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ABSTRACT

Supplement 14 to the Safety Evaluation Report related to the operation of the
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
presents the staff's evaluation of the applicants' Corrective Action Program
(CAP) related to large and small bore piping and pipe supports. The 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 documents
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 starf concludes that the CAP workscopes for large and small bore

piping provide a comprehensive program 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.
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1 INTRODUL 1 ION

In September 1984, Texas Utiiities Electric Company (TU Electric), lead

app icant for the Comanche Peak Steam Elc:ztric Station (CPSES) Units 1 and 2
established the Comanche Peal Response Team (CPRT) and fermulated the CPRT
Program Plan and icsue-spe_ific action plans to address issues identified by
the U.S. Nuclear Regulatory Commission (NRC) staff in its reviews of technical
concerns and allegations pertainino 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
raisec in the Atomic Safety anc 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 constructicn of the CPSES plant.

In early 1987, TU Electric evaluated the preliminary results of the CPRT
self-initiatea reviews as the investigative phase of these reviews was
completed. As a result of the numerous, broad-scope findings, TU Electric
initiated a comprehensive Corrective Action Program (CAP) that consisteo of a
complete design and hardware validation and provided for an integrated
resolution of identified problem areas rather thar 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 systenrs

¢) electrical systems

3) instrumentation and control

4) civil/structural

5) large bore piping

6) small bore piping

7) cable tray hangers

8) conduit supports (Trains A and B, and Train € greater then 2 inches;
§) conduit supports (Train C less than or equal to 2 inches)
10) heating, ventilation, and air-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 pipina. 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 cf subjects that cannot be
presented appropriately in the usual Safety Evaluation Report (SER) format used
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for licernsing 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 .ctions including the design criteriz 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 stafi's overall conclusions. Section 7 lists the references cited
in this report. Availability of all reference material cited is described on
the inside frent cover of this report.

Appendix A provides the ctaff's review and evaluation of the generic technical
jssues associated with piping ¢nd pipe supporis. Appendix E 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
items related to piping and pipe supports from Supplement 13. Appendix D
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.

Management and coordination of all the outstanding regulatory actions for
Comanche Feak are under the overall direction of Mr. Christopher I. Grimes, the
NRC Comanche Feak Project Division Lirector. Mr., Grimes may be contacted by
calling (301) 492-3295 or by writirg to the following audress:

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, N, Washinoton, DC 20555, (2)
the Loca) Public Document Room located at the Somervell Ccunty Public Library
on The Square, P. 0. Box 1417, Gien Rose, TX 76043, ana (3) the mini Local
Public Document Room at the University of Texas at Arlington Library, 701 South
Cooper, PC Box 19447, Arlington, TX 76019.
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2 SOURCE OF ISSUES

Since 1982, the appiicant for CPSES has been involved in a heavily contested
heariny before the Atomic Safety and Licensing Boara (ASLB). The only
remaining contention is Curtention 5.* (ontention 5 was broadiy interpreted by
the ASLB to apply to quality assurance in regard tc the design and construction
of CPSES. The ASLB alsc permitted the intervenor, Citizens Association for
Sound Energy (CASE), to raise questions related to potential design

deficiencies that aiiegedly were not caught by the desion control program.

The pipe support design issues (Walsh/Doyle issues) were initially raised
during the July and September 1987 ASLB hearing sessions by CASE witnesses,
Mark A, Walsh and Jack Uoyle, who both worked for the same pipe support group
at CPSES from Aucust 1981 to June 1982. The staff formed a Special Inspection
Team (SIT) to review and evaluate the Walsh/Doyie i1ssues during an irspection
performed from Uctober 1982 to February 1983. The SIT categerized 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
Inspection Report 50-445/82-26, 50-446/82-14 dated February 15, 1983 (SIT
Report) (Keference 1).

(1) the interface between pipe support desian groups

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

(3) design analysis for Richmond inserts and Hilti-bolts
(4) differential thermal expansior effects in pipe supports

(5) differential thermal expansion and other effects in wall-to-wail,
floor-iu-ceilinag, 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/guality control
(QA/QC) provisions required by the construction permits fer 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 ot the reactor vessel for Unit 2, welding, inspection and
testing, materials used, craft 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.
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(7) use of U-bolts in pipe support desians

(8) loading due to seismic acceleration of the pipe support structure
(9) moment restraint and local pipe stress cue to welded stanchions
(10) deflections and local stresses in pipe support structure

(11) consideration or 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 ASLE 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 irdependent verification
program, the staff was seeking additional assurance that the design process
used at CPSES complied with NRC regulations ana licensing commitments, The
applicant submitted a plan for an Independent Assessment Program (IAP) for
CPSES to be performec by CYGNA Energy Services (CVGNA). In Novemoer 1983,
CYGNA submitted the results ot 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
1imited-scope assessment of a portion c¢f the design control precess and its
implementation. In its IAP, CYGNA concluded that the overall desian activities
at CPSES were adequate and were properly implemented.

Subsequenrtly, the ASLE issued its preliminary findings or the desigr i1ssues
(i.e., Walsh/Doyle issues) in its Memorandum and Urder (Quality Assurance for
Desian) dated December 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 severzl piping and pipe support design
questions raisec 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 ard 4 of the CYGNA IAP, Phase 3 was
directed primarily toward a review of the pipino and pipe support desicns for
selected systems, Phase 4 was primarily a muitidisciplined review of the
design of a portion of the couponent cooling water system for Unit 1.
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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 (NkC)
dated January 18, 1985 (Reference £). 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
information obtained throuch later reviews and conclusions artected 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. 1In 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 additicnal design concerns related
to pipe stress, cable tray and conduit support design.
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3 OVERVIEW SUMMARY
3.1 CPRT Program Plan

Because of many technical concerns identifiec ir regard to the design of large
bore piping and pipe supports at CPSES, the CPRT daveloped an action plan to
igentify and correct design deficiercies relating to these components, 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 decign, quality of construction, quality assurance/quality control,
and testino at CPSES,

The "Comanche Peak Response Team Program Plan and [ssue-Specific Action Plans,"
Revision 2, was issued on June 28, 1985. Revision 2 was issuea on January 27,
1986, and kevision 4 was issued cn 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 CPKT Program Plan. DSAP
1X (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 recuaiitication program and a third-party review of
this program. The proje.t activities were to be performed by Stone & Webster
Engineering Corporation {[SWEC), and the third-party activities were to be
performed by TENERA, L.P. (formerly known as TERA Corporationj.

Because the scope of the CPRT Program Plan was dyramic in nature, its
implementation was continually changing. In addition to providing for the
resolution cf all identified technical concerns, the plan included a self-
initiated evaluetion of the CPSES quelity of construction ard adequacy of
design to investigate aaditional 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 recualification program wes essentially all-encompassing
and a self-initiated review in regarc to the piping discipline was not
required,

* Revisions 0 and 1 of the CPKT Proaram Plan, which were issued on October 8
and November 21, 1984, respectively, provided & 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 TU Electric organization and its contractors (e.q.,
Stone & Webster tngineerino Corporation) responsible for design activities.
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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
requalitication 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 investigetive phase of the DAP (Appendix A to the CPRT
Program Plan, neared completion, TU Electric became aware of the numercus and
broad-scope findings of the CPRT self-initiated design reviews. Subsequently,
TU Electric decided to initiate a comprehensive Corrective Action Program (CAP)
involving a complete design validation of 11 decign 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 ana control (SWEC)

5) large bore piping (SKEC)

6) small bere piping (SKEC)

7) heating, ventilation, and air-corditioning (Ebasco)

8) cable tray hangers (Ebasco/Impell)

9) conduit supports (Trains A ¢nd 2 «nd Train C greater then 2") (Ebascc)
10% conduit supports lrain C less thau 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 or the
CPKT's assessment of design adequacy. The applicant provided ¢ cdescription cf
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, Kevision 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 overail CAP in a letter from S. U. Ebneter
to W. G. Counsil (TU Electric) dated January 22, 1988 (Reference 19).

The scope of the piping and pipe supporti recualification program being
implemented by SWEC under Revision 3 to the CPRT Program Pian (DSAP 1X) was not
significantly affected by the establishment of the CAP. The SKWEC
requalification pregram was incorporated into the CAP and reformatted so that

¥ The design validation of Fire Protection is being performed by Impell and
that of systems interaction is being performed by Ebasco.
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it was consistent with the Design Basis Consclidation Program (DBCP)*
(Reference 20), and ite overall scope was expanded. The SWEC requalification
program as described in Attachment 2 of DSAP X of the CPRT Program Plan
(Reterence 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
cocumentation., 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
Plen's DAP for piping and supports (LSAP IX) through several design audits and
inspections., The staff's evaluation of TENERA's activities and associated
reports 1s provided in Section 4.2.1 of this supplement. KResolution 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 TU
Electric Technical Audit Program (TAP) as a result of the CPRT redirection are
described in the foreword to Appendix A to the CPRT Proaram Plan (Revision 4)
(keference 18). The stafr's review and evaluation of the effectiveness c¢f the
TAP activities related to piping and pipe supports are provided in Section
4.2.2 of this supplement.

The open items 1dentified in the Independent Assessment Program (IAP) conducted
by CYGNA from 1983 to 1985 have been addressed unaer both the CPRT Program Plan
and the Corrective Action Program. In addition, since November 1986, TU
tlectric 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 ¢z 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 aucits and inspections of the piping and pipe
support desian 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 cther
external sources currently known to the staff are being properly resolved. The
s:aff reviews and evaluations are provided in Section 4 cof this supplement.
Cpen items from Supplement 13 (Reference 11) related to the design of piping
and p*pe 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 smali bore piping and pipe supports at
CFSES, the staff reviewed the CPRT Program Pian up to and including Revision 4
the applicant's letters describing its Corrective Action Program (CAP)
(References 12, 13, 14, 15, 16, anu 17), CYGNA's Independent Assessment Program
and review issues lists (References ¢, 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 CPKRT Prooram Plan and CAP activities
related to large and small bore piping and pipe supports at CPSES from August
1985 through January 198& (see Appendix D of this supplement for a chronology
of staff audits and inspections of pipino and pipe support activities).

The following sections provide the stafr'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 Prcgrain Process

The CAP process fur large and small bore piping and pipe supports is described
in a lTetter from W. Ccunsil to the NRC datec August 28, 1987 (keference 15) and
in the piping project status reports (PSks) (References 24 and 25). The major
elenents of the CAP process are design validation, hardware mocdifications,
hardware validation, final reconciliation, and final documertation.

(1) Desian Validation

The design validation for piping ard pipe supports provides a comprehensive
program for the reanalysis of American Society of Mechanical Engineers
Boiler and Pressure Vessel Code (ASME Cnde) Class 2 and 3 piping* and ASME
Code Cless 1, 2 and 3 pipe supports. The scope of the CAP implemented to
date for CPSES Unit 1 and Common** also includes (&) non-seismic Category !
piping as defined in NRC Reculatory 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 contairing systens,
components, and equipmeni. for both Units 1 and 2.
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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 adequateiy 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 proaram for ensuring compliance
with licensing commitments, the identification and resolution of aesign
deficiencies, conformity of design with construction, and proper documentatior
and maintenance of results, and 1s thus acceptable,

4.1.2 Design Validation

The design validation phase of the CAP process includes validation of desi?n
input, development of design criteria and analytical methodoloaies to resoive
generic technical issues, piping and pipe support analyses, and final
re?onciliation. The areas reviewed and the staff evaluation are provided
below.

4.1,2,1 Vvalidation of As-Built Design Input

The accuracy of the piping and support as-buirit drawings used as input to the
initial pipe stress analyses of design validation were verified by SWEC using
Comanche Peak Project Procediures CPPP-5 and CPPP-8 (see Appendix E to this
supplement) betore the stress analyses were initieted,

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-tuilt 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 walkdown Report," dated June 19, 19&€,

The staff audited the CPPP-5 walkdown process (Appendix U to this supplement -
Event 2) and reviewed the CPFP-5 procedure and the two SWEC walkdown reports.
The results of the staff audit were discussed in a public meeting in Granbury,
TY reld on October 2, 1985, The staff found that the SWEC CPPP-5 walkdown
verified the adequacy of fcur attributes obtained from a ranuom selection of
680 large bore pipe supports anc valves. The four attributes were (1) valve
lecation (sample size of 80), (2) pipe support lccation (sample size of 20C).
(3) pipe support function (sample size of 200), and (4) velve and support
orientation (semple size of 200). The four attributes were selected on the
basis of their potential impact on the pipe stress analyses. Other attributes
(e.qg., pipe rur 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 wzlkdown found that the attribute sample size was adeguate
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,
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The staff concludes that the CPPP-5 walkdown was well-documented and essily
verifiavic The dimensions measured by the staff verifiea the accuracy of the
SWEC dimensicrs 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 decign validation activities,

The SWEC walkdown report: identifiec @ need to review the results from the CPRT
Quality of Construction (QOC) Program (Appendix 8 to the CPRT Program Plan) and
2 need to verify the accuracy of valve and support orientations shown on the
drawings. A study was initiated to review the ceviation reports generated by
the CPRT QOC Program and to evaluate their impact on the desicn validation of
piping and pipe supports. This study is discussed in more detail later in this
supplement. In addition, the walkdowns identifiec & need for a complete
walkdown of valve and support orientation that was subsequently perforned in
accordance with Comanche Feak Site Procedure CPSP-12, "As-Built Verification."

The staff finds that the CPPP-5 walkdowns verified the adequacy of dimensions
and furctions shown on existing as-built drawings to support initiation of the
piping analysis ectivities and provides confidence that the use of existing
as-built pipina data in the initial stress analyses of cesign validation will
not result in significant changes to the stress analysis results auring 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 hotificaticn
BN-85-026A) (Reference 4), the NRC staff identified a need for an as-built
walkdown to verify engineering assumptions used in piping stress analyses. In
response to the staff concern, & 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 suppurt system walkdown by experienced SWEC engineers in the
piping and support design discipline. The objectives of the CPPP-8 walkdown
were
(1) tc determine whether there were issues in regard to hardware
confiourations - other than external source issues - that should be
evaluated relative to the functional behavior of the piping system

(2) for experienced SWEC perscnnel to become familiar with the physical
aspects of piping and pipe support desigr 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-& 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 steff audited the CPPP-8 walkdown process (Appencix D to this supplement -
Events 3 and 6) and reviewed the CPPP-8 procedure end the CPPP-8 walkdown
report. The staff found that the SWEC CPPP-8 walkdown resulted in a fiela
walkdown of 70 CPSES Unit 1 piping stress packages involving approximately
2,400 pipe supports. The scope included portions cf small bore piping and
supports. The staff review of the scope finds it encompasses various piping
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systems, sizes, and classes and is thus representative of the types of piping
systems included in the SWEC design validation,

The sta®f audit of the CPPP-§ 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
mocdifications and additicns to the Comanche Peak Project procedures (Appendix E
to this supplement) and to design input provided by TU Electric., The
modifications tu the procedures were mainly administrative and address the
interdisciplinary interface requirements in the design validetion process.

The staff finds that the CPPP-E welkdown 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
Fipe stress engineers and the pipe support engineers,

Impact ot As-Built Piping Construction Deviations

As a result of the CPPP-5 and CPPP-8 walkaowns, several areas of as-built
pipirg construction deviations were iuentified that could affect the SWEC
design validaticn activities. The quality of construction of CPSES, however,
was being evaluated urder the CPRT (OC Program urder [ssue-Specific Acticn Plan
Vil.c.

A review of the piping-relatec deviation reports gererated from the CPRT QOC
Frogram was perforwed by SWEC. The results of the review were documented ir &
SWEC report entitiea “Impact of Construction Deviations on Stress
Recualificetion Proaram," Keport Nc. 15454-N(c)-010, veted December 15, 1986.
The repor® concluded that the concerns velatec to clearances and other hardware
construction devietions did not directly affect the SWEC piping stress analyses
activities arc, thus, there was no need to change these activities to address
the CPRT QOC Program ceviation reports. However, the report confirmed the need
tv adaress clearances between the piping and adjacent comporents and structures
on a plantwide basis as committed to in Sectior 7.2 of CPPP-¢ (Revision 2)
(Appendix E uf this supplement). It clso verified the need to conduct a
Hareware Valication Proaram (HVP), as recommended in a SWEC report entitled
"Assessment of TUGCC's As-Built Documentation for Piping and Pipe Supports,'
datec July 1986. The HVP concept was subsecuently aacpted by TU Electric for
all 11 CAP scopes of work and evelved into the Post-Construction Hardware
Velidation Program as discussed in Section 4,1.3 of this SSER,

based on 115 review of the applicant's actions discussed above that were tiken
tu dddress the impact of constructicor deviaticns identified by the CPRT QUC
Program on the piping and pipe suppori requalification effort, the staff finds
that the PCFVFP and its implementation reasonably ensure *“:t construction
ceviations are identitied and corrected and, thus, wili nct adversely affect
the ability ¢f piping and pipe supporis to perform their intended functions.
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4.1.2.2 Design Criteria and Methodology

The CPSES pipe stress and pipe support desiagn criteria in CPFP-7 (Reference 30)
have been ceveloped by SWEC for the design validation of ASME Code Class 1, 2,
and 3 pipe supports and ASME Code Class z and 3 pipirg systems. The
controlling documents for the SWEC design validation eftort are contzined 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 an< ipe supperts within the CAP scope ére in
accordance with CPSES licensir mitments and the applicable requirements of
tiie ASME Boiler and Pressure | Ccde (References 27 and 28). The folluwing
sections discuss the staff review and evaluation of the CPSES design criteria
an? analytical methodcliogies used in the piping aad pipe support design
validation.

Review of Final Safety Analysis Report Amendment. 6l

In Amendment €1 (Reference 31) to the CPSES Final safety Analysis Report (FSAR)
(Peference 32), the applicant provided the changes made to the FSAR piping
fesign criteria as a result of the CAP design validation effort. As 2 result
ot ‘ts 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) lcads (Section 3.9.2.3 of the SER) anc (2) the piping system damping
values (Section 3.7.1 of the SER).

The staff evaluated the combination of LOCA and SSE loacs for reactor coolant
system heavy component supports in its safety evaluation provided in a letter
froi C. 1. Grimes (NRC) to W. Counsil (TU Electric) dated June 8, 19&7
(Reference 33), in conjunction with the implementation of the final rule on the
modification of 10 CFR 50, Appendix A, General Desian Criterion 4 requirements
for protection against the dynamic effects of postulated pipe ruptures (51
Federal Recister 12505, dated April ll, 1986). Similarly, the staff founc that
The use of revised damping values per ASME Code Case N-411 (Reference 34) was
acceptable for CPSES as diccussed in a letter from V. Noonan (NRC) to W.
Counsil (TU Electric) dated March 13, 1586 (Reference 35).

The staff also reviewed the technical acceptability of the FSAR Amendment 61
changes and the use of later KSME Code provisions as permitted in paragraph
NA-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 111 NA-1140 Review for Piping and Supports,” Revision 2, dated September 30,
1987 (NA-1140 report). This report documented the applicant's review

performed to ensure that the use of design criteria in CPPP-7 1is in conformance
with paragraph NA-1140(f) of the ASME Code and, in particular, that all related
ASML Code requirements are net. The code of record for CPSES piping is ASME
Code, Section III, 1974 Eaition, including Summer 1974 Addenda Subsections
NC/ND (Reference 27). The code of record for CPSES pipe supports is the 1974
Edition including Winter 1974 Addend? Subsection NF (Reference 26). On the
basis of its review of the NA-1140 rcport, the staff finds that all related
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requirements associated with the use of specific 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

gg}tions and addenda reviewed and approved by the staff for CPSES are listed
oW

v1) 1977 EDITION - WINTER 1978 ADDENDA
Appencix 0 - Rules for Design of Safety Valve Installations
(2) 1983 ENITION

NC-3658.2 - Standard Flange Joints &t Moderate Pressures and
Temperatures

NC-3658.2 - ANSI B16.5, Flanged Joints with hijh-Strength
colting

NU-3658.2 - Standard Fiange Joints at Moderate Pressures and
Temparatures

ND-3658.3 - ANSI B16.5, Flanged Joints with High-Strenoth dolting

(3) 19&3 EDITION - WINTER 1964 ADDENDA

Figure hC-3673.2(b)-1 - Flexibility and Stress Intensification
Faciors (Do/tm less than or egual to 100)
(Branch Connections, Buttwelds and Fillet
welds)

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

FlexiLility anc Stress Intensificaticn
Facters (Do/tm less than or egual to 100)
(Branch Connections, Buttweids, and Fillet
welds)

Figure NC-3673.2(b)-1

Figure N[-3673.2(b)-2 - Branch Dimensions
(4) 1677 EDITION - WINTER 1978 AUDEKDA
XVII-2211 - Stress in Tension
Figure XV11-2111(c)-1 - I1lustrations of Ma, imum Design Stress in
Through Thickness Direction of Plates ard
Elements of Rollea Shapes (Fiocure Deletec)
NF-3226 - Throuch Plate Thickress Tensile Limit
Figure NF-3226.5-1 - lliustrations of Maximum Design Stress in
Threugh Thickness Directicn of Plates and
Elements of Roll=d Shapes (Fiuure Deleted)

NF-3321.1 - Design Ccnditions
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(1) FSAR changes to reflect revised design criteria

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

{3) third-party actions relative to the detailed review 2nd evaluation
of the desiagn criteria

(4) overall adequacy of pipe stress design crieria

The staff's review and evaluation of the piping design criteria in the CPSES
FSAR (up to and including Amendment €)) are discussed in the CPSES SER ard
supplements (up to and including Supp' .ent 12). The staff's review and
evaluation of Amendment 61 to the FSA: - which included changes t¢ reflect the
revised piping design criterya appiicable to the CAP design validation effort -
are discussed in the previous section or this supplement. Subsequent changes
to piping design criterie that may affect FSAR 1icensing commitments or the
bases of staff evaluations contaired in its SER and supplements shall appear in
future FSAR amendments, and staff evaluations of those changes will be provideo
in future supplenents to the SEF,

The staff in its review of the piping design criteria tor resolvino generic
technical issues conducted several design audits., (See Appendix D to this
supplement - Events 11, 17, 18, and 31.3 The piping design criteria cuaited by
the stafr were developed by SWEC in part to address the generic tecnnical
icsues applicable to pipine and pipe supports et CPSES. The staff review and
evaluation of the piping design criteria pertaining to the resolution of
generic technica) issues as incorporated in CPPP-7 are discussed later in this
cection ana specifically in Appendix A to this supplement.

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

The staff reviewed the cverall technical adequacy of the pipe stress desian
criteria in CPPP-7 (Refererce 30). As pert of its design audit, the staff
reviewea the bases for selectec design criteria and their applicability to
CPSES (see Appendix U to this supplement - Events 3% and 37?. As a result of
ils audits, the staff fincs that the CPPP-7 design criteria for pipe stress
analysis provide acequate guidelines to ensure that the design of ASME Coage
Class 2 and 3 piping systems satisfies the design requiremeiits ¢t ASME Code,
Section 111, Subsections NC and ND (Reference 27) ard are thus acceptable.

On the basis of its review of the CFPP-7 design criteria (keference 20), the
staff finds that the criteria provide adequate technical cuidelines tur the
resoluticn of generic technical! issues and for ensuring that the applicable
piping and pipe support design requirements of ASME Code, Secticr lil
(References 27 anc ¢8) and licersing commitments are satisfiec ana are thus
acceptable,

teneric Technicul lssues

The generic technical issues are those cesign concerns identitied by sources
external to the TU Electric organizetion that potentially effects more than one
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specific pipe support calculation or pipe stress package. The ctaff has
revievecd the resolution of the generic tecknical issues provided in the SWEC
"Piping Generic Technical Issues Repurt" (Retererce 41) anu piping project
status reports (PSFs) (References 24 and 2f) as incorperated in the CPPP-7
design criteria. Several audits were conductec to evaluate the adequacy of
the niping cesign criteria developed for the resclution ¢f the generic
techinical issues (see Apperdix D to this supplement - Events 10, 11, 17, 1§,
and 31).

The staff firus that the design criteria in CPPP-7 (Refzrence 30) provide
explicit cuidelines tor the resolution of the generic techrical i1ssues and that
the overa'!' épproach fur 1ssue resolution as described in Appendix A to the
piping PSks (References 24 ana 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 SWEL is acceptable. The staff's review and evaluatiun of
each generic technical issue are discussed in Appendix A to this suppiement,

The staff aiso conducted an audit (see Appendix 0 tu this supplement - Event
29) of the CPRT third-party (TENERA) activities and reviewea the CPKI
evaluaticns of the piping issue resolutions as documented in the CPRT
“Discipline Specific Results Report: FPiping and Supports," (piping results
report) (Reference 42,. The staff's audit of the CPRT third-party activities
and evaluetions is provided in Section 4.2.1. The staftf tinds that the CPkT
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 1 regard to the resolution of
the generic technicai issues a¢ documented in the piping results report
(Reference 4.) and supporting engineering evaluations provide assurance to the
staff ot the technical acceptabiiity of the resolution and of the specific
design criteria in CPPP-7 (Reference 30) applicable to the resolution of

each 1ssue,

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 find: that a technically sourd and viable approach for each generiz
technical issue hac been developed and is being implemented as a part of the
CAP design validation ana is thus acceptable.

Small Bere FPiping

A staff review of the CAP for both large bere ard small bore pipine desiagn
determined 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 II! Class 1 system, (2) the cdesign of
cantilever vent or drain lines havinu ro supports, and (3) the use of a clamp
anchor type of support,

The staff's evaluation of an ASME Code, Section II11 Class 1 piping system 1in
the smal! bure scope fircs that the (less 1 system, for which design validation
is being performed by SW:CC, is an in-core instrumentation line with a nominal
pipe diameter of 1 inch or less and as such car be designed using ASME Code
Class ¢ piping rules in accordance with ASME Code, Section Il (Summer 1975
Addende) subsubparagraph N6-3630(d)(1). The use of ASME Code Class Z rules for
this particular Class 1 piping system is thus acceptable.
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The staff's evaluation of the cantiiever vent or drein lines having no supports
finds that Procedure (PPP-15 (see Appendix E tu this supplement) permits the
use of equivalent static analysis calculations for small bere, cantilever vent
anc 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 besed on rigid body mechanics., In addition,
the equivalent static analyses for small bore piping use the damping values in
accordance with ASMt Code Case N-411 (Reference 34) that are consistent with
those for larce bore piping. The use of N-411 damping values for small bore
piping equivalent static analyses is acceptable besed on the use of a 1.5
factor which results in a more conservative method than the amplified response
method used for large bore pipinc and 1s thus acceptable.

The staff's evaluation of the use of a clamp anchor type of suppert finds that
the clamp anchor provides an alternative and acceptablie means of restraining
pipe translatiovnal and rotational movements when additional welament tc the
piping is urdesirable., CPPP-7 Paragraph 4.2.7 and Attachient 4-22 provide the
methods for evaluating the fricticral capacity of the clamp anchors,

On the basis of the above evaluations, the staff finds that CPPP-7 as
supplemented by subsubparagraph NB-3€20(d)(1) of the ASME Code, Section 11l
(Summer 197€ Addenda) end SWEC procedure CPPF-15 (Appendix E to this
supplement) provides acequate desicn guidance and control for the three design
areas that are applicable to small bore piping and thus arc ecceptable,

4.1.2.3 Implementation ¢f Desian Vaiidation

The stuff conducted several audits ot the implementation of design validation
by reviewing the SWEC application of larue btore piping end pipe support design
criteria related to CPSES Units 1 and 2. (See Appendix D to this supplement -
Events 32, 33, 34, 2%, and 36.) The purpose of the audits was to determine the
adequacy of the application of CPPP-7 design criteric (Refererce 30) develcped
by SWEC for the resclution of generic technical issues associated with the
design of larce bore piping and pipe supports at CPSES. Before these audits,
the staff had reviewed the conceptual approach to resoivina large bore piping
generic technical issues as initially documented in the SWEC "Gereric
Technical Issues Report" (Reference 41) and subsequently firalizea in Appendix
A to the Piping PSRs (Reverences 24 and 25). Since the SWEC approach tu issue
resolution is implemented through the use of specific CPFP-7 design criteria
developea tc eddress each issue, the steff tracked selectec issue resolutions
from the "Piping Generic Technical Issues Report" throuch their implementation
in the piping and pipe support cesign verification activities and finally in
the plant, For these audits the staff selected when possible, examples of
specific piping analyses or supports that had previcus concerns associated
with them as identified by external sources (i.e., ASLE, CASE, CYGNA, and NRC
staff). The staftr's review and evaluation o1 the SWEC application ot the
gesign criteria for each generic technical issue as applicable are discussed
in Appendix A tu this supplenent,

On the besis of the audits discussed above, the staff firus that the piping and
pipe support cesign criteria develcped for the resolutior of the generic
technica! fssues are being adequately applied in the CAP aesiagn validetion and
plant hardware modificaticns in dccorcence with CPPP-7 guidelires and are thus
acceptable.
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(1) complies with IE Eulletin 79-14 (Reference 29) and incorporates validated
design input and as-built piping and pipe support counfigurations

(2) incorporates the resolution of NRC 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, ncludes confirmation of results by interfacing design ourganizations

(5) resolves cpen items from NRC notices of viclations and TU Electric
significart deficiency analysis reports

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

4.1.5 Final Documentation

The fitth end final step 1n the overall CAP process for piping and pipe
supports is the transmittal or CAP results (e.g., design validatiuon packages)
to the permanent records facilities (Vault) in accordance with procedures
CPPP-4, CPPP-11, and CPSP-11 (Appendix t to this supplement). Because the
design basis anc analyses of record for the CPSES plant are established under
the CAP, the staff finds that the final documentation encures that the
technriical bases and criteria used for the CPSES design and the 2ralysis 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 Thirc-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 cf design criteria, and provides
overview of pipirc design vaelidation activities. The review ac described in
CPRT Procram Plan DSAF IX (Revision 3) consisted of three major activities:

(1) 1identification, review, anu trackina of ¢l external source issues

(2) wverification that al! design criteria and applicable stanaards are
addressed in project procedures

(2, wverview cf the SWEC piping and pipe support requalification program
The CPRT Program Plan describes the third-party arec of review related to the
identification, review, anc tracking cf external source issues, The externel

ecurce issue review included not only issues related to piping and pipe
supports but also i1ssues relatec to cable trav hangers, ccrauit supports,
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mechanical systems and components, electrical systems, instrumentation and
control, and civil/structural cisciplines. However, this supplement addresses
only those external source issues relcted to pipinc and pipe supports. The
external source issues also includec the NRC techrical review team issue,
evaluated by the CPRT under lssue-Specific Action Plan I15AP V.c, concerning
design considerations for piping between seismic (ategory I and nonseismic
Category I buildings. This ISAP has been resglved 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 TU Electric's commitment to the CAP, with 1ts comprehensive design
validation component, resulted in a decision by the CPRT senior review team
(SRT) to redirect the Design Agequacy Program as of April 10, 1987. As a

result of this reairection, further identification, review, and trackirc of
external source issues was terminated.

The third-party has verified that the methodologies and accepiance criteria
used to establish the SWLC piping and support design criteria are in accordance
with licensing commitments. The commitments include satisfying FSAR
commitments, design specificaticns, 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 validetion for piping and pipe
supports consisted of two major activities: (1) a review ot Comanche Peak
Project Procedures CPPP-6 and (PPP-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 from October 28 to November 1. 1985 at
Bethesda, MD (Appendix D to this supplement - Event 4) as documented in
Inspection keport 50-445/85-17, 50-446/85-14 (Reference 43) and from July 7 to
wly 10, 1986 at Berkeley, CA (Appendix D to this supplement - Event 20) as
documentad in Inspection Report 50-445/86-19, 50-446/86-16 (Reference 21).
Open items identified in Inspection Report 50-445/86-19, 50-44€/86-16

related to piping and pipe supports have been addressed by TENERA, and their
resolution is provided in Appendix B to this suppliement,

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 agdressed in the TENERA
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) Revision 0, dated July 2, 1987 (piping results report) including
selected supporting engineerina evaluations and third-party calculations. The
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 desion crituria and
standards used by SWEC. The TENERA process involved a review of all FSAK
commitments, design specifications, ASME Code requirements, and other relevant
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," tc 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 tc develop a checklist for reviewing SWEC desion criteria and procedures.
The steff finds that the process provides ¢ 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 anc pipe support design procedures contained in CPPP-6 and CPPP-7
(Appendix E to this supp]ement?. 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. TENEKA conducted several audits
of the SWEC design validation., However, the overview ¢f the SWEC piping and
pipe support design validation has been transferred to TU Electric Technical
Audit Program (TAP) in accordance with kevicion 4 of the CPRT Program Plan as
discussed above. During the staff's August 17-20, 1987 audit (Appendix [ to
this supplement - Event 29), specific activities that TENERA recommenaqed be
transferred to TAP were icentified. At the time of the staff audit, this list
of activities was under preparation and upon completion wili be transmitted 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 icentify, review, and track external source
issues, the staff founc that the issuves, as they were identified, were lccgged
into a computer and their status was tracked on the basis c¢f & periodic
updating of the issue evaluation. This process provided a reascnable method
for encuring that all identified external source issues were properly tracked
until they were resolved. The external scurce issues were identified by a
TENERA review of 2€4 source documents containing issues of concern. The
documents included Atomic Safety and Licensina Board (ASLB, hearing
transcripts, submittals to the ASLB by the various parties, NRC staff meeting
transcripts, safety evaluation reports, inrspection reports, and CYGNA letters
and reports. The TENERA review of the source docurments resulted in the
jcentification of 78] specific issues that were related to piping and pipe
supports. A Discrepancy/lssue Resolution Report (DIR) usea to track each issue
to closure was assigned to each issue. The 761 DIRs were ccrsolidatec by
TENERA into 32 external scurce issue summaries anc 51 miscellaneous DIRs. The
781 DIRs correspond approximately to the first 35 SWEC exterral source issues
cdescribed in Appendix A to the piping project status reports (keferences 24 and
25) and to the 33 generic technical fssues described in Appendix A to this
supplement .
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Un the basis of its review ¢f the scope of the externa! source issues,
including all issues 1dentificd ty CYGNA, the interveror, and the KRL statf,
the stuff concludes that the scope was complete anc thus acceptable.

The piping results report (Reference 42 gocuments the conclusivns of TENERA's
evaluatior ot the SWEC resclution methodologies tor the piping external scurce
issues. The basis for TENERA's conclusions are primarily cocumented 1n 3¢
encireering evaluations. Acditional engineerinc evaluatior. 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 cetailec description of the issue, (2) the TENLKA review
process, (3) relevant reference documents, (4) acceptance criteria, (5) the
SWEC resclution methodology ena the TENERA evaluaticn including the detaile ot
its basis for acceptability, and (6) conclusions. The staff found the
engineering evaluations to be thcrough in their technical justifications and
bases of acceptance, It was apparent that mary ¢f the TENERA engineeriry
evaluations were the result of techrnically extensive and in-depth efforts
involving many engineers who were knowledgesble of the CPSES piping 1ssues.

On the basis of its review of the technical bases discussed in the TENERA
gngineering evaluations, the staff finds that the piping results report and
supporting engineering evaluations provice a comprehensive technical review of
the resolution of the piping exterral source issues developed by SWEL and thus
ensures the edequacy of the resciution,

The staff concludes that the CPRT third-party activities relatec to piping and
pipe support design provided an adequate program to ensure that @11 external
source issues are identified, that the SWEC resoluticn methodologies for the
generic technical issues are technically adequate, and that the SWEC procedures

and design criteria satisfy FSAR commitments, ASME Code recuirements, design
specifications, and other relevant industry standarcs.

4.2.2 7TU Electric Technical Audit Program

The TU Electric Technical Audit Program (TAP) is described in a letter from W.
Counsil to the NRC dated Septemper 8, 1987 (Reference 44). The TAP, which is
part of the TU Electric Quality Assurance Program, was established to (1)
ensure the technical ana programmatic effectiveness of the Corrective Action
Program, and (2) provice oversight of project responses to CPRT recommendations.

For piping and pipe supports, che 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
documentation. These audits ¢re coordinated with other TU Electric audit
activities and with the Engineering Functional Evaluation (EFE) (Refererce 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 o
project actions taken in response to CPRT recommendations as a part of the ISAF
audit progran, The TAP audit methodology used for the CAP and [SAP audits are
described in NEC Quality Assurance Department Procedure NQA 3.07-1.01,
“Technical Audit Proaram" (Attachment 3 to Reference 38). The audit
methodologies include both a vertical and @ horizontal review of the design
valication process. A vertical review would involve a review of the piping and
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pipe support designs contained within a selected packace, A horizontal review
would irvolve a review of a SWEC resolution of a generic technicai issue common
to a number ot piping packages.,

On the basis of its review of TAP audit reports on CAP activities (Appendix D
to this supplement - Event 35), the staff finds that under the TU Electric TAP,
the implementation of technical anc design control requirements fur the design
validation of CPSES Unit 1 pipinac and pipe supports is beirg 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 ot the piping and pipe support desigr validation activities. On the
basis of its review of the TAP activities, the staff finds the TAP provices an
effective level of technical oversight of the (PSES pipinc 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 anad pipe support design issues identitied by CYGNA as a result ¢t
1ts Independent Assessment Program (IAP) (Phases 1-4) for CPSES were includec
in CPRT Progrem Plan DSAP 1X end designated as external source 1ssues. With
the establishment of the CPRT Program Plan and the TU Electric CAP desian
validation, the activities of CYGNA relatec to the IAP have been effectively
overtaken, The CYGNA piping and pipe support issues were addressed by SWEC s
part of the resolution of generic technical issues in Appendix A to the piping
project status reports (References 24 and 25) and have been eveluated by the
staff in Appendix A tc this supplenent. The CYGNA findings related to cther
design areas - cabie tray hanaers, conduit supports, civil/structural,
mechanical and electrica! systems, instrumentatiun and contrel, and design
control - will be addressed by the staff in safety evaluations for these areas,
As such, Supplement 5 tuo the CPSES SER, which was intended to evaluate the
CYGNA TAP, is no longer necessary.

CYGNA is continuing its design reviews under the formai protccol established
auring the [AP for closure ot the piping and pipe suppur® issues raised by
CYGNA. The status of the CYGNA reviews ére cocumented in review issue 1ists
(RILs, for each design discipline in their scope. For piping and pipe
supperts, all the issues in the respective RILs (References 22 ana 23) have
been closed.

The staff firds that the (YGNA review provides an additionz) level of

confidence that the corrective actions taken by TU Electric to resolve the
piping and pipe suppert design deficienciec are appropriate and acceptable.
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incluging the piping and pipe supports. This assurancc was to have been
provided throu?h the as-built piping program, However, the statt founa that
an onsite 1U Electric as-built group - functioning as part of the QA/QC
organization - performed the as-built walkdown and providea the as-built
informction to G&H tor final as-bwilt reconciliation. EBecause G&h was not
required to (and therefore did not) review support designs before their
fabricatior and instaliation, it was always invulved with pipe supports as
instaliec cr "ready for installation." This situation could bias the judgment
of a reviewing individual. The staft tinds tnat the CPSES as-built walkdown
program as performed by the applicant's as-built aroup is not unique to CPSES
and also is not an unworkable approach. However, the overéll situation
involving the lack of interface betweer the piping and pipe support groups,
the as-built walkdown performed by TU Electric, in conjunction with the types
of field design changes made to the pipe supports, tended to place G&H in a
pocition where ¢ detailed review of the pipe supports to assess their impact
on the overall fiping system woulc have been an extremely aifficult task and
one for which hacd ultimate respcrsibility. As a result, many of the pipe
support desion details that influerced 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
suppoirt design problems, it follows that a detailed review of all pipe support
gesigns, as @ minimum, would be required to identify potential design
deficiencies. It is also apparent that an objective review of the pipe support
designs by an orgenization rct initially involved with the CPSES pipe support
designs would be nececsary to provide an unbiased assessment of the
conventionality and acceptability of those desians,

When TU Electric contracted with Store £ Vebster Engineering Corporation (SWEC)
to perform a complete acesign validation of ASME Code Class 1, 2, and 3 large
bore pipe supports as part of its corrective action, objectiveness and fresh
perspective was established. The pipe support calculations for all ASME Code
Class 1, 2, and 3 piping systems are being design validated by SWEC at their
hone offices and at the CPSES site. The previous Texas Utilities Generating
Company pipe support engineering organization has beer dissolved and a new TU
Electric engineering orcanization has been formed. A significant change is
that TU Electric no longer directly supervises the techrical work of the pipe
support engireers 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 tu 1dentify any other yet
undetected technical issues arising from a lack of contrcl of construction
practices that may have a potential impact on the piping and pipe support
desiaon adequacy. The results of the engineering walkdown and the resolution of
the generic technical issues by SKEC led to the development of explicit design
guidelines for the piping and pipe support designers to use to determine the
acceptabiiity of the designs thus ensuring a uniformly applied validation of
the installed hardware.
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b CCNCLUSIONS

Un the tasis of its review of the CPRT Program “ian (Revision 4) and the TU
Llectric Corrective Action Progrem ¢s discussed in Section & of this
supplement, the staff concludes for the design validatior of ASME Code piping
énd pipe supports at CPSES Units 1 and ? thet the specified design 1is
acceptable and meets the applicable requirements of 10 CFR 50.55a anc Genera)
Design Criteria 1, 2, arc 4 or 10 CFR 50, Appendix A. This conclusion is. based
on the following.

The epplicant has met the requirements ¢t 10 CFR §50.55a and General
Lesign Criteria 1, 2, anu 4 with respect tu the design and service load
combinations and assuciated stress and deformation limits specifiva for
ASME Ccce Class ¢ anc 3 pipina ard ASME Code Class 1, 2, and 3 pipe
supports by ensuring that the piping anc pipe suppertis important to safety
are designed to quality standards commensurate with their importance to
safety and that these piping systems can accommodate the effects of normal
operation as well as postulated events such &s loss-of-coolant accidents
and the dynamic eftects 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 seisnic
Category [ 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 inposed 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 withstana the most adverse combination of
loeaing events without loss of structural integrity. (See Section 4.1.2.2
and Appendix A of this supplement.)

The staff further concludes that tor the resolution of identified and potential
design deficiencies in the piping and pipe supports at CPSES Units 1 and 2, the
TU 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 cerrective actions. These conclusions are based on the following.

The appiicants' piping and pipe support design valication activities
performed by SWEC ana the CPRT third-party review by TENERA, L.P. provide
a comprehensive program for igentifying and resolving the technical
concerns raisec by the intervenor, CYGNA Energy Services, the NkC starf,
and other external sources related to the design adequacy of large anc
small bore piping and pipe supports &t (PSES. The staff concludes that
the overall program reasonably ensures that all deficiencies in the design
of large bore and smal! 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 areac 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 additiona) assurance of the satisfactory resolution of
deficiencies in the design of piping and pipe supports at CPSES,
Additionally, satistactory findings by the third-party (TENERA) in its
revies of the large bore piping and pipe support design criteria previde
assurance that the design of the large bere piping and pipe supports
satisties licensing commitments and applicable ASMc Code requirements.
(See Sections 4.2.1 and 4.2.2 of this supplement.)

The TU Elect»ic Technical Audit Program provides assurance that the
execution of the aesign validation by SWEC is technically adequate and
that the implementaticn of the resclution of the piping and pipe support
generic technical issues is appropriate and complete. (See Section 4.2.7
o1 this supplement.)

Or the basis of its review of the design and interface controls associatec with
the TU Electric Corrective Action Program as discussed in Section & of this
supplement), the staff corcludes that the corrective actions are acceptable and
satisfy the applicable recuirements of 10 CFR 50, Appendix B, Criteria III and
XV1. This conclusior is based on the followirg,

The applicant has satisfied the requirements of 10 CFR 50 Appendix B,
Criterion 111 with respect to estecblishing measures to ensure that the
applicable regulatory requirements and the design basis are correctly
translatea into specifications, design drewings, and procedures by
esteblishing aesign basis documents ard implementing a complete design
validation for piping and pipe supports import?  co sefety. The design
validation provides proper control of the cesiy. interface between the
piping and pipe support groups and provides an adequate review of
incte)led field designs ard design changes. (See Sections 4.1.1, 4.1.2,
and 5.0 of this supplement.)

The applicant has satisfiec the requirements of 10 CFK 50 Appendix B,
Critericr YVI by establishing a program to correct desicr ceficiencies and
to preclude repetition cf the underiying causes o1 the problems associated
with the design of pipirg and pipe suppoerts at the C(PSES. (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 intervencr Citizens Asscciation for Sound Erergy (CASE; (e.q.,
Walsh/Doyle concerns), CYGNA Energy Services, and the NRC staff that could
potentially affect more than one specific pipe support calculation or pipe
stress énalysis package. The third-party orcanizaticn (TENERA, L.P,) was
respcnsible for identifying, reviewing, and tracking of the resolutions of the
exterral source issues, The development ot the technical resolutions of the
exterral source issues was the responsibility of Stone & Webster Engineering
Corpeoration (SWEC) as part of the piping ard supports design validation., The
resolution methodologies fur the generic technica! issues were initially
discussed in a SWEC report entitled “Generic Technical Issues Report," datea
June 26, 198G (generic issues report) (Reference Al) and subsequently have beer
documented in Appendix A to the project status repcrts for larce bore piping
and small bore piping (References A2 and A3) (hereinafter referred to as the
“piping project status reperts"). The method for implementing the technical
resolutions was incorporated into the Comanche Peak Project Procedure CPPP-7,
“Design Criteria for Pipe Stress ard Pipe Supports™ (Revision 3) dated February
23, 1987 (Reference A4). SWEC implemented that method in conjunction with the
large ana small bere piping and pipe support design validation uncer the TU
Electric Corrective Action Program (LAPg.

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 kesults Report: Piping and Supports," DAP-RR-P-001
Pevision 1, dated September 29, 1987 (hereinafter referred to as the “"piping
results report") (Reference A5). The CPRT detailed evaluations were documented
in sugpporting engineering evaluations ceveloped by the CPRT third-party for
each generic technical issue. Each engineering evaluation contains (1) a
detailed description of the issue, (2) the CPRT third-party review process, (2)
relevant refererce documents, (4) acceptance criteria, (5) the SWEC resciution
methodology and accompanying CPRT evaluation, and (6) conclusions. This
appendix conteins the relevant portions of the encineering evaluationc that
give the staff assurance about the technical acceptebility 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,

*Tn the staff's terminology 2 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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Stability or Pipe Supgorts

Box Frames Connected tc Struts or Snubbers
U-Bolts With Single Struts or Snublers
Trapeze Supports

Column/Strut Assemblies

Trunnion/Strut Assemblies
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Generic Stiffness c¢f Pipe Supports

5.1 Actual Versus Generic Stiffness Values
5.2 Local Flexibility Effects

Uncinched U-Bolts Acting As Two-Way Restraints

6.1 Mcdeling of U-bolts in Pipirg Analysis
6.2 Qualification of U-Bolts

Friction Forces

7.1 Friction Considerations in Piping Analysis

ANS Versus ASME Weld Lesign

Pre-heat Requircments for Welds on Plates Uver 3/4 Inch Thick

Urag Angles and Work Angles

Beta Factors for Tube-to-Tube Welds

Multiplication Fector and Reduction Factor for Skewed T-Joint Welcs
Limitations and Angularity for Skewed “T" Joints

Calculations for Punching Shear on Step Tube Juints

Lap Joint Requirements

Design of Tube-to-Tube Joints With Beta Equal to 1.(

Calculation for Effective Threat of Flare Bevel Welds

Limitations on Weld Sizes Relative to Plate Thickness

ASC0 Grade B Tube Steel
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5.1 Material Properties for AS00 Grade B Tube Steel
Tube Steel Section Properties

10.1 Vvariations in Tube Steel Section Properties
10.2 Ekffect of Bolt Holes on Section Properties

U-Bolt Cinching

1.1 Cwnchin? of Standard U-bolts
.2 Stiff Pipe Clamps

Axial/Rotational Restraints

12.1 Rotation Restraint Effects in Piping Systems
12.2 Rotation Restraint Effects cn Component Standard Support Design
Loads
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12.3 Differential Snubber Lock-up and End Clearance Effects on

Snubber Desi?n Loads in Dual Snubber Supports
1¢.4 Des12n Allowables for Dual Compenent Svandard Supports
12.5 Cinched U-Bolts in Trapeze Supports
12.6 Lug Load Distribution
l¢.7 Load Point Application on Frames with Lugs

Gaps

13.1 Use of Linear Elastic Analysis lechniques
13.2 Concrete Anchorage Gaps

13.3 U-Bolt Gaps

13.4 Pipe/Support Clearances

Seismic Design Load Specification

14.1 Piping Computer Analysis Seismic Loaa Input
14.2 Seismic Response Spectra Definition
14.3 Eguivalent Static Analysis Dynamic Amplication Factor

Support Mass Effects on Piping Analysis

15.1 Support Mass (riteria, Modaling, anc Cynamic Effects

Mass Point Spacing

16.1 Mass Point Spacing Criteriea ana Computer .pplication

High Frequency Mass Participation

17.1 Insufficient Modes and Computer Program Concerns

Fluid Transients

16.1 Main Steam SKv Load Modelling
18.2 Fluid Transient Analysis Methocology

Self-Weight Excitation

19,1 Dead Weight Loads
19.¢ Seismic Self-Weight Excitation

tocal Stress in Pipe Support Members

cero-Gap ard Cinched U-Bolt Desicn

Highly Corctrainea Pipe Anchors

Structural Connections anrd Localized Loadings
Short/Deep Beams

Support Detflection ard Flexibility

"N PO PP T
oCoOoOC o
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Cafety Factors

21.1 Cumulative Effect of Issues

comanche Peak SSER 14 i A

hppendix A




2 SA-36 ang A-307 Boltirg Material

22.1 SA-3€ Used in Dynamic Applications
22.2 SA-307 haterial ir U-Bolts and Richmond Incerts
22.3 Use of Low Strength Nuts with High Strength Bolt.n¢

¢3 Valve and Flange Cualification/Valve Modeling

23.1 Mein Steam Relief Valve Cualification
23.2 Modeling of Supported Valves
23.3 Valve and Flange Qualification

24 Piping Moueling

24.1 Pipe Support Locations

24 2 Stress Intensification Factors (SlFs)

24.3 Valve and Flange [nsulation and Fluid Mass

¢4.4 Snubbers Adjacent tu Restrained Piping Locations
24.5 Minimum Pipe Wall Thickness Violations

25 Design of Welds

25.1 Unsymmetrical Welas (Cccentricity of Three-Sided kelds)
25.2 Cover Plate Welds
25.3 Combination Bolt and welded Connectigns

26 Anchor Bolts

¢6.1 Friction Versus Bearing Connections
6.2 Baseplate Edge Distance
26.3 Embedment Lengths

¢7  Strut Angularity

¢7.1 Desicn Considerations for Strut Angularity (Kick Loads)
27.2 Justification for 5-Degree Angular Toierance

2€  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 (orditions
30.2 Main Steam Line Flushina
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31 Seismic/Non-Seismic Interface

31.1 Seismic Design Considerations for Piping Routec¢ Zetween Seismic
Category 1 and Non-Seismic Category I Buildings

3¢ Programmatic Aspects and QA

33 Miscellaneous Exterral Source [ssues

The references identified in this eppendix are listed in Section 34,
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i RICHMOND INSERTS

A nunber of concerns were raised associateu with the design of pipe supports
usinc Richmura 1nserts at Comanche Peak Steam Electric Station (CPSES). In idts
Decewber 28, -96Z Memorandum ana Urder /Reference AG) (p. 1445), the Atomic
safety and Licensing Boara (ASLB) discusced concerns related to pipe support
desiers using Richmond inserts. Subsequently, the CPRT third-party (TENERA)
identified 79 relatec issues from various source documente associated with the
gesign ot Richmond inserts. In its Engineering tvaluation DAP-E-P-001,

"Richmona Inserts," TENERA categorized these issues into i3 areas of concern as
follows:

(1) factor of cafety

(2) ceoncrete strength

(3) shear stress allowables for 1-1/2 inch Richmond inserts
(4) computation of bolt and insert lcads

(5) frame modelling of tube-to-insert connectiouns
(€) testing of Richmond inserts

(7) TUGCC finite element study

(8) 1local stress at bolt holes in tubing

(9) fatigue

(10) improper use of Ricmmond allowebles

(11) spacina at Richmond inserts

(12) shear distribution at Richriend

(13) LOCA thermal expansion of tube steel

1.1 Factor of Safety

The issue backgrourd 1s provided ir External Source Issue Summary E£S5.5-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodology is provided in
the piping project status repcrts (Section 2.1 of Subappendix Al). The Desiyn
haequacy Proaram (DAP) evaluation is provided in Engineerinag Evaluation
DAP-E-P-001 (Sectioun 5.2.2) and is summarized in the piping_results report
(Section 3.2.3.1).

Cf primary concern was whether the design allowable values used at CPSES for
Richmend inserts were adecuate 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. .ch complies with the recommendztion of the
manufacturer, Kichmond 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 A&), which is based
on the general building code ACi-318, was developed specifically for concrete
structures in nuclear facilities and contains appropriate ouidance for
considering seismic loadings for steel embedments. On the basis of ACI-349-85,
a satety factor of 2 for faulted load conditions is accepteble.

SWEC use: the Prestressed Concrete Inctitute (PCI) Marual (Reference A9)
interaction equation to evaluate Richmond inserts for combinzd tension and
shear. The justification for using the PCl interaction equation is provided in
SWEC Calculation GENX-037, "Generic Calculation: Qualificatior 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 bounu curve on the insert test results.
The curve represents the minimum test failure loads to e 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 facturs used by SWEC for
Richmond inserts in the design validation of pipe supports acceptable.

1.2 Corcrete Strength

The issue background is proviced 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 2.0 of Subappendix A36). The DAP
cvaluation is provided in Engineering Evaluation DAP-E-P-001 (Section 5.4.2)
and is sunmarized in the piping results report (Section 2.2.3.1).

The concern of whether a minimum reauired 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 CPLT in the Issue-Specific
Action Plan (ISAP) II.b results report, “Concrete Compressive Strength."
Accordingly, the staft's evaluaticn of this issue will be addressed in
conjunction with the staff's review of the civil/structural CAP and the 1SAP
11.b results report.

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

The issue background is provided *  «ternal Source Issue Summary ESIS-P-001
(Attachment A to DAP-E-P-001). 1 WEC resolution methodology is provided in
the piping project status reports ( .bappendix Al Section 2.7). The DAP
evaluation is provided in Engincering Evaluation DAP-E-P-0OCI (Section £.4.2)
and is summarized in the piping resuits report (Section 3.2.3.1).

0f initial concern was that the CPSES design of 1 1/2-inch Richmond incerts
used shear allowables 50 percent greater than the values recommenged by the
menufacturer, Richmond Screw Company. SWEC developed shear allowables for
kichmond inserts based on average TUGCO test feilure loads. The DAP evalustion
found the SWEC aliowables in compliance with ACI-349-85 and the manufacturer's
recommendations.

On the basis of DAP ccnclusions, the staff finds the shear allowai les for
Richmond inserts usea by SWEC in the CAP design validation fcr p.ping and pipe
supports acceptable.

1.4 Computation of Bolt ang Insert Loads

The issue background is provided in External Source Issue Summary ESIS-P-001
(Attechment A to DAP-E-P-001). The SWEC resolution methodoiogy fis provided in
the piping PSRs (Subappendix Al Section 2.5). The DAP evaluation i¢ provided
in Enaineering tvaluation DAP-E-P-0C1 (Section £.5.2) and is summarizcc in the
piping results report (Section 3.2.3.1).

At CPSES, Richmond incerts are use¢ to attach tube steel to the concrete
structure. Although Richmend inserts are commonly 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 TUGCO did not
account for the Richmond threaded rod/bolt bendine when there was torsional
moment about the tube steel axis and may have underpredicted prying tension in
the threaded reds/bolts.

SWEC uses & non-iinear interaction equation to evaluate the adequacy of the
threadea rod in Richmond insert cornections, The justificetinn for this
eouation is provided in K, L. Cloud Associates (RLCA) reports
RLCA/P142/01-85/003 "Richmond Insevt/Structural Tube Steel Connections," anc
RLCA/P142/01-86/0G08, "Richmond inse: t/Structural Tube Steel Connections, Design
Interaction Eauation for Boit/Threaded Rods." The SWEC non-linear rod
interaction equation was evaluated by TENERA in DAP calculaticn UAP-C-P-006,
"Rods in Tension anc Shear - SWEC Interaction Equation," February 9, 1987. The
DAF calculation shows that the SWEC interaction equation satisfies the
appiicable porticns of the American Institute of Steel Construction (AISC)
specification for A36 and A193 Grade B7 rod material.

TENERA has reviewed the SWEC modeling requirements to compute the rod end
reactions at the insert., The SWEC method was compared to @ more detailed
finite element anelysis in RLCA reports RLCA/P142/01-85/003, “"Richmond
Insert/Structural Tube Steel Connections" and RLCA/F142/01-86/006, "Richmond
Insert/Structural Tube Steel Connections, Evaluation of CPPP-7 Modelling
Procedures.” T1ENERA concluded that the SWEC method always results in a larger
rod interaction equation value thar the finite element analysis and is, thus,
conservative,

TENERA reviewed the SWEC procedure for computing insert tension from the
bolt/rnd loads. A comparison to RLCA finite element analysis results found
that = SWEC procedures resulted ir insert tension lcads equal to or greater
than tne finite element aralysis 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 equations 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
anc has been properly implemented and is, thus, acceptable,

1.5 Frame Modeling of Tube-to-Insert Connections

The issue background 1s provided in External Source Issue Summary ESIS-P-031
(Attachment A to DAP-E-P-031). The SWEC resoluticn methodology is provided in
the pipiag FSRs (Subappendix A31 Section 2.2). The NAP evaluation is provided
in Engineering Evaluation DAP-E-P-031 (Section 5.3.2) «na is summarized in the
pipin; results report (Section 3.2.3.28).
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The staff evaluation of the frame modellinc 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
(kttachment A to DAP-E-P-(01). The SWEC resolution methodology is provided in
the piping PSRs (Subappendix Al Section 2.1). The DAP evaluation is provided
in Encineering Evaluation DAP-E-P-001 (Section 5.7.2) and is summarized 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 TUGCO Finite Element Study

The issue background is provided in External Source Issue Summary ESIS-P-001
(Attachment A to UAP-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 summarized in the
piping results report (Section 3.2.3.1).

The concern wac raised by CYGNA in its review of a screening method used
previously by TUGCC to justify their simplified design method for Richmond
inserts. The concern is nc longer applicable to CPSES becausc the SWEC design
methodology for Richmond inserts does not rely on the previous TUGCO work.

1.8 Local Stress at Bolt Holes in Tubing

The issue backgrounc is provided in Externai Source Issue Summary £S15-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodology i1s precviced in
the piping PSRs (Subappendix Al Section 2.9). The DAP evaluation is provided
in Engineering Evaluation DAP-E-P-001 (Section 6.9.2) and is summarized 1o the
piping resuits report (Section 3.2.3.1).

CYGNA raised a concern that the local stresses at holes in tube steel

under nuts or bolt heacs could cause a punching-type failure. SWEC developed a
procecure for evaluating locel 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 Fipe 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 bclt holes in tube steel 1§
acceptable, In addition, the CYGHA review of this issue and resolutior has
resulted in its closure in Revision 4 to the CYGNA review issues list for Dipe
supports (Item 4, (Reference A10).

1.9 Fatigue
The iscue background is provided in External Source Jscue Summary FSI1S-P-0C1

(Attachment A to DAP-E-P-001,. The SWEC resciution methodology i provided 1n
the piping PSRs (Subappendix Al Secticn 2.3). The DAP evaluation is provided
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in Engineering Evaluation DAP-E-P-023 (Section 5.2.1) ana is summarized in the
piping recults 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 backgrcund is provided in External Source Issue Summary ESIS-P-001
(Attachment A to DAP-E-P-001). The SWEC resolution methodclogy is provided in
the piping PSEs (Subappendix Al Section 2.11). The DAP evaluation is provided
in Engineering Evaluation UAP-E-P-001 (Section 5.11.2) and is surmarized 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 aliowables for the
insert that had different allowables. The SWEC resolution is to evaluate both
the threaded rods/bolts and the inserts using specified allowables anc
interacticn equations,

Un the bacis of the SWEC methodoloay evaluating both the threaded rods/bolts
and the insert to their separate stress allowables, the concern of usina the
incorrect allowable is adequately resolved.

1.11 Spacing at Richmond Inserts

The issue backgrouna is provided in External Source Issue Summary ESIS-P-001
(Attachment A to DAP-E-P-001). The SWEC resclution methodology is provided in
the piping PSRs (Subappendix Al Section 2.6). The UAP evaluation is provided
in Engineering Evaluation DAP-E-P-001 (Section 5.14.2) anc 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 Kichmond Inserte

The issue background is provided in External Source lssue Summary ESIS-P-0C1
(Attachment A to DAP-E-P-001). The SWEC resolution methodoiogy is provided in
the piping PSRs (Subappendix Al Section 2.10). The UAP evaluation is providea
in Engineering Evaluation DAP-E-P-001 (Section 5.12,2) anc 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 1nserted
through the hole) and the tube steel wal) would cause an unequal shear load
distribution amonyg other threaded rods in the tube steel. The SKEC procedure
accounts for this unequal shear load distribution and requires a doubling of
the shear loau retio (V/Va) (where Vv 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 ductiie manner and therefore the assumption of equal shear load
distribution in the threaded rods and insert is reasorable. 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,
cunservative.

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

1.13 LOCA rhermal Expansion of Tube Steel

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 2.8). The DAP evaluation is provided
in Engineering Evaluation DAP-E-P-001 (Section £.13.2) and is summarized in the
piping resuits report (Section 3.2.3.1).

CASE raised a concern that under louss-of-coolant accident (LOCA) environmental
conditions, long tube steel franes 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 Ccrnections, Effect
of Iherima} Cxpansion of Tube Steel on Richmond Inserts and Bolts." The SWEC
epproach establishes the maximum lengths for long tube sieei pipe support
members with Fichmond inserts for tube steel sizes up to and including TS 8 x 8
x 1/¢-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 auoits conducted by the statf (Appendix D to this supplement - Events 34 end
36), the staff selected a feedwater frame support located inside the
containment that consisted of 19 individual pipe supports on 8 long tube steel
frame attached to the containment well with Richmond inserts. The primary
support is FW-1-099-001-C62S. The statf reviewed the suppert calculations to
verify that the maximum lengths of the tube steel frame were in compliance with
("pp-7, Attachment 4-5. The staff found that & reduction ir the overaii 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 tc determine the
acceptability of thermal expansion in long tube steel fremes inside the
containment using Richnond inserts results in reasonable lengths of
interconnected tube steel and is, thus, acceptabie.

1.14 Conclusions

Based on the above evaluations ccrcerning Richmond insert design, the staff
concludes that the concerns associated with the design of Richmeond inserts heve
beer adequately resclved. The generic technical issue related to Kichmond
inserts in piping systems is, therefore, closed for CPSES.

¢ LOCAL STRESS IN PIPING

ceveral concerns were raised relatina to the locelizea effects of pipe support
designs on pipina at CPSES. In 1t: December 26, 1983 Memorandum and (Order
(keference A6) (page 1434), the ASLB expressed ite concern regarding local
stresces in piping induced by pipe supportis. Subseaquently, the CPRT third-
party (TENERA, L.P.) identiried 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:

e

1) integral welaged attachments and pads
2) raaial loads cn piping

3) line loads on piping
4

(
é
( welded attachments on girth butt welds

-

¢.1 Integral Welded Attachments and Pads

The issue background is provided in the UAP External Source I[ssue Summary
ESIS-P-002 (Attachment A to DAP-E-P-00Z). The SWEC resolution methodology is
provided in the piping project status repcrtis (Subappendix A2 Section 2.2).
The DAP evaluatioun is provided in Engineering Evaluation DAP-t-P-002 (Section
5.2) and is summarized in the piping results report (Section 3.2.3.2).

The primary concern was that local stresses at welded attachments to piping
(e.g., lugs, trunnions, stanchions) were not being acequately evaluated. The
SWEC analysis methods for the evaluation of local pipe stresses inauced by
welded attachments are provided in (PPP-/ Attachment 4-6A. TENEKA has reviewed
the SWEC acceptance criteria for local stresses and found them tc be consistent
with the FSAR. CPPP-7 also allows the use of ASME Code Cases N-318-2 and N-392
(References All and Al2) and TENERA found them acceptable for attachments on
straight pipe. For trunnicns on elbows, SWEC develcped a calcuiation to
justify an evaluation method for attachments on long-radius elbows. TENER"'s
re.iew of this calculation found it acceptable.

Local pipe stresses are calculated using computer programs PILUG, PITRUST, and
PITRIFE. PILUG and PITRUST are used for evaluatinc 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 1is
based on finite element results. TENERA reviewed the SWEC generic calculation
that justifies the expanded application range of WRC Bulietin 107 used in
PITRIFE and found it acceptable.

Some existing non-standard trurnion 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 reviewea the SWFC 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 1t 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 reviewec 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 (TU
Electric) datea July 24, 1987, the results of a fatigue analysis including
thermal gradients at worst-case locations at weldec attachments were
gocumented. Based on its review of the resuits 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 csetisfy the
ASME Code allowable of 1.0. The results cf 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 locel pipe stresses caused by welded attachments are in
accordance with ASME Code requirements using generaily recoynized engineering
methods, were found to be applied in a technically appropriate manner, and are,
thus, acceptable. 1In 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 Al4).

2.2 Radial Loads on Piping

The issue background is provided in the DAP Fxternal Scurce Issue Summary
£$15-P-002 (Attachment A to DAP-E-P-002). The SWEC resolution rmethodology is
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-00Z
(Section 5.3) and is summarized in the piping results report (Section 3.2.3.2).

The primary concern was that pipe siresses caused by radia! lcads induced by
zero-gap boa frames, cinched U-bolts, and opposing-trunnion anchors were not
properly evaluated previvusly by TUGCO. The SWEC resolutior methodology has
eliminated or modifiea the zerc-clearance box frames. The modifications to the
zero-clearance bux frames are discussed in the staff evaluation provided in
Section 4.1 of this appendix anc were found to be acceprable.

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 st1ff pipe clamps as identitied in Boarc
Notification BN-82-105A (Reference Al5) have been evaluateu by SWEC using
Project Memorandun PM-139 "Procedure for Eveluating Pipe Stresses at Stiff
Clemp Supports." The methoas therein are consistent with the methods used by
other nuciear design organizations to evaluete stiff pipe clamp effects, The
DAP evaluation found the SWEC methods reasonable in comparisun to previous work
on cinched U-buits.

For opposing trunnion anchors, the local pipe stress cue to differential radial
therma! cxpansion between the pipe and support is calculated and acded to the
loce! pipe stress at the attachment due to support restraint of pipe thernal
expansion, anu both local stresses are added to the piping general bendinc
stress cue to thermal expansion. The SWEC method for combining pipe stresses
caused by therme] loadings is conservative and is therefore acceptable, The
DAP evaluation alsc found the SWEC finite element analyses to evaluate radial
thermal expansion at two types of anchors to be acceptable.

The staff concducted an auait to assess the adequocy of SWEC's epplication of
the methocs for opposing trunnicre. (Appendix O to this supplement - Fvents 34
and 56.) The staff selected a suppor< (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 celculation was perforuned in accereance with CPPP-7, Paragraph
4.6.4.1, ana is, thus, acceptable,

Un the basis of the DAP evaluation findings and the staff review and aucit

discussecd above, the staff concluces that the SWEC resolution methodology for
addressing radial loads on piping is consistent with industry practice and is
thus accepteble. In adoition, the CYCNA review of this issue has resulted in

1ts closure in Revision 4 to the pipe support review issues list (Items 1 and
3€) (Reference AlO).

¢.3 Line Loads on Piping

The issue background is provided ir DAP External Source Issue Summary
ESIS-P-002 (Attachment A to DAP-E-P-002). The SWEC resclution methodology is
provided in the piping project statuc reports (Subappendix AZ Section 2.1.2).
The DAP evaiuation is provided in the Engineering Evaluation DAP-E-P-002
(Section 5.4) and is summarized in the piping resuits report (Section 3.2.3.2).

The concern was raised regardiny the consideration ot locel pipe stresses
caused by the pipe bearing on the pipe support (line loads). The SWEC desigr
nethod as provided in CPPP-7, Attachments 4-68 and 4-6C, addresses longitudinal
and circumferential bearing stresses in piping, The method was reviewed by
TENERA and found to be conservative as demonstrated by a collapse locad anelysis
performed by Robert L. Cloud Associates in Calculation No. RLCA/P14Z2/01-86-0C5,
"Acceptable Support Bearing Loads cn Pipe Based on Plastic Analysis.”

Un the basis of the DAP vinding 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 resclution has resulted in its closure in Revision 4 to its
pipe support review issues list (Item 37) (Reference AlQ).

¢.4 Welded Attachments on Girth Butt Welds

The issue background is provided in External Source Issue Summary ESIS$-P-002
(Attachment A to DAP-E-P-002). The DAF evaluation is provided in Engineering
Evaluation DAP-E-P-002 (Sectioun 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 11l (Reference
Al6). The DAP reviewed this issue and concluded that the ASME Cude, Section
111 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 bc inspected to ASME Code Section XI (Reference Al7)
requirements was addressed in the DAP evaluation by clarifyinc 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 arcund girth
welds to facilitate inservice inspection; hcwever, this practice s rot
possible for all welds. A1l ASME Code Class ¢ and 3 piping welds are required
to be hydrostaticaily 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 UAP evaluation, the staff finds that the concerns
asso?iated with welded attachments on piping girth welds have been adequately
resolved,

2.5 Conclusions

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

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

Several concerns were raised relating to the design of large framed pipe
supports at CPSES. In its December 28, 1982 Memorandum and Order (Reference
A6) (p. 1443), the ASLB identified a concern regarding differential seismic
displacement assuciated with supports spanning from wall to wall or floor to
ceiling. Subseguently, the CPRT third-party ?TENERA, L.P.) identified 47
related concerns from various source documents associated with these supports
and corner supports. In its Engineering Evaluation DAP-E-P-003, "Large Framed
kall-to-Wall and Floor-to-Ceiling Supports,"” TENERA categorized these concerns
into three areas 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
supports. The three areas of concern are (1? thermal expansion effects,

(2) relative differentiel displacement effects, and (3) 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 i3sue background is provided in External Source Issue Summary ESIS-P-003
(Attachment A to DAP-E-P-003). The SWEC resoluticn methodology is provided in
the piping project status reports (Subappendix A Secticne 2.1 and 2.2). The
DAP evaluation is provided in Encineering Evaluaticn DAP-E-P-003 (Sections
§.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 member
thermal expansion effects need not be included in the design of lincar-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 CFSES, frame member supports were de<igned
spanning from wall tc wall and floor to ceiling without ¢lip joints., These
designs raised concerns regarding their ability to withstanc thermal expansion
effects and relative displacement effects between the building and support,

Currentiy at CPSES cnly eight supports, that span wall to wall or flcor to
ceiling without slip joints remein. These eight supports are all located in
the service water tunnel anc are identified as folluws:

CW-1-011-01€-F33K
SW-1-011-017-F33R
SW-1-011-018-F33F
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SW-1-011-019-F33R
SW-1-011-020-F33K
SK-1-011-021-F35R
SK-1-011-022-F33R
SW-1-U11-025-F33R

A1l eight supports have been analyzed for thermal expansion, floor live loads,
and relative building seismic displacements due to both the operating basic
earthquake and the safe shutdown earthquake. CUifferential displacement between
the floor anc the wall due tc long-term concrete creep is evalueted for
floor-tc~ceiling supports only because its effect does not affect the
wall-to-wall supports,

TENERA has evaluated the acceptability of the SWEC analysis methods for
evaluatirg wall-to-wall, floor-to-ceiling, and corner supports 7or the
cumulative relative movewents and building structural effects and found them to
be technically adeouate,

The staff audited the application of the design criteria for wall-to-wall/
flcor-tc-ceiling supports (Appendix U of this supplement - Event 32). The
statf reviewed the calculations for all eioht wall-to-wall/tlcor-to-ceiling
supports remaining in the service water tunnel to verify the actual stresses
and the compliunce of the calculations to Attachment 4-19 of CPPP-7, The staff
found that the stresses were within the (PP-7 allowzbles and are, thus,
acceptable. In addition, the staff founc that a special task group was formed
within SWEC to perform the calculations for these eight supports because of
their uniqueness anu complexity. The formation of the special task group
ensures consistency in the application of the CPPP-7 criteriec associated with
the wall-to-wall/floor-to-ceiling supports.

3.2 Conclusions

Based on the above evaluation, the staff concludes that the concerns asscciated
with the design of wall-to-wall, floor-to-ceiling, and corner supports have
been adequately resclved. The ceneric techrnical issue concerning large framed
wall-tc-wall and floor-to-ceiling supports incluaing corner supports is,
therefore, closec tor CPSES.

4 STABILITY OF PIPE SUPPORTS

A number of concerns were raised associated with potentially unstable pipe
support design at CPSES. In its Memoranda and Orders dated December 26,

106% and February 8, 1984 (References A6 and Al8), the ASLB expressed its
concerns about pipe support instability. Subsequentiy, the CPRT third-party
(TENERA, L.P.) icuentified €1 related concerns from various scurce documents.
In its Engineering Evaluation DAP-E-P-004, "Support/System Stability," TENERA
categorized thase concerns into five categories of potentially unstable pipe
support configurations:

; box frames connected to struts or snubbers
U-bolts with sinale struts or snubbers
) trapeze supports
g column/strut assemblies
trunnion/strut assemblies

— T — O I~
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4.1 Box Frames Connected to Struts or Snubbers

The issue background is provided in the DAP External Source Issue Sumnary
ES1S-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 summarized 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 coulc potentially shift - by rotating arcund
or sliding along the piping - to an unqualified position. The SWEC resolution
metnodology involves either eliminating or modifying these potentiully unstable
pipe supports, The modifications to zero-clearance box frames supported by
single or multiple struts or snubbers consist of removing the box trame and
replacing it with a standard pipe clamp or changing it to a rigid frame with
gaps. For multistruttec geng support frames, the modification results in &
rigid frame with gaps. The SWEC modifications result in & support
configuration typically used in the puclear industry and are thus acceptable.
In addition, the CYGNA review ¢f this issue and resoiution has resulted in its
closure in Revisior & to its pipe support review issues list (Item 6)
(keference A10,.

The staff avdited the implementation of the SWEC modifications to several box
frames connected with struts or snubbers (Appendix D of this supplement -
Events 32 anc 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-S33R,
CC-1-028-039-533K, and CC-1-020-001-A33K have been deleted. Fulti-strutted
gang frames CC-1-136-704-E63R and CC-1-041-710-A63R have been subsequentiy
modified to a rigid frame. The modifications are 1n accordance with the
CPPP-7, Peraqraph 4.2.4 and Attechment 4.9, ang are thus acceptable.

4.2 U-Bolts With Single Struts or Snubbers

The issue background is provided in the DAP External Source Issue Summary
ESIS-P-004 (Attachment A to DAP-E-P-004). The SWEC resolution methodology s
provided in the piping project status repcrts (Subappendix A4 Section 2,1.2 and
Subappendix All Section 2.0). The DAP evaluation is provided in Engin® ‘ing
Eveiuation DAP-E-P-004 (Section 5.3.2.2) and is summarized irn the piping
resuits repoert (Section 3.2.3.4).

Many concerns were identified in the use of U-bolts with single struts end
snubbers. A1l cinched and uncinched U-bolts on single struts or snubbers have
been eliminzted by SWEC in safety-related piping systems at CPSES Units i and
2. Theretcre, the concerns are not applicable to CPSES and the SWEC resclution
ecceptability resolves the U-bolt concerns for CPSES.

The staff auditea the implementation of the SWEC resolution for several
supports using U-bolts with single struts or snubbers previously identiiied in
CASE Exhibits 669/669B. Supports MS-1-003-013-C72K, MS-1-(01-002-S72R, 2nd
MS-1-004-005-572K have been eliminated. For suppor: £C-1-019-004-A33R, the
U-bult has been replaced with ¢ stiff clamp. Support M5-1-001-005-572R has
been modified tc @ integrally welded piping stanchicr. Support
CC-1-257-005-C53R has been modified by replacing the U-bolt with & standard
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pipe clamp. The SWEC modifications are in accordance with CPPP-7 Paragraph
4.7.4 and Attechment 4-9, and ere thuc acceptable,

4.3 Trapeze Supporte

The issue backgrouna is provided in the [AP External Scurce Issue Summary
ESIS-P-004 (Attachment A tc DAP-E-P-0C4). The SWEC resolution methodolooy is
providea in the piping project status repcrts (Subappendix A4 Section 2.1.4,.
The DAP evaluation is provided in tngineerine Evaluation UAP-E-P-CC4 (Section
£.3.2.3) anc is sunmarized in the piping results report (Section 3.2.3.4).

Many ceoncerns werc raised in use of U-boits 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 ¢ single
strut/snubber ard standard pipe clamp or redesigning the suppert as a rigic
frane consistent with standard industry practice. A third option involves
modifyirg the suppurt to one of three redesigns. The first redesign involves
replacing the U-bolt with & strap end addina shear lugs tu the pipe. The
second redesiun involves replacing the U-bolt with a strap ancg adding clemp
anchors tou the pipe. The third redesign involves replacing the LU-bolt with
a strup and adding @ pair of stebilizing struts paraliel to the pipe
centerline normal to the trapeze croscpiece. The staff finds the three
redesign options adequately preclude support rotation around or movement
alung the pipe exis and thus ere stable configurations,

The staff audited the implementation of the SWEC resoiutions for several
trapeze supports with U-bolts previously icentified by CASE in Exhibits
065/6698. Suppcrts CC-1-234-017-C53R, KH-1-008-008-S22K, and CC-1-008-019-A33K
have been deleted. Support (S-1-239-007-A4¢R has been redesioned to a strap
with shear lugs. Support CT-1-008-010-S2¢K has been modified to a rigid frame.
Support MS-1-150-U47-C52K has been modifiec to a single snubber with standard
pipe clamp. The SWEC moditications are in accordance with CPPP-7, Attachment
4-8, ana arc thus acceptable.

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

4.4 Colunn/Strut Assemblies

The issue background is provided in DAP External Source lssue 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 Ergineering Cvaluation DAP-E-P-0(04 (Section 5.3.2.4)
and is summarized 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.q., tube steel; arc shorter
strut. However, for the modification, the buckling of the rigid column wes
analyzed independent ot the strut. The SWEC resclution methodology evaluates
column buckling as a function of the ratio of the strut to the column length &s
documented in SWEC Calculation GENX-019, "Coclumn Strut Assemblies." TENERA
reviewed this calculation by perfurming an aiternative 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 [ssue Summary
ESIS-P-004 (Attachment A to DAP-E-P-004). The SWEC resolution methodology 15
provided in the piping project status reports (Subappendix Al2 Section £:1):
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-004 (Section
5.3.2.5) and is summarized 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 analyticaily predicted in the piping computer

progrem., The staff finds that the SKEC resolution acceptably resolves this
concerti,

4.6 Conclusions

Based on the above evaluations, the staff corcludes that the concerns
associated with pipe support instability have been adecuately resolved. The
generic technical issue concerning stability cf pipe supports is therefore
closed for CPSES.

5 GENERIC STIFFNESS OF PIPE SUPPORTS

Cercerns were raised that the pipe support stiffress values were not adequately
considered ir the piping stress analyses. In its becember 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 cocncerns from various source
cocuments. In its Engineering Evaluation DAP-E-P-005, "Generic Stiffness,"
TENERA catecorized these concerns into two areas:

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

5.1 Actual Versus Leneric Stiffness Values

The issue backgreund is provided in DAP External Scurce Issue Summary
£S1S-P-00% (Attachment A to DAP-E-P-005). The SWEC resolution methcaoloay
s provided in the piping project status reporis (Subappendix A5 Sectiun
2.1). The DAP evaluation is provided in Engineering Evaluation
DAP-E-P-005 (Section 5.2) ana is summarized in the piping results report
(Section 3.2.3.5).

ASME Code, Section III (Reference Alb), cces not provice specific requirements

to be used in the modelling of suppert stiffress in piping eanalyses. The ASME
Code states in both NB-3677.7(d) and NC/ND-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 pronibit the use of generic pipe
support stiffnesses, provided the actval support stiffness and flexibility do
not significantly affect the validity cf the piping anelysis results.

In 1ts resvlution methcdology, SWLC has develcped 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 desions found at CPSES., CPPP-7, Paragraph 3.10.8, provides
the guidelires for stiffrness representations of pipe supports. The stiftness
values of pipe supports commonly found at CPSLS are tabulatea 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 increase in
responses due to actual stiffness compared to ceneric stiftnesses - in
conjunction with two SWEC documents: (1, SWEC report, "Generic Fipe Support
Stiffness Values for Piping Analysis,” and (2) SWEC Calcuiation GENX-117
“Yerification of the Generic Stiffness Criteria in the Analysis of Piping
Systems," which summarizes the sample verification resuits from five
comparison piping stress analyses. The DAP concluded that the two SWEC
documents reasonably justiry the basis and verification of the generic
stiffness approach for CPSES.

The staff aucited the adequacy of the SkEC resolution impleinentation (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-1-0C1-035-Y33R, and
CT-1-013-012-S32R) to verify the appropriateness of the support stiffness
calculated for each support conficuration. The staff alco selected three
supports (CC-1-107-008-E23R, MS-1-001-005-C72K, and CC-2-011-001-A€3R) to
verify that the calculated support stiffnesses were useu properly in the
corresponding piping stress analyses. The staff fourd 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
specitied in CPPP-7., This led to a staff review of SKEC Project Memorandum
(PM)-187 (Appendix E ot this supplement) which controis when actua! stiffnesses
are to be used and specifiec that actual stiffnesses will be useu during finel
reconciliation of the as-built piping conditions. The staff finds that PM-187
ensures that the stiffness values used at CPSES retlect actual support
configurations.

The staft reviewed a CPRT third-party finding related to the improper use of
generic stiffrnesses by SWEC which has been subsequertly transferred to the TU
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
CPKT finding was the result of isclated analyst errors and that, overall, the
CPPP-7 quidelines 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 corncludes 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,
ailows the pipino 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 CYGNA review issues list for pipe supports (Item 13)
(Keference Al0).

5.2 Local Flexibility Effects

The issue background is provided in DAP External Source Issue Summary
ESIS-P-005 (Attachment A to DAP-E-F-005). The SWEC resolution methodology 1s
provided in CPPP-7, Paraoraph 4.3.2.2 and Attachment 4-16. The DAP evaluation
is provided in Engineeriny Evaluation DAP-E-F-005 (Section 5,3.2) anc is
summarized in the piping results report (Section 3.2.3.5).

The primery concern was that local flexibilities of composite members in pipe
supports at CPSES may preclude the support from pertorming its function (1.0..
restrain the piping from dynamic loacirgs). The local flexibility of composite
members (e.g., plates, tube steei walls, webs in wide flanges) is not addressed
in the SWEC generic stiffness approach because of the numerous variations of
parameters involvea. The SWEC resolution to addressina local flexibilities fis
to evaluate each support stiffness by inspection or comparison to similar
designs with known stiffnesses, simpie hand calculations, or detailed analysis.
The method is determined by the analyst performing the calculation and 1is
checked by independent reviewers.

On the basis of its review, the staff finds that the SwEC review ¢f each
support provides assurance of the apprepriateness of the stiffness values to be
Jsed, and is, thus, acceptable.

5.3 Conclusion

Based on the above evaluations, the staff cencludes that the concerns
associated with pipe support gereric stiffness and local flexibilities have
been adequately resolved. lhe generic technical 1ssue concerning generic
stiffness ic, therefore, closed for CPSES.

t UNCINCHED U-BOLTS ACTING AS TWO-WAY RESTRAINTS

several concerns were raised relating to the use of U-bolts as rigid pipe
support members. The LPRT third-party (TENEKA, L.P.) review of this issue
identified 22 related concerns from varicus source documents. In its
Engineering Evaluation DAP-E-P-006 "-Bolts Acting As Two-Way Restraints,”
TENERA sumnarized 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-bclts are not soequately cesigned for actual loeds.

6.1 Modeling of U-Bolts in Piping Analysis
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The issue background is proviced in DAP External Source Issue Summary
ESIS-P-006 (Attachment A tu UAP-E-P-005), The SWEC resclution methodology is
provided in the piping project status reports (Subappendix A6 Secticn 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 ard analyzed as one-way restraints (1.e., restraining the
pipe in the direction parallel to the axis of the U-bolt legs) but will
actualiy behave as & two-way restraint (i.e., also providing a laterel
restraint perpendicular tc and in the piane of the U-bolt legs). 1lhe SWEC
resolution rzthodology is tc model all uncinched U-bolts on a rigid support as
two-woy restraints, SWEC hdas eliminated &)l uncinched U-bolts on rigid frames
tor 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 1n a consistent manner and 1s, thuc, acceptable,

The stuff performed an audit ot the U-bolt modeling as a part of our
implementation review (Appendix D to this supplement - Events 3Z ard 34). The
stafr reviewed the modeling of supports CC-1-007-040-A63R and CC-X-025-C05-A43R
which utilized U-bolts cn a rigid support. The ctaff found the U-bolts to be
modeled as & two-way restraint in eccordance with CPPP-7 and are, thus,
acceptable.

6.2 Qualification of U-Bolts

The issue backyround is provided in UAP External Source Issue Summary
ESIS-P-006 (Attachment A to DAP-E-P-006,. The SWEC resolution methodology is
proviced in the piping projec. siatus reports (Subappendix AG Section 2.2).
The DAP evaluation is provided in Engineering Eveluation DAP-E-P-00€
(Attachment C) and is summarizeu in the piping results report (Section
3,2:3.8);

A related concern was that U-bolts were not properly qualified 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
resclution methodology involved developing stiffress values and allowable
U-belt load ratings based on STRUDL analyses. The SWEC U-bolt qualification
was reviewed by TENEKA in its review of SWEC Calculation No.
15454-NZ(c)-GENX-005A, “Qualificetion of U-Bolts For Use As 2-Way Restraints
For Pipe Supports,” and was found to be in compliznce with ASME Code, Section
I11 (Reference Al9), paraaraph NF-3330 which permits design by analysis.

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

The CYGNA review of this issue and 1ts resolution has resuited in its closure
in Revision 4 to the (YGNA review issues li1st for pipe supports (ltem 23)
(Reference AlD).

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.

/ FRICTION FORCES

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

1) The coefficient of friction was incorrect.

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

(2) The reduction in friction loads based on support stiffness was improper.
(4) Friction was not evaluated for cynamic loads.

The above concerns are discussed in Lhe issue below.

7.1 Friction Considerations in Piping Analysis

The issue background 1s provided ir DAP External Sources Issue Summary
£515-P-007 (Attachment A to DAP-E-P-007). The SWEC resolution methodology is
proviced in the piping project ctatus reports (Secticn 2.0). The DAP
evaluation is provided in Encineering Evaluation DAP-E-P-007 (Section 5.0) and
is summarized in the piping results report (Section 9 28:3:7)

The primary concerns relating to the cornsideration of fricticn torces in pipe
support designs at CPSES included the use of an appropriate coefficient of
friction and @ reduction or nc evaluation of friction under certain cases. The
SWEC resolution methodclugy inveives applying a coefficient of friction of 0.3
to evaluate iriction '7ads for static loadings at all sliding surfaces
regardless of the pipe displacement magnitude. The calculatea friction force
j¢ not reduced on the basis ot support ctiffness. The use of a coefficient of
friction of 0.3 is consistent with industry practice.

For dynamic loacings, industry practice generally assumes thatl triction effects
are negligible. Friction rorces urder sliding conditions are by nature lower
than static frictior forces. Furthermore, unaer vibratory conditions of
ceismic anc aynamic trarsient conditions, the pipe tends tu lose contact with
the surface and any friction forces developec are thus relieved.

Recause of the inclusion of friction fcrces in the pipe support calculations,
the stafi 1inds the SWFC methodeicgy to be acceptable.

The staff audited the inclusior of friction ferces 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 suppert
CC-1-028-044-S33R found that the friction forces were calculated in accoroance
with CPPP-7 and are, thus, acceptable.
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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 1ist for pipe supperts (Item
29) (Reference Al0).

7.2 Conclusion

On the basis of its review and audit of this iscue resolutiun, the starf
concludes that tne concerns associoted with the inclusion of friction forces in
pipe support calculations have been acdequately resolved. The gene-ic technical
issue concerniny friction forces is, therefore, closed for CPSES.

8 AWS VEKSUS ASME WELD DESIGN

CASE contended that many provisions frem American welding Society Code AwS D1.1
Coce (Keference A20) were applicable to the desigr of pipe supports at CPSES.
In its December 28, 19£2 Memorandum and Order (Reference #t) (p. 143%), the
ASLB questioned the extent to which certain weld design requirements of AWS
D1.1 that were not addressea in the ASME Code, Section 11l (Reference Al9) were
applicable tu pipe support cesign. Subsequently, the CPRT third-party (TENEKA,
L.P.) identified 40 related concerns from various source documents associated
with the appiicability of AWS L1.1 to CPSES pipe supports. In its Engineering
Evaluation NAF -E-P-008 "AWS versus ASKME," TENERA listed 10 specific areas
identified by CASE as follows:

ﬁlg pre-heat requirements for welds on plates over 3/4 inch thick

2) drac angle anc wurk angles

(3) Beta factor for tube-to-tube welds

(4) muitipiicaticn factor and reduction factor for skewed "T" weld
Joirts

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

(6) calculations for punching shear on step tube joints

7; lap jeint requirements

(&) design of tube-to-tube joint with Beta equal to 1.0

(§) calculation for effective throat of flare bevel welds

(10) Yimitations on weid sizes relative to plate thicknesses

€.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-00& (Attachment A to DAP-E-P-008). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix A27 Section .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 1588) (Reference A21). Therein, the ASLR 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 Angies and Work Angles
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The issue background is provided in the DAP External Source Issue Summary
£SIS-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 evaluaticn 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
FSIS-P-008 (Attachment A to DAP-E-P-008). The SWEC resolution methodoloay 1s
proviged in the piping project status reports (Subappendix A2l 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 TUGCO 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 fincs this concern <0 be adequately resclved.

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

The issue background is provided in the DAP Externa)l Scurce [ssue Summary
£S[S-P-008 (Attachment A to DAP-E-P-008). The SWEC res~lution methodology 15
provided in the piping project status reports (Subappendix A8 Section 2.1).
The DAP evaluation is provided in Ergineering Evaluation DAP-E-P-027, “Welding'
(Section)5‘6.2) and is summarized in the piping results report (Section
3.2.3.25).

The concern wés that the previous TUGCO design procedures dic not consider
multiplication ano reduction factors for skewed T-joint welds. SkEC design
criteria in CPPP-7, Attachuent 4-2 (Teble 2.6.2), contain the multiplication
and reduction factors for skewec T-joint welds. Thus, the staff finds this
corcern to be adequately resolved.

8.5 Limitations on Angularity for Skewed T-Joints

The issue background is provided in DAP External Source Issue Sumnary
ESIS-E-P-008 (Attachment A tO DAP-E-F-008). The SWEC resolution methedology 1S
providea in the piping project status reports (Subappendix A8 Section 2.1},

The DAP evaluation is provided in Engineerinc Fvaluation DAP-E-P-027, “Welding"
(Section 5.6.Z) ana 1is summarized in the piping results report (Sectior
3.2.3.28).

The concern was that the previous TUGCO design procedures did not consider the
angularity |imits of skewed T-joint welds. SWEC design criteria in CPPP-7,
Attachment 4-z, Paragraph 2.6, include loss factors for welus at angles between
60 and 30 deorces and a weid-length recuction for angles between 135 anc 1E0
cegrees, for weld angles greater than 150 deurees or less than 30 degrees,
SWEC excludes the wela from the analysic and thus no credit is taken for the
weld strenath., The staff tincs the SWEC design criterie consistent with AWS
D1.1 provision: and, therefore, the concern has been adequately resolved,
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8.6 Calculations for Punching Shear on Step Tube Joints

The issue Leckaround is provided in AP External Source issue Summary
ESIS-P-00C (Attachment A to DAP-E-P-GU8). The SWEC resolution methodcloay is
provided in the piping project status reports (Subappendix AZl Section C.1).
The DAP evaluation is provided in Engineering tvaluation DAP-E-P-0z1 (Sectior
5.4.3) and i: sunmarized in the piping results report (Section 3.2.3.20).

The concern was that the previous TUGCO design procedures did not consider the
punching shear effects of stepped tube steel connectiuns. SWEC design crtierie
in CPPP-7, Attechment 4-13, Paragraphs 4.2, 4.3, and 4.4 contain explicit
guidelires for evaluating local stresses in pipe supperts including punchine
shear effects, The staff finas the SWEC design criteria consistent with AWS
D1.1 provisicns and, therefore, thic concern is resolved.

8.7 Lap Jcint Requirements

The issue backaround is proviced in DAP External Scurce Issue Summary
£SiS-P-008 (Attachment A to DAP-E-P-Q08). The SWEC resolution methoaclegy is
provided in the piping project status reports (Subappendix A27 Section 2.8).
The DAP evailuatior i1s provided in Engineering Evaluation DAP-E-P-008 (Section
5.2) ana 1s sunmarized in the piping results report . Section 3.2.3.8).

The staff evaluation of this issue 1s the same as that in Section §.1.

8.8 Desigr of Tube-to-Tube Joints with bBeta Equal to 1.0

The issue background is provided in UAP External Source Issue Summary
ESIS-P-008 (Attachment A to DAP-t-P-008). The SWEC resc.ution methodology is
provided in the piping project status reports (Subappendix A21 Section 2.1).
The DAP evaluation is provided in Engineering Evaluetion DAP-E-P-021, "Local
Stresces in Pipe Support Members," (Secticn 5.4.3) and is summarized in the
piping results report (Section 3.2.3.20).

The concern was that the previous TUGCU cesign procedures did not contain
adequate guidelines for evaluating tube-to-tube joints wnen 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 SkEC desiagn
criteria consistent with AWS D1.1 provisiors and they are, thus, acceptable.

8.9 Calculation for Effective Thrcet 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 15
provided in the piping project status reports (Subéppendix Al0 Section 2.2).
The DAF evaluation is pruvided in Engineering Eveluation DAP-E-P-008 (Section
5.3) and is summarized in the piping results report (Sections 3.2.3.8 and
3.2.3.10j.

Several concerns were raised regarding the appropriate effective throat to be
used for fiare bevel welds in tube steel connectiuns. Based or a SWEC survey
documented in SWEC Report No. 15454-N(c)-004, "Survey of Structurci Tube Stee!l
Dimensions to Verify the Effective Throat of Flare Bevel Welds," March 1987,
the ShE( methodoloay uses an effective throat equal to t-1/16 inch for all tute
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steel sizes except for TS 2x2 where an effective throat equal to t-1/8 inch is
used. AWS D1.1 specifies an effective throat ecual to t, the thickness of the
tube steel wall. The SWEC resoluticn is based on actual weld sizes which can

be achieved at CPSES and is more conservative than AWS D1.1 provisions and is,
thus, acceptabie,

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

8.10 Limitations cn Weld Sizes Relative to Plate Thickness

The issue backgrounc is provided in DAP External Source Issue Summary
ESIS-P-006 (Attachment A to DAP-E-P-008). The SWEC resolution methodology is
provided in the piping project status reportis (Subappendix k%7 Section 2.1l
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 that *he previous TUGCO design procedures did not contain
adequate guidelines for limiting the base metal thickness for varicus fillet
weld sizes for prequalified joints. The SWEC design criteria in CPPP-7
incorpurate ASkE Code Case N-413, “Minimum Size of Fillet Welas for Subsection
NF Linear Type Supports, Secticn lII, Division 1," (Reference AZZ) which
removed the minimum fillet weld size reguirements based on tne ASME
requirements that all welded construction joints be qualified in accordance
with Secticr 1X of the ASME Code. The ARC staft has accepted the use of the
LSME 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 anc its resolution has resulted in its closure
in Revicion 4 to the CYGNA review issues list for pipe supports (ltem £l)
(Reterence AlD).

8.11 Cenclusion

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

9 AGOC GRADE B TUBE STEEL

Concerns were raised regarding the use of American Society for lesiing and
Materials (ASTM) A500 Grade B materie) for pipe supports at CPSES. In its
October 6, 1963 Memorardum and Order (Reference A24), the ASLB identified a
need to demonstrate the safety mergin in pipc supports in which A50L Grade B
tube steel was used. Subsequently, the CPRT third-party (TENERA, L.P.)
identified seven related concerns from varicus source documents. In 1ts
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Engineering Evaluation DAP-E-P-CCS "A500 Grade B Tube Steel," TENEKA sunmarized
these concerns into two primary aspects:

(1) material yield strength
(2) material ductility

.1 Material Properties tor A500 Grade B Tube Steel

The issue Lackground is provided i1n UAP Exterral Source issue Summary
ESIS-P-009 (Attachment A to DAP-E-P-009). The SWEC resolution methodclogy is
provided in the piping project status reports (Subappendix A2 Section 2.2).
The DAP evaluation is provided in Engineering tvaluation DAP-E-P-CCS (Section
5.0) ana is summarized in the piping results report (Section 3.2.3.9).

The primary issue as discussed in the ASLB hearincs 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 AZE) specified a yield strength
of 42 ksi and was used initially in the CPSES pipe support design,
Subsequently, the yield strength was revised tc 36 ksi in ASME 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 ASCC Grade B tube steel.

The SWEC resolution methodology is to design validate all ASME Code Ciass 1, 2,
arc 3 pipe supports that utilized A5CU Grade b tube steel by using a yield
strength of 36 ksi. However, certain pipe supports in which stresses exceeded
the allowables based on ¢ yield strength of 36 ksi were desion validated to
allowables based on a 42 ksi yield strength.

The use of & 36 ksi yield strength at 100°F for A5S00 Grade B tube steel (as
specitied in Code Cases N-71-10 through N-71-14) previded more stringent
requirements believed to be justified by the staff until the currently
available test data esteblished that there was ro significant reducticn 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 4€
ksi,

Although the NRC staff at this time has not yet finalized its review of the
acceptability of using an increased yieid strength of 46 ksi for A500 Grede B
tube steel, (as specified in Code Case N-71-15), the staff finds that the use
of a 4. ksi yield strength at 1C0°F (as previously specified in Code Case
N-71-9 and approved by tne 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 AS00 Grade B tube steel was
provided in a letter from C. Grimes to W. Counsil, dated January 15, 19&8
(Reference AZ6).

The coldforming process used in manufacturing A500 tube steel increases
material yield strength but reduces its ductility. Cuctility is related to the
amount of plastic deformation & material can undergo before it fails. A related
concerr. was that AS00 Grade B material may not be adequate for dynamic
application (i,e., seismic pipe supports). NRC Regqulatory Guide 1.85,
"Materials Code (ase Acceptability, ASML Section III, Division 1," Revision Z4
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(Reference AZ7), approves for use ASME Code Case N-71-13., AS500 Grade B
material i1s included in the Code Case. Regulatory Guide 1.85 does not place
any limitations or restrictions in th2 use of A500 material ana, thus, its use
is acceptable for seismic pipe supports in nuclear facilities.

9.2 Conclusion

Based on the above evaluation, e staff concludes thai the concerns associated
with A500 Grade B tube steel have beern adequately resolved. The gyeneric
technical issue concerning A500 Grade B tube steel is, therefore, closea 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 vrom various source documents, In its
Engineering Evaluaticn DAP-E-P-C10 "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.) Variations in Tube Steel Secticn Properties

The issue beckground is provided in DAP External Source [ssue Summary
ESIS-F-010 (Attachment A to DAP-E-P-010). The SWEC resolution methodology 15
provided in the piping project status reports (Subéppendix Al0 Section 2.1).
The DAP evaluation is provided in Engineering Eveluation DAP-E-P-01G (Section
5.2.2) and is summarized in the pipino results report (Section 3,2.3.10).

Although the CPSES <afety-reluated pipe supporis are designed vo ASME Code,
Section I11, Subsectiun NF (Reference A19), the ASME Code doec not specify
explicit section properties for tube steel therein. Common practice in the
nuclear industry is to use the section prcperties specitied in the American
Institute of Stee! Construction (AISC) manua) of Steel Construction (AISC Coue)
(Refeience A28). Other cataiogs and manuals containin? tube steel section
properties or rules for cold-1ormed steel cesign are &lso acceptible sources
\e.g., AISI Cold-Formed Stece) Desian Manual) (Kef:rence A29).

At CPSES, the pipe supports previously designed by TUGCO used various sources
of t.%e steel section properties durinc difterent time periods. These sources
(and ‘e time pericds used) were the AISC (cde, 7th Edition (Reference A28)
(befur« January 1981); the 1074 welded Steel Tube Inctitute's "Manual of Cold
Formed Welded Structural Steel Tubina" (Reference A30) (vanuary 1981 to January
1982); and the AlSC Code &th Edition (Reference A31) (January 1982 to July
1985). Section properties from these various sources varied by as much as 25
percent. The variations resultead primarily from the tube steel (with squere
cross-section) cerner radius used to calculate the section properties. The
AISC Code, 7th Ecition, assumes a 3t corner radius; the AISC Code, Eth Editior
(Reference A31), cssumes a 2t corner ragiut; and the WSTI manual ist Edition
assumes a 1t corner radius. Concerns were raised .hat the inconsistent use cof
section property values was mproper and may lead to inappropriate values beiny
used for tube steel manufectured during the different time periods.
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The ShEC resolution methocdology invelved conducting a survev of the American
Institute of Steel Corstruction and Welded Steel Tube Institute to determine
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 tire structural tube shapes were procured for CPSES, and that the
precuct deliverea during this time period contorms to the AISC Code, 8th
Editior. SWEC surveyea tube steel corner dimensions for installec pipe
supports at CPSES anc confirmeu that the tube steel at CPSES have a nominal 2t
corner radius., SkEC design criteria in (PPP-7 use the section properties from
the AISC Ccde, 8th Edition, for the design validation of 211 ASME Code (lass 1,
<y @ng 3 pipe supports. The UAP evaluation confirmea that the standard mi..
practice did not change between the 7th and 8th Editions of the AISC Code.

Un the bacis of its review of the SWEC resoluticn methodoloay, the staff finds
that the tube steel sectiun preperties as specified in the AISC Code, 8th
Ecition, are appropriatc for use in the gesign of pipe supportis at CPSES and
are, thus, acceptable.

The staff conducted an audit to verify the adequacy of the design criteria
applicetion (Appencir D to this supplement - Event 36). The staff found that
the Lube steel cection properties are compiled in ana then extracted from Table
HSSTUBE of the STRUDL computer program. The déta in this teble were verified
to be in uccordance with the 8th Edition of the AISC Code, and are, thus,
acceptable.

10.2 Effect of Boit Holes cn Section Preperties

The issue background 1s provided in LAP External Source Issue Summary
ESIS-P-010 (Attachment A to DAP-E-P-010). The SWEC resolution methodology is
provided in the piping preject status reports (Subappendix AlC Section 2.3).
The DAP evaluation is provided in tngineerinc Evaluaticn DAP-E-P-010 (Section
5.3.2) and is summarized in the pipinc recults report (Section 3.2.3.10).

The concern was that reductions in member section properties for holes drilled
in the tube steel were not consicered for pipe supports using Richmond inserts
anc tube sizel, The SWEC methodology as stated in CPPP-7, Paragraph 4.3.2.1,
provides nu reduc:ion fr section properties for holes drilled throuoh 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 ares of that
side. Unly the excess above 1{ percent it deducted. The SWEC methodology is
in accordance with ASME Code Section III (Reference A32) paragraph XVII-2251
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 concerninc 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 enc¢ of U-bolts (U-bolt cinching) were detrimental to the pipe and
U-bolt. In its December 28, 1982 Memorandum and Order (Reference A6) (p.
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1430), the ASLB expressed its concerns about several unanswered questions
velated to cinched U-polts. The CPRT third-party (TENEKA, L.P,) identified 50
related concerns from various source documents. In its Engineering Evaluation
DAP-E-P-011 "U-bolt Cinchina," TENERA categorized these concerns into two
primary areas:

(1) cinching of standard U-boits
(¢) stiff pipe clamps

11.1 Cinching of Standara U-bolts

The issue backaround is provided in DAP External Source Issue Summary
ESIS-P-011 (Attachment A to UAP-E-P-011). The SWEC resolution methodology is
provided in the piping project status repcris (Subappendix All Section 2.0).
The DAP evaluation 1s provided in Engineering Evaluation DAP-E-P-U11 (Section
5.2.2) and is summarized in the piping results report (Section 3.2.3.11).

There were several issues related to U-bolt cirching including the stebility of
the cinched U-tolt 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 expension, pressure, and pipe
reaction), relaxation characteristics of SA-26€ material, use of SA-26 and A307
material for cinched U-bolts, and f.tigue considerations of SA-36 LU-belt
waterial that were subsequently identified by various other external sources.
SWEC's resolution of the U-bolt cinching issues was to remove all cinched
U-bults and to replace the L-bolts with some other suppert compenent 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
cinchec U-bolts are nu longer applicable to the structura! integrity of the
CPSES pipe supports and the resolution is thus acceptable.

The staff audits (Appendix D of this supplement - Events 32 ard 36) focusec on
the application of the CPPP-7 guicelines tc rep'ace cinched U-bolts, The
desigr drawings for two supports (CT-1-124-418-C72R and CC-1-048-009-A22R) were
selected in the audit and both support desions were foura to have been modified
trom a cinched U-bolt to a standard pipe clamp type. Other U-bolt supports
that have been modifiea by SWEC were audited by the staff ard are discussed 1n
cections 4.2 ard 4.3 o1 this appendix. One support modification
(CT=1-124-418-C72R) was further verified by the stafr in ¢ plant walkaown
(Appendix [ of this supplement - Cvent 35) to ensure that the installed design
wae in accordance with the modified cesign drawings. The stafi tound the
U-bolt supports hac been modified in accorcerce with CPPP-7 guidelines and are,
thus, acceptable,

11,2 Statf Pipe Clamps

The issue background is provided in LAP External Source Issue Summary
ESIS-P-011 (Attachment A to DAP-E-P-011,. The SWEC resolutioi nethodoloay 15
provided in Project Memorandum PM-139 "Procedure fur tvaluating Pipe Stresses
at SLiff Clamp Supports.” The DAP evaluetion 1s provided in Enginecering
Evaluation DAP-L-P-011 (Sectionm 5.3.2) éna is summarized in the piping results
report (Sections 3.2.3.2 and 3.7.3.11).
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The stafr evaluation is provided in Section 2.2 cf this apperdix,

11.3 Conclusion

Based on the above evaluations, the staff concludes that the cencerns
associated with U-bolt cinching have been adequately resolved. The generic
technical issue concerning U-bolt cinching 1s, therefrre, closec for CPSES.

12 AXIAL/KUTATIUNAL RESTRAINTS

A numter of concerns were raised regardino pipe support designs which could
potertially restrain the piping in an axiai or torsiorel direction
(axiel/rotational restraints). These concerns related to the followinrg thr:e
types of axial and/or trapeze-type supports which utilize welded lugs or
trunnions to transfer loacs to frames cr component standard supports (i.e.,
snubbers or struts):

(1) single or double intecrally welued trunnicns with dual component standard
SUpports

(2) ncn-trunnion type supports

¢

Trapeze supports with U-bolts

Kiser clamp and integrally welded lugs with dual component standard
supports

Riser clamp and integrally welded lugs with single eccentric
component standard support

(3) freme with integrally welded lugs type supports.

TENERA identifiec 235 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 ot concern,

component support design load for dual supports
stress and load aliowables

lug Toad dstribution

cinched U-boits on tirapeze supports

logu point application on frames from luas
eccentricity of single/double trunnion supports

U &GN -
e S et et s S

(
(
(
(
(
(
The above siy concerns are discussed in the seven 1ssues below which have been

refornetted 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 AlZ). The DAP evaluation 1s
provided in Engineering [valuation DAP-E-P-012 (Section 5.7.2) and is
surmarized 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 weided attachment. The SWEC
resolution methodology requires that the rotationég) restraints due to (1;
integrally welded trunnion type supports with dual compcnent standard supports
and (2) the eccentricities of riser 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) axial type supports with
dral compcnent standaord supports are required to be modeled as transiational
restraints at the pipe centerline or modified anc modeled as eccentric supports
with a single component standard support. Procedures for determining the
eppropriate alternative are based cn criteria for the stiffnesses ot the two
legs of the dual compcnent stanadard type support.

Bases on the modeling procedures for inteorally welued trunnion type supports
with dual component supports, and riser clamp and single trunnion with a single
eccentric component standard support, the staff finds that rotationa! restraint
effects have been adequately included in the piping and pipe support design
methccology. The procedures provide assurance that for piping systems
containing such supports, the respcnse of and stresses 11 the piping systeas
and loads in the component standarc supports urder the applicable service
loading conditions will be reasonably predicted, However, the staff finds

that piping system stresses and pipe support loads may be underpredicted in
lony straight runs of pipe with a series of adjacent irtegrally welded dual
trunnion type supports (or sinole stanchion trapeze type supporis) mode led

with moment restraining capability. The SWEC medeling procecure will be
conservative for supports at the ends of the series but wili be unconservative
«t cupports irterior to the series. The staff fircs that the SWEC resoluticr
methodolooy 1s acceptable for consideration of rotational restraint effects
with the above rnoted limitation, The staff requires that any such pipina anc
pipe support configuration idertified in the CPSES desiygn validation be

subject to a case-by-case evaluation ana the resolution be proviced to the
statt tor its review,

Base¢ on the modeling and modification procedures anc stiffness criteric for
nonintegral (riser clamp with lugs) axial type supports with dual component
cypports, the staff finds that rotatioral restraint effects have also been
adecuately included in the piping ana pipe support design methccclogy. The
stiffriess criteria for the twe legs of these supports provide an acceptable
basis for ieentifyiry supports with rotaticnal restraining capability. These
criteria were ¢ +r reviewed by TENERA and found to be acceptable., OSupports of
this type with negligible rotaticnal restraining capebility are nodeled as
trarslationa) restraints at the pipe centerline. As previoucly noted, the
staff finds a limitetion 1 the SWEC methedology with underprecdictions ot
9i1ping stresses aic pipe support loads in loug straight runs of piping with
axial supports. The staff finds that the SWEC resolution methodolecy 1s
acceptable fcr the consideration of rotational effects in these types of
supports subject tC confirmaticn that the precedino describec piping and pipe
suppurt configuration be identified tc the staff for tinal resclution,

12.2 Rotaticrai Restraint Effects on Componert Standard Design Loacs

This issue ic described in DAP Exterral Source Issue Summary ESIS-P-01&
(Section 1.6). The SWEC resclution methodology 1s provided ir the piping
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project status reperts (Sections 2.1 anc ¢.2 of Subapperdix Al2). T1he DAP
evu.uation is provided in Engineering Fvaluation LAP-E-P-017 (Sections §.2.2
and 5.7.¢) and is summarized in the piping results report (Section 3.2.3.12}.

The primary concern was that supperi designs using dual struts or snubbers
could restrain the piping system and cause an increase in the design lgads for
the struts anc snubbers. The SWEC resolution methodology requires that the
design lcads for component standard supperts be based on the loads cbiained
fra: the piping anc pipe support system stress analyses as follows dependino on
the support type,

Fer supports with riser clamp or single trunnion ard single eccentric cumponent
standard suppcrt, the component standard supports are to be modeied as
eccentric translational restraints in the piping ana pipe support system stress
analysis and their design loads are to be assumed to be equal to the luads
obtained in the stress analysis,

For dual trunnion type supports with dual component stancard supports modeled
with rotaticrel restraints in the piping and pipe support systen stress
analysis, the design loads in 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 supperts modeled as
trenslatiore] restraints in the piping and pipe support system stress arélysis,
the design load of each «t the component standard supports is to be assumed to
D€ equul to 75 percent of the ioacd obtained in the stress analysis. The 75
perceit design factor was supported by calculations in SWEC Calculation No.
15454-NZ(c)-GENX-042 "Justification ot Design Loads for Struts/Snubbers and
Lugs Unsed in Conjunction with Riser Clamps" (GENX-042). These calculations
conservatively assumec that the load is unecually distributed betweecn the
ccmponent sturcard supports due to bearing of the riser clamp against two lugs
only, four lugs are typically used. The 75 percent factor was determined to be
the bounding factor over Lhe range of geometrical configurations consicered.
This calculation was reviewsd by the staff and found to be acceptable. In
addition, TENEKA reviewed the SWEC calculatio: and documented its review in
Engineering Evaluation DAP-E-P-057, "Review of Calc GENX-042." The DAP
concluced that the SWEC method 1s adequate since it is based on application of
simple statics.

The staff finds that the modeling techniques and the basis fcr determining the
design loads for componeni standard supports in the <ial/rotaticnal type
supports are acceptable. For lona 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 resoluticn of any such
identified configurations should be evaluated on a case-by-case basis and
provided to the staff for its review.

The staff conducied an audit to verify the adequacy of the design criteria
application in the desion validation (Appendix D to this supplement - Event
37). The staff inspected Design Urawings FW-2-100-40¢-C52R, Revision 1;
FW-2-1G1-404-C62R, Revision 1; FW=-2-105-410-S62R, Revision 4; and
AF-2-096-445-543R, Revision 1. These designs were of riser clamp and Tugs with
dual compenent standard supports. The staff found during their review of SWEC
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Calculation GENX-042 that the loac distributions in supports of this type were
based on the assumption that the axis of symmetry of the twe halves of the
clenp was oriented at 45° to «ajacent lugs. TENERA had found that the joad
distribution in the support would vary significantly depending on the lug/clamp
orientation. The staff fourd that the lug/clamp orientation in the drawinas
inspected was controlled and consistent with the orientation assumed in SWEC
Calculation GENX-042. Accoraingly, the staff found that the lug/clamp
orientation in riser clamp and lugs with dual compcnent standard supports
appears to be controliea to ensure that the load distribution assumed in *heir
design is in accorcerce with the distribution as calculated in SWEC Calculaticn
GENX-042, and is thus acceptable.

12.3 Differential Snubber Lock-up and End (learances Effects cn Snubber
Desian Loads in Dual Snubler Supports

This issue is describea in DAP External Source Issue Summary ESIS-P-(12
(Section 1.1). The SKEC resolution methodology is provided in the piping
proiect status reports (Sections 2.2 and ¢.3 of Subappendix Al2). The DAP
evalvation is provided in Engineering Evaluation DAP-E-P-0lc (Section 5.2.2)
and is summarized in the piping results repoct (Section 3.2.3.12).

Concerrs were raised that the design loads for dual snubber supports did not
adequately consider the eftects of differential lock-up, support steel
stiffness variations, support clearances, anc dual suppcrt clearance
differences. The SWEC resolution methodology requires that (1) for integral
dual trunnion supports, the design load for each snubber and its supperting
structure be increased by 20 percent above the loads obtainec from the piping
and pipe support system stress analysis, (¢) “or nonintegral dual snubber
supports, each snubber i designed for 75 percent ¢t the total tupport loac
cbtained from the piping and pipe suppcrt system siress analysis, and (3)
snubber pairs in dual snubber supports will te matched in accordance with the
Department of Energy Nuclear Stangard NE-E7-9T "Mechanical and Hydraulic
Snubbers for Nuclear Application," (Reference A33).

besed on the 2u percent increase for integral dual trunnion supports, the 50
percent (75 percent versus 50 percet) increase of half of the total luvac for
non-integral dual snubber supports, and the commitment to match paired snubbers
in accorgance with Standard NL-E7-9T, the staff finds that the SWEC resoluticn
methoaulogy procedures are acceptable to resclve the effects of differential
snubber lock-up in dual snubber supperts. These procedures have also been
reviewed by TENERA and founa tc be acceptable. The 20 percent increase in
desian loac 15 consistent with manufacturer's recommencations and is usually
epp'ied when snubbers arc matched in accordance with Standard NE-E7-91.

In the case of the effects of differential end fitting clearznces on (1, load
sharii; and (2) the velidity of the results of linear methods of analyses as
described in NUREG/CR-2175 "Snubber Sensitivity Study" (Reterence A34), the
SWEC resolution methodolugy does not impose any limitation on differential end
fittinc clearances 1n dual snubber supports. TENERA has conducted a cetaiiec
review 0f the NUREG/CK-2175 test cata in its trgineering Evaluation LAP-E-P-06E
"Urfferential Snubber Luck-up of Dual Snubber Assembiies,” and found that the
NUKEG proviced sufficient data to conclude that strut/snubber end clearances
can have an effect or predicted lveds. However, it was concluded that the
KUREG did not provide sufficient becis with which to establish the magnitude of
such effects or specific criteria te account fur such ef‘ects in the design
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process. The Standard Review Plan (NUREG-08C0) (Reference A36) states in
Section 3.9.3 “the snuble~ end fitting cleararce and lost notion must be
minymized and shoulc hbe considered when calcuiating snubber reaction loads and
stress which 2re based on a linear analysis of the system or ccmponent,..

Equal load sharing of muitiple srubber supports should not be assumed 1t
mismatch in end fitting clearance exists." The NRC staff identifiec end
fitting ciearances as an unresolved item in Inspection Report 50-445/88-11,
£0-446/88-09 (keference A35), The resclution tc this item will be addrecssed in
a followup irspection report,

In the piping project status reports (Section ¢.3 of Subappendix AlZ) the SKWEC
methedology 1s te match snubber pairs used in dual compunent type applications
in acceraance with Standard NE-E7-9T7. The staff reviewed SWEC Calculation
15454-NZ(c)-GENX-242, "Parallel Snubbers" for the matchira of such snubber
pairs. Standard NL-E7-9T requires that (1, cifferential lost metion between
the snubber pair shall not exceed 0.0z in. and (2) differentiai activation
level between the snubber pair shall not exceed 0.005¢ 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. differertial lost mution
criterion was satisfied in 100 percent of the supports, and (2) the
differertial activation level was satisfiec in 83 percent of the supports. The
SWEC calculation concludea that supports not in compliiénce with the
differential ectivation level criterion were acceptable on the basis that
matching of activation levels for proper lcad sharing in snubber pairs was not
industry practice. The statf review finds that the differential lost moticn
(and mismatch of end fitting clearance) has a grecter effect on the load
sharing of these snubbers than does the mismetch of activation level s stated
in Stardara Keview Plan NUREG-0800 (Keference A26) in Secticn 2.9.3. This is
particularly evident for mechanical snubbers subjected to rapid cyclic loadings
such as earthquake loadings. In NUREG/CR-2175 (KReterence A34), the test
results indicate for zero end fitting clearance and any combination of
activation level, eavel load sharing [50/50) was observed to an accuracy of 3
percent. Thus, the matching of all 235 mechanical snubber pairs for cniy the
differential lost motion not exceeding 0.02 inch provides a sufficient basis to
conciude that the snubber design loads will be reasonably predicted.

12.4 Lesion Allowables for Dual Component Standard Supports

The issue is described in DAP External Scurce Issue Summary ESIS-P-012 (Section
1.2). The SWEC resolution methodology is provided in the piping project status
reports (Section 2.1 of Subappendix Al2). The UAP 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 reaised regarding the treatment by Gibbs and Hill of support lcads
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 reauires that
loads 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-boits in Trapeze Supports
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The issue is described in DAP External Scurce Issue Summary ESIS-P-012 (Section
1.5). The SWEC resolution methodology is provided in the piping project status
reports (Section 2.2 of Subappendix Al12). The DAP evaluation is provided in
Engineering Evaluation DAP-E-P-012 (Section 5.5.2) and summarized in the piping
~esults report (Section 3,2.3.11).

Several concerns were raised in the use of cinched U-bolts in trapeze type
supports. The SWEC resolution methodology regquires that trapeze supports with
cinchea U-bolts be eliminated or modified to provide stable support
configurations, Proposeu modifications include replacemert of the U-boit with
a strap and replacement of snubbers with struts if resulting niping stresses
are acceptable. Ir addition, SWEC resolution methodology procedures require
that @ pair of axial struts or two clamp anchors or three pairs of luas be
utilized with the special strap for stability. The staff evaluation of the
proposed modifications is provided in Section 4.3 of this appendix.

12.6 Lug Lcac Distribution

The issue description is provided in DAP External Source [ssue Summary
£SIS-F-012 (Secticn 1.3). The SWEC resclution methodology is previded in the
pipirg project stetus repcrts (Sections 2.2 and 2.4 of Subappendix Alz). The
DAP evaluation is provided in Engineering Evaluaticn DAP-E-P-012 (Section
5.4,.0) and summarized in the piping results report (Section 3.2.3.12).

The concerns relate to the distribution of lcaa lugs in (1) frane with luge 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
thet the load be conservatively distributed to one-half, but nu mere than two,
of the total number ov lugs. The staff finds that the load cistributicn
methodology conservatively assumes that the minimum number o7 lugs is effective
and is thus ecceptable.

For riser ciamp and lugs with dual component supports modelec as translational
restrairts at the piping centerline, the SKEC resolution methodology requires
that each lug be designed for 50 percent o1 the support load - four lugs are
typically used. For riser clamp and lugs with single compcnent standard
support type supports moceled as eccentric translational restraints, the SWET
resolution methoduiogy requires that the load for each lug is calculated
assuming that the entire monent is reicted at the lugs. The resistance of e
pipe-to-clamp connection is conservat vely neq’zcted. The method was cevelopec
by SWEC in Calculation GEMX-042. The tevelcpment of this formula was reviewed
by the staff arq TENERA (DAP-E-P-057) Review or (alc GENX-042," and founc to
be acceptable., The staff finds that the lug luso distribution for supports
with riser clamp and lugs with auel comp nent standard supports or single
eccentric component starcard support 1§ conservative and thus accepteble,

12.7 Load Point Application cn Frames with Lugs

The issue is described in DAP [xternal Source Issue Summary ESIS-F-012 (Section
1.5). The SWEC resolution methouclogy is previded in the piping project status
reports (Sections 2.4 and 2.5 of Subsppendix Al?). The DAP evaluation is
provided ir Engineering Evaluaticn DAP-F-P-C12 (Section 5.6.2) and summarized
1 the pipinc results report (Secticn 3.2.3.12).
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The primary concern was the load pcint application on frame type supperts from
iugs welded on the piping, The SWEC resolution methodology requires that the
total loec be applied tc the frame at the lug location that will produce the
most critical stress in the frane. The staff finds that the load application
precedure is écceptable tc resolve the concern. !n addition, evaluations by
SWEC of potential rotaticnal restraint due to supports of frame with luys-type
supports have been perfurmed and documented in Calculation GENX-281, "Fotential
Biraing of Lugs in Axial Supports." These evaluations are to be based on the
anticipated rotation of the piping at the supports anc the gap between the lugs
and the freme. The staft finds that the methocology for the assessment of
rotational restraint of this type is also acceptable.

The staff concucted an audit of the adequacy of the design criteria application
in the design validetion activities (Appendix D to this supplement - Fvent 37).
The staff reviewed SWEC Calculation 15454-NZ(c)-GENX-2&1, "Potential Binding of
Lugs in Axial Supports." for the development of criteria for the evaluation of
potential birding and hence, moment restraining capability, of lugs in axial
type supports, These criteria are provided in SWEC Project Memorandum PM-154
Appendix £ to this supplement) which requires that this evaluation be
performed for all axial restraints with lugs. The staff's review of the
development ot the criteria for the evaluation of potential binding of luas in
axial restraints found that the assumptions and methodology utilized provided
an acceptable basic for the criteria. The 1/1G-inch luy/support clearance
assumed in the development is consistent with the ccrstruction tolerance and
the methodology is basec c¢n geometrical considerations,

12.3 Conclusion

Based on the above evaluations, the staft 1inds the concerns asscciated with
axial/rotaticral restraints have been adequately resolvea., The generic
technical issue vounce™ing axiai/rotational restraints is, therefore, clcsed
for CPSES.

13 GAPS

Several concerns were raised regardinc excessive gaps asscciated with concrete
anchoreges and clearances beiween piping and pipe supports. The CPRT
third-party (TENERA, L.P.) identified 23 related concerns from various external
source docouents, In “ts Engineering Evaluation DAP-E-013, “Gaps," TENERA
catego::ced these concerns into four areas:

1) use cf linear elastic analysis technigue
2; concrete anchorage gaps
3) U-bolt gaps

(4) pipe/support clearances

13.1 Use of Linear Elastic Analysis TechnigLes

The issue background is discussed in DAP External Source [ssue Summary
ESIS-P-C13 (Attachment A to DAP-E-P-013). The SWEC resolution methodology 1
provided in Appendix A to the piping project status reports. The (AP
evaluation is provided in Engineering Evaluation DAP-E-P-013 (Section 5.2.2).
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The primary concern was the appropriateress of using linear elastic analysis
methods to predict piping system response when the actual system contains gaps
and clearances that coula result in a nonlinear respense. The concern was
initially raised at CPSES in conjunction with certain pipe support designs and
construction practices that did not conform to codes and standard industry
practice (i.e., the designs and/or construction tolerance: resulted in a less
stringert fit than standard practice). The SWEC resolution methodology is to
decign validate all ASME Code Class 1, ¢, ana 3 pipe supports. In that
process, SWEC has modified mary pipe support designs and reestablished
construction tolerances at CPSES to conform to (or exceed) those established by
codes or standard incustry practice. The toierances esteblished by SHEC are
discussed further in Sections 13.2, 12.4, and 27. The design modificaticns are
discussed in Sectisns 1, 2, 4, 6, 11, 12, 13, and 20. Accordingly, the use of
linear elastic analysis methods is a wigely accepted practice ana recognized by
ASME Code, Section 111 in the load combinations, allcwable stresses, and gesign
equations established therein,

On the basis of the pipe support designs and because tolerances conforming to
coges and standard industry practice, the staff finds the use of linear elastic
analysis techniques acceptable.

13,2 Concrete Anchorage Gaps

The issue background is aiscussed in DAP External Source lssue Summary
ESIS-P-013 (Attachment A to PAP-E-P-013). The SWEC resclution methodology 1s
provided in the piping project statuc reports (Subappendix Al3 Section 2.1).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-N13 [Section
§.3,2) and is summarizec in the piping results report (Section 3.2.3.26).

ASME Code (1974), Section I!l (Reference A19), Paragraph NF-4721 states "Holes
for nonfitted bolts shall be 1/16 inch larger than the nominal diameter of the
bolt for belt sizes up to and including 1 inch and 1/8 inch lzrger than the
rominal diameter of the bolt for bolt sizes larger than 1 in.h "

At CPSES, the iullowirg tolerances were used for the bolt holes in basepl. tes:

¢ For bolt sizes less than or equal to 3/4 inch, the hole size shall b
equal to the bolt diameter plus 1/16 inch,

" For bolt sizes 1 inch to 1-1/2 inch, the hole size cshall Lo equel to the
beclt diameter plus 1/8 inch,

Thus, the corcern with cversized bolt holes was only applicable to CPSES anctor
Lolts of 1 inch diameter where the CPSES tolerance was 1/16 inch larger tha:

the 1974 ASME Cude requirement.

The SWEC approcch in the pipe support design validetion uses ASME Code, Section
111, 1985 Sunmer Adoenda subparagraph NF-4721(a). The Summer 1985 Addenda
revised paragraph NF-472i(a) to specifically acaress ancher bolts anc states,
"For anchor bolts set in concrete or concrete expansion anchor bolts, the hole
sizes ircicated in the Subsection may be increased by 1/1¢ inch.," Thug, using
the Summary 1985 Adderda, the CPSES tolerances tor anchor bults meet Code
requirements and are, thus, acceptable. The use of a paragraph from a later
Code €gition is permittec by paragraph NA-1140 of ASME Code, Section III,
provided all related requirements are metl. The staff review of the related

Comanche Peak SSER 16 - 40 - Appendix A




requirements was performed in conjunction with 1ts review of the SWEC vA-1140
report as aiscussed in this suppliement in Secticn 4.1,2.z and found tne use of
this later Code provision acceptalie,

13.3 U-Boit Gaps

The issue background is discussed in UCAP External Source Issue Summary
ESIS-P-013 (Attachment A to DAP-E-P-013). The SWEC resclution methodology is
provived in the piping project status reports (Subappendix A6 Section 2.2).
The DAP evaluation is provided in Engineering Eveluation DAP-E-P-006
(Attachment C),

U-bolts were initielly desi?neo at CPSES as one-way restraints (restraining the
pipe in the direction parallel tu the U-bolt lecs). 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 ir this lateral directicr, the resuiting constraint
of the pipe was not considered in the pipino amalysis.

The SWEC resolution methodology is to consider U-bolts as two-way restraints.
The staff evaluation of this issue is ciscussed 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, The DAP evaluation is provided in
Engineering Evaluation DAP-E-P-013 {Section 5.5.2) and is summarized in the
piping results report (Section 3,2.3.13).

The primary concerr was that CPSES clearanccs between the pipe anu 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 rhe pipe and rigic frame type support of 1/8 inch in the hot
conuition and a minimum clearance of 0.0l inch in the hot condition. The
clearances are provided in the cold position to facilitate installation ana
vary with the size of the pipe and the temperature. The staff finds that the
SWEC clearcnces result in a maximum clearance of 1/8 inch consistent with
common practice and a minimum clearance of 0.01 inch to preclude thermal
binding between the pipe and the support and are, thus, ecceptable.

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
becn adequately resolved. The generic technica® issue concerning gaps is,
therefcre, 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 CPRI
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 Loaa
Specification,” TENERA categorized these concerns into three primary areas:

structural response spectra definition

§1§ piping computer analysis seismic load input
3) equivalent static analysis dynamic emplification 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 & complete cesign validetion (reanalysis) of ASME Code Class 2 and
3 piping systems which were previously analyzea by Gibbs & Hill Incorporated.
The ASME Code Class 1 piping systems were analyzec by Westinghcuse and are not
a part of the (orrective Action Program design validaticn as such. The DAP
evaluation is provided in Engineering Evaluation DAP-E-P-Cl4 (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
in the CPSES piping computer anzlyses nerformed before the SWEC design
validation. The SWEC design valication uses damping values based on Reculatory
Guide 1.61, “Damping Values for Seismic Design of Nuclear Power Plante,"
(Reference A37) or ASME Code Case N-411, "Alternative Damping values for
Rosponse 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 N-411 damping valuec
for CPSES in a letter from V. Noonan (NKC) to W. Counsil (TU Electric) dated
March 13, 1986 (Reference A39). Thus, the damping values used by SWEC are
acceptable.

The CYGNA review of this issue anc its resclution with respect to piping input
errors has resulted in i1ts closure in Revision 4 to the CYGNA review issues
list for pipe stress (Items 13 and 15) (Reference Ald).

14.2 Seismic Response Spectra Lefinition

The issue backaround is proviaed in DAP External Scurce [ssue Summary
£S1S-P-014 (Attachment A to DAP-E-P-014). The SKEC resolution methodu!ogy
involves & validaticn of the CPSES seismic response spectra as part o1 the
civil/structural CAP cesign validation. The DAP evaluation is provided in
Engineering Evaluation CAP-E-P-014 (Section 5.3.2).

The staff evaluation of the adecuacy of the CPSES seismic response spectra
definition will be addressed in conjunction with the staft review of the
civ.)/structurc! CAP desicn validation.

14.3 Ffguivalent Static Analysis Dynamic Amplification Factor

The issue backgrecund is provided in DAP External >curce Issue Sunmary
ESIS-P-014 (Attachuent A to DAP-E-P-014). The SWEC resolution methodology 1§
provided in CPFP-7, Paragraph 3.4.5.4.1. The DAP evaluation is provided in
Engineering Evaluetion DAP-E-F-00¢ (Section 5.4.2) ana is summarized in the
pipinc resuits repert (Section 3.2.3.14).
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The primary concern was that the previcus Gibbs & Hill analysis procedure
specified & aynamic amplification tactor of 1.0 in the equivalent static
analycis of small bore pipino without justification. The SWEC resclution
metheaology invelves a design validation of small tore piping using a 1.5
dynamic amplification factor when equivalent static enalysis is used, The SWEC
methodology is in conformarce with the NAC Standard Review Plan (keference A36)
Secticn 3.9.2 ang 1s, thus, acceptable., This issue is discussed further in
this supplement in Section 4,1.2.2.

14.4 Conclusion

Based on the above evaluations, the statf concludes that the concerns
associated with piping damping values anc equivalent static analysis dynamic
ampiification factors hove been adeguately resclved. The gereric technical
issue concerning seismic design load specification for pipina systems is,
therefore, closed for CP3SES.

15 SUPPUKT MASS EFFECTS ON PIPING ANALYSIS

Corcerns were raised that the Gibbs & Hill piping analyses did not adequately
evaluate the eftects of pipe support mass or the piping stiresses. The CPRT
third-party (TCNERA, L.P.) icuentifiec 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 primery areas:

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

15.1 Support Mass Criteria, Modeling, and D,namic Effects

ihe 1ssue backgreund 1s provided in DAP External Source Issue Summary
ESIS-P-015 (Attachment A to UAP-E-P-015), The SWEC resolution methcdology is
provided in the piping project ctatus reports (Subappendix Al5 Section 2.0).
The UAP evaluation is provided in Engineering Evaluation DAP-F-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 Al6), states in peragraph NC/ND-3623 for Class
¢ angd 3 pipirg systems, "Piping systems shall be supported to provide for the
effects of live and dead weights.... The dead weicht shall consist of the
weight of the piping, insulaticn, and other loads permanently impused 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 expiicit calculation
mucst be perfornied to ensure stress compliance uniess the support dead weight
load can sfanificantly affect the accuracy of the analysis.

The primary concerr was that there were no Gibbs & Hill precedures specifying

when support mass should be included in the piping analysis although support
masses were found to be modelec 11 selected piping systems (e.g., main steam),
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The SWEC methodology requires all pipinc analyses to consider contridbuting
support mass. A procedure was developed by SWEC detailing thc support mass or
portion of the mass to be included in the piping analytical model. The SKWEC
procedure tor determining mass inclusion has been reviewea by TENERA &nd found
to be acceptable allowing for a 10 percent deviation in support mass for
subsequent modifications, The DAP evaluation found that this 10 percent
deviation will generally amount to a shift in piping frequency of leys than 5
percent. The staff tinds a 5 percent shift in piping frequency to be within
acceptable toierance limits,

The SWEC rass modeling methcds have been reviewed by TENERA. The DAP
evaluation found the SWEC quidelines for modeling component supports to be
acceptable. Furthermore, the AP reviewed the coupling effects of cantilever
supports on piping response and found that the SWEC 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 adecuate for common supports
of this type. In addition, TEKERA reviewed the SWEC criteria for predicting
support mass effects in time history dynemic response analyses and founc them
to be acceptable.

On the basis of the DAP conclusions discussed abcve, the staff finds that the
SWEC methoaulogy for corsidering pipe support mass effects in piping aralyses
satisfies the applicable requirenents of the ASME Code ane 1§, thus,
acceptable.

The staff aLdited the application cf the mass criteria in two pipe stress
calculation packages RH-1-069 and MS-1-003 (Appendix [ 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 accition, the CYGNA reviuw of this issue and its recolution has resulted in
ite closure ir Revision 4 to the CYGNA review issues lists for pipe stress
(Items 9, 19) and pipe supports (Item §) (References Al4 ard A10,
respectively).

5.2 Conclusion

Based cn the above evaluation, the staff concludes that the concerns associated
with mass criteria, mass modeiling and mass dynenic effects have been
adequately resoived. The generic technical issue concerning pipe support mass
effects on piping analysis is, therefore, cloced for CPSES.

16 MASS POINT SPACING

Concerns were raised that the piping stress analvees previously performed by
Gibbs & Hill did not satisfy project criteria ior modeling lumped méss points
in the pipinu eralyticel model. The CPRT third-party identified seven reiated
concerns from varicus source documents. In its Engineering Evaluation
DAP-E-P-017, "Mass Point Spacing," TENERA summarized these concerns 1ntc two
areas:

(1) inadequate applicatiun ~° mass peint spacing criteria
(?) ADLPIPE Version C compu + = program concerrs

The above twu concerns are addressec in the iscue below.
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6.1 Mass Point Spacing Criteria anc Computer Application

The issue vackground is provided in DAP Exterral 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 Al7 Section 2.0). The DAP
evaiuation 1s provided in Engineering Evaluation LAP-E-P-017 (Section 5.0) and
is summarized in the piping results report (Section 3.2.3.1€).

The issue was raised in the CYGNA independent Assessmen. ®rooram, Phase 3
(Reference A40) as a part of CYGNA's review of the bibbs & Hill piping stress
analyses for CPSES. The TU Electric CAP for piping includes a compiete
reanalysis, using SWEC computer program NUPIPE-SW, of all ASMF Code Ciass 2 and
3 piping systems previously analyzed by Gibbs & Hill, The AULPIPE computer
program is nct used by SWEC in the piping design validaticn. The SWEC modeling
guidelines for locating mass points in the piping analytica) model are provided
in Paragraph 3.10.6.1 and Attachment 3-7 of CP/P-7. A checklist item was added
to incluce mass point spacing in CPPP-6, Attachment 9-4%, TENERA has reviewed
SWEC Calculation GENX-0U12, "Lumped Mass Spacing for Piping System Dynamic
Analysis," which forms the basis for the mass point spacirg criteric ceveloped
vy SWEC anc found the ecuation usec to calculate the mass point spacing
requirement tu be adequate for frequencies up to 200 Hz.

The staff aucited the application of the mass point spacino criteria for pipe
stress calculation package RH-1-069 (Appendix U to this supplement - [vent 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 siress
review issue list (Item 1) and pipe support review issues list (Item §)
(References Al4 and A10, respectively),

16.2 Conclusion

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

i/ 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
moces not increase the sysiem response by more tharn 10 percent. The CPRT
thirg-party (TENERA, L.P.) identified 11 related concerns from various source
documents., In its Engineering Evaluation DAP-E-P-018, "High Frequency Mass
Participation,” TEWERA summarized these concerns into two primary areas:

(1) insufficiert modes
(¢) computer program concerns

i7.1 Insufficient Modes and Computer Progrem Concerns

The issue background is provided in DAP External Source Issue Summary
ESIS-P-018 (Attachment A to UAP-E-P-C18). The SWEC resolution methodology is

Comanche Peak SSER 14 - 45 - Appendix A



provided in the piping project status reports (Subappendix Al& Section 2.0).
The DAP evaluation i¢ provided in Engineering Evaluation DAP-E-P-018 (Section
5.2.2) and is summarized in the piping results report (Section 3:2.3.173,

The issue was raised in the CYGNA [ndependent 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 Gibos & Hill. The SWEC rescolution
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 & high-frequency missing mass correction
option, by using NUPIPE-SW (V04/L02) or later issue.

(2) Perform an equivalent static analysis by using “he zero-period
acceleration values in all three directions. (ombine these results by the
square-root-of-the-sum-of-the-squeres method vith the resuits of the
sefsmic analysis with a 50-Hz cutoff frequency that did not include the
high-frequency missing mass correction.

TENERA revicewed the above two SWEC methods dand found them to be technically
adequate based on the SWEC procedures providing guidance relative tu nissing
mess correction and the methods complying with the applicable FSAR commiiments.

On the basis of the DAP conclusions o the adequacy of the two methods used by
SWEC to address high-frequency rass participetion, the statf finds the SWEC
wethodolooy acceptable. CYGNA has subsequently closed this issue in 1ts pipe
stress review issue 1ist (Item 1) and pipe support review issues list (Item 5)
keferences Al4 and AlO, respectively).

17.2 Conclusion

Based on the above evaluation, the staff concludes that the concerns associated
with hich frequency ness participation have been adequately resoived. The
generic technical issue corcerning hioh frequency mass participation is,
therefere, closed for CPSES.

16 FLUID TRANSIENTS

Concerns were raisec that dynamic effects from piping fiuid transient loadircs
were not adecuately evaluated. The CPKT thirc-party (TENERA, L.P,) identified
€ight related concerns Trom various source docunents., In ite Engineering
Evaluation UAP-E-P-016 "Fluid Transients," TENERA categorized these concerns
into two aipects.

(1) main steam catety/relief valve (3/K¥) loaa modeling
(2) fluig trensient analysis methocclegy

18.1 Main Steam S/KV Load Modellirg

The issue background is discussed in DAP Exterra] Source lssue Summary
£SIS-P-019 (Attachmert A to DAP-L-P-019). The SWEC resnlution methocelogy 1S

Sk €

provided in the piping project status reports (Subappendix A2% Section &.1,.
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(Section
.18).

The primary concern was identified in the CYGNA Independent Asscssment Program
for CPSES 1n its review of the Gibls & Hill main steam piping analyses. The
Crosby S/RVs or the mairn steamline have a dual-port outlet ccnfiguration. The
issue of concern was the assumptions used to account for ary unbalanced Tlow
that could result in higher moment loads at the main steam header-to-valve
cerrection.

The CAP evaluetion 1s provided in Encireering Evaluation DAP-E-P-019
5.2.2) anc¢ is summarized in the piping results report (Section 3.2.3

Or the basis of discussions between SWEC and Crosby, an equal (50/50) flow
distribution ratic was verified to be an acvequate assumption, For
conservatism, SWEC assumes a 55/45 S/RV flow distribution ratio to calculate
biowdown force. The DAP evaluation found the 55/45 assumption acceptable.
TENERA also reviewed SWEC Calculation 1545-NP(N)-MS-1-023D "Main Steam Pipe
Stress Calculation," and found the 55/45 flcw distribution was correctly
applied and the resulting thrust variations were properly included in the main
steam header-tu-valve connection.

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

On the basis of the DAP conciusions that the flow distribution ratio is
conservative and the multiple-valve-cpening sequence is in compliance with
Regulatory Guide 1.67, the staff finds the SWEC methocdclogy for evaluating the
main steam S/RV aynamic loade acceptabie, The CYGNA review ot this issue and
its resolution hat resulted in its closure in Revision 4 to the CYGNA review
issues 1ist for pipe stress (Item 19) (Reference Al4).

18.2 Fluid Transient Analysis Methodology

The issue background is discussed in DAP External Source Tssue Summary
ESIS-P-019 (Attachment A to UAP-E-P-019). The SWEC resolution methcdology is
provided in the piping project status reports (Subappendix 19 Section 2.0).
The DAP evaluation is provided in Engineering Evaluation DAF-E-P-019 (Section
£.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-85-0¢6A)
(Reference A42), the staff expressed a concern about a lack of review of the
ayremic effects resultine from steam and water-hammer., SWEC identifiec the
fluid trarsient loadings appliceble to CPSES in Attachment 1 of CPPF-10 (see
Appendix U to this supplement) using the guidelines of NUREG-0582, "Water
rammer in Nuclear Power Plants," dated July 1979 (Reference A43). Fluig
transient forcing functions were developed by SWEC, and the applicabie piping
systens were analyzed for their effects.

The DAP reviewed the 1dentification of the tluid transient events ana the
development ot the fluid trensient loadings including the computer methods and
the analytical models used. The DUAP found the SWEC procedures provide adequate
guidelines to identify the fluid transient events appliceble to CPSES
consistent with industry practice. The DAP also found the development of fluid
transient forcing functions acceptable consistent with industry practice. The
DAF reviewed SWEC Caiculation 15454-NP(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 acceptablie.

The staft aiso conducted audits of the methodology used by SWEC to identify and
cevelop fluid transient loadings (Appendix D to this supplement - Events 10,
33, anc 34). [Ihe staff review of the adequacy of application of transient
forcing function was includea in its review of the impiementation 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 proolems tu ensure that the fluid transient forcing
functicns 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 voluwe contral piping systems (Calculation Nos. F-15 and
F-16). Both piping calculetions consist of pipe runs with relief valves
locate¢ within their analytica: boundaries. In Calculation No. F-15, the inlet
lines from the main header to the relief valves are approximately 75 feet in
length. The statf identified an issue regarding the potential water-column
separation ano resulting waterhammer lcads in the lines. A second issue
identified by the staff for Calculation Nos. F-15 ard F-16 was related to the
consequences of the potential water column separation affecting the ability of
the relief valves to perform their intended functions. The SWEC resolution of
these issues is currently adcressed in a test program to establish the valve
opening characteristics. The test program will establish the valve opening
times., 1f the valves upen slow'y enrough, water column separation wiil not
occur in the inlet lines. This will eliminate the concern of waterhammer lcads
in the inlet lines and valve operability urcer column separation, The staff
finds the test program epproach to be an acceplable resolution. However, if
the test program cannot establish acceptable vaive opening characteristics,
then the statf requires that alternative corrective actions be provided to the
staff for turther review and approval.

Un the basis of the UAP conclusions discussed above and on the statt review and
audits, the staff fincs the SWEC methodology used to identify ana cevelop fluid
transient forcing functions is consistent with the approach.provided in
NUREG-0582. The application of the forcing functions in the piping stress
analyses is a widely used analysis technigue to calculete the limiting stresses
and strains in the pipina system under dyanmic loadings and is, thus,
acceptable.

The CYGNA review of thic issue and resolution has resulted in its closure 1n
Revision 4 to the CYGNA review issues list for pipe stress (Items 8 ana 20)
(Reference Al4d).

18.2 Conclusion

Based on the above evaiuation, the staff ccrcludes that the concerns associated
with analysis nethods used to evaluate fluid trancient effects have been
adeauately resolved, The generic technical issue concerning fluid transients
in piping systems at CPSES 1s, therefore, closea.

19  SELF-WEIGHT EXCITATION
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Several concerns were raised that pipe support calculations generally dia not
include the pipe support dead weight nor the self-weioht seismic excitation
loads. The CPRT third-party (TENERA, L.P.) identifiea 23 related issues from
various source documents., In its Engireering Evaluation, DAP-E-P-020,
“Selr-keight Excitation," TENERA categorized these concerns into two primary
areas:

(i

\

(2
19.1 Dead Weight Loeds

, dead weght loads
s seismic self-weight excitation

The issue background is discussed in DAP External Source Issue Summery
ESIS-P-020 (Attachment A to DAP-E-P-020). The SWEC resclution methodoiogy is
provided in CPPP-7 Paragraph 4.3. The LAP evaluaetion is provided in
Frgineering Evaluation DAP-E-P-02C (Section 5.2.2) and is summarized in the
Piping Results Report (Section 2.2.3.19).

The primary issue was that dead weight icad of the pipe support itself was not
includec in the pipe support calculations. Generally, the pipe suppert dead
weight is much smaller than the pipino loads tc which the support is designed.
At CPSES, the concern was that certain supporis were relatively large compared
to the piping being supported.

ASME Code, Section 111 (Reference AlY), paragraph NF-3111 states “"the loadings
that shall be taken into account in designing @ component support
include...weight of the component support." The staff understands this
requirzment to mean that the designer should consider the effects of the
support weight on the support desion., The stafi does not view this requirement
to imply that an explicit calculation must be performea to ensure stress
compliance uniess the dead¢ weight load can be a significant lovaa contributor
and can affect the accuracy of the analysis.

The SWEC resclution methodology includes the dead weight lvad of any support
component in the piping analysis mecel or in the support calculation. Where a
support cumponent deac weight load is considered negligible, the assumption 1s
reauired 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
calculation properly accounts for the component support weight in the support
gesign 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 backoround is discussed in DAP External Source Issue Summary
ESIS-P-020 (Attachment A to DAP-E-P-020). The SWEC resolution methodology 1is
provided in the piping project status repcrts (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 (Sectior 3.2.3.19).

The cuncern was thet the inertial loads developea in & pipe support during an
earthquake self-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 desigred 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 lovads; including loads caused by earthquake and vibration."
Furthermore, in subparagraph NF-3112.2, the ASML Code provides an explicit
requirement indicating that the designer must consider the effects of
earthquakes in the design ot 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 iis ri?id characteristics and smal! mass, The SWEC

procedure does require modeling a porticn of the support mass in the piping

mede) for these types of supports,

TENERA has reviewed three SWEC methods for statically analyzing supports for
seismic loads and one dynamic methed. The status methcds use a 1.5 multimoge
multiplication factor with the peak acceleration values from the applicable
seismic response spectrum, TEhERA also reviewed SWEC Calculation

(15454 ,05-NZ(c)-GENX-006) "Methods for Calculating Seismic Stresses Due to
fcceleration of Pipe Support Mass.” The DAP evaluation feund the SWEL methods
and supporting calculation to be acceptable.

On the basis of the DAP conclusions on the acceptability of the methods used tc
evaluate seismic self-weight excitatior of pipe supports, the staff finds the
SWEC resolution methouology properly accounts for the earthquake effects in the
pipe support design and 1s, thus, acceptable.

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

19.2 Conclusion

Based on the above evaluations, the staff concluces that the concerns
associated with the support weight anc self-weight excitation loads 1n the
gesign of pipe suppores have been adequately acaressed. The generic technical
issue concerning self-weight excitaticn is, therefore, closed for CPSES.

20 LOCAL STRESS IN PIPE SUPPORT MEMBERS

Ceveral cuncerns were raised tnal pipe support designer: ot CPSES were not
adequately evaluating the localiiec effects of pipe loadings on pipe support
wembers. The CPKT thira-perty (TENERA, L.P.) igentified 28 related concerns
trom various source documents, In its Engineering Evaluztion DAP-L-P-021,
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"Local Stress in Pipe Support Members," TENERA categorizea these concerns into
five technical areas:

(1, zero-gap and cinched U-bolt desigrs

}2; highly corstrainea pipe anchors

3) structural connections and localized lvagings
(4) short/deep beams

(5) support deflection and flexibility

20.1 Zerc-Gap and Cinched U-Boit Design

The issue background is discussed in DAP Engineering Evaluation DAP-E-P-021
(Section 5.2.13. The SWEC resolution methcdology is provided in the piping
project status reports (Subappendix AZ] Section 2.2). The DAP evaluatien 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 wesigns and the cinchea L-bolt desions have been either
eliminated or modified by SWEC. 7The staff evaluations of these modifications
are uiscussed in Sections 4.1 and 11 of this appendix, respectively,

20,2 Hichly Constrained Pipe Anchors

The issue background is diccussed in DAF Engineering Evaluation DAP-E-P-021
(Section 5.3.13. The SWEC resolution methodclogy is provided in the piping
project statuc reports (Subappendix A2 Section 2.2). The DAP evaluation is
provided in the Engineering Eveluation DAP-E-P-021 (Section 5.3.3) and is
sunr.arized 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 2 box frame would constrain the thermal
radial expansion of the pipe and the resultine 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 or free end displacement loads to be
combined with the piping radial therma! expansion loags to evaluate the support
structure adequacy. The SWEL procedure conservatively considers these
pipe-induced thermal loads as primary luveds and is, thus, acceptable.

20.3 Structural Connections and Localized Loadings

The issue background is discussed in DAP Engineering Evaluation DAP-E-P-0Z1
(Secticn 5.4.1?. The SWE. resolution methodology is provided in the piping
project status reports (Subappendix A2l Section 2.1). The DAP evaluation is
provided in Engineering Evaluation DAP-E-P-021 (Section 5.4.3) and i¢
summarized in the piping results report (Section 3.2.3.20).

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

(1) tube steel to tube steel connections
(2) rear bracket to tube steel connections
23) rear bracket tg end plate connections
4; web crippling of l-shape members
flange bending o1 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 structural connections

Concerns 1, 2, and 7 are related to provisions in AWS DI1.1 (Reference A20) and
are discussed in Secticn 8 of this appendix. Concern 3 is related to Toca)
flexibility in pipe support members and is discussed in Section 5.2 of this
appendix, Concern € is related to local stress at bolt holes in tube steel and
i 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
XV11-221E.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 development of the SWEC methodoiogies to evaluate the seven local stress
concerns listed abuve is docurented in SWEC Calculetion 15454-NZ(c)-GENX-023,
“SWEC Generic Calculation: Development vt the Method for Evaluating Local
Stress in Pipe Suppurt Members." The DAP review of the SWEC GENX-023
calculation is documented in Engineering Evaluation DAP-E-P-07C, "Local Stress
1 Pipe Support Members." The DAP evaluat,on concluded that GENX-023 provides
an acceptable development o7 methodologies for evaluating local stress in
structura) connections and at points of localized loading on structural
niembers.

On the basis of the staff review discussed above and the UAP review of

GENX-023, the staft firds that the SKEC agproach to evaluating local stress in
structural connections ana points of locaiizec loadings ie acceptable,

20.4 Short/Deep Beams

The issue backqrcund is discussed in UAP Engineering Evaluation DAP-E-P-0cl
(Secticn S.S.lf. The SWEC resclution methodology is provided in the piping
proiect statuc report (Subzppendix AZl Section 2.3). The DAP evaluation is
provided in tngineering Evaluation UAP-E-P-021 (Section 5.5.3) and is
summarized in the piping results report (Section 3.2.3.20).

The prinery concerr was that the {lexure ecuvations for calculatine bending
siresses in beams are not appropriate for short/deep structural members to
which pipe support components (e.n., struts, snubbers) are actachec, The SWEC
methodology as provided in Paragraph £.0 of Attachment 4-13 of CPPP-7 requires
a localized evaluaticn of member stresses when the member length to cepth

ratio is less than one. The staff finds the SwEC procedure provices a
limitation in the application of flexural equations to short/deep beams and i%;
thus, acceptable,

20.5 Support Letlection and Flexibility

1he issue background is aiscussed in DAP Engineering Evaluaticn DAP-E-P-021
(Section 5.6.1). The SWEC resolution methodology is provided in the piping
project status reports (Subappendir A5 Secticr c.Z). The DAP evaluaticn 15
provided in tngineering Evalvation UAP-E-P-021 (Section 5.6.3) and is
sutmarized in the piping results report (Cection 3.2.3.20).
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The staff evaluation of support deflection end flexibility 1s provided in
Section 5.2 c¢f this appendiy,

20.6 Conclusion

Based on the above evaluations, the starf concludes that the concerns
associated with local stresses 1 pipe support members have been adequately
resolved. The generic technical iccue concerning local siress in pipe support
merbers is, therefore, closed for CPSES.

21  SAFETY FACTORS

Concerns were roised that the cumulative effects of ignoring various design
loadings coula have an adverse impact on piping and pipe supports. The CPRT
third-party (TENERA, L.P.) identified 11 related concerns frum various source
documents. in its Engineering Evaluation DAP-E-P-022, “"Satety Factors," TENERA
identified the following items &s potentially having an aaverse effect on
safety facters with respect to the piping and pipc support anelyses perfo.med
prior to the TU Electric (AP design validaticn for piping:

pipe analysis assumptions/methods
material properties
oversized bolt holes
self-weight excitation of pipe supports
relative differential support building attachment motion effects
friction effects
axial/rotational restraints
local stresses in piping and pipe supports
unstable pipe support effects

) desigr code applicability

) certain designs using Richmond inserts

) certain designs using Hilti fasterers
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21.1 Cumulative Effect of Issues

The issue background is provided in DAP External Scurce Issue Summary
UAP-E-P-022 (Attachment A to DAP-E-P-022). The SWEC resolution methodology is
provided in the piping project status repcrts (Subappendix A22 Section 2.0).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-022 (Section
5.3) and is summarized in the piping results report (Section 2.2.3.21).

The SKEC resolutiun methodclogy is to develop explicit design cuidelines to
evaluate the impact of design loadings previously assumed to be negligible.

The design guidelines are provided in CPPP-7, "Desion Criterie for Piping and
Pipe Supports" (Reference A4;. The DAP reviewed the SkEC design guidelines for
compliance with the applicable FSAR commitments, codes, standards, and
regulatory guides, when specific rules or requirements were not available,
acceptance criteric were developed which included a minimum acceptable factor
of satety (as applicable to the procedure), Small potential lcad variations
are expected to occur from installation tolerances esteblished by ctandard
industry practice which inherent design margins established by codes and
standards are intended to cover. CSafety factors for seismic design of piping
are discussed further in a report by E. C. Rodabaugh, "Realistic Seismic Design
Margins of Pumps, Valves, and Piping," NUREG/CR-2137, Battelle Columbus
Laboratories, Jure 1986 (Reference 444,
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On the basis the SWEC methodology evaluating the contribution of the various
design loadings cescribed above and the DAP evaluations ensuring that
appropriate acceptance criteria are used, the staft finds that the safet
vactors in the SWEC design validaticn of piping and pipe supports at CPSES
provide adequate margin to ensure that the piping and pipe supports will
maintain their structurel integrity and functional capability during normal
operation anc design basis accident conditions as requirec and are, thus,
acceptable.

21.2 Conclusion

Based on the above evaluation, the staff concludes that the concerns associated
with the cumulative effects of neglecting design lcadings have been adequately

resolved. The generic technical issue concerning safety factor is, therefore.

close¢ for CPSES.

22 SA-36 AND A-307 BOLTING MATERIAL

Several concerns were raised regarding the appropriateness of using ASTM A-307
materiz) in friction-type connections at CPSES. In 11s February &, 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
£-307) material can prevent rotation of the pipe. 1he CPRT third-party
(TENEKA, L.P.) identified lc¢ related concerns from various source documents.

In ite Engineering Evaluaticn DAP-E-P-0z3, “SA-3€ and A-307 Steel,” TENERA
categorized these concerns into five areas:

(1) SA-36 usea n dynamic applicaticn

(¢) SA-307 material used n aynamic application

(3) violation of Regulatory Guide 1.124 1imits

(4) SA-36 stee) used and referred to as SA-307

(5) use of low strength (k563 Grade £) nuts with high strength

(SA-1¢3 Grage b7, boltina

22.1 SA-36 Used in Dvnamic Application

The issue backgrounc 1o discussed in UAP Exterra. Source 'ssue Sumiary
£S1S-P-023 (Attachment A to DAP-E-P-023). The SkEC resolution methodcliogy is
provided in the piping project status reports (Subappendix AZ2 Section 2.2).
The DAP evaiuation i¢ provided in Engineering Evaluation DAP-E-P-023 (Sectiorn
§5.2.2) and is summearized in the piping results report (Section 3.2.3.22).

The primary concern was that 5A-26 stee! hés been used, &lthough not
recomended, for dynamic applications ir which fatigue might occur, The SWECL
resclution methogology utilizes SA-3€ material ir U-bolts designed as twC-way
restraints arc SA-36 threaded rods in Richmong insert/tube steel joints and are
designed in accordance with ASKE Code, Sectiun 111 Appendix XVII (linear-type
supports) and the AISC Code, respectively. ASME Code, Secticr 111, and the
AISC Code voth establish a lower Lound limnt cf 20,000 cycies below which no
reduction in stress aliowable is required for fetigue corciderations, SWEC
further demonstrated that for pipe supporis at (FSES that the number oV loading
cycles (censidering thermal, seismic, anc fluid transients) is less than 20,CCO
cycles. The DAP reviewed Shtl Calculation 15454-NP(c)=-GENX-103 "Fatigue (ycle
Determination for Pipe Supports” which estah)ished the number of cycles
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applicable to pipe suppurts and found the methoculogy conservative anc the
results reasonahle,

because the number of cycles appliceble to pipe supports at CPSES are less
then 20,000 cycles, the steff finds that there is n¢ reduction in stress
allowatles requirec tor fatigue considerations. On this basis, the concern of
usina SA-36 materiel in dynamic applicaticns in which fatigue might occur has
been agequatelyv éddressed eénc the SWEC resolution is, thus, acceptable.

22.2 SA-2(7 Material Used In U-Bolts and Richmend Inserts

The issue backaround is described in DAP Externe! Source [ssue Summary
ESIS-F-023 (Attachment A to UAP-E-P-022). The SWEC resclution methodology is
discussed in the piping project status reports (Suteppendix AZS Section ¢.2).
ihe DAP evalueétion 1s provided in Encineering Evaluation DAP-E-P-023 (Sections
5.3.2 an? §.5.2) and is summarized in the piping results report (Section
3.8:3.2¢8)

The primary concern was that A-307 (or SA-307) material haa been used in
friction-type connections such &s cinchec U-bolts on piping., Its use was not
pernitted by the ASME Code ¢t record (Reference Al9, as stipulated in ASME
Loce, Section 111, Appenaix XVII, Table XVil-2461.1-1 Note . In a related
concern, SA-36 material was often referred to as “SA-3(7 material" and the ASLE
exterded its views concerning A-307 material to SA-26 material a¢ well, since
the materials are similar,

The SWEC resolution methodelogy eliminated all cinched U-bolts from the ASME
Code (lass 1, 2, and 3 pipe supports. U-bolts used as twu-way restrainis do
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 loac
transfer capability.

10 CFR 50 Appenagix B8 (11!, “Design Control"), states in part that “Measures
shall also be established for the selectiun and review for suitability of
application of materials, parts, equipment, and process are essential to the
satety-related functions of the structures, systems, and components.” In
Table XVI1-2461.1.1 of the 1974 ASME Code, Section !!I, appendices, the
allowable bolt tension and shear stresses are provided for various bolt
specificaticns, For SA-307 bolt material, the shear allowable *s provided
for both (1) friction-type connections and (¢) bearing-type connections. For
bearing-type connecticns, the Code allows the use of 30 percent of the yield
strength, For friction-type connections, the (oce provides the above
referenced statement in Note 1, "Friction type coanections loaded 1n shear are
not permitied. The amount of clamping force developed by SA-307 bolts ic
unpredicteble and generally insufficient to prevent compiete slippace.”

A properly made frictiun connection is highly dependent on the yield strength
¢f a bolt since the material yield strength controls 1ts ability to maintain
the connectici,, whereas & bearing connection is dependent or the shear strength
of the bolt since shear strength governs failure in this moge. It should also
be noted that the allowable values establishec in Table XVII-2461.1-1 were
developed cn the basis ot testing of straight-headed bolts, and thus, were not
intended to apply specifically to U-belts.
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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.,
minimum ultimate tensile stress). SA-36 requires both a test for the tensile
strength and a test for the minimum yield point of the material.

Lonsecuently, SA-307 material, although similar ‘o SA-36 material, has the
potential for a lower yielc point than SA-36. Thus, it is evigent that the
Code statement “clamping force developed by SA-307 bolts is unpredictable” is
reterring to the fact that the yield point of SA-307 bolt is uncertain because
the SA-307 material specification does not require its testing. However, the
SA-36 material specification does require the test for minimum 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 boit receives a supplemental
test to establish its yield stress, it would also not be unpredictable.

ASME Code Case N-249-4, (Reference A45) allews the use of A-307 material for
bolting in Subsection NF component supports with the follewing additional
requirement: “when the ASTM specification referenced in Tables 1 through ¢
does nct specify minimum tensiie and yield strengths, the value 1isted under
the appropriate columns shall be met by the material." For A-307 bolting
naterial, the appropriate column in Code Case h-249-4 establishes a minimum
yiel¢ strength of 36 ksi to be met. NRC Regulatory Guive 1.85 (Reference
AZ27) approves for use ASME Coce - N-249-4, The Regulatory Guide does not
place any limitations or restrictions in the use of A307 boiting material
provided its suitability of application has been established.

The SWEC resclution methodology te eliminate a1] cinches L-bolts acceptably
resolves the concern of using U-boits as friction connections. The

design ot bults and threaded rods (using A36 material) in Kichmond insert
joints as bearing connections is further discussed in Section 26.1 of this
appendix.

Un the basis of the above discussion, the staff 1inds the concerns regarding
SA-307 material used in U-bolts and Richmorcd inserts has been adequately
resolved,

22.3 Use of Low-Strenath Nuts With High-Strength Belting

The issue background is discussed in DAP External Source Issue Summary
ESIS-P-023 (Attachment A t¢ UAP-E-P-073). The SWEC resolution methodology is
provided in the pipinc project status reports (Subaprendix A?3 Section 2.5).
The DAP evaluétion is provided in Engineering Evaluetion DAP-E-P-023 (Section
£.6.2) and ic sumnmarized in the piping results report (Section 3.2.3.2¢).

The primary concern was raised by CYGNA in its Incependent Assessment Program
for CPSES. The issue was that TUGCU pipe support designers previously did not
follow the recommendation of American Society for Testing and Wateriels (ASTM)
Specitication A562 that Grade A (low-strength) nuts be restricted for use with
low-strength boliting althovoh when not using high-strength nuts the desicners
did specify double nuts with both nuts tightenec snrugly. The SWEC apprcach per
LkPP-7, Attachment 4-0, Paragraph 1.2, specities that the tensile 2llowable
load for high-strength bolts (Al93 Grade B7) using low-strength nuts (A563
Grade A) is to be muitiplied by a reduction factor of 0.6. The basis for the
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0.6 factor was estabiished in SWEC Calculation 15454-N7(c)-GENX-(C(8
“Cocumentation of Use of Low Strength A-563 Grace A Couble Nuts on High
Strength SA-193 Grade B7 Rod for Richmond Incerts." SWEC GENX-008 Celculation
was reviewed by the DAP. In UAP Alternate Calculation DAP-C-P-004, "DAF
Alternate Calculation: Use of Low Strength (A-£€3 Grade A) hut with High
Strength (SA-1493 B7) Rod," the DAP confirmed that SWEC's reduced allowable
loads are acceptable,

On the basis of the DAP evaluaticon 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 approuach is accepteble.
CYGKhA has subsecuently closed this issue based on 11s review of SWEC'S
reduction factor as summarizecd in Revision 4 to CYGNA's review issues list for
pipe supports (Item 28) (Rererence AlQ).

22.4 Allowable Stresses in Bclting Material

The issue backgrouno i1s <iscussed ir LAP Externa) Source Issue Summary
ESIS-P-023 (Attachment A to DAP-E-P-023). The SWEC resolution methodology is
provided in the piping project status reports (Subappendix AZ2 Section 2.4).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-023 (Section
5.4.2) and is summarized 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 Reoulatory Guidue 1.124 (Reference A46) which limited shear stresses to 1.5
tines the Service Level A limits, The SWEC resoluticn methodoloay utilizes tne
tension and shear requirements for bolting design under the faulted (Service
Level D) corcitions as specified in the ASME Code, Section lil, subparagraph
NF-3225 19€3 Editdon including Summer 1985 Accenda. The staff review of the
use of this subparagraph trom the later Code edition was performed in
cenjunction 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,

On the basis of our review of the CPSES allowable stresses irn boiting meterial
used for pipe support design validation, the staft finds that these stresses
are in accurdance with the ASME Code, Section Il1, a~* are, thus, acceptable.

22.5 Conclusion

"Based on the above evaluations, the staff finds that the concerns associated
with SA-36 and A-207 bolting material have been adequétely 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 fcentified by CYGNA in the Independent Assessment Program
related to (1) valve and flange loads and (2) valve modelling. The CPRT
third-perty (TENERA, L.P.) igentified the following three primary issues in its
Encineering Evaluation DAP-E-P-025 "vValve & Flance Qualifications & Valve
Modelling":

El) main steam relief valve qualification

2) modelling of supported valves
(3) valve and flange qualification
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23.1 Main Steam Relief Valve (ualification

The issue backgrounc is discussed in DAP External Source Issue Summary
ESIS-P-0¢5 (Attachment A to DAP-E-P-025). The SWEC resolution methodology 1s
discussed in the piping pioject status reports (Subappendix A25 Section )8 5 P
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-0¢5 (Section
5.2.2) and is sunmarizea in the piping resulus report (Section 3.2.3:23).

CYGNA identitied that snubbers on Fisher main steam reliet valves were not
cualified to as-built loads. This led to the concern regaraing the
ovalification of the main steam relief valves themselves for che as-built
loads. The SWEC validetion of the Fisher relief valve branch connection piping
mode]l included the effects of the snubbers on the valve., SWEC procedures
require both valve accelerations and support luaas to be provided to the
equipment qualification organization (Impell Corporation) performing design
valigation or to Westinchouse for validation as applicable. The staff finds
the SWEC procedures provide 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. CYGNA has aiso reviewed this issue
and resolution anc has subsequently closed it in Revision 4 to the review
issues list for pipe stress (Item &, (Reference Al4).

23.2 Modeling of Suppcrted Valves

The issue background is discussed in the DAP Externa] Source [ssue Summary
£SIS-P-CC6 (Attachment A to DAP-E-P-025). The SWEC resolution methodology i¢
provided in the piping project status reports (Subappendix A2% Section 2.3).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-023 (Section
5.3.2) anc is summarized in the piping resuits report (Section 3.2.3.23).

CYGNA raised question: chout the stiffness used in the modeling of the ycke on
Fisher valves. SWEC developed a cantilever-based equation as provided in
paragraph 3.10.6.5 of CPPP-7 tc vetermine a voke moment-cf-inertiz using the
valves fundamental frecuency. The DAP review of this equaticn as provided in
UAP-E-P-023 feund it resuits in a reasorzble, fundamental frequency-based valve
model. Similarly, the UAP review of the valve mass distribution found that it
is a relatively common method and provices a reasonable discretle mass model of
a distributed mass component,

Un the basic cof the DAP cunclusions, the staff finus the modeling of Fisher
valves te be adequately resolved., CYGNA also reviewed the SWEC modeling method
and found it has adequately addressed its questions as summerized in the pipe
tress review issues lict (Item 1€ (Reference Al4).

23.3 valve and Flange Quaiificatiar

The issue background is discussed in LaP External Source Issue Sumary
£S1S-P-025 (Attachment A to DAP-E-P-025). The SWEC resclution methodology 1$
provided in the piping project status reports (Subappendix Azt Section 2.4).
The DAP evaluatiun i¢ provided i: Engineerina Evaluation DAP-E-P-(25 (Secticn
5.4..) and is summarized in the piping reculis report (Sectien 3.2.3.23).
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The concern reised by CYGNA was thet the Gibbs & Hill campiing process to
determine the worst-case valve or flange lcads in a piping stress aralysis
might not have been sutficient tc ensure that all valves and flanges were
properly qualified. The ShEC methodoloay requires that ail valves be qualitied
for applicable acceleration and enc¢ lcad allowables, and ail flange joints be
qualifiea for moment 'oadings including ASME qualification of the flange bolts,

On lhe basic &l vaive and flanges being qualified to their respective
allowable limits, the staff tinds the SWEC methucology acceptable, CYGNA also
reviewed the SWEC procedures and has found this issue was adequately addressed
as summarized in the CYGNA pipe stress review issues list (Item 21) (Reference
AlG;.

23.4 Conclusion

Based on the abuve evaluations, the staff concludes that the concerns
associated with valve modeling anu velve/flange cualificetion have been
adequately resolved. The generic technical issue concerning valve and flange
qualification and valve modelling is, therefore, closed for CPSES.

24 PIPING MODELING

Several cancerns about piping modeling were raised in the CYGNA Independent
nssessment Precram for CPSES which could have aftected more than one specific
pipe stress analysis package. The CPRT third-party (TCNERA, L.P.) iventifiec
13 related concerns from various source documents., In its kngineering
Evaluation LAP-E-P-02€, "Piping Model," TENERA summarized these concerns into
Tour areas:

(1) pipe support locations

(¢) stress intensification factors (SIF)

(3) valve anu “lange insulation and fluid mass
(4 snubbers adjacent to equipment nozzles

24.1 Pipe Support Loucations

The issue background is discussed in DAP External Source Istue Summary
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 Englneer1n? Evaluation DAP-E-P-026 (Section 5.2.¢)
and 1s surmmarized 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 trom the actual instailed location by more thaen 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 lecation in a
preliminary walkuown of selected piping systems conducted in eccordance with
CPPP-5 (Appendix E to this supplement) before initiatino stress anaiyses. The
staff evaluation of the CPFP-5 waikdown as discussed in Section 4,1.2.1 ot this
supplement tound the SWEC walkdown acequate in verifying support locations
shown on piping as-built drawings.
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The CYGHA veview of this issue and its resolution has resuited in its closure
in Revicion 4 Yo the CYGNA review issues lists for pipe stress (item 14) and
pipe supparts {(Ttem 44) (References Al4 and AlO, respectively).

24.2 Stress jntensification Factors (SIFs)

The issue background is discussed in DAP External Source Issue Summary
£$18.9-026 (kttachment A to DAP-E-P-0ZG). The SWEC resolution methodoloay is
provived 1n the piping project status reperts (Subappendix A26 Section 2.0).
The DAF evaluation is provided in Engineering Evaluation DAP-E-P-026 (Section
£.2.2) and iy suswarized in the piping results report (Section 3.2.3.24).

CYGNE Ydentified instances of incorrect SIFs used in the Gibbs & hill piping
stress anatyses. The SWEC vesclution methodology useu SIFs from more recent
ASME (uce cditions than the piping code of record (Reference Al€) as permitted
in paregraph NA-1140(f} of ASME Code, Section I1I. The staff review of the
SIFs used in the SWEC pipinc analyses was performed in conjunction with the
staff's euait uf the SWEC report, “Documentation of ASME 111 NA-1140 Review for
Piping and Supports" (NA-1140 report). The staff zvaluation of the NA-1140
report it ¢iscussed 11 Section 4.1.2.2 of this supplement,

The ctaff audit of SIFs used by SWEC in the CPSES piping design validation
includec an assessment of the SIF used to evaluate piping weld shrinkage. The
SWEC approach to evaluate weid shrinkage is described in Project Memorandum
(PM) - 229 (Appendix L to this supplement).

The rules for ASHME Code Ciass . ard 3 piping systems do not contain explicit
design provisions for evalueting weld shrinkage effecte in piping. However,
the rules for ASME Code Class 1 piping systems dc address weld shrinkaoce in
NB-3683.4(b,. The stress inaires tnerein are not applicable when x/t is
greater than 0.25 where x is the radial shrinkage measured trom the nominal
outside cuiameter.

At CPSES, welu 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 enalysis rules to be used.
The gquidelines also reouire re-work of the weld when x/t iy greater thar 1.0,
Aduitionally, the guidelines provide a stress intensification factor (i) for
evaluatino welds with radial weld shrinkage with no wela reinforcement, The
SIF value and the rance of applicable x/t values are based on a report by

$. [. Moore entitied "ASME Ccde Stress Intensification Factors tor Comanche
Peak Steem Electric Ltation, Units 1 and 2" (Moore report), The conclusions in
the Moore report were verivied by SKEC using finite element analysis methuas.

SWEL performed a walkdown at the CPSES site to determie the extert of weld
shrirkage that actually exists, Seven cases were found with a racial shrinkace
due to welding (x) that resulted in a ratio of x/t areater than or equal to
0.5. In adcition to measuring shiinkage, SWEC personrel mapped the lenoth over
which the shrinkage occurrec., The result wos a detaried confiovration of the
wall thickness anc ciametrice! ceometry in the region of the shrinkage. 17is
allowed SWEC to gevelop detailed finite element models to evaluaic the efic t
of shrinkage on stress intensification factors and to use those results to
conpere with the Moore report.
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The SWEC finite element analysis, the walkdown to neasure and map geometry, and
the Moore report indicate weld shrinkage velues (x/t) at CPSES are
conservatively addressed by SHEC procecures. Based ur the above discussion,
the staff finds the SIF used %o evaluate piping weld shrinkage tc Le
conservative,

The staft review of other SIFe from more recent ASME Code editions as used in
the SWEC design validation fincs that al) epplicable related reouirements have
beern adequately acaressed per paragraph NA-1140 of ASME Code, Section 111, end
the SIFs are, thus, acceptable.

The CYGNA review of this 1ssue and its resolution has resulted in its closure
ir Revisior 4 to the CYGNA review issues 11st for pipe stress (!tem 10)
(Reference Al4),

24,3 Vvalve and Flange Insuletion and Fluid KMass

The issue background is discus~ed in UAP External Source lssue Summary
ESIS-P-026 (Attachment A o DA c-P-026). The SWEC resoluticn methodology is
provided 11 the pipino project status report (Subappendix A26 Secticn 2.0).
The DAP evaluation is provided in Ergineering Evaluation LAP-E-P-026 (Sectior
5.4.2) and is sunmarized in the piping results report (Section 3.2.3.24).

1he primary issue was that the Gibbs & Hill piping stress aralysis mocel did
not incluce water and insulation mass at vaives and flanges. The SWEC design
criteria include a general requirement to include mass effects of piping
contents an¢ insulation ir analyses. The DAP evaluation found that the
procedure was adequate to address the issue. The staff finds that the
inclusion of piping contents at velves and flanges ana the inclusion of
insulation weight by SWEC in the piping aesign validation adequately sclve this
issue,

The CYGNA review of this issue and its resolutiun has resulted in its closure
in kevision 4 to the CYGNA review issues list for pipe stress (Item 4)
(Reference Al4).

24.4 Snubbers Adjacent to Kestraines Piping Locations

The issue backgrcund is discussed in DAP External Scurce Issue Summary
£S1S-P-Uz6 (Attachment A to DAP-E-P-026). The SWEC resclution methodology fis
provided in CPPP-7, Paragraph 3.10.6.10. The DAP evaluation is provided ir
Engineering Evaluation UAP-E-P-026 (Section 5.5.2) and is summarized in the
piping results report (Section 3.2.3.24).

CYGNA identifiea certain cnubbers on piping located close tc rigid attachment
points (e.g., equipment nozzles), The concern was that piping cynamic
displacements intended to be restrained by the snubber may be insufficiently
small to activate the snubbers. The SWEC approach 15 to evaluate the piping
displacement at snubbers in close proximity to anchors and equipment to
determine if the snubbers can be activated as assumed 1n the analysis. The
staff finds that the SWEC guidelines provide a sufficient cautiunary 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 rexnulted in its closure
in Revision 4 to the CYGNA review issues lists for pipe stress (Item 7)
(Refurence Al4).

24,5 Minimum Pipe Wall Thickness Violations

The NRC's technical review team (TRT) and intervenor CASE discussed this issue
on November 7, 1984, The concern was that a large amount of piping receivec at
CPSES before 1982 had wall thickness less than the minimum wall thickness
ailowed by the piping specification and that the nonconformance reports (NCRs)
did not adeguately resolve the deviations.

The SWEC resclution methodoloav includes a review of all minimum pipe wall
violations documented in NCRs. The NCRs are reconciled with the piping stress
analyses to ensure that any stress increase resuiting 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 & 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 appruach is an acceptable method to
evaluate pipe wall thinning beacause the potential stress increese 1is lineerly
proportional to the change in wall thickness. In addition, Project Memorandum
(PM)=137 does not allow ar evaluation of pipe wali thickness less than the
minimum wall thickness require¢ by ASME Code, Section I!I, in Paragraph
NC/ND-3640 for pressure design. Any pipe wall! thicknesses less than the Code
minimum is reported to the SWEC Options keview Committee for resolution on 2
case-by-case bacis. To date, no pipe wall thicknesses less than the Code
minimum have been identified.

(n the basis of the SWEC meihodology ensuring that minimum pipe wall thickness
violations are appropriately evaluatec, the staff finas the concerns recerding
previous erronecus closure oy the NCRs related to pipe nanimum wall violations
have been adecuately resclved. In addition, CYGNA has reviewed the SWEC
methodoloay for addressing pipe wall thickness violations and fourd it
acceptable ¢z summarized in the CYGNA pipe stress review 1ssiLes list (Revision
4) Issue 27 (ketference £14).

24.6 Conclusion

Based on the above evaluations, the staff concludes that the ccncerns
asscciated with piping moceling have been adequately addressed in the piping
design validation activities. The generic technical issue is, trerefore,
clcsed for CPSES.

25 DESIGN OF WELDS

Several concerns were raisea regardino the adequacy of the desian methods used
for sizing welds and evaluating weld stresses in pipe supports at CPSES. The
(PRT third-perty (TENERA, l.P.? id~ntified 2C related issues trom various
source documents, In its Enginee: nc Evaluation DAP-E-P-027, "Welding," TENERA
categorized these issues into five design areas:
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ursymmetrical welds (eccentricity cf three-sidea welds)
cover plate welds

minimum weld size (undersize fillet welds)

combinatior bult and welded connections

skewed T-joirt welas

O &L -
e e N St

The staff evaluation of minimum weld size is discussed Section £.10 of this
appandix,

The staff evaluation of skewed T-joint welds is discussed in Sections 8.4 ang
£.5 of this appendix,

Further evaluations of the design of welds with respect to specific provisions
cf 4wS Ul.! applying to ASME Code, Section I[Il, pipz supports is discussed in
Section € of this appendix,

25.1 Unsymmetrical Welds (Fccentricity cf Three-Sidea Welds)

The 1ssue background is discussed in DAP External Scurce Issue Summary
ESIS-P-027 (Attachwent Al to DAP-E-P-027). The SWEC resolution methodology is
provided i the piping project status reports (Subappendix A27 Section 2.3).
The UAP evaluation is provided in Engineering Evaiuation DAP-E-P-027 (Section
5.2.2) and is summarized in the piping results report (Section 3.2.3.25).

The primary corncern was that TUGCO pipe support designers did not consistently
evaluate the eccentricity between the member center of gravity ana the weld
center of rigidity wher determining weld loads to be used in the design. The
SWEC approach is to evuluate the weld eccentricities using the guidelines ana
ecuations provided in CPPP-7 Paragruphs 3.1.72, 4.6, and 4.7, The DAP
evaluation found the SWEC ¢uidelines and equaticns technicaily adequate. On
the basis of the DAP conclusions on the adequacy of tte CPPP-7 guidelines and
equations, the staff finds that specific methods for evaluating weld
ecceniricities have been developed and irplemented 1n the pipe support design
validation and are, thus, acceptable.

The CYGNA review of this issue ana its resclution has resulted in its closure
in Revision 4 to the CYGhA veview issues list for pipe supperts (Item 2¢)
(Reference A10),

25.2 Cover Plate Welds

The issue background is discussed in DAP Externai Source Issue Summary
ESIS-P-C27 (Attachment Al to DAP-E-P-027). The SWEC resclution methodolog
provided in the piping project status reports (Subappendix A?7 Section 2.6).
The DAP evalustion is provided in Engineering Evaluation DAP-E-P-027 (Section
5.3.2) anc is summarized in the piping results report (Section 3.2.3.25).

The concern as identified by CYGNA in its Independent Assessment Progrem was
that the weld design for cover plates welded to tube steel or wide flanges aid
not consistently evaluate all applicable loads. The SWEC guidelines for
evaluating cover plate welds for shear flow are provided in CPPP-7, Attachment
4-2, Paragraph 3.1.5, and ‘or evaluating wela siresses in ceneral are provided
in (-9P-7, Attachment 4-z, 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 Revicion 4 to the pipe support review issue list (lssue
23) (Reference Al10).

25.3 Combination Bolt and Welded Connections

The issue background is discussed 1n DAP External Source lssue Summary
ESI1S-P-027 (Attachment Al to DAP-E-P-027). The SWEC resoiutior 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 sumnarized in the piping results report (Section 3.2.3.25).

The ASME Code Section 111 (Reference A3Z) states in Appendix XVI11-2442, “SA-307
bolts or high strength bolts used in bearing type connections shall not be
considered as sharing the stress in combination with welds. Welds, if used,
chall be provided to carry the entire stress in the connection." The SWE”
rethodology requires that welds in combination welded/bolted connections be
cesigned for the entire shear force. For pipe suppurt baseplates (including
the Richmond insert/tube stee! designs), the staff fincs the SWEC guigeline

i in accoraarce with the above-stated ASME Code Section 1.1, requirement,
since the direction of bearing on bolts in baseplates is also the shear
direction in the beseplates. The Code provision was intendea tou address the
deformation incompatibility between welds and bearing connections in the
direction of bolt bearing. The staff understands that tensile loads
(perpendicuiar to the plane of the baseplate) are assumed by SWEC to be shared
between the weld and the bult. This practice is acceptable provided weld
deformation is compatible with the bolt tensile aeflection.

secause the SWEC guidelines satisfy the applicable ASME Code requirenent, as
gualifiec ibove, the statt fin's that the SWEC method for evaluating the welds
in combination with bolts satisfies the ASME Ccde requirement and is, thus,
acceptable.

The CYGNA review of this issue and its resolution has resulted in its clusure
in Kevision 4 to the CYGNA review issues 1ist for pipe supports (Item 2)
(Reference Al0).

25.4 Conclusion

Basad on the above evaluations, the staff concludes that the concerns
associated with weld ¢izing anu 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 ~on-erns were raised regarding the adequacy of pipe support desicns
using concrete expars:on anchor bolts. The CPRT third-party (TENEKA, L.P.)
jdentified 3& related ccncerns Trof various source documents., In its
Engineering Evalvation DAP-E-P-028, "Anchor Bolts," TENERA categorized these
concerns into three areas:

(1) Basepletes fastenec *o concrect with Hilti expansion anchors should be
designed as friction-type rather tharn as bearinc-type connections,
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(2) Anchor bolt location tolerance may result i1n increased boit loags end
beseplate stress that have not been accounted four 1n design procedures,

(3) Irstalled anchor bolt embedment length in concrete may not be properiy
considered in design and as-built reconciiiation procedure.

26.1 Friction Versus Bearing Connections

The issue background is diccussed in DAP txternal Scurce Issue Summary
ESIS-P-028 (Attachment A tc DAP-E-P-UzC). The SWEC resolution wethodoloqy is
provided in the piping project status reports (Subappendix Al3 Section 2.2).
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-CZE (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 tu prevent slip of the connected
parts. The latter depend upon contast of the fasteners
against the sides of their holes t¢ transfer the load
from one connected part toc another.

Many questione and issues were raised as to whether baseplates fastened with
concrete expansion anchors (e.c., Hilti Kwik-Bolts) should be designed as
friction or bearinc ccnnections., In a related concern, the pipe support
gesigners in some cases were using a bolt hole size with l-inch diameter belts
in concrete anchorages that was 1/16 inch larger than permitted by ASKMF Code,
Section 111 (Reference AlY). Both issues are reluted to whether shear louds in
cencrete anchor bolts can be shared equally among the bolts in the baseplate.

A concern was also raised that bearing connecticns are not permitted to be used
ir. dynamic loac applicaticns,

The SWEC methodology has adopted Paragraph NF-4721(a) of the ASME Coce Section
[11, 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 requircments. As such, the evaluation of the concrete anchor boits
in baseplates assumes an equal sharing of the baseplate shear loac by all bolts
as a bearing connection,

The staff finds the SWEC appruach to evaluate concrete anchor bclts as bearing
connections to be consistent with industry practice. The acceptability of
usinc the later ASME Code paracraph has been revicwsed by the staif 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 acceptabie.

TENCRA in conjunction with the DAP evaluaticn has reviewed the acceptability of
using bearing connections in dynamic load applications. On the basis of
TENERA's review of the Westinghouse Report No, HEDL-724¢, "Final Report, USNRC
Anchor bolt Study. Data Survey, and Dynamic Testing," (Reference A47) TENERA
concluded that the Westinchcuse dynamic tests demonstrate that bolt preload has
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no influence on the ultimate strength of the expansion anchors (including
shear) and only a slight influence on load-displacement characteristics.
Further review by TENERA of the CPSES Hilty installation procedure founc that
the procedures require fairly high preload corresponding to a level at which
Westinghouse tests show that prelcad has no effect on load-displacement
behavior. On the basis of the DA? evaluation, the staff finas that the
Westinghouse dynamic tests demonstrate that concrete anchor bolts when used as
bearing-type connections in pipe support baseplates are accepteble for dyramic
load applications. In addition, an evaluation of a bearing connection with &
1-1/8 inch bolt hole cize for a l-inch diameter anchor bolt (assuming shear
with no friction) was performed by CYGNA and adcressed in the ASLB hearings in
"CASE Question: Doyle #16" (Appendix F to this supplement) and found to be
acceptable.

The staff finds that cecncrete ancher bolts when cested as bearing-type
connecticns satisfactorily pertorm their intendea functions during dynamic
jcadings. The cesign of baseplates festened with concrete expansion anchers as
bearing-type connections, are, thus, acceptable,

6.2 Baseplete Edge Distarce

The issue background is diccussed in DAF Externa) Scurce Issue Summary
ES1S-P-028 (Attachment A to DAP-E-P-(z&). The SWEC resolution methodology is
provided in the piping project status repcrts (Subappendix A28 Section git)s
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-02E (Section
5.2,2) and is summarized 1n the piping results report (Section 3.2.3.26).

The icsue raisea by CYGNA in its Indepengent Assessment Program that anchor
bolt euge distance tolerances could result in a 15 percent increace in
beseplate stresses for baseplate desicns with struts, springs, or snubbers with
a 5-degree offset, SWEC performed a bounding analysis of the effects of edge
distance tolerances on bolt loads and plate stresses using as-buirit dimensions.
The SwEC analysic showed thay the highest bolt interaction ratio increase was 5
percent and the baseplate stress increase wes 1 percent. The DAP evaluation
found the basepiate edge distance tolerances to be acceptable on the basis of
the SWEC analysis results,

0~ the basis of the DAP conclusiuns, the staff finds the concerns to be

~

adequately addressea. In addition, CYGNA has subsequently reviewed the SWEC

¢ralysis and on the basis ¢f the SKEC result has also closed this issue in
Revision 4 to the pipe support review issues list (lssue 11) (Reference AlQ).

26.3 [mbedment Lengths

The issuc background is aiscussed in DAP External Source Issue Summary
ESIS-P-02h (Attachment A to DAP-E-P-028). The SWEC resclution methodology is
proviged in the piping project status reports (Subappendix Acg Section 2.3).
The UAP evaluation is provided in Engireering Evaluation DAP-F-P-028 (Secticn
5.4.2) and is summarized in the piping results report (Section 3.2.3.26).

The issue was tcised in the CYGNA Independent Assessiient Program pertaining to
the discrepanc, between the embecment lengths of Hilt: Kwik-Boits <hown on the
desigr drawings end the embecment lengths used in the support ceiculations.
Althouch this ‘ccue was previously closed by CYGNA (pipe suppor® review issues
list. Item 17), the SWEC resoluticn methodolegy addrecses this issue for the
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CAP design validation by using the embedment lengths shown on the drawings in
the SWEC pipe support caiculations. BRecause of the SWEC use of embedment
lengths from the decign drawings in the support calcuiations, the ctarff finds
that the issue identitiec by CYGNA has been adequately addressed in the piping
desiyn validation,

~6.4 Conclusion

Based on the abuve evaluations, the statf concludes thai the concerns
associated with anchor bolts have beer acequately resclved. The generic
technical issue concerning anchor bolis ic, therefoure, closed for piping
cvstems at CPSES.

27  STRUT ANGULARITY

Cencerns 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 et CPSES. The CPRT third-party (TEMERA, L.P.)
identified nine related concerns from varicus source documents. In its
Engineering Evaluation UAP-E-P-029 "Stiut Angularity,"” TENERA categorized these
concerns inty twn areas:

(1) design considerations for strut angularity (kick load)
(2) Justification for an anrcularity tuierance of § degroes

27.1 Design Considerations for Strut Angularity (Kick Loaa)

The issue background is discussec in DAP External Source Issue Sumary
ES1S-P-029 (Attachment A to DAP-E-P-029). The SWEC resolution methodclogy is
provided in the piping project status reports (Subappendix A”7 Sections 2.1 and
2.2). The DAP evaluation is provided in Encineering Evaluation DAP-E-P-026
(sections 5.2.2 and 5.4.¢) and is summea: ized in the piping recults report
(Section 3.2.3.27).

When a strut or snubber is installec cr a piping system at an ancle not
perpendicu’ar to the pipe axis, a locad component in the direction of the pipe
axis results ("kick luaa"). The concern raiseu was whether this kick load had
been adequately considered in the piping and pipe support desians.,

The SWEC piping analysis input includes as-designed support angularities in the
piping analytical model. In this manner, any system instabilities or kick
loads ere calculated. f the swing angle deviation from the stress analyzed
orientation exceeds 5 deyrees, then an evaluation is required to ensure the
proper function and load rating of the strut/snubber assemblies including
consideration 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 degyrees 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 significany changes are being made tu bring the
CFSES piping and pipe support design into conformance with accepted industry
practice (e.g., snubber optimization and elimination of smail snubbers on large
diameter piping), the impact or kick loads is significantly reduced (e.qg., 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 cdesign considerations discussed above, the staff finds that
the SWEC evaluation of kick loads exceeds comwon industry practice because no
evaluation is generally performeda for support angular deviations less than 5
degrees and is, thus, acceptabie.

The stafi performed several audits to assess the adequacy of SWEC's
implementation of CPPP-7 angularity guidelines (Appendix D to this supplement -
Events 2, 26, 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 plent. The staff tound that the
support angularities were in accordance with the CPPP-7 guidelines and
tolerances and are thus acceptable.

27.2 Justificaticn for § Degree Angular Tolerances

The issue background is provided in Appendix F to this supplement (Issue 5).
The UAF evaluation is provided in Engineerinrg Evaluation DAP-E-P-(29 (Secticn
5.3.2).

The stafr recognizes that an angular change in support orientatior can
significantly affect the support loads calculated in the piping stress analysis
ana was a major factor to be considered in Office of Inspection and Enforcement
(1E) Bulletin 79-14 (Reference A48). IE Bulletin 79-14 addressed as-built
piping systems and recornized that excessive construction and installation
geviations might exist aid must be reconciled with the desian analyses. The
staff acknowledges that ccostruction and installation tolerances are a
necessity in order to proceed with construction in a reasonable menner. A
H-gecree construction tolerance was established by the applicant for pipe
support angular ceviation. There are several reascns of which the staff is
aware fur the basis of the 5-degree tolerance:

(1) The pipe support manufacturers provide functiorel tolerance in their
catalogs for pipe clamps anc brackets to eccount for installation
micalignment. This tolerérnce 1s typically + 5-degree or & lU degree to 12
degree core of action. Loading beyond this tclerance is rot recommenced
ana could exceed the load rating of the catalog 1tem. Thus, the
installation tclerance should account for the functionality cf support
hardware.

(2) The angular tolerance should not result in a significant load increase
that can invalidate the calculatea loacs. On the other hand, the
instaliation tolerance should rot be so restrictive as to exceed the
accuracy of the calculation itself. A 5-dearec¢ otfset will, in most
cases, result in a load increase (or decrease) of less than 10 percent

i.e., sin 5-degree = 0.067).

(3) Althcugh the sta*f does not dispute the fact that a "kick" load exists as
a result of skewed restraints, the staft goes not believe that kicr loads
causec by a 5-degree skew tolerance will result in an unstable collapse of
the pipino system becCeuse of the redundant nature of pipe supports anu the
inherent uuctility of the piping. The staff believes the 5-cearee
tolerance is an appropriate tolerance au @ general rule, but there are
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certain exceptions where the practice shouid be eveluated with due
caution. These exceptions include where the 5-degree tolerance cer result
in @ lcad exceedance of more than 10 percent or where « !0 percent load
increase can be considered sigrificant (e.g., near sensitive ecuipment
nozzles).

(4) The 5-degree ancular tolerance for pipe support installation is used in
many nuclear facilities and has been found tc be a reasorable basis for
achieving the geals of both design and construction of pipinc systems and
is recommended in WRC Bulletin 316 (Reference A49Y).

On the basis of the abuve reasuns, the staff tinds the 5-ceoree 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 adequatel, addressed.

The generic technical issue concerning strut angularity is, therefore, ciosed
for CPSES.

28  STRUCTURAL MODELING FOR FRAME ANALYSIS

Severa)l concerns were identified regarding the modeling assumptions used éc
input to the computer analyses for CPSES pipe supports. The CPRT third-party
(TENEKA, L.P,) identified 1G related concerns from various source documents,
in its Engineering Evaluation DAP-E-P-031 "Structural Modeling for Frame
Analyses," TENERA catecorized these concerns into two primary areas:

(1) torsicnal stiffness of wide flange members
(2) member end restraint and boundary condition modelina

¢&.1 Torsional Stiffness of Wide Flange Members

The issue background is discussed in the DAP External Scurce Issue Summary
ESIS-P-031 (Attachment A to DAP-E-P-031). The SKEC resolution methodology is
provided in the piping prcject status reporte (Subappendix A3l Section 2.1);
The UAP evaluation is provided in Engineering Evaluation DAP-E-P-031 (Section
§.2.2) ana *s summarized in the piping results report (Section 3.2.3.28).

The primary concern was that the previcus pipe support 4design procedures
required the use of an extremely high value (10,000 in.") for the torsional
resistance of wide flange members in order to conservatively calculate wide
t1ange member torsional stress. The procedure, however, coulc result in
unconservative deflections and did not account for local effects in the wide
flange members at locatiovns of torsional loading.

The SWEC method uses values for torsional resistance from the AISC Manual

of Steel Construction (8th Edition) (Reference A31) and provides equations for
gveluating member stresses including local effects due to torsional loading.
TENERA reviewed the adequacy of SWEC's methods and found 1t to be a
conservative apgroach 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 guidelires
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 cornservatively evaluated by assuming each
stress 15 produced by the full torsional moment. These stresieés 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 stafv 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 eftects in
wide flan e members and is, thus, acceptable.

28.2 Member Enu kestraint and Boundary Conditions

The issue background is discussed in DAP External Source Issue Summary
ESIS-F-031 (Attachment A to UAP-E-P-031). The SWEC resolution methodology is
provided in the piping project status report (Subappendix A31 Section 2.25
The DAP evaluation is provided in Engineering Evaluation DAP-E-P-031 (Section
5.3.2) and is summarized in the piping resulis report (Section 3.2.3.28).

The primary concern was the inconsistent modeling assumptions used for the tube
ctee] member and constrzint of moments at Richmond insert connections. The
SWEC methoc is to model the tube steei frame with a member ccrnnecting the
centerline of the tube stee) frame to the fece of the concrete at the Richmonc
insert connections. This connecting member is modeled with the properties cf
the threacded rod in the Richmond insert, The twc bending mements on the
threaded rods are fixed but the torsional moment 1s released. The SWEC
procecure further provides guidelines for modelinyg the eccentricity between
the tube steel centerline ancd threaded rcc. The DAP evaluation cf the
acecuacy of this modeling technique fcund it results in an acceptable
evaluation of member stress and stiffness, The staff review finds the SWEC
noceling technique provides an analytical mudel thet is reascnably
representative of the actual system behavior and is, thus, acceptable.

28.3 Conclusion

gased on the abcve evaluations, the staff concludes that the concerns
associated with torsional considerations in wide flange members and Richmor.d
insert/tube stec) modeling have been adequately adcress. The generic technical
issue concerning structural moceling in frame enalysis of pipe supports 1is,
therefore, clcsed vor CPSES.

(2 (COMPUTER VERIFICATIUN AND USE

Concerns were raised regarding the adequac; cnc appiicability of certain
computer programs previously useu for pipe support designs at CPSES. The CPKT
third-parcty (TENEKA, L.P,) identified nine related concerns from various source
docunents. In ite Engineering Evaluaticn DAP-E-P-032, "Computer Progranm
Verification anc Use," TENEKA categorized these concerns in the toliowing twe
areas:

(i, computer procram verification anc qualification
(Z2) computer program version
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31.1 Seismic Desian Considerations for Piping Routed Betweer Seismic
Category | and Non-Seismic Category I Builcings

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 CPKT Program Plan (Revision 3) (Keverence 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.”
Recause the CAP design validation for piping included provisions for the
reanzlysis of all seismic Category I piping including the seismic to
non-seismic transition regions, this issue was addressed within the CAP design
velidation activities performea by SWEC. Accordingly, the scope of the

ISAP V.c results report (Reference A52) was reduced. The SWEC resoiution
methodology Tor this issue is provided in the piping project status reports
(Subappendix A34 Section 2.0). The DAP evaluaticn 1s provide in

Engineering Evaluation UAF-E-P-038, “Seismic/Non-Seismic Interface" (Section
5.0) and is summarized in the piping results report (Section 3.2.3.31).

In Supplement 10, the staff required that TU Electric provide an analysis and
documentation that the piping systems routed from Seismic Category I t¢
noen-seismic Category ! buildings meet the commitments provided in FSAP
(Reference A53) Sections 3.7B.3.13.1 and 3.7B.2.8 which include the assumption
of a wurbine building failure. In CPPP-7, Attachmert £-10, the SKEC criterie
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 seisimic Category I buildings which are
connected to non-s¢ioaic piping in the non-seismic Category I buildings (e.q.,
turbine buildirc). In addition, Project Memorandum PM-203, "Clarificetion for
CPPP-7, Attachment 4-10, Design Methods for Interface Anchors,” September 4,
1987, limits the option of seismically analyzing non-seismic piping to only
thote piping systems located in seismically analyzec buildings.

The staif review of the SWEC design criterie finds that three methocs were
developed for evaluating the piping routeu between seicmic Category I and
non-seismic Category I builaings. Two of the metnods involve seismically
analyzinyg the non-seismic piping (or portions of the non-seismic pipinyg) using
alternate ceismic design criteriec enc analysis methods from these 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 buildino would not be acceptable based on the turbine building
feilure assumption aurinc a safe shutcown earthquake. The third SWEC method
assumes the formation of a plastic hinge at the interface anchor arc¢, thus,
conservatively considers & building failure assumption. PN-203 ensures that
the two metheds previously discussed will not be used for piping routec between
ceismic Category I and ron-seismic Category ! buildings., The stafr firds the
three methods cescr.bed in CPPP-7, Attachment 4-10, as clarified by PM-203 to
be acceptable,

As part of its aucit on the CAP implementation (Appendix D of this supplement -
Event 26), the staff selectec ¢ seismic/non-seismic interface archor in the
aurniliery feedwater system to review the methods of &énalysis appiied to ihe
piping systems connected to the anchor. The piping on the seismic side of the
anchor useg a detailed response spectrum method of analysis (stress problem
1-N015). The piping on the non-ceismic (turbine building; side used a

Comanche Peak SSER 14 - 74 . Appendix A






piping results report. The staff reviewed the 1ist of DIRs and finds that
TENERA has categorized them as those

with no specific concerns or unsubstantiated concerns

closed outside the DSAP IX review or invalid

not pertinent to CAP resolutions

associated with calculational or procedural concerns

associated with inconsistent or nonstandard criteria

associated with cumulative effects

N S e i Nt

b

(1
(2
23

4
(5
(6

~

The staff review of the UAP resolution of each of the 51 DIRs has identiftied no
additional external source issues appiicable to the CAP design validation for
piping that have nct been adequately resolved, However, the resolution of the
issues in five DIRs (E-0812, E-1174, E-1198, E-1199, and £-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
by an NRC inspection at the Beaver Valley Power Station Unit facility. The
concern was evaluated specifically for the Beaver Valley Power Station Unit 2
¢nd generically for typicel nuclear facilities vy the NRC staff. The results
of the staff evaluations were documented in NRC Inspection Report 50-412/85-24,
(Reference A54) and ine item was closed. No generic implications were
identified that would adversely affect the CPSES design validation activities
for piping.

In DIR E-1174, TENERA identified a ccrcern regardirg piping stresses due to
reduced wall thickress. This issue ana the staff evaluation are discussed in
this appendix in Section 24.%.

In DIRs E-1198, E-1199, and £-1200, TENERA jdentitiec three items related to
ongoing NKC staff reviews. The issue in DIR-E-1198 concerning asymmetric
dynamic loags on the reactor coolent system was subsequently closec out in
Supplement 12 (Reference AS0). The issue in DIR-E-1199 concerning the use of
the WECAN computer program was similerly close¢ out in Supplement 12. The
issues in DIR-E-1200 concerning the TMI Action Plan ltems were addressed in
Supplement 12, anc the status cf the staff review is documented therein.

On the besis of our review of the 32 generic technical issues (including 1
programmatic/GA 1ssue), and the 51 other DIRs listed in Appendix b to the
piping results report, the staff finds that all external source issues related
to pip]n? and pipe supports identified by the CPRT third-party have been
cdequately addressed in the CPRT activities, in the TU Electric CAP, anc/or in
NRC staff reviews.
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Nos. 50-445/446, transmitted in a letter from W, G. Counsil (TU Electric)
to USNRC dated November 2, 1987.

A2. TU Electric, "CPSES Unit 1 and Comnon Corrective Action Program - Project
Status Report Swall Bore Piping and Pipe Supports,” Pevision 0, Docket
Nos. 5C-445/446, transmittec in a letter from W. G, Ccunsil (TU Electric)
to LENRC dated November ¢, 1987.

A4. Stone & Webster [ngineering Corporation, Comanche Peak Project Procedure
CPPP-7, "Design Criteria for Pipe Stress and Pipe Supports," hevision 3,
February ¢35, 1987, Docket Nos. 5C-445/556, transmittec in a letter from W.
G. Ccunsil (TU Electric) tc USNRC dated March 26, 1987.

A5. Comanche Peak Response Team, "Discipline Specific Results Report: Piping
and Supports,” DAP-RR-001, Revisicn 1, Docket Nos., 50-445,/446, Auqust 27,
1987, transmitted in a letter from W. G. Counsil (TU Electric) to USNRC
dated September 29, 1987.

A6. U.S. Nuclear Requlatory Commission, Atomic Safety and Licencina Board
Memorandum and Order (Cuality Assurance for Lesign), December 28, 1%€3,
LEF-83-81, 18 NRC 1410 (19&3).

A7. ACI 318-71, "Building Code Requirements for Reinforced Corcrete," American
Concrete Institute,

A8. ACI 349-85, “Code Requirements for Nuclear Safety Related Concrete
Structures,” American Concrete Institute.

A9, "“PCI, Manual on Lesian of Connections for Precast Prestressed Concrete,"
Prestressec Concrete Institute, 1973 (including Supplement).

A10. Letter from N. H. Williams (CYGNA) to W. G. Counsil (TU Electric),
Subject: FPipe Support Review lssu~s List - Revision 4, Uocket Nos.
50-445/446, September 18, 1987.

All. "Cases ot ASME Beiler and Pressure Vessel Code - Code Cases," N-318-2,
“Procedure for Evaluation of the Design of kectangular Cross Section
Attachiments or Class 2 or 3 Piping, Section III, Division 1 (1983).*

Al2. “Case of ASME Boiler and Pressure Vessel Code - Code Cases" N-392,
Procedure for Evaluation of Hollow Circular Cross Section Welded
Attachments on Class 2 and 3 Piping, Section III, Division 1 (1983).*

Al13. WRC Bulletin 107, "Local Stresses in Spherical and Cylindrical Shells Due

to External Loadings," K. R, Wichman, A. G, Hopper, and J. L. Mershon,
Welding Research Council, August 1969.*
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Ald.

AlS,

Ale.

Al7.

A18.

AlS.

£20.

AZi.

heb,

A26.

ke,

Letter from N. H. Williams (CYGNA) to W. G. Counsil (TU Electric),
Subject: Pipe Stress Review Issues List - Revision 4, Docket hcs.
50-445/44¢, September 16, 1987.

Board Notificaticn BN-82-105A, Subject: NRC Staff Evaluation Regarding
Allegations of Potential Design Deficiencies in Class 1 Piping, September

29, 1983.

"ASME Boiler and Pressure Vessel Code," Section 111, Nuclear Power Plant
Components, Division 1, Subsections NA, NB, NC, and ND, 1974 Edition up to
and including Summer 1974 AdcendA, American Society of Mechanical
Engireers.*

"ASME Boiler and Pressure Vessel Code, “"Section XI, Rules for Inservice
Inspection of Nuclear Power Plant Components - Division 1, American
Suciety of Mechanical Engineers.*

U.S. Nuclear Regulatery Commission, Atomic Safety anc Licensing board,
Memorardum and Order (Reconsideration Concerning Quality Assurance for
Design), February 8, 1984, LBP-84-10, 19 NRC 509 (1984).

“4ASME Boiler and Pressure Vessel Code," Section 1II, huclear Power Plant
Components, Division 1, Subsection NF, 1974 fdition up to and includirg
kinter 1974 Addendum, Arerican Society of Mechanical Engineers.*

ANSI/AWS U1.1-81, "Structural helding Coce - Steel," Anerican Naticnal
Standards I 1tute/American Welding Society.*

U.S. Nuclear Regulatory Commission, Atomic Safety and Licensing Boara,
Mermorandum and Order (Written-Filing Decisions, #1: Some AWS,/ASME
Issues), June 29, 1004, LBP-84-25, 19 NRC 1589 (1984).

_ YASME Boilcer and Pressure Vessel Code - Code Cases,” N-415, Minimum Size

of Fillet welds, Section 111, Division 1 (1983).*

. U.S. Nuclear Reguiatory Commiscicn, Reguiatory Guide 1.84, "Design and

Fabricatior Code Case acceptability, ASME Section 111, Division 1,"
kevision 24, June 1986.*

U.S. Nuclear Regulatory Cormission, Atcmic Safetly and Licensing Board,
Partial Initial Decision (A50C Steel), October 6, 1383, LbP-83-63, 12 NRC

759 (1983).

. "ASME Eoiler and Pressure Vessel Code - fode (ases,” N-71, Additicnal

Materials for Subsection NF, Classes 1, 2, 3, and mC Component Supports
Fabricated by Welding, Section IIl, Division I (1983 .*

Letter from C. I. Grimes (NRC) to W. C. Counsil (TU Electric, Suhject:
Use of AuME Code Case N-71 Revisicn 15, Docket Nos. 40-445/446, January
15, 1988.

J.S. Nuclear Reguiatory Conmission, Regulatory Guide 1,85, "Materials (cce
Case Acceptability, ASME Sestion III, bivision 1," Revision 24, Jure 1986.
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A44.

A45,

Ad6 .

47

A48,

A4S,

AS50.

4A51.

A52.

AS3.

A54,

E. C. Rodabauoh, Battelle Columbus Laboratories, “Realistic Seismic Design
Margins of Pumps, Valves, and Piping," USNRC Report NUREG/CR-2137, June
1981.

"ASME Boiler and Pressure Vessel Code - Code Cases," N-249, Additional
Material for Subsection NF, Classes 1, 2, and 3 Component Supports
Fabricated Without Welding, Section IlI, Division 1," (1983).*

U.S. Nuclear Regulatory Commission, Regulatory Guide 1.124, "Service
Limits anc Loading Combinations for Class 1 Linear-Type Component
Supports.”

M. R. Lindquist, Hanford Engineering Deveiopment Labcratory, "Final
Report, USNRC Anchor Bolt Study Data Survey and Dynamic Testing," USNRC
Report NUREG/CR-2999, December 1982.

U.S. Nuclear Regulatory Commission, IE Bulletin 79-14, "Seismic Analysis
for As-Built Safety-Related Piping Systems," July 2, 1979 inciuding
Revision 1 (July 17, 1979), Supplement 1 (August 15, 1979), and Supplement
2 (September 6, 1979).

WRC Bulletin 316, "Technical Position on Pipinc Installation Tolerances,"
Supplement to WRC Bulletin 300, July 1986, Welding Recearcnh Council.*

U.5. Nuclear Regulatory Commission, "Safety Evaluation Report Rela.ed to
the Cperation of Comanche Peak Steam flectric Station, Units 1 and 2,"
(SER) NUREG-0797, July 1981 and Supplements i throtgh 4 and 6 through 13.

"Comanche Peak Response Team Program Plan and Issue-Specific Action
Plans," Revisiun 3, January 25, 1986, Docket Nos. 50-445/446, transmittec
in a letter from W. G. Counsil (TU Electric) to USNRC dated January 27,
1986.

Comanche Peak Response Team, Results Report ISAP V.c, "Design
Considerations for Piping Systems between Seismic Category I and Non-
Seismic Category I Buildings," Revision 1, Docket Nos. 50-445 and 50-44€,
October 29, 1986.

“Comancie Peak Steam Electric Station - Final Safety Arelysis Repert,”
Locket Nos. 50-445/446, up to and including Amendment 65.

U.S. Nuclear Regulatory Commission, Inspection Report No. 50-412/85-24,
December 11, 1985,

* Aveilable through public technical libraries anc et the NRC Library, 7920
Norfolk Avenue, Bethesua, Maryland.
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APPENDIY E
RESOLUTIONS OF OPEN ITEMS FROM NRC INSPECTION REPORTS

B.1 NRC TNSPECTION REPORT 50-445/86-19, 50-446/6f-16

The following open items were identified in the pipinc and pipe support dis-
ciplines in Inspection Report 50-445/€-19, 50-446/86-16. The Desigr Adequacy
Program (DAP) responses were Qrovided in a followup audit held at TENERA L.P,
offices (Berkeley, California) or August 17-20, 1987 (Appendix D 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 programmatic issue records had not been developed
concurrently with their related technice) issue records.

DAP Pesponse

The inspection team's comment was correct; however, Revision 5 of DAP-? chanaed
the referencel requirement to permit documentation of both technical and
programmatic aspects on the same itsue 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 requirement of Procedure DAP-? that the
identification of issues be an orgoing process.

DAP_Response

An apparent inconsistency was noted between DI-P-002 and DAP-2 regarding the
duration of the proces¢s for identification of issues., DAP-2 requires the
process to be ongoing, and DI-P-002 notes that the documents reviewed were
generated betweer May 17, 1378 and February 6, 1986,
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The comment is based on a misinterpretation of DI-P-00c. D1-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 DI1-P-002 was issued, the external documents that had been subjected to a
DAP-2 review were within that time frame.

The proqram plan requires that a systematic process be used to identify
external source issues from external source documents, PAP-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. Brieflv, the initial process involved selecting a set of
documents that would likely contain the most sianificant information

regarding the issues. The selection was performed by the Uiscipline Coordi-
nator for Piping and Supports. Documents were selected fror the library of
information assembled by Texas Utilities Cenerating Company relating to the
hearing process. The review of these documents led to other documents which
were, in turn, reviewed. On completion of thic celected review, a comparison
wes made between the reviewed documents and a list of all documents relevant to
external cources with dates from March 5, 1979 to December 31, 1985, This list
was obtained from the NRC cocket accession list for CPSES, Spot-checking of
unreviewed external ccurce documents demonstrated that no new issues that would
affect the Corrective Action Program were likely to be found in the remaining
document. The senior review team (SRT) has determined that further reviews are
not necessary (see Revicion 4 of the Program Plan). The ongoing process
required by DAP-2 was accomplished through periodic upcating of the list of
documents beina reviewed, The resultirg issue records generated are processed
in accordance with DAP-2, For the piping discipline, the external source issue
c mmaries (ES1Ss) were prepared ir accordance with DAP-D1-F-02. The ESISs were
revised to incorporate any additione resulting from that process,

NRC Evaluation

The DAP response clerified the apparent incornsistency between DI-P-002 and
DAP-2 and adequately acdcresses the NRC concerns.

£.1.3 Open Item P-3 (Closed)

As an initial step in assessing TERA's jssve identification, the inspection
team determined if 11 pertinent external source documents had been drcumented,

ceven of these documents were identified by TERA as ASLB-12, ASLB-2, ASLB-3,
ASLB-6, CASE-22, CASE-?, and MNRCT-17 but the followino were not identified:

Atomic Safetv and Licensing Board Fartial Initial Decisior (Change in
Materials Properties for A500 Steel), Cctober 6, 1980

NKC letter "Staff Response to Applicants' Kesponse to Partial Initial
Decision Regarding AS00 Steel," May 17, 1984

Applicants’ rResponse to Partial Initial Decisior Peearding AE00 Steel
April 11, 1984,
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adequacy of the external source documents reviewed by the DAP to identify the
jesues. A further staff review of DIR reports found that the issues in the
four unidentified cocuments were identified. This item is closed.

B.1.4 Open Item P-4 (Closed)

The inspection team reviewec ASLB-6, CASE-22, CASE-2, and ASLB-? to determine
if specific external cource issues were jdentified in DIRs and related to ESIS.
U-bolt cinching was idertified as a primary issue in ESIS-E-P-01l (draft). The
primary-issue binder contained ASLE-£ and DIP £-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 Applicante have been representa-
tive of the steels actually employed at the plant.” (p. &)

(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 %o the controls establiched
to ensure the adequacy of a document. Before a document is issued, the
c.1ginator must first review the DIKs and the external source document on
which it is based. The checker repeats the process, confirming that all DIRs
referenced in the DIR are addressed. Finally, approval requires both a con-
firmation that the process has been followed and a technical overview basea
on broader knowledge of the issues. None of these steps had beer taken when
the audit was performed.

To address the inspection ‘eam's comments on the DIRs ard to measure the
effectiveness of the process for preparing and fssuing an ESIS, a second-level
review has been conducted. A subset of the tote] listing of external scurce
documerts was reviewed by the DAP (A Manager and his staff. A sample of the
external source documents in the ESISy wes reviewed. Based on that review, it
was determined that DAP documentation of the issues raised ir public cdocuments
wes adequate.

NRC Evaluation

The DAP responses to Open ltems P-?2, P-3, and P-4 clarified the CAP 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 incpection
were in draft form. The second-leve! review discussed above provides addi-
tional assurance that DAP identi‘ication and documentatien of issues raiscd in
publiec documents were adequate.

Subseauently, & ctaff review of selectrd issues found that the iesues had been
identified. The icsues regardina the following - 1) the extent tc which the
iteme tested were representative of the steels actually emploveu 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
UIRs external source issues.
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However, these issues are identified in the large b..e piping and pipe supporte
project statu. report in the "SA-36 and A207 Steel' external scurce issue
(Subappendix A23). 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 CFP 24(a)(2) an¢ (a)(8) pertaining to pre-
Timinary safety analysis report requirements for unique designs, nor for the
issues in CASE-2, pp. 195-212,

DAP Response

See response to Open Item F-4,

NRC Evaluation

The DAP respounses to Open Items P-2, P-3 and P-4 clarifiec 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 net 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 durirg 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 provisiors of 10 CFR 34 was not identified but the tech-
nical issues ir external source document CASE-Z, pp. 195-122, had been iden-
tified in the cinched U-bolt external source issue. The 1N CFR 34 iscue will
not affect the basis for the acceptance criteria for technical resolution of
the cinched U-bolts e>ternal source issue. The identification of the 10 CFR 34
and CASE-Z isctues was consistent with the DAP response to Open Item P-10. This
issue is closed.

B.1.6 Open Items P-6 (Closed)

Mr. Dovle'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 accerdance with NF-3260 of Subsectior NF of the ASME Code? and not be a
stress analysis (i.e., design by analysis per NF-3260 of Subsection NF of the
ASME Code) was incorrectly characterized in DIR E-0604, Revision 0. The DIR
stated: "TUGCO should no* assume stress relaxation (due to yielding) occurs in
U-bolts since the manufacturer's established load limits restrict lcading to
1/4 yield versus the 1/Z 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 ctress may be higher than the manufacturers allnwable
nf 1/2 yieid."
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B.1.11 Open Iten P-11 (Closed)

Engineering Evaluation DAP-E-009 (AS00 Grade B Tube Steel), Section 4.0,
Acceptance Criteria, stated that the resolution of the A500 Grade B tube steel
primary issue required the idertification of the desinn yield strencth for
A500 Grade B tube steel defined in ASME Code 1974 Edition through Winter 1974
Addenda an¢ 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) permitted the use of 42 ksi for the design yield streroth
for ASO0 Grade B tube stcel, but MS-46A adopted portiors of a later revision
of this Code Case (N-71-10) which reduced the yield strength to 26 ksi. The
evaluation concluded that the yield strength used in the oualification of
supports should have been 36 ksi, 1n accordance with Code Case N-71-10. This
conclusion is incorrect because the portion of the Code Case that reduced the
yield strength to 36 ksi was not invoked by the specification. The team noted
that the use of the 36 ksi desion yield strength is consictent with an ASLB
concern that the more conservative value chould be used in order to ensure
safety, but the evaluation report ¢id not reflect this specific aspect.

DAP_Response

The comments of the inspection team are generally correct; however, the docu-
ments reviewed were in the early draft stace and, therefore, were not re-
presentative of the level of detail anticipated¢ for the final product.

The corments of the team will, however, be considerec before the evaluatiors
are approved,

NRC Fvaluation

The DAP response noted that the cdocuments reviewed during the inspection were
in the early craft stage.

h subsequert staff review of "Discinline Specific Results Peport: Piping and
Supports" found that the technical issue has since been correctly identified.
The basis for the yield strength of AS00 Grade B tube steel was identified
correctly as ASME Code Case 71-1C. MNoreover, the lack of identification of

the ASLB safety aspect of the i1ssue was consistent with the DAP clarification
of the extent to which aspects of external scurce issues were identified. This
iem is closed.

£.1.12 Oper Item P-12 (Closed)

Engineering Evaluation PAP-E-01Z (Axial/Rotztional Restraints) did not provide
the besis for concluding that SWEC Project l'rocedure CPPP-/ was adequate to
address the issue,

DAP Response

See respense to Open ltem P-11.

NRC Evaluation
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The documents reviewed during the inspection were in draft form. A subsecuent
ctaff review found that the basis for concludirc that SWEC Project Preocedure
CPPP-7 was adequate to acddress 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 hased in part on a review of supporting SVFF -alculetions and of
the adenuacy of the SWEC approaches to resolve the issue and were found accept-
able. This issue is closed,

B.1.13 Open l1tem P-12 (Closed)

For Engincering Evaluation DAP-F-P-N13 (Gaps), TERA's acceptance criteria for
resolvirn issues concerning gaps in bearing-type connections were based on ASME
Code Subsectien NF, 1982 Edition throuah Summer 1985 Addenda. However, TERA
has not addressed gap-related concerns raised by the intervenors recarding
unequal load sharing, chence in stiffness and natural frequency of support,
effect on piping analysis, etc. In resolving this cpen item, TERA should
determine whether these concerns are covered by NIPs and the issue identi-
fication/tracking system.

DAP Resporse

See response to Open Item P-11.

NRC Evaluation

The document reviewed during the inspection was in draft form. A subseauent
ctaff review of Engineering Evaluation DAP-E-1-013 (Gaps) found that the issues
have been identified either specifically or in ceneral. The extent to vhich
the issues have been identified is ccocistent 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 inspectior team reviewed the Pipina Analysis/Support Design Procedure
Review Checklist (DAP-CLC-P-001, Revision 1, dated March 14, 1986) for cercist-
ency and completeness with respect to the design criteria list (DAP-CP-P-001,
Revision 0, deted October 25, 1985).

In both documents, a criterion number is assinred to each “tem or issue.

The team randomly checked the description of items/iscues corresponding to
criteria, and identified several cases where the criterion number for the
item/issue in the design criteria 1ist did not correspond to that for the
apparent'y came item/issue in the procedure review checklist (e.q., Mumbers
206, 211, 212, 243, end 312). However, in gereral, the items 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 reaccns 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 t.1vd partv has reviewed the inspection team comments and confirmed that
icolated errors in referencing the criterion number had occurred. The correc-
tions were incorporated in a revision to tha checklist. Additionally, a 160
percent check of the checklist references to criteria has been perforred and
any additioral errors noted were also incorporated.

The reasnns for omitting criteria from the checklist have heen sumarized,
Moct omissions occur for ore of the following reasons:

(1) The criterion is related to fabrication and thereferre not pertine.t to
CPro-6 (Appendix E to tnis supplement) and CPPP-7 review.

(z) The criterion is covered more specifically in other criteria already
included,

The second reacon for omitting a criterfon was particularly prevalent for ASME
Coce criteria, where the system of extractino criteria on a subparagraph basis
led to entries that contained only the headinc for the criteria containea in
subseouent subparagraphs. Such cntries had no technical content &aind were
included for ‘rformation anly.

*RC Evaluation

The DAP response confirmed the errors in criteria numbers were isolated and
adecuately addresses the staff's concerns.

B.1.15 Open Item P-15 {Closec)

The inspection team found that approximately one-hal® (144 of 326) of the total
number of criteria in the desion criterig 1ist were not 'isted in the procedure
review checklitt. Procedure Ur -4, "Preparation of Checklistse" (Revicion 3)
allows the checklist nreparer to select lesc than 100 percent of the applicahie
criteria proviced the hases for such selectior are documented as :n attachment
to the decign review surmary form. At the time of the inspectir , the bases
ror all excluded desian criteria were being prepared and docuvmented by the
checklist preparer,

DAP Response
See response to Opern [tem P-14,

NRC Evaluation

The DAP re - se to Dpen Item F-14 lists the reasons for omitting criterie

fron the «1is* ¢ 4 1deauvately addresses the staf€'s concerns.

B 1.? R cec)

The { s¢ the depth and level of deteil provided by the

checs iy ple, under the item/issue concerning Richmond incert

desion, , were listed, However, based on the team review of

the DJRe, ihe : ‘0 be meny more *hin seven technical cricerns related
“ichmond inscr ne transpneition of the concerns identified in the DIRs
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into the seven attributes involved a grouping of the .xternal scurce issues
intc general catequries apparently related to the resolutiorn of the generic
technical issues as described in the SWEC “Generic Technical lssues Report."

DAP Response

A cancern was raised by the inspection team that subicsues raised by the
interveror and ihe ASLE had been crmitted in the checklist for reviewing SWEC
procedures. DIR concerns had been grouped in the checklist inctead of ad-
dressed separately, and the inspection team questicned whether the process
had captured the cubissues.

To close the primary-iscue DIRs, reference is mede to the engineering ¢valua-
tion that resolves the technical issue. The individual external source DIRs
are closed after it is <onfirmed that the primary-issue CIR zddressec the
specific concern. Revision 4 of the Prograr Plan eliminated the recivirements
for evaluations pertainiro to safety significance,

MRC Fvaluation

The DAP resporse clarifies the process used to close out subissues raised by
ASLB and the intervenor and adequately addresses the starf's concerns,

b.1.17 Cpen Item P-17 (Closec)

~

TERA's checklist for Revision ¢ of CPPP-7 wae not complete. The inspection
team will review the technical adequacy of the third-party review of CPPP-7,
kevision 2, when completed.

DAP Response

The review documentation is now available for the inspection ceam.

NRC Fyaluation

The staff audited the adequacy of TENERA's (formerly TEKA Corporation) review
of CPPP-7 (Revision 2) durino the followup audit held at TENEPA's offices
(Berkeley, California) on August 17-20, 1987, The staff's findings are pro-
vided in Section 4,2.1 of this supplement.

B.2 NRC INSPECTIOM REPORT 50-445/82-26;50-446/82-14

The following open and/or unresoived items were identified in the piping and
pipe support disciplinas by the special irspection team (SIT) ir Imspection
rers .t 50-445/82-26, 50-446/82-14, Resolution of these items was addressed ir
At. davit cf W, Paul Cher on Open Items helating to Walsh’Doyie Concerns,
dated October 14, 1983, The niping and pipe supports of concern are beinc
reevaluated during the design validation of all ASME Code Section 111, Class 2
and 3 piping and all ASME Secticn Ill, Class 1, Z, and 3 pipe supports. The
design validation is being onrducted under the TU Electric Corrective Action
Program (CAP) for design., The staff's evaluation of actions to be taken under
the CAP that pertain the the resolitions of the piping and pipe support oper
items in the abave NRC inspection report follows.
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8.2.1 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
been or were to be taken to modify these supports 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 mcdifications was to he accomp'ished during followup
inspections as part of NRC staff construction inspections and was identified as
ar npen item,

Evaluation

The need for such verificztion to ensure that modified supports would perform
their intendec czfety functions no longer exists because all piping and pipe
supports are being requalifiec¢ by SWEC. The three modifications previously
described for non-rigid box frame instability have been deleted or revisec.
The staff's evaluation of the resolutions to the instability of pipe supports
is provided in Appencix A to this supplement (Secticn 4).

£.2.2 Open ltem 50-445822€-5 (Closed)

Differential thermal expansion .ffects betveen the insulated main <team pipe
and the uninsulated structural steel support structure were rot included in
the local stress evaluations for sunport MS-1-003-009-C72K.

Evaluation

The preject status report for large bore piping and pipe supports (piping FSR)
describes the resolution of the cesign- and hardware-related fssues related
to CPSES large bove piping and pipe supports. These issues include local
stress in piping (Subappercix AZ to piping PSR). This issue concerns local
stresses resulting from relative displacements between piping and pipe
supports.

Resolution of this .s:u2 requires in part that the desion verificetion for
inteqral welded attachments include stresses in the pipe trunnigns and suprort
structures resultina from the restraint of radial thermal expans.on of the pipe
at supports with inteoral welded oppesed trunnions, Design ,cvification pro-
cedures for these strecces are defined in Paragraph 4,6.4 of SWEC Comanche

Peak Proiect Procedure CPPP-7, "Design Criteria for Fipe Stresc and Pipe
Supports”. Staff evaluations of the acceptability of the procedures of CPPF-7
tc resolve tnic issue are cocumented in Appendix A (Section 2.7 of this
supplement,

Accordingly, the staff finds that the procedures and criteria defired n
CPPP-7, Paragraph 4.€.4.1, as part of the TU Electric CAP are acceptable to
resolve the concerns of differential thermal expansion effects in pipe support
MS-1-103-008-C72K. This item is clesed.
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B.2.3 Open Item 50-446/8214-4 (Closed)

The allowable displacement and local stresses in the 1/2-inch diameter pipe
stub as shown in Component Modification Card No. 63568, Revision 3. ° * support
CC-2-008-709-A43K were exceeded during the service level C loading condition.

Evaluation

The piping PSR in Appendix A describes the resolution of the desfar and hard-
ware-related iscves related to pipe supperts. These iscues incluce External
Source Issues A5, "Pipe Sunport Generic Stiffness,” and A21, "Local Stres<s in
Pipe Support Members."

External Source Issue A5 concerns the adequacy of (1) the 1/16-inch deflec-
tion criterior for service level B loads and (2) the analyses fer verification
of compliarce with this 1/16-inch criterion. Resoluticr of this issue requires
replacement ¢f the 1/1f-inch deflection criterion by a minimum support
ctiffresc criterion. In particular, SWEC Procedure CPPP-7, Paragraph 4.3.2.2.7
requires that the stiffness of all ASME Code Section III, Class ? and 3 pipe
supports be assessed against the minimum acceptable values, Km, specified in
Tables 3.10.0-1 through 3.10,3 of CPPP-7, CP #-7, Paragraph 3.10.8 requires
that (1) 1f the calculated support stiffress is areater than the minimum
acceptable values, Km, the generic support stiffness, Ka. i5 to be used in the
pipe stress analysis and (2? if the calculated support stiffness is less than
Km, the calculated stiffress is to be used. Moreover, Paragraph 3.10.8 con-
tains provisions for the elimination of very soft supports. Guidelinec for the
evaluation of support stiffness are provided in Attachment 4-18, "Pipe Support
Stiffress Assessment," to CPPP-7,

External Source Issue A21 concerns loca) stresses in pipe supports. Resolution
of this issue as specified in CPPP-7, Paragraph 4 3.3.2, requires in part that
lecal stresses in plates in ASME Code Section 11i, Class 1, 2, and 3 'inear
type pipe supports that are attached to the ends of closed sections (pipe or
tube) that .re subject to normal and moment loads be analyzed by the method
specified in Attachment 4-15, "Design Procedure for Stiffered Trunnions and
Load Carrying End Plates" to CPPP-7,

Staff evaluations of the acceptability of the procedures in CPPP-7 %0 recolve
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 rescolve the ~on-
cerns related to exceedance of the allowe'le displacement and Tocal stresses
in the 1/2-inch plate shown in CMC No. 63568, Revision 3, for support
CC-2-008-709-A43K, This item is closed.

B.2.4 Urresolved Item 50-445/8226 and 5C-146/8214-5 ((losed)

The applicant agreed to provide a ctudy to demonstrate that supports iecigned
in accordance with their overall deflection guideline of 1/16-inch maximum de-
flection under the service level b loadinc condition will result ir supports
wi’ . stiffnesses that adequately conform with the generic values used 1n the
pipino stress analysis.
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Evaluation

The piping PSR, Appendix A, describes the resolution of the desiqn and
hardware-related issues related to CPSES large-bore pipine end 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
AS5.

Baced on the staff evaluation of the acceptablity ¢f the procedures of CPPP-7
to resolve External Source Issve A5 (see Open item 650-425/8214-4), this item
is closed.

B.2.& Unresolved Item No. 44¢/8226-7 (Closed)

The applicant agreed to perform a piping stress aralysis to ascess the effects
of the d‘fference between the generic and actual stiffnesses of pipe support
CC-1-107-008-E23R on the distribution of stressec in the supported pipine and
loads in the support sysiem. The actual stiffress for the support was one-
eighth the gener.c stiffness, typical for very soft supports.

Evaluation

The piping PSE, Appendir A, describes the resolution of the design and
hardware-related issues related to CFSES large-bore piping and pipe supports.
These issues include External Source Issuve A5, "Pipe Support Generic Stiff-
ness." As documented in the staff evaluation of Open Item 50-44G/8214-4,
CPPP-7 Paragraph 3.10.8 provides criteria for pipe support stiffness values te
be used in piping system stress analyses as well as quidelines for the elimina-
tion of very soft supports. Accordingly, the staff tinds the criteria and
guidelines to be acceptabie as discusced 1n Appendix A (Section 5.1) to this
supplement,

Based on the staff evaluation of the acceptability of the procedures of CPPP-7
to resclve External Source lscue AS (see Cpen ltem h(-445/8214-4), this item
is clesed,

B.3 NRC INSPECTION FEPORT 50-445/85-16; £0-446/85-13

B.3.1 Open Item 50-445/8516-0-03; 50-446/8513-0-03 (Closed)

In NRC Inspection Report F0-445/85-1€, 50-446/85-13, an open item was iden-
tified concerning the status of I1f Bulletin 79-14, "Seiemic Analyses for As-
Built Safety-Related Piping Systemec." This bulletin had been evaluaied by
TU Electric in 1983 and was clcsed. In the above inspection report, the NRC
inspector indicated that closure of IF Bulletin 79-14 was premature because
urder the CAP desian validation many of the pipirc and pipe suppert desiane
were beinc reanalized and modified and, therefore, the status of IE Bulletin
/9-14 was considered an open item.
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Evaluation

1E Bulletin 79-14 identifiec several pipira and pipe support at*ributes that
were to be included in an as-built walkdown inspection to ensure the validity
of the piping seismic analvses., The attributes were pipe run geometry; support
and restraint design, locations, ferction and ciearances (including floor and
wall penctration); and embedments (excluding those covered in IF Bulletin
79-04, PRevision ! to lE Bulletin 79-14 clarified that the actior items
applied to all safety-related piping 2{ inches in diameter and greater and tc
seismic Category | piping, reczrdless of size, which was dynamically analyzed
by computer,

Urder TU Electric's Corrective Action Program (CAP) all the attributes ircluded
in IE Bulletin 79-14 are reinspectecd or reviewec except for valve/operator
weights. VYalve weights were previously verified in the _PSES Valve Weighting
Program as described in a letter from R, Gary (TUGCO) to J. Collins (NRC) dated
December 3, 1982 (TXX-3597),

The staff reviewed various CPSES documents ipplicable to the CAP to determine
whether the attributes identified in IE Ru) etin 79-14 gre addrecsed. The
staff review finds that all cther IE Rulletin 79-14 attributes ére reinspected
or reviewed in con,urc*tion with the Post-Corstruction Hardware Validation
Program (PCHVP); Site Procedure CPSP-12 "As-Built Verification" (Revision 4);
or design validation in accordance vith CPPP-7, "Design Criteria for Pipe
Stress and Pipe Supporte." 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 includina the first anchor) that ic¢ included in
ASME Code Class 1, &, or 3 pipino stress aralysis packages and, thus, satisfies
the intent of IE Bulletin 79-14,

Based on our review of the PCHVP attribute matrix and Procedures CPSP-12 and
CPPF-7, the staff finds that the procedures provide an adequate program to
ensure that the as-built verification of safety-related piping ¢,stems is in
accordance with the recuirements of IE Bulletin 79-14, Contingent on ar
acceptable completion of the program for CPSES Units 1 and 2, the staff con-
cludes that the intent of 1E Bulletin 79-14 has been achieved for CPSES Units 1
and 2 and the item is closed.
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APPENDIX D

CHRUNQLOGY CF NRC STAFF MEETINGS AUD]TSS AND INSPECTIONS

Event

No. Date Description

K August 29-30-1985 NRC staff audit at office of Stone % 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 Comenche
Peak Prciect Procedure CPPP-5 ac-built
walkdown results,

3. October 25, 1985 NRC staff audit at SWEC office /NY) to

review status of SWEC requalification
program. CPPP-8 walkdown procedures, anc
small bcre piping approach,

4, Oct. 28-Nov. 1, 1985 NRC staff inspection at TERA Corporaticn
office (Rethesda, M) of scope validation
process and review of checklist development
(NRC Inspection Peport 50-445/85-17,
50-446/85-14),

8. Nov. 13-14, 1985 NRC staff audit at CPSES of the (uality

of Constructien and QA/QC Adequacy Proaran
sample reinspection of piping and pipe
support hardware.

6. Nov. J0-22, 1985 NRC staff audit at CPSES of the CPPP-8
walkdownresults,

Nov. 25, 1985 NRC staff aucit at SWEC office (NY) of the
seismic/ron-seismic piping interface.

8, Pec. 8, 1985 NRC staff audit at SWEC nffice (NY) of the

stetus of activities related to the piping
and pipe support requalificaticr program,

a, Jan, 27, 1986 NRC ctaff audit at SWEC office (NY) of the
ctatus of activities related to the piping
anc pipe support reoualification program,

10. Feb, 10, 1986 NRC staff audit at SWEC (Boston) of the
piping fluid transient aralysis.

11, Feb, 11-12, 1986 NRC staff audit at SWFC /Cherry H311) of
the resolutionc to piping generic technical
issues,
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APPENDIX E

L1ST OF COMANCHE PEAK PRCJECT PROCED''RES (CPPP'S) AND PROJECT MEMORAMDA (PM'S)

Comanche Peak Project Procedures

Procedure

No. Title

CPPP-1 Maracement Plan for Project Cuality (Fiping System Qualifice-
tion/Recualification)

CPPP-2 Project Organization Charts

CPPP-3 Document Control Procedure

CPPP-4 Project Records Management Procedure

CPPP-£ Field Walk Procedure - Iinit No, 1

CPPP-6 Pipe Strese/Support Requalificeétion Procedure - Unit Ko, )

CPPP=7 Desicrn Criteria for Pipe Stress and Pipe Sipports

CPPP-8 Pipino and Support System Encineering Walkdown Procedure

CPPP-§ Pipe Stress/Supporc As-Built Procedure - Unit No. ?

CPPP-10 Procecure for Review of Plant Cperating Moce Conditions

CFPP-11 Adminictrative Control of Calculations

CPPP-17 Cost and Schecdule Contrel Precedure

CPPF-14 Procedure for the Preparation ard Control of Proiect Procedures

CPPP-15 Sme11 Bore Stress/Support Requalification - U'nit No, 1

CPFF-16 Procecure for Stress Reports for Class 1 Piping Supports

CPPP-10 Procedure “or Evaluaticn of ERC Deviation Reports

(PPF-19 Procedure for Processing of Problem Reports and Initial Problem

Reports
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Project Memoranda (PMs)

Procedure

_No. Title

PM-001 Pine Support Computer Procram Usage

PM-003 Pesign Information Reavest Procedure

PM-016 Qualification of Two (2) Bolt Base Plates

PM-02% Gang Hanger &nd Terminal Anchor Procedure - Unit 2

PM-039 Administrative Procedure for Qualifying kall-to-Wall, Floor-
to-Fleer, and Corner Pipe Supports

PM-050 Procedure to Adjust the Seismic Response Acceleratior frr
Valve Qualification

PM-051 Integral Welded Attachment (IWA) Task Group

PM-053 CPPP-7, Rev, 2, Sec. 3.6.4 (Eccential Systems)

PM-054 Profect Enginecering Assurance Engineer Responsibilitiec

PM-056 Simplified Method For Cualificatior of As-Byilt Small-Bere
Piping

PM-060 Revised Pad Liidth Requirements for Attachment 4-fA of CPPP-7

OM-061 Miematch SIFs

PM-062 Calculation of Support Loads for Non-Nuclear Safety Felated
Piping Attached to ar 7SME 111 Suppcrt

PM-NE3 Pipe Support Clecrance Requirements

PM-07 L Lesign Conciderations for E-Systems ani Western Piping “tiff
Clampe Used on Main Steam and Feedwate~ FPiping

PM-091 Prahblem Boundary Medifications

PM-097 Pipe Support W- dec Tube Stee! Joints

PM-103 Alloweble Valve Accelerations

Pr-106 Proposed Modification Reports

PM-115 Code Case h318-2 and N413 Usage

PM-119 Allowable Strecs Range tor Expansien Stresces SA
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PMs (Contirued)

Procedure

No. Title

PM-121 Loads and Movements Peauired To Be Shown on Pipe Support
Drawings

PM-126 SA, P¥, and PSC - Menos

PM-127 Reflective-Type Insulation Remeva® for Frame-Type Pipe
Support/Penetration

PM-128 10 CFR 50.55(e) Recommendation/Evaluation Precedures

PM-131 External Tranepittals of Requalification Results

P¥-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 Transmittels

Fr-137 Wall Thinning Criteria

PM-138 Dyremic Analyses of Fluid Trensient Loading

Ph-139 Procedure for Evaluating Pipe Local Stresses at Stiff Clamp
Supports

PM-14C Flare Bevel Croove Welds

PH-141 Unequal Shear Loading Effect on Richmond Inserts and Threaded
Feds Used in Conjunctior with Tube Steel

PM-142 Errata te Project Procedure CPPP-7, Rev. 3

PM-143 SIFs for Mon-Bonney Forne Fittings

PM- 144 Desian of Welds for ITT Grinne: Rear Rrackets

PM-145 Pipe Support Modification Procedure Large Eore Effort -
Unit ¢

PM-146 The Use of Galvanized Nuts on CPSES

PM-147 Supplemental Requirements for Hilti Bolts Used Vith Interface
Anchors

PM-148 Effect of Concrete Topping on Hilti Edge Distance
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PMs (Continryed)

Procedure

No. Title

PM-149 Unit 1 - Gang Hanger and Terminzl Anchor Procedure Impacting
Small Bore Supports

PM-150 Minimum Weld Size for Non-ASME Welds

PM-151 PSAP RELAP 5, and REFIPE,SCAP, ard ETA Computer Programe

PM-152 Matural Frequencies of Safety-Pelated Flexihle Valves

PM-153 Urit 1 - Site Prccessing of Recualification Results

P¥-154 Axia) Restraints Lith Lugs

PM-155 SIF Evaluation of Brarch Connections

PM-156 Nonsafety-Pelated Flexible Meta! Kose Interface Loads

PM-167 Rreak/Crack Postulation, Pipe Stress Analycis, and Pipe
Qualification Requirements for Clase 5 High and Moderate
Enercy Lines - Units 1 and ?

PM-159 Local Stress Evaluatiun of Welded Pracket Cornections

PM-1€0 Pedition to Record Claseification Ccce List (RCCL)

PM-161 Evaluation of Tornaco Missile Fifect on Piping System

FM-162 Circu’ar Trunnicn Attachments to Elbows

PM-163 CFPP-7 Fiping ard Pipe Supports Code Applicability Changes

PM-164 Overall Fina! kssessment Review of Piping Systems

PM-165 Screenire Procedure - Fluid Transient Cutoff Loads

FM-1€6 Pipe Stress and Suppert System Review Checklist

PM-167 Use of Computer Program PITRIFE (ME-211)
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PMs (Continued)

Procedure

Mo. Title

PM- 1728 Procedure for Evaluatior of Welds Eetween Nonintegral Pads &
Piping

PM-189 Minimum Required Pipe Wall Thickness

PM-190 Shear Lug Analveis

Fr.181 Calculation Index

PM-192 Document Transmittal to TU Electric's Automatic Records Marn-
agement System (ARMS)

PM-193 Valve Acceleration and Valve Nozzle Load Fvaluation for 2-in.
ancd Smaller Pockwell Valves (MS-20A.1)

PM-194 Contreolled Incex of Vendor-Suppliec Farts From E-Systems,
Wectern Piping and Pacific Scientific

PM-195% CPPP-11 Corrections

PM-196 Small Bore Nozzle Load Criteria for Westinghcuse-Supplied
Auxiliiry Heat Exchangers

PM-197 PROP/TMS Validaticn in Relatior te System Validation by
SWEC-CAP-Unit 1

PM-19¢ fmall Bore Piping Nozzle Loads for Westinghcuse-Supplied
Auyiliary Pump

PM-200 Controlled Irdex of Vendor-Suppliecd Parts from 17T Grinne!
Corporation

FM-201 Valve Operator Support Claseificaticn

PM.207 Clarificatinn of CPPP-22, Rev. O

PM-203 Clarification for CPPP-7, Attachment 4-10, Cesign Methods for
Interface Anchors

PM-204 SIF for inward Tepered Transition Jointe

PM-206 Fillet Weld Size Equivalency, A*tachment 4-2, CPPP.7

-206 Take-Out Dinension for F-Type Springs
M- 207 Revision to Table 1 of Attachment 4-21 of CPPP-7, Revision 3
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"Ms (Contirued)

Procedure

Ko Title

PM-208 Location of Equipment Nezzle Load Allowables for Vestinghcuse
Equipment _

PM-200 Clarificatior cf Westinghouse D-Specification G-679150

PM-211 Cross-Configuretion Supports

PM-212 Moderate and High Energy Line 1ists

PM.213 Revisirn to Section 4,1 of CPFP-15

PM-214 Clarificaticr of Evaluations for CT &nd SI Systems Supports

PM-215 Penetratior Sleeve Seals Analytical Modelirg

PM-216 Local Pipe Stresses Duc to Pipe Throuoh Pipe, Pipe Through
Tube Steel, or Pipe Thraugh Piate Anchors

PM-217 Piping Classification €

PM-218 Limitation for the Use of Attachment 4-6A to CPPP-7

FM-219 SIF at Pipe Mismatch

PM-220 Calculatior. Submittal to TU Electric Interim Calculation
File (TICF)

Fr-221 Seismic Category I1 PSAS Evaluation

PM-222 Seismic Category 11 PSAS Evaluation

PM-223 Procedure for Evaluation of Local Pipe Stress Due to Dual
Trunnion Anchors

PM-224 Final Embedrent Depth for Urilled-In Expansion Type Concrete
Anchors

PM-225 Procedure for Calculating Incdices and Distribution

PM-226 Clarification to CPPP.7

PM-227 Options Peview Committee (ORC)

PM-228 Criteria for Class ) Small Bere Pipe Stress Analysis

PM-229 Butt Weld Piping Connection Distortion Criteria
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APPENDIX F
CYGNA HEARING ISSUES RELATED TC PIPING AND PIPE SUPPORTS

Durira the Februarg 20-24, 1984 Atomic Safety and Licensing Board (ASLE]
hearirg sessions, Board Exhibit No. 1, “Independent Acsessment Program Fina!
Report," Volumes 1 and 2, prepared by CYGNA Enerqy Services (CYGNA? wee intro-
duced. At the conclusion of the February 1984 hearings, a set of 20 written
crosc-examination questione were submitted to CYGNA by witnesses, J. Doyle ard
M. Walsh for the intervenor, Citizens Association for Sound Energy (CASE).
CYGNA developed its resporses ond adopted those responses as its prefiled
testimony entitled "Testimony of Nanci H. Williams in Response to CASE
Questions of February 22, 1984 to CYGNA Enern. Services," dated April 1, 1984
(Testimony of N. H, Williams). CYGNA's Independent Assessment Program and its
prefiled testimony on the 30 CASE guestions were used as the subject matter for
litigation during the April 24-27, 19824 and May 1-3, 1984 hearing sessions.

The staff evaluation included in this appendix addresses those 23 questions
that concern piping and pipe support desion. The remaining seven ouestions
relate tc cable tray ard cable tray support decign ana wili be addressed in a
separate safety evaluation report,

The 72 cuestions 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 from *he hearinge, and the staff evaluation of the
issue with respect to the SWEC design validetion are provided under each
hearing issue.

(1Y U-Bolt Cinching
[CASE Cuestion: [loyle #1)*

The cencern raisec by CASE releted to the acequacy of cinched-up U-bolts and
their beinc

(a) not in compliance with Cyana criteria

(b) not ir complierce with NRC criteria

(c) stresses of unknown quality due to pre-stress, thermal, and cesign loade,
(d) effects on pipe not shown on calculatiors, and

(e) not in complicree with Pozrc Notification BN-82-105A

CYCNA's pretiled testimcny stated thet Sectior #4.1.2 of its pipe support review
criteric adaoressed the need for caps to accommodate pipe radial exparsion and
construction telerances, These criteria were not intended te apply to clamps

*The descriptor for CASE questions correspond to the numerical listing of the
cross-exanination questions rrevided by CASE (J. Doyle and M, Walsh) to CYGNA
on February 77, 1984 (Attachment 1 to “ectimony of N. K, Williame),
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Staff Fvaluation

American Welding Society (AWS) D1.1, Section 10.5 specifically addresses
stepped tube conrections and the evaluation of tube wall capacity “or punching

shear and wa'! crippling.

keference 1 to the AWS D1.1, "Commentary on Structural Welding Code - Steel,”
i¢ a paper by P. K. Marshall and A, S. Toprac entitled, "Basis for Tubular
Joint Design,” Weldino Journal, Welding Research Suppiement (May 1974), The
purpose of the refcrence peper was to document the background data underlying
the criteria in AWS D1.1, Section 10, and to enable potertial desicners of
other classes of tubular structures (~ther than fixed offshore platforms) to
evaluate the suitability of the criteria for their particular application,

The peper states that, "for relatively stocky chord members - thickness greater
than 77 cf the diameter or 'gamma' less than 7 - the joints may be sai¢ to have
2 100% punchirg shear efficiency, in the sense that the shear strength of the
material 1s 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 were developed primerily for tubular structures where
the chord thinness ratio (R/t) or gamma is sianifican‘ly greater than 8 The
tube steel sizes used at CPSES are typicallv less than or equal tc £, Unless
the tube steel carma ratic is qreater than 8 the staff conclucdes that reduced
punching shear effects need not be considered. When the chord thinness ratio
is equal to 8, there is a potential unconservatism of approximatelv 10 percent.
The tube steel in the support evaluated by CYCNA and as it currentl: exists
under the SWEC design validation has a gamma ratio ecua'® to 6 and, thue, a
purching shear reduction is not applicable,

The staff evaluation orf the generic implicatiors regarding punching shear in
tube steel fcr the CPSES Units 1 and T ¢ provided in Appendiy £ (Sectior £.6)
te this supplenent,

(3) Dead Weight of Pipe Supports
St Duestion: Doyle #3)

The concern rafced by CASE wes that deac weight of structures was rot included
in the support calculations, CYCNA's prefiled testimony indicatcc that the
dead load of the pipe support itself ic generally much smaller then piping
Yoads for which the suppcrt is desigred. In the April 1984 hearings, CYCMA
clarifiec that for large structures the dead weight should be included in the
calculation. but for smail structures such as the pipe supports in the resicual
heat remcval (RHR) system, it is reasonable to neglect it (Tr, 12,506). For
two supports reviewed by Cygna, it was shown that the percertoges of the total
cupport weights to the cesian leads were 4 percent and ? percent.

Staff Fvaluation

The staff evaluation of the cereric implications at (PSES regarding dead weight
loads of pipe supports for the CPSES Unite 1 and 2 is provided in Aprerdix A

(Sectier 19.1) to this supplement,
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{4) Pipe Surport Mass Effects on Pipe Stress
!CE§E Questicn: Doyle #4)

CASE raised a concern regarding the effect of pipe support masses or the piping
stress analysic. CYGNA'e prefiled testimony stated that stendard industry
practice is to not include support masses in the piping anelysis., Fn analyti-
cal evaluatior performed by CYGNA that included 1€ supports modeled in a piping
run showed that support masse< Fad a negligible effect on piping :tresses.

Staff Evaluation

The staff evaluation of the generic implicaticns related to effect of the sup-
port mass effects cr pipe stress for CPSES Units 1 ard 2 is provided in Appen-
diy A [Section 15.1) tc thic supplement,

(5) Stebility ¢f Pipe Supports
(CASE Guestion: Lovlie #5)

CASE raiced a question regarding the stability of column supports with pinned
end conrections., The prefiled testimony nrcvided by CYNGA addrecced the in-
stability of vaerious residual heat removal supporte with respect to rigid bedy
modec of instability, Euler column bucklira, and beam-column effects,

During the Apri' 1004 hearings, the corcept of "instability" was discussed

in @ different context than that addrecsed in the CYCGNA prefiled testimony.
(Tr, 12,616-12,652), The concert of a "kick" load was identified by CASE as
that load which i< developed as a result of 2 skewed support. The skew is
caused bv the support angular irstallation toierance of +5° from the design
drawings. For the particu’ar support discussed (CASE Exhibit 922, ff.Tr,
12.903?. a 19 kip loac with a 3° offset from its analyzed position would result
in approximetely 1000 pounds which i¢ not considered in the piping system an-
alysis. This 1000-pourd load was referred to as & "kick" lpad and it was
alleged that the kick load can result in instebiiity downstream (Tr, 12,621),
CYCNA's response was that ore must evaluate the system as a whole (Tr, 12,622),
The Board cuestions the validity of neglecting the effects of a +5° tolerance
for pipe supports that CYCNA had acc .te! per their engineerine 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, cpecificelly, as appli-
cable to the support in CASE Exhibit 928 (Tr. 12,651).

Staff Evaluation

The svstem instability resultina from kick loads is not explicitly covered by
the ASME Code rules for piping svetems but is generally reviewed by piping de-
sioners utilizina good engineering practice. ESME Code, Section III, dces pro-
vide general design rules for the lvading conditions to be taken in desioring
pipine systems in Paracraphs NB/NC/ND-3111 ard NB/NC/ND-3622; but the Code is
net & handbook and the consideration of the overall stability of piping systems
relies on the implementation cf prudent engineering design practices in con-
junction with the ergineer's education, experience, and sound engineerine
judgment,
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(1<) Moment Restvaining Eftects of Dual Supports
[CASE Question: CLoyle #17)

Durire the April 24-27, 1984 bearings cr the CYGNA irdependent Assessment
Proqram, a substantial amount cf discussion focuses ar the subject of modelire
used in piping ¢tress analyses for dual restraints which act in the axial
direction o€ the pipe. (See Tr. at 12,767-12,79€¢, 12,851, 12,081-13,082,
13,105-13,107, and 12,124). 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 axia' restraints as a sing'e #xial restraint, The sunport
load from the single axial restraint was assumed tc have ar ecual (50/5C) load
gistributicr for the design of the dial restraints and each restraint wac sized
to halt the load. The concern was that in addition to an axial load, there
could be a moment in the pipire system that could intreduce a moment couple
into the twe axial restrzints that was not considered and could result in
hicher restraint loads.

CYGNA evaluated the problem and corcluded that the modeling used by Githke &
Hi11, which assumed & single axia) restrairi 15 an accepteble technique, and
+hat a mode) assuming two restraints parallel to each other ard connected to
the pipe is an alterrative technigue - not necessarily better or more 2ccurate
(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
distribution of loads on the twc restraints, CYGNA had Gibbs & Hill rerun
the pipine aralysis with the dual snubbers modeled as a sincle restraint (per
the original amalysic) and as a dua) restraint for comparative purposes.
CYGNA found that the support lcads increased while the pipina stress and
equipment nozzle loads decreased (Tr., 17,769).

The support lead ircrcased from 1328 pourds to 3933 pounds. The rated load
capacity for the snubber wes '500 pounds (Pacific Scientific PSA-1). The Board
recomrended that the staff advice it on the reed for further reanalysis when
the Staff provides its testimony (Tr. 12,107),

Staff Evaluation

Tte specific support discussed in the LYGNA hearines with respect to this issue
was support RH-1-010-004-S22K. This support has subsequently been deleted and
no longer exists at CPSES. Thus, the specific concerns identifiec with this
support are not relevant to CPSES,

The staff evaluation of the generic implications regarding du?l snubbers acting

as moment restrairts for CPSES Units 1 and 2 is prcvided in Appendix A (Section
12.1) to this supplemert,
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(13) Pipe Support Generic Stiffness
(ngf Guestion: Dovie #13)

CASE raised a concern regardinc CYGNA's evaluation of the qeneric stiffness
vaiues usec in pipino analysis for the modeling of pipe supports. In fts
prefiled testimony, CYCNA explairec that the use of generic stiffnesses was
raised ac a potential problem bu* was not pursued becauce the issue hac been
addressed in the SIT report, Accordiroly, CYGNA recorded the petential de-
ficiency on the appropriate checklist ard deferred to the staff evaluation
in the SIT repert,

Staff Evaluation

The staff evaluation of the generic implications regarding pipe support generic
stitfress values used in pipirc analysis for CPSES Units 1 and 2 is provided
in Appendix A (Section 5,1) to this supplement.

(14) Local Flexit:ility of Pipe Support Members
(CASE Cuestion: Toyle #14)

The cuestion raised by CASE was relatec to CYGNA's review consideration cf

(a) the cffect of support stiffress on the evaluatior of self-weight excita-
tion and (b) the “lexibility ¢f each elemert in the support load path. CYGNA's
pretiled testimony addressed two considerations of the effect of support
stiffress on self-weight excitation.

(1) the influence of the support stiffrese relative to an approvimate method
used tc estimate the natural ifrequency of the system

—
o
s

tke influence of support stiffness relative to the determination of
suppert stresses and deflectinns

For the tlexibility effects of each elerert in the support loac path, CYGNA
referred to its response in Doyle #12 which deferred to the S!T report for

11ts evaluatior of generic stiffrnesces, Furthermore, CYGNE c<tated that current
standard practice (state-of-the-art) is not to include baseplate stiffnesces
in calculating the overal) cypport stiffress and, thus, CYGNA (id rot consider
it reascrable fer ‘¢ to be a requirement at CPSES, In the April 1984 bearing,
CYGN!. rresented & cetailed explanation of the effect cf anchor bolts and
baseplates on the overall support stiffress (Tr, 12,065-12,P€7),

Staff Evaluation

The staff finds thet the technical discuscion by CYGNA at the Apri! 19g4
hearing deronstratec that the effect of non-linear qaps ard the flexibility

cf the suppert baseplate using Hiltd 2rchor bolts aid not siarificantly affect
the overall «tiffness oY pipe supports,

The statf evaluatior of the effect of aeneric stifiness, local flexibilities,

erd bolt hole naps at CPSES Units | and 7 is provided in Appendix A [Sectinns
£.1, 5.2, and 13.1) to this supplement.
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(16) Oversize Bolt Hole Etfects on Anchor Bolts
uestion: Cloyle #16)

CASE raised & concern regarding the acceptability of assumine that all bolts in
a baseplate equally tharing the shear loadirg when the bolts are acting as
beering-type connections. CYGNA's prefiled testimony provided a calculation
that demonstrated that for the worst case (a l-inch diameter bolt with a bolt
hele of 1 1/8 inch) at CPSES, the factor of safety in shear for & four-bolt
baseplate is reduced by only 4 percent. CYGNA concluded that for bolts com-
posed of a sufficiently ductile material, the ultimate shear capacity of the
four bolts in the baseplate will be achieved., During the April 1984 hearing
session, CYGNA explaired the loading for ancher bolts in baseplates (Tr.
12,856-12,87€) in respunse to CASE's cross-examination on CASE Questicn: Doyle
#14 and again on CASE Question: Dovle #16 (Tr, 12,£85-12,888), CASE cencluded
that its concern regardirc oversizea bolt holes wac eliminated (Tr, 12,888},
CYGNA Tater clarified the calculation for the four-bolt-baseplate pattern that
demonstrated the lced charine cepability o the bolte in shear.

(Tr. 13,622-13,628).

Staff Evaluation

It i¢ 2pparent to the staf‘ that the calculation performed by CYGNA assumed
that the four bolts were acting as & bearing cornection. The 1-inch bolt
diameter with a2 1/8-inch cversized hole was the cnly size identified by CYGNA
that wes not in compliarce with the 1974 ASME Code. The ceviation from the
Code was 1/16 irch, CYGNA's calculation provided a technical juestificaticrn for
the 1/16-inch deviation by demonstratina tha* the safety factor of & “or bolt
chear, previously used by applicarts for concrcte expansion anchor bolte dp
pipira support cesion, was reduced by only 4 percent. Thus, the Tactor of
safety for bolt shear was still greater than the factor of safety ¢f 4 required
per 'E Rulletin 79-02)., CYGNA's calru'ation used the test deta for a l-inch
diameter Hilt anchcr bolt embecdded in 4000 psi concrete.

The staff evaluation o7 the generic implicatiuns regardirg cversized bolt holes
for CPSES Unite 1 and ? i¢ ciscussed ir Appendir £ (Sections 12.1 and 26.1)
to this suvpplement.

(17) Effect of Two-Inch Toppin
(TETE Cuestion: CLoyle §[7i

CASE raised a questicn regarding the Z-inch topping that is provided for anchor
bolts on several pipe supporte., CYGNA's prefiled testimony statecd that the
installation procedures to determine the effective anchor bol't length did not
take crecit for the &-inch toppirc as structural concrete. CASE did not appear
tc have any further concerrs regardinc this issue at the Apri) 1004 hearing
seseion (Tr, 12,888).

Staff Evaluztion

The staff finds the trestment of the Z-inch toppina was adegyuately evaluated in
the CYONA review, The generic implications of this iccue is further addresced
in the Corrective Action Program for civil/structura) C/S desiar (see C/$
preiect status report - Subappendix All),
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