
Westinghouse Westinghouse Electric Company
Nuclear Power Plants
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission
ATTENTION: Document Control Desk
Washington, D.C. 20555

Direct tel:
Direct fax:

e-mail:

412-374-6306
412-374-5005
sterdia@westinghouse.com

Your ref: Project Number 740
Ourref: DCP/NRC1893

May 18, 2007

Subject: AP 1000 COL Standard Technical Report Submittal of APP-GW-GLR-013, Revision I

In support of Combined License application pre-application activities, Westinghouse is submitting
Revision 1 of AP 1000 Standard Combined License Technical Report Number 13. This report completes
and documents, on a generic basis, activities required for partial closure of COL Information Item 3.9-2 in
the AP1000 Design Control Document. Changes to the Design Control Document identified in Technical
Report Number 13 are intended to be incorporated into FSARs referencing the AP 1000 design
certification or incorporated into the design certification using supplemental rulemaking if Part 52 is
revised to permit revision of the design certification. This report is submitted as part of the NuStart
Bellefonte COL Project (NRC Project Number 740). The information included in this report is generic
and is expected to apply to all COL applications referencing the AP1000 Design Certification.

The purpose for submittal of this report was explained in a March 8, 2006 letter from NuStart to the
U.S. Nuclear Regulatory Commission. This revision includes markups to DCD Appendix 3C.

Pursuant to 10 CFR 50.30(b), APP-GW-GLR-0 13, Revision 1, "Safety Class Piping Design
Specifications and Design Reports Summary," Technical Report Number 13, is submitted as Enclosure 1
under the attached Oath of Affirmation.

It is expected that when the NRC review of Technical Report Number 13 and audit of the design
specifications and design reports are complete, COL Information Item 3.9-2 will be considered partially
complete for COL applicants referencing the AP 1000 Design Certification.

This report also documents the completion of activities that support completion of the Piping Design
Acceptance Criteria (DAC). The report includes the removal of the Piping DAC from the Introduction of
the Design Control Document.
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Questions or requests for additional information related to the content and preparation of this report
should be directed to Westinghouse. Please send copies of such questions or requests to the prospective
applicants for combined licenses referencing the AP1000 Design Certification. A representative for each
applicant is included on the cc: list of this letter.

Westinghouse requests the NRC to provide a schedule for review of this Technical Report within two
weeks of its submittal.

Very truly yours,

A. Sterdis, Manager
Licensing and Customer Interface
Regulatory Affairs and Standardization

/Attachment

1. "Oath of Affirmation," dated May 18, 2007

/Enclosure

1. APP-GW-GLR-013, Revision 1, "Safety Class Piping Design Specifications and Design Reports
Summary," Technical Report Number 13, dated May 2007.
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ATTACHMENT I

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

In the Matter of: )

NuStart Bellefonte COL Project )

NRC Project Number 740 )

APPLICATION FOR REVIEW OF
"AP 1000 GENERAL COMBINED LICENSE INFORMATION"

FOR COL APPLICATION PRE-APPLICATION REVIEW

W. E. Cummins, being duly sworn, states that he is Vice President, Regulatory Affairs & Standardization,
for Westinghouse Electric Company; that he is authorized on the part of said company to sign and file
with the Nuclear Regulatory Commission this document; that all statements made and matters set forth
therein are true and correct to the best of his knowledge, information and belief.

W. E. Cummins
Vice President
Regulatory Affairs & Standardization

Subscribed and sw m to
before me this /O"1day
of May 2007.

COMMONWEALTH OF PENNSYLVANIA
Notarial Seal I

Debra McCarthy, Notary Public
Monroeville Boro, Allegheny CountyMyCommission Expires Aug. 31,2009

Member, Pennrylvanla Association of Notaries
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ENCLOSURE I

APP-GW-GLR-013, Revision 1

Safety Class Piping Design Specifications and Design Reports Summary

Technical Report Number 13
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INTRODUCTION

The purpose of this report is to provide information to facilitate partial closure of Combined Operating
License (COL) Information Item 3.9-2. A representative and significant subset of the safety class piping
design reports and associated design specifications, sufficient to establish the AP 1000 licensing basis, are
available for NRC audit.

The completion of the safety class piping design specifications and design reports for audit is identified as
COL Information Item 3.9-2 in the AP1000 Design Control Document (DCD, Reference 1) Subsection
3.9.8.2 as endorsed by NUREG-1793, the AP 1000 Final Safety Evaluation Report (FSER, Reference 2)
and is to be completed by the Combined License applicant.

The COL item from the DCD pertinent to the safety class piping reads as follows:

Combined License applicants referencing the AP1000 design will have available for NRC audit the
design specifications and design reports prepared for ASME Section III components. [The design
report for the ASME Class 1, 2, and 3 piping will include the reconciliation of the as-built piping as
outlined in subsection 3.9.3. This reconciliation includes verification of the thermal cycling and
stratification loadings considered in the stress analysis discussed in subsection 3.9.3.1.2.]

Reference 3 included a statement to address the COL information item above that reads:

"The final design reports including the reconciliation of the as-built piping are completed by the COL
holder after the construction of the piping systems and prior to fuel load."

There are several ASME Section III safety class piping systems. The design reports and design
specification for several analysis packages are being made available for audit. These safety class
packages are a sufficient subset to establish the licensing basis. The final as-built design reports will be
completed by the COL holder prior to fuel load and will represent the as-built configuration. Because
final design reports, including reconciliation of the as-built piping will be completed and available for
NRC inspection (ITAAC) prior to fuel load, the completion of the safety class piping analysis identified
in Table 2 provides the basis for NRC closure of the audit portion of this COL Information Item. The
review of these packages also provides the basis for the removal of the piping design acceptance criteria
(DAC) from the Design Control Document.

With the completion of the audit of the design specifications and design reports that are outlined in this
report, the NRC should consider the piping design portion of COL Information Item 3.9-2 to be closed
relative to the safety class piping systems, and the design applicable to all COL applications referencing
the AP1000 design certification. Of course, the requirement for the COL holder to provide the
reconciliation of as-built ASME Class 1, 2 and 3 piping remains.

In addition to the discussion on safety class piping design reports and design specifications, this technical
report will revise the description in Appendix 3C of the DCD that describes reactor coolant loop analysis
methods. This appendix was in need of an update to more accurately describe the reactor coolant loop
model used in the loop analysis. The revised Appendix 3C is provided at the end of the "DCD MARK-
UP" section of this technical report.

TECHNICAL BACKGROUND

The ASME Section III Class 1 piping in the AP1000 design includes portions of the reactor coolant
system (RCS), chemical and volume control system (CVS), normal residual heat removal system (RNS)
and passive core cooling system (PXS), as shown in Table 1. The ASME Section III Classes 2 and 3
piping in the AP 1000 design includes the additional systems shown in Table 1.

APP-GW-GLR-013 RI.doc-05/03/07 Page I of 13
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The safety class piping is considered to be AP1000 Equipment Class A, B and C, which is designed to
meet seismic Category I requirements and is analyzed to meet the applicable criteria of the ASME Boiler
and Pressure Vessel Code, Section III, 1989 Edition through the 1989 Addenda. The criteria of
Subsections NB, NC and ND of the Code are used for the piping verification.

Detailed stress analyses are performed for the safety class piping. The results of the analyses show
compliance with the structural requirements of the design specifications and the allowable stresses as
given in the appropriate ASME Code subsections. The analytical work documented in the design reports
is sufficient to conclude that the final margins of safety will comply with the applicable requirements of
the ASME Code, as well as the additional structural requirements of the design specifications. A
compilation of safety class analyses that have been issued to date is provided in Table 2, and the current
analysis status is provided in Table 3. The results of the analyses showing compliance with the structural
requirements of the design specifications demonstrates that the commitments in the piping design
acceptance criteria are satisfied. Removal of the piping DAC from the DCD will not alter the
requirements in the design specifications and will not alter the Tier 2* information on piping design
requirements and criteria in the DCD.

The final, complete ASME Code stress reports will be provided to the NRC for audit as required by
Tier I Inspections, Tests, Analyses, and Acceptance Criteria (ITAAC) item 2b in Table 2.1.2-4, after the
fabrication and installation of the piping is completed. ITAAC Design Commitment 2b states "The
piping identified in Table 2.1.2-2 as ASME Code Section III is designed and constructed in accordance
with ASME Code Section III requirements. Inspection will be conducted of the as-built components as
documented in the ASME design reports." The acceptance criteria states "The ASME Code Section III
design reports exist for the as-built piping identified in Table 2.1.2-2 as ASME Code Section III."

Table 1: AP1000 Safety Class Systems and ASME Code Classification

DeSystem Class 1 Class 2 Class 3Systm DecripionDesignator

Compressed and Instrument Air System CAS X X
Component Cooling Water System CCS X

Chemical and Volume Control System CVS X X X
Demineralized Water Transfer and Storage System DWS X

Fire Protection System FPS X
Passive Containment Cooling System PCS X

Primary Sampling System PSS X X
Potable Water System PWS X
Passive Core Cooling System PXS X X X
Reactor Coolant System RCS X X X

Normal Residual Heat Removal System RNS X X X
Spent Fuel Pool Cooling System SFS X X

Steam Generator System SGS X X
Main Control Room Emergency Habitability System VES X

Containment Air Filtration System VFS X X
Central Chilled Water System VWS X
Liquid Radwaste System WLS X X

APP-GW-GLR-013 RI.doc-05/03/07 Page 2 of 13
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Table 2: AP1000 Analyses Issued (as of February 2007)

Analysis Package Description System Designator Analysis Report Class

Direct Vessel Injection Line A PXS APP-PXS-PLR-010 I

Direct Vessel Injection Line B PXS APP-PXS-PLR-020 1

ADS 4th Stage West and PRHR Supply PXS APP-PXS-PLR-030 I
Passive RHR Return Line PXS APP-PXS-PLR-040 1

CMT 2A Supply Line PXS APP-PXS-PLR-050 1
CMT 2B Supply Line PXS APP-PXS-PLR-060 1

PSADS System (Lower Tier/Upper Tier) RCS APP-RCS-PLR-010 1
ADS 4th Stage East RCS APP-RCS-PLR-030 I

Pressurizer Surge Line RCS APP-RCS-PLR-040 I

Reactor Coolant Loop Piping RCS APP-RCS-PLR-050 1

Normal RHR Suction Line RNS APP-RNS-PLR-010 1

Spent Resin from Cont. Pen. CVS APP-CVS-PLR-520 2

From SCV Pen. to CVS-12A0007 CVS APP-CVS-PLR-530 2

Hydrogen Supply from CVS-12A0022 CVS APP-CVS-PLR-700 2

HX Inlet and Outlet between P19 & P20 RNS APP-RNS-PLR-170 2

Main Steam Line A SGS APP-SGS-PLR-030 2

Main Steam Line B SGS APP-SGS-PLR-040 2

Blowdown Line B from Cont. Pen. to TB SGS APP-SGS-PLR-090 2

13lowdown Line A from Cont. Pen. to TB SGS APP-SGS-PLR-100 2

From SCV Pen. to VFS-12A2004 VFS APP-VFS-PLR-010 2

From Cont. Pen. to past Valve V010 VFS APP-VFS-PLR-030 2

From Cont. Pen. to past Valve V024 WLS APP-WLS-PLR-520 2

Supply to Distribution Bucket (Embed) PCS APP-PCS-PLR-050 3

Recirculation Line inside PCS Tank PCS APP-PCS-PLR-060 3

Recirculation Line inside PCS Tank PCS APP-PCS-PLR-070 3

PCS Room 12306 (Auxiliary Building) PCS APP-PCS-PLR-100 3

Overflow inside PCS Tank PCS APP-PCS-PLR-200 3

Vent Line inside PCS Tank PCS APP-PCS-PLR-210 3

Room 12701 PCS Tank Vent PCS APP-PCS-PLR-220 3

Vent Line inside PCS Tank PCS APP-PCS-PLR-230 3

Room 12701 PCS Tank Vent PCS APP-PCS-PLR-240 3

Discharge Line inside PCS Tank PCS APP-PCS-PLR-250 3

Discharge Line inside PCS Tank PCS APP-PCS-PLR-270 3

Discharge Line inside PCS Tank PCS APP-PCS-PLR-290 3

Instrumentation Line PCS APP-PCS-PLR-300 3

Instrumentation Line PCS APP-PCS-PLR-310 3

Overflow Line from PCS Tank PCS APP-PCS-PLR-410 3

Supply to Distribution Bucket PCS APP-PCS-PLR-420 3

Auxiliary Supply to Distribution Bucket PCS APP-PCS-PLR-430 3

From RNS-12A2037 to Spent Fuel Pool RNS APP-RNS-PLR-100 3

APP-GW-GLR-013 RI.doc-05/03/07 Page 3 of 13
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Table 3: AP1000 Safety Class Systems Piping Analysis Status (as of February 2007)

Analysis Safety Class Analyses Issued Analyses Not Issued % Analyses Issued
Class 1 11 11* 50%
Class 2 12 89 12%
Class 3 17 28 38%
Totals 40 128 24%

* Note: There are eight 1" RCP flush lines, one 1" pressurizer vent line, one I" reactor vessel vent line,
and one pressurizer spray/CVS purification returnlCVS purification supply line (4",3", and 2" line sizes)

REGULATORY IMPACT

The completion of ASME Section III safety class piping design specifications and design reports for audit
is discussed in Subsections 3.9 and 3.12 of NUREG-1793 (Reference 2). COL Action Item 3.9.2.4-1
notes that the COL applicant will complete the final stress analysis of the ASME components and piping
systems as part of the COL application, including the evaluation of thermal stratification, cycling and
striping (TASCS) loadings, and additional calculations, if necessary, will be performed as part of the COL
application. The piping DAC is also discussed in FSER Section 3.12. The completion of the safety class
piping design specification and design reports for audit and removal of the piping DAC does not alter the
conclusions in the Reference 2 FSER.

Completing the safety class piping design specifications and design reports has no effect on design
function. Completing the safety class piping design specifications and design reports has no effect on
analysis or analysis method. Completing the safety class piping design specifications and design reports
has no effect.on procedures that control how DCD-described SSC design functions are performed or
controlled. Completing the safety class piping design specifications and design reports has no effect on
Tier I information.

Completing the safety class piping design specifications and design reports does not require changes to
the evaluation of the response to postulated accident conditions. Completing the safety class piping
design specifications and design reports does not require changes to the analysis of safety related
components. Completing the safety class piping design specifications and design reports does not require
an additional test or experiment or changes to testing. Completing the safety class piping design
specifications and design reports does not affect resolution of a severe accident issue and does not require
a license amendment based on the criteria of VIII.B.5.c of Appendix D to 10 CFR Part 52.

Completing the safety class piping design specifications and design reports will not alter barriers or
alarms that control access to protected areas of the plant. Completing the safety class piping design
specifications and design reports will not alter requirements for security personnel. Therefore, the
proposed change does not have an adverse impact on the security assessment of the AP1000.

APP-GW-GLR-013 RI .doc-05103107 
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DCD MARK-UP

Reference 3, which amplifies the COL information item to indicate that the final design reports including
the reconciliation of the as-built piping are completed by the COL holder after the construction of the
piping systems and prior to fuel load. No DCD Tier 2 changes result from the completion of the safety
class piping design specifications and design report. Changes to the DCD to address completion of the
COL information item will be presented in a separate technical report, which will document completion
of the design specifications and design reports for additional components.

The piping DAC is itemized in the introduction of the DCD. The changes to the last Page of Table 1-1 in
the DCD Introduction to support removal of the DAC are as follows:

Expiration at

Item First Full Power Tier 2 Reference

WCAP- 14651, "Integration of Human Reliability Analysis with No 18.8.6
Human Factors Engineering Design Implementation Plan," Rev 2

WCAP-15860, "Programmatic Level Description of the AP 1000
Human Factors Verification and Validation Plan," Rev 2

WCAP-14695, "Description of the Westinghouse Operator Decision
Making Model and Function Based Task Analysis Methodology,"
Rev 0

10 CFR 50.34(f)(2)(iv)

NUREG-0737, Supplement 1, "Requirements for Emergency
Response Capability"

NUREG-0711, "Human Factors Engineering Program Review
Model," July 1994

NUREG-1342, "A Status Report Regarding Industry
Implementation of Safety Parameter Display Systems"

WCAP-14396, "Man-in-the-Loop Test Plan Description," Rev 3

Human Performance Issues to be Addressed by HSI Design No Table 18.8-1

Human Factors Engineering Verification and Validation No 18.11.2

WCAP-15860, "Programmatic Level Description of the AP1000
Human Factors Verification and Validation Plan," Rev 2

Inventory of Displays, Alarms, and Controls No 18.12.1

Implementation Process for Identification of Critical PRA Operator No 18.12.2
Actions

WCAP-14651, "Integration of Human Reliability Analysis with
Human Factors Engineering Design Implementation Plan," Rev 2

Remote Shutdown Workstation Displays, Alarms, and Controls No 18.12.3

WCAP- 14651, "Integration of Human Reliability Analysis with No 18.12.5
Human Factors Engineering Design Implementation Plan," Rev 2

Piping Design Analysis Criteria (DAC) Yes see IDC Intro,
Completed TabeA-2

APP-GW-GLR-013 RI.doc-05/03/07 Page 5 of 13
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Delete Table 1-2 of the DCD Introduction as follows:

Table 1-2
Piping Design Acceptance Criteria

Completed

Commitment ] ir2Refer-ene

ASM.E Code and Code Cases fOr AP 1000 piping and pipe support design Table 3.9 9, Table 3.9-10-,
5.2.1.1, 5.2.12, Table 5.2 3

Analysis Methods; experimental stress analysis, independent supp.or motion, 3.7.3.9, 3.7.3.12, 3.7.3.13,
inelastic analysis, non seismic/seismic interaction, buried piping 3.9.1.3, 3.9.3.1.5

Piping Modeling; piping benchmark program, decoupling criteria3621., 3.6.2.1.1.2,
3.6.2.1.1.3, 3.7.3.8.2.1, 3.9.1.2

Pipe stress analysis criteria; loading and load combinations, damping values, 3.6.2.2, 3.6.3.3, 3.7.2.14,
combination of modal rcsponses, high frequency modes, theual oscillations 3.7.3.2, 3.7.3.7, 3.7.3.8.2. 1,

inpi cnnected to the reactor clant system, theial stratification, 3.7.3.9, Table 3.7.1 1, 3.9.3.1.2
safety related valve design, installation and testing, fun•ci•nal capability., 3.9.3.1.5, 3.9.3.3, Table 3.9 5,
Embination of inertial ad seismic motion effects, welded afachments, modal Table 3.9 6, Table 3.9 7,
damping fr caomposite structures, minimf u temperature for thermal analysis Table 3.9 8, Table 3.9 9,

Table 3.9 10, Table 3.9 11

Pipe support criteria; applicable codes, jurisdictional boundaries, pipe suppor 3.9.1.2, 3.9.3.4, 3.9.3.5
baseplate and anchor bolt design, use ofenergy absorbers and limit stops, pipe -
support stiffnesses, seismic self weight execitaion, design o Ispem y
steel, considerations of friction forces, pipe support gaps and clearances,

instrument line support cr-iteria

Equivalent Static Load Method ofAnalyss 3.7.3.5, 3 3.7.3.5.2

Three Components of Earthquake Motion 3.7.3.6

Left Out Force Method Used in PIPES:TRESS Prgram 3.7.3. .- i.

SRP 3.7.2 Method for High Frequency Modes 3.7.3.7.-2.

Combination of Low Fr-equency Modes 3.7.3.7.2

Modeling Methods and Analytical Procedur-es for- Piping Systems 3.7.3.8, 3.7.3.8.1, 3.7.3.8.2.2,

3.7.3.8.3, 3.7. 3.8.41

Seismic Anchor- Motions 3.7.3.9

Methods Used to Account for- Tor-sional Effects of Eccentric, Masses 3.~7.3.1

Design Methods of Piping to Prevent Adverse Spatial Inter-actions 3.7.3.13.1, 3.7.3.13.1.1,
3.7.3.13.1.-2, 3.7-.3.13.4.3

Analysis Procedure for- Damping 3.7.3.15

Time History Analysis of Piping System 3.7.3. i

reif-Tartsients 3.9.1.1
Use of NRC B -ulletins; 8_8 08 and 88 11

APP-GW-GLk-0 13 RI.doc-05/03/07 Page 6 of 13
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Table 1-2 (Cont.)
Piping Design Acceptance Criteria

Completed

Cenitmmkent Tier 2 Referenc

Loads for- Class 1 Compenents and Core/Component Support 3.93.1.2

Use of Square Root Sumn of the Squares Methed fcr SSE plus Pipe Rupture 3.93.44

AXnalysis of Reaetor Coolant Loop Piping 3.9.3.1.4

AxSMf Classes 1, 2, and 3 Pip ing 3.93. .
Use of ASME Code, Seetion MI

Design of Spring Loaded Safet Valves 3.93.3.4

Design and Analysis Requirement for Open and Closed Disehar-ge Systems 3.9.3.,3.

Component and Piping Supports fcr Dynamic Loading 3.93.4

Class 2 and 3 Component Supports 3.93.4.2
Use of ASME Section M~

Piping System Seismic Stress Analysis 3.934.37

Design Report for ASW~ Class 1, 2, and 3 Piping 3.98.2

Integrity of Nonsafeaty Related CX'S Piping inside Containment5. ii
Compliance with 10 CFR 50.5 5a and ASNIE B3 1.1 Code

APP-GW-GLR-013 RI .doc-05/03107 
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Several subsections of DCD Appendix 3C are revised to more accurately describe the reactor coolant loop
analysis model. The markup of Appendix 3C of the DCD is included below in its entirety.

APPENDIX 3C

REACTOR COOLANT LOOP ANALYSIS METHODS

The AP1000 reactor coolant loop (RCL) model consists of three-dimensional finite elements
such as pipes, beams, elbows, masses, and springs. The structural model is subjected to
internal pressure, thermal expansion, weight and4• seismic, and pipe break loadings with
imposed boundary conditions. The finite element displacement method is used for the
analysis. The stiffness matrix for each element is assembled into a system of simultaneous
linear equations for the entire structure. This set of equations is then solved by a variation of
the Gaussian elimination method, known as the wave-front technique. This technique makes
it possible to solve systems of equations with a large number of degrees of freedom using a
minimum amount of computer memory.

3C.1 Reactor Coolant Loop Model Description

The piping model of the reactor coolant loop consists of a number of elements of given
dimensions, sizes, and physical properties that mathematically simulate the structural
response of the physical system. The system model contains the reactor pressure vessel
(RPV), two steam generators (SGs), four reactor coolant pumps (RCPs), the ecntainment
interior• building +t...ture, the reactor coolant loop piping, the sturgelin piping, and the
primary equipment supports. A two-loop model is developed for the AP1000 reactor coolant
loop system.
The eentaififfcnt inter-ier building str-ueturfe moidel is ineluded in the seiszmie systemf moedel
when the timne histery integrcaticn mnethed is uzed.

The stiffness and mass effects of branch piping connected to the primary loop piping are

considered when significant (subsection 3.7.3.8.1).

3C.1.1 Steam Generator Model

3C.1.1.1 Steam Generator Mass and Geometrical Model

The steam generator is represented by discrete masses. The geometry of the steam generator
vessel is used to determine the properties of the equivalent piping elements that join the steam
generator masses. The modulus of elasticity and coefficient of thermal expansion
corresponding to the thermal conditions are applied to the steam generator equivalent
piping elements.

3C.1.1.2 Steam Generator Supports

The values of the steam generator support stiffnesses and locations of the supports are
determined from the finite element models of the support members. The stiffness of the upper
lateral supports include the steam generator shell flexibility. The local concrete building
flexibility is included in the support stiffness.
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3C.1.2 Reactor Coolant Pump Model

3C.1.2.1 Static Model
The reactor coolant pump is modeled using equivalent pipe elements. The modulus of
elasticity and thermal expansion coefficient corresponding to each thermal condition are
applied to these pipe elements.

3C.1.2.2 Seismic Model
The reactor coolant pump is represented by a multi nede moedel super element to represent
the mass and stiffness characteristics of the pump. The reactor e..lant pum..p easing and-
moitor are represented by r-edueed mfass and stiffnhess maftrices for horizontal and vertical
moetion. The rcaetefr coolant pump r-otor is represented by vericial mass and stiffness
elements.The simplified reactor coolant pump model is obtained frm -a detailed model-ofthe
reactor. c.olant pu .psimilar to that used to qualify the pump.

3C.1.2.3 Reactor Coolant Pump Supports

There are no reactor coolant pump supports. Two reactor coolant pumps are attached to the
steam generator channel head in each of the reactor coolant loops.

3C.1.3 Reactor Pressure Vessel Model

3C.1.3.1 Mass and Geometrical Model
The reactor pressure vessel model consists of equivalent pipe, stiffness, and mass elements.
The elements represent the vessel shell, the vessel core barrel, the fuel assemblies, and the
integrated head lift package.
The reactor pressure vessel is modeled with equivalent pipe elements and connecting bellWs
that place a given stiffness in series with a rigid piping elementstiffnesses. The equivalent
pipe element properties of the vessel and barrel are those of the cylindrical structures. The
beam properties of the reactor internals are adjusted to simulate their fundamental frequency.
The appropriate modulus of elasticity and coefficient of thermal expansion are used for the
equivalent pipe elements representing the reactor pressure vessel.

3C.1.3.2 Reactor Pressure Vessel Supports
The reactor pressure vessel is supported at the four reactor pressure vessel inlet nozzles. Each
support consists of a vertical stiffness and a lateral tangential stiffness. The support is
represented by a stiffness matrix. The reactor pressure vessel supports are active for the
analyzed loading conditions. The reactor pressure vessel model includes the effects of the
vessel shell flexibility at the inlet and outlet nozzles. The local concrete building flexibility is
included in the support stiffness.

3C.1.4 Containment Interior Building Structure Model
AT-he containment interior building structure finite element model is made-up-e
three dimensional beam elemnents, spar elements, and pipe elemnents. This simplified building
model is or.r.elated to a detail model of h• h buildin not required because the seismic inputs to
the reactor coolant loop model are provided at all of the building attachments to the
R-C-Lreactor coolant loop.
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3C.1.5 Reactor Coolant Loop Piping Model

The reactor coolant loop piping model consists of piping elements and bends. Each reactor
coolant loop has two cold legs and one hot leg. The straight runs and bends of the cold leg
and hot leg are input with the nominal dimensions. Each reactor coolant loop branch
connection is represented by a node point. The reactor coolant loop piping model contains a
distributed mass for static deadweight analysis and lumped masses for dynamic analysis.

3C.2 Design Requirements

The reactor coolant piping is qualified inf-aeeerding to the requirements of the ASME Code,
Section III, Subsection NB, 1989 Edition with 1989 Addenda.
The eontainment inter-ior concrete is repr-esented by a neminal Ycung's moeduluis, including
the effect of mater-ial uncertainty. The value of the moeduluis is changed to Var~' the building
stiffnhess -As; descr-ibed in subsection 1G,.4-

The loadings for ASME Code, Section III, Class I components are defined in
subsection 3.9.3. The following loadings are considered in the reactor coolant loop
piping analysis:
* Design pressure (P)

" Weight (DW)

* Thermal expansion during normal operating condition

* Thermal expansion during other transient conditions (not part of this appendix)

" Safe shutdown earthquake (SSE)

• Design basis pipe break (DBPB)

* Building motions due to automatic depressurization system sparger discharge into the
IRWST

" Thermal stratification during transient conditions

In addition to the analyses of these loads, the reactor coolant piping is analyzed for the effect
of cyclic fatigue due to the design transients and earthquakes smaller than SSE.

3C.3 Static Analyses

3C.3.1 Deadweight Analysis

The reactor coolant loop piping system is analyzed for the effect of deadweight. The
deadweight analysis is performed without considering the dry weight of the directly
supported equipment. The effects of the auxiliary branch piping on the reactor coolant loop
are generally negligible by the design of the auxiliary supports. A deadweight analysis is
performed to include the total weight of the reactor coolant loop piping and the water weight
in the components.

The reactor coolant loop deadweight model includes the corresponding active reactor coolant
loop supports - reactor pressure vessel supports, and the steam generator column and lower
and intermediate lateral strut supports. The steam generator upper lateral snubber and-bumief
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supports are considered as inactive. The cont.ainm.ent iter-ier• building stru•ture m, del is not
consider-ed in the deadweight analysis.

3C.3.2 Internal Pressure Analysis
The effects of the internal primary coolant pipe pressure are used in the calculations of forces
and moments for both the reactor coolant loop piping and equipment supports.

3C.3.3 Thermal Expansion Analysis
The reactor coolant loop piping is analyzed for the effects of thermal expansion. The thermal
expansion analysis model considers the expansion of the reactor coolant loop piping, reactor
pressure vessel, steam generator, reactor coolant pump, and the equipment supports. The
stiffness effects of the auxiliary piping on the reactor coolant loop expansion are generally
negligible by the design of the auxiliary lines supports. ts.

3C.4 Seismic Analyses

The reactor coolant loop piping is analyzed for the dynamic effects of a safe shutdown
earthquake (SSE).
The model used in the static analysis is modified for the dynamic analysis by including the
lumped mass characteristics of the piping and equipment. The effect of the equipment motion
on the reactor coolant loop piping and support system is obtained by modeling the mass and
stiffness characteristics of the equipment in the overall system model. The reactor coolant
loop seismic analysis is performed at normal full-power operation. This operating condition is
considered based on the lower probability of occurrence of the earthquake at reactor coolant
loop temperatures below full power.

The time history integration method of analysis is used with a coupled model otfor the reactor
coolant loops and the interior cencrete building. The seismic input considers the soil profiles
described in subsection 3.7.1. This input is obtained from the nuclear island seismic analysis.
The duration of the input is between 12 to 20 seconds, depending on the duration needed to
envelop the design response spectra. For each of the soil profiles, either the building stiffness
is varied by + or - 30 percent, or the time scale is shifted by + or - 15 percent, to account for
uncertainties. Composite medRayleigh damping is used with the building components at 5
peNeet and-the loop components at 4 percent ofthe-critical damping. The equipment suppoer
nonilinearities at the steam generator uipper lateral snubber-s and the reactor pressurfe vessel
.,•rtial supp.r.ts are included in the coupled mel. The steam generator snubbers have
different stiffnesses in tension and compression. The mean value of the tension and
compression stiffness is used in order to keep the model linear. The reactor pressure vessel
vertical supports are acting downward only and are preloaded by deadweight, pressure, and
thermal expansion loadings. A verification is performed that no lift-off of the vessel occurs at
the location of these supports.

3C.5 Reactor Coolant Loop Piping Stresses

To prevent gross rupture of the reactor coolant loop piping system, the general and local
primary membrane stress criteria must be satisfied. This is accomplished by satisfying
Equation (9) in paragraph NB-3652 of the ASME Code, Section III. The secondary stress
caused by thermal expansion is qualified by satisfying Equation (12) in paragraph NB-3653
of the ASME Code, Section III.
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3C.6 Description of Computer Programs

This section provides a list of computer codes used for the AP1000 reactor coolant loop
system analysis. Brief descriptions of the functions of each computer code are the following:

WECAN/WECAN-PLUS - Performs Structural Analysis Using Finite Element Analysis
Method. WECAN is a mainframe program while WECAN-PLUS uses a workstation.
Displacements and loads are calculated at the pipe elements, supports and equipment nozzles
for pressure, deadweight, thermal, and seismic loadings.

STRESCAL - Post-processes the WECAN output data to calculate time history loads in
selected elements. Input consists of a Modal Force File and a time history Modal Coefficient
File for each mode. STRESCAL combines the results for the modes.

ANSYS - Performs Structural Analysis Using Finite Element Analysis Method. ANSYS is
used in the loop model described in subsection 3.7.2. 3.1 and shown in Figure 3.7.2-7. This
ANSYS model may be modified in accordance with this Appendix and ANSYS may be used
in lieu of WECAN for the reactor coolant loop qualification analysis.
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