the acceptable criteria estab-
lished for resolution of the issue were not included in DAP external source
issues. Moreover, the ESISs reviewed by the team during the inspection were
in draft form.

Accordingly, the staff performed a review to assess the extent to which the
issues have been identified. The review found that the issue regarding the
applicability of the provisions of 10 CFR 34 was not identified but the tech-
nical issues in external source document CASE-Z, pp. 195-122, had been iden-
tified in the cinched U-bolt external source issue. The 10 CFR 34 issue will
not affect the basis for the acceptance criteria for technical resolution of
the cinched U-bolts external source issue. The identification of the 10 CFR 34
and CASE-Z issues was consistent with the DAP response to Open Item P-10. This
issue is closed.

B.1.6 Open Items P-6 (Closed)

Mr. Doyle's concern (CASE-22, p. 2) that the design of the U-bolts should have
been based on the manufacturer's allowable loads (i.e., design by load rating
in accordance with NF-3260 of Subsection NF of the ASME Code) and not be a
ASME Code) ysis (i.e., design by analysis per NF-3260 of Subsection NF of the
stress anal

was incorrectly characterized in DIR E-0604, Revision 0. The DIR
stated: "TUGC0 should not assume stress relaxation (due to yielding) occurs in
U-bolts since the manufacturer's established load limits restrict loading to
1/4 yield versus the 1/2 yield required for this phenomenon to occur." The
issue was also incorrectly summarized in draft ESIS-P-011 as: "the question
was raised that U-bolt stress may be higher than the manufacturers allowable
of 1/2 yield."
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DAP Pesponse,

See response to Open Item P 4

NRC Evaluation

See NRC evaluation of Open Iten P-4.

B.I.7 Open Item P-7 (Closed)

The inspection team reviewed the primary-issue binder and associated draft
ESIS-P-023 for the A36 and A307 steel primary issue and found that the ASLB
issue (ASLB-2, p. 28) regarding the improper use of SA307 U-bolts in friction-
type, cinched U-bolt connections was not identified in a DIR or in the ESIS.

DAP Response

See response to Open Item P-4.

NRC Evaluation

The ESISs reviewed during the inspection were in draft form only. A subsequent
staff review of the SA-36 and SA-307 steels external source issue found that

| the issues not identified during the inspection have since been identified.
This item is closed.

|

B.1.8 Open item P-8 (Closed)

CASE-2, pp. 81-86, identified a design feature of a pipe support that was not
in compliance with Section XI of the ASME Code and Gibbs f. Itill Specification,

No. 2323-MS-46A. TERA misinterpreted this issue, believing that it related
only to the acceptability of welding attachments over girth welds, and in-
correctly transferred the issue to the primary issue relating to local stresses
(ESIS-E-P-002).

DAP Response

See response to Open Item P-4.

NRC Evaluation

See NRC evaluation of Open Iten P-4

B.1.9 Oren Item P-9 (Closed)

The inspection team's review of the draft ESIS-E-P-009 for the A500 Grade B
tube steel primary issue found that it did not identify the Board issue that
the "Applicant has not demonstrated that welded supports using A500 steel have
been designed with adequate safety margins." This issue vias contained in ASLB
Partial Initial Decision (Change in Material Properties for AE00 Steel),
October 6,1983, which, as noted for Open item P-3, was not among tbc external
source documents reviewed by TERA. Apparently this issue was not identified
during TEPA's review of other external source documents.
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PAP Response

See response to Open Item P-4.

NRC Evaluation

The DAP response to Open item P-10 clarified the extent to which issues were
identified. Nonidentification of this external source issue is consistent
with the clarification that aspects of issues that will not affect the basis
for the criteria for the resolution of issues will not he identified. This
issue is closed.

B.1.10 Open Item P-10 (Closed)

The inspection team identified several cases where ASLB concerns did not result
in DIRs. TERA stated that ASLB interpretations of issues will be included to
the extent that they affect a basis for the acceptance criteria in resolving
the issue. Addressing the ASLB interpretation of infornction previously
presented is a hearing issue, not a technical issue affecting the design. The
team noted that DSAP IX, Section 4.2.1, states that issue identification
"involves the identification of all applicable issues...." The above distirc-
tion is not reflected in DSAP 17. The team believes that this apparent dif-
ference between DSAP IX and actual practice should be clari'ied. In addition,

the above open items pertaining to Board concerns should be resolved in a
manner consistent with this clarification.

DAP Response

The inspection team's comment is based on a misinterpretation of DSAP IX. The
team has identified an apparcnt inconsistency between DSAP IX and the TERA in-
terpretation of the level of detail required for the documentatior of external
source issues. TERA has not included aspects of the issue that will r.at affect
the basis for the acceptance criteria for issue resolution. DSAP IX uses the
terminology "all applicable issues" to describe the intent of the review of
external source issues.

It was TERA's intert when DSAP IX was written to distinguish between "issues"
and the total set of information related to the issues. The issue can be
identified without stating the total set of information that exists in
pertinent documents. The DIRs typically contain more information than that
which is essential for issue identification, but DSAP IX does not impose a
requirement to include information that does not affect the basis for resolving
the issue. Furthermore, the DIR is intended to be a roadmap back to tFe
original source documents. For example, the preparation of ESISs requires
that the original source docunents be referenced.

NRC Evaluation

The DAP response clarifies the extent to which aspects of external source
issues were identified. This item is closed.
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B.1.11 Open Itcoi P-11 (Closed)

Engineering Evaluation DAP-E-009 (A500 Grade B Tube Steel), Section 4.0,
Acceptance Criteria, stated that the resolution of the A500 Grade B tube steel
primary issue required the identification of the design yield strength for
A500 Grade B tube steel defined in ASPE Code 1974 Edition through Winter 1974
Addenda and ASME Code Case N-71, as adopted in Specification No. 2323-MS-46A,
"Nuclear Safety Class Pipe Hangers and Supports" (MS-46A). It stated that
Code Case 164-9 (N71) perritted the use of 42 ksi for the design yield streroth
for A500 Grade B tube steel, but MS-46A adopted portions of a later revision

Theof this Code Case (N-71-10) which reduced the yield strength to 36 ksi.
evaluation concluded that the yielt' strength used in the cualification of

Thissupports should have been 36 ksi, in accordance with Code Case N-71-10.
conclusion is incorrect because the portion of the Code Case that reduced the

The team notedyield strength to 36 ksi was not invoked by the specification.
that the use of the 36 ksi desion yield strength is consistent with an ASLB
concern that the more conservative value should be used in order to ensure
safety, but the evaluation report did not reflect this specific aspect.

DAP Response

The comments of the inspection team are generally correct; however, the docu-
nents reviewed were in the early draft stage and, therefore, were not re-
presentative of the level of detail anticipated for the final product.

The comments of the team will, however, be considered before the evaluations
are approved.

NRC Evaluation

The DAP response noted that the documents reviewed during the inspection were
in the early draft stage.

A subsequent staff review of "Discipline Specific Results Peport: Piping and
Supports" found that the technical issue has since been correctly identified.
The basis for the yield strength of A500 Grade B tube steel was identified
correctly as ASME Code Case 71-10. Moreover, the lack of identification of
the ASLB safety aspect of the issue was consistent with the DAP clarification
of the extent to which aspects of external scarce issues were identified. This

iten is closed.

B.1.12 Open Item P-12 (Closed)_

Engineering Evaluation DAP-E-012 (Axial /Rotttional Restraints) did not provide
the basis for concluding that SWEC Proiect Procedure CPPP-1 was edequate to
address the issue.

DAP Response

See response to Open Item P-11.

NRC Evaluation
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The documents reviewed during the inspection were in draft form. A subsequent
staff review found that the basis for concludire that SWEC Project Procedure
CPPP-7 was adequate to address the concerns has been provided. Engineering
Evaluation DAP-E-P-012 (Axial / Rotational Restraints) now provides references
to specific sections of CPPP-7 documenting the SWEC approaches to resolution
of the issues as well as DAP evaluations of the SWEC approaches. These evalu-
ations were based in part on a review of supporting SYFF ralculations and of
the adequacy of the SWEC approaches to resolve the issue end were found accept-
able. This issue is closed.

B.1.13 Open item P-13 (Closed)

For Engineering Evaluation DAP-E-P-013 (Gaps), TERA's acceptance criteria for
resolvirq issues concerning gaps in bearing-type connections were based on ASME
Code Subsection NF,1983 Edition through Sumer 1985 Addenda. However, TERA
has not addressed gap-related concerns raised by the intervenors recarding
unequal load sharing, chenge in stiffness and natural frequency of support,
effect on piping analysis, etc. In resolvine this open item, TERA should
determine whether these concerns are covered by DIRs and the issue identi-
fication/trecking system.

DAP Response

See response to Open Item P-11.

NRC Evaluation

The document reviewed during the inspection was in draf t form. A subsequent
staff review of Engineering Evaluation DAP-E-F-013 (Gaps) found that the issues
have been identified either specifically or in general. The extent to which
the issues have been identified is ccasistent with the clarification provided
in the DAP response to Open Item P-10. This item is closed.

B.1.14 Open Item P-14 (Closed)

The inspection team reviewed the Piping Analysis / Support Design Procedure
Review Checklist (DAP-CLC-P-001, Revision 1, dated March 14,1986) for ccrsist-
ency and completeness with respect to the design criteria list (DAP-CP-P-001,
Revision 0, dated October 25,1985).

In both documents, a criterion number is assigned to each item or issue.
The team randomly checked the description of itens/ issues corresponding to
criteria, and identified several cases where the criterion number for the
item / issue in the design criteria list did not correspond to that for the
apparently same item / issue in the procedure review checklist (e.g., Numbers
206, 211, 212, 243, and 312). However, in general, the itens in the design
criteria list were consistent with the corresponding item in the procedure
review checklist with respect to criteria numbers. Thus, the team concluded
that the inconsistencies were isolated errors. TERA agreed to correct the
inconsistencies and to evaluate the reasons for their occurrence in order to
ensure that checklists in general reflect all appropriate criteria from design
criteria lists.
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DAP Response

The third party has reviewed the inspection team comments and confirmed that
isolated errors in referencing the criterion number had occurred. The correc-,

tions were incorporated in a revision to tha checklist. Additionally, a 100
percent check of the checklist references to criteria has been perforred and
any additional errors noted were also incorporated.

The reasons for omitting criteria from the checklist have been sumn,arized.
Most omissions occur for one of the following reasons:

(1) The criterion is related to fabrication and therefore not pertinut to
CP'")-6 (Appendix E to this supplement) and CPPP-7 review.

(2) The criterion is covered more specifically in other criteria already
included.

The second reasnn for omitting a criterion was particularly prevalent for ASME
Code criteria, where the system of extracting criteria on a subparagraph basis ,

led to entries that contained only the heading for the criteria contained in J
subsecuent subparagraphs. Such entries had no technical content sad were
included for information only.

'RC Evaluation.

The DAP response confirmed the errors in criteria numbers were isolated and
adec.uately addresses the staff's concerns.

B.1.15 Open Item P-15 (Closed)

ThL inspection team found that approximately one-half (144 of 326) of the total
number of criteria in the desien criterio list were not listed in the procedure
review checklist. Procedure DD-4, "Preparation of Checklists" (Revision 3)
al %ws the checklist nreparer to select lest than 100 percent of the applicabie
criteria provided the bases for such selection are documented as an attechnent
to the design review sumary form. At the tirre of the inspectir , the bases
for all excluded design criteria were being prepared and documented by the
checklist preparer.

DAP Response

See response to Open Item P-14.

NRC Evaluation
.

The DAP rr i se to Open Item F-14 lists the reasons for omitting criteria
frota the 21ist t.A ideouetely addresses the staff's concerns.

B 1,1 I's,0;. sed)

.;r-ed the depth and level of detail provided by theThe . r
' < wple, under the item / issue concerning Richmond insertcbcce is

design, - , were listed. Mcwever, based on the team review of
*o be many more th;n seven technical cencerns relatedthe DIRs, the ..N

7;chmond insu ne transposition of the concerns identified in the DIRs
.

j
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into the seven attributes involved a grouping of the wxternal scurce issues
into general categories apparently related to the resolution of the generic
technical issues as describcd in the SWEC "Generic Technical Issues Report."

DAP Respons_e,

A concern was raised by the inspection team that subissues raised by the
intervenor and the ASLB had been cnitted in the checklist for reviewing SWEC
procedures. DIR concerns had been grnuped in the checklist instead of ad-
dressed separately, and the inspection team questioned whether the process
had captured the subissues.

To clnse the primary-issue DIRs, reference is made to the engineering evalua-
tion that resolves the technical issue. The individual external source DIRS
are closed after it is confirmed that the primary-issue DIR addresses the
specific concern. Revision 4 of the Progran Plan eliminated the receirements
for evaluations pertainino to safety significance.

flRC Evaluation

The DAP response clarifies the process used to close out subissues raised by
ASLB and the intervenor and adeouately addresses the staff's concerns.

6.1.17 Open Item P-17 (Closed)

TERA's checklist for Revision 2 of CPPP-7 was not complete. The inspection
team will review the technical adequacy of the third-party review of CPPP-7,
Revision 2, when completed.

DAP Response

The review docunientation is now available for the inspection team.

NRC Evaluation

The staff audited the adequacy of TENERA's (forrrerly TERA Corporation) review
ofCPPP-7(Revision 2)duringthefollowupauditheldatTENEPA'soffices
(Berkeley, California) on August 17-20, 1987. The staff's findings are pro-
vided in Section 4.2.1 of this supplement.

B.2 FRC IflSPECTION REPORT 50-445/82-26;50-446/82-14

The following open and/or unresolved items were identified in the piping and
pipe support disciplii.as by the special inspection team (SIT) in inspection
Renyt 50-445/8?-26, 50-446/82-14. Resolution of these items was addressed in
Af'. edavit of W. Paul Chen on Open Items Relating to Walsh/Doyle Concerns,
dated October 14, 1983. The piping and pipe supports of concern are being
reevaluated during the design validation of all ASME Code Section 111, Class 2
and 3 piping and all ASME Section Ill, Class 1, 2, and 3 pipe supports. The
design validation is being onducted under the TV Electric Corrective Action
Program (CAP) for design. The staff's evaluation of actions to be taken under
the CAP that pertain the the resolttions of the piping and pipe support open
itens in the above NRC inspection report follows.

.
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B.2.1 Open Item 50-445/8226-4 and 50-446/8214-3 (Closed)

During the SIT inspection, the applicant had stated that unstable, non-rigid
supports had been identified in the review process and corrective actions had

r

been or were to be taken to modify these suppnrts before completion of the
design process. Modifications under consideration for unstable non-rigid box
frame supports included 1) the use of a U-bolt fixed to the frame and cinched
down to the pipe, 2) lugs welded to the pipe that were to be indexed to the
frame, and 3) the addition of stablizing struts to the frame. Verification of
the acceptability of modifications was to be accomplished during followup
inspections as part of NRC staff construction inspections and was identified as
an open item.

Evaluation

The need for such verificction to ensure that modified supports would perform
their intended safety functions no longer exists because all piping and pipe
supports are being requalified ty SWEC. The three modifications previously
described for non-rigid box frame instability have been deleted or revised, i

iThe staff's evaluation of the resolutions to the instability of pipe supports
is provided in Appendix A to this supplement (Section 4).

B.2.2 Open Item 50-4458226-5(Closed)

Differential thermal expansion uffects between the insulated main steam pipe
i

and thr uninsulated structural steel support structure were not included in
the local stress evaluations fcr support MS-1-003-009-C72K.

Evaluation

The project status report for large bore piping and pipe supports (piping FSR)
describes the resolution of the design- and hardware-related issues related:

to CPSES large bore piping and pipe supports. These issues include local
stress in piping (Subappendix A2 to piping PSR). This issue concerns local
stresses resulting from relative displacements between piping and pipe

,

|
supports.

Resolution of this m ee requires in part that the design verification for
integral welded attachments include stresses in the pipe trunnions and support

|
' structures resulting from the restraint of radial thermal expans:en of the pipe

at supports with integral welded opposed trunnions. Design ,crification pro-
i

|
cedures for these stresses are defined in Paragraph 4.6.4 of SWEC Comanche
Peak Project Procedure CPPP-7, "Design Criteria for Pipe Stress and Pipe!

Supports". Staff evaluations of the acceptability of the procedures of CPPP-7
to resolve thin issue are documented in Appendix A (Section 2.M of this

,

| supplenent.

Accordingly, the staff finds that the procedures and criteria defired in
CPPP-7. Paragraph 4.0.4.1, as part of the TV Electric CAP are acceptable to
resolve the concerns of differential thermal expansion effects in pipe support
MS-1-103-009-C72X. This item is closed.

|

|
|

|
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B.2.3 Open Item 50-446/82144(Closedl -

The allowable displacement and local stresses in the 1/2-inch diameter pipe
stub as shown in Component Modification Card tio. 63568, Revision 3. 'n support
CC-2-008-709-A43X were exceeded during the service level C loading condition.

Evaluation

The piping PSR in Appendix A describes the resolution of the design and hard-
ware-related issues related to pipe supports. These issues include External
Source Issues A5, "Pipe Support Generic Stiffness," and A21, "Local Stress in
Pipe Support Members."

External Source Issue A5 concerns the adequacy of (1) the 1/16-inch deflec-
tion criterion for service level B loads and (2) the analyses for verification
of compliance with this 1/16-inch criterion. Resolution of this issue requires
replacement cf the 1/16-inch deflection criterion by a minimum support
stiffness criterion. In particular, SWEC Procedure CPPP-7, paragraph 4.3.2.2.2
requires that the stiffness of all ASME Code Section III, Class 2 and 3 pipe
supports be assessed against the mininum acceptable values, Km, specified in
Tables 3.10.0-1 through 3.10.3 of CPPP-7. CPPF-7, Paragraph 3.10.8 requires
that (1) if the calculated support stiffness is greater than the ninirum
dCCeptable values, Km, the generic support stiffness, Kg, in to be used in the
pipe stress analysis and (2) if the calculated support stiffness is less than
Kn, the calculated stiffness is to be used. Moreover, Paragraph 3.10.8 con-
tains provisions for the elimination of very soft supports. Guidelines for the
evaluation of support stiffness are provided in Attachment 4-18, "Pipe Support
Stiffness Assessment," to CPPP-7.

External Source Issue A21 concerns local stresses in pipe supports. Resolution
of this issue as specified in CPPP-7, Paragraph 4 3.3.2, requires in part that
local stresses in plates in ASME Code Section Ill, Class 1, 2, and 3 linear
type pipe supports that are attached to the ends of closed sections (pipe or
tube) that ae subject to normal and moment loads be analyzed by the method
specified in Attachment 4-15. "Design Procedure for Stiffened Trunnions and
Load Carrying End Plates" to CPPP-7.

Staff evaluations of the acceptability of the procedures in CPPP-7 to resolve
these issues are documented in Appendix A, Sections 5 and 20, respectively,
of this supplement.

Accordingly, the staff finds that the procedures and criteria defined in
CPPP-7, Paragraphs 4.3.2.2 and 4.3.3.2, are acceptable to resolve the con-
cerns related to exceedance of the allowable displacement and local stresses
in the 1/2-inch plate shown in CMC tio. 63568, Revision 3, for support
CC-2-008-709-A43K. This item is closed.

B.2.4 Unresolved Item 50-445/8226and50d46/8214-5(Closed)

The applicant agreed to provide a study to demonstrate that supports .iecigned
in accordance with their overall deflection guideline of 1/16-inch maximum de-
flection under the service level B loadine condition will result in supports

wit stiffnesses that adequately confom with the generic values used in the
pipino stress analysis.
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Evaluation

The piping PSR, Appendix A, describes the resolution of the design and
hardware-related issues related to CPSES large-bore pipina and pipe supports,
including External Source Issue AS, "Pipe Support Generic Stiffness." As
documented in the preceding staff evaluation of Open Item 50-446/8214-4, the
1/16-inch deflection criterion was evaluated and replaced with the minimum
support stiffness criterion as part of the resolution of External Source Issue
A5.

Based on the staff evaluation of the acceptablity of the procedures of CPPP-7
to resolve External Source Issee A5 (see Open Item 50-445/8214-4), this item
is closed.

B.2.5 Unresolved Item No. 445/8226-7_(Closed)

The applicant agreed to perform a piping stress analysis to assess the effects
of the difference between the generic and actual stiffnesses of pipe support
CC-1-107-008-E23R on the distribution of stresses in the supported pipino and
loads in the support system. The actual stiffness for the support was one-
eighth the generic stiffness, typical for very soft supports.

Evaluation

The piping PSR, Appendir. A, describes the resolution of the design and
hardware-related issues related to CPSES large-bort piping and pipe supports.
These issues include External Source Issue AS, "Pipe Support Generic Stiff-
ness." As docurented in the staff evaluation of Open Item 50-446/8214-4,
CPPP-7 Paragraph 3.10.8 provides criteria for pipe support stiffness values to
be used in piping systen stress analyses as well as guidelines for the elimina-
tion of very soft supports. Accordingly, the staff finds the criteria and
guidelines to be acceptable as discussed in Appendix A (Section 5.1) to this
supplement.

Based on the staff evaluation of the acceptability of the procedures of CPPP-7
to resolve External Source issue A5 (see Open Item 50-445/8214-4), this item
is clesed.

B.3 NRC INSPECT!0H PEPORT 50-445/85-16; 50-446/85-13

B.3.1 Open Item 50-4/.5/8516-0-03; 50-446/8513-0-03 (Closed)

In NPC Inspection Report 50-445/85-16, 50-446/85-13, an open item was iden-
tified concerning the status of IE Bulletin 79-14, "Seisric Analyses for As-
Built Safety-Pelated Piping Systems." This bulletin had been evaluated by
TU Electric in 1o83 and was clcsed. In the above inspection report, the NRC
inspector indicated that closure of IE Bulletin 79-14 was prenature because
under the CAP design validntion many of the piping and pipe support designs
were being reanalized and modified and, therefore, the status of IE Bulletin
79-14 was considered an open iten.
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Evaluation

IE Bulletin 79-14 identified several piping and pipe support attributes that
were to be included in an as-built walkdown inspection to ensure the validity
of the piping seismic analyses. The attributes were pipe run geometry; support
and restraint design, locations, fonction and clearances (including floor and
wall penetration); and embedments (excluding those covered in IE Bulletin
79-04). Pevision 1 to IE Bulletin 79-14 clarified that the action items
applied to all safety-related piping 2! inches in diareter and greater and to
seismic Category I piping, regardless of size, which was dynamically analyzed
by computer.

Under TV Electric's Corrective Action Program (CAP) all the attributes included
in IE Bulletin 79-14 are reinspected or reviewed except for valve / operator
weights. Yelve weights were previously verified in the CPSES Valve Weighting
Program as described in a letter from F,. Gary (TUGCO) to J. Collins (NRC) dated
December 3, 1982 (TXX-3597).

The staff reviewed various CPSES documents vpplicable to the CAP to determine|

| whether the attributes identified in IE Bulletin 79-14 are addressed. The
staff review finds that all other IE Bulletia 79-14 attributes are reinspected
or reviewed in conjunction with the Post-Construction Hardware Validation
Program (PCHVP); Site Procedure CPSP-12 "As-Built Verification" (Revision 4);
or design validation in accordance rith CPPP-7, "Design Criteria for Pipe
Stress and Pipe Supports." The above reviews and reinspections are applicable
to all ASME Code Class 1, 2, and 3 piping systems; non-ASME Code high energy
lines over 1 inch that were computer aralyzed; and any designated piping
regardless of size (up to and including the first anchor) that is included in
ASME Code Class 1, 2, or 3 piping stress analysis packages and, thus, satisfics
the intent of IE Bulletin 79-14.

Based on our review of the PCHVP attribute matrix and Procedures CPSP-12 and
CPPP-7, the staff finds that the procedures provide an adequate program to
ensure that the as-built verification of safety-related piping cystems is in
accordance with the reouirements of IE Bulletin 79-14. Contingent on an
acceptable completion of the program for CPSES Units 1 and 2, the staff con-
cludes that the intent of IE Bulletin 79-14 has been achieved for CPSES Units 1
and 2 and the item is closed.

,
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APPENDIX C

RESOLUTION OF OPEN ITEMS FROM SSER-13

C.3 DSAP IX - PIPING AND PIPE SUPPORTS

STAFF COWENT C.3(1) (CLOSED)

It was not evident that a process existed for identifying discrepancies (or
deviations 1 for external source issues by Stone 2.!.5hster Engineering Corpora-
tion (SWEC) in view of the fact that hardware nodifications may be made to
piping and supports by SWEC irrespective of the corrective actions required
for safety-significant problems. A root-cause/ generic implication evaluation
should be performed for all hardware modifications in order to document the
reasons for such modifications.

Staff ReviPw and Evaluation

In Appendix P to the project status reports for large- and snall-bore piping
and pipe supports (Piping PSRs), the significant deficiency anaiysis reports
(SDARs) and their resolutions are provided. The issues related to the SDARs
were identified by SWEC during the piping design validation. Thus, the SDARs
provide an adequate process for identifying deficiencies end ensuring theirs

resolution.

In Table 5-4 of the piping PSR, the reasons for all pipe support nodifications
in Unit 1 and Corcon are documented. The support modifications have been

(1) prudence, (2) recent
categorized according)to four primary reasons: adjustment, (and 4) cumulative effects. A descriptionindustry practice, (3
of the specific types of modifications and their categories are also tabulated
in the piping PSR. Based on the information in the piping PSR tables, the
staff finds that the reasons for the pipe support modifications have been
documented and, thus, the staff comment in Supplement 13 is closed.

3TAFF COMMENTS C.3(2) (Closed)

The self-initiated review of the auxiliary feedwater (AFW) system does not
fully address the interface with the SWEC piping reanalysis program. The
third-party review should include a nortion of the AFW system in its review
of the SWEC piping and pipe supports requalification effort.

Staff Review and Evaluation

As discussed in Section 3 of this supplement the third-party self-initiated
reviews were obviated in Revision 4 to the CPRT Progran Plan with the initia-
tien of a complete design verification under the Corrective Action Program
(CAP). The overview responsibilities of tbc CPRT third-party were transferred
to the TV Electric Technical Audit Program. As a result, the staff comment
in Supplement 13 is no longer appropriate and applicab'e to the CAP activities
and is thus closed. I
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STAFF COMENT C.M S) (Closed)

There is a lack cf infomation in the Comanche Peak Response Team (CPRT)
Progran Plan reoarding explanation of the process used to ensure the adequacy
of the as-built data used in the SWEC piping reanalysis effort. Provide a
description of the process followed by the various activities in the Quality
of Construction (QOC) Program and in the SWEC program for the evaluation of
as-built discrepancies including the interfaces among QOC SWEC, and TtlGC0
projects and the applicable procedures used in the process.

Staff Review und Evaluation

Discipline-Specific Action Plan (DSAP) IX required a Design Adequacy Program
overview of SWEC activities associated with the verification of as-beilt
documentation to assess the adequacy and completeness of the as-built data
useJ as irput into the SWEC piping analysis and support design effort. When
the SWEC piping analysis effort began, the results of the QOC Prceram were
not available. Therefore, SWEC perforr:ed limited walkdowns in accordance
with Comanche Peak Project Procedure CPPP-5, "Field Walkdown-Unit 1" to deter-
mine the accuracy of existing as-built data and establish a sufficient level
of confidence to proceed with analyses with an acceptable level of risk. As
a result of a meeting with the NRC staff on October ? and 3,1985, SWEC ex -
tended its activities to include an assessment of all prograns related to
as-built verification. This included the QOC Program and TU Electric inspec-
tion programs. SWEC issued its assessment on July 23, 1986 in a report
entitled "Assessrent of TUGCC As-Built Documentation of Piping and Pipe
Supports."

The staff's review and evaluation of the SWEC report and the overall adequacy
of the as-built data used in the piping design validation is provided in
Section 4.1.2.1 of this supplement.

STAFF COMENT C.3(4) (CLOSED)

The scope of the Class 5 piping systems includes only those Clars 5 piping
systems within the boundarier. of ASME Code Class 2 and 3 piping stress
problems. Justify excluding the remaining Class 5 piping and supports from

i the SWEC scope.

Staff Review and Evaluatinn

After Supplement 13 was issued, the scope of the design validation for large
bore piping was expanoed. The staff review of the piping PSRs, Section 3.0,
finds that the scope of the design validation includes certain Categcry II
piping and pipe supports important to safety (Class 5 piping) to ensure that
during or after a seismic event, the Seismic Category 11 piping will not fall
end damage nearby Seismic Category I systems, structures, and componetits. The
scope also includes high-energy and moderate-energy piping that is computer
analyzed to detennine high-stress locations for postulating pipe breaks and
pipe cracks. Based on the the scope of the CAP design validetion described-

in Section 3.0 of the piping PSR, the steff finds its concerns have been
adequately addressed.
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APPENDIX D
CHRONOLOGY OF NRC STAFF MEETINGS AUDITS, AND INSPECTIONS

RELATED TO PIPING AND PIPE SUPPORT DESIGN

Event
No. Date Description

1. August 29-30-1985 NPC staff audit at office of Stone A Webster
Engineering Corporation (SWEC) (NY) to dis-
cuss the status of SWEC piping and pipe
support requalification program.

2. September 23-26, 1985 NRC staff audit at Comanche Peak Steam~

Electric Station (CPSES) of SWEC Comanche
Peak Pro,iect Procedure CPPP-5 as-built
walkdown results.

3. October 25, 1985 NRC staff audit at SWEC office (NY) to
review status of SWEC requalification
progran, CPPP-8 walkdown procedures, and
small bcre piping approach.

4. Oct. 28-Nov. 1, 1985 NRC staff inspection at TERA Corporation
office (Bethesda, MD) of scope validation
process and review of checklist development
(NRC Inspection Peport 50-445/85-17,
50-446/85-14).

5. Nov. 13-14, 1985 NRC staff audit at CPSES of the Quality
of Construction and QA/QC Adequacy Progran,
sanple reinspection of piping and pipe
support hardware.

6. Nov. 20-22, 1985 NRC staff audit at CPSES of the CPPP-8
walkdownresults.

7. Nov. 25, 1985 NRC staff audit at SWEC office (NY) of the
seismic /non-seismic piping inte* face.

8. Dec. 8, 1985 NRC staff audit at SWEC office (NY) of the
status of activities related to the piping
and pipe support requalification progran.

9. Jan. 27, 1986 NPC staff audit at SWEC office (NY) of the
status of activities related to the piping
and pipe support recualification progran.

10. Feb. 10, 1986 NRC staff audit at SWEC (Boston) of the
piping fluid transient analysis.

11. Feb. 11-12. 1986 NRC staff audit at SPfC (Cherry Hill) of
the resolutions to piping generic technical
issues.

Conacche Ptak SSER 14 i Appendix D
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Event
No. Date, Description

12. Feb. 18-19, 1986 NRC staff audit at CPSES of as-built
activities for piping and pipe support.;.~

13. Feb. 24, 1986 NRC staff audit at SWEC (NY) of the status of
activities related to the piping ard pipe
support requalification progran.

14. Feb. 24-26, 1986 NRC staff audit at SWEC (NY) of the imple-
mentation of the piping and pipe support
requalification progran.

15. Mar. 11-12, 1986 NRC staff audit at CPSES of the piping
penetration as-built data.

16. Apr. 4, 1986 NRC staff audit at SWEC (Cherry Hill) of
the status of activities related to the
piping and pipe support requalificatien
prograrn.

17. Apr. 14-15, 1986_ NRC staff audit at SWEC (Cherry Hill) of
the resolutier.s to piping generic tech-
nical issues.

18. May 13, 1986 NRC staff audit at SWEC (Ceston) of the
resolutions to generic technical issues.

19. May 21, 1986 NRC staff audit at SWEC (NY) of the status
of activities related to the piping and
pipe support requalificetion program.

20. July 7-10, 1986 NRC staff inspection'at TERA (Berkeley) of
the CPRT Design Adequacy Program ireple-
mentation. (NRC Inspection Report
50-445/ 86-19, 50-446/86-16).

21. Aug. ?8, 1986 Public meeting at NRC offices (9ethesda) on
FSAR changes related to SWEC piping
requalification program.

22. Nov. 11, 1986 NRC staff audit at CPSES to discuss the
hardware validation progran for piping.

23. Nov. 13-14, 1986 Public meeting at SWEC offict (Cherry
Hill, NJ) with CYGNA Energy Services to
discuss iesclution of CYGNA piping and
pipe support issues.

24. Dec. 15-16, 1986 Fublic meeting at CPSES between SWEC and
CYGNA to discuss resolutions to CYGNA
piping and pipe support issues.
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Event
No. Date Description

25. Mar. 19-21, 1987 Public meeting at Dallas, TX between TV
Electric and Citizens Association for
Scund Energy /J. Doyle to discuss resolu-
tion of Walsh/Doyle issues.

26. .Apr. 20-21, 1987 Public meeting at CPSES between CYGNA and
SWEC/Ebasco to discuss resolution of
CYGNA open items.

27. July 29-30, 1987 NRC staff audit at CPSES of the status of
activities related to the piping Correc-
tive Action Program (CAP) and third-party
overview.

28. Aug. 10-12, 1987 NRC staff audit at CPSES of the piping
as-built verification activities.

29. Aug. 17-20, 1987 NRC staff audit at TENERA office (Berkeley,
CA) of the piping result report and engi-
neering evaluations.

30. Aug. 25, 198.7 NRC public meeting at SWEC office (Cherry
Hill, NJ) to discuss the FSAR changes re-
lated to the CAP piping design validation.'

31. Sept. 2, 1987 NRC public meeting at SWEC office (Cherry
Hill, NJ) to discuss the status of the
resolution piping generic technical issues.

32. Sept. 2-4, 1987 NRC staff audit at SWEC office (Cherry Hill,
NJ) of the implementation of the resolution
of piping generic technical issue.+

33. Sept. 21-22, 1987 NPC staff audit at SWEC office (Boston, MA)
of the piping fluid transient analysis.

34. Sept. 22-?4, 1987 NRC staff audit at SWEC office (Cherry
Hill, NJ) c' the implementation of the
resolution of piping generic technical
issues.

35. Oct. 7-9, 1987 NRC staff audit at CPSES (G!en Rose, TX)
of generic technical issue modifications
and TU Electric Technical Audit Progrcm
activities.

36. Oct. 28-30, 1987 PRC staff audit at SWEC office (Cherry
Hill. NJ) of CPPP-7 design criteria and of
the implementation of the resolution of
piping generic technical issues.
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Event
No. Date, Description

37. Jan. 21-22, 1987 NRC staf f audit at SWFC of fice (Cherry
Hill, NJ) of FSAR Amendment 61 (NA-1340
Report), CPPP-7 design criteria, and other
open and unresolved audit items.

r
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APPENDIX E

LIST OF COMANCHE PEAK PPOJECT PROCEDURES (CPPP'S) AND PROJECT HEM 0RANDA (PM'S)

Comanche Peak Project Procedures

Procedure '

_No . Title

CPPP-1 lianacement Plan for Project Quality (Piping System Oualifics-
tion /Peoualification)

CPPP-2 Project Organization Charts

CPPP-3 Document Control Procedure

CPPP-4 Project Records Management Procedure

CPPP-5 Field Walk Procedure - linit No. 1
>

CPPP-6 Pipe Stress / Support Requalification Procedure - Unit No.1

CPPP-7 Desien Criteria for Pipe Stress and Pipe Si!pports

CPPP-8 Pipino and Support System Engineering Walkdown Procedure

CPPP-9 Pipe Stress / Support As-Built Procedure - Unit No. 2
f:

CPPP-10 Procedure for Review of Plant Operating fiore Conditions

CPPP-11 Adminir.trative Control of Calculations
,

CPPP-10 Cost and Schedule Control Precedure

CPPP-14 Procedure for the Preparation and Control of Project Procedures
I

CPPP-15 Smell Bore Stress / Support Requalification - Unit No.1

CPFF-16 Procedure for Stress Reports for Class 1 Piping Supports
4

CPPP-10 Procedure 'or Evaluaticn of ERC Devietion Reports '

CPPP-19 Procedure for Prucessing of Problem Reports and Initial Problem
Reports

i !
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CPPPs (Continued)
'

__

Procedure
TitleNo.

CPPP-20 Pips break / Crack Postulatict Aralysis Prc'cedure

Procedure for the Preparation and Control of Site ProceduresCPPP-21

CPFP 22 Clearance Walkdown Procedure

CPPP-23 Pipe Stress / Support Final Recenciliation Procedure

CPPP-24 Thermal Expansion Test Procedure - linit 1

CPPP-P.5 Piping Vibration Test Procedure - Unit 1

CPPP-26 Thermal Expansion Test Procedure - Unit 2

CPPP-27 Piping Vibration Test Procedure - Unit 2

CPPP-28 Procedure for Identification & Evaluation of Interfaces Be-
tween Seismic & Non-Seismic Piping

|

CPPP-29 Moment Restraint Ovalificaticn Frocedure and Design Criteria

CPPP-30 Validation of Seismic Category II Large-Bore Pip'ng and Sup-
port Designs

'

CPPP-31 CPSES Safety-Related Piping end Pipe Supports Desigr-Basis
Consolid6 tion Progran

CPPP-32 Request for Changes to Licensing Documents

CPPP-33 Engineering Activities Support SWEC Certification of ASME
III Class 2 and 3 System H-5 Data Reports as Piping System
Designer

CPPP-35 Piping & Pipe Support Qualification Procedure for Secondary
Vall Displacements

Corranche Peak SSER 14 2 Appendix E
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Project Memoranda (PMs)

Procedure
No. Title

PM-001 Pipe Support Computer ProCram Usage

PM-003 Design Information Reauest Procedure

PM-016 Qualification of Two (2) Bolt Base Plates

PM-025 Gang Hanger and Terminal Anchor Procedure - Unit 2

PM-039 Administrative Procedure for Qualifying Wall-to-Wall, Floor-
to-Floor, and Corner Pipe Supports

PM-050 Procedure to Adjust the Seismic Response Acceleration fer
Valve Qualification

PM-051 Integral Welded Attachment (IWA) Task Group

PM-053 CPPP-7, Rev. 2, Sec. 3.6.4 (Essential Systems)

| PM-054 Profect Engineering Assurance Engineer Responsibilities

PM-056 Simplified Method For Ouelification of As-Built Small-Bore
Piping

PM-060 Revised Pad Width Requirements for Attachment 4-6A of CPPP-7

PM-061 Mitnatch SIFs

PN-062 Calculation of Support Loads fer Non-Nuclear Safety Related
Piping Attached to ar /SME III Support

PP-063 Pipe Support Cletrence Requirements

PM-075 Design Considerations for E-Systems ani Western Piping * tiff
Claraps Used on idain Steam and Feedwate- Piping

PM-091 Problem Boundary Podifications

FM-097 Pipe Support W Cdeo Tube Steel Joints

PM-103 Allowable Valve Accelerations

PP-106 Proposed Modificetion Reports

PM-115 Code Case fi318-2 and N413 Usage

PM-119 Allowable Stress Range for Expansion Stresses S
4

,

Comanche Peak SSER 14 3 Appendix E

.. -. . . _ - _ _ _ _ _ . _ - - . .-



m

PMs (Contir.ued)

Procedure
No. Title

PM-121 Loads and Movements Peouired To Be Shown on Pipe Support
Drawings

PM-176 SA, PM, and PSC - Menor

PM-127 Reflective-Type Insulation Remeval for Frame-Type Pipe
Support / Penetration

PM-12P. 10 CFR 50.55(e) Recormendation/ Evaluation Precedures |

PM-131 External Transnittals of Rec,ualification Results

FP-133 Final Reconcilietion Check List ,

PM-134 Transmittal of Small Bore Data - Unit No. 1

PM-135 Sections of CPPP-7. Rev. 3. Which Require Confirmation

PM-136 Intra-Project Transmittals

FV.- 137 Wall Thinning Criteria ,

s

PM-138 Dyncnic Analyses of Fluid Transient Loading

PM-139 Procedure for Evaluating Pipe local Stresses at Stiff Clarap
Supports

PM-140 Flare Bevel Groove Welds

PM-141 Unequal Shear Loading Effect on Richmond Inserts and Threaded
F.cds Used in Conjunctior with Tube Steel

PM-142 Errata to Project Procedure CPPP-7, Rev. 3

PM-143 SIFs for f!on-Bonney Forge Fittings

PM-144 Design of Welds for ITT Grinnel Rear Brackets

| PM-145 Pipe Support Modification Procedure large Core Effort -
Unit 2

<

PM-146 The Use of Galvanized Nuts on CPSES

PM-147 Supplemental Requirements for Hilti Bolts Used Pith Interface
Anchors

PM-148 Effect of Concrete Topping on Hilti Edge Distance
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PMs(Continued)

Procedure
No. Title

PM-149 Unit 1 - Gang Hanger and Terminal Anchor Procedure Inpacting
Small Bore Supports

PM-150 Minimum Weld Size for Non-ASME Welds
t

PM-151 PSAP RELAP 5, and REP 1PE,SCAP, and ETA Computer Programs -

PM-152 Natural Frequencies of Safety-Pelated Flexible Valves
!
i PM-153 Unit 1 - Site Prccessing of Recualific6 tion Results

PM-154 Axial. Restraints With Lugs

PM-155 SIF Evaluation of Brar.ch Connections
'

PM-156 Nonsafety-Pelated Flexiblo Metal Fose Interface loads

PM-157 Dreak/ Crack Postulation, Pipe Stress Analysis, and Pipe
Qualification Requirements for Class 5 High and Modert.te

,

Energy Lines - Units 1 and 2

PM-159 Local Stress Evaluation of Welded Rracket Connections

PM-160 Addition to Record Classification Ccde List (RCCL),

PM-161 Evaluation of Tornado Missilo Ef fect on Piping System
,

FM-162 Circular Trunnien Attachments to Elbowt

PF-163 CPPP-7 Fiping ar.d Pipe Supports Code Applicability Changes

PM-164 Overall Final Assessment Review of Piping Systems

,' PM-165 Screening Procedure - Fluid Transient Cutoff Loads
PM-166 Pipe Stress and Suppert System Review Checklist

PM-167 Use of Computer Program PITRIFE (ME-Pil)

f

!

.
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PMs (Continued)

1

_ _ . .

Procedure
TitleNo.

i PM-168 4-Bolt Clamp Anchor Drawings
t

PM-109 Interface Anchor Control Procedure

Revised Procedure for Qualification of Elbows With BranchPM-170
Connections

Analysis ard Design Guidelines for Stif f Clamp SupportsPM-171

PM-173 Design Requirerent for Internittent Welds

PM-175 Local Stress in Pipe Support Members

Control Precedure for Honseismic Piping Attached to Safety--PM-176
Related Gang Supports

Cancellation of Project Memorarda (Pit)
PM-177

PM-178 Resolution of TERA Fluid Transient issues

PM-179 Pipe Support Stiffness Representation

Interface Coordinetion Requirement for fluid Transient Loads
PM-180

NPSI Load Capacity Data Sheet (LCDS) and Certified DesignPM-181
Report Summary (CDP.S)

Supplemental Guidelines fer Evaluation of Seismic Cat. IIPM-182
Piping

Incorporation of Localized Minimum Wall and Radial ShrinkagePM-183 Violations in the Stress Analysis

Effects of Componen: Self Weight Excitation on the LocalPM-184
Stress Evaluation at the Tube Steel / Rear Bracket Interface

PM-185 Integral Weided Attachment (IUA) b' ear Concentrated Weights

Procedure Deterinine Branch Stiffness at the Branch /Run Con-PM-186
nection

PM-187 Update Requirement for Pipe Stre.s ar.d Pipe Support System
Review Docurentation (PSRD)
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PMs(Continued)

Procedure
No. Title

PM-IP,8 Procedure for Evaluation of Welds Between Nonintegral Pads &
Piping

PP-189 Minimum Required Pipe Wall Thickness

PM-190 Shear Lug Analysis

| PM 191 Calculation Index

PM-192 Document Transmittal to TV Electric's Automatic Records Man-
agement System (ARMS)

PM-193 Valve Acceleration and Valve Nozzle Load Evaluation for 2-in.
and Smaller Pockwell Valves (MS-20A.1)

PM-194 Controlled Index of Vendor-Supplied Farts From E-Systems,
Western Piping and Pacific Scientific

PM-195 CPPP-11 Corrections

PM-196 Small Bore Nozzle Load Criteria fer Westinghcuse-Supplied '

Auxil u ry Heat Exchangers

PM-197 PRDP/TMS Velidation in Relatior to System Validation by i

SWEC-CAP-Unit 1

PM-199 f.mell Bore Piping Nozzic Loads for Westinghouse-Supplied
Auxiliary Pump

PM-200 Controlled Irdex of Vendor-Supplied Parts from ITT Grinnel
Corpora tion ;

PM-201 Valve Operator Support Clastificaticn

PM-202 Clarification of CPPP-22, Rev. O

PM-203 Clarification for CPPP-7, Attachrent 4-10, Design Methods for
Interface Anchors

PM-204 SIF for Inward Tapered Transition Joints

PM-205 Fillet Veld Size Equivalency Attachment 4-2, CPPP-7

PM-206 Take-Out Dinension for F-Type Springs

PM-207 Revision to Table 1 of Attachn'ent 4-21 of CPPP-7, Revision 3
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PMs (Continued)

Procedure
A Title

PM-208 Location of Equipment Nenle load Allowables for Pestinghcuse
Equipnint

,

PM-209 Clarification cf Westinghouse D-Specification G-679150

PM-211 Cross-Configuration Supports

PM-212 Moderate and High Energy Line Lists

PM-213 Revisico to Section 4.1 of CPPP-15

PM-214 Clarification of Evaluations for CT and SI Systems Supports

PM-215 Penetration Sleeve Seals Analytical Modeling

PM-216 Local Pipe Stresses Due to Pipe Thrcuph Pipe, Pipe Through
Tube Steel, or Pipe Through Piate Anchors

PM-217 Piping Classification G ,

PM-218 Limithtion for the Use of Attachment 4-6A to CPPP-7

PM-219 SIF at Pipe Misnatch

PM-220 Calculatior. Submittal to Til Electric Interin Calculation
File (TICF)

FP-221 Seismic Category 11 PSAS Evaluation

PM-222 Seismic Category 11 PSAS Evaluation

PM-223 Procedure for Evaluation of Local Pipe Stress Due to Dual
Trunnion Anchors

i PM-224 Final Embednent Depth for Drilled-In Expansion Type Concrete
| Anchors

PM-225 Procedure for Calculating Indices and Distribution

PM-226 Clarification to CPPP-7

| PM-227 Options Review Connittee (ORC)
|

PM-228 Criteria for Class 1 Small Bore Pipe Stress Analysis

PM-229 Butt Weld Piping Connection Distortion Criteria
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APPENDIX F
CYGNA HEARING ISSUES P. ELATED TO PIPING AND PIPE SUPPORTS

During the February 20-24, 1984 Atomic Safety and Licensing Board (ASLB)
hearing sessions, Board Exhibit No. 1. "Independent Assessment Program Final
Report," Volumes 1 and 2, prepared by CYGNA Energy Services (CYGNA) was intro-
duced. At the conclusion of the February 1984 hearings, a set of 30 uritten
cross-examination questions were submitted to CYGNA by witnesses, J. Doyle and
M. Walsh for the intervenor, Citizens Association for Sound Energy (CASE).
CYGNA developed its responses and adopted those responses as its prefiled
testimony entitled "Testimony of Nancy H. Willians in Response to CASE
Questions of February 22, 1984 to CYGNA Energy Services," dated April 12, 1984
(Testimony of N. H. Williams). CYGNA's Independent Assessment Program and its

|
prefiled testimony on the 30 CASE questions were used as the subject r,atter for

- litigation during the April 24-27, 1984 and May 1-3, 1984 hearing sessions.

The staff evaluation included in this appendix addresses those 23 questions
that concern piping and pipe support design. The remaining seven questions
relate to cable tray and cable tray support design and wili be addressed in a
separate safety evaluation report.

The 03 o,uestions addressed herein have been categorized into the issues dis-
cussed below.

A description of CASE's question, CYGNA's response from its prefiled testimony.
the relevant discussions fron the hearings, and the staff evaluation of the
issue with respect to the SVEC design validetion are provided under each
hearing issue.

(1) U-Bolt Cinching

(CASE Question: Poyle #1)*

The concern raised by CASE releted to the adequacy of cinched-up U-bolts and
their being

(a) not in compliance with Cygna criteria
(b) not in compliarce with NRC criteria
(c) stresses of unknown quality due to pre-stress, therrnal, and design loads,
(d) effects on pipe not shown en calculations, and
(e) not in complicree with Board Notification BN-82-105A

:

CYGNA's prefiled testincny stated that Section A.1.2 of its pipe support review
criteric adoressed the need for gaps to accorrodate pipe radial expansion and
construction tolerances. These criteria were not intended te apply to clamps

*The descriptor for CASE questions correspond to the numerical listing of the
cross-exar:ination questions previded by CASE (J. Doyle and M. Walsh) to CYGNA
on February 22,198a (Attachment 1 to Testimony of N. H. Willimtr).

Coranche Peak SSER 14 1 Appendix F
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that contact the pipe but rather wcre intended to apply to pipe supports that
do not require physical ccr tact with the pipe. CYGNA further stated that loads
due to cinching 0-bolts were not assessed because the torquing requirerrents
were not stated in installation specifications that were not included in
CYGNA's scope of review.

Curing the Fetruary and April 1984 hcerings, a substantial arrount of testimony
was presented regarding U-bolt cinching. (Tr-9768-9786; 12,324-12,366; 12,406;
12,411-12,423; 12,958-13,005; 13,033-13,039; 13,064-13.065; 13,073-13,077).
In sumation, CYGNA concluded that on the basis of its preliminary studies on
the U-bolt cinching problem, there could be en overstress conditier of the
U-bolt at 5 foot-pounds torque and an overstress condition of the pipe (8-inchj
schedule 40) at 80 foot-pounds tcroue when the thermal stresses are added with'

the preload stress (Tr. 12,331-12.333). CYGNA concluded that further evalue-
tien should be conducted. CYGhA did not believe that it was their charter to
review instal'.ation procedures in their design review altbough those in-'

stallaticr procedures conteined information that affects design (Tr. 13,073).

Staff Evaluation

The concerns identified by CASE in this issue were associated with support
SI-1-325-002-S32R. This support has been subsequently modified te e strut
with a stiff pipe clamp. Tbc stiff pipe clamp is a component standard support
qualified by the vendor in accordance with ASME Code, Section III, Subsection
NF requirements. The piping to which the stiff clamp is attached has been
qualified by Stone and Webster Engineerirg Corporation (SWEC) using Project
Memcrandum PM-M9 (see Appendix D to this supplement).

The staff evaluation of the generic concerns associated with U-bolt cinching
at CPSES including its evaluation of FP-139 is provided in Appendix A (Section
11) to this supplement.

2) local Stress in Tube Steel
TCGE Ouestion: Doyle #2)

The concern regarding local effects on tube steel walls was raised with regard
to:

(a) punching shear
(b) effect on welds and
(c) resultart effect due to wall flexibility cn moments at tche welds.

CYGNA addressed the concern in its p efiled testimony by demonstrating that
if the tube wall thickness is ec.ual to or greater than the fillet weld size,
punching shear stresses in the tube will be satisfactory.

For support RH-1-064-011-S2ER, the tube thickness (1/2-inch) is twice the size
of the attached fillet weld (1/4-inch) where a 3-inch long bracket is welded
unto a 6-inch wide tube steel (Beta equal to 0.5).

During the April 1984 hearing, the discussion of thi; concern indicated that
CYGNA did not believe that punching shear calculations were required. The dis-
cussion of the effects of wall flexibility on welds focused on certain design
standard weldments shown in Design of Welded Structures, by 0. W. Blodgett,
James F. Lincoln ARC Welding Foundation (1966) (Tr.12,487-12,501).
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Staff Evaluation

American Welding Society (AWS) D1.1, Section 10.5 specifically addresses
stepped tube conrections and the evaluation of tube wall capacity for punching
shear end wall crippling.

Reference 1 to the AWS D1,1, "Commentary on Structural Welding Code - Steel,"
is a paper by P. W. Marshall and A. S. Toprac entitled, "Basis for Tubular
Joint Design," Welding Journal, Welding Research Supplement (May 1974). The
purpose of the reference paper was to docunent the background data underlying
the criteria in AKS D1.1, Section 10, and to enable potential designers of
other classes of tubular structures (other than fixed offshore platforrrs) to
evaluate the suitability of the criteria for their particular application.
The paper states that, "for relatively stocky chord members - thichness greater
than 7f. cf the diameter or 'garra' less than 7 - the joints may be saio to have
a 100% punching shear efficiency, in the sense that the shear strength of the
raterial is fully mobilized on the potential feilure surface." Furthermore,
it is evident in the paper that AWS Section 10.5 and, specifically, punching

shear reduction capacity w(R/t) or gamma is significently greater than 8.
ere developed primarily for tubular structures where

the chord thinness ratio The
tube steel sizes used at CPSES are typically less than or equal to 8. Unless
the tube steel garna ratio is greater than 8, the staff concludes that reduced
punching shear effects need not be considered. When the chord thinness ratio
is equal to 8, there is a potential unconservatism of approximately 10 percent.
The tube steel in the support evaluated by CYGNA and as it currentl" crists
under the SWEC design validation has a gama ratio equal to 6 and, thus, a
punching sheer reduction is not applicable.

i
| The staff evaluation of the generic implications regarding punching shear in

tube steel fcr the CPSES Units 1 and 0 is provided in Appendix A (Sectior. 6.6)
to this supplement.

(3) Dead Weight of Pipe Supports
(CASE Ouestion: Doyle #3)

The concern raited by CASE was that dead vieight of structures was rot included
in the support calculations. CYGNA's prefiled testin.ony indicated that the
dead load of the pipe support itself is generally much smaller than piping
loads for which the suppert is designed. In the April 1984 hearings, CYCtA
clarifiec that for large structures the dead ucight should be includcd in the
calculation, but for small structures such as the pipe supports in the resioual
heat renoval (RHR) system, it is reasonable to neglect it (Tr. 12,529). For
tuo supports reviewed by Cygna, it was shown that the percer.tages of the totul
support weights to the design loads were 4 percent and ? percent.

Staff Evaluation

The staff evaluation of the generic implications at CPSES regarding dead weight
loads o# pipe supports for the CPSES Units 1 and 2 is provided in Appcodix A
(Section 19.1) to this supplerrent.

,
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(4) Pipe Surport Mass Effects on Pire Stress
(CASE Question: Doyle #4)

CASE raistd a concern regarding the effect of pipe support rasses on the piping
stress analysis. CYGNA's prefiled testimony stated that standard industry
practice is to not include support masses in the piping analysis. An analyti-
cal evaluation performed by CYGNA that included 16 supports rrodeled in a piping
run showed that support massee. had a negligible effect on piping stresses.

Staff Evaluation

The staff evaluation of the generic irtplications related to effect of the sup-
port mass effects cn pipe stress for CPSES Units 1 and 2 is provided in Appen-
dix A (Section 15.1) to this supplement.

(5) Stability of Pipe Supports
(CASE Question: Doyle #5)

CASE raised a question regarding the stability of column supports with pinned
end connections. The prefiled testirrony prcvided by CYHGA addressed the in-
stability of various residual heat removal supports with respect to rigid body
modes of instability, Euler column buckling, and beam-column effects.

During the April 1904 hearings, the concept of "instability" was discussed
in a different context than that addressed in the CYGNA prefiled testimony.
(Tr. 12,616-12,653). The concept of a "kick" load was identified by CASE as
that load which is developed as a result of a skewed support. The skew is
caused by the support angular irstallation toierance of 5* from the design
drawings. For the particu'ar support discussed (CASE Exhibit 928, ff.Tr.
12,903), a 19 kip load with a 3' offset from its analyzed position would result
in approximately 1000 pounds which it not considered in the piping system an-
alysis. This 1000-pound load was referred to as a "kick" load and it was
alleged that the kick load can result in instcbiiity downstream (Tr. 12,621).
CYCiu's response was that one trust evaluate the system as a whole (Tr.12,622).
The Board questions the validity of neglecting the effects of a 15 tolerance
for pipe supports that CVGNA had acc a tei per their engineering judgement
(Tr. 12,645). As a result, the Board identified an open concern and requested
the staff to provide a basis for the 5 tolerance and, specifically, as appli-
cable to the support in CASE Exhibit 928 (Tr.12,651).

Staff Evaluation

The system instability resulting from kick loads is not explicitly covered by
the ASME Code rules for piping systems but is generally reviewed by piping de-
signers utili7ing good engineering practice. ASME Code, Section III, dces pro-
vide general design rules for the loading conditions to be taken in designing
piping systems in Paragraphs NB/NC/ND-3111 and NB/NC/ND-3622; but the Code is
not a handbook and the consideration of the overall stability of piping systems
relies en the implementation cf prudent engineering design practices in con-
junction with the engineer's education, experience, und sound engineerinc
judgment.
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The response provided by CYGNA addressed the stability of the support config-
uration as required in ASME Code, Section III, Appendix XVII, and demonstrated
that the Code requirements have been met. Kick loads for which there are no
specific ASME Code requirements were not specifically addressed by CYGNA in
its review criteria nor in its program results.

The staff concludes that the evaluation performed by CYGNA ensured ccmpliance
of the support tc stability requirements as defined in Subsection NF of the
ASME Code, although CYGNA did not explicitly address the effect of the support
offset of aparoximately 3" in its report.

The specific support, SI-1-325-002-S32R, identified in the hearings has been
subsequently modified to a strut with a stiff pipe clamp.

The staff's evaluation of the effect of kick .; ads and the generic implications
regarding angular tolerances for skewed supports is discussed in Apperdix A
(Section 27.1) to this supplement. The staff tvaluation of the acceptt.bility
of a 5' ancular tolerance is previded in Appendix A (Section 27.2) to this
supplement.

(6) local Bearing Stress ir Piping
(CASE Question: Doyle #6)

|CASE raised a question rcoarding the bearing stresses that would result in '

piping in a box frame that is subjected to a 20,000-pound load. CYGNA's pre-
filed testimony did not address CASE's question by rather addressed the effect
of radial pipe therrral exptnsion stresses developed in a box frame. The local
thermal stre*ses in the pipe were found to De large when considered alone but
were below ASME Ccde allowable values.

In the April 1984 hearing session, it was established that CYGNA did not per-
form a calculation to evaluate the local pipe berring stresses caused by a
20-kip load (Tr.12,666). CYGNA concluded that the concern shoulo be evaluated
further (Tr. 12,1660).

Staff Evaluation

The staff cor.cludes that tFe concern identified ty CASE was not adequately
addressed by CYGNA in its Indepercent Assessnent Program. The Staff believes
the magnitude cf the load (20 kips) could have resulted in an cverstress cen-
dition of the pipe. Tbc specific support, SI-1-325-002-S32R, related to this
itsue has been nodified to a stiff clamp, and the iswe of bearing stresses
due to the bor, frame is no longer applicable to this support.

The generic implicaticr,s regaiding the local stresses in c pipe, specifically
a pipe in a box frarre, are adorused in Apper dix A (Section 2.2) to this
supplement.

(7) Use of Clip Angles /U-Bolts on Box Frarcs
ITATE Question: [soyle #7)

CASE raised a concern regarding the adequacy of the clip angles to raintain
stability. The clip ancles are welded onto the box frame end are used for
attaching the cinched to the U-bol t/hox frame. CYGhA's prefiled testireny
stated that in the U-t'olt-to-the-box-frame configuration, no credit was given
'or the U-bolt maintainiro stability. The clanping mechar. ism was assumed by
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CYGtM to t.E proVided solely by the friction forces developed between the pipe
arc' tox frame. CYGNA further stateo that a subseouent review of the installa-
tion instruction for the preloading of the U-bolts found that the clip angles
uculd theoretically be everstressed.

In the Aprii 1984 hearines, CYGHA clarified that the clip angle is incapable
of suppcrting the preload torouc of the U-bolts but steted that the U-bolt /
bo>. frame support would not necessarily lose its function because of the
friction forces developed as a result of thermal expension and the zero inch
clearar.ce between the pipe and box irame (Tr. 12,706). The ersuino discussion
focused on whethcr there was a zero-inch clearance or whether there could to
a small gap between the pipe and box frame in the installed conditior.. (Tr.
12,709-12,'47). Cygna finally statec that if there were a gap between the pipe
and box frare (and the (verstressed clip angles would be recuired to maintain
the clamping ef fectiveness), then further analyses would be required to deter-
mine the overall support adequacy (Tr. 12,747).

Staff Evaluation

The basic functicr. of a pipe clarp is to attach piping ccmponent supports
(e.g., hangers, struts, snubbers) to the piping. It is comon industry

practice to use pipe clamps ir essociation with other ccmponent standard
supports ano hardware. The total component suppcrt is typically attached
to structural (buildino) steel or to anchoraqes in the building walls and
ficors. Where corponent stcndard supports are net used, the piping is
usually supported by the use of weioed supplementary steel (e.g.,1-beams,
tube steel, ar.gles, etc.).

The staff views the U-belt / box frane es a substitute for a standard pipe clamp.
The clip angles function as an attachment for the U-boit to the box frame.
The urusual feature in regards to this configuration is that the box frame is
analp ed for the design basis leadings but when a gap between the pipe and box
frame exists, there is a need for a clampine rechanisn to ensure the support
functionality. The clamping rechanisn is provided by'the U-bolt. Thus, the
U-bolt function was not specifically desicned to resist the design basis
loading but was added for serviceability (i.e., to prevent undesirabic rota-
tion around the pipe axis). In essence, the dual function of the U-bolt / box
frame is an unusual rethod for providing the same function as that of a stan-
dard pipe clanp but its effectiveness has not been adequately denenstrated.

If the clip angles on the U-bolt / box frame are overstressed to a degree where
the clarping mechanism is lost, then the intended function of the U-bolt / box
frame "clamp" is not ensured.

The U-bolt torquirg and the clip angle evaluation are a necessary element to
ensure the component support structural ar.d functional desian adequacy for the
U-bolt / box frame configuration. However, the overall design is highly unusual.

In the TV Electric Correccive Action Program for pipinc and pipe suppcrts,
this type of pipe support design (i.e., box frane with U-bolt attached with
clip angles) was totally eliminated; thus, the generic irplicatico has been
adecuately addressed.

-__ _ _ _ _ _ _ _ _ _ _ .
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(S) Flare Bevel Welds
(CASE Question: Doyle #8)

The concern raised by CASE is related to the basis for CYGNA's acceptance that
flare welds are stronger than fillet welds. CYGNA's prefiled testirrony pro-
vided calculations that concluded that changing from a 1/4-inch fillet weld to
a minimum flare bevel groove weld increased the veld capacity by 65 percent.
During the April 19E4 bearing, it was clarified that at the time of CYGNA's
review, the weld was depicted at i fillet weld but was subsequently changed
to a flare bevei groove welo. Although CYGNA did not address the veld change
at the time of its review, they did address the weld change in its written
testimony in response to CASE's question (Tr. 12,748-12,751).

Staff Evaluation

There was no apparent concern in this issue that opened from the hearings. The
staff evaluation of the design of flare tevel welds at CPSES Units 1 and 2 is
provided in Appendix A (Section 8.9) to this supplement.

(9) (CASE Ouestion: Doyle #9)

This question was withdrawn. (Tr. 12,756)

10) (CASE Question: Doyle #10)

This cuestion was deleted. (Tr. 12,758)

(11) Seismic Excitatier of Pipe Supports
(CASE question: Doyle #11)

CASE raised a concern regarding the effect of support self-weight excitation
in the support off-direction and its effect on the pipe support loads. CYGNA's
profiled testimony stated that in its review of the residual heat removal
oiping system, the potential problem of neglecting support self-weight excita-
t:cn was identified in Note 1 to Checklist PS-01. Cygna resolved this item

by noting)that this particular concern was addressed in the special inspectionteen (SIT repcrt and deferred to the staff evaluation.

In the April 1984 hearing session, it was revealed that when CYGNA performed an
analysis to assess the effect of suorort mass en piping stress (see Doyle #4),
CYGUA found a 24 percent increase in the safe-shutdown earthquake load en the
srpport itselt (TR. 12,751). CYGNA later clarified that, in the analysis,
they "were focusing on one sinole item--the influence of support mass only...
(CYGNA excluded all effects which would have reduced this value below its
percent value" (Tr. 13,078). CYGNA's ccnclusions were that the 24 percent
increase can be reduced by factoring in the effects of piping thernal and
weight loads and the overall effect of support self-weight excitation does
not have an ef fect on the recidual heat removal system design adequacy
(Tr.13,079).

Staff Evaluation

The staff evaluatiun of the generic implicatiers regarding seismic excitation
of pipe surtorts at CPSES is orovided in Appendix A (Secticn 19.2) to this
supplement.
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(12) lioment Restraining Effects of Dual Supports
(CASE Question: Coyle #12)

Durinn the April 24-27, 1984 Fearings en the CYGNA ir. dependent Assessment
Progran, a substantial amount of discussion focuses nn the subject of rrodelire
used in piping stress analyses for dual restraints which act in the axial
direction o' the pipe. (See Tr. at 12,767-12,790, 12,851, 13,081-13,082,
13,105-13,107, and 13,124) . The concern expressed during the hearing was that
the support load was calculated on the basis of a piping stress analysis that
modeled the dual axial restraints as a single exial restraint. The sunport
lead fron the single axial restraint was assumcd te have an ecual (50/50) load
distribution for the design of the dual restraints and each restraint was sized
to half the load. The concern was that in addition to an axial load, there
could be a moment in the piping systen that could intrcduce a moment couple
into the twc axial restraints that was not considered and could result in
higher restraint loads.

CYGNA evaluated the problem and concluded that the modeling used by Gitbs A
Hill, which assumed a single axial restrair.t is an accepteble technique, and
+ hat a model assuming two restraints rarallel to each other and connected to.

the pipe is an alterrative technique - not necessarily better or more accurate
(Tr. 12,772). CYGNA stated that when two restraints are modeled, they will
provide some degree of rotational restraint and will result in a different i

distribution of loads on the two restraints. CYGNA had Gibbs & Hill rerun
the piping analysis with the dual snebbers modeled as a single restraint (per
the original analysis) and as a dual restraint for comparative purposes.
CYGNA found that the support leads increased while the pipina stress and
equiprent nozzle loads decrear.ed (Tr. 1?.,789).

The support load ircreased f rcm 1328 pounds to 3933 pounds. The rated load
capacity for the snubber was 1500 pounds (Pacific Scientific PSA-1). The Boerd
recomended that the staff advire it on the need for further reanalysis when
the Staff provides its testimony (Tr. 13,107).

Staff Evaluation

Tte specific support discussed in the CYGNA hearings with respect to this issue
was support RH-1-010-004-522K. This support has subsequentl," been deleted and
no longer exists at CPSES. Thus, the specific concerns identified with this
support are not relevant to CPSES.

The staff evaluation of the generic implications regarding duel snubbers acting
as moment restraints for CPSES Units 1 and 2 is prcvided in Appendix A (Section
1?.1) to this supplemert.

Comanche Peak SSER la P Appendix F



. _ _ .

1

(13) Pipe Support Generic Stiffness
(CASE Question: Doyle 613)

CASE raised a concern regardino CYGNA's evaluation of the generic stiffness
values used in pipino analysis for the modelir0 of pipe supports. In its
prefiled testimony, CYGNA explained that the use of generic stiffnesses was
raised as a potential problem but was not pursued because the issue had been
addressed in the SIT report. Accordingly, CYGNA recorded the potential de-
ficiency on the appropriate checklist and deferred to the staff evaluation
in the SIT report.

Staff Evaluation

The staff evaluation of the generic implications regarding pipe support generic
stiffness values used in piping analysis for CPSES Units 1 and ? is provided
in Appendix A (Section 5.1) to this supplement.

(14) local Flexibility of Pipe Support Menbers
(CASE Ouestion: Doyle #14)

lhc c,uestion raised by CASE was relatcd to CYGNA's review consideration of
(a) the effect of support stiffness on the evaluation of self-weight excita-
tien and (b) the flexibility of each elencot in the support load path. CYGNA's
prefiled testirony addressed two considerations of the effect of support
stiffness on self-weight excitation.

(1) the influence of the support stiffness relative to an approximate nethod
i used to estinate the natural frequency of the system

(2) the influence of support stiffness relative to the determination of
suppcrt stresses and deflections

For the flexibility effects of each elencrt in the support load path, CYGNA
referred to its response in Doyle #13 which deferred to the SIT report for
its evaluation of generic stiffnesses. Furthermore, CYGMA stated that current
standard practice (state-of-the-art) is not to include baseplate stiffnesses
in calculating the overall support stiffress and, thus, CYGNA did rot consider
it reascrable fcr it to be a requirement at CPSES. In the April 1984 bearing,
CYGhA presented a detailed explanation of the effect of anchor bolts and
baseplates on the overall support stiffress (Tr. 12,855-12,Pf2).

Staff Evaluation

The staff finds thet the technical discuseion by CYGNA at the April 1984
hearina deronstrated that the effect of non-linear gaps end the flexit,ility
of the support haseplate using Hilt 4 erchor bolts did not significantly affect
the overall stiffness of pipe suppnrts.

The staff (valuation of the effect of generic stiffness, local flexibilities,
and bolt hole gaps at CPSES Units 1 and 2 is provided in Appendix A (Sections
F.1, 5.2, and 13.1) to this supplement.

U

l
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(15) Constraint of Pipe Thermal Erpunsion
(CASE Question: payle #15)

CASE reised a concern regarding the effect of anchort and supports constrairing
oipe radial growth due to thermal cxpansion of the pipe. CYGNA's response in

its prefiled testimony addressed the censtraint of pipe radial growth for three
differer.t types of support:

(e) box frane (zero inch clearance) support
(b) trunnion-type anchor
'c) stanchion with saddle anchor

During the April 1984 hearing, the testimony focused on the box ' rare support
with zero-inch clearerce (Tr.12,666). CYGNA ccncludeo that the high 1ccalized
stresses in the pipe due to the constraint of radial expansicn should be evalu-
ated further tc detennite the acceptebility of the total pipirg stress when the
pressure end bending stresses are included (Tr. 12,669).

Staff Evaluatio_n

The ASt'E Cede in Paragraphs liC/f;0-3645 and isC/ND-3613.3 provides two broad
design rules that car hold local stresses ir ASt4E Code Cless ' and 3 piping
at a safety level consistert with experience. However, experience has shewn
that when structural steel is used to frame the piping in a box-type arrange-
ment, it is good engineering practice to provide a snall (typicelly 1/16 inch
in the "hot" position) gap between the pipe and box frame to allow the pipe to
expand freely in a radial dirc.ttion when thermal loacirp exists in the pipe.
Orc major reason for providing the gap is to prevent large frictional fortes
from developing that could prevent the pipe f rom moving axially thrct:gh the box
frame. It should be noted that cornon practice for box frame supports dictates
that the auxiliary steel used in pipe supports is welded together forming a
rigid self-supporting structure. At CPSES, the box 'rame tube steel support
was commonly attached to component standard supports (i.e., struts) using
pinned connections. The staff is not aware of this practice bcVing been used
at previously designed facilitics. Consequently, the usual design concern of
binding the pipe axially is eliminated, but is replaced by a new design concern
of constraining the radial growth of the pipe due to thern'al expansion load-
ings. Although the ASME Code recognizer that "highly localized end secondary
bendinc stresses may exist" in certain Class 2 and 3 ccrpenents, the staff
founc that the thermal binding of the pipe radial growth in box franes where a
7ero-inch clearance was specified had been adeauately considered at CPSES by
the designers. However, this zero napped box f rane design has subsequently
been elinineted at CPSES and the issue no longer is relevart.

lhe staff does find that the trunnion-type anchor er.d the stanchion anchor'

are still used at CPSES and also are commonly used in other nuclear facilities.
Previcus experience does provide assurance that these types of anchors are
an acceptable design provided the applicable code provisions are satisfied.

The steff evaluation of the cereric implications regarding trunnion-type
anchors and stanchion-with-saddle anchers is discussed in Apperdix A (Section
20.E) to this supplement.
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(16) Oversize Bolt Hole Effects on Anchor Bolts
(CASE Question: Coyle #16)

CASE raised a concern regarding the acceptability of assuning that all bolts in
a baseplate equally sharing the shear loadirg when the bolts are acting as
bearing-type connections. CYGNA's profiled testimony provided a calculation
that demonstrated that for the worst case (a 1-inch diameter bolt with a bolt
hole of 1 1/8 inch) at CPSES, the factor of safety in shear for a four-bolt
baseplate is reduced by only 4 percent. CYGNA concluded that for bolts com-
posed of a sufficiently ductile raterial, the ultimate shear capacity of the
four bolts in the baseplate will be achieved. During the April 1984 hearing
session, CYGhA explaired the loading for ancher bolts in baseplates (Tr.
12,856-12,87C) in response to CASE's cross-examination en CASE Question: Doyle
#14 and again on CASE Question: Doyle #16 (Tr. 12,885-12,888). CASE concluded |

that its concern regardire oversizec bolt holes was eliminated (Tr. 12,888).
CYGNA later clarified the calculation for the four-bolt-baseplate pattern that
demonstrated the Icad sharino capability of the bolts in shear.
(Tr. 13,622-13,628).

1

Staff Evaluation

It is epparent to the staff that the calculation performed by CYGNA assumed
that the four bolts were acting as a bearing connection. The 1-inch bolt
diameter with a 1/8-inch eversized hole was the only size identified by CYGNA
that ves not in compliarce with the 1974 ASPE Code. TFe dyiation f ren the

Code was 1/16 inch. CYGNA's calculation provided a technical justificaticn for
the 1/16-inch deviation by demonstrating that the safety factor of 5 'or bolt
sFear, previously used by applicarts for concrcte expansion anchor bolts in
piping support cesign, was reduced by only 4 percent. Thus, the factor of
safety for bolt shear was still greater then the factor of safety cf 4 required
per IE Bulletin 79-02). CY6NA's cair46 tion used the test deta for a 1-inch
diameter Hilt anchcr bolt embedded in 4000 psi concrete.

The staff evaluation of the generic irnplications regarding oversized bolt holes
for CPSES Units 1 and 2 is discussed in Appendix A (Sections 10.1 and 26.1)
to this supplement.

(17) Effect of Two-Inch Tepping
(CASE Question: Eoyle #17)

CASE raised a questien regarding the 2-inch topping that is provided for anchor
bolts en several pipe supports. CYGNA's prefiled testimony stated that the
installation procedures to determine the ef fective anchor bolt length did not
take crec'it for the 2-inch topoirg as structural concrete. CASE did not appear
to have any further concerns regardinc this issue at the April 1904 hearing
session (Tr. 12,888).

Staff Evaluation

The staff finds the treetrent of the 2-inch toppino was adcquately evaluated in
the CYGNA review. The generic in'plications of this ittue is further addressed
in the Corrective Action Progren for civil / structural C/S desigr. (see C/S
prcject status report - bubappendix All).

Comanche Peak SSEP M 11 Appendix F
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(18) Effect of Daseplate Stiffness ~
(GSE Question: Doyle fl8)

CASE raised a question regarding the effect of baseplate stiffeners on the
anchor bolt leads. CYGNA's prefiled testin:ony statcd that it is & conservative
approach to neglect the effect of baseplate stiffeners en the anchor bolt or!

baseplate design. CYGNA performed calculations for two support baseplates
that demonstrated that the maximum bolt forces in an unttiffened baseplate
are larger than ir. a stiffened hbseplate. Similarly, CYGNA calculations shcued
that the maximum plate stress eithout stif feners is greater than with stiff-
eners (Tr. 12,891).

Staff Evaluation

The calculaticos perforr.ed by CYGNA provided a reasonable tecFrical basis for
concludir,9 that the effect of baseplate stiffeners can be reglected for the
evaluation of the baseplate stresses and anchor helt loads. The staf f firds
CYGNA's review in this crea to be adequate.

(10) A500 Grade B Tube Steel
(CASE Ouestion: Walsh #1)

CASE raised a question regarding the yield strength used for A500 Grade B tube
steel. CYGNA's prefiled testimony stated that at CPSES, a yield strength of
42 ksi vas used pe ASME Code Case N-71-9. Subsequently, Code Case N-71-10
was issued, which reduced the yield strength to 36 ksi. CYGNA reviewed the
pipe support calculations for tFa 20 supports ir its scope or work and in
each case the tube steel stresses were within the 26 ksi allowable stress.

Staff Evaluation

The Sta" finds that en the basis of satisfying the provisions of the ASME
Code in Paragraph NA-1140, the use of ASME Ccde Case N-71-9 is acceptable.
The staff evaluation of the generic implications regarding the yielding
strength for A500 Grade B tube steel is provided in Appendix A (Section 9.1)
to this supplement.

(20) Interaction of Adjaccrt Concrete Anchorages
(CASE Question: Walsh #2)

The cuestion raised by CASE was whether CYGNA had reviewed the shear cone
interaction of adjacent concrete expansion anchor bolts. In its prefiled

testimony, CYGNA stated that it had verified shear cone interaction and that
the applicants had properly considered these effects using the anchor spacing
provided in the Hilti catalog. There was no further concern expressed by CASE
on this issue at the May 1984 hearings.

Staff Evaluation

CYGNA adequately addressed the consideration of shear cone interaction of Hilti
expansion anchcr bolts by the applicant in its score of review. No open issue
re.nained from the hearings. The staff finds CYGNA's review to be adeouate in
this area. The staff evaluation of the generic implications for CPSES Unit 1
6nd 2 related to interaction of adjecent concrete anchorages will be addressed
by the staff in a separate safety evaluation on the civil / structural cap.
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(21) Pipe Pall Thickness
(CASE Question: Wal'sh #3)

CASE raisec a concern th6t no detailed computer analysis was perforned to
evaluate the effect of an incornet pipe wel' thickness on piping stress. The
assumption uscd by CYGNA in its resolution of Observation PI-01-02 was based on
a linearly proportional stress increase whereas CASE's concern was that in the
seismic analysis, the increase will not be linearly proportional. In CYGNA's
prefiled testimony and in the May 1984 hearing, a substantial amount of
testimony focused on the technical haces for CYCNA's simplified assumption of a
linearly proportional stress increase (Tr. 13,386-13,440).

Steff Evaluation

The piping arelysis error associated with this issue is no lenger relevant
because the SKEC design validatier of cil ASME Code Class ? and 3 piping
systems at CPSES has caused this Gibbs & Hill piping analyris to be superseded.

(2P (CASE Question: Walsb (4)

The concern was only e typographical error that was subsequently ccrrected by
CYGNA.

(23) Support Angularity
(CASE Question: Walsh #11)

CASE raised a cuestion regarding CYGNA's basis for essuming that support
annular orientations that devieted from the ccostruction tolerance were accept-
able. CYGNA's prefiled testimony stated that the exceedances of the 5.0'
construction tolerance were only 3.6* and 2.5' respectively, for the two
supports evaluated. To verify the adecuacy of its judtr"ent, CYGNA requesteo
Gibbs & Hill to reanaly7e the piping subsystem. 'n the reanalysis, three
r.upports were remodeled to their as-built configuration and the dual snubber
axial restraint was remodeled as two parallel restrairtts (See Doyle #12). The
reanalysis resulted in a decrease in equipnent nozzle loads, a small increase
in maximum piping stress, and an increase in pipe support loads. In the May
1c84 hearing, CASE raised a cuestion of whether the appropriate pipino stress
allowable value was used. An apparent conflict arose between the allowable
value used in the CYGNA prefiled testimony and the allowable value stated in
the CYGNA Independent Assessment Report under Appendix H checklist Item PI-02
(Tr. 13,504). CYGNA resolved this issue in later testimony (Tr. 13,679-13,684)
by clarifyino that in the piping system rodel, two different pipirg materials
are specified for different portions of the piping system. The portion of the
system addressed in PI-02 was ccrposed of a different material than the portier
of the system (addressed in Kalsh #11) where the maximum piping stress
occurred.

Staff Evaluation

On the basis of its review of the piping analysis results, the staff finds
that CYGNA's conclusion that the effccts of the skcued angle deviations were
negligible is correct. The staff evaluation of the generic implications
for CPSES Units 1 and 2 related to support angularity is discussed in
Appendix /. (Section 27.1) of this supplement.
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