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1. 1 am a Vice President of Tenera, L.P., the Third
Party Organization which prepared the "Piping and Supports
Discipline Specific Action Plan" ("DSAP IX"), Rev. 2, June 18,
1987. Tenera also prepared the "Discipline Specific Results
Report: Piping and Supports," Rev. 1, August 27, 1987, under the
charter of the Comanche Peak Response Team ("CPRT") Program Plan.
I was the Review Team Leader witl the overall responsibility
within Tenera for the preparation of both DSAP IX and the
Discipline Specific Results Report: Piping and Supports. A

statement of my professional qualifications is attached.



2. The copies of DSAP IX Rev. 2, June 18, 1987 and

the Discipline Specific Results Report: Piping and Supports
Rev. 1, August 27, 1987 attached hereto are true and correct and
accurately describe the approach methodology, scope and results
of Tenera's overview of the piping and pipe support design

validation.

3. The matters set forth above are based on my
personal knowledge and are true and accurate to the best of my

knowledge and belief.

Subscribed and sworn to before me this /3 day of May,
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Notary Public
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My Commission expires on __ Comaisdee Explos Jely T, 1996
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Vice President

Education

M.S. Structural Engineering, Massachusetts Institute of
Technology

B.E. civil and Mechanical Engineering, Stevens Institute of
Technology

Summary of Experience

Mr. Levin has more than 15 years of engineering experience, 13
years of this experience in the coamercial nuclear field with
emphasis in nuclear plant design and construction, operating
reactor safety, licensing, project management, and federal
regulation. Mr. Levin's consulting activities have focused on the
development of improved methods for design and construction
verification, configuration management, project management and
licensing of nuclear facilities under construction and in opera-
tion. He has provided leadership to an engineering staffs of over
250 professionals and has had responsibility for annual budgets of
over $20M.

1981 ~ Present Vice President, TENERA, L.P. Responsible for
development and management of special projects
designed to solve complex engineering, quality and
safety problems associated with the design,
construction, licensing, and operations of power
plants. Responsibilities include supervision of
senior project managers, staffing and busines.
development.

Vice President, TERA Corporation and Vice
President TENERA Corporation. Responsible for
management of the engineering analysis,
geophvsics, and computational analysis divisions
within the Company's nuclear services subsidiary.
Responsibilities included direction of a large
staff of angineering professionals engaged in
multidisciplined consulting projects, ranging in
scope fiom the analysis and design of specific
nuclear plant features to full scope design and
construction verification of entire nuclear
facilities. 1In this capacity he has frequently
provided an interface with the NRC staff and has
served as an expert witness before the ASLB.
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1981 - Present

(Continued) Manager, Engineering, TERA Corporation.
Responsible for the management and implementation
of large engineering projects servicing nuclear
utility and other clients in areas including
engineering mechanics, probabilistic risk
assessment, equipment qualification, seismic
hazards analycis, systems analysis, and licensing.

1876 = 1981 mechnical Assistant to the Director, Division of
Engineering, NRC. Responsible for the development
of policies and programs related to the technical
review of license applications and operating
reactor safety. 2dministered technical activities
in the areas of mechanical, equipment
qualification, structural, materials, chemical,
hydrological, geotechnical, earthquake and
envirormental engineering. Represented the
Director and provided testimiony before thre NRC,
ACRS, »SLB, public hearings and industry meetings,
presenting and justifying technical analyses and
evaluations.

Program Manager, Systematic Evaluation Program,
NRC. Kesponsible for management of the SEP
structural, mechanical, and seismic safety review
of older operating reactors. Responsibilities
included the development of program goals, scope,
technical criteria, budget and scheduling.

Senior Engineer, NRC. Responsible for the review
of Safety Analysis Report information pertaining
to complex structural, sechanical and materials
issues related to all operating power and research
reactor facilities. Coordinated technical assist-
ance programs; prepared licensing criteria
documents, codes and standards; documented ana
presented safety analyses and evaluations
supporting licensing actions.

1974 - 1976 Structural Engineer, Stone and Webster Engineering
Corporation. Responsible for the analysis and
design of nuclear power plant structures, systens
and components for normal and extreme loading
conditions. Specific experience included dynamic
analysis and design of structures, pipe rupture
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1974 - 1976

(Continued) restraints, pipe stress analysis, major egquipment
supports, liners and conceptual layout and design.
Developed new design concepts for prestressed
concrete containment structures.

1972 - 1974 Held engineering positions with Slattery
Associates and Hercules, Inc. Responsible for
design of structural systems used in construction
of bridges, subways, sewage plants, and process
chemical plants. 1In charge of field surveying
tean.

Professional Affiljations

American Society of Civil Engineers
Member, Dynamic Analysis Committee
Chairman, Subgroup on Design and Construction Errors
Member, Subgroup on Uses of Seismic Probabilistic Risk
Assessment in the Design Process, Working Group on Seismic
Probabilistic Risk
Member, Working Group on Impact Loadings

Honors and Publications

Sigma Xi Scientific Honorary

Tau Beta Pi Engineering Honorary
M.I.T. Engineering Resident Fellowship
U.S. Naval Academy Appointment

Moles Heavy Construction Award
outstanding Young Men of America

Selected Technical Papers and Publications

Prestressed Concrete Containments for Nuclear Power Plants;
Operating Experience with Snubbers; Fracture Toughness and
Lamellear Tearing of Component Suppcrts; Equipment Response at the
El Centro Steam Plant During the October 15, 1979, Imperial Valley
Earthquake; Seismic Review of Operating Plants, Systematic
Evaluation Program Seisrmic Review; Evaluation of Existing Nuclear
Power Plant Facilities for Postulated Heavy Load Drop Consequence. ;
Seismic Design Guidelines for Existing Nuclear Power Facilities in
Light of an Expanding Data Base of Knowledge; Structural Evaluation
of an Operating Floor Subjected to Postulated Heavy Load Drops!
Assurance of Quality: An Approach to Design and Construction
Verification.
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EXECUTIVE SUMMARY

This Project Status Report (PSR) summarizes the systematic validation process
for safety-related large bore piping (larger than 2 in. nominal pipe size) and
pipe supports implemented by Stone & Webster Engineering Corporation = Pipe
Stress Analysis and Support Project (SWEC-PSAS) at Comanche Peak Steam Electric
Station (CPSES) Unit 1 and Common'. This Project Status Report (PSR) presents
the results of the design validation and describes the Post-Construction Hard-
ware Validation Program (PCHVP). SWEC-PSAS's activities were governed by the
TU Electric Corrective Action Program (CAP) which required SWEC-PSAS to:

i, Establish a consistent set of CPSES safety-related piping and pipe
support design criteria that complies with the CPSES licensing
commitments.

& Produce a set of design control procedures that assures compliance

with the design criteria.

35 Evaluate systems, structures, and components, and direct the correc-
tive actions recommended by the Comanche Peak Response Team (CPRT)
and those determined by the Corrective Action Program (CAP) inves-
tigations to be necessary to demonstrate that systems, structures,
and components are in conformance with the design.

4. Assure that the validation resolves the piping-related design and
hardware issues identified by the Comanche Peak Response Team (CPRT),
external sources?, and the Corrective Action Program (CAP).

TCommon refers to areas in CPSES that contain both Unit 1 and Unit 2 sys-
tems, structures, and components

2External issues are issues identified by the following:

NRC Staff Special Review Team (SRT-NRC)

NRC Staff Special Inspection Team (SIT)

NRC Staff Construction Appraisal Team (CAT)
Citizens Association for Sound Energy (CASE)
Atomic Safety and Licensing Board (ASLB)

NRC Region IV Inspection Reports

NRC Staff Technical Review Team (TRT) [SSERs 7-11])
CYGNA Independent Assessment Program (IAP)

Comanche Peak Response Team (CPRT) issues are issues identified by the
following:

CPRT Design Adequacy Program (DAP)
CPRT Quality of Construction Program (QOC)

iv



Validate that the design of safety-related piping systems 15 1n
formance with the licensing commitments and that the installed
ware is in conformance with the validated design.

Produce a set of consistent and validated design documentation

A consistent set of design criteria for CPSES safety-related piping and pipe
supports has been developed and used by SWEC-PSAS for the design validation
process This set of design criteria and methodologies is in conformance with
the CPSES licensing commitments It has been independently and extensively
reviewed and was accepted by Comanche Peak Response Team (CPRT) and by CYGNA
Energy Services (CYGNA).

SWEC-PSAS established design control procedures to implement the design cri-
teria and methodologies described above, and to govern the work flow and
technical interfaces with other disciplines, for both the design and hardware
validation processes. These procedures specify the processes (such as the
validation of piping system inputs, piping and pipe support checklists, docu-
mentation control, nd final reconciliation) that have been implemented
throughout the safety-related large bore piping and pipe supports (orrective
Action Program (CA!

SWEC-PSAS has performed analyses to validate the design of as-built CPSES
Uni and Common safety-related large bore piping and pipe supports®. The

pipe stress analysis packages*
appt nately 12,020 pipe supports The as-built hardware for safety-related
larg ore piping and )e supports is being validated to the design by the
Post-Construction Hardware Validation Program (PCHVF

results » documented 1in 84 that contain

Methodologies have been incorporated into the SWEC-PSAS design criteria and the
Post-Const ion Hardware Validation Program (PCHVP) implementation procedures
which h solved the piping-related design and hardware issues identified by
the Coman » Peak Response Team (CPRT), external sources, and the Corrective
Action Program (CAP). Consequently, the validated design of the CPSES safety-
related large bore pipe and pipe supports has resolved these piping-related

i1s§SuUes

The Post-Construction Hardware Validation Program (PCHVF) assures that
safety-related large bore piping and pipe supports are installed in confor-

“Analysis of he ASME Sec n 111 Reference 2 Code
Corrective Action F rar Al s pe 'med by Westinghouse
the analysis of he ASME Secti [] » Class pipe Supp
the ASME Sect 1 111 de Class d 3 1g and pipe supports

stress anal
engineeri




mance with the validated design. SWEC-PSAS has reviewed and revised the CPSES
piping-related installation specifications, construction procedures, and
reviewed quality control imspection procedures to assure that the validated
design requirements are implemented The Post-Construction Hardware Validation
Program (PCHVP) for safety-related large bore piping and pipe supports, 1in-
cluding the inspections, engineering walkdowns and evaluations, implemeats the
corrective actions recommended by the Comanche Peak Response Team (CPRT), as
well as those tequired by Corrective Action Program (CAP) investigations.

SWEC-PSAS will provide TU Electric a complete set of validated design documen-
tation for CPSES safety-related large bore piping and pipe supports, including
the pipe stress and pipe support calculations, drawings, and interface disci-
pline transmittals This documentation, in conjunction with the updated speci-
fications and procedures, can provide the basis for CPSES configuration con=
trol® to facilitate maintenance and operation throughout the life of the plant.

In-depth quality and technical audits have been performed by SWEC Quality
Assurance, TU Electric Quality Assurance, and the independent Engineering
Functional Evaluations (EFE These audits, in addition to the third party
overview performed by TENERA, L.P (TERA) for Comanche Peak Response Team
(CPRT) assured that the SWEC-PSAS procedures and the established design
criteria complied with the licensing commitments

The Unit 1 and Common safety-related large bore piping and pipe supports Cor-
redtive Action Program (CAP) validates that:

. The design of the large bore piping and pipe supports complies with
the CPSES licensing commitments

The as-built safety-related large bore piping and supports comply
with the validated design

The large bore piping and pipe supports comply with the CPSES licens-
ing commitments ill perform their safety-related functions

s < S
Configuration cont ystem to assure that the design and hardware

remain in compliance with licensing commitments throughout the life of the
plant
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1.0 INTRODUCTION

In October 1984, TU Electric established the Comanche Peak Response Team (CPRT)
to evaluate issues that have been raised at CPSES and to prepare & plan for
resolving those issues. The Comanche Peak Respcnse Team (CPRT) program plan
was developed and submitted to the NRC.

In mid-1986, TU Electric performed a qualitative and quantitative review of the
preliminary results of the Comanche Peak Response Team (CPRT) (References 80
and 81). This review identified that the Comanche Peak ..esponse Team (CPRT)
issues were very broad in scope and included each discipline. TU Electric
decided that the appropriate method to correct the issues raised and to identi-
fy and correct any other issues thal potentially existed at CPSES would be
through one integrated program rather than a separate program for each issue.
TU Electric decided to initiate a comprehensive Corrective Action Program (CAP%
(Reference 49) to validate the entirety of CPSES safety-related designs.‘,

The scope of the Corrective Action Program (CAP) has the following objectives:

. Demonstrate that the design of safety-related systems, structures and
components complies with licensing commitments.

. Demonstrate that the existing systems, structures and components are
in compliance with the design; or develop modifications which will
bring systems, structures, and components into compliance with

design.

. Develop procedures, an organizational plan, and documentation to
maintain compliance with licensing commitments throughout the life of
CPSES.

The Corrective Action Program (CAP) is thus a comprehensive program to validate
both the design and the hardware at CPSES, including resolution of specific
Comanche Peak Response Team (CPRT) and external issues.

TPortions of selected nonsafety-related systems, structures and components are
included in the Corrective Action Program (CAP). These are Seismic Cate-
gory 11 systems, structures and components, and Fire Protection Systems.

2Nuclear Steam Supply System (NSSS) des.gn and vendor hardware design and

their respective QA/QC programs are reviewed by the NRC independently of
CPSES, and are not included in the Corrective Action Program (CAP) as noted in
SSER 13; however, the desigo interface 1is validated by the CAP.

1-1



TU Electric contracted and provided overall management to Stone & Webster Engi-
peering Corporation (SWEC), Ebasco Se.vices Incorporated {Ebasco), and Impell
Corporation (Impell) to implement the Corrective Action Program (CAP) and di-
vided the CAP into eleven disciplines as follows:

Discipline Responsiole Contractor
Mechanical SWEC
-Systems Interaction Ebasco
=Fire Protection Impell
Civil/Structural SWEC
Electrical SWEC
Instrumentation & Control SWEC
Large Bore Piping and Pipe SWEC-PSAS
Supports
Cable Tray and Cable Tray Hangers Ebasco/Impell
Conduit Supports Trains A,B, & C >2" Ebasco
Conduit Supports Train C < 2" Impell
Small Bore Piping and Pipe Supports SWZC-PSAS
Heating, Ventilating, and Air Ebasco
Conditioning (KVAC)
Equipment Qualification .apell

A Design Basis Consolidation Program (DBCP) /Referenc 30) was developed to
define the methodolog” by which SWEC-Pipe Stress and Support Project (SWEC-
PSAS) performed the design and hardware validation. The approach of this DBCP
is consistent with other contractors' efforts and produ..s.

The design validation portion of the Corrective Action Program (CAP) identified
the design-related licensing commitments. The design criteria were developed
from the licensing commitments and consolidated in the Design Basis Documents
(DBDs) (References 1, 2, 3, 61, and 62). The DBDs identify the design criteria
for the design validation effort. If the existing design did not satisfy the
design criteria, it was modified to satisfy the criteria. The design valida-
tion effort for each of the eleven Corrective Action Program (CAP) disciplines
is documented in Design Validation Packages (DVPs). The Design Validation
Packages (DVPs) provide the docuwented assurance (e.g., calculations and draw-
ings) that the validated desigu meets the licensing commitments, including res-
olution of all Comanche Peak Response Team (CPRT) and external issues.

The design validation effort revised the installation specifications to reflect
the validated design requirements. The validated installation specifications
also contain the inspection requirements necessary to assure that the as-built
hardware complies with the validated design.

The hardware validation pcrtion of the Corrective Action Program (CAP) is im-
plemented by the Post-Construction Hardware Validation Program (PCHVP), which
demonstrates that existing systems, structures, and components are in compli~-
ance with the installation specifications (validated design), including the
podifications that are necessary to bring the hardware into compliance with the
validated design.
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The results of the performance of the Corrective Action Program (CAP) for each
discipline are described in a Project Status Report (PSR). This Project Status
Report (PSR) describes the results for the Large Bore Piping and Pipe
Supports = Corrective Action Program (CAP).

SWEC-PSAS performed a comprehensive design validation of safety-related large
bore piping and pipe supports for Comanche Peak Steam Electric Station (CPSES)
in order to demonstrate that the design of piping systems and supports complies
with licensing commitments, and is performing the Post-Construction Hardware
Validation Program (PCHVP) to demonstrate that the as-built piping and pipe
supports comply with the validated design. SWEC-PSAS was initially contracted
by TU Electric in 1985 to validate large bore piping ard pipe supports at
CPSES. When the TU Electric Corrective Action Progr.m was created in 1986, it
incorporated and expanded the existing SWEC-PSAS program. The validation pro=
cess is conduct~d in sccordance with the Piping - Design Basis Consolidation
Program (Piping-DBCP), which controls implementation of the piping portion of
the TL Electric Corrective Action Program (CAP). The Large Bore Piping and
Pipe Support Corrective Action Program (CAP) encomrassed the Comanche Peak
Response Team Action Plan DSAP IX, Piping and Pipe Supports Discipline Specific
Action Plan (CPRT-DSAP IX) (Reference 4). The Piping and Pipe Supports -
Corrective Artion Program (CAP), shown schematically in Figure 1-1, was
developed by SWEC-PSAS to implement the corrective actions for the large bore
piping and pipe supports discipline following the directions specified in the
TU Electric's Corrective Action Program (CAP). The design bases of the Large
Bore Piping and Pipe Support - Corrective Action Program (CAP) are contained
within a consolidated set of CPSES Design Basis Documents (DBDs) for safety-
related piping and pipe supports.

Validation of the CPSES large bore piping and pipe supports is accomplished by
pipe stress and pipe support analyses and implementation of requir~d field mod=-
ifications. The results and the methodology used in implementiug both the de-
sign and hardware-related validations for Unit 1 and Common large ore piping
and pipe supports are presented in this Project Status Report (PSK).

This Large Bore Piping and Pipe Supports Project Status Report (PSR) represents
a road map of the validation effort from the early stages of design criteria
development through the establishment and implementation of the detailed design
and design control procedures. The report traces the updating of design/
installation specifications, construction and Quality Control (QC) procedures,
the implementation of the Post-Construction Harlware Validation Program (PCHVP)
to validate the as-built piping and pipe support design, and the completion of
the Unit 1 and Comaon large bore pipe stress analysis packages and pipe support
calculations.
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2.0 PURPUSE

The purpose of this Project Status Report (PSR) is to demonstrate that the
safety-related large bore piping and pipe supports in Unit 1 and Common are in
conformance with the CPSES licensing commitments, satisfy the design criteria,
and will satisfactorily perform their safety-related functions.
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3.0 SCOPE
The scope of the Corrective Action Program (CAP) implemented for CPSES Unit 1
and Common large bore piping and pipe supports as summarized in this Project
Status Report (PSR) includes:
1. Seismic Category I}
. ASME Section III Code Class 2 and 3 piping and pipe supports.
. ASME Section 1IIl Code Class 1 pipe supports.
2. Seismic Category 112

. Piping and supports required to be included as extemnsions of a
Seismic Category I Pipe Stress Analysis Package.

. Piping and supports of high and moderate energy lines which are
computer analyzed (for break and crack postulation purposes).

. Other piping and supports, the failure of which could cause dam-
age to Seismic Category I structures, systems, or components.

The CPSES Piping and Pipe Supports Corrective Action Program (CAP) is shown
schematically in Figure 1-1 and discussed below. The program requires:

1. Establishment of large bore piping and pipe support design criteria
which comply with licensing commitments.

2. Development of the Design Basis Documents (DBDs) for CPSES large bore
piping and pipe supports, which contain the design criteria. These

TStructures, systems, and components that are designed and constructed to with-
stand the effects of the Safe Shutdown Earthquake (SSE) and remain functional
are designat’ * as Seismic Category I in accordance with the requirements of NRC
Regulatory Guide 1.29 (Reference 78). A.l ASME Section 111 Code Class 1, 2,
and 3 piping and pipe supports in CPSES are Seismic Category I.

2Those portions of structures, systems, or components whose continued function
is not required, but whose failure could reduce the functioning of any Seismic
Category 1 syster or component required to satisfy the requirements of Regu-
latory Guids 1.29 to an unacceptable safety level or could result in inca-
pacitating injury to occupa..:s of the control room, are designated Seismic
Category 11 and are desizned and constructed so that the Safe Shutdown Earth-
quake (SSE) would nmot cause such failure.
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Design Basis Documents (DBDs) provide the basis for corrective and
preventive actions through the life of the plant. These documents
also identify the updated design/installation specifications, Quality
Control (QC)/Construction procedures, and technical and design control
procedures used in the validation process.

3. Implementation of design and hardware validations, consisting of anal-
ysis, identification and implementation of necessary modifications,
and field verifications as identified in the Post-Construction Hard-
ware Validation Program (PCHVP). The as-built design of all large
bore piping and pipe supports is validated by Quality Control (QC)
inspections, engineering walkdowns, and ergineering evaluations.
Analysis results are documented in Large Bore Piping Design Validation
Packages (DVPs).

4. Resolution of the design and hardware-related issues of CPSES large
bore pipiag and pipe supports and implementation of a corrective ac-
tion plan for closure of these issues. These issues include external
issues, Comanche Peak Response Team (CPRT) issues, and issues identi-
fied during the performance of the Corrective Action Program (CAP)
(See Section 4.0).

9. The validated design documentation forms the basis for configuration
control of CPSES large bore piping and pipe supports. The validated
design documentation and updated procedures/specifications will be
provided to TU Electric to facilitate operation, maintenance, and fu-
ture modifications following issuance of an operating license.

Within Section 5.1, Section 5.1.1 describes the methodology by which the CPSES
licensing commitments were identified, the design criteria were established, and
toe procedures were developed These technical and design control procedures,
in ronjunction with the CPSES quality assurance procedures and design and in-
stallation specifications that were updated to meet the corrective actions for
large bore piping and supports, are consolidated in the CPSES Design Basis Docu-
ments (DBDs).

Section 5.1.2 describes the design validation process, including the calculation
input/output reviews and interface requirements with other disciplines, and the
preoperational testing program.

Section 5.1.3 descrites the Post-Construction Hardware Validation Program
(PCHVP) process and t.e procedures for field verifications (inspections, engi-
neering walkdowns, an' engineering evaluations) required to be implemented to
validate that the as-biilt large bore piping and pipe supports are in compliance
with the design documel tation.

Section 5.2 presents a summary of the desigr validation and Post-Coustruction
Hardware Validation Prog.-am (PCHVP) res-lts, including the Lardware modifica~
tions resulting from the Cirrective Action Progrem (CAP).

Section 5.3 describes the quality assurance program implemented for the valida-
tion process, including the SWEC Engineering Assurance audits, the Engineering
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Functional Evaluation (EFE) audits, and the TU Electric Technical Auditing Pro-
gram audits.

Section 5.4 describes the SWEC-PSAS inputs to the TU Electric preventive actions
including the training of TU Electric Comanche Peak Engineering (CPE) personnel
and the transfer of a complete set of the validated design documentation and
procedures to CPE. This documentation and procedures .an provide the basis for
CPSES configuration control throughout the life cf the plant.

The des - . of the Unit 1 and Common large bore piping and pipe supports has been
validate. as follows:

Number of Large Bore

Pipe Stress Analysis Number of

Description Packages Pipe Supports
Unit 1 and Common = ASME 338 (SWEC=-PSAS) 10,459 (SWEC-PSAS)
Section III Code Class 2
and 3 (Seismic Category 1)
Unit 1 and Common - ASME 30 (Westinghouse) 990 (SWEC-PSAS)
Section III Code Class 1
(Seismic Category I)
Unit 1 = High Energy 16 (SWEC-PSAS) 574 (SWEC-PSAS)
(Seismic Category 11)

TOTAL 384 12,023

Appendix A of this Project Status Report (PSR) describes the details of Correc-
tive Action Program (CAP) resolution of the Comanche Peak Response Team (CPRT)
and external issues.

Aprendix B of this Project Status Report (PSR) descrihes the details of resolu-
+ ons of issues identified during the performance of large bore piping and pipe
supports Corrective Action Program (CAP). These issues are Significant Defi-
ciency Analysis Reports (SDARs) (10CFR50.55(e)) (Reference 58) initiated by
TU Electric.

Appendix C of this Project Status Report (PSR) describes the preventive action
taken resulting from the implementation of the large bore piping and pipe sup-
ports Corrective Action Program (CAF).



4.0 SPECIFIC ISSUES

The large bore piping and pipe supports Corrective Action Program (CAP) re-
solved all the Comanche Peak Response Team (CPRT) issues, external issues, and
issues identified during the performance of CAP. This section presents a
listing of piping-related issues addressed in this Project Status Report (PSR).
Techknical review and resolution of external and Comanche Peak Response Team
(CPRT) issues are described in Appendix A, including respcises to the NRC staff
evaluations within the CPSES Supplements to Safety Evaluation Report (SER)
(Reference 28). Resolutions and corrective action taken for issues identified
during the performance of the Corrective Action Program (CAP) are described in
Appendix B.

External issues were identified in the Large Bore Piping and Pipe Supports Ge-
neric Issues Report (GIR) (References 5 and 35). This Generic Issues Report
(GIR) was transmitted to NRC, Citizens Association for Sound Energy (CASE), and
CYGNA Energy Services (CYGNA). Comanche Peak Response Team (CPRT) contracted
TENERA, L.P. (TERA) to perform the Third Party overview (Reference 79) for the
completeness and adequacy of these issues/resclutions, and the overview of cor-
rective actions implemented by SWEC-PSAS to resolve these issues. The results
of these Third Party overviews are presented by TENERA, L.P. (TERA) in the Dis-
cipline Specific Results Report (Reference 46).

Comanche Peak Response Team (CPRT) and external issues are listed below (issue
number corresponds to subappendix number in Appendix A):

Issue No. Issue Title

Al Richmond Inserts

A2 Local Stress in Piping

A3 Wall-to-Wall and Floor-to-Ceiling Supports

Ad Pipe Support/System Stability

AS Pipe Support Generic Stiffness

Ab Uncinched U-Bolt Acting as a Two-Way Restraint

A7 Friction Forces

A8 AWS Versus ASME Code Provisions

A9 A500, Grade B, Tube Steel

AlD Tube Steel Section Properties

Al U~Bolt Cinching

Al2 Axial/Rotat onal Restraints

Al3 Bolt Hole Cap

Ald OBE/SSE - Damping

Al5 Support Mass in Pipiug Analysis

Alb Programmatic Aspects and QA Including Iterative
Design

Al7 Mass Point Spacing

AlB High-Frequency Mass Participation

AlS Fluid Transients

A20 Seismic Excitation of Pipe Support Mass

A2l Local Stress in Pipe Support Members

A22 Safety Factors

A23 SA-36 and A307 Steel
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A24

Issue No.

A25
A26
A27
A28
A29
A30
A3l
A32
A33
A34
A35
A36
A37
A38
A39

U-Bolt Twisting
Issue Titie

Fischer/Crosby Valve Modeling/Qualification
Piping Modeling

Welding

Anchor Bolts/Embedment Plates

Strut/Snubber Angularity

Component Qualification

Structural Modeling for Frame Analysis
Computer Program Verification and Use

Hydrotest

Seismic/Nonseismic- Interface

Other Issues

SSER-8 Review

SSER-10 Review

SSER-11 Review

CPRT Quality of Construction Review on Piping and
Pipe Supports

Issues identified during the performance of the Corrective Action Program
(CAP) are listed below (issue number corresponds to subappendix nunber in

Appendix B):

Issue No.

Bl

B2
B3
B4
BS

Issue Title

SDAR-CP-86-33, Stiffness Values for Class 1 Stress
Analysis

SDAR-CP-86-36, Large Bore Piping and Pipe Supports
SDAR-CP-86-63, Pipe Support Installations
SDAR-CP-86-67, Preoperational Vibration Test Criteria
SDAR-CP-86-73, ASME Snubber Attachment Brackets
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5.0 CORRECTIVE ACTION PROGRAM METHODOLOGY AND RESULTS
5.1 METHODOLOGY AND WORK PERFORMED
5.1.1 Licensing Commitments, Design Criteria, and Procedures

SWEC-PSAS reviewed the piping-related CPSES licensing documentation (such as
the FSAR (Reference 26), NRC Regulatory Guides, NRC Inspection and Enforcemant
Bulletins, ASME Section II1 Code, and NRC/TU Electric correspondences) and
identified licensing commitments related to the large bore piping and pipe sup-
ports. SWEC-PSAS established design criteria to assure compliance with the
licensing commitments. The design criteria are documented in the Design Basis
Documents (DBDs). SWEC-PSAS then developed design procedures which encompass
the following:

. Design criteria
. Resolution of Comanche Peak Response Team (CPRT) and external issues

. SWEC's experience gained through the design of piping and pipe sup-
ports for several recently licensed and operating United States nu-
clear power plants

. Regulatory and Professional Society Guidance, such as applicable
codes and standards; Welding Research Council Bulletin 300, Technical
Positions on Criteria Establishment (Reference 13); and Sections 3.6,
3.7, and 3.9 of NUREG-0800 (Reference 7).

SWEC-PSAS Procedures CPPP-7 (Reference 8) and CPPP-6 (Reference 9) are the pri-
mary technical and design control procedures, respectively, for the large bore
piping and pipe supports Corrective Action Program (CAP).

Engineering methodology, based on SWEC-PSAS experience, has been incorporated
within the sWEC-PSAS procedures. A list of typical technical &nd design con-
trol practices that are specified within the SWEC-PSAS procedures is presented
in Table 5-9.

The governing ‘rocedures implementing the Corrective Action Program (CAP) of
large bore pipi. ¢ and pipe supports are shown in Figure 5-1. These procedures
assure compliance with the design criteria and the resolution of the Comanche
Peak Response Tean (CPRT) and external issues.

To assure that the licensing commitments related to large bore piping and pipe
supports have been identified, appropriate design criteria established, and
procedures developed which comply with the design criteria, several audits and
overviews were conducted by the SWEC Corporate Quality Assurance Program and
the Comanche Peak Response Team (CPRT). SWEC Quality Assurance audits were
performed as described in Section 5.3. The Comanche Peak Response Team (CPRT)
overview was performed by TENERA, L.F. (TERA), and the overview of SWEC-FSAS
implementation is performed by the TU Electric Technicel Audit Program (TAP).
The TENERA, L.P. (TERA) conclusions are discussed in detail in the TERA
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Discipline Specific Results Repo. t: Piping and Supports (DAP-RR-P-001),
( Revision 1. In this report, TENERA, L.P. (TERA) states on page 1-2:

"SWEC procedures were reviewed fur compliance with applicable CPSES FSAR
and licensing criteria. Licensing commitments applicable to CPSES were
used to establish a listing of criteria which were then used to check SWEC
procedures. The procedures were determined to be in compliance either
with the existing criteria or criteria changes that were accepted by the
NRC for submittals as FSAR amendments (see NRC letter to TUGCO dated
November &, 1986, Reference 7.4)."

The TU Electric Technical Audit Program (TAP) is auditing the Corrective Action
Program (CAP) to assure that the design criteria are reconciled with the li-
censing commitments. In addition, CYGNA Energy Services (CYGNA) nas reviewed
and accepted SWEC-PSAS's resolution of piping and pipe supports issues that
were identified by the Independent Assessment Program (IAP) of CYGNA.

5.1.1.1 Verificatier .nd Validation of Design Methodology

SWEC-PSAS performed two separate walkdowns of samples ~f Unit 1 and Common
as-built lz:ge bore piping systems to verify and refine the design methodology
used for the design validation process. These walkdowns were performed by ex-
perienced SWEC-PSAS personnel and are described below.

The first walkdown, called the Large Bore Walkdown, was conducted in accordance
with SWEC-PSAS Procedure CPPP-5 (Reference 14). The results of this walkdown
are documented in Reference 15, The large bore piping walkdown was performed

{ to determine whether the existing design documentation was adequate to initiate
the pipe stress analyses. As a result of this walkdown, the tolerance for ori-
entation of pipe supports was tightened. The orientation of all large bore
pipe supports, valves with extended operalors, and component supports was rein-
spected, and the as-built condition was documented., Other design documentation
which was inspected and reviewed was determined to be adequate to initiate pipe
stress analy:es.

The srcond walkdown, called the Engineering Walkdown, was performed in accor-
dance with SWEC-PSAS Procedure CPPP-8 (Reference 10) to determine:

° Whether there were any additional technical issues related to the
furctional behavior of the piping system that should be evaluated
during the Corrective Action Program (CAP,.

. Whether additional design inputs (or refinements thereof), guide-
lines, or procedures were necessary to complete the large bore piping
and pipe support validation effort.

The engineering walkdown was performed by 10 teams composed of both SWEC-PSAS
pipe stress and pipe support engineers and encompassed 70 Unit 1 and Common
large bore pipe stress analysis packages, including approximately 2,400 pipe
supports. The results of this walkdown are documented in Reference 11. This
valkdown idei:ified the need for additional refinements that were then
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incorporated into the technical procedure, CPPP-7, and design control proce~
dure, CPPP-6 (such as the requirement to validate the valve stem extension de-
picted on the as-built drawing, which was incorporated into CPPP-6, see also
Table 5-9).

The engineering walkdown resulted in assurance that no additional technical
issues existed, and that the SWEC-PSAS procedures, with the refinements incor-
porated, were satisfactory to perform the validation of the large bore piping
and pipe supports.

Evaluation of Deviation Reports from CPRT - Quality of Construction (QOC)
Program

SWEC-PSAS reviewed Deviation Reports (DRs) related to the piping system valida-
tion program generated by the Quality of Construction (QOC) program of the
Comanche Peak Response Team (CPRT), as discussed in Subappendix A39. This re-
view was performed in accordance with SWEC-PSAS Procedure CPPP-18 (Refer-
ence 17). The purpose of the review was to determine whether any additional
refinement of SWEC-PSAS's design procedures was necessary, and to identify aay
deviations that should be specificaliy or generically addressed for potential
impact on the piping Corrective Action Program (CAP). The review concluded
that there were no changes required in the design procedures to account for the
Deviation Reports (DRs) identified by the Quality of Construction program (QOC)
(Reference 18). However, certain attributes for piping and pipe supports were
added to the piping and pipe supports Post-Construction Hardware Validation
Program (PCHVP) inspection attribute matrix as a result of the Deviation Report
(DR) reviews. Corrective action for the hardware-related concerns identified
by the Quality of Construction program (QOC) or SWEC-PSAS, such as missing
washers, spacers, and locking devices, is implemented through the TU Electric
Post-Construci.ion Hardware Validation Program (PCHVP) as described 1in
Section 5.1.3.

§.1.1.2 Resolution of Piping-Related Design Issues

SWEC-PSAS evaluated the issues described in Section 4.0 and Appendixes A and B,
and developed technical and design control procedures to resolve the issues.
The resolution of all issues in Appendix A were reviewed by TU Electric
Comanche Peak Engineering (CPE), and resolution of issues in Subappendixes Al
through A35 were reviewed by TENERA, L.P. (TERA). The resolutions of the is-
sues in Appendix B were reviewed by Comanche Peak Engineering (CPE) and the
TU Electric Technical Audit Program (TAP). These resolutions were incorporated
into the updated design and installation specifications, as well as the CPSES
quality control and construction procedures.

The issue resolution and implementation processes were as follows:
1. For each issue that affected the large bore piping and pipe supports
validation effort, SWEC-PSAS reviewed the associated documentation to

gain an understanding of the background. SWEC-PSAS then defined 1its
understanding of the issue.
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25 With the issue thus defined, SWEC-PSAS developed and executed an ac-
tion plan to resolve the issue.

3. The resolutions were implemented in appropriate SWEC-PSAS project
procedures used for the CPSES Corrective Action Program (CAP). Com-
pliance with these procedures is assured by the SWEC Corporate Quali-
ty Assurance program.

Third Party Overview Results

The methodology to resolve Comanche Peak Response Team (CPRT) and external is-
sues was documented in SWEC-PSAS's Evaluation and Resolution of Generic Techni-
cal Issue: Report dated June 27, 1986. Final revision to this Generic Issues
Report (GIR) dated July 24, 1987, updates the resolution sections to encompass
current revisions of SWEC-PSAS's procedures and memorandums, and its contents
have been incorporated into Appendix A of this report.

TENERA, L.P. (TERA), the lead contractor for the Comanche Peak Response Team
(CPRT) Design Adequacy Program (DAP), conducted the third party overview to
assure that all CPRT and external issues are clearly identified and resolved in
accordance with the CPRT Discipline Specific Action Plan IX (DSAP-IX). The
scope of third party overview included the completeness of issue identifica-
tion, adequacy of issue resolution, and technical procedures implemented by
SWEC-PSAS. During performance of Design Adequacy Program (DAP) overview,
TENERA, L.P. (TERA) identified and documentec issues in Discrepancy Issue Re-
ports (DIRs). SWEC-PSAS has responded to and closed all of the 972 Discrepancy
Issue Reports (DIRs) received from TENERA, L.P. (TERA).

TENERA, L.P. (TERA) has completed the third party overview and presented the
results in the Discipline Specific Action Plan Results Report for Piping and
Pipe Supports. As described on page 2-1 of Reference 46, three areas of over-
view identified in the Discipline Specific Action Plan IX (DSAP-IX) are dis-
cussed as follows:

1. Issues

"The Third Party identified, reviewed, and tracked external source
identified issues which were raised regarding pipe analysis and pipe
support design. This effort also included consideration of TRT Issue
V.c (Reference 7.5), which addresses design considerations for piping
between seismic Category I and nonseismic Category I buildings. The
criteria and methodology used by the Project (SWEC) for analysis of
these systems were reviewed by the Third Party. Thic review provides
reasonable assurance that the external source issues have been
identified and that criteria and methodology used by the Project
address all identified issues."

2. Commitment Verification
"The Third Party verified that commitments which establish piping and

support-related design criteria and standards are adequately
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addressed in procedures and other Project documents. The commitment
sources included the FSAR, design specifications, and the ASME Codes
of Record for piping (Reference 7.6) and piping supports (Refer-
ence 7.7). For each criterion source and standard iuentified, the
appropriate criteria and commitments were summarized. These criteria
were used in the develorment of checklists for the review of specific
program areas. This review ensures that Project procedures are con-
sistent with applicable criteria and commitments.

Where criteria changes have been submitted by the project to resolve
differences between the approved FSAR and Project procedures (docu-
mented on C-DIRs) closure is based on the assumpt.on that the NRC
will approve the amendments."

: Procedure Review

"The Third Party reviewed procedures (including appropriate SWEC Pro-
ject Management memoranda) developed by the Project (SWEC) for the
performance of the SWEC scope involving large bore piping analysis
and support design to verify, by evaluation of the supporting analys-
es, that they are adequate to achieve their intended purpose. This
review verifies that the project procedures resolve the external
source issues."

TENERA, L.P.'s (TERA) conclusion on the Third Party review is cited in their
Discipline Specific Action Plan Results Report No. DAP-RR-P-001 on page 1-2.

"For each of the thirty-two issues, the resolution methodology has been
reviewed by the Third Party and found to be responsive to the concern and
in compliance with applicable FSAR and licensing criteria. The Third
Party has concluded that the overall objectives of the review have been
met, and considers all piping-related external source issues applicable to
the large bore piping scope to be closed with respect to the methodology
being applied to the requalification effort assuming the NRC approves the
FSAR amendments."

CYGNA Independent Assessment Program

CYGNA Encrgy Services (CYGNA), a consulting firm, was originally contracted by
TU Electric to perform a project review identified as the Independent Assess-
ment Program (IAP). As a result of this review, CYGNA Energy Services (CYCNA)
identified issues which they summarized in the CYGNA Pipe Stress Review Issues
List, Revision & (Piping-RIL) (Reference 81) and the Pipe Support Review Issues
List, Revision & (Supports-RIL) (Reference 16).

CYGNA Energy Services (CYGNA) and SWEC held public meetings on November 13 and
14, 1986, at SWEC's Cherry Hill office and December 15 and 16, 1986, at CPSES
site to discuss the issue resolutions contained in the CYGNA Review Issue List
(RIL) in conjunction with SWEC project procedures CPPP-7 and CPPP-6. CYGNA
Energy Services (CYGNA) then pcrformed audits on the basis of SWEC-PSAS design
criteria between November 1986 and May 1987.
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At the public meeting in Glen Rose, Texas, on May 19, 1987, CYGNA Energy Ser-
vices (CYGNA) announced that all pipe stress and pipe support issues were
closed. All issues relating to embedment plate design, anchorage allowables,
spacing, and edge distances were transferred to the Civil/Structural Review
Issues List, Revision 0, dated July 12, 1987 (Reference 19), and their resolu-
tion is reported in the Civil/Structural Project Status Report (PSKR)
(Reference 63).

5.1.2 Design Validation Process

The SWEC-PSAS design validation program assures that the design conforms to the
licensing commitments. The program can be visualized as a three-step process.
The first step, described in Section 5.1.2.1, is to establish the input and the
analytical models of the pipe stress analysis packages, to identify and imple-
ment the necessary pipe support optimizations and modifications in the analys-
es, and to produce a set of pipe stress analysis results (e.g., pipe stresses,
support loads, and equipment nozzle loads). The first-step results, described
in Section 5.1.2.2, provide the pipe support design loads and determine that
the computerized pipe stress analysis results are within the ASME Section III
Code allowables. The second step includes the detailed evaluation and design
of pipe supports (described in Section 5.1.2.3), the local stresses in piping
(integral welded attachments), equipment nozzle and containment peretration
loads, va've accelerations, pipe break locations, and floor-to-ceiling/wall-to-
wall supjorts, as specified in SWEC-PSAS Procedures CPPP-6 and CPPP-7. Dis-
crepancies identified in this step are resolved either by support modifications
or by additional analyses. The third step, or final reconci'iation, described
in Section 5.1.2.7, is the final process to consolidate analysis, hardware mod-
ifications, and inspection documentation from Step 2 into the piping design
documentation. The technical interfaces and flow charts for the large bore
piping and pipe supports Corrective Action Program (CAP) are shown schematical-
ly in Figures 5-2, 5-3, and 5-4.

5.1.2.1 Piping System loput Validation

The design validation process of piping and supports requires a large quantity
of input information, as identified in Table 5-1. The SWEC-Mechanical Group
and the S#EC-Civil/Structural Group validate the piping system input. The pip-
ing svstem input validation by SWEC and the design inputs developed by SWEC-
PSAS ave described below.

SWEC-Mechanical Group

The SWEC-Mechanical Group reviewed CPSES system design and operatinog condi-
tions, which describe the teaperatures and pressures of piping systems. These
design and operating conditions are evaluated and revised as necessary based on
the validated design. Design and operating system temperatures and pressures
for a wide range uf plant conditions were documented and transmitted to the
SWEC-PSAS pipe stress analysts for use in validation. The SWEC-Mechanical
Group validation effort is described in the Mechanical Project Status Report



(PSR) (Reference 64). The SWEC-Mechanical Group identified essential’! safety-
related piping systems and components, high energy lines, and potential system
fluid transients for evaluation by the SWEC-PSAS Fluid Transients Group. These
fluid transients (such as quickly opening or closing control valves, relief
valve discharge, pump startup or trip) were identified by following the
guidance given in NUREG-0582 (Reference 23), using SWEC's past experience witn
other pressurized water reactors (PwRs), and by an overall review of the CPSES
system design descriptions and flow diagrams.

The SWEC-Mechanical Group reviewed the CPSES flow diagrams and stress boundary
isometric drawings (BRPs) to assure that applicable piping lines were included
in the pipe stress analysis packages.

SWEC-PSAS Fluid Transient Group

The SWEC-PSAS Fluid Transient Group was responsible for developing the fluid
transient loads (e.g., water hammer or steam hammer) from the potential tran-
sients identified by the SWEC-Mechanical Group. These loads were used to vali-
date the design of safety-related piping systems. These efforts were necessary
to address the issue of Subappendix A19. The fluid transient loads developed
by SWEC-PSAS for safety-related piping are summarized in Table 5-2.

The fluid transient loads used for CPSES design validation process are docu~
mented as specified in CPPP-10 (Reference 21). Criteria for evaluation of the
piping system responses due to fluid transient loads are described in CPPP-7.

SWEC-Civil/Structural Group

The SWEC-Civil/Structural Group has provided validated seismic Amplified
Response Spectra (ARS), as discussed in the Civil/Structural Project Status
Report (PSR) (Reference 63).

5.1.2.2 Pipe Stress Analysis

Stress a.alysis of piping computes the responses (such as pipe stresses, ioad-
ing on pipe supports, valve accelerations, and equipment nozzle loads) of a
piping analytical model under the specified loading combinations (such as loads
from deadweight, thermal, pressure, seismic, fluid transients, and Loss of
Coolant Accident [LOCA)). In Unit 1 and Common, there are 384 large bore Seis-
mic Category I and Seismic Category Il pipe stress analysis packages with ap-
proximately 12,020 pipe supports.

SWEC-PSAS has validated 341 ASME Section III Code Class 2 and 3 (Seismic Cate-
gory 1) and 16 high energy Seismic Category Il pipe stress analysis packages.

TEssential systems and components are required to shut down the reactor and
mitigate the consequences of a postulated piping failure, without offsite

power.




Westinghouse validated the other 30 ASME Section II] Code Class 1 (Seismic
Category I) pipe stress analysis packages, including the continuations of
Class 2 and nponsafety-related piping within the pipe stress analysis package
boundary. The pipe stress validation flow chart is shown schematically in
Figure 5.3.

SWEC-PSAS Piping and Pipe Support System Review

Prior to the initiation of the pipe stress analysis, each pipe stress analysis
package, including the associated pipe supports, was jointly reviewed as a sys-
tem by the pipe stress and pipe support engineers. The purposes of this review
were to establish the piping physical configuration, to determine the location
and orientation of the pipe supports with respect to the piping configuration,
to evaluate the appropriateness of support types, and to identify areas of pip~
ing or pipe support designs which may require special modeling techniques to
account for the interactions between the pipe and the pipe supports.

SWEC-PSAS reviewed the pipe support drawings and support location draw.ngs to
determine whether the existing supporting system was appropriate and could per-
form its safety-related function. SWEC-PSAS reviewed the pipe support drawings
to determine the appropriate stiffness values for the input to the pipe stress
analysis. The piping and pipe support system review also determined whether
certain snubbers or other supports should be considered for elimination and
whether additional pipe support optimization should be performed.

The results of this review were documented as a separate piping system
review/stiffness assessment calculation for each pipe stress analysis package,
which was used as design input for the pipe stress analysis. By the incorpo-
ration of this review into the validation process, SWEC-PSAS has assured that
an integrated process, with consistent criteria for both pipe stress analysis
and pipe support design, was used.

Piping Analytical Model

The first step in the pipe stress analysis is the formation of the pipe stress
isometric drawings and mathematical models, which are developed by using the
input information shown in Table 5-1, in conjunction with the results of the
Piping and Pipe Support System Review.

The mathematical model analytically describes the piping configuration, mass,
and boundary conditions. Piping mass is considered, including the applicable
pipe support mass that affects the dynamic responses. Eccentric masses such as
valve operators also are accounted for in the pipe stress analytical model.
Sufficient mass points are included to assure that all significant dynamic
modes are represented. Appropriate representation of pipe support stiffness
from the piping and pipe support system review is included.

Static and dynamic piping analyses were performed using the computer program
NUPIPE-SW (Reference 24). The computer program output consists of pipe stress-
es, displacements, valve accelerations, and interface loadings (e.g., loadings
at pipe supports and equipment nozzles). This output was used to qualify the
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piping, pipe supports, and related components in accordance with the applicable
codes and licensing commitments as specified in the governing Design Basis Doc-
uments (DBDs).

Static analysis was used for deadweight, thermal, and anchor movement loading
cases. The time-history analysis method? was used for fluid transient loading
cases, and the response spectrum analysis method? was used for seismic loading
cases. Moda! contributions above the cutoff frequ "cy in the response spectrum
method analyses were addressed by an analytical .echnigue in accordance with
NUREG/CR-1161 (Reference 25). This technique, which iacorporated the resolu-
tion for the issues in Subappendix Al18, assures that high frequency dynamic
responses are included in the response spectrum analysis.

Based on the mathematical model and spe.ified inputs, the computerized pipe
stress analysis validates the following: the piping pressure boundary integri-
ty, the piping system structural adeguacy, and that maximum calculated stresses
are within the specified Code allowables.

Additional results (other than the computed pipe stresses) that were generated
from the computerized pipe stress analysis and transmitted to other interfacing
disciplines for acceptance (see Figure 5-3), are summarized as follows:

Pipe Stress Analysis Results

Pipe support loads

Equipment nozzle loads

Containment penetration lcads

Expansion joint movements

Valve accelerations

Valve operator support loads

Valve nozzle loads

Flange loads

Pipe movements at wall or floor sleeves
10. Instrument root valve movements

33 Pipe movements at branch lines

12. Pipe movements at pipe rupture restraints
13. Stress levels for pipe break/crack evaluations

O 00~ W

Trensmittal of Pipe Stress Analysis Results Package

Following completion of each pipe stress calculation, a results package that
contains a summary of pipe stress analysis results was compiled and distributed
to the SWEC-PSAS Pipe Support Group and other interfacing disciplines as shown
in Figure 5-2. The results package, consisting of information such as the
equipment nozzle loads and valve accelerations, was sent to other disciplines

'Analyticnl technique used to determine the responses of structures to dynamic
loads.
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for acceptance. The pipe support summary transmittal identifies supports re-
quiring modification and/or deletion and lists for each pipe support the sup-
port function, orientation, loads, and movements.

Integral Welded Attachment Analysis

A separate analysis was performed fc each location on the piping which is fit-
ted =ith an integrally welded pipe support attachment to assure that the local
piping stress is within the allowable stress limit. For Integral Welded At-
tachments (IWAs) that ~c.'d not be v=.idated by the standard methods used by
SWEC-PSAS for typi-al .ug and trunnion configurations, the validation was based
on finite element analysis techniques for the specific support, comparison to a
similar specific support analysis, or comparison to a parametric finite element
analysis study.

Pipe Break/Crack Analysis

As part of the CPSES licensing commitments, the locations of the postulated
high energy line breaks (HELBs) and moderate energy line cracks (MELCs) have
been evaluated and assessed using the validated results of SWEC-PSAS pipe
stress analysis. Piping stresses, including the local pipe stress from Inte-
grally Welded Attachment (IWA) pipe supports, were reviewed to postulate break
and crack locations in accordance with SWEC-PSAS Procedure CPPP-20 (Refer-
ence 65). New mandatory break and crack postulation points were compared to
previous locations, and the results were forwarded to the Ebasco Services In-
corporated (Ebasco) - System Interaction Group to determine the impact. This
impact may include elimination or addition of pipe rupture restraints or jet
impingement shields, jet impingement system interaction studies, or reanalysis
of the pipe stress if the consequences of the new postulated break locations
are unacceptable. The evaluation results from System Interact Group are
described in the Mechanical Project Status Report (PSR).

Piping and Pipe Supports Attached to Secondary Walls

Special pipe stress analyses were performed in accordance with SWEC-PSAS Proce-
dure CPPP-35 (Reference 59) to validate supports/penetrations that have been
identified as being attached to a secondary wall.

5.1.2.3 Pipe Support Analysis

Based on the pipe support loads from the SWEC and Westinghouse stress analyses
results (see Figures 5-3 and 5-4), individual calculations for all large bore
pipe supports were prepared to assure code compliancc with the design criteria.
The pipe support validation process is shown schematically in Figure 5-4 and
can be summarized as a process whereby the support analysis in conjunction with
required modifications provide the final validation of the pipe support design.

Pipe support analysis results are distributed to the interfacing organizations
for acceptance as shown in Figure 5-4. The validated pipe support calculations
and drawings are distributed and filed in accordance with project procedures
and are included within each Piping - Design Validation Package (DVP).
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The CPSES Unit 1 and Common pipe supports can be categorized into three types
as follows:

1, Standard Component Supports - Struts, spring hangers, and snubbers

2. Structural Frame Supports = Including supports for multiple pipes

3. Integrally Welded Attachment (IWA) Supports = Trunnions and lugs
Validation of these pipe support types is described below.

Standard Component Supports

Standard component supports were evaluated to assure that they are suitable to
perform their design function. Loads from the pipe stress analysis were com-
pared with the manufacturer's standard component support capacities. In addi-
tion, the relative displacements under all specified load conditions were
evaluated to validate the displacement ranges and swing angles of standard
components.

Structural Frame Supports

Frame type supports were validated by using hand calculations with standard
structural analysis methods for simple designs or by computer analysis using
STRUDL, STRUDAT, and SANDUL computer programs (described in CPPP-7) for more
complex designs. In addition to validating the adequacy of local stresses in
the pipe, the validation included the evaluation of:

. Member stress versus applicable stress allowables

. Reactions at support joints, including local stress effects on tube
steel members

. Weld adequacy at welded joints

. Adequacy of bolted connections, including washer plate design and
local stress effects on tube steel members

. Adequacy of concrete anchors and base plates
. Adequacy of clearances between piping and the frame

Special Pipe Support Frame Analysis

Two special groups of pipe support frames, (i) the wall-to-wall and floor-to-
ceiling supports and (ii) corner supports, required special analysis to address
the effects of differential building movement at the support attachment loca-
tions to the building and for restrained thermal expansion of the wall-to-wall
and floor-to-ceiling supports. These designs are validated in accordince with
the criteria contained in Attachment &-19 of CPPP-7 in resolution of the exter-
nal issue described in Subappendix A3.
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Integral Welded Attachment Analysis

A separate analysis was performed for each location on the piping with an inte-
grally welded pipe support attachment to assure that the local piping stresses
and support member stresses are within the applicable stress allowables. The
piping local stress is discussed in Section 5.1.2.2.

$.1.2.4 Validation of Seismic Category 11 Large Bore Piping and Pipe
Supports Over Seismic Category I Equipment

SWEC-PSAS developed a Field Verification Method (FVM) CPE-SWEC-FVM-PS-82
(Reference 52) to validate the integrity of seismic Category Il piping and pipe
supports in accordance with CPPP~30 (Reference 56). The purpose of this vali-
dation process is to provide additional assurance by engineering walkdown and
evaluation that during or after a seismic event, Seismic Category Il piping
systems will pot fall and damage nearby Seismic Category I systems, structures,
or components. This Field Verification Method (FVM) specifies the engineering
field walkdowns nece.sary to assure that the as-built Seismic Category 11 pip-
ing and pipe supports are in compliance with the acceptance criteria. A de-
tailed discussion of this validation process is contained in Section 5.1.3.1.

§.1.2.5 SWEC-PSAS Clearance Walkdowns

SWEC-PSAS developed a Field Verification Mettod (FVM) CPE-SWEC-FVM-PS-80
(Reference 50) to assure that sufficient clearance exists around validated pip-
ing in accordance with SWEC-PSAS Project Procedure CPPP-22 (Reference 32).
Clearance is required to permit those anticipated piping displacements that
could occur under plant operating conditions without any impediment to those
displacements. Impediment is defined as any structure, system, Or component
(e.g., pipe, conduit, cable tray, equipment) that encroaches on the envelope of
anticipated pipe displacement. A detailed discussion of this validation pro-
cess is contained in Section 5.1.3.1.

5.1.2.6 Testing

The CPSES preoperational and startup testing program provides assurance that
piping systems, components, supports, and related structures have been
adequately designed and installed. The correctness or conservatism of assump-
tions made in predicting plant responses 1s validated by analyzing data ob-
tained in a controlled testing environment.

The testing includes verification by observation and measurement (as appropri=
ate) to assure that movement, vibration, and expansion of piping and components
are acceptable for:

. ASME Section 111 Code Class 1, 2, and 3 piping systems.
. Other nonsafety-related high energy piping systems inside seismic

Category 1 structures whose failure could reduce the functioning of
any seismic Category I structure, system, or component.



* Seismic Category ] portions of moderate energy piping systems located
outside the containment,

The testing program consists of the following categories:

Vibration Testing

The CPSES vibration testing program is set forth in SWEC-PSAS Procedure
CPPP-25 (Reference 57). This program follows the guidelines of NRC Regu-
latory Guide 1.68 (Reference 82) and ANSI/ASME Standard OM-3 (Refer-
ence 27) for steady state and transient vibration testing of piping
systems. Piping systems are classified as Vibration Monitoring Group
(VMG) WVMG-1, VMG-2, or VMG-3, as defined in Reference 27. Piping systems
which have no potential vibration problems are classified as VMG-3. If
unexpected vibrations are observed during testing, additional imspections
are performed to determine the degree of the problem and the resolution.

I1f a piping system is identified as posing a potential vibration problem,
the affected portion of the system is classified as Vibrotion Monitoring
Group 2 (VMG-2). This piping will be instrumented during testing to pro-
vide a means for ascertaining the maximum vibration response.

Piping systems which exhibit a response not characterized by simple piping
vibration modes, and piping systems for which the methods of Vibration
Monitoring Group 2 (VMG-2) and Vibration Monitoring Group 3 (VMG-3) are
not applicable, are classified as Vibration Monitoring Group 1 (VMG-1).
In these cases, more refined monitoring methods are wutilized during
testing.

All personnel who perform pipe vibration observations and measurements
receive training and must pass a written certification examination
(Reference 53).

The vibration data is analyzed subsequent to collection. Transient vibra-
tion test data which does not meet the acceptance criteria established by
CPPP+-25 must be referred to SWEC-PSAS for further analysis and resolution.
When appropriate, corrective action is implemented and retesting is
conducted to verify final acceptance.

For steady-state pipe vibration, if vibration can be visually observed,
then vibration measurements are taken. When the measured peak-to-peak
pipe velocity exceeds the acceptance criteria, displacement measurements
are obtained and compared to calculated allowable values. If the system
steady-state displacement exceeds the calculated allowal:le values, correc-
tive action will be implemented and appropriate retesting willi be conduct-
ed to verify final acceptance.

Thermal Expansion Testiing

As part of the piping and pipe support validation program, SWEC-PSAS has
reviewed the impact of analysis and modificetion on thermal expansion
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tests (TET). Systems or portions of systems which rejuire testing have
been identified.

SWEC-PSAS Procedure CPPP-24 (Reference 66) sets forth the methods for
identifying piping for thermal expansion tests, for identifying the loca-
tions and the supports to be monitored, for establishing acceptance crite-
ria, for reconciling results, and for recommending modifications to
correct discrepancies. Upon completion of all thermal expansion tests, an
engineering report will be prepared summarizing the results.

In summary, the CPSES piping and pipe support validation program encompasses
appropriate field testing. Rigorous requirements for evaluating and document-
ing piping systems under static, dynamic, steady-state, and transient condi-
tions are set forth in SWEC-PSAS procedures. The results of field testing will
provide physical confirmation that large bore piping and pipe support design
and installation vomply with the design criteria.

5.1.2.7 Final Reconciliation of Large Bore Piping and Pipe Supports

The purpose of final reconciliation is to resolve and incorporate pipe stress
and } .pe support analysis results (see Figure 1-1) with the final design input
and as-built configuration. The final reconciliation process is conducted in
accordance with SWEC-PSAS Procedure CPPP-23, Pipe Stress/Pipe Support Reconcil-
iation Procedure (Reference 29). The final reconciliation of large bore piping
and pipe supports incorporates the following:

. The Post-Construction Hardware Validation Program (PCHVP) results
which provide the as-built large bore piping and pipe support config-
urations (see Section 5.1.3).

. Resolution of the open items in NRC Staff positions in Supplementary
Safety Evaluation Reports (SSERs) as described in Subappendixes A36,
A37, and A38.

. Resclution of the piping-related Comanche Peak Response Team (CPRT)
issue-specific action plans (ISAPs) and external issues.

Final reconciliation also includes confirmation that the interfacing organiza-
tions have accepted the SWEC-PSAS results as compatible with their validated
design. Interfacing organizations receive results as described below and in
Figure 5-2:

. SWEC-Mechanira! Group - Required reflective insulation removal at
sloeves, peneirations, or frame supports; expansion joint povements.

. Ebasco System Interaction Group - Postulated pipe break locations;
pipe movements at pipe rupture restraint locations

. Wesiinghouse - Results of ASME Section IIl Code Class 1 pipe supports

validation, loads imposed by SWEC-PSAS anzlyzed piping on ASME Sec-
tion II1 Code Class 1 piping, support reaction loads on Westinghouse-
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Hardware Validation Program (PCHVP), by either physical validations or througt
an engineering evaluation methodology, assures that each of the attributes de-
ted

fined in the attribute matrix is validated
Physical validation of an attribute is performed by Quality Control inspect

or engineering walkdown, for accessible components Quality Control inspec-
tions and engineering walkdowns are controlled by appropriate Field Verifica-
tion Method (FVM) procedures

The Post-Construction Hardware Validation Program (PCHVI engineering evalua-
tion depicted in Figure 5-5 is procedurally controlled to guide the Lorrective
Action Program (CAP) responsible engineer through the evaluation of each item
on the attribute matrix to be dispositioned by the engineering evaluation meth-
od Dispositions of each attribute will be clearly documented If the techni-
cal disposition of the fipnal acceptance attribute 1s "'not acceptable r the
attribute cannot be dispositioned based on available informaticr alternate
plan consisting of additional evaluations, testing, inspections walkdowr X
modification as necessary will be developed t jemonstrate and document the
acceptability of the attribute
Fecommendatior from the Comanche Peak Response Tea PRT) effort mprise a
significant portion of this evaluatiol A major component of the Comanche Peak
Response Team (CPRT) program has heen the inspection of a comprehensive, randonm
sample f existing hardware using an independently derived set f inspectior
attributes The inspection was performed and the results evaluated by thir
party personnel in accurdance with Appendix E to the Comanche Peak Response
[ean PRT) Program Flan (Reference 33 The scope of the inspection covere
the installed sate.y-related hardware by segregating the hardware into homoge-
neous populations (by virtue of the work activities whick produced the finished
product Samples of these populations were inspected to provide reasonable
assurance of hasrdware acceptability in accordance with Appendix D to the
Comanche Peak Response Team (CPRT) Program Plar
Corrective act) recommendations were made to TU Electric based the evalu-
ated findings when a Construction Deficiency existed, an Adverse Trend existed,
r an Unclassified Trend existed, as defined in « rdance with Appendix E t
the Cemanche Prak Response Team (CPR Program Pla
The Post ruction Hardware Validati Program (PCHV}! assure that all
Comanche Peak Response Team (CPRI recommendations are properly dispositione
Figure 5- illustrates that during the evaluation of a given attribute from the
Post-Construction Hardware Validation Program (PCHVE attribute matrix, the
initial targk f the Corrective Acta Progranm Al resj sible enginee 18
dete mine if any of the following statements are true

A The attribute was recommended for reinspection by the manche Peak

Response Teanm PR1




b. Design Validation resulted in a change to design or to hardware final
acceptance attribute that is more stringent than the original accep-
tance attribute, or Comanche Peak Response Team (CPRT) did not in-
spect the attribute.

C. Design Validation resulted in new work, including modification to
existing hardware.

If the Comanche Peak Response Team (CPRT) had no recommendations and Items b or
¢ above do not apply, the attribute under consideration will be accepted. This
conclusion is justified by the comprehensive coverage of the Comanche Peak Re-
sponse Team (CPRT) reinspection and the consistently conservative evaluation of
each finding from both a statistical and adverse trend perspective. The at-
tribute matrix is then updated to indicate that neither the engineering walk-
down nor quality control imspection of the attribute is necessary. A completed
evaluation package is prepared and forwarded to the Comanche Peak Engineering
(CPE) organization for concurrence. T[he evaluation package becomes part of the
Design Validation Package (DVP) after Comanche Peak Ergineering (CPE) concur-
rence is obtained.

I1f any of the three statements are true, it is assumed that the final accep-
tance attribute must be further evaluated as follows:

Determine Attribute Accessibility

The Corrective Action Program (CAP) responsible engineer will determine if
the attribute is accessible. If the attribute is accessible, a field val-
idation of the item's acceptability will be performed and documented in
accordance with an approved Field Verification Method (FWM).

I1f the Corrective Action Program (CAP) responsible engineer reaches the
conclusion that the attribute is inaccessible, an engineering evaluation
will be conducted by technical disposition of available information.

After completiag the attribute accessibility review, the responsible engi-
peer will update the attribute matrix as pecessary to reflect Lhe results
of that review.

Technical Disposition

The Corrective Action Program (CAP) responsible engineer identifies the
data to be considered during the subsequent technical disposition process.
Examples of such items used in this disposition may include, but are not

limited to:
. Historical documents (e.g., specifications, procedures, inspection
results)

. Comanche Peak Response Team (CPRT) and external issues

. Construction practices



. Quality records

. Test results

. Audat reports

. Authorized Nuclear Inspector (ANI) records

. Surveillance reports

. NCRs, DRs, SDARs, and CARs

. Inspections conducted to date

. Results of Third Party reviews

. Purchasing documents

. Construction packages

. Hardware receipt inspections

After compiling the daota identified as pertinent to the attribute, the
technical disposition will be performed. The actual steps and sequence of
actions required for each technical disposition will differ; however, the
tangible results from each technical disposition will be consistent.
These results will include at 2 minimum:

a. A written description of the attribute.

b. A written justificatior by the Corrective Action Program (CAP) re-
sponsible engineer for acceptance of the attribute.

¢. A written explanation of the logic utilized to conclude that the at-
tribute need not ve field validated.

d. A chronology demonstrating that the attribute has not been signifi-
cantly altered by redesign.

€. All documents viewed to support the disposition.

f. Concurrence of the acceptance of the attribute's validity bv Comanche
Peak Engineering (CPE).

1f the Corrective Action Program (CAP) responsible engineer concludes that
the data evaluated represents evidence of the attribute's acceptability,
the conclusion will be documented. The documentation will be reviewed and
approved by Comanche Peak Engineering (CPE) and filed in the Design Vali-
dation Package (DVP). If the Corrective Action Program (CAP) responsible
engineer determines that the data reviewed does not provide evidence of
the attribute's acceptability, the documentation will explain why the at-
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tribute cannot be accepted and recomwead an alternate course of action.
The alternate course of action may take variovs forms such as making the
sttribute accessible and inspecting it, or testing to support the at-
tribute's acceptability. This alternate plan, after approval by Comanche
Peak Engineering (CPE) will be isplemented to validate the attribute.

lo summary, the Post-Constructisn Hardware Validation Progrem (PCHVP) is a com-
prehensive process by which eachr <'tribute in the PCHVP attribute matrix is
validated to the validated desigu. The TU Electric Technical Audit Program
(TAP) will audit the Post-Construction Hardware Validation Program (PCHVP) .
This audit program is complemented by the Engineering Functional Evaluatiou
being performed by an independent team comprised of Stone & Webster, lmpell,
and Ebasco engineering personnel working under the Stone & Webster QA Program
and subject to oversight directed by the Comanche Peak Response Team's (CPRT)
Senior Review Team. The Post-Construction Hardware Validation Program (PCHVF)
will provide reasonable assurance that the validated design bas been imple-
mented for safety-related hardware.

SWEC-PSAS prepared Post-Construction Hardware Validation Program (PCHVP) impie-
mentation procedures for large bore piping and pipe supports. The bhardware
validation process includes modifications, whenever necessary, to bring the
piping and pipe supports into compliance with the validatnd design. The at-
tributes contained within the Post-Construction Hardware Validation Program
(PCHVP) Attribute Matrix for piping and pipe supports incurporate the recom-
mended corrective actions in the CPRT-QOC Issue-Specific Action Plan,
1SAP-VIl.c Results Report (Reference 36), thus resolving the hardware-related
issues (see Subappendix A39). The complete tabulation of piping-related in-
spection attributes to address CFRT-QOC recompendations is presented in
Table 5-3.

§.1.3.1 Post-Construction Hardware Validation Program (PCHVP) Procedures
SWEC-PSAS developed procedures to validate that the as=built large bore piping
and pipe supports are in compliance with the validated design procedures listed

in Table 5-7. Thes: procedures are designated as Field Verification Methods
(FVM™s) and are described below.

FVM-81, Piping and ripe Supports Inspection and Hardware Validation

SWEC-PSAS developed the Field Verification Method (FVM) CPE-~SWEC-FVM-PS-81
(Reference 51) to coordinate the Unit 1 ard Common piping and pipe support in-
spection validation activities.

These piping inspections are performed and documented by Quality Comtrol (QC)
personnel to assure that applicable inspection attributes are acceptable. The
piping inspection attributes are as below:

Equipment and piping configuration
Piping wall thickness at shop/field bends
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Radial weld shrinkage at stainless steel piping joints
Equipment anchcring

Remote valve operators

Branch connections

All pressure boundary items installation/base metal defects
Valve orientations

Pipe/sleeve details

Permanent pipe support installation (no temporary or voided supports)
Verify location (span) dimensions/tolerances

Applicable dielectric insulating sleeves over bolts/studs
Linear dimensions of piping segments and in-line components

The hardware validation of pipe supports assures that the removable items on a
pipe support are installed as required by the design documentation. The hard-
wvare validation is implemented by Quality Control (QC) persomnnel in compliance
with the validated support drawing. Quality Control personnel verify and docu-
ment that all applicable hardware attributes listed on the hardware validation
checklists are acceptable. The following pipe support hardware validation
checklists are used, as applicable:

Adjacent Weld Checklist

Bolted Connection Checklist

Hilti Belt Checklist

Pipe Clamp Checklist

Richmond Insert Checklist

Snubber Checklist

Support Checklist

Sway Strut Checklist

Through Bolt/Embedded Bolt Checklist
U-Bolt/Bolted U~Guide Checklist
Variable/Constant Spring Checklist

In addition to the hardware validation pije support imspectionms, Qu. ity Con-
trol (QC) personnel also conduct imspections for pipe support contiguration
attributes as below:

Material acceptability

Support configuration compliance with validated design draving,
including dimensions

Support everhang length/tolerance

Support projection length/tolerance

Sway strut/snubber pin-to-pin dimension/tolerance

Alignment and circumferential deviation of shear lugs

Hilti bolt size/embedment

Weld length of structural member on base plate

Welded connection in accordance with validated drawing

Edge distance for structural members and base plates

Slope of bolted part with bolt head or nut

Shim size/weld
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FVM-080, Clearance Walkdowns

SWEC-PSAS developed the Field Verification Method (FVM) CPE-SWEC-FVM-PS-80 to
assure that sufficient clearance exists around the validated piping. Clearance
is required to permit those anticipated piping displacements that could occur
under plant operating conditions without any impedimeut to those displacements.
An impediment is defined as any structure, pipe, conduit, cable tray, equip-
ment, etc, that encioaches on the envelope of anticipated pipe displacement.

This field verification effort is performed by the SWEC-PSAS engineering per-
sonnel. SWEC-PSAS has established clearance criteria and is responsible for
training the clearance walkdown teams, evaluating clearance problems, and issu-
ing design changes to correct any clearance violations, as follows:

1. SWEC-PSAS Site Engineering Group shall establish and train the clear-
ance walkdown teams, consisting of a stress engineer, a pipe support
engineer, and others as required.

2. Displacement and clearance criteria established by other disciplines
will be used in the walkdown (e.g., conduit displacements, equipment
displacements, proximity of heat sources), as applic..le.

A table will identify each pipe stress analysis package and the asso-
ciated maximum displacements for other components, such as equipment,
conduit, cable trays, piping, and pipe supports.

4, An engineering walkdown is being performed for each pipe stress anal-
ysis package to validate the as-built clearances acceptance criteria.
A Clearance Evaluation Form shall be completed for each violation of
the clearance criteria.

Quality Control (QC) personnel will periodically accompany the SWEC-PSAS engi-
neering walkdown teams and perform surveillance inspections to assure compli-
ance with the Field Verification Methods (FVMs).

FVM-82, Validation of Seismic Category Il Large Bore Piping and Pipe
Supports Over Seismic Category I Equipment

SVEC-PSAS developed the Field Verification Method (FVM) CPE-SWEC-FVM-PS-82 to
validate the integrity of seismic Category II piping and pipe supports over
Seismic Category I equipment as specified in CPPP-30. The purpose of this
Field Verification Method (FVM) is to assure, by engineering inspection and
evaluation, that during or after a seismic event, the Seismic Category II pip-
ing systems will not fall and damage nearby Seismic Category I systems, struc-
tures, or components. This Field Verification Method (FWM) specifies the
engineering field walkdowns required to assure that the installation of the
piping and pipe supports is in compliance with the validated design.

The field verification effort is performed by SWEC-PSAS engineering personnel

using the ac ptance criteria for the configuration of the supports and the
tolerances specified in Piping Erection Specification No. 2323-MS-100 (Refer-
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ence 38). Tables 5-6 and 5-8 contain the piping and pipe supports checklists
for this field verification effort.

Quality Control (QC) personnel will periodically accompany the SWEC-PSAS engi-

neering walkdown teams and perform surveillance inspections to assure compli-
ance with the Field Verification Methods (FVMs).
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5.2 RESULTS

This section discusses the results of the SWEC-PSAS Large Eore Pipe Stress and
Fipe Support Corrective Action Program (CAP).

5.2.1 Pipe Stress Analysis Results

The pipe stress analysis packages validated by SWEC-PSAS are within the allow-
able stress criteria of the ASME Section III Code.

The pipe stress analysis results are described below.

< Pipe Support Optimization (As a Result of Pipe Stress Design Valida-
tion Process)

A total of 583 snubber supports were deleted through the pipe support
optimization process. Approximately 300 additional snubber supports
were converted to rigid supports, bringing the total number of snub-
bers eliminated for Unit 1 and Common to 1,182 (some snubber supports
contain more than one snubber). This large reduction of snubbers
(approximately 50 percent of the original total) is part of the over-
all plant improvement incorporated into the SWEC-PSAS validation ef-
fort. It represents a significant improvement in plant reliability
and reduction in inservice inspection, worker radiation exposure, and
cost of maintenance.

Integral Welded Attachments (IWAs)

A total of 1,166 Integra) Welded Attachments (IWAs) in large bore
pipe rtress analysis packages within Unit 1 and Common were analyzed,
and 309 require modification.

Pipe Rupture Analysis

High energy piping arrangement in CPSES Unit 1 and Common utilized
the design criteria of postulated pipe ruptures protection by physi-
cal separation. Consequently, of the 384 large bore pipe stress
packages, pipe rupture analyses are required for 68 high energy and
4Y moderate energy large bore pipe stress analysis packages. These
stress analyses were analyzed with the following results:

High Energy Line Break (HELB) Postulation - A total of 37 manda-
tory postulated intermediate breaks were identified.

Moderate Energy Line Crack (MELC) Postulation = A total of 91
wandatory pcstulated cracks were identified.

Piping and Pipe Supports Attached to Secondary Walls

The piping and pipe support validation procedure for secondary wall
displacements, CPPP-35 is used to qualify 377 supports/penetrations
that have been identified as being attached to a secondary wall.
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Approximately 83 percent of these suppurts comply with the flexibil-
ity criteria of CPPP-35, and no further evaluation 1is required.
Those supports which did not comply with the flexibility criteria
affect 33 large bore pipe stress analysis packages in Unit 1 and Com-
mon. This validation requires the modifications of 10 pipe supports
that spanned secondary and primary walls within these large bore pipe
stress analysis packages.

5.2.2 Pipe Support Analysis Results

The Pipe Support Analyses validated that app oximately 12,020 pipe supports
within the 384 large bore pipe stress analysis packages comply with the design
criteria. During the SWEC-PSAS pipe support validation process, required sup-
port modifications were identified. The pipe support modifications are catego-
rized as follows:

Prudent - Suppurts in this category may have been technically accept-
able; however, more time and expense would have been invoived in the
detailed analysis than that required to physically modify the support
and qualify the modification.

48 Recent Industry Practice - Modifications implemented to eliminate
snubbers to enhance plant maintainability, reduce inservice inspec-
tion, and minimize worker radiation exposure during opcrating plant
conditions.

3. Adjustment - Miror modifications (such as retorquing or shimming)
implemented to meet installation criteria contasned in the resolution
of tte CPRT and externa. issues.

4. Cumulative Effects - Modifications that are required due to the com-
bined effect of the previous issues.

From the results of the stress analysis, 1,452 supports were deleted and 186
supports were added (including the addition of 20 pipe ancuvs«s). The result of
SWEC-PSAS pipe stress and support analysis has identified a total of 5,621 sup-
ports that require modification (including deletions and additions). Table 5-4
contains a description of the types of modifications by the above categories.

The plant modifications resulting from the Largc Dore Pipe Stress and Support
Corrective Action Program (CAP) has been determined by TU Electric to be re-
portable under the provisions of 10CFR50.55(e). TU Electric reported to the
NRC the large bore piping modifications in the Significant Deviation Analysic
Report SDAR-CP-86-36 (see Subappendix B2).

5.2.2.1 Pipe Support Modifications Identified Prior to Pipe Stress
Analysis

The following types of pipe supports were identified for modification prior to
stress analysis as a result of the resolution of the CPRT and external issues.
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Cinched U-Bolts on Single Struts or Snubbers

To avoid lengthy detailed stress evaluations for the pipe, U-bolt,
and crosspiece, all 353 cinched U-bolts on single strut or snubber
large bore pipe supports for Unit 1 and Common are identified for
elimination or modification.

Cinched U-Bolt Trapeze Supports

Of the 693 cinched U-bolt trapeze supports in Unit 1 and Common large
bore pipe supports, 266 were identified for deletion, and the remain-
ing 427 were identified for modification. Table 5-5 summarizes the
types of modifications identified for the cinched U-bolt trapeze
supports.

Potentially Unstable Supports

In addition to the cinched U-bolt supports, both single strut and
trapeze, Project Procedure CPPP-7, Attachment 4-9, requires that po-
tentially unstable supports be modified. Such configurations identi-
fied are trapeze supports with zero clearance box frames, spring
hangers on trapeze, and spring hangers without a U-bolt. These sup-
ports are redesigned or eliminated during the validation process.

Clearance on Rigid Supports

The clearance between the pipe and the restraining surfaces for rigid
restraints s:ch as frames, straps, uncinched U-bolts and lugs is in-
spected and adjusted where required to meet the clearance require-
ments specified in Project Procedure CPPP-7, Attachment 4-11.

Uncinched U~Bolts on Rigid Frames

Uncinched U-bolts on rigid frames for pipe sizes 6 in. and smaller
were acalyzed and designed as two-way restraints in accordance with
Project Procedure CPPP-7, Attachment 4-3. Where they existed on
pipes 8 in. nominal size and larger, they were identified for elimi-
nation or replacement by a strap or a box frame, as appropriate, dur-
ing the validation process.

Single Tube Steel with Richmond Insert Bolts

Supports with single tube steel Richmond insert connections loaded
primarily in shear and/or torsion are modified by the addition of
"outriggers' to increase the rigidity f the support.

Long Tube Steel with Richmond Insert Bolts

Pipe supports with long tube steel anchored by Richmond insérts and
subject to LOCA temperature effects are modified by limiting the tube
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steel length. These supports were primarily "run together” multiple
pipe supports.

5.2.2.2 Special Pipe Support Frame Results

Special analyses were required for certain supports to evaluate the effect of
differential movement of the attachment points and/or restrained thermal
expansion.

. Wall-to-Wall and Floor-to-Ceiling Supports

Twenty-seven wall-to-wall and floor-to-ceiling pipe supports were
identified in large bore pipe stress analysis packages within CPSES
Unit 1 and Common. These supports were validated by meeting the re-
quirements svecified in Table 4.7.2-1 and Attachment 4-19 of
SWEC-PSAS Pro-edure CPPP-7, and 19 required modification as a result
of differential movement of attachm:nt points &nd restrained thermal
expansion.

L Corner -‘':pports

SWEC-PSAS Project Memorandum PM-39 (Reference 54) identifies the pro-
cedure for the identification, evaluation, and disposition of cornmer
supports with wall-to-floor or wall-to-ceiling attachments encoun-
tered during the validation effort, with 221 corner supports identi-
fied in the large bore pipe stress analysis packages within Unit 1
and Common. The design of all corner supports on CPSES Unit 1 and
Common has been validated by meeting the requirements specified in
Table 4.7.2-1 and Attachoent &4-19 of SWEC-PSAS Procedure CPPP-7, and
no modifications were required as a result of differential building
movements.

§.2.2.3 SWEC-PSAS As-Built Verification of Modifications

SWEC-PSAS performs the as-built piping validation of the CPSES Unit 1 and Com-
mon large bore piping and pipe support modifications in compliance with NRC I&E
Bulletin 79-14. This process is conducted as part of the final reconciliation
process described in Section §.1.2.7 in accordance with SWEC-PSAS procedure
CPSP-12 (Reference 37). The piping linear dimensions, elevations, valve orien-
tations, angles, wall and floor sleeve penetrations, and interconnecting equip-
ment are validated. The modified pipe supports are validated to the as-built
drawings, including configuration, mark number, dimensional location, function,
angularity, and directions.

5.2.3 Post-Construction Hardware Validation Program (PCHVP) Results
The Post-Construction Hardware Validation FProgram (PCHVP) is implemented

through the wverification of the hardware-related attributes described iop
Section 5.1.3 for the large bore piping and pipe supports in Unit 1 and Common.
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These field verifications listed below are in progress:

Field Verification Method (FVM) for hardware inspection/validation
(CPE-SWEC-FVM-F3-081). To date, 2,877 pipe supports within the large
bore pipe stress analysis packages have been validated to be in con-
formance with the acceptance criteria.

Field Verification Method (FVM) for clearance  walkdowns
(CPE-SWE(C~=FVM-PS-08C).

Field Verification Method (FVM) for Seismic Category Il large bore

piping asd pipe supports over Seismic Category 1 equipment
(CPE-SWEC-TVM-PS-082).
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5.3 QUALITY ASSURANCE PROGRAM

All activities of the Unit 1 and Common large bore piping and pipe support Cor-
rective Action Program (CAP) were performed in accordance with SWEC's Quality
Assurance (QA) program. This program is consistent with SWEC's Topical Report
SWSQAP 1-74A (Reference 20), Stone & Webster Standard Quality Assurance Pro-
gram, which has been approved by the NRC.

In accordance with the Quality Assurance (QA) program, a project-specific QA
program (Reference 6) including procedures covering the essentials of the
SWEC-PSAS validation process were developed. These SWEC-PSAS Project Proce-
dures were distributed to all supervisory engineers and were readily available
to SWEC-PSAS personnel. The issuance of design criteria, validation proce-
dures, and major revisions of these documents was followed up with detailed
training programs for applicable personnel. In particular, pipe stress and
support engineers on the project received training in the technical procedure
(CPPP-7), and the design control procedure (CPPP-6).

A Project Quality Assurance (QA) Manager, who is directly responsible to the
SWEC Vice President of QA and has management experience in auditing and QA pro-
gram procedure development for engineering activities, was assigned to the pro-
ject in the earliest stages of project mobilization. Tnis reporting respon-
sibility assures independence of the Quality Assurance (QA) functioms. The
SWEC-PSAS Quality Assurance (QA) Manager has a staff of Engineering Assurance
(EA) engineers assigned to assist him in his duties. SWEC's EA Division is an
integral part of SWEC's QA Program (Reference 20). These individuals provide
assurance that the QA program properly addresses all project activities and
assist SWEC-PSAS personnel to understand and properly implement the QA program.

To date, more than 164,000 man-hours have been expended by SWEC in activities
directly attributable to the overall Project Quality Assurance program (i.e.,
training, procedure development, auditing, and the project QA Manager's staff).

The adequacy and implementation of this Quality Assurance program was exten-
sively audited by SWEC's Engineering Assurance Division, SWEC's Quality Assur-
ance Auditing Division (QAAD), TU Electric Technical Audit Program (TAP), and
the NRC's Vendor Program Branch (VPB) and Office of Nuclear Reactor Regulation.
A total of 36 audits were performed by these organizations to date for hoth
Units 1 and Common large bore piping and pipe supports Corrective Action Pro-
gram (CAP) as follows:

SWEC - EA 22
SWEC - QAAD 1



TU Electric -~ TAPY 12
NRC 1

The SWEC, NRC, and TU Electric Technical Audit Program (TAP) audits evaluated
the technical adequacy of the engineering product (e.g., calculations, draw-
ings, and specifications) and assessed the adequacy and implementation of the
SWEC Quality Assurance Program. A summary of these audits is presented in
Sections 5.3.1 and 5.3.2.

TU Electric conducted technical audits as part of the TU Electric Technical
Audit Program (TAF). The details of calculations, drawings, and procedural
compliance and technical interfaces were evaluated. These technical audits
have resulted in enhancements to the procedures and methods and thus contrib-
uted to the overall quality of the CPSES large bore pipe and support design.

The NRC Staff performed surveillances on SWEC-PSAS validation process, includ-
ing in-process reviews of SWEC-PSAS's progress and methods ¢f resolving the
generic technical issues and verification of the adequacy of SWEC-PSAS walk-
downs. The NRC-VPB performed an audit of the SWEC-PSAS piping and pipe support
Corrective Action Program (CAP).

A Third Party organization (Tenera, L.P.) was contracted by CPRT to overview
the adequacy of SWEC-PSAS large bore piping and pipe support design methodology
as discussed in Section 5.1.1. The Third Party concluded that SWEC-PSAS's
large bore pipe stress analysis and pipe support validation program was compre-
bensive and capable of resolving Comanche Peak Review Team (CPRT) and external
issues. This third party overview provides additional assurance that the CPSES
large bore piping and pipe supports meet the licensing commitments.

In addition to these audits, TU Electric has initiated the independent Engi-
neering Functional Evaluation (EFE) program to provide an overview of the tech-
nical activities being conducted on the CPSES project. The Engineering
Functional Evaluation (EFE) team has audited the SWEC-PSAS performance since
June 1987. The large bore piping and pipe supports design has been reviewed to
assure consistency with validated input data and to assure outputs have been
transferred to appropriate interfacing organizations.

Surveillance activities have been conducted by SWEC Engineering Assurance per-
sonnel to assure conformance to procedures and standards. Similar surveillarc-
es are performed by the TU Electric Technical Audit Program (TAP).

¥The TU Electric Technical Audit Program (TAP) has been in effect since
January 1987. Prior to this the TU Electric Quality Assurance - Department
performed audits of selected engineering service contractors using technical
specialists as part of its vendor audit program.
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These audits described above represent a very detailed and complete assessment
of the following:

1. Adequacy of the Project Quality Assurance program.

2. Implementation of the Quality Assurance program.

3. Technical adequacy of the design criteria and procedures.
4. Implementation of the design criteria and procedures.

These audits and surveillances identified instances in which some Jction was
required to clarify or modify precedures to more clearly define some activi-
ties, revise calculations to address an omission of clarifying statemen's or
more properly address a situation, and provide additional training or project
guidance to assure continued compliance with procedures. A timely and coaplete
response was developed for every item identified throughout the audit process.
Whenever a question that suggests a need to improve any of these items was
identified, the cause, extent of conditions, and any required corrective/
preventive actions were determined, properly documented, anu implemented. Sub-
sequent audits have verified that appropriate actions were taken to address
previously identified items and identified a trend of improved overall perfor-
mance by SWEC-PSAS. No audit items which would result in questions of techni-
cal adequacy of SWEC-PSAS's overall validation program have been identified.

In addition to the audits and surveillances, a rigorous Quality Control (QC)
inspection program is in plsce on the CPSES site. QC personnel are responsible
for performing inspection of attributes as delincated in the inspection pro-
cedures before a particular installation is acceptable.

In summiry, an appropriate level of attentioa has beeun given to the quality of
activities; the Quality Assurance (QA) propram is appropriate for the scope of
work; project performance has been demonstrated to be in compliance with the

QA program, and appropriate corrective and preventive actions were taken whep
ever they were required.

3.3.1 Summary of SWEC Engineering Assurance (EA) Audits

To date, SWEC EA has performed 22 audits of the SWEC-PSAS large borc piping and
pipe support validation process. Each SWEC-PSAS project location has been au-
dited at least three times. An average of five subjects were reviewed during

each of these audits. The following list of audit subjects describes the depth
of auditing that has been performed:

1. Adequacy of the SWEC-PSAS Design Frocedures.
2. Adequacy of the SWEC-PSAS Project Procedures.
3. ARS Data Conversion.

4. Calculations - Technical adequacy.
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S Calculations - Documentation

6. Compliance with project procedures.

F 4 Construction support activities.

8. Document Control.

9. Field walkdown activities.

10. Indoctrination and training.

11. Licensing activities,

12. Records maintenance.

13. Maintenance of Project Procedure manuals.

14. Personnel qualification and experience verification.
15. System inputs to pipe stress and pipe support analyses.

A chronological tabulation of SWEC Engineering Assurance (EA) audits is pre-
sernted in Table 5-10.

9:3:8 Summary of Audits by TU Eleciric-TAP, NRC-VBP, and SWEC-QAAD

In addition to the SWEC Engineering Assurance (EA) Andits, the SWEC-PSAS was
audited by TU Electric Quality Assurance (QA), NRC Vendor Program Branch (VPB),
and SWEC Quality Assurance Auditing Division (QAAD).

To date, TU Electric's Technical Audit Program (TAP) has performed 12 audits of
the SWEC-PSAS. Each SWEC-PSAS location has been audited at least once. An
average of nine (9) subjects were reviewed during each of these audits. These
audits are essentially equivalent to the SWEC knjineering Assurance (EA) audits
discussed in Section 5.3.1. Therefore, the l.st of audit subjects in Sec-
tion 5.3.1 is representative for these audits. A chronological tabulation of
the TU Electric Quality Assurance TAPs audits is presented in Table 5-11.

The NRC-Vendor Program Branch (VPB) performed one audit in mid-1986 of
SWEC-PSAS validation process (Reference 31) and reviewed the following
activities:

1. Design control (pipe stress and support analyses).
2. Document Control (incoming 2ad outgoing).

3. Procurement control.

4. Training.
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5. Audits (SWEC-EA and TU Electric~TAP).

The SWEC Quality Assurance Auditing Division (QAAD) performed one audit of the
SWEC-PSAS. This audit was performed to assess the Project Quality Assurance
Manager's adherence to Corporate QA Program requirements, the adequacy of the
Project's QA Program (CPPP-1), the Document Control Program, and the Records
Management Program.
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5.4 CORRECTIVE AND PREVENTIVE ACTION

SWEC-PSAS has developed technical and design control procedures and updated the
design and installation/inspection specifications to implement the corrective
actions resulting from the large bore piping and pipe supports Corrective Ac-
tion Program (CAP). These procedures and specifications are identified within
the Piping - Design Basis Documents (DBDs) which contain the bases for validat-
ing the large bore piping and pipe supports in Unit 1 and Common. As a result
of this effort, the Comanche Peak Steam Electric Station - Unit 1 and Common
large bore piping systems and supports are validated as being capable of per-
forming their safety-related functions.

This validation is documented in the drawings, calculations, and specifica-
tions. This validated design documentation will be provided to TU Electric.
This validated design documentation can provide the basis for configuration
control of CPSES large bore piping and pipe supports to facilitate operation,
maintenance, and future modifications following issuance of an operating
license.

At the completion of the validation, SWEC-PSAS will provide TU Electric
Comanche Peak Engineering (CPE) with the complete set of drawings and calcula-
tions, contained within the Large BRore Piping - Design Validation Packages
(DVPs) for Unit 1 and Common. SWEC-PSAS procedures used for large bore piping
and pipe supports validation will be provided to Comanche Peak Engineering
(CPE). Implementation of these procedures by CPE assures that future CPSES
large bore piping and pipe supports design is performed in accordance with the
licensing commitments.

Training for Comanche Peak Engineering (CPE) personnel will be provided by
SWEC-PSAS. The training will cover background assumptions and the methodology
used in the validation of the piping and pipe support design. The importance
of quality assurance will be stressed throughout the training program.

Practical experience has been provided to Comanche Peak Engineering (CPE) engi-
neers who have worked alongside SWEC-PSAS engineers during the ongoing valida-
tion process. Experience gained by CPE engineers included changes in design
documents, and familiarization with procedures followed and regulatory
requirements.

TU Electric Comanche Peak Engineering (CPE) is developing a program to assure a
complete and orderly transfer of the engineering and design function from
SWEC-PSAS to CPE. The program will provide for the identification of those
tasks presently being performed by SWE"-PSAS which are to be transferred to CPC
and the identification of all procedures, programs, training, and staffing
requirements. The program will be based upon three prerequisites: 1) the
piping-related Corrective Action Program (CAP) effort to support plant com-
pletion is finished for the particular task; 2) the Piping - Design Validation
Packages (DVPs) are complete; and 3) any required preventive action taken, as
discussed in Appendix C, is complete.
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This program will assure the transfer of complete design document and pro-
cedures to Comanche Peak Engineering (CPE).
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FIGURE
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CORRECTIVE ACTION PROGRAM (CAP) TECHNICAL INTERFACES
LARGE BORE PIPING AND PIPE SUPPORTS
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FIGURE 5-3
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FIGURE 5-4

SWEC-PSAS PIPE SUPPORT DESIGN VALIDATION FLOW CHART
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FIGURE 5-5
POST CONSTRUCTION HARDWARE VALIDATION PROGRAM (PCHVP)
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10.
11.
12.
13.
14.
15.
16.

17.

18.
19.

20.

21.

TABLE 5-1

PIPING SYSTEM INPUT DATA

Final Safety Analysis Report (FSAR)

ASME 111 Code Class 1, 2, and 3 p.iping drawings and Seismic Category II
piping drawings within the same piping stress analysis package

Pipeline designation list
Piping design specifications
Flow diagrams, system description and operating conditions

Seismic response spectra (including the application of ASME Code
Case N-411)

Seismic structural displacements data

General arrangement and civil/structural drawings
As-built piping support location drawings

Pipe support drawings

Thermal structural displacements data
Containment pressure test displacement data

Wall and floor sleeve sealant design data

Jet impingement loads

Pipe whip impact loads

Structural and equipment layout drawings

Valve and valve operator weights (including extended attachments), center
of gravity, yoke natural frequency and acceptable valve acceleration limit

Equipment movement data and allowable nozzle loads
As-built location of pipe with respect to wall and floor sleeves

Existing pipe break locations, pipe rupture restraint locations and de-
tailed drawings

Valve nozzle allowables
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22.
23.
24.
25.
26.
27.

28.
29.
30.
31.
32.

TABLI 5-1 (Cont)
As-built pipe thickness
Westinghouse Class 1 pipe stress reports
ADLPIPE computer listing for each pipe stress analysis package
Containment displacements due to loss of coolant accident (LOCA)
Component drawings (equipment, penetration, valve, etc)
Calculations
a. Pipe stress analysis (if applicable)
b. Pipe support analysis and stress report (if applicable)
¢. Fluid iransient analysis (if applicable)
Loads from non-ASME attachments on pipe supports
Geotechnical data for buried pipe analysis
Flexible hose design crivcria and vendor's design report
As-built information for tie-back support

As-built pipe weld shrinkage and locations



TABLE 5-2

FLUID TRANSIENT LOADINGS

Containment Spray System

. Containment spray pump startup
Safety Injection System

@ Check valve closure following pump trip
Service Water System

. Pump trip and pump start
Residual Heat Removal System

. Relief valve discharge
Chemical and Volume Control System

. Relief valve discharge
Main Steam System
Main steam turbine trip
Auxiliary .eedpump turbine trip

Feedpump turbine trip
Safety and relief valve discharge

Feedwater System

. Check valve closure following pump trip

. Rapid closure of isolation or control valve

. Check valve closure analysis following postulated pipe rupture
Auxiliary Feedwater System

° Check valve closure following trip of one auxiliary feedwater pump
Boron Recycle System

. Relief valve discharge

Component Croling Water System

. Relief valve discharge



TABLE 5-3

PCHVP REINSPECTION ATTRIBUTES AND RESOLUTIONS
IN RESPONSE TO CPRT QUALITY OF CONSTRUCTION

Construction
Work Category

Large Bore
Piping Configur-
ation

Pipe Welds
and Materials

Large Bore
Pipe Supports =
R.gid

ISAP-VII.C RESULTS REPORT
LARGE BORE PIPING AND PIPE SUPPORTS

ISAP-VII.c Results
Report Recommendations

Reinspect flow elements to
verify that they are orien-
ted in the proper direction

Verify existing piping
clearance criteria and
walkdown all insulated
large bore piping

Reinspect safety-related
piping expansion joints

Reinspect butt welds in
Schedule 80 or thinner
stainless steel piping made
prior to 1982 that are
replacement welds and/or
have received extensive
repairs

Walkdown of pipe supports

containing vendor-supplied
components and replacement
of nonconforming parts sub-

ject to appropriate engineer-

ing disposition

Inspect for proper gaps
between pipe and pipe sup-
ports and verify adequate
clearance between pipe
welds and pipe supports

PCHVP Attributes
FVM/Procedures

CPE-SWEC-FVM-PS-081
(Reference 51)
CP-QAP-12.1
(Reference 34)
Figure F.23

CPE-SWEC-FVM-PS-080
(Reference 50)
CPPP-22, Clearance
Walkdown Procedure
(Reference 32)

CPE-SWEC-FVM-PS-081
CP-QAP-12.1
Figure F.23

CPE-SWEC-FVM-PS-081
CP-QAP-12.1
Figure F.23

CPE-SWEC-FVM-PS-081
CP-QAP-12.1
Figure F.16

CPE-SWEC-FVM-PS-080
CPPP-22, Clearance
Walkdown Procedure
CP-QAP-12.1

Figure F.9



Construction
Work Category

Large Bore
Pipe Supports -
Aonrigid

TABLE 5-3 (Cont)

ISAP-VII.c Results
Report Recommendations

Inspect and install suitable
locking devices on all
vendor-supplied components
that do not kave high-
strength bolting; install
locking devices on all high-
strength bolting that is not
torqued to an acceptable pre-
load

Walkdown reinspection of
pipe clamps and replace
nonconformiug spacers or
confirm they fall within the
limits of bounding calcu-
lation

Verify that jam nuts on all
vendor-supplied components

(sway struts, snubbers, and
spring cans) are snug tight

Walkdown of all pipe sup-
ports having pipe clamps to
verify security of attach-
ment to the pipe

Reverify component adjust-
mert during the startup
and preoperational phases
of the plant

Inspect and install suitable
lock:ing devices on all
vendor-supplied components
that do not have high
strength bolting, install
locking devices on all high-
strength bolting that is not
torquec to an acceptable pre-
load

PCHVP Attributes
FVM/Procedures

CPE-SWEC-FVM-PS-081
CP-QAP-12.1

Figures F.13, F.15,
F.16, F.18, and F.20

CPE-SWEC-FVM-PS-081
CP-QAP-12.1
Figure F.13

CPE-SWEC-FVM-PS-081
CP-QAP-12.1

Figures F.15, F.16, and
31

CPE-SWEC-FVM-PS-081
CP-QAP-12.1
Figure F.13

CPE-SWEC-FVM-PS-081
CP-QAP-12.1
Figure F.20

CPE-SWEC-FVH-PS-081
CP-QAP-12.1

Figures F.13, F.15,
F.16, and F.20



TABLE 5-3 (Cont)

Construction ISAP-VII.c Results PCHVP Attributes
Work Category Report Recommendations FVM/Procedures
Walkdown of all vendor- CPE-SWEC-FVM-PS-081

supplied components to en- CP-QAP-12.1
sure that proper angularity Figures F.15 and F.17

exists

Walkdown of all supports CPE-SWEC-FVM-PS-081
containing vendor-supplied CP-QAP-12.1
ccamponents and inspect Figures F.13 and F.20
cotter keys and associated

bolting



TABLE $-4

UNIT 1 AND COMMON LARGE BORE PIFE SUPPORTS MODIFICATION 5UrMARY

Category Number of Modifications
Prudent 1293

Recent Industry Practice 1883
Adjustment 392
Cumulative Effects 2052

TOTAL ve21

Modification

Description Category

Richmond Insert Single Tubes Prudent

Allowable Stress Exceeded for Structural Member Cumulative Effects

Support Deleted

Recent Industry Practice

Support Added Cumulative Effects
Rigid Trapeze Prudent
Trapeze Snubber Prudent
Allowable Stress Exceeded for Welds Cumulative Efferts
Allowable Lcad Exceeded for Standard Component Cumulative Effects
Allowable Load Exceeded for Concrete Anchor Cumulative Effects
Cinched U-Bolt Mouification Prudent

Component Exceeds 5 Degree Offset Adjustment
Revise Clearances Adjustment
To be Modified Into a Clamp Anchor Prudent
Box Frame on Pin Connection Prudent
Modify to Increase Stiffness Prudent
Preliminary Study Revises this into a Clamp

Anchor Prudent

Change from Rigid to Anchor or from Anchor

to Rigid Prudent

Change from Snubber to Rigid

Change from Rigid to Snubber

Two Way Rigid Restraint Changed to a One Way
Restraint or One Way Changed to Two Way

Recent Industry Practice

Cumulative

Effects

Restraint Cumulative Effects
Three Way Changed to One or Two Way Restraint Cumulative Effects
U-Bolt on a Rigid Frame (One or Two Way

Restraint) Cumulative Effects
Change from Rigid Hanger to Spring or Spring

to Rigid Cumulative Effects
Relocate Hanger Cumulative Effects
Pipe Bearing Stress Failure Cumulative Effects
Reset Spring or Snubber Settings Adjustment
Exceeds Lateral Movement for Spring Adjustment




TABLE 5-5

SUMMARY = CINCHED U-BOLT TRAPEZE SUPPORT MODIFICATIONS

Description of Modification Large Bore Piping
Single strut or snubber with a standard 223

pipe clamp

Box frame 82
Trapeze with strap and lugs 59
Trapeze with welded attachment now con- 43

stituting a rotation restraint

Single strut or snubber with a welded 1
attachment

Single strut or soubber with a stiff 19
clamp

Deleted 250

TOTAL 693



TABLE 5-6

SEISMIC CATEGORY 11 LARGE BORE PIPING OVER SEISMIC
CATEGORY 1 EQUIPMENT PIPING CHECKLIST

The field verification of Seismic Category '! piping located over Seismic
Category I systems, structures, or components is documented using a checklist
addressing these attributes:

1.

Establish seismic to nonseismic boundaries in piping systens and de-
termine whether the boundary requires further evaluation to ensure
the integrity of the seismic portion during a seismic event.

Determine if pipe supports restrain thermal expansion of a long
straight piping run.

Determine if supports have existing design loads that are less than
calculated threshold loads.

Determine if supports are next to a heavy concentrated weight (valves
or compomnents).

Determine if long straight runs or risers are not adequately support=
ed for seismic in axial direction of pipe.

Determine if piping extends to different buildings.

Determine if the system des.gn temperature exceeds 150°F.

Verify that bot piping configuration and component alignment are in
accordance with the design drawings.




TABLE 5-7

PCHVP LARGE BORE PIPING AND PIPE SUPPORTS
INSTALLATION/INSPECTION PROCEDURES

SWEC-PSAS Field Verification Metbods (FVMs) for large bore pipir . ' pipe sup-
ports Post Construction Hardware Validation Frogram (PCHVP) are in compliance
with the following procedures:

I

Comanche Peak Piping Erection Specification No. 2323-M5-100
(R+ference 38)

Comancine Peak ASME Section III Code Clas: 2 and 3 Piping Design Spec-
ification No. 2323-MS-200 (Reference 41)

Comanche Peak Nuclear Safety Class Pipe Hangers and Surporis Specifi-
cation No. 2323-MS-46A (Reference 44)

Comanche Peak Structural Embedments Specification No. 2323-85-30
(Reference 39)

Comanche Peak Construction Procedure CP-CPM-9.10, Component Support
Installation (Referz e 4A3)

Comanche Peak Construction Procedure CP-CPM-9.10A, Installation of
Vendor-Supplied Component Supports Catalog Items (Refer-ence 40)

fPSES Quality Assurance Procedure CP-CAP-12.1, Mechanical Component
Installation Verification (Reference 34)

CPSES Qualiiy Assurance Procedure QI-QAP-11.1-28, Fabrication and
Installation Inspection of Safety Component ‘Supports (Reference 45)

CPSES Quality Assuriace Procedure QI-QAP-11.1-26, Piping and Equip-
ment Installation "nmspectic_ (Reference 42)




TAELE 5-8

SEISMIC CATEGORY I1 LARGE BORE PIPING OVER
SEISMIC CATEGORY 1 EQUIPMENT
P(PE SUPPORT CHECKLIST

The field verification of Seismic Category 11 piping located over Seismic
Category 1 systems, structures, or components is documented using & checklist
adressing these attributes:

i.

General Support Requirements

anoe

- Iroo 0

Location

Function

Orientation

Dimensioni/configuration/material per control drawing/
document '
Physical damage/completeness

Hole edge distance in structu-al members

Gap clearances

Minimum 1 in. clearance

Voided supports removed

Welding

oe

.
-
w
n

Droe = an o

weld type
Welds properly wrapped

Plates/Anchor Bolis

Bolt size

Edge distance of holes

Size and hole spacing

Attachment location

Nut tightness/thread eangagement
Locking devices

Washers

Clearance with adjacent Hilti bolt

Bolted Connections (Including Clamps)

- ONoTe

Bolt/pin size

Thread engagement

Nut tightness

Locking devices/cotter pins
Clamp size/proper spacer
Tightness of bolt and clamp



TABLE 5-8 (Cont)
Snubber/Strut/Spring Components

Size/type/load pin size

Spherical bearing adequacy/free to swivel
Angularity with tolerance

Setting adequate per drawing

Eye rod thread engagement/nut tightness
Ends not binding

Locking devices

Extension weld adenuacy

Lubrite plate

“ X amd>Ooanoe

Design Considerations

Support instability (e.g., uncinched U-bolts)
Threshold loads exceed previous design load
N:nseismic interface loads

Seismic losding inclusion in original support load
Adegquacy of gang support

Integral attachment adequacy

- anoe

Aircraft Cables

Cable dianeter

Ceiling/wall connection

Clamp type/rod type

End loop configuration

Eye nut tightness/lock washers

Cable clamp tightness

Cable slack/configuration

Tie spacing/bundled cables tied together
Support location/span

Cable restraint modifications for 12 in. and 10 in.
diameter pipe

End of cables wrapped to prevent Jraying

i . G Ireo 0 ON O



10.

11.

12.

13.

14.

15.

16.

TABLE 5-9

TYPICAL SWEC-PSAS TECHNICAL AND DESIGN CONTROL PRACTICES
Add terminal anchors in the pipe stress problem boundary to bound the
stress problem.

Establish a seismic-to-nonseismic piping interfacr anchor design
requicement.

Revise pipe stress analysis package bLoundary decoupling requirement.
Establish branch line mass effect on main piping requirement.
Establish functional capability evaluation requirement.

Document the validation of thermal stress cycles and stress range reduc-
tion factor requireme:!.

Establish stiffness modeling of sleeve sealant.
Revise clearsace requirement between pipe and structural frame.
Establish a clamp anchor design for 6 in. and smaller nominal size pipe.

Revise the seismic design loads for nonsafety-related piping attached to
safety-related ganged pipe supports.

Revise the tube steel wrap::ound welding length evaluatien requirement.

Document the strut, snubber, and spring hanger swing angle evaluation re-
quiremeat, inciuding thermal, seismic, and fluid transient movements.

Establish an integrated clearance validation program (engineering walkdown
to validate clearance).

Establish the requirement to validate the valve weight list and the valve
stem extension in the as-built drawvinog.

Establish the pipe stress and pipe support system review documentation
requirement.

Establish the review and validation of CPSES plant design aud operating
conditions.



Engineering

Assurance

Audit No.

Site No.

Project No.
Project No.
Project No.

SWCL No.

Project
Site No.
Project
Project
Project

Project
Site No.
SWCL No.
Proiject
Project
Project
Project
Site No.
Project
SWCL Ne.
Project

11
~~ownm

FRLELPEIRALY

)

10
11
12
14

15

SWEC-PSAS at CPSES

Location*

at
at
at
at
at

at
at
at

at

at
at
at
at
at
at
at
at
at
at
at
at
at

Site

23523928428 39527 g3

23
-~
b

SWEC-Houston
SWEC-New York

TABLE 5-10

SUMMARY OF SWEC ENGINEERING ASSURANCE AUDITS
LARGE BORE PIPIAG AND PIPE SUPPORTS

Dates of Audits
07/31/85 08/01/85
10/06/85 10/11/85
10/28/85 11/08/85
12/09/85 02/13/86
12/17/85 12/19/85
12/16/85 02/28/80
12/16/85 02/13/86
02/10/86 03/07/86
02/:.8/86 03/13/86
03/24/86 - 03/28/86
04/28/86 05/02/86
05/19/86 05/23/86
06/02/86 - 06/06/86
07’21/86 0B/15/ 85
07/07/86 07/25/86
09/08/86 - 09/12/86
11/03/86 11/07/86
01/13/87 01/23/87
02/23/87 - 03/06/87
03/09/87 03/13/87
03/16/87 03/21/87
04/13/87 04/24/87
06/22/87 06/26/87

SWCL:

BOS -

CH:

Audit Report Transmittal

Audit Response
Transmittal

No Response Required
CPO-134, 11/15/85
2CP0-34, 12/20/85
CP0-622, 03/13/86
CPI-1468, 02/21/85
CPI-2115, 04/11/86
CPO-746, 04/03/86
CPO-863, 04/15/86
CPO-746, 04/03/86

No Response Required
CPO-1215, 05/14/86

CPO-1592,
CPO-1560,
CPO-1958,
CPI-3557,
CPO-2968,
2CP0-936,
CPO-3466,

0€/19/86
06/18/86
07/25/86
08/12/80
09/30/86
09/29/86
10/31/86

oM - 85/501, 08/22/85
ioM - 85/610/CP1-653
10M - EA-1735/CPI-1085
I0M - B6/042/CPI-1418
I0M - 86/015, 01/30/86
I0OM - 86/002/CPI-1546
10M - B6/088/CPI1-1490
IOM - B6/100/CPI1-1768
iON - EA-1791, 04/04/86
10M - 86/160/CP1-2192
10M - 86/221/CPI1-2457
1OM - 86/256/CPI1-2827
10M - B6/284/CPI1-2819
IOM - 86/396/CP1-3966
I0M - EA-1550/CPI-3852
10M - 86/521/CPI1-4285
I0M - 86/5%/CPI-4687
10M - B7/044/CPI-6064
10M - 87/120, 04/09/87
10M -~ 87/108/CPI-6690
2CP1-3336/CPI-67C3
IOM - B7/175/CPI-7022
10M - 87/256, 08/03/87

SWEC-Toronto

SWEC-Boston

SWEC-Cherry Hill

No Response Required
10M-237, 03/24/87
EMD File 16.1.2 (016)
CPO-6496, 05/14/87
CPO-6432, 05/11/87
2CP0-2543, 06/26/87
2CPO-2664, 08/20/87



Audit No.

TSWEC-1
TSWEC-2
TSWEC-3
TSWEC-4
TSWEC-5
TSWEC-6
TSWEC-7
TSWEC-8
TCP-B6-43
TSWEC-9
TSWEC-10
ATP-87-03
ATP-87-09
ATP-87-164
ATP-87-18
ATP-87-28

*Site:
HOC :

SWCL:

Location*

at Site
at NY
at BOS
at CH
at Site
at SWCL
at HOC
at NY
at Site
at CH
at BOS
at NY
at CH
at CH
at Site
at Site
and at NY

SWEC-PSAS at CPSES
SWEC-Hcuston
SWEC-New York
SWEC-Toronto
SWEC-BRoston
SWEC-Cherry Hill

TABLE 5-11

SUMMARY OF TU ELECTRIC AUDITS
LARGE BORE PIPING AND PIPE SUPPORTS

Dates of Auwdits

10/21/85 -
11/04/85 -

12/03/85
01/21/86
04/14/86
04/23/86
05/15/86
09/16/86
11/10/86

01/05/87 -
02/17/87 -

03/23/87
04/27/87
TENERA -
06/01/87
07/01/87
07/06/87

10/25/85
11/06/85
12/05/85

- 01/24/86

04/18/86
04L/24/86
05/16/86
09/19/86
11/14/86
01/09/87
02/20/87
04/03/87
05/01/87
04/06/87
06/C5/87
07/02/87
07/10/87

Audit Report Transmittal

Audit Response
Transmittal

CPI-934/QXX-2774
CPI-1185/QXX-2842
CPI-1266/QXX-2861
CPI-1552/QVC-02
CP1-2401/QVC-168
CPI-2510/QVC-195
CPI-2755/QvC-227
CPI-4609/QVC-542
CP1-5077/QIA-331
CPI1-5791/QvC-702
CP1-6486/QVC-752
CPI-6850/ATP-7019
CPI-6985/ATP-7032
CP1-6905/ATP-7029
CPI-7320/ATP-7107

CPI-7505/ATP-7173

CPO-317, 01/07/86
CPO-404, 01/31/86
CPO-501, 02/21/86
CPO-736, 03/31/86
CPO-1388, 06/13/86
No Response Required
CPO-1900, 07/18/86
CPO-4255, 12/23/86
CPO-4611, 01/16/87
No Response Required
<P0-6368, 05/08/87
CPO-6750, 06/05/87
CP0O-7415, 08/07/87
CPO-7056, 06/30/87
CPO-7315, 07/24/87

CFJ-7467, 08/13/87
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APPENDIX A
COMANCHE PEAK RESPONSE TEAM (CPRT) AND EXTERNAL ISSUES

INTRODUCTION

This appendix describes the details of the resolutions of issues resulting from
the Comanche Peak Response Team (CPRT) and from external issues. Each of thir-
ty-nine issues listed below is described in an individual subappendix which
includes discussions of resolution methodology and corrective and preventive
actions.

SWEC-PSAS has reviewed the CPSES Supplemental Safety Evaluation Reports (Z3ERs)
(NUREG-0797), and determined that the procedures and design criteria for the
piping and pipe supports Corrective Action Program (CAP) are consistent with
the actions required of TU Electric by the NRC Staff as stated in the SSERs.

Issue No. Issue Title
Al Richmond Inserts
A2 Local Stress - Piping
A3 Wall-to-Wall and Floor-to-Ceiling Supports
A Pipe Support/System Stability
A5 Pipe Support Generic Stiffness
A6 Uncinched U-Bolt Acting as & Two-Way Restraint
A7 Friction Forces
‘ A8 AWS Versus ASME Code Provisions
A9 A500, Grade B Tube Steel
Al10 Tube Steel Section Properties
All U-Bolt Cinching
Al2 Axial/Rotational Restraints
Al3 Bolt Hole Gap
Al4 OBE/SSE Dampinog
Al5 Support Mass in Piping Analysis
Alb Programmatic Aspects and QA Including Iterative
Design
Al7 Mass Point Spacing
Al8 High-Frequency Mass Participation
Al9 Fluid Transients
A20 Seismic Excitation of Pipe Support Mass
A21 Local Stress in Pipe Support Members
A22 Safety Factors
A23 SA-36 and A307 Steel
A24 U-Bolt Twisting
A25 Fischer/Crosby Valvce Modeling/Qualification
A6 Piping Modeling
A27 Welding
A28 Anchor Bolts/Embedment Plates




-

Issue No. Issue Title

A29 Strut/Snubber Angularity

A30 Component Qualification

A3l Structural Modeling for Frame Analysis
A32 Computer Program Verification and Use
A33 Hydrotest

A34 Seismic/Nonseismic Interface

A35 Other Issues

A36 SSER-8 Review

A37 SSER-10 Review

A38 SSER-11 Review

A3S CPRT Quality of Construction Review on Piping and

Pipe Supports
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SUBAPPENDIX Al

RICHMOND INSERTS

Definition of the Issue

There were several interrelated issues regarding the use of Richmond in-
serts (see Figure Al-1). The issues were related to design allowables,
sethods for calculating bolt loads in tube steel connections, and modeling
of insert/tube steel connections. The specific issues are as follows (see
References 4.1 through 4.9):

Safety Factors/Testing

The issue was that a safety factor of two was used for Richmond insert
designs instead of the manufacturer's recommended safety factor of three.
Related questions were raised regarding the tests performed by TU Electric
on Richmond inserts to determine the load-carrying capacity of the insert
and to examine the behavior of the connection for combined loading. In
specific, the representativeness of the tests to actual plant conditions
and the interpretation of the test results was questioned.

Concrete Strength

The issue was that Richmond inserts may have been installed in concrete
wveaker than the 4000 psi design strength used in the analyses.

Fatigue Life

The issue was that the reduction in fatigue life of the threaded rod in
Richmond insert tube steel connections caused by cyclic loadipg was not
considered.

Simplified Evaluation Method

The issue was that justification of the simplified method of Richmond in-
sert design was based on improperly interpreted finite element apalysi’
results.

Richmond Insert/Tube Steel Finite Element Modeling

The issue was that a simplified method was used in evaluating comnectio
made with tube steel without considering bolt angularity or bending in the
bolt due to the torsion in the tube steel member.

Tube steel/insert comnections were inconsistently modeled as pin or fixed

connections. This affects the support stiffness, support frame stresses,
and the evaluations of the loads on bolts/reods and inserts.
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1.6 Allowable Spacing
The issue was that the lack of a structural attachment interface program
may have resulted in a failure to consider spacing effects of nearby
anchors/sleeves in the structural evaluation of inserts.

1.7 Allowable Shear Loads
The issue was that allowable shear loads for 1 1/2 in. Richmond inserts,
which were extrapolated from test data for 1 in. and 1 1/4 in. size in-
serts, may not be conservative,

1.8 Thermal Expansion of Long Tube Steel Members

The issue was that thermal expansion of long tube steel members, under
LOCA conditions, anchored by two or more inserts was not considered.

1.9 Tube Steel Local Stress

The issue was that the local stress in tube steel walls, which may cause
punching-type failure, was not evaluated.

1.10 Oversized Holes
The issue was that the holes made in the connections are oversized, and
therefore the sharing of shear loads cannot be assumed to be equal for all
, of the bolts.
1.11 Misuse of Allowable Loads

The issue was that tension and shear allowables for inserts were occasion®
ally used to evaluate threaded rods/bolts in the analyses.

2.0 Issue Resclution

2.1 Safety Factors/Testing

SWEC-PSAS has specified a safety factor of ? for Richmond inserts under
normal, upset, and emergency loading conditions, as recommended by the
Richwond Screw Company. For faulted conditions, a safety factor of 2 has
been specified based on ACI 318-71 (Reference 4.10), The allowables are
based on averaging TU Electric insert capacity failure loads based on test
results as described in References &4.11 and &.)2. SWEC-Civil/Structural
Group has verified (Reference 4.11) that the tests were representative of
CF2ES Richmond insert ipstallation and that the tests were performed 1in
sccordance with the industry-wide accepted ASTM Standard E4B8-76
(Reference &.14).

The allowable losds for Richmond inserts and threaded rods, based on the
appropriate safety factoss, are provided in Attachment 4-5 of CPPP-7.

Al-2
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2.3

2.4

2.5

2.6

Concrete Strength
This issue is addressed in Subappendix A36.
Fatigue Life

CPPP-7, Section 4.3.1, specifies that threaded rods used in Richmond
inserts/tube steel connections are designed in accordance with AISC re-
quirements. SWEC-PSAS has demonstrated by analysis that the number of
equivalent stress cycles on pipe supports at CPSES is less tuan 7,000, and
therefore in accordance with AISC 7th Edition (Reference 4.15), Sec~
tions 1.7.1 and 1.7.2 and Appendix B, fatigue is not a concern for thread-
ed rods used in these connections.

Simplified Evaluation Method

The procedure developed and implemented by SWEC-PSAS for the qualification
of Richmond inserts and bolts (Attachment 4-5 of CPPP-7) is independent of
previously completed finite element analyses.

Richmond lusert/Tube Steel Finite Element Modeling

SWEC-PSAS established the tube steel to bolt load transfer mechanism for
shear and torsion loads (with respect to the tube steel) and developed a
conservative design methodology for evaluating these connections.
R. L. Cloud and Associates (RLCA) performed an independent analysis of the
tube steel to bolt load transfer mechanism and confirmed that the SWEC-
PSAS methodology is appropriate (Reference 4.16).

The SWEC-PSAS model simulated a member with bolt properties (in the STRUDL
computer program) to connect the center of tube steel to the face of con-
crete. Support joints were modeled as fixed except for the bolt's tor-
sional moment. The force and moment reactions were first used directly in
the interaction equation for qualifying the bolts and were later converted
to tension for evaluating the inserts. This interaction equation was doc-
umented by both RLCA (Reference 4.17) and SWEC-PSAS (Reference &4.18).
This method of analysis represents a conservative means of transferring
shear and torsion loads from the tube steel to the bolts. Single tube
stee]l members, subject to torsion, were modified by outriggers installed
at the connections to eliminate the moment on the bolt.

Attachment &-5 of CPPP-7 provides the modeling procedure for qualifying
the Richmond insert whe. used in conjunction with tube steel for &ll sup-
port configuration types, including the proper iateraction equation for
qualifying the bolts/roas.

Allowable Spacing
Attachment &4-5 of CPPP-7 specified spacing requirements and the effects of

reduced spacing on Richmond insert allowables. A project-wide program on
Richmond insert spacing, conducted by the SWEC Civil/Structural Group as
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discussed in the Civil/Structural PSR (Reference &4.13), is being imple-
( mented (also see Subappendix A28, Sections 1.1 and 2.1).

2.7 Allowable Shear Loads

TU Electric performed additional tests (see Section 2.1 above and Refer-
ences 4.11 and 4.12) to establish shear allowables for all Jiscrete sizes
of Richmond inserts used at CPSES including the 1 1/2 in. Richuond insert.
Design allowable values were based on these tests.

2.8 Thermal Expansion of Long Tube Steel Members

The effects of thermal expansion on long tube steel members anchored by
two or more inserts was evaluated by RLCA in Reference 4.19, and limits on
tube steel length were established.

Attachment 4-5 of CPPP-7 provides limits on tube steel length of long tube
steel members anchored by two or more inserts due to the effects of
LOCA~induced thermal expansion.

2.9 Tube Steel Local Stress

SWEC-PSAS developed and implemented a procedure for the evaluation of lo-
cal stresses due to nuts bearing on tube steel walls. This was incorpo-
rated into Attachment 4-13 of CPPP-7. For additional discussion of this
issue, refer to Subappendix A21, Section 2.0.

2.10 Oversized Holes

SWEC-PSAS procedures assume equal distribution of shear loads resulting
from rod and hole fit-up tolerances, where tubing is anchored by two or
pore Richmond imserts. Mowever, for Richmond inserts and threaded rods
with high shear interaction ratios (greater than 0.25), potential unequal
shear loading is addressed by checking that these Richmond imserts and
rods are capable of resisting twice the calculated shear (Reference 4.20).

2.11 Misuse of Allowable Loads

The SWEC-PSAS procedure for the validation of Richmond inserts and bolts
(Attachment 4-5 of CPPP-7) requires seperate evaluations for the inserts
and for the threaded rods/bolts using specified allowables and interaction
equations.

3.0 Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of the issue.

. Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportabie under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36) .
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. The csrrective sction to resolve the issues regarding the analysis
and design of Richmond inserts used in conjunction with tube steel
was accowp:ished through the impl.~entation of the criteria provided
in CPPP-7, Attachment 4-5 during the design validation.

. The preventive action for this issue 1is identified in Appendix C,

Refercnces

CASE's Prcposed Findings of Fact and Conclusions of Law (Walsh/Doyle
Allegations), Sections VII and VIII, August 22, 1983

Reply to NRC Staff questions from W. A. Horin to G. Mizuno, June 11, 1984
Reply to NRC Staff questions, September 1984
Affidavit of CASE witness M. Walsh before the ASLE, September 11, 1984

Structural Embedments Specification No. 2323-8§-30, Revision 1, Gibbs &
Hill, Inc., February 10, 1984

Richmond Inserts/Anchorages for Concrete Constructions, Bulletin No. 6,
Richmond Screw Anchor Co., 1971

Testimony of N. H. Williams in response to CASE questions of Febru-
ary 22, 1984, to CYGNA Energy Services, April 12, 1984

June 20, 1984, and August 9, 1984, meeting with NRC Staff discussing Rich-
mond Inserts' affidavit

CYGNA Pipe Support Review Issues List, Revision 4, and Transmittal Letter
No. 84056.120 dated September 18, 1987

ACI Code 1971, Building Code Requirements for Reinforced Concrete,
American Concrete Institute, Detroit

TU Clectric Test Report, Shear Tests on Richmond 1 1/2 in. Type EC-6W In-
serts, March 30, 1983

TU Electric Test Report, Shear and Tension Loading on Richmond Inserts,
1 1/2 in. Type EC-6W and 1 in. Type EC-2w, April 19, 1984

TU Electric Units 1 and Common, Civil Structural Project Status Report,
Revision 0, October 1987

ASTM Standard 488-76, Standard Test Methods for Strength of Anchors in
Concrete and Masonary Elements

AISC Specification for the Design, Fabrication, and Erection of Structural
Steel for Buildings, 7th Edition, 1969
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RLCA Report No RLCA/P142/01-85/003, Richmond Insert/Structural Tube Stee
Connection, Revision 0O, September 10, 198¢
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September 10, 198¢
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SUBAPPENDIX A2

LOCAL STRESS - PIPING

1.0 Definition of the Issue

The issue was (References 4.1 through &.4) that local stresses in piping,
due to the relative displacements between the pipe and supports, were not
properly addressed at CPSES in the items listed below:

1.1

1.2

Zero Gap Restraints

Zero gap restraints are box frame pipe supports with the specified
gap on the pipe support drawing less than the predicted radial ther-
mal expansion of the pipe. Therefore, these support types restrain
the radial thermal expansion of the pipe. The loads due to the re-
strained pipe expansion, combined with the mechanical loads, have the
potential to overstress the frame, welds, and pipe. In addition,
zero gap restraints used in conjunction with struts or snubbers are
potentially unstable.

Integral Welded Attachments (IWAs)

Integral welded pipe support attachments (IWAs), such as trunnions
and lugs, induce local stresses in the pipe wall. Anchor supports
with opposing trunnions attached to different support structures may
restrain the radial thermal pipe expansion and induce additional load
in the pipe, trunnions, and support structures.

The load from restrained radial thermal pipe expansion, when combined
with the mechanical loads, has the potential to overstress the pipe,
trunnion, welds, support structure, and support structure anchorage.

2.0 Issue Resolution

The issue of local stress on piping was resolved as follows:

2.1

Zero Gap Restraints

Frame-type pipe supports, designed to restrain the lateral movement
of the pipe through point, line, or surface contact, induce local
stresses in the pipe wall due to the bearing contact force, The is-
sue of local pipe stress due to bearing contact was resolved as
follows:

2.1.1 2ero clearance box frames are eliminated or modified to
provide sufficient gaps to allow for the thermal expansion
of the pipe in sccordance with CPPP-7, Attachment &4-11.
The modification of zero gap restraints on struts or snub-
bers, to provide stability, is discussed in Subappendix A&.
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3.0

2.2

2.1.2 Guidelines were provided in CPPP-7, Attachments 4-6B and
4-6C, to assess the local longitudinal lipe/point contact
and circumferential bearing stresses in piping restrained
by pipe support frames.

Integral Welded Attachments

CPPP-7, Attachment 4-6A provided simplified analysis methods for the
evaluation of pipe local stress at trunnions and lugs, with and with-
out pipe reinforcing pads. The local pipe stress for trunnions on
elbows is evaluated in accordance with PM-162. Local pipe stresses
at IWAs that did not meet the geometric limitations of the simplified
methods (such as multiple trunnions attached at the same location, or
pipe~through trunnions) were qualified based on finite element analy-
sis techniques.

In accordance with CPPP-7, Section &4.6.4.1, iupports with opposing
trunnions attached to different support structures were specially
analyzed to predict the additional load induced on the pipe, trun-
nion, support structure, welds, and support structure anchorage due
to the restrained thermal expansion of the pipe. This load was added
to the thermal load due to the longitudinal thermal expansion of the
pipe to determine the thermal design load for the pipe local stress
evaluation and the design of the trunnion, support structure, welds,
and support structure anchorage. The truonion was then analyzed in
accordance with CPPP-7, Attachment 4-6A as discusscd above.

Corrective and Preventive Action

No additional issues were discovered during the review and resolution
of the issue.

Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFRS0.55(e) (see Subappendix B2, SDAR-CP-86-36).

The corrective action to resolve the local pipe stress issues with
zero clearance box frames was to eliminate the support or modify the
support to provide proper gaps between the pipe and support during
the design validation. The corrective action to resolve the stabili-
ty issue for zero gap restraints is discussed in Subappendix A4. The
corrective action to resolve the local pipe stress issue with frames
and IWAs was to provide analysis methodologies and acceptance crite-
ria consistent with licensing commitments in CPPP-7, Attach-
ments 4-6A, B, and C during the design validation. All local pipe
stress design validation analyses were performed in accordance with
these attachments.

The preventive action for this issue is identified in Appendix C.




4.0 References

4.1

4.2

4.3

4.4

CASE's Proposed Finding of Fact and Conclusions of Law (Welsh/Doyle
Allegations), Section IV, August 22, 1983.

CASE's Answer to Applicant's Statement of Material Facts as to which
there is no Genuine Issue Regarding Consideration of Local Displace-
ments and Stresses, August 24, 1984,

CASE's Answer to Applicant's Reply to CASE's Answer to Applicant's
Motion for Summary Disposition Regarding Local Displacements and
Stresses, October &, 1984,

CYGNA Pipe Support Review Issues List, Revision 4, and Transmittal
Letter No. 84056.120 dated September 18, 1987.
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SUBAPPENDIX A3

WALL-TO-WALL AND FLOOR-TO-CEILING SUPPORTS

Definition of the Issue

The issue (References 4.1 and 4.2) was that wher a pipe support is at-
tached from floor-to-ceiling or wall-to-wall, the support members effec-
tively act as building structurai members. Loadings due to the thermal
expansion of the frame, relative displacements between building attachment
points from seismic building movemenis, time-dependent displacements such
as concrete creep, and the cumulative effects of these could be signifi-
cant. Since these loads and displacements were not considered in the de-
sign, the potential existed for support members to become overstressed.

Issue Resolution

2.1 Floor-to-Ceiling and Wall-to-Wall (F-C/W-W) Supports

The large F-C/W-W frames were qualified for loading combinations that
include frame thermal expansion, differential building displacements
due to seismic movements, long-term concrete creep, and live loads.
Relative building displacements, long-term creep, and live load ef-
fects were demonstrated to be insignificant for corner supports. The
loading combinations add the allowable stresses are delineated in
Attachment «-19 of CPPP-7.

2.1.1 Large Frames Outside the Service Water Tunnel

All large F-C/W-W frames, except those in the service water
tunnel, sre being modified by adding slip joints.

2.1.2 Large Frames in the Service Water Tuanel

The large F-C/W-W frames in the service water tunnel were
essessed for stresses caused by floor live load, differen-
tial floor/wall displacements due to long-term concrete
creep, thermal expansion, and seismic excitation as speci-
fied in Section 2.1. Supports assessed as being inadequate
are being modified (Reference &4.3).

2.2 Corner Supports
A generic study of these supports was performed utilizing the assess-
ment methods in Section 2.1. The supports were then reviewed based
on the study results, and the designs were validated.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue.
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All the pipe support modifications resulting from resolution of is-
sues in Subappendixes Al through A35 were determined to pe reportable
under provisions of 10CFR50.55(e) (see Subappendix B2,
SDAR-CP-86-36) .

The corrective action to resolve the issue with the proper evaluation
of floor-to-ceiling and wall-to-wall and corner supports was accom-
plished through the implementation of the criteria of CPPP-7, Attach-
ment 4-19 during the design validation.

The preventive action for this issue is identified in Appendix C.

4.0 References

4.1

4.2

4.3

4.4

CASE's Proposed Findings of Fact and Conclusions of Law (Walsh/Doyle
Allegstions), Section VI, August 22, 1983

CASE's Partial Answer to Applicant's Statement of Material Facts, in
the Form of Affidavit of CASE Witness, Mark Walsh, August 27, 1984

SWEC-PSAS Report No. 15454.05-N(C)-013, Qualification of Wall-to-
Wall/Floor-to-Floor Supports, April 1987

SWEC-PSAS Report No. 15454.05-N(C)-012, Revision 1, Qualification of
Corner Supports, June 2, 1987



SUBAPPENDIX A4

PIPE SUPPORT/SYSTEM STABILITY

1.0 Definition of the Issue

The issue (References 4.1 through 4.5) was that certain pipe support con-
figurations installed at CPSES were potentially unstable or their buckling
capacity was not properly evaluated. An unstable support is defined as a
support that can shift or move to an unqualified position. An unqualified
position is a position other than that assumed in the piping stress analy-
sis. A related issue was that the stability of the overall piping systems
must be assured.

1.1 Potentially Unstable Support Configurations

The following are configurations whose buckling capacity was not
properly assessed, or which were potentially unstable because they
had the potential to move axially along the pipe and/or rotate around
the pipe, creating a three-pin linkage system.

3411 Zero-Clearance Box Frames Supported by Single
and/or Multiple Struts or Snubbers

Case ] Case 2 Case 3
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3.3.3 Uncinched U-Bolts on Single Strut or Snubber

SNUG OR 2AP

=5 3

Q|q -

1.1.3 Multi-Strutted Frame Cang Supports
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1.1.4 Trapeze Supports With U-Bolts

e

1.1.5 Column-Strut Stability

T, ? L. 1, 4
Y] $ €y 1“_
L,
ch'

1.2 System Stability

The stability of the overall piping system is dependent upon the sta~
bility of each individual support. The issue was that if there were
unstable supports in a piping system, then the overall system would

be unstable.

2.0 Issue Resolution

2.1 Potentially Unstable Support Configurations
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2.2

A stable support is a support that cannot shift or move to an ungual-
ified position. Unqualified position means a position that exceeds
the specified tolerances from the position assumed in the pipe stress
analysis.

The stability of supports was assured by qualifying column-strut sup-
ports and by modifying potentially unstable coufigurations in accor=
dance withk CPPP-7, Section 4.2.4 and Attachment 4.9, as follows:

2.1.1 Zero-Clearance Box Frame Supported by Single or
Multiple Struts or Snubbers

These support types were either eliminated or modified,
such as by removing the existing box frame and replacing it
with a standard pipe clamp or rigid frame.

2.1.2 Uncinched U-Bolts on Single Strut or Snubber
All supports of this nature were eliminated or are being
modified by replacing the U-bolt assembly with a design
cousistent with the required support function.

23,3 Multi-Strutted Gang Support Frames
These supports were redesigned as rigid frames.

2.1.4 Trapeze Supports Witk U-Bolts
All supports of this nature were eliminated or are being
modifisd as described in Subappendix Al2, Axial, Rotation-
a1, and Trapeze-Type Restraints.

2.1.5 Column-Strut Stahbility
A procedure to evaluate the critical buckling load of a
column-supported strut was developed and is included in
CPPP-7, Attachment &4-9.

System Stability

The stability of the overall piping system was assured by the
following:

1) Each installed support was individually qualified to be stable
(in accordance with the definition in Section 2.1).

2) The system integrity was analyzed and qualified to the ASME
Section III, Division 1! Code allowsbles for deadweight, thermal,
and applicable occasional loads (fluid transients) and seismic
excitations in three orthogonal directions.
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3'0

4.0

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of the issue.

. Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-80-36).

. The corrective action to resolve the issue of pipe support and systram
stability was accomplished through the analysis methods and support
modifications specified ia CPPP-7, Section 4.2.4 and Attachment &-9
during the design validation.

. The preventive action for this issue is identified in Appendix C.
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CYGNA in reference to stability of pipe supports, April 30, 1985

4.5 CYGNA Pipe Support Review Iesues List, Revision 4, and Transmittal

Letter No. B4056.120 dated September 18, 1987.
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SUBAPPENDIX AS

PIPE SUPPORT GENERIC STIFFNE'S

1.0 Definition of the Issue

2.0

1.1 Genperic Stiffness Methodology

The issue (References &.)1 through &4.6) was that there is no assurance
that the assumed se of generic stiffness values used in the piping
stress analyses were sufficiently representative of the stiffnesses
of the installed supports. Therefore, the results of the pipe strers
analyses may not be valid.

Supports were designed to allowable stresses and to a deflection lim-
it of 1/16 in. for Level B (upset conditior) loads. No check was
performed on the support stiffress, since it was assumed that the
1/16-in. deflection limit would ensure that the actual suppert stiff~
pness wat acceptably close to the assumed values used in the piping
stress analyses.

1.2 Pipe Support Stiffness Evaluation

it was also noted that the flexibilities of all pipe support compo=
pnents, such as U-bolts and base plates, should have been included in
the support stiffness cslculation,

1.3 Effect of Oversize Holes on Pipe Support Stiffness Evaluation

The bolt hole sizes for 1 in. diameter bolts were 1/1€ in. larger
than allowed by the ASME Section 111 Code of record. The issue was
that these oversized holes were ignored in the pipe support deflec-
tion check and therefore could have an unconservative impact on the
seismic analysis of the piping system.

lssue Resolution

2.1 Generic Stiffness Methodology

Pipe support stiffnesses were represented 1n the pipe stress analysis
in sccordance with CPPP-7, Section 3.10.8.

The following approach was followed to develop a generic stiffness
methodology for CPSES.

2.3:% Determination of Genmeric Values

The following three types of supports were selected from
the CPSES pipe supports installed in the plant:

1} Rigid supports, including frames and struts
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2) Aachors
{ 3)  Soubbers

For rigid supports, generic values were analytically devel-
oped (Reference 4.7) for groups of pipe sizes. For snub-
bers, generic values were based on snubber sizes.

The generic values for anchors were developed in terms of
nondimensional values, which are independent of pipe sizes.
The nondimensional stiffness values of all sample anchors
for all pipe sizes can thus be used together in developing
histograms.

2:1.2 Pipe Support Stiffness Histograms

For all the supports evaluated, stiffoess values were
calculated.

Histograms of the calculated stiffnesses (Reference 4.8)
wvere developed and representacive values (median values)
determined.

2.1.3 Minimws Acceptable Stiffness for Use of iLhe General Value

To assure that the use of generic values produce valid pipe
stress analyses, & minimum stitfness value was established.

{ The minimum stiffness was determined with consideration of
its effect on thersal, static, and dynsmic responses
(Reference 4.7). This approach utilized simplified piping
models and fundamental engineering principles.

2.1.4 Screening Procedure

Before the beginning of p.pe stress snalyses, each pipe
support w«as assessed tc determime if its stiffness falls
sbove the minimum stiffoess; if so, it was acsigned the
generic stiffeess. When 1 pipe support's stiffness had
been determined to fall below the minimum value, the calcu-
lated stiffness value was used in the pipe stress analysis
in lieu of the generic value. A set of CPSES generic
stiffness values and acceptable minimum values heve been
incorporated in the design criteria, CPPP-7,
Section 3.10.8.

2.2 Pipe Support Stiffness Evaluation

In accordance with CPPP-7, Section 4.3.2.2, the stiffaess of each
component in the support assembly, such as vendor~suppliet compo-
nents, structural members, and base plates was assessed in the evalu-
ation of the rupport stiffness.
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3.0

4.0

2.3

To facilitate the suppurt stiffness evalustion, the stiffnesses of
commonly used supports and subassemblies have been provided in graph-
ic and tabular forms and incorporated in Attachment &-18 of CPPP-7.

Effect of Oversize Bolt Holes on Pipe Support Stiffness Evaluation

As discussed in Subappendix A13, Bolt Hole Gaps, CPSES anchor=-bolt
hole sizes were in compliance with ASME 1985 Summer
Addenda NF-4721(a) and are not oversized, Therefore, consistent with
industry practice, the effects of bolt hole gaps were not included in
the support stiffness assessments.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue.

. Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CTR50.55(e) (see Subappendix B2, SDAR-CP-86-36).

. The corrective action to resolve the issues regarding pipe support
generic stiffoess was accomplished by implementing the procedures
provided in CPPP-7, Sections 3,10.8 and 4.3.2 and Attachment &4-18
during the design validation.

. The preventive action for this issue is identified in Appendix C.
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SUBAPPENDIX A6

UNCINCHED U-BOLT ACTING AS A TWO-WAY RESTRAINT

Definition of the Issue

The issue (References 4.1 and &.2) was that certain uncinched U-bolts at-
tached to rigid frames were modeled and analyzed as one-way restraints
(i.e., as providing restrzint in the direction parallel to the axis of the
threaded portion of the U-bolt) but will actually behave as two-way re-
straints (i.e., as stated above and laterally). This was viewed as baving
a two-fold effect:

1.1 Modeling
Failure te include the two-way restraining action of the U-bclts may
invalidate the results of pipe stress analyses that utilized U-bolts
modeled as one-way restraints.

1.2 Uncinched U-Bolt Qualification Guideline

Such U-bolts may not meet the manufacturer's recomwended interaction
limits when the lateral loads are applied.

Issue Resolution

2.1 Modeling

3.1.% For pipe sizes equal to or greater than 8 in. NPS,
uncinched U-bolts were replaced in the model with a compo-
pent commensurate with the support function.

2.3, In the piping analysis, uncinched U-bolt supports for pipe

sizes 6 in. and smaller that are attached to rigid frames

were modeled as two-way restraints.

"

2.2 Uncioched U-Bolt Qualification Guideline

2.2.1 STRUDL models of U-bolts were developed to derive the
stiffness value and resultant loading (wmoment, shear, and
tension) at the attachment to the frame. For static {$:8.5
signed) loads, a friction coefficient of 0.3 was concidered
to act in the axial direction of the pipe. Resolution of
the friction issue is discussed in Subappendix A7.

2:3:3 Based on the ahove STRUDL analyses, al)lowable U-belt load
ratings were developed.

2:3:3 The uncinched U-bolt qualific~tion procedure was incorpo-
rated in Section 4.2.5.2 and Aitecuwment 4-3 of CPPP-17.
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3.0

6.0

2.2.4 Stiffness values for uncinched U-holts, modeled as two-way
restraints were developed and issued 1in CPPP-7, Sec-
tion 4.3.2.2 and Attachment &4-18.

Corrective and Preventive Action

. No additional issues were discovered during the review and verolution
of the issue.

. Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix BZ, SDAR-CP-86-36).

. The corrective action to resolve the concern of U-bolts acting as
two-way vestraints was accomplished by implerenting the criteria of
CPPP-7, Sections 4.2.5.2 and 4.3.2.2, and Attachments 4-3 and 4-18
during \he design validation.

. The preventive artion for this issue is identified in Appendix C.
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4.1 CASE'e Proposed Findings of Fact and Conclusions of Law, (Walsh/Doyle
Allegations) Section 1I, August 22, 1983

4.2 CASE's Answer to Applicant's Motion for Summary Disposition of CASE's

Aliegations Regarding U-Bolts Acting as Tyvo-Way Restraints,
August 20, 1984

A6-2




1.0

2.0

3.0

‘io

SUBAPPENDIX A7

FRICTION FORCES

Definition of the Issue

The issue (References 4.1 through &.4) was that friction loads were npot
ronsidered in the original pipe support designs when the predicted pipe
movement was less than 1/10 in.

Issue Resolution

Friction loads were considered in the validation of pipe supports at
CFSES. Section 4.7.3 and Attachment &4-7 of CPPP-7 required that triction
be considered in all load cases for noncyclic loads (i.e., static and/or
steady state loads) regardless of the magnitude of pipe movement.

Corrective and Preventive Action

. No .dditional issues were discovered during the review and resolution
of the issue.

. Pipe support modifications resulting from resoluticn of issues in
Subappendixes Al through A35 weie determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36).

. The corrective action to resolve the issue of friction force- was
accomplished through the implementation of the criteria provided in
CPP¥-7, Attachment &-7 during the design valiation,

. The preventive action for this issue is identified in Appendix C.
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4.1 CASE's Proposed Findings of Fact and Conclusions of Law (Walsh/Doyle
Allegations), Section XV1, August 22, 1983,

4.2 CASE's Answer to Applicants' Motion for Summary Disposition Regarding
Consideration of Friction Forces ic the Design of Pipe Supports with
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Motion for Summary Disposition Regarding Consideration of Friction
Forces, October 1, 1984.

4.4 CYGNA Pipe Support Review Issues List, Revision 4, and Transmittal
Letter No. 84056.120 dated September 18, 1987
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SUBAPPENDIX A8

AWS VERSUS ASME CODE PROVISIONS

1.0 Definition of the Issue

2.0

The issue (References 4.1 through &.4) was that certain aspects of weld
design, welding practices, and the effects of punching shear (local
stress) on structural members were not adequately addressed. The items
discussed are grouped into the following four groups:

1.1

1.2

)-3

1.4

Skewed T-Joint Welds

The issue was that the effective throats of skewed T-joint welds were
incorrectly calculated in the original design. The AWS angle limita-
tion between the joined parts was violated in the evaluations of
skewed T-joint welds at CPSES.

Effective Throst of Flare Bevel Welds

The issue was that since the ASME Code does not adequately address
the determination of the effective throat for f.iare devel welds,
there is no assurance that the evaluations of these welds were prop-
erly performel.

wWelding Practices

The issue was that since the ASME Code does not adeguately address
various welding practice related items such as preheat requirements,
cap welding, weave welding, downhill welding, drag and work angles
(which limit the space allowed for welders tc function), and lap
joint requirements, that thesc welding processes may not have been
properly addressed in the existing welding procedure .

Punching Shear (Local Stress)

The issue was that punching sbear has not been considered in ths de-
signc at CPSES since the ASME Code does not adequstely address this
subject. Local stresses, which can be signifirant, develop in the
impediate vicinity of the joint between two members. Based on the
relative sizes of items joined, one member tends to punch through the
wall of the other.

Issue Resolution

2.1

Skewed T-Joint Welds
Pipe support welds at CPSES were installed in accordance with Weld

Procedure BR-WPS-11032. Weld configurations containe? in this proce-
dure were qualified by testing 1in accordance with ASME Section 111,
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3.0

4.0

2.2

2.3

2.4

Subsection NF requirements; therefore, the limitetions of
prequalified welds did not apply.

Guidelines for the design validation of the effective throat of
skewed T-joint welds were incorporated in CPPP-7, Attachment &-2.
These requirements were consistent with AWS D1.1.

Effective Throat of Flare Bevel Welds

Resolution of the issue regarding the determination of the effective
throat for flare bevel welds is addressed in Subappendix Al0.

Welding Practices

Resoiution of the issues regarding inadequate weld procedure-related
items 1s addressed in Subappendix A27.

Punching Shear (Local Stress)
Resolution of the issue regarding the evaluation of local stresses in

the walls ¢! structural pipe support members is addressed 1in
Subappendix A21l.

Corrective and Preventive Action

No additional issues were discovered during the review and resolution
of this issue.

Pipe support modifications resulting from the resolution of issues in
Subappendixes A' Lhrough A35 were determined to be reportable nder
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36).

The corre:tive action to resolve the issue of AWS versus ASME Code
provisions was accomplished through the implementation of the crite-
ria provided in Section 4.4 and Attachment 4&-2 of CPPP-7 during the
design validation.

The preventive action for this issue is identified in Appendix C.
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AYUS and ASME Code Pri/isions on Weld Design, November 2, 1984,
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SUBAPPENDIX A9
AS00, GRADE B TUBE STEEL

1.0 Definition of the Issue

The original design of CPSES pipe supports used a design yield strength Sy
of 42 ksi for AS00, Grade B, tube steel (cold formed) in accordance with
ASME Code Case N-71-9. Later versions of ASME Code Cases N=71-10 through
N71-14 revised the yield strength from 42 ksi to 36 ksi. Therefore, the
issue (References &.1 through &.4) was that all designs for tube steel
lupport; at CPSES should be revised to incorporate the lower design yield
strength.

2.0 Issue Resolution

2.1 Basis of ASME Code Case Revision

The basis of the ASME Section 111 NF Code Committee revision of ASME
Code Case N=71-9 (42 ksi) to N=71-10 (36 ksi) :s the concern that the
yield strength in the heat-affected zone at weldments could be
slightly reduced. Since test data were not available at the time to
quantify the reduction, the ASME Section 111 Code allowable for AS00
Grade B (cold-formed tube steel) was reduced to that of A501 (hot-
formed). The Code Committee's action was considered a conservative
measure.

The Code Committee has evaluated test data on this issue. The test
data demonstrate that the yield strength in the heat-affected zone of
A500 Grade B tube steel is not reduced below 46 usi,

ASME Code Case N=71-15, which specifies Sy = &6 ksi for AS00 Grade B7
tube steel in rectangular shapes, was issued in December 1986.

2.2 SWEC-PSAS Validation

The design of pipe supports using A500, Grade B tube steel at CPSES
vere validated using a yield strength of 36 ksi in accordance with
CPPP-7, Section &.7.2.1.

Pipe supports where the calculated stress exceeded 36 ksi but did not
exceed 42 ksi were not modified. The yield stress of 42 ksi 1is based
on ASME Sectionm 111 Code Case N-71-9 vhich is comsistent with CPSES
licensing commitments and is acceptable and conservative in light of
ASME Section 111 Code Case N-71-15 which specifies the allowable
yield strength of AS00 Crade B tube steel as &6 ksi.

3.0 Corrective and Preveutive Action

. No sdditional issues were discovered during the review and resolution
of this issue.

AS~1



4.0

. Pipe support modifications resulting from resolution of issues in
Subappendix Al through A35 were determiaed to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36).

. The corrective action to resolve the AS00, Grade B tube steel issue
was accomplished through the implementation of criteria provided 1in
CPPP-7, Section &4.7.2.1, during the design validation.

. The preventive action for thie issue is identified in Appendix C.
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SUBAPPENDIX A10
TUBE STEEL SECTION PROPERTIES

1.0 Definition of the Issue

1.1

1.2

1.3

Section Properties

The section properties for AS00 Grade B cold-forned tube strel used
io the pipe support design at CPSES had be: - obtained from three au-
thoritative source documents. Each source document listed small dif-
ferences in section properties based on different nominal corner
tangent radii (RT) as follows:

a. AISC Manual of Steel Comstruction, 7th Edition, RT ¥ 3t.
(t = thickness of tube steel wall)

b. 1974 Welded Structural Tube Inmstitute (WST1) Manual of Cold-
Formed Welded Structural Steel Tubing, RT & 1t.

€ AISC Manual of Steel Construction, 8t Edition, RT = 2t.

These small differences in nominal section properties led to the con-
tention that tube steel milled prior to 1980 had different corner
radii and that tube steel had been procured for use at CPSES both
prior to and after 1980. Therefore, the issue was that the vintage
of the tube steel must be ostablished and the proper section proper=
ties used (References 4.1 and &.2).

Effective Throat of Flare Bevel Welds

The 8th Edition of AISC states that the effective throat of flare
bevel groove velds is t_ = $/16 R unless it can be established that a
larger effective throat can be obtained. The design of flare bevel
velds at CPSES used two different effective throats of ., ® 0.645t
and t_ =t

e

Because of the differences in assumed corner radii of tube steel, the
effective throat evaluation of flare bevel welds was questioned.

Bolt Hole Effects

The issue was that the effect of bolt holes on section properties had
pot been considered in the design.
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2.0 lssue Resolution

2.1

2.2

Section Properties

SWEC reviewed the material manufacturer's dimensional standards for
AS00, Grade B tube steel supplied to CPSES.

The review was performed for ASTM AS00 (standard specification for
cold-formed welded and seamless structural tubing in rounds and
shapes), which included a 12-year span starting from issue date 1974
through 1986, Since the standard mill tolerances did not change dur-
ing this period of time, it was concluded that the fabrication toler-
ances and section properties of tube steel members in CPSES have been
paintained to a consistent standard.

SWEC-PSAS also confirmed that Welded Steel Tube Institute (WSTI)
amended its 1974 issue to ageee with the Bth Edition of the AISC.
This amendment is the latest revision to date. These section propers
ties are based on a nominal cocner tangent radius of 2t and are con-
sidered representative of cold-formed tube steel.

SWEC-PSAS resclutions are summarized as follows:

. The use of section properties in AISC Manual of Steel Construce
tion, 8th Edition is appropriate, since it represents the actual
cold-formed tube steel used at CPSES.

. The Bth Edition of AISC is used by SWEC-PSAS in the selection of
section properties for structural tube steel.

. SWEC-PSAS surveyed tube steel corner dimensions on installed
supports at CPSES (Reference 4.3) and confirmed that the in-
stalled supports have a nominal 2t cormer radius.

o Section &.3.2.1 of CPPP-7 specifies that structural tube steel
section properties are selected from the 8th Edition of the AISC
steel manual.

Effective Throat of Flare Bevel Welds

SWEC-PSAS performed a survey of tube steel dimensions on installed
ASME Section 111, Subsection NF pipe supports at CPSES and weid tests
of worst-case configurations to determine the appropriate effective
throat to be used for flare bevel welds (Reference &.3). Based on
the results of this survey, it was concluded that an effective throat
of t =t =+ 1/16 in. is justified for all tube sizes except TS 2 x 2.
For %18 2 x 2 sections, an effective throat t = t -~ 1/8 in. 18

sppropriate.
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4.0

Existing welds on TS 2 x 2 sections are qualified to the t =
t = 1/8 in. criteria, unless it is verified that the weld haf a
larger effective throat by performing a field inspection of the weld
in sccordance with the methods described in SWEC-PSAS Project Memo-
randum No. 140 (PM-140).

Specification No. 2323-MS-100 was revised on March 2, 1987 to assure
that an effective throat of t_ = t = 1/16 in. is achieved for welds
on TS 2 x 2 tule steel for any subsequent work.

Section 4.4 and Attachment 4-2 of CPPP-7, as amended by SWEC-PSAS
PM-140, specify the effective throats of flare bevel welds.

2.3 Bolt Hole Effects

The section properties for tube steel are reduced for the effects of
bolt holes as required by CPPP-7, Sectiom 4.3.2.1 which 1s in accor-
dance with the requirements of ASME Section 111, Appendix XVII
requirements.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue.

. Pipe support modifications resulting from resolution of issues 1in
Subappendix Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36) .

. The corrective action for tube steel section properties and bolt hole
effects was provided in Section 4.3.2.1 of CPPP-7. The corrective
action for the effective throats of flare bevel welds was accom=
plished through the implementation of the criteria provided in Attach-
pent 4-2 of CPPP-7 and SWEC-PSAS PM-140 during the design validation.

. The preventive action for this issue is identified in Appendix C.
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SUBAPPENDIX A1l

U-BOLT CINCHING

1.0 Definition of the lssue

The following issues (References 4.1 through &4.6) were raised regarding
the use of cinched U-bolt supports with single struts or snubbers.

1.1

1.2

1.3

1.4

Evaluation of the CilLched U-Bolt Assembly

The stresses in the run pipe, the U-bolt, and the support cross-piece
due to the combined effect of preload (i.e., cinching), pive thermal
and pressure expansion, and external loadings were not considered in
the design of the cinched U-bolt supports.

Use of SA=36 and A307 Material for Cinched U-Bolts.
1.2.1 Preload Maintenance

SA-36 material is similar to AJO? material, which is prohibited
in the AISC Code, 7th Edition, Table 1.5.2.1, as bolting materi-
sl in friction connections. MHaintenance of joint preload is the
underlying issue.

1.2.2 Fatigue

ASME Section 111, Appendix XVII, Table XVII-3230-1, Footnote &4,
and AISC 7th Edition, Appendix B, Table B2, Footnote 4, recom-
mend that A307 bolts not be used in connections subject to
stress reversal. Fatigue of the A307 material is the issue,
Both these issues regarding the use of A307 material were ex-
tended to the SA-36 U-bolt used in cinched U-bolt supports.

Preload-Torque Relationship

The established preload-torque relationship was questioned, especial-
ly in light of the potential for galling under U-bolt nuts while
tightening.

Stability of Cinched U-Bolt Supports

The stability of the cinched U-bolt pipe support assembly is depen-
dent on attaining and maintaining the required p eload. In light of
the uncertainty in the preload-torque relationship, as discussed in
Sectior 1.3, and the issue regarding the fatigue life and preload
maintenince ability of A307 material, as discussed in Section 3.4,
the stability of cinched U-bolt supports with struts and snubbers was
questioned.
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3.0

Issue Resolution

Due

to the extensive engineering effort required to validate cinched

U-bolt type supports with struts or snubbers, and the uncertainty in the
ability to attain and maintain required preload levels, all cinched U-bolt
supports with struts or snubbers are deleted or modified to other stable
support designs consistent with the required support functions.

Corrective and Preventive Action

No additional issues were discovered during the review and resolution
of the issue.

Pipe support modifications resulting from resclution of ‘ssues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36).

The corrective action to resolve the issues of 1) the proper evalua-
tion of the pipe and cinched U-bolt assembly, 2) the use of SA-36
material in cinched Usbolts, 3) the preload-torque relationship,
and &) stability, is being accomplished through the elimination or
modification of cinched U-bolt supports with struts or snubbers in
accordance with the criteria provided in CPPP-7, Section 4.2.5.1 used
during the design validation.

The preventive action for this issue 1s identified in Appendix C.

References

4.1

&.2

4.3

4.4

4.5

L.6

CASE's Proposed Finding of Fact and Conclusions of Law, (Walsh/Doyle
Allegations) Section IV, August 22, 1983

ASLE Memorandum and Order at 27, 28, 33-41, December 28, 1983, and
reconsidered in Memorandum and Order at 25-6A, 20+4C,
February 8, 1884

Westinghouse Report No. WCAP-10620, U-bolt Support/Pipe Test,
July 1984

westinghouse Report No. WCAP-10627, U-bolt Suppert Assembly Finite
Element Analysis, July 26, 1984

CASE Answer to Applicant's Statement of Material Facts as to Which
There is No Geouine Issue Regarding to Consideration of Cinched
Usbolts, Affidavit of CASE Witness J. Doyle, October 8, 1984

CYGNA Pipe Support Review Issues List (RIL), Revision &, Transmittal
Letter No. 84056.120 dated September 18, 1687

All-2



SUBAPPENDIX Al2

AXIAL/ROTATIONAL RESTRAINTS

1.0 Definition of the Issue

Three groups of axial and/or trapeze-type supports listed below use welded
lug or trunnion attachments to transfer i0ads tec frames or component
hardware.

» 8{£:¢‘ or dual trunnions with component supports
b. Non-trunnion component supports

. Trapeze supports witn U-bolts

. Riser clamps with dual components

. Riser clamps with single components

¢. Frame supports with lugs

The issues (References 4.1 and 4.2) regarding these specific types of sup-

port

1.1

1.2

1.3

‘l‘

l's

sre summarized as follows:
Rotational Load

The issue was that rotational restraint effects must be treated as a
primary load for the support design.

Eccentric Loading

The issue was that eccentric loading, which can result from effects
such as differential snubber lockup and support steel stiffness vari-
ations, must be considered in the design process.

Snubber Loeckup

The issue was that snubber end clearance effects may cause signifi-
cant increase in loads or invalidate linear analysis resu.ts.

Lug/Frame Design Load

The issue was that multiple lug configurations must consider a con-*
servative loading distribution for lug and frame design.

Clearances

The issue was that insufficient clearances or eccentricities may ex-
ert rotational restraint on the pipe.
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Analysis of load distribution at lug/frame ‘nterfaces was based on
CPPP-7, Attachment 4=8, which maximized the critical stress in the
frame.

Clearances

The clearances between the pipe and the frame and the lugs and riser
clamps and frame are controlled in accordance with CPPP-7, Attach-
ment 4=11 to assure proper function of the pipe support. Pipe
support eccentricities are discussed in Section 2.2 above.

Corrective and Preventive Action

. No additicnal issues were discovered during the review and resolution
of the issue.

. Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of JOCFRS0.55(e) (see Subappendix B2, SDAR-CP~86-36).

. The corrective action to resolve the issue of axial/rotational re-
straints was accomplished through the implementation of the criteria
in CPPP-7, Section 3.10.6.2 and Attachment &-8 of CPFP-7.

. The preventive action for this issue 1§ identified in Appendix C.

References

CASE's Proposed Findings of Fact and Conclusions of Lav (Walsh/Doyle Alle-
gations), Section XII, August 22, 1983

Affidavit of Case Witness Mark Walsh - CASE's Partial Answer to Appli=
cant's Statement of Material Facts as to Which There was No Genuine lssue
Regarding Allegstions Concerning Consideration of Force Distribution in
Axia' Restraints, August 27, 1884

Nuclear Standard, Mechanical and Mydraulic Saubbers for Nuclear Applica-
tion, NE-E7+-9T, September 1984, U.S. Department of Energy, Nuclear Energy
Program
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SUBAPPENDIX A13
BOLT MOLE GAP

inition of t

Bolt hole gap, #s used hercin, refers to the radial clearance betueren in
snchor bolt and the bolt hole edge in pipe support pember/base plates.
Issues regarding the effect of bolt hele gaps are as follows (Refer-
ences 4.1 to &4.4):

1.1 Oversized Holes

The issue wés that bolt holes in support base plates are oversized.
Bearing connections are not alloved if the bolt hole is greater than
the standard size hole specified by the AISC Code.

1.2 Shear Distribution

The issue was that it is iwpessible to predict hov many bolts are
involved in the transfer of shear. Inelastic action that distributes
the shear load to all anchor belts is appropriste for static loads
only.

1.3 "ifecy on Support Stiffuess
The issue was that the presence of gaps in joints under dynamic con-
di.ions adversely affects the stiffness of the pipe support and its

seismic response. The usual procedure is to assume that two bolts
react to the load regardless of the pumber of bolts in the pattern.

Tssue Resoluting
2.1 Oversized Holes

Hole sizes allowed by the ASME Section 111 Code, paragraph NF-&721,
were compared to existing hole sizes at CPSES as shown below.

ASME Code Table NF=4721(a)-1 spec.fies the allowable bolt hole sizes
for bearing-type connections as follows:

Bolt Size Hole Size
Equal to or less than 1 ia. Bolt diameter +1/16 in.
Betweeu 1 and 2 in. Bolt diameter +1/8 in.

The allowable bolt hole sizes of the installed CPSES base plates were
as follows:
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2.2

2.3

Bolt Size Hole Size

Equal to or less than 3/4& in. Bolt diameter +1/16 in.
» in. te 1 1/2 in. Bolt diameter *1/8 in.

Therefore, it was concluded that caly the bolt holes for l-in. diame~
ter bolts st CPSES have an allowable size larger than the code allow-
sble (by 1716 in.). The 1985 Summer addenda of the ASME Section 111
Code, paragraph NF-4721(a) clarified that for anchor belts, the hole
size may be increased by 1/16 in. over the values specified in
Table NF=4721(a)=1.

ASME Section 111, 1985 Summer Addenda NF-4721(a) was added to the

CPSF° ‘4e of Record in CPPP-?7, Section 2.2, and Specification
Ko, . (Reference &.5).
She . stribution

Design of base plate comnections at CPSES is based on standard steel
design practices where equal shear load sharing amone bolts is used,
This practice is described in References 4.6 and 4.7, which compare
the uvltimate shear load shar‘ * in plate connections to the equal
distribution assumed at desiy .+ els.

Support designs at CPSES were v.oained and it was concluded that the
Richmond imsert to tube steel connection may not be covered by these
porsal practices. Therefore, Richmond ilsert to tube steel connec-
tion designs are reviewed in accordance with SWEC-PSAS Project Memo-
randum No, 141 (PM-141) to confirm that unequal shear load sharing 1is
pot an issue.

Effect on Support Stiffness

The effect of boit hole gap on support stiffuess is discussed 1in
Appendix AS.

Corrective and Preventive Action

No additional issues were discovered during the review and rescolution
of the issue,

Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36).

The corrective action to resolve the bolt hole gap issue was accom~
plished through the implementation of the criteris provided in
CPPP-7, Attachments &-4 and &-5, SWEC-PSAS Pr-141, and Specification
No. MS-46A during the design validation.

The preventive action for this issue is identified in Appendix C.
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SUBAPFENDIX Al4

OBE/SSE DAMPING

1.0 Definition of the Issues

2.0

The issue (References 4.1 to &4.4) was thai the iwproper damping values
were used in the stress analysis at CPSES.

1.1

1.2

NRC Regulatory Guide 1.61 Damping

The issue was that piping systems containing active components (e.g.,
valves) used the damping for piping which was higher than the damping
prescribed by NRC Repulatory Guide 1.61 (Reference 4.5) for active
valves.

Damping values higher than the allowables in NRC Regulatory
Guide 1.61 were used in the pipe stress analysis at CPSES.

Damping for Mixed Size Piping

The issue was that in certain pipe stress analysis packages which are
comprised of piping of different sizes, the damping values for the
12-in. or greater piping were used even though the pipe stress analy-
sis package contained piping smaller than 12 in.

Issue Resolution

2.3

2.2

NRC Regulatory Guide 1.61 Damping

CPPP-7 Section 3.4.5.4.1 specified the use of NRC-recomme 1ded damping
values for piping addressed in NRC Regulatory Guide 1.61. In fact,
the NRC has recently approved the higher damping values for piping
systems contained in ASME Code Case N-411 (Reference 4.6). There-
fore, the lower damping for active components in NRC Regulatory
Guide 1.61 is not applicable to the CPSES piping system analysis.

Damping for Mixed Size Piping

CPPP-7 specified that mixed-size piping systems (containing pipes
above and below 12-in. NPS) are conservatively evaluated with the
lower damping values of NRC Regulatory Guide 1.61.

Use of the damping values specified in ASME Code Case N-411 that are
applicable to all pipe sizes was approved for implementation at CPSES
by the NRC Staff. CPPP-7 authorized the use of Code Case N-411 for
all systems, including wixed-size CPSES piping systems, except where
stress analysis is pecformed using the Independent Support Motion
Method.
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Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue.

. All the pipe support modifications resulting from resolution of is-
sues in Subappendix Al through A35 were determined to be reportable
under provisions of 10CFR50.55(e) (see Subappendix B2,
SDAR-CP-86-36).

. The corrective action to resolve OBE/SSE damping issue was accom-
plished through the implementation of the criteria provided in
CPPP-7, Section 3.4.5.4.1 during the design validation.

. The preventive action for this issue is identified in Appendix C.

References

4.1 CASE's Proposed Findings of Fact and Conclusions of Law (Walsh/Doyle

&~

Allegations), Section XXII, August 22, 1983
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Loading Conditions, August 6, 1984

CASE's Answer to Applicant's Reply to CASE's Answer to Applicant's
Motion Regarding Alleged Errors Made in Determining Damping Factors
for OBE and SSE Loading Conditions, October 2, 1984

CYGNA Pipe Stress Review Issues List, Revision &, and Transmittal
Letter No. 84056.120 dated September 18, 1987

USNRC Regulatory Guide 1.61, Damping Values for Seismic Design of
Nuclear Power Plants, October 1973

NRC Letter from V. S. Noonan to W. G. Counsil dated March 13, 1986,
Evaluation of Request for Use of ASME Code Cases N-397 and N-411
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SUBAPPENDIX A15

MASS IN PIPING ANALYSIS

Definition of the Issue

The istue was that the mass contribution of the support to the piping sys-
tem is significant and it cannot be omitted from the analysis
(Reference &.1)

The support mass contribution to the piping ® del was not always cor
ered in the CPSES pipe stress analysis, because 1t was considered
the total mass of the piping system

jpport mass, eccentric and noneccentric, was account
stress analyses in accordance with CPPP-7, Section
procedure for pipe support mass determination and ir
system analysis was included in Attachment 3-4 of CPI
guidance on the m~deling of eccentric mass included

i

Corrective and Preventive Action

1

issues were discovered during the review and resol

All the pipe support modif ons resulting from resolution of
sues in Subappendixes Al through 5 were determined to be repor
under provisions of OCFR50.55(e) (see Subappendi
SDAR-CP-86-30).

The corrective actiom to resolve the support mass in pilping
jesue was accomplished through the implementation of the
-

provided in CPPP-7, Attachment
validation

3-4 and 3-11 during

The preventive action

References




SUBAPPENDIX Al6

PROGRAMMATIC ASPECTS AND QA
INCLUDING ITERATIVE DESIGN

1.0 Defiyition of the Issue

The following miscellaneous issues with programmatic aspects and QA were
identified (References 4.1 and 4.2).

1.

1

Fragmented Responsibility and Interface Control

The issue was that inadequate interface control and fragmented re-
sponsibilities between analysis, design, and construction phases of
piping and support design phases resulted in numerous inadequacies
and inconsistencies.

Iterative Design

The issue was that the identification and correction of design errors
was delayed until the end of the iterative design process.

Quality Assurance ¢nd Personnel
The issue was that calculations did not follow project guidelines for

quality assurance. No standards were specified for the qualification
of personnel at different levels.

Timeliness

The issue was that problems which were generic in nature were mnot
resolved promptly, resulting in numerous doficiencies of a sivilar
nature.

Constructior and Field Changes
The issue was that procedures for construction and installation were

inadequate and were not kept up to date. Field changes were not ap-
proved, and resulted in calculations justifying as-built conditions.

Procedures

The issue was that frequent changes and lack of adequate control of
procedures resulted in many violations of the procedures.

Calculation Errors

The issue was that in random checks of calculations, numerous errors
were found.
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2.0

1.8 Miscellaneous
The issue was that various other issues were raised regarding the
updating of criteria and the adequacy of various practices used in
design/qualification activities.

Issue Resolution

SWEC-PSAS's Management Plan for Project Quality, CPPP-1 (Reference &.3),
outlines SWEC-PSAS's approach to resolving the various programmatic issues
through issuance of Project Procedures, which implement SWEC corporate
procedures (Engineering Assurance Procedures, and Quality Standards).
CPPP-1 addresses each of the 18 criteria of 10CFR50, Appendix B. The in-
dividual issues listed in Section 1.0 are resolved as follows:

2.1 Fragmented Responsibility and Interface Control

The issue of fragmented responsibility between piping analysis and
support design was resolved by the integrated design process in the
SWEC-PSAS validation program.

All ASME Section II1 Code Class 2 and 3 piping systems and all ASME
Section 111 Code Class 1, 2, and 3 supports were validated by
SWEC-PSAS in accordance with CPPP-7 which provides consistent crite-
ria for both pipe stress analysis and pipe support design. Each pipe
stress analysis package was reviewed in accordance with Section 7.3
of CPPP-6, as a system, by pipe stress and pipe suppoit engineers to
assure that the interactions between the pipe stress and the pipe
support efforts are properly accounted for in the SWEC-PSAS portion
of the Corrective Action Program (CAP).

As part of the integrated design process, interfaces between analy-
sis, design, and construction are controlled in accordance with
CPPP-6. Personnel performing the validation effort are trained by
project management in the use of the applicable project procedures.

2.2 Ilcerative Design

Design criteria changes were issued during the pipe stress and pipe
support validation by means of controlled documents (project memoran-
da) and revisions to CPPP-7. Prompt review was required for any de-
sign criteria changes containing the potential for support
modification.

As-built verification of piping and pipe supports is being performed
as part of the PCHVP. All modifications are provided to
TU Construction via procedurally controlled design change documenta-
tion prepared by SWEC-PSAS.
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Quality Assurance and Personnel

SWEC-PSAS's Management Plan for Project Quality (CPPP-1) identif
the procedures to be followed during the generation and review
project calculations These procedures appropriately emphasize
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3.0

4.0

2.7

2.8

Rev.sions to these procedures were followed by detailed training of
pipe stress and support personnel.

Calculation Errors

As addressed under paragraph 2.3 above, the SWEC QA Program assures
the technical adequacy of the engineering product. SWEC-PSAS re-
quires all employees to develop technically correct anu precise cal-
culations Whenever documentation discrepanices are observed, they
are promptly corrected.

Miscellaneous

The various project procedures used in the validation effort along
with the corporate engineering and quality assurance procedures were
sufficient to address any issues related to the validation of jipe
stress and pipe supports at CPSES. This conclusion was also reached
by the third party reviewers (see Section $.3.1).

Corrective and Preventive Action

No addiiional issues were discovered during the review and resolution
of the issue.

Pipe support modificatiors resulting from resolution of issues 1in
Subarrendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36).

The corrective action to control discipline interfaces and to provide
consistent design criteria between pipe stress analysis and pipe sup-
port design was acccamplished through the issue and control of CPPP-1,
CPPP-6, CPPP-7, and other project procedures during the Cesign vali-
dation. Many audits were cunducted to assure that SWEC-PSAS person-
nel followed the procedures (see Section 5.3).

The preventive action for this issue is specified in Appendix C.
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SUBAPPENDIX Al7

MASS POINT SPACING

Definition of the Issue

The issue (Reference 4.1) was that the project procedures which estab-
lished requirements for minimum mass point spacing were not followed and
that the computer program used improperly lumped concentrated masses.

Issue Resolution

Modeling guidelines for locating the mass points 1in the computerized pipe
stress analysis were included in Section 3.10.6.1 and Attachment 3-7 of
CPPP-7. To assure adherence to these requirements, mass point spacing was
included as a review item in the pipe stress analysis checklist in CPPP-6,
Attzchment 9-9.

Corrective and Preventive Action

. No additional issues were discovered during the review and resclution
of the issue.

. All the pipe support modifications resulting from resolution of is-
sues in Subappendix Al through A35 were determined to be reportable
under provisions of 10CFR50.55(e) (see Subappendix B2,
SDAR-CP-86-36).

. The corrective action to resolve the issue of mass point spacing was
accomplished through the implementation of the criteria provided in
CPPP-7, Section 3.10.6.1 and Attachment 3-7 during the design
validation.

. The preventive action for this issue is identified in Appendix C.

References

4.1 CYGNA Pipe Stress Review Issues List, Revision &, and Transmittal
Letter No. 84056.119, dated September 16, 1987

Al7-1



1.0

2.0

3.0

SUBAPPENDIX A18

HIGH FREQUENCY MASS PARTICIPATION

Definition of the Issue

The issue (Refe.enccs 4.1 and &4.2) was that the 33-Hz cutoff frequency
criteria used in the CPSES pipe stress seismic analysis may not be ade-
quate. The pipe stress analysis did not comply with the CPSES FSAR re-
quirement that the inclusion of high frequency modes beyond the cutoff
frequency in the response spectrum analysis do not result in more than a
10-percent increase in the system response.

Issue Resolution

Two analysis options were developed and utilized to address the high-
frequency mass participation issue.

. Perform seismic amplified response spectrum (ARS) modal analysis with
50-Hz cutoff frequency, including a high-frequency missing mass cor-
rection option, by using NUPIPE-SW (V04/L02) or later issue.

. Perform an equivalent static analysis by using the zero-peri. accel-
eration (ZPA) values in all three directions. Combine these results
by the square root of the sum of the squares (SRSS) method with the
results of the seismic analysis with a 50-Hz cutoff frequency that
did not include the high-frequency missing mass correction. Addi-
tional studies (Reference 4.3) verified the adequacy of this method-
ology for CPSES piping systems whose ZPA is less than 50 Hz.

The high-frequency mass participation criteria was specified in Section
3.10.6.8 of CPPP-7.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of the issue.

. All the pipe support modifications resulting from resolution of is-
sues in Subappendix Al through A35 were determined to be reportable
under provisions of 10CFR50.55(e) (see Subappendix B2,
SDAR-CP-86-36).

. The corrective action to resolve the high frequency mass participa-
tion issue was accomplished through the implementation of the crite~
ria provided im CPPP-7, Sectior 3,10.6.8 and the use of
NUPIPE-SW(V04/L02) during design validation.

. The preventive action for this issue is identified in Appendix C
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SUBAPPENDIX A19

FLUID TRANSIENTS

Definition of the lssue

Fluid transients are occasional mechanical loads that should be considered
in stress evaluation of ASME Section III Code Class 2 and 3 piping. The
previous analysis preparad for CPSES considered fluid transients on sever-
al piping systems. The issue was that the adequacy of the analysis and
the completeness of the identification of these fluid transients was ques-
tioned (Reference 4.1).

Issue Resolution

The following process was followed to assure that fluid transieats were
properly aadressed in the SWEC-PSAS wvalidation of the pipe stress
analysis.

. Specific fluid transients were i“entified and summarized in Attach-
ment 1 of CPPP-10. These transients were identified by following the
guidelines given in NUREG-0582, past experience with other PWRs, and
by assessing an overall review of the CPSES system flow diagrams.
Additionally, system engineers reviewed the piping system operating
components which could produce significant fluid transients, such as
rapid valve cpening or closing actions of control valves, relief
valve discharge, pump startup or trip, and turbine trip.

° The piping systems identified in Attachment 1-1 of CPPP-10 were ana-
lyzed for the effects of fluid transients ir accordance with the re-
quirements of CPPP-7, Section 3.4.5.5 and Attachment 3-1. These
analysis methods resoclve CPRT and external flvid transient issues.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of the issue.

. Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determ:ned to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36) .

. The corrective action to resolve the fluid transient issue was accom-
plished through the implementation of the criteria provided in
CPPP-7, Attachment 3-1 duriog the design validation.

. The preventive action for this iscue is identified in Appendix C.
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SUBAPPENDIX A20

SEISMIC EXCITATION OF PIPE SUPPORT MASS

Definition of the Issue

The issue was that the effect of seismic acceleration of the support mass
(i.e., self-weight excitation) was not included in the design of the CPSES
pipe support structures (References 4.1 and 4.2).

Issue Resolution

SWEC-FSAS resolved these issues by the following methodology:

. Seismic acceleration of pipe support mass was evaluated for all pipe
supports with frames on seismic systems.

L4 The procedure to include the effec.s of pipe support self-weigh' ex-
citation in the pipe support evaluation was incorporated in CPPP-7 as
Attachment 4-21.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of the issue.

. Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-84-3€).

. The corrective action to resolve the seismic excitation of pipe sup-

port mass issue was accomplished through the implementation of the
criteria provided inm CPPP-7, Attachment 4-21 during the design

validation,

. The preventive action for this issue is identified in Appendix C.

References

4.1 CASE's Proposed Findings of Fact and Conclusions of Law (Walsh/Doyle
Allegations), August 22, 1983, Section X

4.2 NRC Inspection Report 50-445/82-26 and  50-446/82-14, Febru-
ary 14, 1983 (NRC Staff Exhibit 207, pages 34, 35, and 36)
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SUBAPPENDIX A21

LOCAL STRESS IN PIPE SUPPORT MEN.ERS

1.0 Definition of the Issue

2.0

The issues (Rcferences 4.1 through 4.6) regarding the evaluation of local
stress ic pipe support members are as follows:

1.1

1.2

1.3

Local Stress in Tube Steel Members

The issue was that local stress in tube steel members, induced by
attached support cowponents, such as beam brackets, lugs, or other
tube steel members, was not considered in the design.

Other Support Configurations Requiring Local Stress Evaluations

The issue was that several other support types and cupport details
were identified as requiring evaluations for local stresses:

. Cinched U-bolt supports with struts and snubbers
. Piping anchors

. Zero gap box frames

. Wide flange webs at connections

Short Beam Stresses
The issue was that short structural members were incorrectly analyzed

in full flexure. It was noted that more localized stress distr_bu-
tion due to plate behavior would result.

Issue Resolution

Attachment 4-13 of CPPP-7 specified the requirements to evaluate local
stresses in pipe support members.

2.1

»n
~

Local Stress in Tube Steel Members

A procedure to evaluate local stress in tube steel members basea on
the methods of AWS Code D1.1 Section 10.5, including yield line ani.l=
ysis, was developed and incorporated in Attachment 4=13 of CPPP-7.

Other Support Configurations Requiring Local Stress Evaluations

Resolutions for the issue regarding the need f5r local stress evalua-
tions on other support configurations is as listed below:

. Cinched U-bolt supports on struts and snubbers are being elimi~
pated or modified as discussed in Eubappendix All.
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3.0

4.0

2.3

. Resolution of the issue regarding the local stress evaluation
for piping anchors is addressed in Subappendix A2

. Zero gap box frames are being eliminated or modified as dis-
cussed in Subappendix A2

. Requirements for the evaluation of local stresses in wide flange
member webs at connections, consistent with the AISC Code re-
quirements, were developed and incorporated into Attachment &4-13
of CPPP-7

Short Beam Stresses

Attachment 4-13 of CPPP-7 requires that short beam support members be
analyzed for local stress effect.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of the issue.

. Pipe support modifications resulting from resolution of issues in
Subappendix Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36).

. The corrective action to resolve the issue of local stress in pipe
support members was accomplished through the implementation of the
criteria provided in CPPP-7, Attachment 4-13 during the design
validation.

. The preventive action for this issue is identified in Appendix C.

References

4.1 CASE's Proposed Findings of Fact and Conclusions of Law (Walsh/Doyle
Allegations), Section IX, August 22, 1983

4.2 CASE's Answer to Applicarts' Statement of Material Facts as to Which
There is No Geniune Issue Regarding Consideration of Local Displace-
ments and Stresses, August 27, 1984,

4.3 CASE's Answer to Applicant's Reply to CASE's Answer to Applicants’
Motion for Summary Disposition Regarding Local Displacements and
Stresses, October 9, 1984.

4.4 NRC Staff Response to Applicant’'s Motion for Summary Disposition on
AWS and ASME Code Provisions on Weld Design, November 2, 1984

4.5 CASE's Answer to Applicant's Motion for Summary Disposition of Cer-

tain CASE Allegations Regarding AWS and ASME Code Provisions Related
to Design Issues, August 6, 1984
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4.6 Transcript of Proceedings Before the United States Nuclear Regulatory
Commission, Washington, DC, in the Matter of Meeting to Conduct Feed-
back Discussions with Messrs. Walsh and Doyle Re Concerns About the
Comanche Peak Plant Held March 23, 1986
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SUBAPPENDIX A22

SAFETY FACTORS

Definition of the Issue

The issue (References 4.1 and 4.2) was that the industry practice of ne-
glecting to factor small potential loads into design calculations is not
supported by adequate CPSES factors of safety. The issue also was ths*
CPSES safety factors had already been eroded by poor and insufficient de-
sign practices.

Issue Resolution

CPRT and external issues have been resolved and incorporated into the
technical and design control procedures. Therefore, the inherent design
margin (safety factor) accumulated from the built-in conservatisms in
codes, inputs, and regulatory positions is applicable.

Corrnctive and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue.

. Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisic s of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36).

. The corrective action to resolve the issue of safetv factors has been
implemented in the SWEC-PSAS Corrective Action Program (CAP) through
the resolution of all applicable CPRT and external issues which have
been incorporated into the technical and design control procedures.

. Th: preventive action for this issue is identified in Appendix C.

References

4.1 CASE's Proposed Findings of Fact and Couclusions of Law (Walsh/Deyle
A'legations), Section I, August 22, 1983

4.2 CASE's Partial Answer to TU Electric's Statement of Material Facts as

to Which There is No Genuine Issue Regarding Safety Factors,
August 27, 1984
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SUBAPPENDIX A23

SA-36 AND A307 STEEL

1.0 Definition of the Issue

The following issues were identified (References 4.1 through 4.3) regarding the
use of SA-36 and A307 material in pipe supports at CPSES.

1.

1

1

1

&

.3

Design Allowables Derived from Tests

The issue was that the material sliowables used in the design of cinched
U-bolts, U-bolts as two-way restraints, and SA-36 threaded rod used with
Richmond inserts for pipe supports at CPSES were derived from tests and
not from the ASME Section III Code minimum yield stress, since questions
arose as to whether the material tested in the following tests represented
the actual material used onsite.

1.1.1 Cinched U-Bolt Tests Conducted by Westinghouse

1.1.2 U-Bolts as Two-Way Restraints Tests Conducted by ITT Grinnell
1.1.3 Richmond Ipsert Tests Conducted by TU Electric

Friction Connections

The issue was that AISC Code 7th Edition Table 1.5.2.1 prohibits the use
of A307 as bolting material in friction connections. Attainment and main-
tenance of joint preload is the underlying issue. SA-36 and A307 materi-
als are similar. ASME Section 111 Code Inquiry NI186-030 (Reference &.4)
clarifies that cinched U-bolts are not friction comnections. However,
since the U-bolt design relies on friction and preload to provide stabili-
ty, the AISC prohibition needs to be addressed.

Fatigue

The issue was that SA-36 material used in cinched U-bolts, U-bolts as
two-way restraints, and as rod, threaded into Richmond inserts, are sub-
ject to load cycling, which must be considered in the qualification. ASME
Section 111, Appendix XVII, Table XVII1-3230-1, footnote 4; and AISC 7th
edition, Appendix B, Table B2, footnote &, state "Where stress reversal 1is
involved, use of A307 bolts is not recommended." Fatigue of the A307 ma-
terial is the issue. Since SA-36 material is similar to A307, this 1issue
was extended to SA-36 U-bolts and threaded rods used with Richmond

inserts.
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Allowable Stresses in Bolting Material

The issue was that the allowable stresses used in the design of bolting
material exceed the material yield strength under the faulted condition
(Level D) service lirmit. This does not conform to the guidance of NRC
Regulatory Guide 1.124, Reference 4.5, which limits the load increases to
1.5 times the normal operating (Level A) service limit, because of the
potential for nonductile behavior.

1.5 Use of Low-Strength Nuts with High-Strength Bolts

The issue was that low-strength nuts, A563 Grade A, were used with high-
strength bolting, instead of the code compatible A194 Grade B nut., The
issue was that the resultant connection capacity should have been reduced

in the analiysis.

2.0 1Issue Resolution

2.1 Design Allowables Derived from Tests

In accordance with CPPP-7, Section 4.2.5.1, cinched U-bolts with struts or
snubbers are being eliminated or modified.

Design allowables for linear components, such as SA-36 U-bolts and SA-36
threaded rod used with Richmond inserts, were derived by SWEC-PSAS from the
ASME Section 111 Code minimum yield strength specified in Section 2.2 of CPPP-7

and not from tests.

2.2 Friction Connections

In accordance with CPPP-7, Section 4.2.5.1, cinched U-bolts with struts or
snubbers are being eliminated or modified.

U-bolts used as two-way restraints do not rely on preload for load transfer.
Richmond insert connections were designed as bearing connections and do not
rely on friction (preload) for load transfer capability.

2.3 Fatigue

U-bolts used as two-way restraints and SA-36 threaded rod used with Richmond
inserts were subject to reversing stress fields due to seismic and fluid tran-

sient loads.

The SA-36 U-bolts used as two-way restraints as well as the threaded rod used
with Richmond insert tube steel joints were designed as ASME Section III, lin-
ear NF support components in accordance with ASME Section III, Appendix XVII,
and ATSC, respectively. ASME Section III Code Appendix XVII Table XVII-3230-1
aad AISC Code 7th Edition, Appendix B, Table B2, footnote & define the lower
bound value for consideration of stress cycles as 20,000. SWEC-PSAS demon-




strated that the number of equivalent stress cycles for these components was
less than 7,000. Therefore, fatigue was not relevant as defined in these
codes.

2.4 Allowable Stresses in Bolting Material

Bolting material was designed in accordance with ASME Section III, Para-
graph NF-3225 Summer 1983 addenda, which limited the stresses at temperaiure -°
the faulted condition (Level D) to yield. The use of this later code paragraph
assures ductile behavior and thus conforms to the guidance of NRC Regulatory
Guide 1.124.

2.5 Use of Low-Strength Nuts with High-Strength Bolting

In accordance with CPPP-7, Attachment &-5, the tensile allowable load for
high-strength bolts using low-strength nuts was reduced to 60 percent of the
normal high-strength bolt allowable, to account for the reduced proof load
stress of the A563 Grade A nut.

3.0 Corrective and Preventive Action

. No additional issues were discovered during the review and resoiution
of this issue.

. Pipe support modifications resulting from resolution of issues in
Subappendix Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix B2, SDAR-CP-86-36) .

. The corrective action to resolve the SA-36 and A307 steel issue was
accomplished through the implementation of the criteria provided in
CPPP-7, Sections 2.2 and 4.2.5.1, and Attachment &-5 during the

design validation.

. The preventive action for this issue is identified in Appendix C.

4.0 References

4.1 CASE's Proposed Findings of Fact and Conclusions of Law (Walsh/Doyle Alle-
gations, Section 111), August 22, 1983.

4.2 CASE's Fourth Motion for Summary Disposition to Disqualify the Use of A307
and SA-36 Threaded Parts, January 14, 1985.

4.3 CASE's Partial Answer to Applicants' Statement of Material Facts Relating
to Richmond Inserts as to Which There are No Material Facts,

September 10, 1984

4.4 ASME 111 Code Inquiry NI86-030 "Section 1I1I, Division 1, NF-3324.6
(a)(3)(b) Friction Type Joints, NF-3324.6(a)(4) Slip Resistance, Friction
Type Joints, NF-3225.4, Friction Type Joints, 1983 Edition with the
Winter 1985 Addenda," June 25, 1986
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4.5 NRC Regulatory Guide 1.124, Service Limits acd Loading Combinations for
Class 1 Linear Type Component Supports, Revision 1, January 1978
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SUBAPPENDIX A24

U-BOLT TWISTING

1.0 Definition of the Issue

This iscue (References 4.1 through 4.3) was that out-of-plane rotation of the
crosspiece of a trapeze cinched U-bolt support may result when the struts are
in compression. This rotation wvould induce twisting on the U-bolt, for which
it was not designed.

2.0 1Issue Resolution

Due to the extensive engineering effort required to demonstrate the acceptabil-
ity of this type of support, cinched U-bolt trapeze supports with struts or
snubbers are being eliminated or modified. Modification options are discussed
in Subappendix AlZ, Axial/Rotational and Trapeze Restraints.

3.0 Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of the issue.

. Pipe support modifications resulting from resolution of issues 1in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix BZ, SDAR-CP-86-36).

. The corrective action for the twisting of U-bolts on trapeze supports
with struts or snubbers is being accomplished through the elimination
or modification of this support type in accordance with CPPP-7, Sec-
tion 4.2.5.1 during the design validation.

. The preventive action for this issue is identified in Appendix C.

4.0 References

4.1 CASE's Proposed Findings of Fact and Conclusions of Law (Wwalsh/Doyle
Allegations), Section 111, August 22, 1983

4.2 CASE's Motions and Answer to Applicants' Motions for Summary Disposi-
tion Regarding Stability of Pipe Supports, October 15, 1984

4.3 CYGNA Pipe Support Review Issues List, Revision &, and Transmittal
Letter No. 84056.120 dated September 18, 1987
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SUBAPPENDIX A25

FISHER/CROSBY VALVE MODELING/QUALIFICATION

1.0 Definition of the Issue

The issues (References &.1 through 4.4) related to Fisher and Crosby valve
modeling and qualification were as follows:

Crosby Valves

The issue was that the main steam (MS) safety relief valves (SRV)
which bave a double-ported outlet configuration used an unconserv-
ative assumption of a 55/45 split in the flow distribution in lieu of
the 60/40 split flow distribution, as suggested by Crosby Valve.
There are five such valves located along the MS line that discharges
into vent stacks.

Fisher Valves

The issue was that the Fisher valve operators may not be qualified to
witbstand the loads imposed on them by the snubbers that support the
valve operator.

The Fisher valve is a control valve that is used to control main
steam (MS) flow by relieving steam to the atmosphere.

Flexible Valves

The issue was that the modeling of "flexible" valves (frequency less
than 33 cycles per second) was inadequate. It was found that valves
poted in Reference 4.4 (excluding Fisher valves) were the only "flex-
ible" valves within t!= original scope of work. It was determined
that the valve accelerations for those valves were acceptable; howev-
er, the modeling of the Fisher valve yoke, which is laterally sup-
ported at the end, was not addressed. If the yoke is modeled much
stiffer than it actually is, it way have an effect on the auslysis

results.
Valve Accelerations and Loads

The issue was that the validity of 2 sampling process to assure the
acceptability of valve accelerations and valve flange loads has not

been demonstrated.

Issue Resolution

Crosby Valves

SWEC-PSAS discussed the flow distribution of doubled-ported SRV with
Crosby (Reference 4.5), and Crosby verified that the SRV has an equal
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3.0

2.2

2.3

2.4

(50/50) flow distribution ratic (instead of 60/40, as was thought).
For conservatism, a 55/45 SRV flow distribution ratio was used to
calculate the blowdown force.

SWEC-PSAS evaluated the multiple SRV loading combination issue and
concurred that all five valves opening s;imultaneously must be consid-
ered for piping and pipe suppcrt design. Since valves may open in a
set or random sequence, those cvses w:re also considered. The vali-
detion process identified the desazn tas‘s for multiple SRV openings,
including five simultaneous valves openiny, for stress analysis eval-
uation. The cases evaluated covered all pissible circumstances based
on the system design, including the worst load condition.

Fisher Valves

The SWEC-PSAS validation of the Fisher relief vilve branch connection
piping model included the effects of the srubber supports at the
valve. in accordance with Section 7.4.3 of CPPP-6 both valve accel-
erations and support loads on the valves were transmitted to the
equipment qualification organization (Impell Corporation) for valida-
tion, except for Westinghouse-supplied valves, which were transmitted
to Westinghouse for validation.

Flexible Valves

The yokes of flexible valves were modeled to properly predict the
yoke frequency. CPPP-7, Section 3.10.6.5 specified the proper valve
yoke modeling of flexible valves.

Valve Accelerations and Loads

All valves were validated for applicable accelerations and valve noz-
zle loadings in accordance with CPPP-7, Section 3.10.5.2. Also,
since all valves were validated, the concern regarding sampling has
been satisfied.

Corrective and Preventive Action

No additional issues were discovered during the review and resolution
of the issue.

Pipe support modifications resulting from resolution of issues in
Subappendix Al through A35 were determined to be reportable under
provisions of 10CFRS0.55(e) (see Subappendix B2, SDAR-CP-86-36).

The corrective action to resolve the issue of valve modeling and
qualification was accomplished through the implementation of the cri-
teria provided in CPPP-6, Section 7.4.3 and CPPP-7, Sections 3.10.5.2
and 3.10.6.5 during the design validation.

The preventive action for this issue is identified in Appendix C.
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4.0 References

4.1

4.2

4.3

4.4

4.5

Tel-con dated October 21, 1976, between Crosby Valve and Gibbs &
Hill, J. R. Zahorsky and M. H. Giden, regarding Contract No. 2323A,
Double-Ported Safety Valves

Telex from Crosby Valve to Gibbs & Hill regarding Contract No. 2323A,
Main Steam Safety Valves, J. K. Zahorsky to Dr. Kim, October 12, 1976

CYGNA Pipe Stress Review Issues List, Revision 4, and Transmittal
Letter No. 84056.119 dated September 16, 1987.

Communications Report between Krishnan/Ray (Gibbs & Hill) and
Minichiello (CYGNA), Jume 18, 1984.

Tel-con dated February 21, 1986, between R. Martin and J. R. Zahorsky

of Crosby Valve and W. Wang, A. J. Cokonis, and W. H. Green of SWEC,
regarding Crosby double-norted relief valve discharge loads.
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SUBAPPENDIX A26

PIPING MODELING

Definition of the Issue

The issue was that incorrect inputs were used in the pipe stress analysis
as follows (Reference 4.1):

. Incorrect pipe wall thickness was used to calculate an allowable noz-
zle load (Reference 4.1, Issue 2).

. Tmproper stress intensification factors were used (Reference 4.1,
Issue 10).
. Fluid content and insulation weights were not included for valves and

flanges (Reference 4.1, Issue &).

. Valve acceleration and flange lo»ds were not always checked in the
piping analysis (Reference 4.1, Issue 21).

. Two piping segments were input into the stress analysis with the in-
correct wall thickness (Reference 4.1, Issue 12).

Issue Resolution

All pipe stress analysis packages were validated in accordance with Pro-
ject Procedures CPPP-6 and CPPP-7, which provided direction for the proper
modeling of piping systems. SWEC Engineering Assurance Procedure EAP 5.3
provided guidance on the preparation and review of calculations, including
the need to assure that proper input is used. Checklists vere included in
project procedures tu provide additional assurance that correct piping
podels were created and that proper review of the input and output was
performed.

In addition, personnel were trained in the implementation of the proce-
dures. This training was further enhanced by daily contact with the expe-
rienced on-project technical supervision. The SWEC Engineeriag Assurance
Division performed audits of project activities to verify that procedural
requirements were met and that calculations were technically acceptable.
The combination of the procedures, the procedural control, and the audit
program provided assurance that the inputs were correct and the calcula-
tions were complete and technically acceptable.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue.
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Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (cee Subappendix B2, SDAR-CP-86-36).

The corrective action to resolve the issues related to piping model-
ing was accomplished through the implementation of the criteria pro-
vided in Section 3.0 of CPPP-7 during the design validation.

The preventive action for this issue 1is identified in Appendix C.

4.0 References

4.1 CYGNA Pipe Stress Review Issues List, Revision 4, and Transmittal

Letter No. 84056.119 dated September 16, 1987.
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SUBAPPENDIX A27

WELDING

1.0 Definition of the Issue

The following welding-related issues were identified (Reference 4.1):

1.

1

Undersized Fillet Welds

The issue was that the sizes of two fillet weids were found to be
less than the minimum requirements of Table XVil+4652.1-1 in Appen-
dix XV11 of the ASME Code Section III.

Penetration Weld Subsurface Cracking

The issue was that there is a potential for gsubsurface cracking on
welds with deep penetrations. The shrinkage due to weld cooling may
be resisted where the joined surfaces approach being parallel. Under
these conditions, subsurface cracking can occur without the crack
propagating to the surface. Upon loading, this subsurface crack may
propagate through the weld causing joint failure.

Eccentricity of Three-Sided Welds (Unsymmetrical Welds)

The issue was that analyses of three-sided welds have not consistent-
ly considered the eccentricity between the center of gravity of the
member and the weld.

Linear Versus Plate 20d Shell Weld Design for Base Plates

The issue was that the practice of qualifying base plate welds using
linear analyses (as opposed to plate and shell analyses) was
questioned.

Combination Welded/Bolted Connecticus

The issue was that no evidence was found to support the fact that
combination welded/bolted connections are designed in accordance with
Appendix XVII, subparagraph XV11-2442, Section 111 of the ASME Code.

Crosspiece Cover Plate Welds

The issue was that it was observed that shear flow has not always
been considered in the analysis of welds attaching cover plates tn
crosspiece members.

One-Third Increase of Weld Allowable Stress for Emergency and
Faulted Conditions
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2.9

1.8

The issue was that the practice of increasing weld allowable stresses
by one-third for emergency and faulted conditions was questioned.

Welding Practices

The issue was whether welding procedures qualified by test in accor-
dance with the ASME Code are adequate in light of AWS requirements
for prequalified welds. This issue involves the following inadequate
welding practices: cap welding, weave welding, lap joint require-
ments, downhill weldiug, and preheat requirements.

Issue Resolution

2.1

2.2

3.3

Undersized Fillet Welds

ASME Code Case N-413 eliminated the minimum weld size requirements
of Table XVII-2452.1-1 in the ASME Section IIl Code. Attachment &4-2
of CPPP-7 incorporates ASME Code Case N-413.

Penetration Weld Subsurface Cracking

As part of the resolution of this issue, SWEC-PSAS reviewed Refer-
ence 4.3, which states that the tendency to develop subsurface weld
cracks stems from the ".. . misuse of a welding process that can
achieve deep penetration or poor joint design. A few preventive mea-
sures can ensure elimination of both of these factors. Limiting the
penetration and the volume of weld metal deposited per pass, through
speed and amperage control, and using reasonable depth of fusion are
both steps in the right direction."

All CPSES pipe support welds are fabricated in accordance with CPSES
Weld Procedure WPS-11032.

SWEC-PSAS reviewed WPS-11032 and concluded that it is a qualified
procedure in accordance with ASME Section IX which adequately con-
trols the joint design, travel speed, electrode size, -1 amperage
and that the SMAW process is not a decvp penetration process.

Therefore, all pipe support welds fabricated in accordance with CPSES
Weld Procedure WPS-11032 are in compliance with the ASME Code.

Eccentricity of Three-Sided Welds (Unsymmetrical Welds)
ln accordance with CPPP-7, Attachment &-2, paragraph 3, the eccen-

tricity between the center of gravity of the member and the weld has
been considered.
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2.4

2.3

2.6

2.7

2.8

Linear Versus Plate and Shell Weld Design for Bas. Plates

ASME Section IIl, Subgection NF-=1230 allows the use of either plate-
and-shell or linear-type support analysis for the design of welds
connecting linear and plate and shell elements. In accordance with
CPPP-7, Attachment &4-2, these welds were validsted using the linear-
type support amalysis.

Combination Welded/Bolted Connections

Welds used in combination welded/holted comnections were desigued in
sccordance with CPPP-7, Attachment 4-2, paragraph 3.1.3 for the en-
tire shear force, which complies with ASME Section III,
paragraph XVII-2442.

Crosspiece Cover Plate Welds

In accordance with CPPP-7, Attachment 4-2, paragraph 3.1.5, members
which use cover plates for strength purposes had the plate-to-member
attachment weld validated for shear flow.

Ope-Third Increase in Allowable Weld Stress for Emergency and
Faulted Conditions

2.%.% A one-third increase in allowable weld stress for emergency
and faulted conditions is acceptable. ASME Code, Sec-
tion .11 Subsection NF, paragraph NF 3231.1(b), Design of
Linear-Type Supports by Analysis for Class 1 Component Sup-
ports, and Appendix XVII-2110(a), Linear Elastic Analysis,
specify an allowable stress increase for emergency and
faulted conditions. The emergency condition is stated as
having a one-third allowable increase. Both para-
graph NF 3231.1(b) and Appendix XVII-21100 refer to ASME
Section 111, Subsection NF for the faulted condition, where
the factor is always greater than one-third.

2.7.3 AISC has allowed the one-third increase since the
7th edition.

$:7.3 Correspondence from K. Ennis, Assistant Secretary of ASME,
to W. M. Eifert of SWEC, dated September 25, 1985, confirms
this position (Reference 4.2).

Welding Practices

SWEC-PSAS reviewed WPS-11032 and concluded that it is a qualified

procedure in accordance with ASME Section IX, and thus, the limita-

tions of AWS for prequalified weld configurations do not applv.

Therefore, all pipe support welds fabricated in avcordance with weld
procedure WPS-11032 are in compliance with the ASME Code.
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Furthermore, At ic Safety and Licensing Board (ASLB),

NRC sta.f comparisol f ASME versus AWS and their own review of ex-
isting welding procedures, concluded (ou June 29, 1984, Refer-
ence &.4) that compliance with the ASME < je has been adequate t

assure the acceptability of the CPSES welding procedures

sctive and Preventive

review and res




SUBAPPENDIX A28

ANCHOR BOLTS/EMBEDMENT PLATES

1.0 Definition of the Issue

Issues were

raised (Reference &4.1) involving embedment plate, anchor b
and base plate designs at CPSES They

are as follows

Embedment Plates and Through-Bolts

he issue was that there was n

attzchments to embedmeni plates

xisting designs, moment connecti
< was Pt

chor oolt
15-percent increase in base | sses for base plate
with struts, springs, or snubbers ith y~degree 11

Qi

Kwik=Bolt Embedment Length
issue was that there
embedment lengths

1 * 3 r
JLAL10HS

These issues were addressed as described below

The SWEC Civil/Structural Corrective Actior Program (SWEC-C/S-CAP) devel
oped uniform design criteria for all concrete anchorages (References

n of spacing between differen! disc
criteria were incorporated 1int

and 4.3), including the evaluati
commodities The desigr




Attachments 4=4&, 4-5, and &-25 via SWEC-PSAS Project Memorandum PM-210.
Pipe support anchorage validation was performed in accordance with these
sttachments. Specific resolutions of these issues are as follows:

2.1

2.2

2.3

2.4

Embedment Plates and Through-Bolts

SWEC Civil/Structural is responsible for structural attachment lou.c
evaluations. CPPP-6 controlled the transmittal of pipe support at-
tachment loads on embedded plates, through-bolts, and base plates to
SWEC Civil/Structural discipline. SWEC Civil/Structural will identi-
fy base plates installed close to through-bolts to SWEC-PSAS for val-
idation., SWEC Civil/Structural design validation of embedded plates
and structures is described in the Civil/Structural PSR
(Reference 4.3).

Base Plate Edge Distance

An analysis was performed by SWEC-PSAS tc determine the effects of
edge distance tolerances on the bolt loads and plate stresses, and it
was concluded that the edge distance tolerance was acceptable.

Furthermore, the PCHVP will wvalidate the as-built base plate bolt
hole edge distances.

Hilti Kwik=Bolt Embedment Length

Emb.dment lengths shown on the drawings were used in calculations to
validate pipe support anchorage designs in accordance with Attach-
ment 4~4 of CPPP-7.

Concrete Edge Distance Vicolation

During PCHVP, SWEC Civil/Structural will identify base plates which
are installed close to pipe sleeve penetrations and transmit this
information to SWEC-PSAS for validation. Base plate validation is
performed in accordance with CPPP-7.

3.0 Corrective and Preventive Action

No additional issues were discovered during the review and resolution
of the issue.

Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix P2, SDAR-CP~86-36).

The corrective action to resolve the anchorage issues has been accom-
plished by the incorporation of the DBD (Reference 4.2) into CPPP-7
for the validation of embedments in concreie and the PCHVP for the
identification of anchorage spacing violations.
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The preventive action fo: this issue is iden

Keferences

CYGNA Pipe Support Keview Issues List, Revisic
Letter No. 84056.120, dated September 18, 1987

TU Eleztric, 3ES Units nd 2, Design Basis Document DBD-
Revision
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s‘o

SUBAPPENDIX A29

STRUT/SNUBRER ANGULARITY

Definition of the Issue

1.1

‘.2

The issue (Reference 4.1) was that the loading component ("kick"
load) resulting from the angular swing of the strut/snubber from its
pominal position, due to construction tolerauces and pipe movements,
was not assessed i. designs.

The NRC Inspection and Enforcement Bulletin IEB-79-14 program re-
quires a!l as-built angular tolerances ovir t 2 deg to be measured
and assessed {(Reference 4.2). The issue was that the construction
angular tolerance for the installed CPSES struts/snubbers was
2 5 degrees.

Issue Resolution

2.1

2.2

The angular swing of struts/snubbers due to construction tolerances
and pipe movements frem applicable therual, seismic, and/or fluio
transients were assessed. The effsct of the swing angle ioad compo-
nent (maximum swing angle of % 5 deg) was considered in the support
design. If the % 5-deg tolerance was exceeded, the proper function
and load rating of strut/snubber assewhlies were ensured in addition
to the component load considerativu. Tuese requirements vere includ-
ed in Sections 4.2 and 4.2.6 of CPPP-7.

All installed struts/snubbers were measured and those that exceeded
¢ 2-deg tolerance were assessed in the validation prograrm.

Corrective and Preventive Action

No additional issues were discoverel) during the reviev and resolution
of the issue.

Pipe support modifications resulting from resolution of issues in
Subzppendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.!5(e) (see Subappendix B2, SDAR-CP-86-36).

The corrective action to resolve the issue of strut/snubber angulari-
ty was accomplished through the implementation of the criteria pro-
vided in Sections 4.2 and &.2.6 of CPPP-7 during the design
validation and is physically validated in the Post Conmstruction Hard-
ware Validation Program (PCHVP) through the implementation of Field
Verification Method CPE-SWEC-F\M-PS-081 (Reference 4.3).

The preventive action for this issue is identified in Appendix C.
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4.0 References

4.1 Transcript of Proceedings of Feedback Discussion Between USNRC and
Walsh and Doyle on the Concerns About the CPSES, March 23, 1985 |

4.2 NUREG-0797, Supplementary No. 11, Safety Evil ation Report Related to
the Operation of CPSES Units 1 and 2, USNRC, Docket Nos. 50-445 and
50-446, May 1985

4.3 SWEC-PSAS Comanche Peak Field Verification Method, Hardware Vali-
dation and Supplemental Inspection Programs CPE-SWEC-FVM-PS-081,
Revision 0, July 29, 1987
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2.0

SUBAPPENDIX A30

COMPONENT QUALIFICATION

Definition of the Issue

Issues related to the qualification of wember components in CPSES pipe
supports were identified as follows (Reference 4.1):

3.1

1.2

1.3

1.4

Dynamic Pipe Movements in Support Design

The issue was that all dynamic piping movements vere not included in
the support design when checking frame gaps, swing angles, or spring
travel. Existing designs addressed only the seismic effects. This
is applicable to frame gaps in the unrestrained direction, strut/
snubber swing angles, and both spring and snubber travel.

Incorrect Standard Component Allowables

The issue was that incorrect U-tolt allowables were used in the de-
sign of support RH-1-064-011-822R.

Untightened Locknut On Struts

The issue was that the upper locknut on one strut was not tightened,
which conld lead to rotation of the strut and a subsequent load
redistribution.

Inverted Snubbers

The issue was that four supports were identified in which the snub-
bers were installed 180 degrees from the configuration shown on the
support drawings.

Issue Resolutioa

2.1

2.2

Dynamic Pipe Movements in Support Design

Predicted pipe movements for all design conditions for pipe supports
wvere evaluated in the design validation in accordance with CPPP-7,
Section &.2.

Incorrect Standard Component Allowables

RH-1-064-011-S22R was a cinched U-bolt support with a strut. This
support is being modified in sccordance with CPPF-7, Section 4.2.5.1.

Component standard-type pipe supports were validated in accordance

with CPPP-7, Section 4.1, by comparison to veuinr-supplied load ca-
pacity data sheets (LCD) or certified ‘esign report summaries (CDRS) .
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3.0

4.0

2.3

2.4

Untightened Locknuts on Struts

The Post-Construction Hardware Validation Program (PCHVP) is being
performed to validate the proper hardware installation including
locknuts through inspections performed in accordance with Field Veri-
fication Method CPE-SWEC-FVM-PS-081 (Reference 4.2).

Inverted Snubbers

The Post-Construction Hardware Validation Program (PCHVP) is being
performed to validate the proper hardware installation including
snubbers through inspections performed in accordance with Field 'eri-
fication Method CPE-SWEC-FVM-PS-081.

Corrective and Preventive Action

.

No additional issues were discovered during the review and resolution
of the issue.

Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix 82, SDAR-CP-86-36).

The corrective action to resolve the locknut and snubber installation
issues is being accomplished through the implementation of pipe sup-
port hardware inspections and rework. The corrective action to re-
solve the component allowable and dynamic pipe movement issue was
accomplished through the implementation of the criteria provided in
Sections 4.1 and &.2 of CPPP-7 during the design validation. The
corr.ctive action to resolve the design of Support RH-1-064-011-822R
was sccomplished through the implementation of the criteria provided
in CPPP-7, Section 4.2.5.1.

The preventive action for this issue is identified in Appendix C.

References

4.1

4.2

CYGNA Pipe S:pport Review Issuer List, Revision 4, and Transmittal
Letter Nr. 84056.120 dated September 18, 1987

SWEC-PSAS Comanche Peak Field Verification Method, Hardware Vali-
dation and Supplemental Inspection Program CPE-SWEC-FVM-PS-081,
Revision 0, July 29, 1987
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SUBAPPENDIX A3]

STRUCTKAL MODELING FOR FRAME ANALYSIS

1.0 Definition of the Issue

2.0

Issues were raised (Reference 4.1) relating to the structural modeling for
frame supports:

1.1

1.2

1.3

Torsion Evaluation

The issue was that for wide flange members, the torsional deflections
wvere underestimated and members were not checked for local stresses
at points of torsional loading.

Boundary Conditions for Richmond Insert/Tube Steel Connections

The issue was that modeling of member end restraints at Richmond
insert/tube steel connections was inconsistent. Three different mem-
ber end conditions varyipg from fully fixed to fully free were as-
sumed. Each assumption may be conservative for one member and uncon-
servative for another.

Support Boundary Conditions

The issue was that supports were identified in which the assumed
boundary conditions were questicaable.

Issue Resolution

2.1

2.2

2.3

Torsion Evaluation

In accordance with Section 4.3.2.1 of CPPP-7 member properties used
in the pipe support validation, including values for torsional resis~
tance, were taken from AISC Manual of Steel Comstruction, 8th Edi-
tion. Tables 4.7.2-3 through &.7.2-7 of CPPP-7 provided equations
for evaluating member stresses, including local effects due to tor-
sional loading.

Boundary Conditions for Richmond Insert Tube Steel Connections

Consistent modeling techniques were used for Richmond insert tube
steel connection validation as specified in CPF?-7, Attachment &-5 to
assure that member end restraints were properly modeled.

Support Boundary Conditions

Att:chment of the pipe support to the building structure was reflect~
ed 1n the frame analysis by the proper modeling of the connection
gti! ness in accordasce with CPPP-7, Attachment &4-18,
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3.0

4.0

Corrective and Preventive Action

A No additional issues were discovered during the review and resclution
of this issue.

. Pipe support medifications resulting from resolution of issues in
Subappendixes Al through A35 wer~ determined to be reportable under
provisions of 10CFR50.55(e) (see Subappendix Bi, SDAR-CP-86-36).

. The corrsctive action to resolve this iss e was accomplished through
the implementation of the criteria provided in CPPP-7, Sec-
tion 4.3.2.1, Tables 4.7.2-3 and 4.7.2-7, and Attachments 4-5 and
4-18 during the design validation.

. The preventive action for this issue is identified in Appendix C.

References

4.) CASE's Proposed Findings of Fact and Conclusiors of Law (Walsh/Doyle

Allegations), Sections VII aud XII, August 22, 1983.
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1.0

2.0

3.0

4.0

SUBAPPENDIX A32

COMPUTER PROGRAM VERIFICATION AND USE

Definition of the Issue

The issue (References 4.1 and &.2) was whether there was adequate quality
assurance for the verification and use of appropriate versions of the fol-
lowing computer programs:

. ADLPIPE Version 2C (dated April 1977) - Piping Analysis
. FUB-11 - Base Plate Qualification = ITT Grinnell
. Corner and Lada Base Plate Qualification Program

Issue Resolution

The computer programs for which specific issues were raised were not used
in the pipe stress and pipe support validation effort.

The computer programs that were used for piping and pipe support valida-
tion were identified in CPPP-7, Section 5.0.

The computer programs used in the validation effort were verified in ac-
cordance with SWEC QA program requirements for verification, technical
adequacy, and appropriate version. The computer program verification was
documented, and identified the various project applications.

Correcti.e and Preventive Action

. No acditional issues were discovered during the review and resolution
of this issue.

. Pipe support modifications resulting from resolution of issues 1in
Subappendixes Al through A35 were determined to be reportable under
the provisivns of 10CFRS0.55(e) (see Subappendix B2, SDAR-CP-86-36).

. The corrective action to resolve the concern regarding computer pro-
gram verification was accomplished through the implementation of the
SWEC Quality Assurance Program.

. The preventive action for this issue is identified in Appendix C.
References
4.1 CYGNA Design Control Review lssues List, Revision 1, June 21, 1985

4.2 NRC lnspection Report No. §0-445/83-12:50-446/83-07 Inspection Con-
ducted by J. 1. Tapia and W. Paul Chen, May 13, 1983
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1.0

2.0

3.0

4.0

SUBAPPENDIX A33

OTEST

Definition of the Issue

The issues (References &.1 and 4.2) was that hydrostatic test loading con-
ditions were not properly considered for ASME Section 1I] Code Class 2 and
3 piping analysis and pipe support designs.

lssue Resolution

The hydrotest loads for piping and supports were evaluated for 1.5 times
the design pressure, in accordance with the ASME Section 111 Code of
Record, except for the ASME Section IIIl Class 2 and 3 piping, which was
evaluated for 1.25 times the design pressure consistent with the actual
bydrostatic test conditions. The lower design pressure for Classes 2
and 3 piping is in accordance with a later code version which is accept~
able, since the project met the requirements of ASME Section 111 Code
paragraph NA-1140, which allows the use of later Code provisinns where
appropriate. Evaluation of piping and supports for hydrotest loading was
performed as specified in CPPP-7, Sections 3.6.2.4 and 4.7.2.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue.

. Pipe support wmodifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFRS0.55(e) (see Subappendix E2, SDAR-CP-86-36) .

. The corrective action to resolve the hydrotest issue was accomplished
through the implementation of the criteria provided in CPPP-7, Sec-
tions 3.6.2.4 and 4.7.2, during the design validation.

. The preventive action for this issue is identified in Appendix ¢.

References

4.1 CASE's Proposed Findings of Fact and Conclusions of Law (Walsh/Doyle
Allegations), Section XIII, August 22, 1983

4.2 CYGNA Pipe Support Review lssues List, Revision &, and Transmittal
Letter No. 84056.120 dated September 18, 1987
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SUBAPPENDIX A34
SEISMIC/NONSEISMIC INTERFACE

1.0 Definition of the Issue

The following issues (Reference 4.1) were raised relating to the design of
isolation anchors:

y.1 Seismic Category 1 Piping Attached to Nonseismic Piping

The issue was that the seismic effects of nonseisnic piping attached
to safety-related piping were not adequately considered.

1.2 Piping Routed Between Seismic Category 1 and Nooseismic Buildings

1.2.1 The issue was that safety-related piping was not seismi-
cally isolated when it was routed between seismic Cate-
gory 1 and nonseismic buildings.

1.2.2 The issue was that postulated failure of the turbine build-
ing due to an earthquake, which is a nonseismic building,
was not considered in the design of safety-related piping
which is routed between the turbire building and seismic
Category 1 buildings.

2.0 Issue Resolution

2.1 Seismic Category ] Piping Attached to Nonseismic Piping

In accordance with CPPP-7, Attachment &4-10, Sections 1.4, 1.5, and
1.6 the following two methods were used for the design validation of
safety-related piping attached to nonseisiic piping:

2.1.1 A plastic hinge was assumed to occur on the nonseismic pip~
ing immediately adjoining the anchor. The anchor was ana-
lyzed for plastic moments.

2.1.2 One or moie restraints and the piping supported by these
restraints on the nonseismic side were seismically ana-
lyzed. In addition, the eff-ct of the remaining portion of
ponseismic piping was accounted for by the assumption of a
plastic hinge.

2.2 Piping Routed Between Seismic Category 1 and Nonseismic Bujildings

SWEC-PSAS Project Memorandum No. PM-203 clarified the requirements of
CPPP-7, Attachment 4-10, and limits the use of Option 2.1.2 to piping
in seismically asnalyzed buildings. Therefore, the interface between
seismic Category 1 piping and nonseismic piping occurring at the
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boundary between seismic Category ] and nonseismic buildings (e.g.,
the main steam line) was modeled by a plastic hinge as discussed in
Item 2.1.2.

3.0 Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue.

. Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
the provisions of 10CFRS0.55(e) (See Subappendix B2, SDAR-CP-86-36).

. The corrective action to resolve the seismic/nonseismic interface
issue was accomplished through the implementation of criteria provid=
ed in CPPP-7, Attachment 4-10 during the design validation.

. The preventive action for this issue is identified io Appendix C.

4.0 References

4.1 CYGNA Pipe Support Review Issues List, Revision & and Transmittal
Letter No. B4056.120, dated September 18, 1987.
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1.0

2.0

3.0

SUBAPPENDIX A35

OTHER 1SSUES

Definition of the lssue

Subappendixes Al through A34 have addressed the CPRT and external issues
(excluding the S3ER and CPRT-QOC issues addressed in Subtappendixes A36
through A39). These 34 subappendixes represent the consoiidation of all
but 51 of the 972 piping-relatec Discrepancy Issue Reports (DIRs), gener-
ated by TENERA, L. P. to track closure of issues as part of their third
party review. The remaining 5! DIRs (Reference 4.1, Attachment B) are
unrelated to the 34 primary issue topics discussed in the previous 34 sub-
appendixes. The issues raised by these 51 DIRs must be resolvec by the
SWEC-PSAS validation effort.

Issue Resolution

SWEC-PSAS resolved the issue identified in each of the 51 DIRs described
above by referencing the applicable design or administrative procedure
that resolved each issue. These 51 DIRs are considered closed by SWEC-
PSAS and TENERA, L. P.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue,

. Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportabie under
provisions of 10CFRS0.55(e) (see Subappendix B2, SDAR-CP-86-36) .

. The corrective action to resolve this issue was accomplished through
the implementation of the criteria provided in CPPP-6 and CPPP-7.

. The preventive action for this issue i3 identified in Appendix C.
References

4.1 CPRT Design Adequacy Program Descipline Specific Results Report:
Piping and Supports, DAP-RR-P-001, Revision 1, August 27, 1987
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2.0

3.0

4.0

SUBAPPENDIX A36

SSER-8 REVIEW

Definition of the lssue

SSER-8 describes the NRC Staff evaluation and resolution of technical is-
sues relating to the civil, structural, and miscellaneous issues of CPSES
(Reference 4.1).

The issue was whether the concrete design stoength of CPSES safety-related
concrete installed between January 1976 and February 1977 was 4,000 psi or
greater.

Issue Resolution

The results of the concrete strength tests, performed between January 1976
and February 1977, were reviewed by the SWEC Civil/Structural Group
(Reference 4.2). As a result of the consistency between the cylinder data
and the Schmidt-Hammer data, SWEC Civil/Structural concluded that there is
no evidence of systematic falsification of cylinder data or improper test-
ing; therefore, it was further concluded that the 4000 psi design strength
of the safety-related concrete placed during that period was substantiated
(Reference &.3).

Corrective and Preventive Acticn

. No additional issues were discovered during the review and resolution
of this issue.

. This issue has been determined to be not reportable in accordance
with 10CFR50.55(e).

. No corrective action on the design basis is required due to this
issue.

. Current comstruction and QC concrete testing procedures are adequate.
No additional preventive action 1s required due to this issue.

References

4.1 NUREG-0797, Supplement No. 8, Sections 3.1.3 and 4.1.2, Safety Evalu-
ation Reported Related to the Operation of CPSES Units 1 and 2, Dock-
et Nos. 50-445 and 50-446, USNRC, February 1985

4.2 TU Electric CPSES Unit 1 and Common, Civil/Structural, Pro; ct Status
Report, Revision 0

4.3 CPRT Action Plan I11.b Results Report, Concrete Compression Strength,
Revision 1, February 28, 1986
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2.0

SUBAPPENDIX A37

SSER-10 REVIEW

Definition of the Issue

SSER-10 describes the NRC Staff evaluation and resolution of technical
issues relating to the mechanical and piping group (Reference &4.1). The
four piping design related issues are:

1.1 Uncortrolled Weld Repairs by Plug Welding

The SSER indicated that a plan is required for sampling inspection of
plug welds in CPSES for cable tray supports, pipe supports, and base
plates.  bounding analysis is required to assess the ranging ef-
fects of .acontrolled plug welds on pipe supports, cable tray sup-
ports, anc base plates to serve their intended functions. A report
documenting the results of the assessment is required.

1.2 1lostallation of Main Steam Line Pipes - Unit 1, Loop 1

The SSER indicated that Tasks 4.5.1 through 4.5.8 in SSER-10, which
inciude stress assessment and nondestructive examination of Loop 1
main steam (MS) and feedwater (FW) lines, must be performed. Results
of analysis, examinations, and reviews are required to be documented
in a report.

1.3 lsolation of Seismic Category I Piping from Nonseismic Piping

The SSER indicated that an analysis shall be performed and documen-
tation shall show that piping systems such as MS, FW, and auxiliary
steam lines routed from seismic Category I to nonseismic Category I
buildings are in conformance with the licensing commitments.

1.4 As-Built Verification of Type 2 Skewed Welds on NF Supports
The SSER indicated that confirmation is required that the Type 2
skewed welds on pipe supports are not undersized. This may be accom-
plished through the verification of previous weld inspections or
through reinspection.

Issue Resolution

2.1 Uncontrolled Weld Repairs by Plug Welding

SWEC-PSAS reviewed the Comanche Peak Response Team (CPRT) Action Plan
V.d Results Report (Reference &4.2) and concluded that since the uuau-
thorized repair of plug welds does not compromise the structural in-
tegrity of the components, there is no impact of plug weld renairs on
the validation of pipe supports at CPSES.
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2.2 Installation of Main Steam Line Pipes - Unit 1, Loop 1

The CPRT Action Plan V.e Results Report (Reference 4.3) was reviewed
by SWEC-PSAS and, based on the main steam and feedwater pipe stress
analysis, which incorporated bounding parameters, it was concluded
thet no deleterious effects resulted from the sequence of events as-
sociated with Unit 1, Loop 1, main steam and feedwater (FW) lines
bydrostatic tests.

2.3 lsolation of Seismi. Category I Piping from Nonseismic Piping
This topic is addressed in Subappendix A34.
2.4 As-Built Verification of Type 2 Skewed Welds on NF Supports

Pipe support welds at CPSES are inspected in accordance with Inspec~
tion Procedure QI1=QAP-11.1-28 (Reference 4.4). However, since Type 2
skewed welds are typically found on the weld of the trunnion to the
pipe, inspection procedures for Type 2 skewed welds were included in
the piping weld inspection Procedure QI-QAP-11.1-26 (Reference &.5).
CPRT Action Plan V.a Results Report (Reference 4.6) confirmed that
inspections were performed in accordance with QI-QAP-11.1-26, and
that skewed welds are not undersized. Pipe support weld inspection
Procedure Q1-9AP-11.1-28 has since been revised to include inspection
procedures for Type 2 skewed welds.

{ 3.0 Corrective and Preventive Action

. No additional issue was discovered during the review and resolu-
tion of this issue.

. Pipe support modifications resulting from resolution of isola-
tion of Seismic Category I piping from nouseismic piping has
been determined reportable under the provisions of 10CFR50.55(e)
(see Subappendix B2, SDAR-CP-86-36). No modifications were re-
quired as a result of the resclution of the issues discussed in
Sections 1.1, 1.2, and 1.4,

. The corrective action to resolve the issue of the isolation of
Seismic Category I piping from nonseismic piping has been accom=
plished through the implementation of criteria provided in
CPPP-7, Attachment 4-10, during the design validation.

The corrective action to resolve the issue of the installation
of main steam line piping was accomplished through implementa-
tion of CPSES Conmstruction Procedure CP-CPM-1.2 (Reference &.7)
and SWEC-PSAS Procedure CPSP-30 (Reference 4.8), wkich requires
sngineering to evaluate the installed piping end pipe support
configuration including the proper desigo of temporary supports
prior to a piping system hydrostatic test to assure the integri-
ty of the installed safety-related piping and pipe supports.
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The corrective action for the issue of uncontrolled plug weld
repair was accomplished through enhanced pipe support installa-
tion and inspection criteria.

The corrective action for the issue of verification of Type 2
skewed welds on NF supports was accomplished through the revi-
sion of Weld Inspection Procedure QI-QAP-11.1-28 to include in-
spection procedures for Type 2 skewed welds.

. The preventive action for this issue is specified in Appendix C.

4.0 Reterences

4.1

4.2

4.3

4.4

4.5

4.6

6.7

“.8

NUREG-0797, Supplement No. 10, Safety Evaluation Report related to
the operation of CPSES Units 1 and 2, USNRC, Docket Nos. 50-445 and
50-446, April 1985

CPRT Action Plan V.d Results Report, Plug Welds, Revision 1, Decem-
ber 18, 1986

CPRT Action Plan V.e Results Report, Installation of Main Steam
Pipes, Revision 1, October 15, 1986

CPSES Quality Assurance Procedure QI-QAP-11.1-28, Fabrication and
Installation Inspection of Safety Class Component Supports

CPSES Quality Assurance Procedure QI-QAP-11.1-26, Fiping end Equip-
ment Installation Inspection

CPRT Action Plan V.a Results Report, Inspection for Certain Types of
Skewed Welds in NF Supports, Revision 1, October 22, 1986

CPSES Construct on Procedure CP-CPM-1.2, Construction Activities for
Systems and/or Areas Accepted and/or Controlled by TU Electric Flant
Operations, Revision 5, March &, 1987

SWEC-PSAS Project Procedure CPSP-30, Processing TU Electric Requests
for Temporary Hangers, Revision 0, October 7, 1987




SUBAPPENDIX A38
SSER-11 REVIEW

1.0 Definition of the Issue

SSER-11 (Reference &.1) describes the NRC Staf/ TRT position on the evalu-
stion and resolution of technical questions and allegations relating to
the QA/QC Group.

The issues identified by SSER-11 in the design process that ar~ related to
piping design are as follows:

1.1

1.2

“3

As-Built lospection Program (Allegations AQ-50, AQ-21, AQ-22, and
AQ-119, Reference &4.1)

As-built issues were classified into hardware, procedural, as-built,
and weld-related categories. Specifically, six pipe support con=
struction issues in Unit 1 were listed as follows:

3:1.% Excessive spubber spherical bearing clearance.

i.1.2 Missing strut and snubber load pin locking device.

1.4.3 Pip clamp halves not parallel.

1.1.4 Snubber adapter plate bolts not fully engaged.

1.1.5 Hilti-Kwik Dbolts installed with less than minioum
embedment .

1.1.6 Absence of locking devices for threaded fasteners on NF
supports.

Isolation Anchors

The issue was that isolation anchors were not always used in the de-
sign of seismic-to-ponseismic Piping. The isolation anchor must be
designed to withstand the combined loading imposed by both seismic
Category 1 and nonmseismic pipiog (Allegation SRT-13, Reference &.2).

Main Steam Loop Hydro

The issue was that the design of the main steam lines in Unit 1 did
pot take into account the stresses caused by repositioning of the
line after flushing and by the settling of temporary supports
(Reference &4.1).
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2.0

3.0

1.4

Girth Welds

The issue was that radial shrinkage of girch welds in thin-valled
stainless steel pipe was not always adequately analyzed (Allegations
AQ-50, Ref. &.1; and AW=52, AW-59, AW-62, Ref. 4.2).

Issue Resolution

2.1

2.2

2.3

2.4

As-Built Ipspection Program

The issue of the as-bu.lt QC verification of supports &t CPSES was
also identified in Subapjendixes A39 and B3. The resclution of this
issue and the corrective and preventive actions associated with this
issue are addressed in Subappendixes A39 and B3,

Isolation Anchors

The isolation anchor issue was also identified in SSER-10 (Refer~
ence &.2) and is discussed in Subappendixes A34 and A37. The resolu-
tion of this issue and the corrective and preventive actions
associated with this issue are addressed in Subappendixes A34 and
A37.

Main Steam Loop Hydro
The Upit | main steam loop hydro issues were also identified in
SSER-10 and are discussed in Subappendix A37. The resolution of this

issue and the corrective and preventive actions associate? with this
issue are addressed in Subappendix A37.

Girth Welds

The effects of radial shrinkage of girth welds on the pipe stress
analysis were analyzed in accordance with CPPP-7, Attachment 3-15.

Corrective and Preventive Action

No additional issues were discovered during the review and resolution
of this issue.

Pipe support modifications resulting from resolution of the issue of
isolation anchors and girth weld shrinkage have been determined re-
portable under the provisions of 10CFR50.55(e) (see Sudbappendix B2,
SDAR-CP-86-36). Pipe support modifications resulting from resolution
of the issue of as-built verification of pipe supports have been de-
termined reportable under the provisions of 10CFR50.55(e) (see
Subappendix B3, SDAR-CP-86-63).

The corrective action to resolve the girth weld issue was accom®

plished through the implementation of the criteria specified in
Attachment 315 of CPPP-7 during the design validation.
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The corrective actions to resolve the issues of the as~built inspec~
tion program, the isolation anchors, and the main steam loop hydro-
static test are discussed in Subappendixes A39, A34, and A37,
respectively.

The preventive actions for these issues are specified in
Attachment C.

4.0 References

4.1

&.2

NUREG-0797, Supplemen: No. 11, Safety Evaluation Report related to
the operation of CPSES Units 1 and 2, USNRC, Docket Nos. 50-445 and
50-446, May 1985

NUREG-0797, Supplement No. 10, Safety Evaluation Report related to

the operation of CPSES Units 1 and 2, USNRC, Docket Nos. 50445 and
S0-446, April 1985
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SUBAPPENDIX A2
CPRT SUA%I""I’ OF CONSTRUCTION %VI!\!

1.0 Definition of the Issue

Evaluation Research Corporation (ERC) was contracted by CPRT to perform
the Quality of Comstruction (QOC) sample imspection of the safety-related
components installed in CPSES, including piping and pipe supports. This
task was implemented in accordance with CPRT Action Plan Vil.c, and the
results were discussed in Section 5.2.5 of the CPRT Action Plan VII.c Re-
sults Report (Reference 4.1).

ERC inspection covered approximately 82,500 inmspection points for piping
and pipe supports. ERC evaluated the results and recommended corrective
action on the adverse trends and construction deviations on the piping
components, géps, locking devices, pipe clamp spacers, pipe clamps, cotter
keys, and angularity offsets,

The recommended corrective actions on the adverse trends and construction
deviations of the pipe supports identified in the CPRT-QOC Results Report
are summarized as follows:

Construction CPRT Action Plan VII.c Results
( work Category Report Recommendatiots
1.1 Large Bore Piping Reinspect flow elements to verify
Configuration that they are oriented in the
proper direction
1.2 Large Bove Piping Verify existing piping clearance
Configuration criteria and walkdown on all
large bore piping with imsulation
installed
1.3 Large Bore Piping Reinspect safety-related piping
Configuration expansion joints
1.4 Pipe Welds and Reinspect butt welds in Sched-
Materials ule 80 or thinner stainless steel

piping made prior to 1982 that
are replacement welds and/or have
received extensive repairs




A0

.'1x

A2

13

Construction

Work Category

Large Bore
Pipe Supports
Rigid

Large Bore
Pipe Supports
Rigad

Large Bore
Pipe Suppcrts
Rigid

Large Bore
Pipe Supports
Rigid

Large Bore
Pipe Supports
Rigid

Large Bore
Pipe Supports
Rigid

Large Bore
Pipe Supports
Nonrigid

Large Bore
Pipe Supports
Nonrigid

Large Bore

Pipe Supports
Nonrigid

CPRT Action Plan VII.c Results
Report Recommendations

Walkdown of pipe supports con-
taining vendor-supplied compo-
sents and replacesent of non-
conforming parts subject to
sppropriate engineering disposi-
tion

Inspect for proper gaps between

pipe and pipe support and verify
adeguate clearance between pipe

welds and pipe support

Inspect and install suitable
locking devices on all vendor-
supplied componenty that do not
have high-st-ength bolting;
install locking devices on all
high-strength bolting that is not
torqued to an acceptable prelosd

Walkdown reinspection of pipe
clamps and replace nonconforming
spacers or confirm they fall
within the limits of bounding
calculation

Verify that jum nuts on all
vendor-supplied components (sway
struts, soubbers, and sgpring
cans) are snug tight

Walkdown of all pipe supports
having pipe clamps to verify
security of attachment to .Jhe

pipe

Reverify componer. adjustment
during the startup and preopera~
tional phases ¢ the plant

wWalkdown of all vendor-supplied
components to ensure that proper
angularity exists

Walkdown of all supports comtain-
ing vendor-supplied components
and inspect cotter keys and
sssociated bolting
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2.0

Construction CPRT Action Plan Vil.c Results

Work Category Report Recommendations

1.16 Large Bore Inspect and install suitable
Pipe Supports locking devices on all vendor~
Nonrigid supplied components that do not

have high-strength bolting, in-
stall locking devices on all
high=strengtn bolting that is
not torqued to an acceptable
preload

Issue Resolution

The Post-Construction Hardware Validation Program (PCHVP) (Reference 4.2)
is the portion of TU Electric's Corrective Action Program (CAP) which val-
idates the final acceptance actributes for safety-related hardware.

The iaput to the Post-Construction Hardware Velidation Program (PCHVP) is
contained in the installation specifications. Final acceptance inspection
requirements identified in the validated installation specifications were
used to develop the Post-Construction Hardware Validation Program (PCHVP)
sttribute matrix. This maurix is a complete set of final acceptance at-
tributes identified for installed hardware. The Post-Construction Hard-
ware Validation Program (PCHVP), by either physical validations or through
an engineering evaluation methodology, assures that each of the attributes
defined in the attribute motrix is validated.

SWEC-PSAS developed the Field Verification Method (FVM) CPE-SWEC-FVM-
PS-081 (Reference 4.3) to coordinste the Unit )} and Common piping and pipe
support inspection validation activities,.

Piping inspections are performed and documented by Quality Comtrol (QC)
rsonnel to assure that applicable inspection attributes are acceptable.
e piping inspection attributes are as below:

Equipment and piping configuration

Piping wall thickness at shop/field bends

Radis]l weld shrinkage at stainless steel piping joints

Equipment anchoring

Remote valve operators

Branch connections

All pressure boundary items installation/base metal defects

Valve orientations

Pipe/sleeve details

Permanent pipe support installation (no temporary or voided
supports)

Verify location (span) dimensions/tolerances

Applicable dielectric insulating sleeves over bolts/studs
Linear dimensions of piping segments and in-'ine components
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"he hardware validation of pipe supports assures that the removable items
.n a pipe support are installed as required by the des.gn documentation.
"he hardware validation is implemented by Quality Control (QC) personnel
in compliance with the validated support drawing. Quality Control person-
pel verify and document that all applicable hardware attributes listed on
the hardware validation checklists are acceptable. The following pipe
support hardware validation checklists are used, as applicable:

Adjacent Weld Checklist

Bolted Connection Checklist

Hilti Bolt Checklist

Pipe Clamp Checklist

Richmond Insert Checklist

Snubber Checklist

Support Checklist

Sway Strut Checklist

Through Bolt/Embedded Bolt Checklist
U-Bolt/Bolted U-Guide Checklist
Variable/Constant Spring Checklist

In addition to the hardware validation pipe support inspections, Quality
Control (GC) personnel also conduct inspections for pipe support configu-
ration attributes a below:

Material accept oility

Support configuration compliance with validated design drawing,
including dimensions

Support overhang length/tolerance

Support projection length/tolerance

Sway strut/snubber pin-to-pin dimension/tolerance

Alignment and circumferential deviation of shear lugs

Hilti bolt size/embedment

Weld length of structural member on base plate

Welded connection in accordance with validated drawing

Edge distance for structural members and base plates

Slope of bolted part with bolt head or nut

Shim size/weld

SWEC-PSAS developed the Field Verification Method (FVM) CPE-SWEC-FVN-
PS-080 (Reference 4.4) to assure that sufficient clearance exists around
the validated piping. Clearance is required to permit those anticipated
piping displacements that could occur under plant operating conditions
without any impediment to those displacements. An impediment is defined
as any structure, pipe, conduit, cable tray, or equipment that encroaches
on the envelope of anticipated pipe displacement.

This field verification effort is performed by the SWEC-PSAS engineering
personnel. SWEC-PSAS has established clearance criteria and is responsi-
ble for training the clearance walkdown teams, evaluating clearance prob-
lems, and issuing design changes to correct any clearance violations.
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3.0

4.0

The physical validation of mechanical piping attributes (e.g., flow ele-
ment orientatiom euc -vransion joint installation) is performed by SWEC
mechanical discipline PCHVP as discussed in the SWEC Mechanical Project
Status Report (Reference &4.5).

These corrective actions also envelop the resolution of issues in Sub-
appendixes A29, A30, A38, and B3. The quality of construction require-
ments for piping and pipe supports in the PCHVP were incorporated into the
construction and QC inspection procedures to serve as the preventive

action.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue.

. The quality of construction of pipe support installation issue was
determined tc be reportable under the provisions of 10CFR50.55(e)
(see Subappendix B3, SDAR-CP-86-63).

. The corrective action to resolve this issue is accomplished through
the implementaticn of the Post-Construction Hardware Validation
Program,

. The preventive action for this issue is :dentified in Appendix e,

References

4.1 CPRT Action Plan VII.c Results Report, Construction Reinspection/
Documentation Review Plan, Kevision 0, June 11, 1987

4.2 TU Electric Engineering and Construction Procedure EC-9.04, Post Con-
struction Hardware Validation Program, July 17, 1987

4.3 SWEC-PSAS Comanche Peak Field Verification Method, Hardware Valida-
tion and Supplemental Inspection Programs, CPE-SWEC-FVM-05-081,

Revision 0, July 29, 1987

4.4 SWEC-PSAS Comanche Peak Field Verification Method, Clearance Walk-
down, CPE-SWEC-FVM-PS-080, Revision 0, July 28, 1987

4.5 TU Electric, CPSES Unit 1 and Common, Mechanical Project Status Re-
+ -, Revision 0
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APPENDIX B

INTRODUCTION

This appendix describes the details of resolutions of issues identified during
the performance of the piping Corrective Action Program (CAP). Included in
this appendix are the piping-related Significant Deficiency Analysis Reports
(SDARs) initiated by TU Electric.

Each of the five issues listed below is described in an individual sub-appendix
which includes discussions of resolution methodology and corrective and pre-
ventive actions.

Issue No. Issue Title

Bl SDAR-CP-86-33, Stiffness Values for Class 1 Stress Analysis
B2 SDAR-CP-86-36, Large Bore Piping and Supports

B3 SDAR-CP-86-63, Pipe Support Installations

B4 SDAR-CP-86-67, Preoperational Vibration Test Criteria

BS SDAR-CP-86-73, ASME Snubber Attachment Rrackets



1'0

2.0

3.0

SUBAPPENDIX Bl

SDAR-CP-86-33, STIFFNESS VALUES FOR CLASS 1 STRESS ANALYSIS

Definition of Issue

TU Electric identified a deficiency in the stiffness values of pipe sup-
ports for ASME Section III Class 1 piping stress analysis (Reference 4.1).
The pipe support stiffness values used in the previous Westinghouse stress
analysis of ASME Section III Code Class 1 piping in Unit 1 were based on
input from the existing design. These pipe support stiffness values
changed with implementation of the corrective actions from the pipe stress
and pipe support validation program, thus rendering the previous results
of ASME Section III Class 1 pipe stress analysis in Unit 1 inconsistent
with the pipe stress and pipe support validation program.

Appropriate ASME Section III Code Class 1 pipe support stiffness values
that incorporated corrective actions and modifications resulting from the
pipe stress and pipe support validation program must be used in the
validated ASME Section III Code Class 1 pipe stress analysis.

Issue Resolution

The calculations of the stiffness values for the pipe supports for the
ASME Section I1II Code Class 1 pipe stress analysis packages were completed
and these results wers transmitted to Westinghouse io accordance with
Section 7.5.7 of project procedure CPPP-6 (Reference 4.2) and SWEC-PSAS
Project Memorandum PM-130 (Reference 4.3). Westinghouse reanalyzed these
stress protlems and issued revised support loads for pipe support
validation.

TU Electric determined that this issue was reportable under the provisions
of 10CFR50.55(e) and submitted reports (References 4.1 and 4.4) to the NRC
Staff on May 28, 1986, and October 17, 1986. The large bore pipe support
modifications and hardware validation status ie¢ being updated under
10CFR50.55(e) via SDAR-CP-86-36 (Subappendix B2).

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of *his issue.

. This issue was determined to be reportable under the provisions of
10CFR50.55(e).

. The corrective action to resolve this 1ssue was accomplished by the
validation of the ASME Section III Code Class 1 pipe stress analysis
by Westinghouse and by the SWEC-PSAS validation of the pipe supports
in accordance with Sections 3.10.8 and 4.3.2.2, and Attachment 4-18
of CPPP-7.
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The preventive action for this issue is identified in Appendix C.

4.0 References

4.1

4.2

4.3

4.4

TU Electric Letter No. TXX-4831, W. G. Counsil to E. H. Johnson, Di-
rector, Division of Reactor Safety and Projects, U.S. Nuclear Regula-

tory Commission, Stiffness Values for Class 1 Pipe Stress Analysis,
May 28, 1986 (SDAR-CP-86-33 - Interim Report).

SWEC-PSAS Project Procedure CPPP-6, Pipe Stress/Support Requalifica-
tion Procedure - Unit 1, Revision &4, April 8, 1987.

SWEC-PSAS Project Memorandum PM-130, Transmittal of Requalification
Results to Westinghouse, December 19, 1986.

TU Electric Letter No. TXX-6025, W. G. Counsil to E. H. Johnson, Di-
rector, Division of Reactor Safety and Projects, U.S. Nuclear Regula-
tory Commission, Stiffness Values for Class 1 Pipe Stress A4nalysis,
October 17, 1986 (SDAR-CP-86-33 - Final Report).
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1.0

2.0

3.0

SUBAPPENDIX B2

SDAR-CP-86-36, LARGE BORE PIPING AND SUPPORTS

Definition of Issue

Impact of CPRT and external issues tabulated in Subappendixes Al through
A35 on the adequacy of the piping and pipe support design and installation
processes is significant.

Issue Resolution

SWEC-PSAS was contracted to validate the piping and pipe supports at
CPSES. Modification of certain pipe supports provided expedient accep-
tance for the expanded requirements. Support modifications are cate-
gorized as follows:

2.1 Prudent - Supports in this category may have been technically ac-
ceptable; however, more time and expense would have been involved in
the detailed analysis than that required to physically modify the
support and qualify the modification.

2.2 Recent Industry Practice - Msdifications implemsnted to eliminate
snubbers to enhance plant maintasinability, reduce inservice inspec-
tion, and minimize worker radiation exposure during operating plant
conditions.

2.3 Adjustment - Minor modifications (such as retorquing or shimming)
implemented to meet installation criteria contained in the resolution
of the CPRT and external 1issues.

2.4 Cumulative effects - Modifications that are required duve to the com-
bined effect of previous 1ssues.

The implementation of the physical modifications of pipe supports is ve-
ing performed by TU Electric Construction and is being validated by the
PCHVP.

TU El.ctric determined that this issue was reportable under the provisions
of 10CFR50.55(e) and submitted the initial Significant Deviation Analysis
Report No. SDAR-CP-86-36 (Reference 4.1) on June g, 1986. Periodic status
reports are being submitted to the NRC Staff.

Corrective and Preventive Action

. No additional issues have been discovered during the review and reso-
lution of this issue.

. This issue was determined to be reportable under the provisions of
10CFR50.55(e).
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. The corrective action to resolve this issue is accomplished through
the piping and pipe supports CAP.

. The preventive actions for this issue are described in Appendix C.

4.0 References
4.1 TU Electric Letter No. TXX-4844 dated June 9, 1986, W. G. Counsil to
E. H. Johnson, Director, Division of Reactor Safety and Projects,

U.S. Nuclear Regulatory Commission, Pipe Supports, SDAR-CP-86-36 (In-
terim Report)

B2-2



1.0

2.0

3.0

4.0

SUBAPPENDIX B3

SDAR-CP-86-63, PIPE SUPPORT INSTALLATIONS

Defirition of the Issue

On September &4, 1986, a deficiency was identified involving a broken
cotter pin on a snubber (Rcference 4.1).

Issue Resolution

The piping CAP includes the PCHVP that will validate cotter pin installa-
tion in accordance with field verification method CPE-SWEC-FVM-PS-081
(Reference 4.2).

Corrective and Preventive Action

See Section 3.0 of Subappendix A39.
References

4.1 TU Electric Letter No. TXX-6027, W. G. Counsil to E. H. J>hnson, Di-
rector, Division of Reactor Safety apd Projects, U.S. Nuclear Regula-
tory Commission, Pipe Supports, SDAR-CP-86-63 (Interim Report),
November 3, 1986

4.2 SWEC-PS.- Comanche Peak Field Verification Method, Hardwa-e Valida-

tion and Supplementa) Inspeition “rograms, CPE-SWEC-FVM-PS-031,
Revasion 0, July 29, 1987
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SUBAPPENDIX Bé&

SDAR-CP-86-67, PREOPERATIONAL VIBRATION TEST CRITERIA

1.0 Definition of the Issue

2.C

3.0

TU Electric identified a deficiency (Reference &4.1) in the preoperational
vibration test ciiteria. The CPSES criteria document, Preoperational Vi-
bration Test Program, Issue 1, June 1980, was reviewed, and it was found
that the mathematical formulas used to determine stress endurance limits,
allowable deflections, and flexibility characteristics of certain piping
systems may not have been accurate. Vibration calculations and test re-
sults were evaluated to deteimine the wvalidity of t(the original
calculations.

The evaluation yielded the following results:

1. Two test data points (from a total cf 21 system tests) were found to
exceed the allowable deflection limits

2. The measured drection of deflection movement was not clearly identi-
fied in all instanccos.

3 The test deflections vere measured in oply ope direction in some
cases.

Issue Resolition

As a result of the piping Corrective Action Program (CAP) aad exteasive
modifications to the piping systems, TU Elecrric will repeat the preopera-
tional vi.bration testing. SWEC-PSAS has established Project Procedure
CPPP-25, Unit 1 Pipiung Vibration Test Procedure (Reference 4.2), for the
pa.agement and assessment of piping system vibration as required by the
CPSES FSAR Section 3.9.B.2. This preoperational vibration test procedure
is based on information contained in NRC Regulatory Guide 1.68 (Refer-
ence 4.3) and Section 3.9 of NUREG-0800 (Reference 4.4). SWEC-PSAS will
provide technical services to the testing program.

TU Electric determined that this issue is reportable under the provisions
of 10CFR50.55(e) and submitted SDAR-CP-86-67 on February 19, 1987.

Corrective and Preventive Action

. No additional 1ssues were discovered during the review and resolution
of this issue2.

. This issue was determined to be reportable in accordance with the
provisions of 10CFR50.55(e).
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The corrective actions to resolve this issue will be implemented by
repeating the preoperational piping vibration testing by a new test
orocedure to resolve the concorns.

Preventive action for this issue is identified in Appendix C.

4.0 References

4.1

4.2

4.3

4.4

TU Electric Letter No. TXX-6072 dated October 27, 1986, W. G. Counsil
to U.S. Nuclear Regulatory Commission, Attention: Document Control
Desk, SNDAR-CP-86-67 Preoperational Vibration Test Criteria

SWEC-PSAS Project Procedure CPPP-25, Piping Vibration Test Procedure,
Revision 0, December 8, 1986

USNRC Regulatory Guide 1.68, Initial Test Programs for Water-Cooled
Nuclear Power Plants, Revision 2, January 1978

USNRC Standard Review Plan NUREG-0800, Section 3.9.2, Revision 2,
July 13581
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2.0

3.0

SUBAPPENDIX BS

SPAR-CH=-86-73, ASME SNUBBER ATTACHMENT BRACKETS

Definition of the Issue

TU Electric identified a deficiency (Reference 4.1) involving restriction
of the snubber swing angle by the snubber rear brackets. Rear brackets on
safety-related snubbers have the potential to cause restricted movement
and binding due to the use of the incorrect rear bracket.

Issue Resolution

A drawing review of ASME Section III, Code Class 1, 2, and 3 snubbers was
conducted to verify the adequacy of swing clearances, and identified 1063
snubbers as having attachment brackets. As a result of field examination,
the number of snubbers requiring evaluation has been reduced to 165.

2.1 These 165 supports were evaluated by comparing the field verified
swing angle data with the predicted movements. The results are as
follows:

L 83 supports were determined to have sufficient field verified
swing angle to accommodate the predicted pipe movement

. 15 supports were determined to be unnecessary in a previously
initiated pipe support validation effort (and are being
deleted).

° 33 supports are being modified as a result of the pipe support
validation effsrt (but not as a result of this deficiency,.

. 31 supports have been identified as having less clearance than
required by enalysis and are being modified to correct the
situation.

* 3 supports have no safety-related function and do not impair the

safety-related function of other components and therefore re-
quire no further evaluation for safety significance.

2.2 TU Ele-tric determined that this issue was reportable under the pro-
visions of 10CFR50.55(e) and submitted Significant Deficiency Analy-
sis Report SDAR-CF-86-73 (Reference 4.1).

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of this issue.
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4.0

. This issue was determined to be reportable under the provisions of
10CFR50.55(e).

. The corrective action to resolve the snubber rear bracket issue is
being accomplished through the implementation of CPSES Construction
Procedure CP-CPM-9.10A, paragraph 3.6 and CPSES Quality Control
Procedure Nos. CP-QAP-12.1 and QI-QAP-11.1-28, which require a check
for binding on the rear bracket. Additionally, a backfit inspection
was implemented in accordance with Field Verification Method
TNE-FVM-PS-C38.

. The preventive actions are identified in Appendix C.

References

4.1 TU Electric Letter No. TXX-6104, W. G. Counsil to E. H. Johnson, Di-

rector, Division of Reactor Safety and Projects, U.S. Nuclear Regula-
tory Commissior, Snubber Rear Brackets, SDAR-CP-86-73, November 19,
1986
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APPENDIX C - PREVENTIVE ACTIONS

The preventive actions are embodied in the procedures developed and used for
the Corrective Action Program. These procedures resolve all CPRT and external
issues as well as all issues identified during the performance of the CAP.
Implementation of the preventive actions will assure that the design and hard-
ware for CPSES Unit 1 and Common can continue to comply with the licensing
commitments throughout the life of the plant as described in Section 5.4. The
particular preventive actions preclude the recurrence of the issues identified
in Appendixes A and R as summarized below in Sections 1.0 and 2.0, respec-
tively.
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1.0 APPENDIX A JSSUES -APREVES’EYE_ACTJgS
Al. Richmond Inserts

Attachment 4-5 of CPPP-7 (Reference C.1) provides requirements and
instructions for the inclusion of bending stress in the analysis of
bolting used ir Richmond inserts with tube steel, the proper modeling
of Richmond insert to tube steel connections, length limits of tube
steel members used with two or more Richmond inserts, and evaluations
of spacing between inserts Attachment 4-13 of CPPP-7 provides pro-
cedures for the evaluation of local stresses due to nuts bearing on
tube steel walls. SWEC-PSAS Project Memorandum PM-141 (Refer-
ence C.2) provides procedures to check the potential unequal shear
loading when the tube steel connection 1s anchored by two or more
Richmon inserts Additionally, Quality Assurance Procedure

QI-Q/ 1.1-28 (Reference C.3) was revised tc include inspection for
engagement

2
ad

ttachments 4-6A, &4=-6B, and 4-6C of CPPP-7 provide requirements
instructions for the evaluation of cal run pipe stresses
integral welded attachments (&4-0A) d support bearing Il
and &4-6C
use of zero-gap bo g he evaluation of pe
sses and the evaluation of local stresses in pipe S
discussed in the preventive actious of Subappendixes
, respectively

11-to-Wall and Flc
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r ‘ . N " iubbers

suppor

4

ines the approach be used in determ)

Attachment &-1 is a tabular/graphi
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A6,

A7.

A8.

AS.

4i0.

All.

Uncinched U-Bolt Acting as Two-Way Restraint

Section 4.2.5.2 and Attachment 4-3 of CPPP-7 provide requirements and
instructions for the proper application 2nd evaluation of uncinched
U-bolts used as two-way restraints. Section 4.3.2.2 and Attach-
ment 4-18 of CPPP-7 provide the stiffness values for uncinched
U-bolts used as two-way restraints.

Friction Forces

Section 4.7.3 of CPPP-7 requires that the effects of friction forces
acting on pipe supports be included in the design for all noncyclic
loads. Attachment 4-7 of CPPP-7 provides the methods of implementing
this requirement.

AWS Versus ASME Code Provisions

Section 4.4 and Attachment 4-2 of CPPP-7 provide guidance for the
design/qualification of skewed joint welds.

The angular limits of skewed, T-joint welds requires no preventive
action since CPSES weld procedures are qualified by testing, which
overrides the AWS angle limitations.

A500, Grade B Tube Steel

Scction 4.7.2.1 of CPPP-7 specifies the design criterion of pipe sup-
ports using A500, Grade B tube steel.

Tube Steel Section Properties

Section 4.3.2.1 of CPPP-7 requires the use of the 8th Edition of the
AISC Manual of Steel Construction (Reference C.4) in the selectiog of
section properties for support design/qualification to preclude the
use of inappropriate section properties for tube steel.

Specification No. 2323-MS-100 (Reference C.5) has been revised to
assure that an effective throat of t_ = t-=1/16 in. is achieved for
welds on all tube steel sizes for any new design in the future.

Section 4.4 and Attachment 4-2 of CPPP-7, Revision 3, as amended by
SWEC-PSAS Project Memorandum PM-140 (Reference C.6), specifies effec-
tive throat dimensions for flare bevel welds which meet the criteria
of AWS. The revised guidelines of PM-140 will be followed for any
future weld evaluation to preclude the recurrence of inadequate ef-
fective throat size.

U-Belt Cinching
Section 4.2.5.1 of CPPP-7 deleted the use of cinched U-bolts/

crosspiece supports with struts/snubbers.
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Al2.

Al3.

Al

AlS5.

Al6.

Al7.

Al8.

Axial/Rotational Restraints

Sections 3.10.6.2 and 4.6.3, and Attachments 3-11 and 4-8 of CPPP-7
establish the procedure for the analysis of axial and rotational
restraints.

Bolt Hole Gap

Attachments 4-4 and 4-5 of CPPP-7 and SWEC-PSAS Project Mem-
orandum PM-141 provide procedures for the design and evaluation of
base plate bolt holes. Specification No. MS-46A (Reference C.7) and
Quality Assurance Procedure QI-QAP-11.1-28 specify the design re-
quirements and QA inspection tolerance of the bolt hole diameters.

OBE/SSE Damping

Section 3.0 of CPPP-7 requires the use of OBE/SSE damping values that
are consistent with Regulatory Guide 1.61 (Reference C.8) as modified
by ASME Code Case N-411.

Support Mass in Piping Analysis

Section 3.10.4, Attachment 3-4, and Attachment 3-11 of CPPP-7 provide
guidance for the determination of pipe support mass and require the
inclusion of this mass in the piping stress analysis.

Programmatic Aspects and Quality Assura:ce, Irpcludiag Iterative
Design

Project Procedures CFPP-1, (Reference C.9) CPPP-6, (Reference C.10)
and CPPP-7 control the validation of the piping and pipe¢ supports.
This is an integrated effort within one organization and assures
proper interface between piping analysis and pipe support design.
Additionally, personnel involved in the validation process receive
training in the proper application ot the requirements.

Interface with Westinghouse for Class 1 stress analysis is discussed
in Subappendix B.1.

Mass Point Spacing

Section 3.10.6.1 and Attachment 3-7 of CPPP-7 provides guidelines for
the proper location of mass points in pipe stress analyses.

High-Frequency Mass Participation
Section 3.10.6.8 of CPPP-7 specifies the criteria to account for high
frequency mass participation in stress analyses. Use of computer

program NUPIPE-SW (V04/L02) has been revised to automaticaily account
for high frequency mass corrections.

C-4




AlS.

A20.

A21.

A22.

A23.

A24.

A25.

Fluid Transients

Project Procedure CPPP-10 (Reference C.11) describes the procedure by
which fluid transient events are identified for applicable systems
for inclusion in the pipe stress analyses.

Section 3.4.5.5 and Attachment 3-1 of CPPP-7 provide requirements and
instructions for the inclusion of these load conditions in the stress
analyses.

Seismic Excitation of Pipe Support Mass

Attachment &-21 of CPPP-7 specifies the requirements for inclusion of
the effects of pipe support self-weight excitation in the support
evaluation.

Local Stress in Pipe Support Members

Attachment 4-=13 of CPPP-7 establishes thc regquirements to evaluate
local stresses which may occur in pipe support members.

Safety Factors

The technical and design rontrol procedures assure that the piping
systems are designed in accordance with the CPSES design criteria,
and therefore, they will perform their safety-related function.

SA-36 anc A307 Strel

Section 2.0 of CPPP-7 lists the applicable governing codes to be used
to assure that the proper allowable stresses (determined from the
minimum material yield strengths) are used in the design. Sec-
tior 4.2.5.1 of CPPP-7 deletes the use oi cinched U-bolts/crosspiece
suprorts with struts/snubbers. Attachment 4-5 of CPPP-7 establishes
the requiremrat for the reduced allovabies of high strength bolts
used with AL62 Grade A nuts.

U-Bolt Twisting

Section 4.2.5.1 and Attachment 4-8 of CPPP-7 provides guidance for
the modification of U-bolt trapeze supports. Cinched U-bolts used
with struts or snubbers are deleted from CPSES.

Fisher/Crosby Valve Modeling/Qualification

The validation process requires a conservative 55/45 flow distribu-
tion ratio on the outlet configuration.

Sectjon 7.4.3 of CPPP-6 establishes the requirements for assuring
that valves are properly qualified to the as-built loadings.

C-5




A26.

AZ7.

A28.

A29.

A30.

A3l.

Section 3.10.6.5 of CPPP-7 addresses the proper valve yoke modeling
of flexible valves.

Piping Modeling

Section 3.0 of CPPP-7 provide: direction and requirements for the
proper modeling of piping systems.

wWelding

Section 4.4 and Attachment 4-2 of CPPP-7 provide requirements for the
design and analysis o1 welded joints.

Anchor Bolts/Embedment Plates

Attachment 4=4 of CPPP-7 provides guidance and requirements for the
evaluation of anchor bolt embedded depths and edge distances.

Project Procedure CPPP-t provides controls to assur that reaction
loads on embedded plates, attachment spacing between embedded plates,
and as-built loads for through-bolts are transmitted to responsible
groups for evaluation.

Strut/Snubber Angularity

Sectiun 4.2.6 of CPPP-7 specifies requirements to assure that force
components resulting from off-axis loading of struts and saubters is
included in the support design.

Specification No. 2323-MS-100, Construction Procedure CP-CPN-9.10A
(Reference C.12), and Quality Assurance Procedure Qi=QAP-11.1.28 have
been revised to incorporate the resolutions of the items related to
this issue.

Component Qualification

Sections 3.4.5 and 4.2 of CPPP-7 delineate the requirements to assure
that piping movements due to system design conditions are considered
in the evaluations of frame gaps, swing angles, and spring and
snubber travel.

Quality Assurance Procedures QI-QAP-11.1-28 and CP-QAP-12.1 (Refer-
ence C.13) have been revised to include inspections for the existence
and tightness of all locking devices on pipe supports.

Structural Modeling for Frame Analysis
Section 4.3.2.1 of CPPP-7 requires the use of AISC Manual of Steel

Construction, 8th Edition for the selection of the member properties
used in the analysis, including values for torsional resistance.
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A32.

A33.

A34.

A35.

A36.

A37.

Attachment 4-5 of CPPP-7 provides the modeling technique used for the
Richmond insert/tube steel connection.

Attachment 4-18 of CPPP-7 provides procedures for the proper modeling
of the connection stiffness for use in the frame analysis.

Computer Program Verification and Use

Section 5.0 of CPPP-7 identifies the computer programs acceptable for
use in the validation of piping and pipe supports. This list assures
that only those programs verified in accordance with SWEC standard QA
program requirements for verification, technical adequacy, and appro-
priate version are used in the validation program.

Hydrotest

Sections 3.6.2.4 and 4.7.2 of CPPP-7 provide guidance for the evilua-
tion of piping and supports for hydrotest loading.

Seismic/Nonseismic Interface

Attachment 4-10 of CPPP-) provides requirements and instruction for
the design of safety-related piping attached to nonseismic piping.

Other Issues

CPPP-6 and CPPP-7 provide technical and administrative proc~dures to
address the concerns described in the 51 DIRs refereaced in
Subappendix A35.

SSER-8 Review

Resclution of this issue requires no preventive action. since design
allowables for Richmond inserts ard anchor bolts are based or the
actual strength of concrete at CPSES.

SSER-10 Review

No preventive action is required for the uncontrolled plug welding
issue. As concluded by the CPRT Action Plan V.d Results Report
(Reference C.14), the current procedures and practices for the repair
of mislocated holes are adequate to preclude the recurrence of undoc-
umented plug welds.

TU Electric Construction Procedure CP-CPM-1.2 (Reference C.15) and
Project Procedure CPSP-30 (Reference C.16) provide procedures for the
evaluation of the installed piping and pipe support configuration
including the proper design of temporary supports prior to a piping
system hydro to assure the integrity of the installed safety-related
piping and pipe supports. :
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A38.

A39.

Project Procedure CPPP-28 (Reference C.17) and Attachment 4-10 to
CPPP-7 provide direction and requirements for the identification and
evaluation of interface anchors between seismic and nonseismic piping
to assure isolation of Category I systems from non-Category I
systems.

Quality Assurance Procedure QI-QAP-11.1-28 bas been revised (Revi-
sion 30) to include acceptance criteria and measurement techniques
for the inspection of Type 2 skewed welds.

SSER-11 Review

Attachment 3-15 to CPPP-7 provides the procedure to analyze girth
welds.

Quality Control Procedures QI-QAP-11.1-28 and CP-QAP-12.1 have been
revised to assure that the items related to the QA Inspection Program
have been addressed.

CPRT Quality of Construction Review on Piping and Pipe Supports

TU Electric instituted the Post-Construction Hardware Validation Pro-
gram (PCHVP) (Reference C.18) to validate that tlie as-built hardware
complied with the design for Urit 1 and Common safety-related pipirg
and pipe supports. The quality of construction requirements for pipe
supports in the PCHVP were incorporated into Quality Assurance Pro-
cedures QI-QAP-1.11-28 and CP-QAP-12.1.

APPENDIX B ISSUES - PREVENTIVE ACTION

Bl.

B2.

B3.

SDAR-CP-86-33, Stiffness Values for Class 1 Stress Analysis

Project Procedure CPPP-6 requires that support stiffness values for
pipe supports for Class 1 lines be computed and provided to Westing-
house for use in the stress anzlysis of Class 1 lines.

SDAR-CP-36-36, Large Bore Piping and Supports

Decign Basis Documents (DBD) (References C.19, C.20, and C.21) for
large bore piping and the supports have been established. These doc-
uments delineate the applicable specifications, detailed technical
procedures, and construction and QC imspection procedures, required
to maintain the validated design.

SDAR-CP-86-63, Pipe Support lastallation

The as-built verification procedure, CPSP-12 (Reference C.22), and
the Pipe Stress/Support Final Reconciliation Procedure, CPPP-23
(Reference C.23), combined with those Quality Assurance inspection
procedures identified in the DBD-CS-067 (Reference C.18) provide as-




——

B4.

BS.

surance that pipe support installations will meet the requirements of
the decigr.

SDAR-CP-86-67, Preoperational Vibration Test Criteria

The results of the preoperational vibration testing will be reviewed
by SWEC-PSAS to assure that the results satisfy the design criteria.

No further preventive action is required because preoperational vi-
bration testing is a one-time event, which will not be repeated fol-
lowing the issuance of an operating license.

SDAR-CP-86-73, ASME Snubber Attachment Brackets
Quality Assurance Procedure QI-QAP-11.1-28 has been revised to in-

spect for the incorrect use of the correct attachment brackets for
snubbers.
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Errata
{ Large Bore Piping and Pipe Support
PSR

PSR _Page Item/Line No. = Correction

5«21 41 Delete "Piping Erection"

5-30 16-17 Change "have verified" to
"verify" and "were" tc "are"
and "identified a trend" to
"have identified a trend"

FIGURE 5-1 - Change "SPEC. 2323-MS200A
(Ref. 41)" to "SPEC.
2323-MS200 (Ref. 41)"

TABLE 5-7 1 Change "Piping Erection" to
"Field Fabrication and
Erection of Piping and Pipe
Supports"

- 9 Change "CPSES Quality
Assurance Procedure
QI-QAP-11.1~-26, Piping and
Equipment Installation
Inspection (Reference 42)"
to "CPSES ASME Quality
Procedure, AQP-11.2,
Fabrication and Installation
Inspection of Pipe and
Equipment (Reference 60)"

TABLE 5-10 SWCL No. 1 Change "02/21/85" to
"02/21/86"

- Project No. S thange "CPO-746, 04/03/86"
to "CPO-881, 04/16/86"



PSR _Page

TABLE 5-10

TABLE 5-11

Errata
lLarge Bore Piping and Pipe Support

PSR

Item/Line No.

SWCI. No. 2

Project
No. 10

Project
No. 14

Project
No. 15

Project

No. 16

Site No. 5

TSWEC=-7

Correction

Change "CPI-3557, 08/12/86"
to "CPO~-1901, 07/18/86 and
cpPO-2002, 07/28/86"

Add, under the Audit
Response Transmittal
column, "2CPO~-1199,
10/09/86"

Change "03/06/87" to
"03/27/87" and under the
Audit Response Transmittal
column, change "EMD File
16.1.2 (016)" to "CPI=-R&57,
05/08/87"

Change "03/27/87" to
"03/31/87"

Add, under the Audit
Response Transmittal column,
"2CPO-2579, 07/17/87"

Change "06/22/87" to
"06/20/87"

Change "CPO-1900, 07/18/86"
to "CPO-1922, 07/23/86"



Errata
Large Bore Piping and Pipe Support
PSR

PSR_Page Item/Line No. Correcticn

TABLE 5-11 ATP-87-03 Change "06/05/87" to
"06/23/87"

» ATP-87-09 Change "CPO-7¢415, 08/07/87" to
"CPO-6750, 06/23/87"

" ATP-87~14 Change "CPO-7056, 06/30/87" to
"CPO~-6750, 06/23/87"

- ATP-87-18 Change “CPO-7315, 07/24/87"
to "CpO-7229, 07/17/87"

" ATP-87~28 Change "07/01/87" to
"06/29/87" and "07/10/87" to
"07/14/87%

6-3 32 Change "Revision 0, November
21, 1986" to "Revision 1,
October 23, 1987"

6-3 38 Change "Piping Erection" to

c-9 c.S "Field Fabrication and
Erection of Piping and Pipe
Supports”
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Errata
( Large Bore Piping and Pipe Support
PSR

PSR _Page Item/Line No., = Correction

6-3 42 Chai.ge "CPSES Quality
Assurance Procedure
QI-QAP-11.,1-26, Piping and
Equipment Installation
Inspection, Revision 0" to
"Deleted. Superseded by
Reference 60."

5-4 49 Change "August 30, 1987" to
"August 28, 1987"

6-5 60 Change "Revision 0, July 10,
1987" to "Revision 1, August
31, 1987"

6-5 62 Change “Reactor Coolant Loop
Piping and Supprrt Design"
to "Reactor Coolant Loop
Piping Stress Analysis and
Suwport Design"

6=-5 73 Change "October 15, 1987" to
"October 15, 1986"

A4~5 4.4 Change "J. B. George" to
"J. W. Beck"

AS~-4 4.8 Change "Pipe Support Generic
Stiffness Study" to "Pipe
Support Stiffness Study"



Errata
{ Large Bore Piping and Pipe Support
PSR

PSR _Page Item/Line No. correction

All=-2 4.4 Change "U-bolt Support
Assenbly Finite Element
Analysis" to "U-bolt Piping
Support Assembly Finite Ele-
ment Analysis"

Al3-3 4.5 Change "July 6, 1987" to "May
12, 1987"

A20~-1 4.2 Change "February 14, 1283"
to "February 15, 1983"

A28~3 4.2 Change "Revision 4" to
"Revision 1"

A37-3 4.8 Change "Processing TU Electric
Requests for Temporary
Hangers" to "Frocessing
Requests for Temporary
Hangers" and "October 7,
1987" to "October 1, 1%587"

A29-5 4.2 Change "July 17, 1987" to
"July 29, 1987"

B3~1 4.1 Change "Pipe Supports" to
"Pipe Support Installations"
and "November 3, 1986" to
"October 16, 1986"
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Errata

Large Bore Piping and Pipe Support

PSR

Item/Line No.  Correction

c.19

Change "Snubber Rear
Brackets" to "ASME Snubber
Attachment Brackets"

Change "Fabrication and
Installation Inspection of
Safety Component Supports"

to "Fabrication and Installation
Ingpection of Safety Class
Component Supports" and "January
8, 1987" to "January 12,

i%87"

Change "May 7, 1987" to "May
12, 1987"

Change "(Draft), August 14,
1987" to "Rev. 0, October 1,
1987"
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EXECUTIVE SUMMARY

This Project Status Report (PS%) summarizes the systewatic validation process
for safety-related small bore piping (2 in. nominal pipe size and smaller) and
pipe supports implemented by ‘tone & Webster Engineering Corporation - Pipe
Stress Analysis and Support Pro ect (SWEC-PSAS) at Comanche Peak Steam Electric
Station (CPSES), Unit 1 and Comcn'. This Project Status Report (PSR) presents
the results of the design val:.dation and describes the Post-Construction Hard-
ware Validation Program (PCHVF). SWEC-PSAS's activities were governed by the
TU Electric Corrective Action “rogram (CAP) which required SWEC-PSAS to:

1.

Establish a consistent set of CPSES safety-related piping and pipe
support design criteria that complies with the CPSES licensing
commitments.

Produce a set of design control procedures that assures compliance
with the design criteria.

Evaluate systems, structures, and components, and direct the correc-
tive actions recommended by the Comanche Peak Response Team (CPRT)
and those determined by the Corrective Action Program (CAP) investi-
gations to be necessary to demonstrate that eystems, structures, and
components are in conformance with the design.

Assure that the validation resolves the piping-related design and
hardware issues identified by the Comanche Peak Respon.e Team (CFRT),
external sources?, and the Corrective Action Program (CAP).

TCommon refers to areas in CPSES that contain both Unit 1 and Unit 2 systems,
structures, and components

ZExternal

issues are issues identified by the following:

NRC Staff Special Review Team (SRT-NRC)

NRC Staff Special Inspection Team (SIT)

NRC Staff Construction Appraisal Team (CAT)
Citizens Association for Sound Energy (CASE)
Atomic Safety and Licensing Board (ASLE)

NRC Region IV Inspection Reports

NRC Staff Technical Review Team (TRT) [SSERs 7-11)
CYGNA lndependent Assessment Program (IAF)

Comanche
following:

CPRT
CPRT

Peak Response Team (CPRT) issues are issues identitied by the

Design Adequacy Program (DAP)
Quality of Comstruction Program (QOC)

iv



5. Validate that the design of safety-related piping systems is in con-
formance with the licensing commitments and that the iostalled hard-
ware is in conformance with the validated design.

6. Produce a set of consistent and validated design documentation.

A consistent set of design criteria for CPSES safety-related piping and pipe
supports has been developed and used by SWEC-PSAS for the design vaiidation
process. This set of design criteria and methodologies is in conformance with
the CPSES licensiug commitments. It has been independently and extensively
reviewed and wasy accepted by Comanche Peak Response Team (CPRT) and by CYGNA
Energy Services (CYGNA).

SWEC-PSAS estublished design control procedures to implement the design crite-
ria and methodoiogies described above, and to govern the work flow and techni-
cal interfaces with other <isciplines, for both the design and hardware
validation processes. These procedures specify the processes (such as the val-
idation of piping system inputs, piping and pipe support checklists, documen-
tation control, and final reconciliation) that have been implemented throughout
the safety-related small bore piping and pipe supports Corrective Action Pro-
gram (CAP).

SWEC-PSAS has performed analyses to validate the design of as-built CPSES
Unit 1 and Common safety-related small bore piping and pipe supports.® The
results are documented in 457 pipe stress analysis packages® that contain ap-
proximately 6,630 pipe supports. The as-built hardware for safety-ivelated
small bore piping and pipe supports is being validated to the design by the
Post-Construction Hardware Validation Program (PCEVP).

Methodologies have been incorporated into the SWEC-PSAS design criteria and the
Post-Construction Hardware Validation Program (PCHVP) implementation procedures
which have resolved the piping-related design and hardware issues identified by
the Comanche Peak Response Team (CPRT), external sources, and the Corrective
Action Program (CAP). Cc¢ sequently, the validated design of the CPSES safety-
related small bore pipe and pipe supports has resolved these piping-related
issues.

FAnalysis of the ASME Section 111 Code Class 1 small bore piping for the Cor-
rective Action Program (CAP) was perforrmed by Westinghouse, except one small
bore pipe stress analysis package was performed by SWEC-PSAS. SWEC performed
the analysis of the ASME Section II] Code Class 1 pipe supports as well as the
ASME Section 111 Code Class 2 and 3 piping and pipe supports.

“The term "pipe stress analysis package” is used in this Project Status Report
te describe the engineering documentation required to validate the desigeo
sdequacy of piping.



The Post-Construction Hardware Validation Program (PCHVP) assures that the
safety-relaied small bore piping and pipe supports are installed in conformance
with the validated design. SWEC-PSAS has reviewed and revised the CPSES
piping-related 1installation specifications, construction procedures, and
reviewed quality control inspection procedures to assure that the validated
design requirements are implemented. The Post-Construction Hardware Validation
Program (PCHVP) for safety-related small bore piping and pipe supports,
including the inspections, engineering walkdowns and evaluations, implements
the corrective actions recommended by the Comanche Peak Response Team (CPRT),
as well as those required by Corrective Action Program (CAP) investigations.

SWEC-PSAS will provide TU Electric a complete set of validated design documen=
tation for CPSES safety-related small bore piping and pipe supports, including
the pipe stress and pipe support calculations, drawings, and interface disci-
pline transmittals. This documentation, in conjunction with the updated speci-
fications and procedures, can provide the basis for CPSES configuration
control® to facilitate maintenance and operation throughout the life of the
plant.

In-depth quality and technical audits have been performed by SWEC Quality
Assurance, TU Electric Quality Assurance, and the independent Engineering
Functional Evaluations (EFE). These audits, in addition to the third party
overview performed by TENERA, L.P. (TERA) for Comanche Peak Response Team
(CPRT), assured that the SWEC-PSAS procedures and the established design
criteria complied with the licensing commitments.

The Unit ) and Common safety-related small bore piping and pipe supports Cor-
rective Action Program (CAP) validates that:

. The design of the small bore piping and pipe supports complies with
the CPSES licensing commitments.

. The as-built safety-related small bore piping and supports comply
with the validated design.

. The small bore piping and pipe supperts comply with the CPSES licens-
ing commitments and will perform their safety-related functions.

SConfiguration control 1s 2a system to assure that the design and hardware
remain in compliance with the licensing commitments throughout the life of the
plant.
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ARBREVIATIONS AND ACRONYMS

Al1SC American Institute of Steel Construction
ANS] American National Standards Institute
ARS Amplified Response Spectra

ASLB Atomic Safety and Licensing Board

ASME Section 111 American Society of Mechanical Engineers, Boiler
and Pressure Vessel Code, Section II!, Division 1,
Nuclear Power Plant Components

BRP Piping lsometric Drawing

CAP Corrective Action Program (iU Electric)
CASE Citizens Association for Sound Energy

CAT Construction Assessment Team (NRC)

CFR Code ot Federal Regulations

CMC Component Modification Card

CPE Comanche Peak Engineering (TU Electric)
CPPP Comanche Peak Project Procedure

CPRT Comanche Peak Response Team (TU Electric)
CPSES Comanche Peak Steam Elcctric Station

CYGNA CYGNA Energy Services

DAP Design “dequacy Program (CPRT)

DBRCP Design Basis Consolidation Program (SWEC-PSAS)
DBED Design Basis Document

DCA Design Change Authorization

DIR Discrepancy/Issue Resolution Report (CPRT-DAP)
DR Deviation Report

DSAP iscinline Specific Action Plan (CPRT)

DV¥ Design Validation Package

DWG Design Drawing

EA Engineering Assurance (SWEC)

Ebasco Ebasco Services Incorporated

EFE Engineering Functional Evaluation

FSAR Final Safety Analysis Report

FV Field Verification Method

GIR Generic Issues Report

HELE High-Energy Line Break

HVAC Heating, Ventilation, and Air-Conditicning
1AP Independent Assessment Program (CYGNA)

1EB Inspection and Enforcement Bulletin (NRC)
Impell impell Corporation

1SAP Issue-Specific Action Plan (CPRT)

IwA Integral Welded Attachment

LOCA Loss-of-Coolant Accident

MELC Moderate Energy Line Crack

NCR Nonconformance Report

NOV Notice of Vielation (NRC)

NRC United States Nuclear Regulatory Commission
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NRR
NSSS
NUREG
NUREG/CR
PCHVP
PM
PSAS
PSR
PWR
QA
QAAD
QC
QoC

RIL
SDAR
SER

SIT

SRT
SRT-NRC
SSE
SSER

SWEC
SWEC-PSAS

TAP
TERA
TET
TRT
UT
WG
VFPE

Office of Nuclear Reactor Regulatior (NRC)

Nuclear Steam Supply System (Westinghouse)
NRC Document

NRC Document Developed by NRC Contractor
Pest-Construction Hardware Validation Program
Project Memorandum

Pipe Stress Analysis and Support

Project Status Report

Pressurized Water Reactor

Quality Assurance

Quality Assurance Auditing Division (SWEC)
Quality Control

Quality of Construction and QA/QC Adequacy
Program (CPRT)

Review Issue List (CYGNA)

Significant Deficiency Analysis Report (TU Electric)
Safety Evaluation Report (NRC, NUREG-0797)
Special Inspection Team (NRC Staff)

Senior Review Team (CPRT)

Special Review Team (NRC)

Safe Shutdown Earthquake

Supplemental Safety Evaluation Report (NRC,
NUREG-0797)

Stone & Webster Engineering Corporation

Stone & Webster Engineering Corporation - Pipe
Stress and Support Project

Technical Audit Program (TU Electric)

TENERA, L. P.

Thermal Expansion Testing

Technical Review Team (NRC Staff, SSERs 7-11)
Ultrasonic Testing

Vibration Monitoring Group

Vendor Program Branch (NRC)




1.0 INTRODUCTION

In October 1984, TU Electric established the Comanche Peak Response Team (CPRT)
to evaluate issues that have been raised at CPSES and to prepare a plan for
resolving those issues. The Comanche Peak Response Team (CPRT) program plan
was developed and submitted to the NRC.

In mid-1986, TU Electric performed a qualitative and quantitative review of the
preliminary results of the Comanche Peak Response Team (CPRT) (References 79
and 84). This review identified that the Comanche Peak Response Team (CPRT)
issues were very broad in scope and included each discipline. TU Electric
decided that the appropriate method to correct the issues raised and to identi-
fy and correct any other issues that potentially existed at CPSES would be
through one integrated program rather than a separate program for each issue.
TU Electric decided to initiate a comprehensive Corrective Action Program (CAP;
(Reference 49) to validate the entirety of CPSES safety-related designs. ',

The scope of the Corrective Action Program (CAP) has the following objectives:

. Demonstrate that the design of safety-related systems, structures and
components complies with licensing commitments.

. Demonstrate that the existing systems, structures and components are
in compliance with the design; or develop modifications which will
bring systems, structures, and components into compliance with
design.

. Develop procedures, an organizational plan, and documentation to
maintain compliance with licensing commitments throughout the life of
CPSES.

The Corrective Action Program (CAP) is thus a comprehensive program to validate
both the design and the hardware at CPSES, including resolution of specific
Comanche Peak Response Team (CPRT) and external issues.

TPortions of selected nonsafety-related systems, structures and components are
included in the Corrective Action Prograsm (CAP). These are Seismic Cate-
gory 11 systems, structures and components, and Fire Protection Systems.

2Nuclear Steam Supply System (NSSS) design and vendor hardware design and their

respective QA/QC programs are reviewed by the NRC independently of CPSES, and
are not included in the Corrective Action Program (CAP) as noted in SSER 13;
however, the design interface is validated by the CAP.
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TU Electric contracted and provided overall management to Stone & Webster Engi-
ncering Corporation (SWEC), Ebasco Services Incorporated (Ebasco), and Impell
Corporation (Impell) to implement the Corrective Action Program (CAP) and di-
vided the CAP into eleven disciplines as follows:

Discipline Responsible Contractor
Mechanical SWEC
-Systems Interaction Ebasco
=Fire Protection Impell
Civil/Structural SWEC
Electrical ) SWEC
Instrumentation & Control SWEC
Large Bore Piping and Pipe SWEC-PSAS
Supports
Cable Tray and Cable Tray Hangers Ebasco/Impell
Conduit Supperts Trains A,B, & C >2" Ebasco
Conduit Supports Train C < 2" Impell
Small Bore Piping and Pipe Supports SWEC-PSAS
Heating, Ventilating, and Air Ebasco
Conditioning (HVAC)
Equipment Qualification Impell

A Design Basis Consolidation Program (DBCP) (Reference 30) was developed to
define the methodology by which SWEC = Pipe Stress and Support Project (SWEC-
PSAS) performed the design and hardware validation. The approach of this DBCF
is consistent with other contractors' efforis and products.

The design validation portion of the Corrective Action Pregram (CAP) identified
the design-related licensing commitments. The design criteria were developed
from the licensing commitments and consolidated in the Design Basis Documents
(DBDs) (References 1, 2, 3, 61, and 62). The DBDs identify the design criteria
for the design validation effort. If the existiug design did not satisfy the
design criteria, it was modified to satisfy the criteria. The design valida-
tion effort for each of the eleven Corrective Action Program (CAP) disciplines
is documented in Design Validation Packages (DVPs). The Design Validation
Packages (DVPs) provide the documented assurance (e.g., calculations and draw-
ings) that the validated design meets the licensing commitments, including res-
olution of all Comanche Peak Response Team (CPRT) and external issues.

The design validation effort revised the installation specifications to reflect
the validated design requirements. The valilated installation specifications
also contain the inspection requirements necessary to assure that the as-built
hardware complies with the validated design.

The hardware validation portion of the Corrective Action Program (CAP) is im-
plemented by the Post-Construction Hardware Validation Program (PCHVP), which
demonstrates that existing systems, structures, and components a.e in compli-
ance with the installation specifications (validated design), including the
modifications that are necessary to bring the hardware into compliance with the
validated design.

1-2




The results of the performance of the Corrective Action Program (CAP) for each
discipline are described in a Project Status Report (PSR). This Project Status
Report (PSR) describes the results for the Small Bore Piping and Pipe Sup-
ports = Corrective Action Program (CAP) .

SWEC-PSAS has performed a comprehensive design validation of safety-related
small bore piping and pipe supports for Comanche Peak Steam Electric Station
(CPSES) in order to demonstrate that the design of piping systems and supports
complies with licensing commitments, and is performing the Post-Construction
Hardware Validation Program (PCHVP) to demonstrate that the as-built piping and
pipe supports comply with the validated design. SWEC-PSAS was ipitially con-
tracted by TU Electric in 1985 to validate small bore piping und pipe supports
at Cé5'i. When the TU Electric Corrective Action Program was created in 1986,
it incoiporated and expanded the existing SWEC-PSAS program. The validation
process is conducted in accordance with the Piping - Design Basis Consolidation
Program (Piping-DBCF), which controls implementation of the piping portion of
the TU Electric Corrective Action Program (CAP). The Small Bore Piping and
Pipe Supports - Corrective Action Program (CAP) encompassed the Comanche Feak
Response Team Action Plan DSAP 1Y, Piping and Pipe Supports Discipline Specific
Action Plan (CPRT-DSAP IX) (Reference 4). The Small Bore Piping and Pipe Sup-
poris = Corrective Action Program (CAP), shown schematically in Figure 1-1, was
developed by SWEC-PSAS to implement the corrective actions for the small bore
piping and pipe supports discipline following the directions specified in the
TU Electric's Corrective Action Program (CAP). The design bases of the Small
Bore Piping and Pipe Supports - Corrective Action Program (CAP) are countained
vithin a consolidated set of CPSES Design Basis Documents (DBDs) for safety-
related piping and pipe supports.

Validation of the CPSES small bore piping and pipe supports is accomplished by
pipe stress and pipe support analyses and implementation of required field mod-
ifications. The results and the methodology used in implementing both the de-
sign and hardware-related validations for Unit 1 and Common small bore piping
and pipe supports are presented in this Project Status Report (PSR).

This Small Bore Piping and Pipe Supports Project Status Report (PSR) represents
a road map of the validation effort from the early stages of design criteria
development through the establishment and implementation of the detailed design
and design control procedures. The report traces the updating of design/
installation specifications, comstruction and Quality Control (QC) procedures,
the implementation of the Post-Construction Hardware Validation Program (PCHVP)
to validate the as-built piping and pipe support design, and the completion of
the Unit 1 and Common small bore pipe stress analys.s packages and pipe support
calculations.
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2.0 PURPOSE

The purpose of this Proj . Status Report (PSR) is to demonstrate that the
safety-related small bore piping and pipe supports io Unit 1 and Common are in
conformance with the CPSES licensing commitments, satisfy the design criteria,
and will satisfactorily perform their safety-related functions.
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3.0 SCOPE

The scope of the Corrective Action Program (CAP) implemented for CPSES Unit )
and Common small bore piping and pipe supports as summarized in this Project
Status Report (PSR) includes

Seismic Category 1}

. ASME Section 11l Code 1, 2, and 3 piping and pipe
supportis

Seismic Category 11°
Piping and supports required to be included as extensions of a
Seismic Category I Pipe Stress Analysis Package

Piping and supports of high and moderate energy lines which are
computer analyzed (for break and crack postulation purposes)

Other piping and supports as defined in the CPSES FSAR
(Reference 26), the failure of which could cause damage to Seis-
mic Category I structures, systems, or components

The CPSES Piping and Pipe Supports Corrective Action Program (CAP} is shown
schematically in Figure 1-] and discussed below he program requires

Establishment of small bore piping and pipe support design criteria
which comply with licensing commitments

Development of the Design Basis Documeats (DBDs) for CPSES small bore
piping and pipe supports, which contsin the design criteria These

’:tru;tures, systems, and comporents that are designed and constructed to with-
stand the effects of the Safe Shutdown Earthquake (SSE) and remain functional
are designated as Seismic Categery I in accordance with the requirements of
NRC Regulatory Guide 1.29 (Reference 78) All ASME Sectiun 1I] Code Class 1,
2, and 3 piping and pipe supports in CPSES are Seismic Category 1

Those portions of ntructures, systems, or components wvhose continued function
is not required, but whose failure could reduce the functioning of any Seismic
Category 1 system or component required to satisfy the requirements of Regula-
tory Guide 1.29 to en unacceptable safety level or could result in incapaci-
tating injury to occupants of the control room, are designated Seismic Cate-

gory 11 and are designed and constructed so that the Safe Shutdown Earthquake

|
i
(SSE) would not cause such failure




Design Basis Documents (DS3Ds) provide the basis for corrective aad
preventive actions through the life of the plant. There documents
also identify the updated design/installation specifications, Quality
Control (QC)/Comstruction procedures, and techunical and design
control procedures used in the vaiidation process.

3. lmplementation of desagn and hardware validations, comsisting of
analysis, identification and implementation of necessary modifica-
tions, and field verifications as identified in the Post-Comstruction
Hardware Validation Program (PCHVP). The as-built design of all
small bore piping and pipe supports is validated hy Quality Control
(QC) inspections, engineering walkdowns, and engineering evaluations.
Analysis results are documented in Small Bore Piping Design Valida-
tion Packages (DVPs).

4. Resolution of the design and hardware-related issues of CPSES small
bore piping and pipe supports and implementation of & corrective sc-
tion plan for closure of these issues. These issues include extornal
issues, Comanche Peak Response Team (CPRT) issues, and issues identi~
fied duricg the performance of the Corrective Action Program (CAF)
(See Section 4.0).

5. The validated design documentation forms the basis for configuratica
control of CPSES small bore piping and pipe supports. The validated
design documentation and updated procedures/specifications will be
provided to TU Electric to facilitate operation, maintenance, and
future modifications following issuance of an operating license.

Within Section 5.1, Ssction 5.1.1 describes the methodology by which the CPSES
licensing commitments weie identified, the design criteria were established,
and the procedures were develojed. These technical and design control proce-
dures, im conjunction with the CPSES quality assurance procedures and design
and installation specifications that were updated to meet the corrective ac-
tions for small bore piping and supports, are consolidated in the CPSES Design

Basis Documents (DBDs).

Section 5.1.2 describes the design validation process, including the calcula-
tion imput/output reviews and interface requirements with other disciplines,
and the preoperational testing program.

Section 5.1.3 describes the Post-Construction Hardware Validation Program
(PCHVP) process and the procedures for field verifications (inspections, engi-
neering walkdowns, and engineering evalustions) required to be implemented to
validate that the as-built small bore piping and pipe supports are in compli-
ence with the design documentation.

Section 5.2 presents a summary of the design validation and Post-Construction
Mardware Validation Program (PCHVP) results, including the hardware modifica-
tions resulting from the Corrective Action Program (CAP).
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Section 5.3 describes the quality assurance program implemented for the valida-
tion process, including the SWEC Engineering Assurance audits, the Engineering
Functional Evaluation (EFE) audits, and the TU Electric Technical Auditing Pro-
gram audits.

Section 5.4 describes the SWEC-PSAS inputs to the TU Electric preventive ac-
tions including the training of TU Electric Comanche Peak Engineering (CPE)
personnel and the transfer of a complete set of the validated design documen-
tation and procedures to CPE. These procedures can provide the basis for CPSEC
configuration control throughout the life of the plant.

The design of the Unit 1 and Common small bore piping and pipe supports has
been validated as follows:

Number of Small

Bore Pipe Stress Number of

Description Analysis Packages Pipe Supports
Unit 1 and Common - ASME 455 (SWEC-PSAS) 6,626 (SWEC-PSAS)
Section II]1 Code Class 2
and 3 (Seismic Category I)
Unit 1 and Common - ASME 1 (Westinghouse) 3 (SWEC-PSAS)
Section III Code Class ) 1 (SWEC-PSAS) 7 (SWEC-PSAS)
(Seismic Category 1)

TOTAL 457 6,636

Appendix A of this Project Status Report (PSR) describes the details of Correc-
tive Action Program (CAP) resolution of the Comanche Peak Response Team (CPRT)
and external issues.

Appendix B of this Project Status Report (PSR) describes the details of resolu-
tions of issues identified during the performance of small bore piping and pipe
supports Corrective Action Program (CAP). These issues are Significant Defi-
ciency Analysis Reports (SDARs) (10CFR50.55(e)) (Reference 58) initiated by
TU Electric.

Appendix C of this Project Status Report (PSR) describes the preventive action
taken resulting from the implementation of the small bore piping and pipe sup-
ports Corrective Action Program (CAP).




4.0 SPECIFIC 1SSUES

The swmall bore piping and pipe supports Corrective Action Program (CAP) re-
solved all the Comanche Peak Response Team (CPRT) issues, external issues, and
issues identified during the performance of CAP. This section presents a
listing of piping-related issues addressed in this Project Status Report (PSR).
Technical review and resolution of external and Comanche Peak Response Team
(CPRT) issues are described in Appendix A, including responses to the NRC staff
evaluations within the CPSES Supplements to the Safety Evaluation Report (SER)
(Reference 28). Resolutions and corrective action taken for issues identified
during the performance of the Corrective Action Program (CAF) are described in
Appendix B.

External issues were originally identified in the Large Bore Piping and Pipe
Supports Generic Issues Report (GIR) (References 5 &nd 35). This Generic Is-
sues Report (GIR) was transmitted to NRC, Citizens Association for Sound Energy
(CASE), and CYGNA Energy Services (CYGNA). Comanche Peak Response Team (CPRT)
contracted TENERA, L.P. (TERA) to perform the Third Party overview (Refer-
ence 79) for the completeness and adequacy of these issues/resolutions, and the
overview of corrective actions implemented by SWEC-PSAS to resolve these is-
sues. The results of these Third Party overviews are presented by TENERA, L.P.
(TERA) in the Discipline Specific Results Report (Reference 46).

Comanche Peak Response Team (CPRT) and external issues are listed below (issue
pumber corresponds to subappendix number in Appendix A):

Issue No. Issue Title

Al Richaond Inserts

A2 Local Stress in Piping

A3 Wall-to-Wall and Floor-to-Ceiling Supports

A& Pipe Support/System Stability

AS Pipe Support Generic Stiffness

Ab Uncinched U-Bolt Acting as & Two-Way Restraint

Al Friction Forces

A8 AWS Versus ASME Code Provisions

A9 AS00, Grade B, Tube Steel

Al0 Tube Steel Section Properties

All U-Bolt Cinciing

Al2 Axial/Rotational Restraints

Al13 Bolt Hole Gap

Ald OBE/SSE = Damping

Al5 Support Mass in Piping Analysis

Alb Programmatic Aspects and QA Including Iterative
Design

Al7 Mass Point Spacing

Al8 High-Frequency Mass Participation

Al9 Fluid Transients

A20 Seismic Excitation of Pipe Support Mass

A21 Local Stress in Pipe Support Members
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A22 Safety Vactors

A23 SA-3% and A307 Steel

A24 U-Bolt Twisting

A25 Fischer/Crosby Valve Modeling/Qualification
A26 Piping Modeling

A27 Welding

A28 Anchor Bolts/Embedment Plates

A29 Strut/Snubber Angularity

A30 Component Qualification

A3 Structural Modeling for Frame Analysis

A32 Computer Program Verification and Use

A33 Hydrotest

A3d Seismic/Nonseismic Interface

A35 Other Issues

A36 SSER-8 Review

A37 SSER-10 Review

A38 SSER-11 Review

A9 CPRT Quality of Construction Review on Piping and

Pipe Supports

Issues identified during the performance of the Corrective Action Program (CAP)
are listed below (issue number corresponds to subappendix number in
Appendix B):

Issue No. Issue Title

Bl SDAR-CP-86-33, Stiffness Values for Class 1 Stress
Analysis

B2 SDAR-CP-86+-72, Small Bore Piping and Pipe Supports

B3 SDAR-CP-86+-63, Pipe Support Installations

B4 SDAR-CP-86-67, Preoperational Vibration Test Criteria

BS SDAR-CP-86-73, ASME Snubber Attachment Brackets




5.0 CORRECTIVE ACTION PROGRAM METHODOLOGY AND RESULTS
5.1 METHODOLOGY AND WORK PERFORMED
$.1.1 Licensing Commitments, Design Criteria, and Procedures

SWEC-PSAS reviewed the piping-related CPSES licensing documentation (such as
the FSAR, NRC Regulatory Guides, NRC Inspection and Enforcement Bulletins, ASME
Section 111 Code, and NRC/TU Electric correspondences) and identified licensing
commitments related to the small bore piping and pipe supports. SWEC-PSAS es-
tablished design criteria to assure compliance with the licensing commiiments.
The design criteria are documented in the Design Basis Documents (DBDs).
SWEC-PSAS then developed design procedures which encompass the following:

. Design criteria
. Resclution of Comanche Peak Response Team (CPRT) and externmal issues

. SWEC's experience gained through the design of pipiog and pipe sup-
ports for several recently licensed and operating United States nu-
clear power plants

. Regulatory and Professional Society Guidance, such as applicable
codes and stardards; Welding Research Council Bulletin 300, Technical
Positions on Criteria Establishment (Reference 13); and Sections 3.6,
3,7, and 3.9 of NUREG-0800 (Reference 7).

SWEC-PSAS Procedures CPPP-7 (Reference 8) and CPPP-6 (Reference 9) are the pri-
mary technical and design control procedures, respectively, for the small bere
piping and pipe supports Corrective Action Program (CAP). CPPP-6 is siople-
mented by SWEC-PSAS Procedure CPPP-15 (Reference 80). CPPP-15 identifies three
items unique to the small bore pipe stress analysis validation process:

. ldentification of small bore pipe stress analysis package boundaries
were validated by SWEC-PSAS Procedure CPSP-16 (Reference 82)

. Equivalent-static analysis was performed for small bore pipe stress
analysis packages which have no supports (see Section 5.1.2.2)

. The review jointly performed by the pipe stress and pipe support en-
gineers is wot applicable to small bore pipe stress analysis packages
vhich have no supports (see Section 5.1.2.2)

Engineering methodology, based on SWEC-PSAS experience, has been incorporated
vithin the SWEC-PSAS procedures. A list of typical technical and design con-
trol practices that are specified within the SWEC-PSAS procedures is presented
in Table 5-8.

The governing procedures implementing the Corrective Action Program (CAP) of

small bore piping and pipe sunports are shown in Figure 5-1. These procedures
sssure compliance with the design criteria and the resclution of the Comanche

5+1



Peak Response Team (CPRT) and external issues. Resolutions of these piping-
related issues, whenever applicable, have been implemented for both the small
bore and large bore piping and pipe supports Corrective Action Program (CAP).

To assure that the licensing commitments related to small bore piping and pipe
supports have been identified, appropriate design criteria established, and
procedures developed which comply with the design criteria, several audits and
overviews were conducted by the SWEC Corporate Quality Assurance Program and
the Comanche Peak Response Team (CPRT). SWEC Quality Assurance audits were
performed as described in Section 5.3. The Comanche Peak Response Team (CPRI)
overview of large bore piping and pipe supports was performed by TENERA,
L.P. (TERA). The TENERA, L.P. (TERA) conclusions for large bore piping and
pipe supports are discussed in detail in the TERA Discipline Specific Results
Report: Piping and Supports (I wP=RR-P-001), Revision 1. In this report,
TENERA, L.P. (TERA) states on page 1-2:

"SWEC procedures were reviewed for compliance with applicable (PSES FSAR
and licensing criteria. Licensing commitments applicable to CPSES were
used to establish a listing of criteria which were then used to check SWEC
procedures. The procedures were determined to be in compliance either
with the existing criteria or criteria changes that were accepted by the
NRC for submittals as FSAR smendments (see NRC letter to TUGCO dated
November &, 1986, Reference 7.4.)"

The small bore piping and pipe supports Corrective Action Program (CAP) used
the same technical and design control procedures as used in the large bore pip-
ing and pipe supports CAP.

The TU Electric Technical Audit Program (TAP) is performing an overview of the
SWEC-PSAS Corrective Action Program (CAP) implementation and is suditing the
CAP to assure that the design criteria are reconciled with the licensing com-
pitments. In addition, CYGNA Energy Services (CYGNA) has reviewed and accepted
SWEC-PSAS's resclution of piping and pipe supports issues that were identified
by the Independent Assessment Program (IAP) of CYGNA.

§.1.1.1 Verification and Validation of Design Methodology

SWEC-PSAS performed two separate walkdowns of samples of lUnit 1 and Common
as-built piping systems to verify and refine the design methodology used tor
the design validation process. These walkdowns were performed by experienced
SWEC-PSAS personnel and are described below.

The first walkdown, called the Small Bore Walkdown, was conducted in accordance
vith SWEC-PSAS Procedure CPPP-5 (Reference 14). The results of this walkdown
are documented in References 15 and 83. The small bore piping walkdown was
performed to determine whether the existing design documentation was adequate
to initiate the pipe stress analyses. As a result of this walkdown, the exist-
ing design documentation was determined to be adequate to initiate pipe stress
analyses.
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The second walkdown, called the Engineering Walkdown, was perforwed in accor-
dacc~ with SWEC-PSAS Procedure CPPP-8 (Reference 10) to determine:

. Whether there were any additional technical issues related to the
functionzi behavior of the piping system that sbould be evaluated
during tie Corrective Action Program (CAP).

. Whether additional design inputs (or refinements thereof), guide-
lines, or procedures were necessary to complete the small bore piping
and pipe support validation effort.

The engineering walkdown was performed by 10 teams composed of both SWEC~PSAS
pipe stress and pipe support engineers and encompassed 70 Unit 1 and Common
large bore pipe stress analysis packages, including approximately 2,400 pipe
supports. The results of this walkdown are documented in Reference 11. This
walkdown identified the need for additional refinements that were then incorpo-
rated into the technical procedure, CPPP-7, and design control procedure,
CPPP-6 (such as the requirement to validate the valve stem extension depicted
on the as-built drawing, which was incorporated into CPPP-6, see also
Table 5-8), which have also been implemented in the small bore piping and pipe
supports Corrective Action Program (CAP).

The engineering walkdown resulted ir assurance that no additional technical
issues existed, and that the SWEC-PSAS procedures, with the refinements incor-
porated, were satisfactory to perform the validation of the small bore piping
and pipe supports.

Evaluation of Deviation KReports from CPRT - Quality of Construction (QOC)
Frogram

SWEC-PSAS reviewed Deviation Reports (DRs) related to the piping system valida-
tion prograns generated by the Quality of Construction (QOC) program of the
Comanche Peak Response Team (CPRT), as discussed in Subappendix A39. This re-
view was performed in accordance with SWEC-PSAS Procedure CPPP-18 (FRefer-
ence 17). The purposes of the review were to determine 1) whether any changes
were required to the inputs or the procedures that control the inputs to the
SWEC-PSAS Piping and Pipe Supports Corrective Action Program (CAP) as a result
of specific deviations or trends identified during the review, and 2) vhether
any additional programs, procedures, or changes to existing programs or proce-
dures were required to enhance the inputs to the SWEC-PSAS Piping and Pipe Sup-
ports CAP. The review conc)uded (Reference 18) that no changes to the Piping
and Pipe Supports CAP (which includes the PCHVP) in the form of programs or
procedures were required to account for the Deviatiou Reports (DRs) identified
by the Quality of Conmstruction program (QOC). However, certain inspection at-
tributes for piping and pipe supports were added to the piping and pipe sup-
ports Post-Construction Mardware Validation Program (PCHVF) inspection
attributes matrix as & result of the Deviation Report (DR) reviews. Corrective
action for the hardvare-related concerns identified by the Quality of Comstruc-
tion proeram (QOC) or SWEC-PSAS, such as missing washers, spacers, and locking
devices, is implemented through the TU Electric Post-Construction Hardware Val-
idation Program (PCHVP) as described in Section 5.1.3.
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§.1.1.2 Resolution of Piping-Related Design Issues

SWEC-PSAS evaluated the issues described in Section &.0 and Appendixes A and B,
and developed technical and design control procedures to resolve the issues.
Resolutions of all issues in Appendix A were reviewed by TU Electric Comanche
Peak Engineering (CPE), and the resolutions of issues in Subappendixes Al
through A35 were reviewed by TENERA, L.P. (TERA). The resolutions of the is-
sues in Appendix B were reviewed by Comanche Peak Engineering (CPE) and the TV
Electric Technical Audit Program (TAP). These resolutions were incorporated
into the updated design and installation specifications, as well as the CPSES
quality control and construction procedures.

The issue resolution and implementation processes were as follows:

1. For each issue that affected the small bore piping and pipe supports
validation effort, SWEC-PSAS reviewed the associated documentation to
gain an understanding of the background. SWEC-PSAS then defined its
understanding of the issue.

2. With the issue thus defined, SWEC-PSAS developed and executed an ac-
tion plan to resolve the issue,

3. The resolutions were implemented in appropriate SWEC-PSAS project
procedurcs used for the CPSES Corrective Action Program (CAP). Com-
pliance with these procedures is assured by the SWEC Corporate Quali-
ty Assurance program.

Third Party Overview Results

The methodology to resolve Comanche Peak Response Team (CPRT) and external is-
sues was documented in SWEC-PSAS's Evaluation and Resclution of Genmeric Techni-
cal Issues Report dated June 27, 1986. Final revision to this Geperic Issues
Report (GIR) dated July 24, 1987, updates the resolution sections to encompass
current revisions of SWEC-PSAS's procedures and memoranda, and its contents
have been incorporated into Appendix A of this report.

TENERA, L.P. (TERA), the lead contractor for the Comanche Peak Response Team
(CPRT) Design Adequacy Program (DAF), conducted the third party overview of the
large bore piping and pipe supports to assure that all CPRT and external issues
are clearly identified and resolved in accordance with the CPRT Discipline Spe-
cific Action Plan IX (DSAP-1X). The scope of third party overview included the
completeness of issue identification, sdequacy of issue resolution, ard techni-
cal procedures implemented by SWEC-PSAS. During performance of Design Adequacy
Program (DAP) overview, TENERA, L.P. (TERA) identified and documented issues in
Discrepancy Issue Reports (DIRs). SWEC-PSAS has responded to and closed all of
the 972 Discrepancy lssue Reports (DIRs) received from TENERA, L.P. (TERA).

TENERA, L.P. (TERA) has completed the third party overview of the large bore
piping and pipe supports and presented the results in the Discipline Specific
Action Plan Results Report for Piping and Pipe Supports. As described on
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Party has concluded that the overall objectives of the review hs ¢ been
met, and considers all piping-related external source issues applicable to
the large bore piping scope to be closed with respect to the methodology
being applied to the requalification effort assuming the NRC approves the
FSAR amendments."

Small bore piping and pipe supports Corrective Action Program (CAP) used
the same technical and design control procedures as used in large bore
piping and pipe supports CAP.

CYGNA Xndtpcadengtﬁosclslcnt Program

CYGNA Energy Services (CYGNA), a consulting firm, was originally contracted by
TU Electric to perform a project review identified as the Independent Assess-
ment Program (IAP). As a result of this review, CYGNA Energy Services (CYGNA)
identified issues which they summarized in the CYGNA Pipe Stress Review Issues
List, Revision & (Piping~RIL) (Reference 86) .ud the Pipe Support Review Issues
List, Revision & (Supports=RIL) (Reference 16).

CYGNA Ereigy Services (CYGNA) and SWEC held public meetings on November 13 and
14, 1986, at SWEC's Cherry HNill office and December 15 and 16, 1986, at CPSES
site to discuss the issue resolutions contained in the CYCNA Review Issue List
(RIL) in conjunction with SWEC Project Procedures CPPP-7 and CPPP-6. CYONA
Energy Services (CYGNA) then performed audits on the basis of SWEC-PSAS design
criteria between November 1986 and May 1987,

At the public meeting in Glen Rose, Texas, on May 19, 1987, CYGNA Energy Ser-
vices (CYGNA) announced that all pipe stress and pipe support i1ssues were
closed. All issues relating to embedment plate design, anchorage allowables,
spacing, and edge distances were transferred to the Civil/Structural Review
Issues List, Revision O, dated July 12, 1987 (Reference 19), and their resolu-
tion is reported im the Civil/Structural Project Status Report (PSK)
(Reference 63).

$.1.2 Design Validation Process

The SWEC-PSAS design validation program assures that the «: .ign conforms to the
licensing commitments. The program can be visualized as a three-step process.
The first step, described in Section 5.1.2.1, is to establish the ioput and the
analytical models of the pipe stress analysis packsges, to identify and imple-
ment the necessary pipe support optimizations and modifications in the analys-
es, and to produce a set of pipe stress snalysis results (e.g., pipe stresses,
support loads, and equipment nozzle loads). The firstestep results, described
in Section 5.1.2.2, provide the pipe support design loads and determine that
the computerized pipe stress analysis results are within the ASME Section III
Code allovables. The second step includes the detailed evaluation and design
of pipe supports (described in Section 5.1.2.%), the local stresses in piping
(integral welded attachments), equipment ooz:le and containment penetration
loads, valve accelerations, pipe break locations, and floor-to-ceiling/wall-
to-wall suppcorts, as specified in SWEC-PSAS Procedures CPPP-15, CPPP-6 and
CPPP-?. Diriisepancies identified in this step are resolved either by support
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modifications or by additional analyses. The third step, or fioal reconcilia-
tion, wescribed in Section 5.1.2.7, is the final process to consolidate analy-
sis, hardvare modifications, and inspection documentation from Step 2 into the
piping design documentation. The technical interfaces and flow charts for the
small bore piping and pipe supports Corrective Acticn Program (CAP) are shown
schematically in Figures 5-2, 5-3, and 5-4.

5.1.2.1 Piping System Input Validation

The design validation process of piping and supports requires a large quantity
of input information, .s identified in Table 5-1. The SWEC-Mechanical CGroup
and the SWEC-Civil/Structural Group validate the piping system input. The p.p-
ing system input validation by SWEC and the design inputs developed by SWEC-
PSAS are described below.

SWEC-Mechanical Group

The SWEC-Mechanical Group reviewed CPSES system design and operating condi-
tions, which describe the temperatures and pressures of piping systems. These
design and operating conditions are evaluated and revised as necessary based on
the validated design. Design and operating system temperatures and pressures
for a wide range of plant conditions were documented and transmitted to the
SWEC-PSAS pipe stress analyrts for use in validation. The SWEC-Mechanical
Group validation effort is described in the Mechanical Project Status Report
(PSR) (Reference 64). The SWEC-Mechanical Group identified essentiall safety-
related piping systems and components, high energy lines, and potential system
fluid transients for evaluation by the SWEC-PSAS Fluid Transients Group. These
fluid transients (such as gquickly opening or closing contrel valves, relief
valve discharge, pump startup or trip) were identified by following the guid-
ance given in NUREG-0582 (Reference 23), using SWVEC's past experience with oth-
er pressurized water reactors (PwRs), and by an overall review of the CPSLES
system design descriptions and flow diagrams.

The SWEC-Mechanical Group reviewed the CPSES flow diagrams and stress boundary
isometric drawings (BRPs) to assure that applicable piping lines were included
in the pipe stress analysis packages.

SWEC-PSAS Fluid Transient Croup

The SWEC-PSAS Fluid Transient Group was responsible yor developing the fluid
transient loads (e g., water hammer or steam hammer) from the potential trar-
sients identified by the SWEC-Mechanical Group. These loads were used to vili-
date the design of safety-related piping systees. These efforts were necessary
to address the issue of Subanpendix A19. The fluid transient loads developed
by SWEC-PSAS for safety-related piping are summarized i1n Table 5-2.

-

TEssential systems and compunents are required to shut down the reactor Qod
mitigate the consequences of a postulated piping failure, without offsite

power.
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The fluid transient loads used for CPSES design validation prucess are docu-
mented as specified in CPPP-10 (Reference 21). Criteria for evaluation of the
piping system responses due to fluid transient loads are described in CPPP-7.

SWEC-Civil/Structural Group

The SWEC-Civil/Structural Group has provided validated seismic Amplified
Response Spectra (ARS), as discussed in Civil/Structural Project Status Report
(PSR) (Reference 63).

5.1.2.2 Pipe Stress Analysis

Stress analysis of piping computes the responses (such as pipe stresses, load-
ing on pipe supports, valve accelerations, and equipment nozzle loads) of a
piping analytical model under the specified lcading combinations (such as loads
from deadveight, thermal, pressure, seismic, fluid transients, and Loss of
Coolant Accident [LOCA)). In Unit ) and Common, there are 457 small bore Seis-
mic Category 1 and Seismic Category 11 pipe stress analysis packages with ap-
proximately 6,630 pipe supports.

SWEC-PSAS has validated 456 ASME Section 11l Code Class 1, 2, and 3 (Seismic
Categery 1) pipe stress analysis packages. Westinghouse validated the other
one ASME Section 111 Code Class 1 (Seismic Category 1) pipe stress analysis
package, including the continuation of Class 2 &nd nonsafety-related piping
within the pipe stress analysis pacxage boundary. The p.pe stress validation
flow chart 1s shown schematically in Figure 5.3.

SWEC-PSAS Piping and Pipe Support System Review

Prior to the initiation of the pipe stress analysis, each pipe stress analysis
package, including the associated pipe supports, was jointly reviewed as a sys-
tem by the pipe stress and pipe support engineers. The purpcses of this revise
were to establish the piping physical configuration, to determine the location
and orientation of the pipe supports with respect to ‘he yipta’ configuration,
to evaluate the appropriateness of support types, and to identify areas of pip-
ing or pipe support designs which may require sjpecial wodeling techaniques to
account for the interactions between the pipe and the pipe supports.

SWEC-PSAS reviewed the pipe support drawings and support location drawipgs to
determine whether the existing supporting system was appropriate ond could per-
form its safety-related function. SWEC-PSAS reviewed the pipe support dravings
to determine the appropriate stiffness values for the imput to the pipe stress
snalysis. The piping and pipe support system review also determined whether
certain snubbers or other supports should be considered for elimination and
whether additional pipe support optimization should be performed.

The results of this review were documented as a separite riping system
reviev/stiffness assessment calculation for each pipe siress apalysis package,
which was used as design input for the pipe stress apalysis. By the incorpe-
ration of this review into the validation process, SWEC-FSAS bas assured that
an integrated process, with consistent criteria for both pipe stress analysis
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Piping Analytical Model

The first step in the pipe stress analysis is the formation of the pipe stress
isometric drawings and mathematical models, which are developed by using the
input information shown in Table 5-1, in conjunction with the results of the
Piping and Pipe Support System Review.

The mathematical model analytically describes the piping configuration, mass,
and boundary conditions. Piping mass is considered, including the applicable
pipe support mass that affects the dynamic responses. Eccentric masses such as
valve operators also are accounted for in the pipe stress analytical model.
Sufficient mass points are included to assure that all significant dynamic
modes are represented. Appropriate representation of pipe support stiffness
from the piping and pipe support system review is included.

Static and dynamic piping analyses were performed using the computer program
NUPIPE-SW (Reference 24). The computer program output consists of pipe stress-
es, displacements, valve accelerations, and interface loadings (e.g., loadings
at pipe supports and equipment nozzles). This output was used to qualify the
piping, pipe supports, and related components in accordance with the applicable
codes and licensing commitments as specified in the governing Design Basis Doc-
uments (DBDs).

Static analysis was used for deadweight, thermal, and anchor movement loading
cases. The time-history analysis wethod? was used for fluid transient loading
cases, and the response spectrum analysis method? was used for seismic lozding
cases. Modal contributions above the cutoff frequency in the response spectrum
method analyses were addressed by an analytical technique in accordance with
WUREG/CR-1161 (Reference 25). This technique, which incorporated the resolu-
tion for the issues in Subappendix Al18, assures that high frequency dynamic
responses are included in the response spectrum analysis. For small bore can-
tilever vent and drain lines with no supports, standard and conservative equiv-
alent static calculations can be perforwed in accordance with Section 4.1 of

CPPP-15.

Based on the mathematical model and specified inputs, the computerized pipe
stress analysis validates the following: the piping pressure boundary integri-
ty, the piping system structural adequacy, and that maximum calculated stresses
are within the specified code allowables.

Additional results (other than the computed pipe stresses) that were generated
from the computerized pipe stress analysis and transmitted to other interfacing
disciplines for acceptance (see Figure 5-3), are summarized as follows:

ZAnalytical techniqus used to determine the response of structures to dynamic
loads.




Pipe Stress Analysis Results

Pipe support loads

Equipment nozzle loads

Containment penetration loads

Expansion joint movements

Valve accelerations

Valve operator support loads

Valve nozzle loads

Flange loads

Pipe movements at wall or floor sleeves
10. Instrument root valve movements

11. Pipe movements at pipe rupture restraints
12. Stress ievels for pipe break/crack evaluations

WooNOUD S WN -

Transmittal of Pipe Stress Analysis Results Package

Following completion of each pipe stress calculation, a results package that
contains a summary of pipe stress analysis results was compiled and distributed
to the SWEC-PSAS Pipe Support Group and other interfacing disciplines as shown
in Figure 5-2. The results package, consisting of information such as the
equipment nozzle loads and valve accelerations, was sent to other disciplines
fo- acceptance. The pipe support summary transmittal identifies supports re-
quiring modification and/or deletion and lists for each pipe support the sup-
port function, orientation, loads, and movements.

Integral Welded Attachment Analysis

A separate analysis was performed for each location on the piping which is fit-
ted with an integrally welded pipe support attachment to assurs that the local
piping stress is within the allowable stress limit. For Integral Welded At-
tachments (IWAs) that could not be validated by the standard methods used by
SWEC-PSAS for typical lug and trunnion configurations, the validation was based
on finite element analysis techniques for the specific support, comparison to &
similar specific support analysis, or comparison to a parametric finite element
analysis study.

Pipe Break/Crack Analysis

As part of the CPSES licensing commitments, the locstions of the postulated
high energy line breaks (HELBs) and moderate energy line cracks (MELCs) have
been evaluated and assessed using the validated results of SWEC-PSAS pipe
stress analysis. Piping stresses, including the local pipe stress from Inte-
grally Welded Artachment (IWA) pipe supports, were reviewed to postulate break
and crack locations in accordance with SWEC-PSAS Procedure CPPP-20 (Refer-
ence 65). New mandatory break and crack postulation points were compared to
previous locations, and the results were forwarded to the Ebasco Services Iq-
corporated (Ebasco) - System Interaction Group to determine the impact. This
impact may include elimination or addition of pipe rupture restraints or jet
impingement shields, jet impingement system interaction studies, or reanalycis
of the pipe stress if the consequences of the new postulated break locations
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are unacceptable. The evaluation results from System Interaction Group are
described in the Mechanical Project Status Report (PSR).

Piping and Pipe Supports Attached to Secondary Walls

Special pipe stress analyses were performed in accordance with SWEC-PSAS Proce-
dure CPPP-35 (Reference 59) to validate supports/penetrations that have been
identified as being attached to a secondary wall.

5.1.2.3 Pipe Support Analysis

Based on the pipe support loads from the SWEC and Westinghouse stress analyses
results (see Figures 5-3 and 5-4), individual calculations for all small bore
pipe supports were prepared to assure code compliance with the design criteria.
The pipe support validation process is shown schematically in Figure 5-4 and
can be summarized as a process whereby the support analysis in conjunction with
required modifications provide the final validation of the pipe support design.

Pipe support analysis results are distributed to the interface disciplines for
acceptance as shown in Figure 5.4. The validated pipe support calculations and
drawings are distributed and filed in accordance with project procedures and
are included within each Piping - Design Validation Package (DVP).

The CPSES Unit 1 and Common small bore pipe supports can be categorized into
four types as follows:

1 Standard Component Supports - Struts, spring hangers, and snubbers

2. Structural Frame Supports = Including supports for multiple pipes and
modified rigid supports

3. Integrally Welded Attachment (IWA) Supports = Trunnions and lugs

4. Clamp Anchor Supports - Special typc of pipe supports for small bore
piping to provide translational and rotational restraints

Validation of these pipe support types is described below.

Standard Component Supports

Standard component supports were evaluated to assure that they are suitable to
perform their design function. Loads from the pipe stress analysis were com~
parea with the manufacturer's standard component support capacities. In addi-
tion, the relative displacements under all specified load conditions were
evaluated to validate the displacement ranges and swing angles of standard
components.

Structural Frame Supports

Frame type supports were validated by using hand calculations with standard
structural analysis methods for simple designs or by computer analysis using
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STRUDL, STRUDAT, and SANDUL computer programs (described in CPPP-7) for more
complex designs. In addition to validating the adequacy of local stresses in
the pipe, the validation included the evaluation of:

. Member stress versus applicable stress allowables

. Reactions at all support joints, including local stress effects on
tube steel members

. Weld adequacy at weloed joints

. Adequacy of bolted connections, including washer plate design and
local stress effects on tube steel members

. Adequacy of concrete anchors and base plates
. Adequacy of clearances between piping and the frame

Special Pipe Support Frame Analysis

Two special groups of pipe support frames, (i) the wall-to-wall and floor-to-
ceiling supports and (ii) corner supports, required special analysis to address
the effects of differential building movement at the support attachment loca-
tions to the building and for restrained thermal expansion of the wall-to-wall
and floor-to-ceiling supports. These designs are validated in accordance with
the criteria contained in Attachment 4-19 of CPPP-7 in resolution of the exter-
nal issue described in Subappendix A3.

Integral Welded Attachment Analysis

A separate analysis was performed for each location oo the piping with an inte-
grally welded pipe support attachment to assure that the local piping stresses
and support member stresses are within the applicable stress allowables. The
piping local stress is discussed in Section 5.1.2.2.

Clamp Anchors

Clamp anchors are used in small bore piping systems as an effective method to
establish boundaries of pipe stress analysis packages. Standard clamp anchor
designs have been established in CPPP-7. The pipe support engineers can speci-
fy a standardized and easy-to-install anchor in lieu of integral welded
attachment.

5.1.2.% Validation of Seismic Category II Small Bore Piping and Pipe Supports
Over Seismic Category I Equipment

SWEC-PSAS developed a Field Verification Method (FVM) CPE-SWEC-FVM-PS-82 (Ref~
erence 52) to validate the integrity of seismic Category II piping and pipe
supports in accordance with the FSAR and CPPP-30 (Reference 56). The purpose
of this validation process is to provide additional assurance by engineering
walkdown and evaluation that during or after a seismic event, Seismic
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Category 11 piping systems identified in the FSAR will not fall and damage
nearby Seismic Category ] systems, structures, or components. This Field Ver:-
fication Method (FVM) specifies the engineering field walkdowns pecessary to
assure that the as-built Seismic Category II piping and pipe supports are 1in
compliance with the acceptance criteria. A detailed discussion of this valida-
tion process is contained in Section 5.1.3.1

§.1.2.5 SWEC-PSAS Clearance Walkdowns

SWEC-PSAS developed a Field Verification Method (FVM) CPE-SWEC-FVM-PS-8C
(Reference 50) to assure that sufficient clearance exists around validated pip-
ing in accordance with SWEC-PSAS Project Procedure CPPP-22 (Reference 32).
Clearance is required to permit those anticipated piping displacements that
could occur under plant operating conditions without any impediment to those
displacements. Impediment 1s defined as any structure, system, or component
(e.g., pipe, conduit, cable tray, equipment) that encroaches on the envelope of
anticipated pipe displacement A detailed discussion of this validation pro-
cess is contained in Section 5.1.3.1

2.6 Testing

The CPSES preoperational and startup testing program provides assurance that
piping systems, components, supports, and related structures have been ade-
quately designed and installed The correctness or conservatism of assumptions
made in predicting plant responses is validated by analyzing data obtained in a
controlled testing environment

The testing includes verification by observation and measurement (as appropri-
ate) to assure that movement, vibration, and expansion of piping and components
are acceptable for

K

. ASME Section I1I] Code Class 1, 2, and 3 piping systems.

Other nonsafety-related high energy piping systems inside seismic
Category 1 structures whose failure could reduce the functioning of
any seismic Category I structure, system, or component,

Seismic Category I portions of moderate energy piping systems located
outside the containment

The testing program consists of the following categories
Vibration Testing

The CPSES vibration testing program is set forth in SWEC-PSAS Procedure
CPPP-25 (Reference 57) This program follows the guidelines of NFC Regu-
latory Guide 1.68 (Reference 85) and ANSI/ASME Standard OM-3 (Refer-
ence 27) for steady state and transient vibration testing of piping
systems, Piping systems are classified as Vibration Monitoring Croup
(VMG) VMG-1, VMG-2, or VMG-3, as defined in Reference 27, Piping systems
which have no potential vibration problems are classified as VMG-3. If
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unexpected vibrations are observed during testipng, additional inspections
are performed to determine the degree of the problem and the resolution.

If a piping system is identified as posing a potential vibration problem,
the affected portion of the system is classified as Vibration Monitoring
Group 2 (VMG-2). This piping will be instrumented during testing to pro-
vide a means for ascertaining the maximum vibration response.

Piping systems which exhibit a response not characterized by simple piping
vibration modes, and piping systems for which the methods of Vibration
Monitoring Group 2 (VMG-2) and Vibration Monitoring Group 3 (VMG-3) are
not applicable, are classified as Vibration Momitoring Group 1 (VMG-1).
In these cases, more refined monitoring methods are utilized during
testing.

All personnel who perform pipe vibration observations and measurements
receive training and must pass & written certification examination
(Reference 53).

The vibration data is analyzed subsequent to collection. Transient vibra-
tion test data which does not meet the acceptance criteria established
from CPPP-25 must be referred to SWEC-DPSAS for further analysis and reso-
lution. When appropriate, corrective action is implemented and retesting
is conducted to verify final acceptance.

For steady-state pipe vibration, the vibration measurements are taken if
vibration can be visually observed. When the measured peak-to-peak pipe
velocity exceeds the acceptance criteria, displacement measurements are
obtained and compared to calculated allowable values. If the system
steady-state displacement exceeds the calculated allowable values, correc-
tive action will be implemented and appropriate retesting will be conduct-
ed to verify final acceptance.

Thermal Expansion Testing

As part of the piping and pipe support validation program, SWEC-PSAS has
reviewed the impact of analysis and modification on thermal expansion
tests (TET). Systems or portions of systems which require testing have
been identified.

SWEC-PSAS Procedure CPrP-24 (Reference 66) sets forth the methods for
identifying piping for thermal expansion tests, for identifying the loca-
tions and the supports to be monitored, for establishing acceptance crite-
ria, for reconciling results, and for recommending modifications to
correct discrepancies. Upon completion of all thermal expansion tests, an
engineering report will be prepared summarizing the results.

In summary, the CPSES piping and pipe support validation program encompasses
appropriate field testing. Rigorous requirements for evaluating and document-
ing piping systems under static, dynamic steady-state and transient conditions
are set forth in the SWEC-PSAS procedures. The results of field testing will
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provide physical confirmation that large bore piping and pipe support design
and installation comply with the design criteria.

5.1.2.7 Final Reconciliation of Small Bore Piping and Pipe Supports

The purpose of final reconciliation is to resolve and incorporate pipe stress
and pipe support analysis results (see Figure 1-1) with the final design input
and as-built configuration. The final reconciliation process is conducted in
accordance with SWEC-PSAS Procedure CPPP-23, Pipe Stress/Pipe Support Reconcil-
iation Procedure (Reference 29). The final reconciliation of small bore piping
and pipe supports incorporates the following:

. The Post-Construction Hardware Validation Program (PCHVP) results
which provide the as-built sma.l bore piping and pipe support config~
urations (see Section 5.1.3).

. Resolution of the open items in NRC Staff positions in Supplementary
Safety Evaluation Reports (SSERs) as described in Subappendixes A36,
A37, and A38.

. Resolution of the piping-related Comanche Peak Response Team (CPRT)
issue-specific action plans (ISAPs) and external issues.

Final reconciliation also includes confirmation that the interfacing organiza-
tions have accepted the SWEC-PSAS results as compatible with their validated
design. Interfacing organizations receive results as described below and in
Figure 5-2:

. SWEC-Mechanical Group - Required reflective insulation removal at
sleeves, penetrations, or frame supports; expansion joint movements.

. Ebasco System Interaction Group - Postulated pipe break locations;
pipe movements at pipe rupture restraint locations.

. Westinghouse - Results of ASME Section III Code Class 1 pipe supports
validation, loads imposed by SWEC-PSAS analyzed piping oo ASME Sec-
tion 11l Code Class 1 piping, support reaction loads on Westinghouse-
designed ec' ~ent supports, and valve accelerations and equipment
nozzle loads i Westinghouse-supplied valves and equipment.

. SWEC-Civil/Structural Group - Structural interface reaction loads,
including penetration loads, load patterns on embedments.

. Impell Equipment Qualification Group - Valve nozzle loads, valve ac-
celerations and valve operator support requirements, and pipe move-
ments at sealed sleeves.

. SWEC-Instrument and Control Group = Root valve movements for instru-
ment systems.




In addition, the validated piping weld locations are provided to TU Electric
for the identification of locations for preservice and inservice inspections.

Closure of open items, observations, and deviations related to small bore pip-
ing and pipe supports that were identified by TU Electric Quality Assurance,
SWEC Engineering Assurance, and Engineering Functional Evaluation (EFE) are
resolved prior to the completion of this reconciliation phase. Open items from
the NRC Notices of Violation (NOVs), and the TU Electric Significant Deficiency
Analysis Reports (SDARs) (10CFR50.55(e)) are also resolved during the final
reconciliation.

Each pipe stress analysis package, at the conclusion of final reconciliation,
will be compiled into the Piping - Design Validation Package (DVP) as described
in Section 3.0 and SWELC-PSAS Procedure CPPP-23. The Piping-DVP consists of the
pipe stress analysis calculations, the hanger location drawings (identifying
the pipe support locations and stress problem boundaries), the pipe supports
calculations and drawings (including the design changes and as-built modifica-
tions) within its pipe stress analysis package boundary, and related interface
transmittals.

§.1.3 Post-Construction Hardware Validation Program (PCHVP)

The Post-Construction Hardware Validation Program (PCHVP) (Reference 48) is the
portion of TU Electric's Corrective Action Program (CAP) which validates the
final acceptance attributes for safety-related hardware. The Post-Construction
Hardware Validation Program (PCHVP) process is shown diagrammatically in
Figure 5-5.

The input to the Post-Construction Hardware Validation Program (PCHVP) is con-
tained in the installation specifications. The installation specifications
implement the licensing commitments and design criteria of the Design Basis
Documents (DBDs), which were developed during the Corrective Action Program
(CAP) Design Validation process.

Acceptance inspection requirements identified in the validated installation
specifications were used to develop the Post-Construction Hardware Validation
Program (PCHVP) attribute matrix. This matrix is a complete set of final ac-
ceptance attributes identified for installed hardware. The Post-Construction
Hardware Validation Program (PCHVP), by either physical validations or through
an engineering evaluation methodology, assures that each of the attributes de-
fined in the attribute matrix is validated.

Physical validation of an attribute is performed by Quality Control inspection
or engineering walkdown, for accessible components. Quality Control inspec-
tions and engineering walkdowns are controlled by appropriate Field Verifica-
tion Method (FVM) procedures.

The Post-Construction Hardware Validation Program (PCHVP) engineering evalua-
tion depicted in Figure 5-5 is procedurally controlled to guide the Corrective
Action Prograr ‘T"AP) responsible engineer through the evaluation of each item
on the attr. . e matrix to be dispositioned by the engineering evaluation
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method. Dispositions of each attribute will be clearly documented. If the
technical disposition of the final acceptance attribute is "not acceptable" or
the attribute cannot be dispositioned based on available information, an alter-
nate plan consisting of additicnal evaluations, testing, inspections/walkdowns
or modification as necessary will be developed to demonstrate and document the
acceptability of the attribute.

Re ommwendations from the Comanche Feak Response Team (CPRT) effort comprise a
significant portion of this evaluation. A major component of the Comanche Peak
Response Team (CPRT) program has been the inspection of a comprehensive, random
sample of existing hardware using an independently derived set of imspection
attributes. The inspection was performed and the results evaluated by third
party personnel in accordance with sppendix E to the Comanche Peak Response
Tear (CPRT) Program Plan (Reference 33). The scope of the inspection covered
the installed safety-related hardware by segregating the hardware into homoge -
peous populations (by virtue of the work activities which produced the finished
product). Samples of these populations were inspected to provide reasonzble
assurance of hardware acceptability in accordance with Appendix D to the
Comanche Peak Response Team (CPRT) Program Plan.

Corrective action recommendations were made to TU Electric based on the evalu-
ated findings when a Construction Deficiency existed, an Adverse Trend existed,
or an Unclassified Trend existed, as defined in accordance with Appendix E to
the Comanche Peak Response Team (CPRT) Program Plan.

The Post-Construction Hardware Validation Program (PCHVP) assures that all
Comanche Peak Response Team (CPRT) recommendations are properly dispositioned.

Figure 5-5 illustrates that during the evaluation of a given attribute from the
Post-Construction Hardware Validation Program (PCHVP) attribute matrix, the
initial task of the Corrective Action Program (CAP) responsible engineer is to
determine if any of the following statements are true:

a. The aitribute was recommended for reinspection by the Comanche Peak
Response Team (CPRT).

b. Design Validation resulted in a change to design or to hardware final
acceptance attribute that is more stringent than the original accep-
tance attribute, or Comanche Peak Response Team (CPRT) did pot in-

spect the attribute.

¢. Design Validation resulted in new work, including modification to
existing hardware.

1f the Comanche Peak Response Team (CPRT) had no recommendations and Items b or
¢ above do not apply, the attribute under consideration will be accepted. This
conclusion if justified by the comprehensive coverage of the Comanche Peak Re-
sponse Team (CPRT) reinspection and the consistently conservative evaluation of
each finding from both a statistical and adverse trend perspective. The at-
tribute matrix is then updated to indicate that neither the engineering walk-
down nor quality control imspection of the attribute is necessary. A completed
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evaluation package is prepared and forwarded to the Comanche Peak Engineering
(CPE) organization for cencurrence. The evaluation package becomes part of the
Design Validation Package (DVP) after Comanche Peak Engineering (CPE) concur-
rence is obtained.

1f any of the three statements are true, it is assumed that the final accep-
tance attribute must be further evaluated as follows:

Determine Attribute Accessibility

The Corrective Action Program (CAP) responsible engineer will determine if
the attributé is accessible. If the attribute is accessible, a field val-
idation of the item's acceptability will be performed and documented in
accordance with an approved Field Verification Method (FVM).

1f the Corrective Action Program (CAP) responsible engineer reaches the
conclusion that the attribute is inaccessible, an engineering evaluation
will be conducted by technical disposition of available information.

After completing the attribute accessibility review, the responsible engi-
peer will update the attribute matrix as necessary to reflect the results
of that review.

Technical Disposition

The Corrective Action Program (CAP) respoasible engineer identifies the
data to be considered during the subsequent technical disposition process.
Examples of such items used in this disposition may include, but are npot

limited to:

. Historical documents {e.g., specifications, procedures, inspection
results)

. Comanche Peak Response Team (CPRT) and external issues

. Construction practices

. Quality records

. Test results

. Audit reports

. Authorized Nuclear Inspector (ANI) records

. Surveillance reports

. NCRs, DRs, SDARs, and CARs

. Inspections conducted to date



. Results of Third Party reviews

% Purchasing documents
. Construction packages
. Hardware receipt inspections

After compiling the data identified as pertinent to the attribute, the
technical disposition will be performed. The actual steps and sequence of
actions required for each technical disposition will differ; however, the
tangible results from each technical disposition will be consistent.
These results will include as a minimum:

a. A written description ol the attribute.

b. A written justification by the Corrective Actiun Program (CAP) re-
sponsible engineer for acceptance of the attribute.

¢. A written explanation of the logic utilized to conclude that the at-
tribute need not be field validated.

d. A chronology demonstrating that the attribute has not been signifi-
cantly altered by redesign.

¥ All documents viewed to support the disposition.

f. Concurrence of the acceptance of the attribute's validity by Comanche
Pean Engineering (CPE).

I1f.the Corrective Action Program (CAP) responsible engineer concludes that
the data evaluated represents evidence of the attribute's acceptability,
the conclusion will be documented. The documentation will be reviewed and
approved by Comanche Peak Engineering (CPE) and filed in the Design Vali-
dation Package (DVP). If the Corrective Action Program (CAP) responsible
engineer determines that the data reviewed does not provide evidence of
the attribute's acceptability, the documentation will explain why the at-
tribute cannot be accepted and recommend an alternate course of action.
The alternate course of action may take various forms such as making the
attribute accessible and inmspecting it, or testing to support the at-
tribute's acceptability. This alternate plan, asfter approval by Comanche
Peak Engineering (CPE), will be implementcd to validate the attribute.

In summary, the Post-Construction Hardware Validation Program (PCHVP) is a com-
prehensive process by which each attri’ute in the PCHVP attribute matrix is
validated to the validated design. The TU Electric Technical Audit Program
(TAP) will audit the Post-Construction Hardware Validation Program (PCHVP).
This audit program is complemented by the Enginecering Functional Evaluation
being performed by an independent team comprised of Stone & Webster, Impell,
and Ebasco engineering personnel working under the Stone & Webster QA Program
and subject to oversight directed by the Comanche Peak Response Team's (CPRT)
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Senior Review Team. The Post-Construction Hardware Validation Program (PCHVP)
will provide reasonable assurance that the validated design has been imple-
mented for safety-related hardware.

SWEC-PSAS prepared Post-Construction Hardware Validation Program (PCHVP) imple-
mentation procedures for small bore piping and pipe supports. The hardware
validation process includes modifications, whenever necessary, to bring the
piping and pipe supports into compliance with the validated design. The at-
tributes contained within the Post-Conmstruction Hardware Validation Program
(PCHVP) Attribute Matrix tor piping and pipe supports incorporate the recom-
mended corrective actions in the CPRT-QOC Issue-Specific Action Plan,
ISAP-VI1.c Results Report (Reference 36), thus resolving the hardware-related
issues (see Subappendix A39). The complete tabulation of piping-related in-
spection attributes to address CPRT-QOC recommendations is presented 1in
Table 5-3

§.1.3.1 Post-Construction Hardware Validation Program (PCHVP) Procedures

SWEC-PSAS developed procedures to validate that the as-built small bore piping
and pipe supports are in compliance with the validated design procedures listed
in Table 5-6 These procedures are designated as Field Verification Methods
(FVMs) and are described below.

FVM-81, Piping and Pipe Supports Imspection

_and Hardware Validation

SWEC-PSAS developed the Field Verification Method (FVM) CPE-SWEC-FVM-PS-81
(Reference 51) to coordinate the Unit 1 and Common piping and pipe support in-
spection validation activities.

These piping inspections are performed and documented by Quality Control (QC)
personnel to assure that applicable inspection attributes are acceptable. The
pipiug inspection attributes are as below.

Equipment and piping configuration

Piping wall thickness at shop/field bends

radial weld shrinkage at stainless steel piping joints
Equipment anchoring

Remote valve operators

Branch connections

All pressure boundary items installation/base metal defects
Valve orientations

Pipe/slecve details

Permanent pipe support installation (no temporary or voided
Verify location (span) dimensions/tolerances

Applicable dielectric insulating sleeves over bolts/studs
Linear dimensions of piping segments and in-line components

The hardware validation of pipe supports assures that the 1emovable items on a
pipe support are installed as required by the design documentation. The hard-
ware validation is implemented by Quality Comtrol (QC) personnel in compliar

with the wvalidated support drawing Quality Control persranel verify and




document that all applicable hardware attributes listed on the hardware valida-
tion checklists are acceptable. The following pipe support hardware validation
checklists are used, as applicable:

Adjacent Weld Checklist

Bolted Connection Checklist

Hilti Bolt Checklist

Pipe Clamp Checklist

Richmond Insert Checklist

Saubber Checklist

Support Checklist

Sway Strut Checklist

Through Bolt/Embedded Bolt Checklist
U-Bolt/Bolted U<Guide Checklist
Variable/Constant Spring Checklist

In addition to the hardware validation pipe support inspections, Quality Con-
trol (QC) personnel also conduct inspections for pipe support configuration
attributes as below:

Material acceptability

Support configuration compliance with validated design drawing,
including dimensions

Support overhang length/tolerance

Support projection length/tolerance

Sway strut/suubber pin-to-pin dimension/tolerance

Alignment and circumferential deviation of shear lugs

Hilti bolt size/embedment

Weld length of structural member on base plate

Welded connection in accordance with validated drawing

Edge distance for structural members and base plates

Slope of bolted part with bolt head or nut

Shim size/weld

FVM-080, Clearance Walkdowns

SWEC-PSAS develcped the Field Verification Method (FVM) CPE-SWEC-FVM-PS-80
(Reference 50) to assure that sufficient clearance exists around the validated
piping. Clearance is required to permit those anticipated piping displacements
that could occur under plant operating conditions without any impediment to
those displacements. An impediment is defined as any structure, pipe, conduit,
cable tray, equipmeant, etc, that encroaches on the envelope of anticipated pipe
displacement.

This field verification effort is performed by the SWEC-PAS engineering person~
nel. SWEC-PSAS has established clearance criteria and is responsible for
training the clearance walkdown teams, evaluating clearance problems, and issu-
ing design changes to correct any clearance violations, as follows:
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SWEC-PSAS Site Engineering Group shall establish and train the clear-
ance walkdown teams, consisting of & stress engineer, 8 pipe support
engineer, and others as required.

2. Displacement and clearance criteria established by other disciplines
will be used in the walkdow: (e.g., conduit displacements, equipment
displacements, proximity of heat sources), as applicable.

3. A table will identify each pipe stress analysis package and the asso-
ciated maximum displacements for other components, such as equipment,
conduit, cable trays, piping, and pipe supports.

4, An engineering walkdown is being performed for each pipe stress anal-
ysis package to validate the as-built clearances acceptance criteria.
A Clearance Evaluation Form shall be completed for each violation of
the clearance criteria.

Quality Control (QC) personnel will periodically accompany the SWEC-PSAS engi-
neering walkdown teams and perform surveillance inspections to assure compli~
ance with the Field Verification Methods (FVMs).

FVM-82, Validation of Seismic Category 11 Small Bore Piping and Pipe Supports
Over Seismic Category I Equipment

SWEC-PSAS developed the Field Verification Method (FWVM) CPE-SWEC-FVM-PS-82
(Reference 52) to validate the integrity of seismic Category 11 piping and pipe
supports over Seismic Category I equipment as specified in the FSAR and
CPPP-30. The purpose of this Field Verification Method (FVH) is to assure, by
engineering inspection and evaluation, that Juring or after a seismic event,
the Seismic Category II piping systems as identified in the FSAR will not fall
and damage nearby Seismic Category I systems, structures, or components. This
Field Verification Method (FVM) specifies the engineering field walkdowns re-
quired to assure that the installation of the piping and pipe supports 1is in
compliance with the validated design.

The field verification effort is performed by SWEC-PSAS engineering personnel
using the acceptance criteria for the configuration of the supports and the
tolerances specified in Piping Erection Specification No. 2323-MS-100 (Refer-
ence 38). Tables 5-5 and 5-7 contain the piping and pipe supports checklists
for this field verification effort.

Quality Control (QC) personnel will periodically accompany the SWEC-PSAS engi-

neering walkdown teams and perform surveillance inspections to assure compli-
ance with the Field Verification Methods (FVMs).
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5.2 RESULTS

This section discusses the results of the SWEC-PSAS Small Bore Pipe Stress and
Pipe Support Corrective Action Program (CAP).

5.2.1

Pipe Stress Analysis Results

The pipe stress analysis packages validated by SWEC-PSAS are within the allow-
able stress criteria of the ASME Section IlI Code.

The pipe stress analysis results are described below.

Pipe Support Optimization (As a Result of Pipe Stress Design Valida-
tion Process)

A total of 160 snubber supports were deleted through the pipe support
optimization process. Approximately 90 additional snubber supports
were converted to rigid supports, bringing the total number of snub-
bers eliminated for Unit 1 and Common to 250. This large reduction
of spubbers (approximately 36 percent of the original total) is part
of the overall plant improvement incorporated into the SWEC-PSAS val-
idation effort. It represents a significaut improvement in plant
reliability and reduction in inservice inspection, worker radiation
exposure, and cost of maintenance.

Integral Welded Attachments (IWAs)

All Integral Welded Attachments (IWAs) in small bore pipe stress
analysis packages within Unit 1 and Common were analyzed, and 3 re-
quire modification.

Pipe Rupture Analysis

High energy piping arrangement in CPSES Unit 1 and Common utilized
the design criteria of postulated pipe ruptures protection by physi-
cal separation. Consequently, of the 457 small bore pipe stress
packages, pipe rupture analyses are required for 21 high energy and 2
moderate energy small bore pipes stress analysis packages. These
stress analyses were analyzed with the following results:

High Energy Line Break (HELB) Postulation - No mandatory postu-
Jated intermediate breaks were identified.

Moderate Energy Line Crack MELC) Postulation = A total of one
pandatory postulated crack was identified.

Piping and Pipe Supports Attached to Secondary Walls
The piping and pipe support validation procedure for secondary wall

displacements, CPPP-35 was used to qualify 202 small bore pipe sup-
ports/penetrations that have been identified as being attached to @
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secopdary wall, Approximately 83 percent of these supports comply
with the flexibility criteria of CPPP-35, and no further evaluation
is required. Those supports which did not comply with the flexibil-
ity criteria affect 26 small bore pipe stress analysis packages in
Unit 1 and Common. This wvalidation requires no modifications of pipe
supports that spanned secondary and primary walls within these snall
bore pipe stress analysis packages.

5.2.2 Pipe Support Analysis Results

The Pipe Support, Apalyses validated that approximately 6,630 pipe supports
within the 457 small bore pipe stress analysis packages comply with the design
criteria During the SWEC-PSAS pipe support validation process, required sup-
port modifications were identified. The pipe support modifications are catego-
rized as follows:

Prudent - Supports in this category may have been technically accept-
able; however, more time and expense would have been involved ia the
detailed analysic than that required to physically modify the support
and qualify the modification.

Recent Industry Practice - Modifications implemented to eliminate
snubbers to enhance plant maintainability, reduce jnservice inspec-
tion, and minimize worker radiation exposure during operating plant
conditioas

djustment = Mipnor modifications (such as retorquing or thimming)
implemented to meet installation criteria contained in the resolution
r
of the CPRT and external issues.

Cumulative Effects - Modifications that are required due tc the com-
bined effect of previous issues

From the results of the stress analysis, 449 supports were deleted and 515 sup-
ports were added (including the addition of 132 pipe anchors). The result of
SWEC-PSAS pipe stress and support analysis has identified a total of 1,8%¢
supports that require wmodification (including deletions and additions).
Table 5-4 contains a description of the types of modifications by the above
categories

The plant modifications resulting from the Small Bore Pipe Stress and Support
Corrective Action Program (CAP) has been determined by TU Electric to be re-
portable under the provisions of 10CFR50.55(e) TU Electric reported to the
NRC the small bore piping modifications in the Significant Deviation Analysis
Report SDAR-CP-86-72 (see Subappendix B2).

5.2.2.1 Pipe Support Modifications Identified Prior to Stress Analysis

The following types of pipe supports were identified for modification prior t
stress analysis as a result of the resolution of the CPRT and external issues




Cinched U-Bolts on Single Struts or Snubbers

To avoid lengthy detailed stress evaluations for the pipe, U-bolt,
and crosspiece, all cinched U-bolts on single strut or snubber small
bore pipe supports for Unit 1 and Common are identified for elimina-
tion or modification.

Cinched U-Bolt Trapeze Supports

All cinched U-bolt trapeze supports in Unit 1 and Common small bore
pipe supports were identified for deletion or modification.

Potentially Unstable Supports

In addition to the cinched U-bolt supports, both single strut and
trapeze, Project Procedure CPPP-7. Attachment 4-9, requires that po-
tentially unstable supports be modified. Such configuratioas identi-
fied are trapeze supports with 2eroc clearance box frames, spring
hangers on trapeze, and spring hangers without a U-bolt. These sup-
ports were redesigned or identified for elimication during the vali-
dation process.

Clearance on Rigid Supports

The clearance between the pipe and the restraining surfaces for rigid
restraints such as frames, straps, uncinched U-bolts and lugs is in-
spected and adjusted where required to meet the clearance require-
ments specified in Froject Procedure CPPP-7, Attachment &4-11.

Uncinched U-Bolts on Rigid Frames

Uncinched U-bolts on rigid frames for pipe sizes 6 in. and smaller
were analyzed and desigred as two-way restraints in accordance with
Project Procedure CPPP-7, Attachment &-3.

Single Tube Steel with Richmond Insert Bolts

Supports with single tube steel Richmond imsert connections loaded
primarily in shear and/or torsion were identified for elimination or
to be modified by the addition of "outriggers'" to increase the rigid-
ity of the support.

Long Tube Steel with Richmond Insert Bolts
Pipe supports with long tube steel anchored by Richmond inserts and
subject to LOCA temperature effects were identified for elimimation

or to be modified by limiting the tube steel length. These supports
were primarily "run together" multiple pipe supports.
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$.2.2.2 Special Pipe Support Frame Results

Special analyses were required for certain supports to evaluate the effect of
differential movement of the attachment points and/or restrained thermal
expansion.

M Wall-to-Wall and Floor-to-Ceiling Supports

Four wall-to-wall small bore pipe supports were identified in small
bore pipe stress analysis packages within CPSES Unit 1 and Common.
These supports were validated by meeting the requirements specified
in Table 4.7.2-1 and Attachment 4-19 of SWEC-PSAS Procedure CPPP-7,
and three modifications were required as a result of differential
movement of attachment points and restrained thermal expansion.

. Corner Supports

SWEC-PSAS Project Memorandum PM-39 (Reference 54) identifies the pro-
cedure for the identification, evaluation, and disposition of corner
supports with wall-to-floor or wall-to-ceiling attachments encoun-
tered during the validation effort, with 30 small bore cornmer pipe
supports identified in small bore pipe stress analysis packages vith-
in Unit 1 and Common. The design of all corner supports on CPSES
Unit 1 and Common has been validated by meeting the requirements
specified in Table 4.7.2-1 and Attachment 4-19 of SWEC-PSAS Procedure
CPPP-7, and no modifications were required as a result of differen-
tial building movements.

§.2.2.3 SWEC-PSAS As-Built Verification of Modifications

SWEC-PSAS performs the as-built piping validation of the CPSES Unit 1 and Com-
mon small bore piping and pipe support modifications in compliance with NRC I&E
Bulletin 79-14. This process is conducted as part of the final reconciliation
process described in Section 5.1.2.7 in accordance with SWEC-PSAS procedure
CPSP-12 (Reference 37). The piping linear dimensions, elevations, valve orien-
tations, angles, wall and floor sleeve penetrations, and interconnecting equip-
ment are validated. The modified pipe supports are validated to the as-built
drawings, including configuration, mark number, dimensional location, function,
angularity, and directions.

5.2.3 Post-Construction Hardware Validation Program (PCHVP) Results

The Post-Construction Hardware Validation Program (PCHVP) is implemented
through the verification of the bardware-related attributes described in Sec-
tion 5.1.3 for the small bore piping and pipe supports in Unit 1 and Common.

These field verifications listed below are in progress:

. Field Verification Method (FVM) for hardware inspection/validation
(CPE-SWEC-FVM-PS-081).
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Field Verification Method (FW™) for clearance walkdowns
(CPE-SWEC-FVM-PS-080).

Field Verification Method (FVM) for Seismic Category Il small bore

piping and pipe supports over Seismic Category I equipment
(CPE-SWEC-FVM-PS-082).
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5.3 QUALITY ASSURANCE PROGRAM

All activities of the Unit 1 and Common small bore piping and pipe support Cor-
rective Action Program (CAP) were performed in accordance with SWEC's Quality
Assurance (QA) program. This program is consistent with SWEC's Topical Report
SWSQAP 1-74A (Reference 20), Stone & Webster Standard Quality Assurance Pro-
gram, which has been approved by the NRC.

In accordance with the Quality Assurance (QA) program, a project-specific QA
program (Reference 6) including procedures covering the essentials of the
SWEC-PSAS validation process were developed. These SWEC-PSAS project
procedures were distributed to all supervisory engineers and were readily
available to SWEC-PSAS personnel. The issuance of design criteria, validation
procedures, and major revisions of these documents was followed up with
detailed training programs for applicable personnel. In particular, pipe
stress and support engineers on the project received training in the technical
procedure (CPPP-7), and the design control procedure (CPPP-6).

A Project Quality Assurance (QA) Manager, who is directly responsible to the
SWEC Vice President of QA and has management experience in auditing and QA pro-
gram procedure development for engineering activities, was assigned to the pro-
ject in the earliest stages of project mobilization. Tris reporting
responsibility assures independence of the Quality Assurance (Q:* funstions.
The SWEC-PSAS Quality Assurance (QA) Manager has a staff of Engine ;ing Assur<
arce (EA) engineers assigned to assist him in his duties. SWEC's <7 Division
is an integral part of SWEC's QA Program (Reference 20). These - ..viduals
provide assurance that the QA program properly addresses 51l projec activities
and assist SWEC-PSAS personnel to understand and prope.ly implem =t the QA
program.

To date, more than 164,000 man-hours have been expended by £EL in activities
directly attributable to the overall SWEC-PSAS Project Quality Assurance pro<
gram (i.e., training, procedure development, auditing, and the project QA Man-
ager's staff).

The adequacy and implementation of this Quality Assurance program was exten<
sively audited by SWEC's Engineering Assurance Division, SWEC's Quality Assur-
ance Auditing Division (QAAD), TU Electric Technical Audit Program (TAP) and
the NRC's Vendor Program Branch (VPB) and Office of Nuclear Reactor Regulation.
A total of 23 audits were performed by these organizations to date for both
Units 1 and Common small bore piping and pipe supports as follows:
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SWEC - EA 16
SWEC = QAAD 1
TU Electric - TAPY 5
NRC 1

The SWEC, NRC, and TU Electric Technical Audit Program (TAP) audits evaluated
the technical adequacy of the engineering product (e.g., calculations, draw-
ings, and specifications) and assessed the adequacy and implementation of the
SWEC Quality Assurance Program. A summary of these audits is presented in Sec-
tions 5.3.1 and 5.3.2.

TU Electric conducted technical audits as part of the TU Electric Technical
Audit Progran (TAP). The details of calculations, drawings, and procedural
compliance and technical interfaces were evaluated. These technical audits
have resulte) in enhancements to the procedures and methods and thus contrib=
uted to the overall quality of the CPSES small bore pipe and support design.

The NRC Staff performed surveillances on the SWEC-PSAS validaton process, in-
cluding in-process reviews of SWEC-PSAS's progress and methods of resolving the
generic technical issues and verification of the adequacy of SWEC-PSAS walk-
downs. The NRC-VPB performed an audit of the SWEC-PSAS piping and pipe support
Corrective Action Program (CAP).

A Third Party organization (TENERA, L.P.) was contracted by CPRT to overview
the adequacy of SWEC-PSAS large bore piping and pipe support design methodology
as discussed in Section 5.1.1. The Third Party concluded that SWEC-PSAS's
large bore pipe stress analysis and pipe support validation program was compre=
hensive and capable of resolving Comanche Peak Review Team (CPRT) and external
issues. This third party overview provides additional assurance that the CPSES
large beore piping and supports meet the licensing commitments. Small bore pip-
ing and pipe supports Corrective Action Program (CAP) used the same technical
and design control procedure as used in the large bore piping and pipe supports
CAP.

In addition to these audits, TU Electric has initiated the Independent Engi-
neering Functional Evaluation (EFE) program to provide an overview of the tech-
nical activities being conducted on the CPSES project. The Engineering Func-
tional Evaluation (EFE) team has audited the SWEC-PSAS performance since
June 1987. Technical specialists have been assigned to the EFE group to per-
form a detailed technical audit on samples of small bore pipe stress analysis
package and pipe supports of the containment spray piping system. This effort
evaluates the containment spray system validation process, which begins from
the licensing commitments, through the design validation process (such as de-
sign basis documents, design criteria, calculations, drawings, and specifi.a-
tions in discipline interfaces), and finally the hardware validation process of
the small bore piping and pipe supports.

TThe TU Electric Technical Audit Program (TAP) has been in effect since
January 1987. Prior to this the TU Electric Quality Assurance Department
performed audits of selected engineering service contractors using technical
specialists as part of its vendor audit program.
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Surveillance activities have also been conducted by SWEC Engineering Assurance
personnel to assure conformance to procedures and standards. Similar sur-
veillances are performed by the TU Electric Technical Audit Program (TAP).

These audits described above represent a very detailed and complete assessment
of the following:

1. Adequacy of the Project Quality Assurance program.

2. Implementation of the Quality Assurance program.
3. TechniCal adequacy of the design criteria and procedures.
4. Implementation of the design criteria and procedures.

These audits and surveillances identified instances in which some action was
required to clarify or modify procedures to more clearly address some activi-
ties, revise calculations to address an omission of clarifying statements or
~nre properly address a situation, and provide additional training or project
guidance to assure continued compliance with procedures. A timely and complete
response was developed for every item identified throughout the audit process.
Whenever a question that suggests a need to improve any of these items was
identified, the cause, extent of conditicns, and any required corrective/
preventive actions were determined, properly documented, and implemented. Sub-
sequent audits have verified that appropriate actions were taken to address
previously identified items in these cases, and identified a trend of improved
overall performance by SWEC-PSAS. No audit items which would result in ques-
tions of technical adequacy of SWEC-PSAS's overall validation program have been
identified.

in addition to the audits and surveillznces, a rigorous Quality Control (QC)
inspection program is in place on the CPSES site. QC personnel are responsible
for performing inspections of attributes as delineated in the inspection
procedures.

In summary, an appropriate level of attention has been given to the quality of
activities; the Quality Assurance (QA) program is appropriate for the scope of
work; project performance has been demonstrated to be in compliance with the
QA program, and appropriate corrective and preventive actions were taken when-
ever they were required.

5.3.1 Summary of SWEC Engineering Assurance (EA) Audits
To date, SWEC EA has performed 16 audits of the SWEC-PSAS small bore piping and
pipe support validation process. An average of five subjects were reviewed
during each of these audits. The following list of audit subjects describes
the depth of auditing that has been performed:

1. Adequacy of the SWEC~PSAS Design Procedures.

2. Adequacy of the SWEC-PSAS Project Procedures.

5-30



3. ARS Data Conversion.

4. Calculations - Technical adequacy.
5. Calculations - Documentation

6. Compliance with project procedures.
7. Construction support activities.

8. Document Control.

9. Field walkdown activities.

10. Indoctrination and training.

11. Licensing activities.

12. Records maintenance.

13. Maintenance of "roject Procedure manuals.

14. Personnel qualification and experience verification.

15. System inputs to pipe stress and pipe support analyses.

A chronological tabulation of SWEC Engineering Assurance (EA) audits is pre-
sented in Table 5-9.

5.3.2 Summary of Audits by TU Electric-TAP, NRC-VBP, and SWEC-QAAD

In addition to the SWEC Engineering Assurance (EA) Audits, the SWEC-PSAS was
audited by TU Electric Quality Assurance (QA), NRC Vendor Prcgram Branch (VPB),
and SWEC Quality Assurance Auditing Division (QAAD).

To date, TU Elsctric's Technical Audit Program (TAP) has perforwed 5 audits of
the SWEC-PSAS. Each SWEC-PSAS location has been sudited at least once. An
average of nine (9) subjects were reviewed during each of these audits. These
sudits are essentially equivalent to the SWEC Engineering Assurance (EA) audits
discussed in Section 5.3.1. Therefore, the list of audit subjects in Sec-
tion 5.3.1 is representative for these audits. A chronological tabulation of
the TU Electric Quality Assurance (QA) TAPs audits is presented in Table 5-10.

The NRC-Vendor Program Branch (VPB) performed onme audit in ®id-1986 of SWEC~
PSAS validation process (Reference 31) and reviewed the following activities:

1. Design control (pipe stress and support analyses).
2. Document control (incoming and outgoing).

3. Procurement control.



(———————%

4. Training.
5. Audits (SWEC-EA and TU Electric-TAP).

The SWEC Quality Assurance Auditing Division (QAAD) performed one audit of the
SWEC-PSAS. This audit was performed to assess the Project Quality Assurauce
Manager's adherence to Corporate QA Program requirements, the adequacy of the
Project's QA Program (CPPP-1), the Document Control Program, and the Records
Management Program.

—
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5.4 CORRECTIVE AND PREVENTIVE ACTION

SWEC-PSAS has developed technical and design control procedures and updated the
design and installation/inspection specifications to implement the corrective
actions resuiting from the small bore piping and pipe supportc Corrective Ac-
tion Program (CAP). These procedures and specifications are identified within
the Piping - Design Basis Documents (DBDs) which contain the bases for validat-
ing the small bore piping and pipe supports in Unit 1 and Common. As a result
of this effort, the Comanche Peak Steam Electric Station = Unit 1 and Common
small bore piping systems and supports are validated as being capable of per-
forming their safety-related functions.

This validation is documented in the drawings, calculations, and specifica-
tions. The validated design documentation will be provided to TU Electric.
This validated design documentation can provide the basis for configuration
contro) of CPSES small bore piping and pipe supports to facilitate operation,
maintenance, and future modifications following issuance of an operating
license.

At the completion of the validation, SWEC-PSAS will provide TU Electric
Comanche Peak Engineering (CPE) with the complete set of drawings and calcule-
tions, contained within the Small Bore Piping - Design Validation Packages
(DVPs) for Unit 1 and Common. SWEC-PSAS procedures used for small bore piping
and pipe supports validation will be provided to Comanche Peak Engineering
(CPE). Implementation of these procedures by CPE assures that future CPSES
small bore piping and pipe supports design 1s performed in accordance with the
licensing commitments.

Training for Comanche Peak Engineering {CPE) personnel will be provided by
SWEC-PSAS. The training will cover background assumptions and the methodology
used in the validation of the piping and pipe support design. The importance
of quality assurance will be stressed throughout the training program.

Practical experience has been provided to Comanche Peak Engineering (CPE) engi-
neers who have worked alongside SWEC-PSAS engineers during the ongoing valida-
tion process. Experience gained by CPE engineers included changes in design
documents and familiarization with procedures followed and regulatory
requirements.

TU Electric Comanche Peak Engineering (CPE) is developing a program to assure a
complete and orderly transfer of the eungineering and design function from
SWEC-PSAS to CPE. The plan will provide for the identification of those tasks
presently being performed by SWEC-PSAS which are to be transferred to CPE and
the identification of all procedures, programs, training, and staffing require-
ments. The program will be based upon three prerequisites, 1) the piping~
related Corrective Action Program (CAP) effort to support plant completion 1is
finished for the particular task; 2) the Piping - Design Validation Packages
(DVPs) are complete; and 3) any required preventive action taken, as discussed

in Appendix C, is complete.
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This program will assure the transfer of complete design document and
procedures to Comanche Peak Engineering (CPE).

5-34



FIGURE 5-1

CORRECTIVE ACTICN PROGRAM (CAP)
FLOW CHART AND GOVERNING PROCEDURES
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CORRECTIVE ACTION PROGRAM (CAP) TECHNICAL INTERFACES
SMALL BORE PIPING AND PIPE SUPPORTS
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FIGURE 5-3

SWEC-PSAS PIPE STRESS DESIGN VALIDATION FLOW CHART
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FIGURE 5-4

SWEC-PSAS PIPE SUPPORT DESIGN VALIDATION FLOW CHART
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FIGURE 5-5

POST CONSTRUCTION HARDWARE VALIDATION PROGRAM (PCHVP)
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10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.

21.

TABLE 5-1
PIPING SYSTEM INPUT DATA

Final Safety Analysis Report (FSAR)

ASME 111 Code Class 1, 2, and 3 piping drawings and Seismic Category 11
piping drawings within the same piping stress snalysis package

Pipeline designation list
Piping design specifications
Flow diagrams, system description and operating conditions

Seismic response spectra (including the application of ASME Code Case
N=411)

Seismic structural displacements data

General arrangement and civil/structural drawings
As-built piping support location drawings

Pipe support drawings

Thermal structural displacements data
Coptainment pressure test displacement data

wWall and floor sleeve sealant design data

Jet impingement loads

Pipe whip impact loads

Structural and equipment layout drawings

Valve and valve operator weights (including extended attachments), center
of gravity, yoke natural frequency and acceptable valve acceleration limit

Equipment movement data and allowable nozzle loads
As-built location of pipe with respect to wall and floor sleeves

Existing pipe break locations, pipe rupture restraint locations and de-
tailed dravings

Valve nozzle allowables




TABLE 5-1 (Cont)
As-built pipe thickness

Westinghouse Class 1 pipe stress reports

ADLPIPE computer listing for each pipe stress analysis package

Contasinment displacements due to loss of coolant accident (LOCA)
Component drawings (equipment, penetration, valve, etc)
Calculations

Pipe stress analysis (if applicable)

Pipe support analysis and stress report (if applicable)
¢c. Fluid transient analysis (i~ applicable)
Loads from non-ASME attachments on pipe Supports
Geotechnical data for buried pipe analysis
Flexible hose cesign criteria and vendor's design report
As-built information for tie-back support

As-built pipe weld shrinkage and locations




TABLE : -2

FLUID TRANSIENT LOADINCS

Containment Spray System
. Containment spray pump startup

Safety Injection System

. Check vaive closure following pump trip

Service Water System
. Pump trip and pump start
Residual Heat Removal Systenm
. Relief valve discharge
Chemical and Volume Control System
. Relief valve discharge
Main Steam System
Main steam turbine trip
Auxiliary feedpump turbine trip
Feedpump turbine trij
Safety and relief valve discharge
Feedwater System
. Check valve closure following puap trip
. Rapid closure of isolation or control valve
. Check valve closure analysis following pustulated pipe rupture
Auxiliary Feedwater Syster
. Check valve closure following trip of one auxiliary feedwater pump
Boron Recycle Systerm
. Relief valve discharge

Component Cooling Water System

* Relief valve discharge




Construction
Work Category

Small Bore
Piping Configur-
ation

-

Pipe Bend
Fabricstion

Pipe Welds
and Materials

TABLE 5-3

PCHVP REINSPECTION ATTRIBUTES AND RESOLUTIONS
IN RESPONSE TU CPRT QUALITY OF CONSTRUCTION

ISAP-VII.C RESULTS REPORT
SMALL BORE PIPING AND PIPE SUPPORTS

1SAP-VI]l.c Results
Report Recommendations

Reinspect flow elements to
verify that they are orien-
ted in the proper direction

Verify existing piping
clearance criteria and
walk down all insulated
small bore piping

Reinspect safety-related
piping expansion joints

Verify the accuracy and
consistency of linear and
locating dimensions in
piping isometrics

Verify by Ultrasonic Testing
(UT) that installed pipe
bends meet the minimum wall
thickness requirement

Revise QC Procedure
QI-QAP-11.1-26 to require
that wall thickness after
bending be verified by
Ultrasonic Testing (UT) and
recorded

Reinspect butt welds in
Schedule 80 or thinner
stainless steel piping made
prior to 1982 that are
replacement welds and/or
have received extensive
repairs

PCHVP Attributes
FVM/Procedures

CPE-SWEC-FVM-PS-081
(Reference 51)
CP-QAP-12.1

Figure F.23
(Reference 34)

CPL~SWEC-FVM-PS-080
(Reference 50)
CPPP-22, Clearance
Walkdown Procedure
(Reference 32)

CPE-SWEC-FVM-PS-081
CP-QAP-12.1
Figure F.23

CPE-SWEC~-FVM-PS-081
CPSP-12, As-Built
Verification
(Reference 37)

CPE-SWEC-FVM-P§-0R]
CP-QAP~12.1
Figures F.23 and F.26

Procedure AQP-11.2
(Reference 60) Super-
seded QI-QAP-11.1-26

CPE-SWEC-FVM-PS-081
Figure F.23



TABLE 5-3 (Cont)

Construction ISAP-VII.c Results PCHVP Attributes
Work Category Report Recommendations FVM/Procedures
Small Bore Inapect for proper gaps be- CPE-SWEC-FVM-PS-080
Pipe Supports tween pipe and pipe support  CPPP-22, Clearance

and verify adequate clearance Walkdown Procedure
betwveen pipe weld and pipe CP-QAP-12.1
support Figure F.9

Inspect and install suitable CPE-SWEC-FVM-P5-081
locking devices cn all Figures F.15, F.16,
vendor-supplied components F.13, and F.20

that do not have high-

strength bolting; install

locking devices on all high-

strength bolting that is not

torqued to an acceptable pre-

load

Ver.ify that the fasteners CPE-SWEC-FVM-PS-08]
have been secured for all CP-QAP-12.1
vendor-supplied ccmponents Figures F.13, F.15,
(sway struts, snubbers, &and F.16, and F.17
spring cans) during plant

startup and preoperation

using & complete and de-

tailed procedure and check-

list provided and verified

by QC



TABLE 5-4

UNIT 1 AND COMMON SMALL BORE PIPE SUPPORTS MODIFICATION SUMMARY

Category

Prudent

Recent Industry Practice
Adjustment

Cumulative Effects

TOTAL

Description

Richmond Insert Single Tubes

Allowable Stress Exceeded for Structural Member
Support Deleted

Support Added

Rigid Trapeze

Trapeze Snubber

Allowable Stress Exceeded for Welds
Allowable Load Exceeded for Standard Component

Allowable Load Exceeded for Concrete Anchor
Cinched U-Bolt Modification

Component Exceeds 5 Degree Offset

Revise Clearances

To be Modified Into a Clamp Anchor

Box Frame on Pin Connection

Modify to Increase Stiffness

Preliminary Study Revises this into a Clasg
Anchor

Change from Rigid to Anchor or from Anchor
to Rigid

Change from Snubber to Rigid

Change from Rigid to Snubber

Two Way Rigid Restraint Changed to a One Way
Restraint or One Way Changed to Two Way
Restraint

Three Way Changed to One or Two Way Restraint

U-Bolt on a Rigid Frame (One or Two Way
Restraint)

Change from Rigid Hanger to Sprinmg or Spring
to Rigid

Relocate Hanger

Pipe Bearing Stress Failure

Reset Spring or Soubber Settings

Exceeds Lateral Movesent for Spring

Number of Modifications

189
626

76
1005

1896

Modification

Category

Prudent

Cumulative Effects
Recent Industry Practice
Cumulative Effects
Prudent

Prudent

Cumulative Effects
Cumulative Effects
Cumulative Effects
Prudent

Adjustment
Adjvstment

Prudent

Prudent

Prudent

Prudent

Prudent
Recent Industry Practice
Cumulative Effects

Cumulative Effects
Cumulative Effects

Cusulative Effects

Cumulative Effects
Cumulative Effects
Cumulative Effects
Adjustment
Adjustment




TABLE 5-5

SEISMIC CATEGORY Il SMALL BORE PIPING OVER
SEISMIC CATEGORY 1 EQUIPMENT
PIPING CHECKLIST

The field verification of Seismic Category Il piping located over Seismic
Category 1 systems, structures, or components is documented using a checklist
addressing these attributes:

1.

Establish seismic to nonseismic boundaries in piping systems and de-
termine whether the bounda.y reguires further evaluation to ensure
the integrity of the seismic portion during & seismic event.

Determine if pipe supports restrain thermal expansion of a long
straight piping run.

Determine if supports have existing design loads that are less than
calculated threshold loads.

Determine if supports are next to a heavy concentrated weight (valves
or components).

Determine if long straight runs or risers are not adequately support-
ed for seismic in axial direction of pipe.

Determine if piping 2xtends to different buildings.
Determine if the system design temperature :xceeds 150°F.

Verify that hot piping configuration and component alignment are in
sccordance with the design drawvings.




TABLE 5-6

PCHVP SMALL BORE PIPING AND PIPE SUPPORTS
INSTALLATION/ INSPECTION PROCEDURES

SWEC-PSAS Field Verification Methods (FVMs) for large bore piping and pipe sup
ports Post Construction Hardware Validation Program (PCHVP) are ic compliance
with the following procedures:

1.

Comanche Peak Piping [Evection Specification No. 2323-M§-100
(Reference 38)

Comanche Peak ASME Section II1 Code Class 2 and 3 Piping Design Spec~
ification No. 2323-MS5-200 (Reference 41)

Comanche Peak Nuclear Safety Class Pipe Hangers and Supports Specifi~
cation No. 2323-MS-46A (Reference &4)

Comanche DPeak Structural Embedments Specification No. 2323-88-30
(Reference 39)

Comanche Peak Construction Procedure CP-CPM-9.10, Component Support
lnstallation (Reference 43)

Comanche Peak Construction Procedure CP-CPM-9.10A, Installation of
Vendor-Supplied Component Supports Catalog Items (Reference 40)

CPSES Quality Assurance Procedure CP-QAP-12.1, Mechaaical Component
Installation Verification {Fzference 34)

CPSES Quality Assurance Procedure QI-QAP-11.1-28, Fabrication and
Installation Inspection of Safety Cosmponent Supports (Reference 45)

CPSES Quality Assurance Procedure QI-QAP-11.1-26, Piping and Equip-
ment Installation Inspection (Reference 42)



TABLE 5-7

SEISMIC CATEGORY 11 SMALL BORE PIPING OVER
SEISMIC CATEGORY 1 EQUIPMENT
PIPE SUPFORT CHECKLIST

The field veri. ication of Seismic Category 11 piping located over Seismic
Category 1 systems, structures, Or components is documected using @ checklist
addressing these attributes:

1 General Support Requirements

Location

Function

Orientation

Dimensions/configuration/material per control drawing/
document

Physical damage/completeness

Hole edge distance in structural menbers

Gap clearances

Minimum 1 in. clearance

Voided supports removed

Welding

Weld type
Welds properly wrapped

Plates/Anchor Bolts

Bolt size

Edge distance of holes

Size and hole spacing

Attachment location

Nut tightoess/thread engagement
Locking devices

Washers

Clearance with adjacent Hilti bolt

90 O ON e

= 3

Bolted Connections (Including Clamps)

Bolt/pin size

Thread engagement

Nut tightness

Locking devices/cotter pins
Clamp size/proper spacer
Tightness of bolt and clamp




TABLE 5-7 (Cont)

. Snubber/Strut/Spring Components

Size/type/load pin size
Spherical bearing adequacy/free to swivel
Angularity with tolerance

noe

Setting adequate per draving

Eye rod thread engagement/nut tightness
Ends not binding

Locking devices

Extension weld adequacy

Lubrite plate

“oroe A O

6. Design Considerations

Support instability (e.g., uncinched U-bolts)
Threshold loads exceed previous design load
Nonseismic interface loads

Seismic loading inclusion in original support load
Adequacy of gang support

Integral attachment adequacy

- OoanoTe

7. Aircraft Cables

Cable diameter

Ceiling/wall connection

Clamp type/rod type

End loop configuration

Eye nut tightness/lock washers

Cable clamp tightness

Cable slack/configuration

Tie spacing/bundled cables tied together
Support location/span

Cable restraint modifications for 12 in. and 10 in.
diamecter pipe

End of cables wrapped to prevent fraying

- e s roe O ON T



10.

11.

12.

13.

14.

15.

16.

TABLE 5-8
TYPICAL SWEC-PSAS TECHNICAL AN" DESIGN CONTROL PRACTICES
Add terminal anchors in the pipe stress problem boundary to bound the
stress problem.

Establish a seismic-to-nonseismic piping interface anchor design
requirement.

Revise pipe stress analysis package boundary decoupling requirement.
Establish branch line mass effect on main piping requirement.
Establish functional capability evaluation requirement.

Document the validation of thermal stress cycles and stress range reduce
tion factor requirement.

Establish stiffness modeling of sleeve sealant.
Revise clearance requirement between pipe and structural frame.
Establish a clamp anchor design for 6 in. and smaller pominal size pipe.

Revise the seismic design loads for nonsafety-related piping attached to
safety-related ganged pipe supports.

Revise the tube steel wraparound welding length evaluation requirement.

Document the strut, soubber, and spring hanger swing angle evalustion re-
quirement, including thermal, seismic, and fluid transient movements.

Establish an integrated clearance validation program (engineering walkdown
to validate clearance).

Establish the requirement to validate the valve weight list and the valve
stem extension in the as-built drawing.

Establish the pipe stress and pipe support system reviev documentation
requirement.

Establishk the review and validation of CPSES plant design and operating
conditions.




Engineering

Assurance

Audit No.

Project
Project
SVWCL No.

Site No.
Project
Project

Site No.
SWCL No.
Project
Site No.
Project
SWCL No.
Project
Project
Project
Site No.

*Site:
HOC :
NY:

_E¥

Fr.

FEFLT. P

13
14
15

16
17

w

SWEC-PSAS at CPSES

at
at

SWEC-Houston
SWEC-New York

TABLE 5-9

SUMMARY OF SWEC ENGINEERING ASSURANCE AUDITS
SMALL BORE PIPINS AND PIPE SUPPORTS

Dates of Audits

1¢/06/85
10/28/85
12/17/85

12/16/85
02/10/86
03/24/86

05/19/86
06/02/86
12/01/86
01/19/87
02/23/87
03/09/87
03/16/87
046/13/87
06/08/87
05/22/87

Audit Report Tramsmittal

10/11/85 oM - 85/610/CPI-653
11/08/85 10M - EA-1735/CPI-1085
12/19/85 10M - 867015, 01/30/86
02/13/86 IOM - B6/088/CPI-1490
03/07/86 10M - B6/100/CPI-1768
03/28/86 1OH - B86/160/CPI-2192
05/23/86 IOM - B86/256/CP1-2827
06/06/86 IOM - B6/28B4/CPI-2819
12/05/86 10M - EA-1894/CP1-5420
01/23/87 10M - 87/044/CPI-6064
03/06/87 oM - 87/120, 04/09/87
03/13/87 10M - B7/108/CPI1-5690
03/27/87 2CPI-3336/CPI1-6703
04/24/87 oM - B7/175/CP1-7022
06/12/87 oM - B7/308/CPI-7447
06/26/87 10M - B7/256, 08/03/87
SWCL: SWEC-Toronto
BOS : SWEC-Boston
CH: SWEC-Cherry Hill

Audit Response
Transmittal

CPO-134, 11/15/85
2CP0-34, 12/20/85
CP1-1468, 02/21/85
CPI-2115, 04/11/86
CPO-863, 04/15/86
CPO-746, 04/03/86
CPO-1215, 05/14/86
CPO-1592, 06/19/86
CPO-1958, 07/25/86
CPI-3557, 08/i2/86
No Response Requirced
10M-237, 03/24/87
EMD File 16.1.2 (016)
CPO-6496, 05/14/87
CPO-6432, 05/11/87
2CP0-2543, 06/26/87
2CP0-2636, 08/14/87
2CP0O-2664, 08/20/87



TABLE 5-10

SUMMARY OF TU ELECTRIC AUDITS
SMALL BORE PIPING AND PIPE SUPPORTS

Audit Response
Audit No Location* Dates of Aundits Audit Report Transmittal Transmittal

TSWEC-3 at BOS 12/03/85 12/05/85 CPI-1266/QXX-2861 CPO-501, 02/21/86
TSWEC-5 at 04/14/86 04L/1B/86 CPI1-2401/QVC-168 CPO-1388, 06/13/86
TC: -86-41 at 11/10/86 11/14/86 CPI-5077/Q1A-331 CPO-4611, 01/15/87
TSWEC-11 at © 03/31/87 04/03/87 CP1-6901/QVC-821 No Response Required
ATP-R7-18 at 06/01/87 06/05/87 CPI-7320/ATP-7107 CPO-7315, N7/24/87

SVEC-PSAS at CPSES
SWEC-Houston
SWEC-New York
SWE(-Toronto
SWEC-Boston
SWEC-Cherry Hill
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APPENDIX A
COMANCHE PEAX RESPONSE TEAM (CPRT) AND EXTERNAL ISSUES

INTRODUCTON

This appendix describes the details of the resolutions of issues resulting from
the Comanche Peak Response Team (CPRT) and from external issues. Each of thir-
ty-nine issues listed below 1is described in an individual subappendix which
includes discussions of resolution methodology and corrective and preventive
actions.

SWEC-PSAS has reviewed the CPSES Supplemental Safety Evaluation Reports (SSERs)
(NUREG-0797), and determined that the procedures rnd desipn criteria for the
piping and pipe support Corrective Action Program (CAP) are consistent with the
actions required of TU Electric by the NRC staff as stated in the SSERs.

Issue No. Issue Title

Al Richmond Inserts

A2 Local Stress - Piping

A3 Wall-to-Wall and Floor-to-Ceiling Supports

A Pipe Support/System Stability

AS Pipe Support Generic Stiffuess

Ab Uncinched U-Bolt Acting s a Two-Way Restraint

A7 Friction Forces

A8 AWS Versus ASME Code Provisions

AS A500, Grade B Tube Steel

Al0 Tube Steel Section Properties

Al U-Bolt Cinching

Al12 Axial/Rotational Restraints

Al3 Bolt Hole Gap

Ald OBE/SSE Damping

AlS Support Mass in Piping Analysis

Al6 Programmatic Aspects and QA Including Iterative
Design

Al Mass Point Spacing

AlB High-Frequency Mass Participation

AlS Fluid Transients

A20 Seismic Excitation of Pipe Support Mass

A2] Local Stress in Pipe Support Members

A22 Safety Factors

A23 SA-36 and A307 Steel

A24 U-Bolt Twisting

A25 Fischer/Crosby Valve Modeling/Qualification

A26 Piping Modeling

A27 Welding

A28 Anchor Bolts/Embedment Plates

A29 Strut/Soubber Angularity



Issue No. Issue Title

A30 Component Qualification

A3l Structural Modeling for Frame Analysis

A32 Computer Program Verification and Use

A33 Hydrotest

A4 Seismic/Nonseismic Interface

A3S Other lssues

A36 SSER-8 Review

A37 SSER-10 Review

A38 SSER-11 Review

A3S CPRT Quality of Construction Review on Piping and

Pipe Supports

A-2



1.0

1.1

1.2

1.3

1.4

1.5

SUBAPPENDIX A)

RICHMOND INSER1S

Definition of the Issue

There were several interrelated issues regarding the use of Richmond in-
serts (see Figure Al=1). The issues were related to design allowables,
methods for calculating bolt loads in tube steel connections, and wodeling
of insert/tube steel connections. The specific issues are as follows (see
References &.1 through 4.9):

Safety Factors/Testing

The issue was that a safety factor of two was used for Richmond insert
designs instead of the manufacturer's recommended safety factor of three

Related questions were raised regarding the tests performed by TU Electric
on Richmond inserts to determine the load-carrying capacity of the insert
and to examine the behavior of the connection for combined loading. In
specific, the representativeness of the tests to actual plant conditicns
and the interpretation of the test results was questioned.

Concrete Strength

The issue was that Richmond inserts may have been installed in concrete
weaker than the 4000 psi design strength used in the analyses.

Fatigue Life

The issue was that the reduction in fatigue life of the threaded rod in
Richmond insert tube steel comnections caused by cyclic loading was not
considered.

Simplified Evaluation Method

The issue was ihat justification of the simplified method of Richmond in-
sert design was based on improperly interpreted finite element analysis
results.

Richmond Insert/Tube Steel Finite Element Modeling

The issue was that a simplified method was used in evaluating connections
made with tube steel without considering bolt angularity or bending in ihe
bolt due to the torsion in the tube iteel member.

Tube steel/insert comnections were inconsistently modeled as pin or fixed

connections. This affects the support stiffness, support frame stresses,
and the evaluations of the loads on bolts/rods and inserts.

Al-]
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Allowable Spacing

The issue was that the lack of a structural attachment interface program
may have resulted in a failure to consider spacing effects of nearby
anchors/sleeves in the structural evaluation of insests.

Allowahle Shear Loads

The issue was that allowable shear loads for 1 1/2 in. Richmond inserts,
which were extrapolated from test data for ) in. and 1 1/4& in. size in-
serts, may not be conservative.

Therwal Expansion of Long Tube Steel Members

The issue was that thermal expansion of long tube steel members, under
LOCA conditions, anchored by two or more inserts was not considered.

Tube Steel Local Stress

The issue was that the local stress in tube steel walls, which may cause
punching=type failure, was not evaluated.

M:ersizeu Holes

The issue was that the holes made in the connections are oversized, and
therefore the sharing of shear loads cannot be assumed to be equal for all
of the bolts.

Misuse of Allowable Loads

Th} issue was that tension and shear allowables for inserts were occasion-
ally used to evaluate threaded rods/bolts in the analyses.

Issue Resolution

Safety Factors/Testing

SWEC-PSAS has specified a safety factor of 2 for Richmoud inserts under
normal, upset, and emergency loading conditions, as recommended by the
Richmond Screw Company. For faulted conditions, a safety factor of 2 has
been specified based on ACI 318-71 (Reference 4.10). The allowables are
based on averaging TU Electric insert capacity failure loads based on test
results as described in References &.11 and &.12. SWEC-Civil/Structural
Group has verified (Reference &4.13) that the tests were representative of
CPSES Richmond insert installation and that the tests were performed in
accordance with the industry-wide accepted ASTM Standard [E&8E-76

(Reference &.14).

The allowable loads for Richmond inserts and threaded rods, based oo the
appropriate safety factors, are provided in Attachment &4+ of CPPP-7.




2.2

2.3

2.4

2.5

2.¢

Concrete Strength
This issue is addressed in Subappendix A36.
Fatigue Life

CPPP-7, Section 4.3.)1, specifies that threaded rods used in Richmond
inserts/tube steel connections are designed in accordacce with AISC re-
quirements. SWEC-PSAS has demonstrated by snalysis that the pusber of
equivalent stress cycles on pipe supports at CPSES is less thao 7,000, and
therefore in accordance with AISC 7th Edition (Referemce 4.15), Sec-
tions 1.7.1 and 1.7.2 und Appendix B, fatigue is not ¢ concern for thread-
ed rodr used in these connections.

Simp)ified Evaluation lMethod

The procedure develope) and implemented by SWEC-PSAS for the qualification
of Richmond inserts ani bolts (Attachment &-5 of CPPF-7) is independent of
previcusly completed finite element analyses.

Richmond Insert/Tube Steel Finite Element Modeling

SWEC-PSAS established the tudbe ateel to bolt losd transfer mechanism for
shear and torsion luads (with respect to the tube steel) and developed a
conservative design methodology for evsluating these conunections.
R. L. Cloud snd Associntes (RLCA) performed an independent analysis of the
tube steel to bolt losd transfer mechanism and cenfirwed that the SWEC-
PSAS methodology is apjropriate (Reference 4.16).

The SWEC-PSAS model simulated a member with bolt properties (in the STRUDL
computer program) to rounect the center of tube steel to the face of con-
crete. Support joints were modeled ar fixed except for the bolt's tor-
sional moment. The force and moment reactions were first used directly in
the interaction equation for qualifying the bolts and were later converted
to tension for evaluating the inserts. This interaction equation was doc~
umented by both RLCA (Reference 4.17) and SWEC-PSAS (Reference &.18).
This method of anslysis represents a conservative means of transferring
shear and torsion loads from the tube steel to the bolts. Single tube
steel members, subject to torsion, were modified by outriggers installed
at the connections to eliminate the moment on the bolt.

Attachment 4-5 of CPPP-? provides the modeling procedure for qualifying
the Richmond imsert when used ip conjunction with tube steel for all sup-
port configuration types, including the pruper interaction equation for
qualifying the bolts/rods.

Allowable Spacing

Attachment &-5 of CPPP-7 specified spacing requirements and the effects of
reduced spacing on Richmond inmsert sllowables. A project-wide program on
Richmond insert spacing, conducted by the SWEC Civil/Structural Group as
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2.7

2.8

2.9

2.10

2.11

3.0

discussed in the Civil/Structural PSR (Reference 4.13), is being imple~
mented (also see Subappendix A28, Sections 1.1 and 2.1).

Allowable Shear Loads

TU Electric performed additional tests (see Section 2.1 above and Refer-
eoces &.11 and 4.12) to establish shear allowables for all discrete sizes
of Richmond iuserts used at CPSES including the 1 1/2 in. Richmond insert.
Design allowable vaiues were based on these tests.

Thermal Expansion of Long Tube Steel Members

The effects of thermal expaosion on long tube steel members anchored by
two or more inserts was evaluated by RLCA in Reference 4.19, and limits on
tube steel length were established.

Attachment &-5 of CPPP-) provides limits on tube steel length of long tube
steel members anchored by two or more inserts due to the effects of
LOCA-induced thermal expansion.

Tube Steel Local Stress

SWEC-PSAS developed and implemented a procedure for the evaluation of lo-
cal stresses dus to nuts bearing on tube steel walls. This was incorpoe-
rated inte Attachment 4-13 of CPPP-7. For additional discussion of this
issue, refer to Subappendix A21, Section 2.0.

Oversized Holes

SWEC-PSAS procedures assume equal distribution of shear loads resulting
from rod and hole fit-up tolerances, where tubing is snchored by twe or
pore Richmond inserts. However, for Richmond imserts and threaded rods
with high shear interaction ratios (greater than 0.25), potential unequal
shear loading is addressed by checking that these Richmond inserts and
rods are capable of resistiog twice the calculated shear (Reference 4.20).

Misuse of Allowable Loads

The SWEC-PSAS procedure for the validation of Richmond inserts and bolts
(Attachment &-5 of CPPP-7) requires separate evaluations for the iuserts
and for the threaded rods/bolts using specified allowables and interaction

equatioas.

Corrective and Preventive Action

. No additional issues were discovered during the review and resolution
of the issue,.

. Pipe support modifications resuiting i1rom resolution of issues in

Subappendixes Al through A3S were determined to be reportable under
provisions of 10CFRS0.55(e) (see Subappendix B2, SDAR-CP-86-72).

Al=&
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12

13

14

15

. The corrective action to resolve the issues regarding the analysis
and design of Richmond inserts used in conjunction with tube steel
was accomplished through the implementation of the criteria provided
in CPPP-7, Attachment 4-5 during the design validation.

. The preventive action for this issue is identified in Appendi: C.
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CASE's Proposed Findings of Fact and Conclusions of Law (Walsh/Do, :
Allegations), Sections VII and VIII, August 22, 1983
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Reply to NRC Staff questions, September 1984
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Structural Embedments Specification No. 2323-85-30, Revision 1, Gibbs &
Hill, Inc., February 10, 1984

Richmond Inserts/Anchorages for Concrete Constructions, Bulletin No. 6,
Richmond Screw Anchor Co., 1971
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ary 22, 1984, to CYGNA Energy Services, April 12, 1984

June 20, 1984, and August 9, 1984, meeting with NRC Staff discussing Rich-
mond Inserts' affidavit
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SUBAPPENDIX A2

LOCAL STRESS - PIPING

1.0 Definition of the Issue

The issue was (References 4.1 through &4.4) that local stresses in piping,
due to the relative displacements between the pipe and supports, were not
properly addressed at CPSES in the items listed below:

1.

1'2

1

Zero Gap Restraints

Zero gap restraints are box frame pine supports with the specified
gap on the pipe support drawing less the: the predicted radial ther-
mal expansion of the pipe. Therefore, these support types restrain
the radial thermal expansion of the pipe. The loads due to the re-
strained pipe expansion, combined with the mechanical loads, have the
potential to overstress the frame, welds, and pipe. In addition,
zero gap restraints used in conjunction with struts or snubbers are
potentially unstable.

Integral Welded Attachments (IWAs)

Integral welded pipe support attachments (IWAs), such as trunnions
and lugs, induce local stresses in the pipe wall. Anchor supports
with opposing trunnions attached to different support structures may
restrain the radial thermal pipe expansion and induce additional load
in the pipe, trunnions, and support structures.

The load from restrained radial thermal pipe expansion, when combined
with the mechanical loads, has the potential to cverstress the pipe,
trunnion, welds, support structure, and support riructure anchorage.

2.0 Issue Resolution

The issue of local stress on piping was resolved as follows:

2,

1

Zero Gap Restraiuts

Frame-type pipe supports, designed to restrain the lsteral movement
of the pipe through point, line, or surface contact, induce local
stresses in the pipe wall due to the bearing contact force. The is-
sue of local pipe stress due to bearing contact was resolved °s
follows:

2. 1.1 Zero clearance box frames are - liminated or modified to
provide sufficient gaps to allow for the thermal expansion
of the pipe in accordance with CPPP-7, Attschment &4-)1.
The modification of zero gap restraints on struts or snub-
bers, to provide stability, is discussed in Subappendix A&4.
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3.0

2.2

2.1.2 Guidelines were provided in CPPP-7, Attachments 4-6B und
4-6C, to assess the local longitudinal line/point contact
and circumferential bearing stresses in piping restrained
by pipe support frames.

Integral Welded Attachments

CPPP-7, Attachment 4-6A provided simplified analysis methods for the
evaluation of pipe local stress at trunnions and lugs, with and with-
out pipe reinforcing pads. The local pipe stress for trunnions on
elbows is evaluated in accordance with PM-162. Local pipe stresses
at IWAs that did not meet the geometric limitations of the simplified
methods (such as multiple trunnions attached at the same iocatiom, or
pipe-through trunnions) were qualified based on finite element analy-
sis techniques.

In accordance with CPPP-7, Section 4.6.4.1, supports with opposing
trunnions attached to different support structures were specially
analyzed to predict the additional load induced on the pipe, trun-
nion, support structure, welds, and support structure anchorage due
to the restrained thermal expansion of the pipe. This load was added
to the thermal load due to the longitudinal thermal expansion nf the
pipe to determine the thermal design load for the pipe local stress
evaluation and the design of the trunnion, support structure, welds,
and support structure anchorage. The trunnion war then analyzed in
accordance with CPPP-7, Attachment 4-6A ar discussed above.

Corrective and Preventive Action

No additional issues were discovered during the review and resolution
of the issue.

Pipe support modifications resulting from resolution of issues in
Subappendixes Al through A35 were determined to be reportable under
provisions of 10CFR50.55(e) (see Sul  oendix B2, SDAR-CP-86-72).

The corrective action to resolve the local pipe stress issues with
zero clearsnce box frames was to eliminate the support or modify the
support to provide proper gaps between the pipe and support during
the design validation. The corrective action to resolve the stabili-
ty issue for zero gap restraints is discussed in Subaprendix A4. The
corrective action to resoive the local pipe stress issue with frames
and IWAs was to provide analysis methodologies tnd acceptance crite-
ria consistent with licensing commitments in CPPP-7, Attach-
wents 4-6A, B, and C during the design validation. All local pipe
stress design validation analyses were performed in accordance with
tuese attachments.

The preventive action for this issue is identified in Appendix C.
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SUBAPPENDIX A3

WALL-TO-WALL AND FLOOR-TO-CEILING SUPPORTS

Definition of the Issue

The issue (References 4.1 and 4.2) was that when a pipe support is at-
tached from floor-to-ceiling or wall-to-wall, the support members effec-
tively act as building structural members. Loadings due to the thermal
expansion of the frame, relative displacements between building attachment
points from seismic building movements, time-dependent displacements such
as concrete crecp, and the cumulative effects of these could be signifi-
cant. Siace these loads and displacements were pot considered in the de-
sign, the potential existed for support members to become overstressed.

Issue Resolution

2.1 Floor-to-Ceiling and Wall-to-Wall (F-C/W=-W) Supports

The lerge F-C/W-W frames were qualified for loading combinations that
include frame thermal expansion, differential building displacements
due to seiemic movements, long-term concrete creep, and live loads.
Relative building displacements, long-term creep, and live load ef-
fects were demonstrated to be inmsigniticant for corner supports. The
loading combinations and the allowable stresses are delineated in
Attachment 4-19 of CPPP-7.

2:1:1 Large Frames Outside the Service Water Tunnel

All large F-C/W-W frames, except those in the service water
tunnel, are being modified by adding slip joinls.

Large Frames in the Service Water Tunnel

The large F-C/W-W frames in the sarvice water tunnel were
assessed for stresses caused by floor live load, differen-
tial floor/wall displacements due to long-term concrete
creep, thermal expansicn, and seismic excitation as speci-
fied in Section 2.1. Supports assessed as being inadequate
are being modified (Reference 4.3).

Corner Supports
A generic study of these supports was performed utilizing the assess®
sent methods in S<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>