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May 23, 2001 Project Number 686
To: Document Control Desk

US Nuclear Regulatory Commission
Washington, DC 20555-0001

Attention Mr. Christopher Grimes, Chief
License Renewal and Standardization Branch
Division of Regulatory Improvement Program
Office of Nuclear Reactor Regulation

One White Flint North

Mail Stop 1G 15

11555 Rockville Pike

Rockville, MD 20852-2738

Westinghouse Owners Group

Transmittal of Approved Version of WOG Aging Management Report,
“Aging Management Evaluation for Pressurized Water Reactor
Containment Structure,” WCAP-14756-A (MUHP-6110)

Subject:

References 1. NRC letter, April 13, 2001, Grimes to Newton, “Acceptance for
Referencing of Generic License Renewal Program Topical Report
Entitled, ‘Aging Management Evaluation for the Pressurized Water
Reactor Containment Structure,” WCAP-14756, Revision 0,

December 196

2. 0G-00-094, Request for Preparation of Final Safety Evaluation for
WOG Generic Technical Reports on Aging Management, September
22, 2000, to C.L. Grimes, NRC

This letter transmits 23 copies of the approved, non-proprietary, WCAP referenced
above. This report evaluates the aging of PWR Containment Structures components as
described in the report to ensure that their intended functions will be maintained during
an extended period of operation. This WCAP was prepared in the manner described in
WOG letter 0G-00-094 (Reference 2). Previous WCAPs generated in accordance with
Reference 2 did not go though a revision process.

However, references to Westinghouse Electric Corporation were changed to
Westinghouse Electric Company throughout the original report text in order to reflect the
current name of the company.

The report transmitted herewith bears a Westinghouse copyright notice. The NRC is
permitted to make the number of copies of the information contained in this report which
are necessary for its internal use in connection with generic and plant-specific reviews
and approvals as well as the issuance, denial, amendment, transfer, renewal,
modification, suspension, revocation, or violation of a license, permit, order, or
regulation subject to the requirements of 10 CFR 2.790 regarding restrictions on public
disclosure to the extent such information has been identified as proprietary by
Westinghouse, copyright protection notwithstanding. With respect to the non-proprietary
versions of these reports, the NRC is permitted to make the number of copies beyond
those necessary for its internal use which are necessary in order to have one copy

available for public viewing in the appropriate docket files in the public document room S
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and in local public document rooms as may be required by NRC regulations if the number of copies
submitted is insufficient for this purpose. Copies made by the NRC must include the copyright notice in
all instances and the proprietary notice if the original was identified as proprietary.

If you require further information, please contact Roger Newton, Nuclear Management Company, at
(920) 755-6522 or Charlie Meyer, Westinghouse, at (412) 374-5027.

Very ééuly yours,l

Robert H. Bryan, Chairman
Westinghouse Owners Group

Enclosures

cc: WOG Steering Committee (1L)
WOG Primary Representatives (1L)
WOG License Renewal Working Group (1L)
C. Grimes, USNRC (1L, 23R)
S. Bloom, USNRC (1L)
R. Etling, W- ECE 5-43 (1L)
G. Bischoff, CEOG Windsor (1L)
H. A. Sepp, W- ECE 4-15 (1L)
A. P. Drake, W- ECE 5-16 (1L)
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

April 13, 2001

Mr. Roger A. Newton, Chairman
Westinghouse Owners Group
Wisconsin Electric Power Company
231 West Michigan

Milwaukee, Wisconsin 53201

SUBJECT: ACCEPTANCE FOR REFERENCING OF GENERIC LICENSE RENEWAL
PROGRAM TOPICAL REPORT ENTITLED, “AGING MANAGEMENT
EVALUATION FOR THE PRESSURIZED WATER REACTOR CONTAINMENT
STRUCTURE" WCAP-14756, REVISION 0, DECEMBER 1996

Dear Mr. Newton:

The staff of the U.S. Nuclear Regulatory Commission has reviewed the topical report entitied,
“Aging Management Evaluation for the Pressurized Water Reactor Containment Structure,”
WCAP-14756, Revision 0 which the Westinghouse Owners Group (WOG) submitted in
December 1996, as part of the Generic License Renewal Program (GLRP). The resultant final
safety evaluation report (FSER) is transmitted to you as an enclosure to this letter. We
prepared this FSER after reviewing the technical evaluation report (TER) developed under
contract by Brookhaven National Laboratory. We concur with the findings of the TER.

In a letter dated March 1, 2001, the WOG requested the staff to revise the Renewal Applicant
Action ltem 28 as delineated in the draft safety evaluation of January 31, 2001, and proceed
with the final safety evaluation report on WCAP-14756. Accordingly, the staff revised the
FSER.

As indicated in the FSER, the staff found the topical report acceptable for GLRP members’
plants to reference in a license renewal application to the extent specified and under the
limitations delineated in the staff FSER and the associated topical report. The limitations
include committing to the accepted aging management programs defined in the topical report,
and completing the renewal applicant action items described in Section 4.0 of the FSER. An
applicant referencing the topical report and meeting these limitations will provide sufficient
information for the staff to make a finding that thers is reasonable assurance that the applicant
will adequately manage the effects of aging so that the intended functions of the containment
covered by the scope of the report will be maintained consistent with the current licensing basis
during the period of extended operation.

The staff does not intend to repeat its review of the matters described in the report and found
acceptable in the FSER when the report appears as reference in a license renewal application,
except to ensure that the material presented applies to the specified plant. .

In accordance with the procedures established in NUREG-0390, “Topical Report Review
Status,” the staff requests that the WOG publish the accepted version of WCAP-14756 within
three months after receiving this letter. In addition, the published version will incorporate this
letter and the enclosed FSER between the title page and the abstract.
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Mr. Roger A. Newton -2- April 13, 2001

To identify the version of the published topical report that was accepted by the staff, the staff
requests the WOG include “-A” following the topical report number (e.g., WCAP-14756-A).

Sincerely,

. .
O}gw
Christopher |. Grimes, Chief
License Renewal and Standardization Branch

Division of Regulatory Improvement Programs
Office of Nuclear Reactor Regulation

Project No. 686

Enclosure: Final Safety Evaluation Report

cc w/encl: See next page
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FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
CONCERNING
WESTINGHOUSE OWNERS GROUP
GENERIC TECHNICAL REPORT WCAP-14756
REVISION 0, DECEMBER 1996
*AGING MANAGEMENT EVALUATION FOR THE
PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURE"

1.0 INTRODUCTION

Pursuant to Section 50.51 of Title 10 of the Code of Federal Regulations (10 CFR 50.51), the
U.S. Nuclear Regulatory Commission (NRC) issues licenses to operate nuclear power plants for
a fixed period of time not to exceed 40 years; however, the NRC may renew these licenses for
a fixed period of time not to exceed 20 years beyond expiration of the current operating license.
The Commission’s regulations in 10 CFR Part 54, published May 8, 1995, set forth the
requirements for the renewal of operating licenses for commercial nuclear power plants.

Applicants for license renewal are required by the license renewal rule to perform an integrated
plant assessment (IPA). The first step of the IPA, required by 10 CFR 54.21(a)(1), is to identify
and list structures and components that are subject to an aging management review;

10 CFR 54.21(a)(2) requires the applicant to describe and justify the methods used in meeting
the requirements of 10 CFR 54.21(a)(1); and 10 CFR 54.21(a)(3) requires that, for each
structure and component identified under 10 CFR 54.21 (a)(1), the applicant demonstrate that
the effects of aging will be adequately managed so that the intended function or functions will
be maintained consistent with the current licensing basis (CLB) for the period of extended
operation. Furthermore, the applicant must provide an evaluation of time-limited aging analyses
(TLAAs), as required by 10 CFR 54.21(c), including a list of TLAAs, as defined in 10 CFR 54.3.

By letter dated December 11, 1986, the Westinghouse Owners Group (WOG) submitted the
generic technical report (GTR) WCAP-14756, *Aging Management Evaluation for the
Pressurized Water Reactor Containment Structure,” for staff review and approval. The GTR
identifies aging mechanisms, and presents options for managing aging effects to ensure that
the intended functions of systems, structures, and components (SSCs) are maintained. The
GTR states that the aging management options are to be developed into programs by utilities
requesting license renewal. The GTR provides generic technical bases for demonstrating that
the aging management options will adequately manage aging effects to maintain intended
functions of SSCs, in accordance with the CLB for an extended period of operation.

2.0 SUMMARY OF TOPICAL REPORT

WCAP-14756 describes three typical configurations of containment structures applicable to
Westinghouse pressurized water reactors, the applicable containment boundary, associated
structural components, applicable aging effects, aging management programs, and time-limited
aging analyses (TLAAs). The content and organization of the GTR are described in more detail
in Section 2 of the enclosed Technical Evaluation Report (TER) prepared by the Brookhaven
National Laboratory.

Enclosure
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3.0 EVALUATION

The staff, with technical assistance from Argonne National Laboratory and Brookhaven National
Laboratory (BNL), reviewed the GTR, and issued requests for additional information (RAI). After
reviewing the GTR and WOG's responses to the staff’'s RAI, BNL issued a technical evaluation
report (TER). The staff reviewed the GTR, WOG's responses to the RAI, and the TER.

As a result of their review, BNL recommended specific renewal applicant action items

(Section 4.1), open items (Section 4.2), and confirmatory items (Section 4.3). At the request of
WOG, the staff has reflected all of the actions as applicant action items in the following
evaluation. In addition, the WOG would append all of the responses to the RAl in the GTR;
therefore, the staff has incorporated the recommended confirmatory items as part of its
conclusions in this evaluation. RAI 33 requested missing publication dates for references and
bibliography documents listed in Section 6.0 of the WOG GTR. The requested dates were
provided in the WOG response to the RAI.

Individual license renewal applicants are expected to include a summary description of the
programs and activities for managing the effects of aging and the evaluation of TLAAs in the
FSAR supplement submitted with a license renewal application, in accordance with

10 CFR 54.21(d). This is Applicant Action item 2.

The NRC staff has reviewed the BNL evaluation and concurs with the findings and
recommended actions, as incorporated in the following safety evaluation. The staff has
combined the open items in Section 4.2 of the TER with the applicant action items in Section
4.1 of the TER. The combined list is provided in Section 4 of this DSER.

3.1 Components and Intended Functions

The scope of the GTR is intended to be applicable to all domestic commercial nuclear power
plants with the Westinghouse nuclear steam supply system. In referencing the GTR, a license
renewal applicant should verify the applicability of the GTR to its plant. This verification should
identify plant-specific data not covered by the GTR and that will be evaluated in the license
renewal application. The extent of this verification should include: (i) verification that its plant is
bounded by the GTR, (ii) a commitment to implement programs described as necessary in the
GTR to manage the effects of aging during the period of extended operation, and (jii)
verification that the programs committed to are conducted in accordance with appropriate
regulatory controls (e.g. 10 CFR Part 50, Appendix B). Further, the renewal applicant will
identify any deviations from the aging management programs which this GTR describes as
necessary to manage the effects of aging during the period of extended operation or to
maintain the functionality of the containment structure, and deviations from other information
presented in the GTR (e.g., materials of construction). The renewal applicant will evaluate any
such deviations in accordance with 10 CFR 54.21(a)(3) and (¢)(1) on a plant-specific basis.
This is Applicant Action ltem 1.

As described in Section 3.1 of the TER, the GTR describes the various intended functions of
the containment structure and structural components that are within the scope of license

renewal. The following functions, which are specific to containment structures and are
understood to be covered by the various intended functions, should be addressed explicitly in

2-
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the license renewal application: (1) providing structural or functional support of safety-related
systems, structures, and components following a design basis accident (DBA); {2) serving as
an external missile barrier consistent with the design and licensing basis; and (3) providing

passive heat sinks during a DBA or station blackout in addition to the spray system. This is part
of Applicant Action item 1. :

The GTR describes three containment types and associated structural components that are
typically applicable to Westinghouse reactors. The description of the containment and
structural components includes a range of configurations and dimensions, as described in
Section 3.1.2 of the TER. In an RAIl response, the WOG acknowledged errors in the basemat
thickness range for Types 1, 2, and 3 containments and provided a corrected list.

Because of the variety of containment configurations and applicable structural components
covered in the GTR, individual plant applicants will need to provide a comprehensive list of
structures and components subject to an aging management review, the methodology used to
develop this list as part of their license renewal applications, and the applicability of the GTR.
Any components determined by the applicant to be subject to an aging management review for
license renewal but not within the scope of the GTR need to be addressed in the license
renewal application. This is Applicant Action item 3.

Because of the potential for aging effects unique to ptant-specific configurations of the
containment structure and structural components, the license renewal application should
augment the list of structures and components with cross-section drawings for the containment

structures, and detailed drawings of the sand pocket region and other plant-specific features, if
applicable. This is Applicant Action Item 4.

The application should also include legible drawings of equipment and penetration details as
part of the description of the containment structure components. This is Applicant Action
ltem 5.

For prestressed concrete containments, the license renewal applications should indicate
whether the tendon access gallery is included as a containment structure component subject to
an aging management review. If itis, provide the details of the aging management review and
the credited aging management program. If not, provide a technical basis for its exclusion,
addressing the potential for degradation of the lower vertical tendon anchors resulting from the
environmental conditions in the tendon access gallery. This is Applicant Action item 6.

The GTR identified structural connections as containment structure components that require
aging management in Table 2-1. However, there is no definition or description of structural
connections in GTR Section 2.0. A definition and a description of the AMP for structural
connections should be provided in individual license renewal applications. This is Applicant
Action ltem 25.

The GTR identified embedments as a containment structure components that require aging
management in Table 2-1. However, there is no definition or description of embedments in
GTR Section 2. A definition and a description of the AMP for embedments are needed. Thisis
Applicant Action item 26.
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Upon successful completion of the applicant action items described above, the staff will be able
to conclude that a license renewal application referencing WCAP-14756 will have satisfied the
scoping requirements in 10 CFR 54.4(a) and 10 CFR 54.21(a)(1).

3.2 Effects of Aging

As described in Section 3.2.1 of the TER, the GTR provides a listing of primary and secondary
aging effects for all containment structure component and aging mechanism combinations
which are evaluated in detail in the TER.

The GTR broadly describes operating experience related to the assessment of aging effects
applicable to the combinations of containment and structural component configurations and
environments. However, individual plants may have unique operating experience that could
define additional aging effects or affect the assessment of the effectiveness of aging
management programs. Therefore, individual license renewal applications should discuss
plant-specific operating experience relevant to age-related degradation of containment structure
components and how this experience has been considered in the aging management review.
This is Applicant Action ltem 7.

For concrete containments, WOG described criteria that were relied on to exclude leaching of
caicium hydroxide and reaction with aggregates as significant aging mechanisms. Individual
applicants should verify that the original plant design and construction specifications satisfy
these criteria. If this aging effect cannot be excluded, the applicant should describe the aging
management program (AMP) which is credited to manage this aging effect. This is Applicant
Action Iltem 8.

WOG also addressed the potential for thermal embrittiement of concrete, and concluded that
concrete structures that do not experience localized temperatures substantially higher than the
200°F limit in the ACI code will not lose their intended function as a result of thermal
embrittiement. Therefore, individual renewal applications should describe whether local heating
of containment concrete at the main steam and/or any other penetrations results in sustained
concrete temperatures exceeding 200°F. If this condition exists, the applicant would be
expected to provide an aging management review and describe the credited aging
management program. This is Applicant Action item 9.

Upon successful completion of the applicant action items described above, the staff will be able

to conclude that a license renewal application referencing WCAP-14756 will have addressed
the aging effects applicable to the containment and structural components.

3.3 Aging Management Programs

As described in Section 3.3 of the TER, WOG identified seven aging management programs
(AMPs) that would be relied on by individual plants in conjunction with the inspection and testing
programs in the current licensing basis that are based on the ASME Code, the ACI Code and
the approved Inservice Inspection Program.

in the response to RAls, WOG clarified and augmented the GTR on several important details of
the AMP descriptions. In the response to RAl 24, WOG acknowledged the necessity of

-4-
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implementing Appendices VIl and Viii of the ASME Code when ultrasonic examination is used.
WOG stated that when implementing an aging management program that references
Subsection IWE, and it is necessary to utilize augmented ASME Section XI NDE inspection
methods, the training qualifications and certification of ultrasonic examination personnel will
meet Appendix Vil and Appendix VIIl. In responses to RAls 6, 7, 30 and 31 WOG corrected
text errors in Table 3-1. RAI 20 clarified that AMP 5.5 refers to IWE examination categories
taken from the 1989 Code Edition, instead of the 1992 Code Edition; in the response, wWOG
acknowledged this error and corrected examination categories.

Because of the variety in the individual plant licensing bases, inservice inspection programs and
design codes, individual license renewal applicants will have to identify the codes, edition and/or
date of codes and standards which govern plant containment design, inspection and repair.
This is Applicant Action Item 10.

The GTR describes two programs to manage freeze-thaw where that aging effect is applicable,
one for concrete containments and the other for concrete shield buildings. Therefore, individual
license renewal applicants will have to specify whether freeze-thaw is an applicable aging
mechanism which will be managed by AMP 5.1 or AMP 5.2 depending on the affected
structure. If not, the applicant will be expected to provide the technical basis for its exclusion.
This is Applicant Action item 11.

Similarly, the GTR describes two programs to manage corrosion due to agressive chemical
attack, one for concrete containments and the other for concrete shield buildings and
foundation mats. Therefore, individual license renewal applicants will have to specify whether
aggressive chemical attack is an applicable aging mechanism which will be managed by

AMP 5.3 or AMP 5.4 depending on the affected structure. If not, the applicant will be expected
to provide the technical basis for its exclusion. This is Applicant Action ltem 12.

The extent to which ground water corrosion is an aging effect that warrants an aging
management program depends on plant-specific site characteristics, the availability of
chemistry data, and seasonal variations. Therefore, individual license renewal applicants are
expected to provide details of the groundwater monitoring program and discuss potential
seasonal variation in ground water chemistry. This is Applicant Action ltem 13.

For prestressed concrete containments, the prestressing tendons would be inspected and
maintained in accordance with Section IWL requirements in Section Xi of the ASME Code.
There are ingredients in the grease used to pack the tendons that could cause degradation of
the concrete. Therefore, individual license renewal applicants should discuss plant experience
with respect to tendon grease leakage and, it applicable, how the leakage will be managed, the
application should also discuss the potential effects of grease leakage on the shear load
capacity of the containment structure. This is Applicant Action item 14.

Stress corrosion cracking (SCC) is a concem for dissimilar metal welds. For the period of
extended operation, the staff concludes that ASME Section Xi, IWE examination Categories
E-B and E-F and augmented VT-1 visual examination of bellows assemblies and dissimilar
metal welds would provide adequate inspection. Therefore, the license renewal applicant
needs to describe its plant-specific program to address SCC for dissimilar metal welds. The

-5-
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program should include stainless steel beliows assemblies, if the material is not shielded from a
corrosive environment. This is Applicant Action ltem 15.

Coatings are provided on structural elements as a protective feature. While WOG concluded
that there is no need for an aging management program for coating degradation, the staff
concurs with the BNL conclusion that coating inspection and repair is usually an integral part of
the maintenance programs for steel structures. Therefore, license renewal applicants should
discuss the plant-specific coatings monitoring and maintenance program and specify whether it
is credited as an AMP for containment steel elements. This is Applicant Action Item 16.

For prestressed concrete containments, the GTR indicates that AMP 5.6 will be used to
manage potential degradation of the containment post-tensioning systems. License renewal
applicants should specify whether post-tensioning system degradation will be managed by AMP
5.6 (Section X, Subsection IWL, Requirements for Class CC Concrete Components of Light-
Water Cooled Power Plants, Examination Category L-B, Unbonded Post-Tensioning System,
1992 Code Edition with 1992 Addenda of the ASME Code) and the additional requirements
delineated in 10 CFR 50.55a(b)2(ix). If not, the applicant shouid provide the technical basis for
its exclusion. This is Applicant Action item 17.

Settlement of the containment foundation is a potential aging mechanism which will be
managed by AMP 5.7. The WOG indicated that most of the settlement occurs within the first 5
to 6 years of plant operation. Therefore, this is a plant-specific issue. The license renewal
applicant should specify whether settiement is an applicable aging mechanism that will be
managed by AMP 5.7. [f not, the applicant should provide the technical basis for its exclusion.
This is Applicant Action ltem 18.

The GTR did not address the errosion of cement in sub-foundation layers of porous concrete
basemats, because WOG considered that type of construction to be limited. Therefore, license
renewal applicants should identify whether erosion of the porous concrete sub-foundation layer
is an applicable aging effect and, if applicable, provide an aging management review and
describe the aging management program. This is Applicant Action item 19.

The “Draft Standard Review Plan for the Review of License Renewal Applications for Nuclear
Power Plants,” issued in 1997 and updated in April 2000, identifies ten (10) elements
(attributes) as appropriate for an acceptable AMP. The staff has concluded based on operating
experience and the assessment of effective maintenance programs that these ten elements will
ensure an adequate aging management program. The GTR listed only six (6) attributes to form
the basis for each aging management program. The GTR predates the Draft Standard Review
Plan for the review of License Renewal Applications for Nuclear Power Plants, and states in
Section 4.0 that the report only presents program attributes for the AMPs, and that plant-
specific details of the AMPs will be developed during the preparation of license renewal
applications. Therefore, applicants for license renewal will be responsible for developing and
describing the plant-specific AMPs and addressing each of the ten elements specified in the
Draft Standard Review Plan. This is Applicant Action ltem 20.

The GTR does not commit to inspection of inaccessible areas when there is no indication of
degradation of adjacent accessible areas, except when the potential for degradation is “event
driven®; i.e., some unusual event has occurred which has the potential to degrade inaccessible

-6-
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areas of the containment structures. Therefore, the GTR cannot be referenced by license
renewal applicants for managing aging of inaccessible areas. Individual license renewal
applicants are required to describe a program for inspection of inaccessible areas or adopt a
program endorsed by the staff in similar applications. This is Applicant Action ltem 27.

The aging effects in concrete due to leaching of calcium hydroxide and the alkali-aggregate
reaction are identified in the GTR as not requiring aging management; however, this conclusion
cannot be justified on such a broad generic basis and a plant-specific evaluation should be
performed to determine if these aging effects warrant an aging management program. These
aging mechanisms, if applicable, can be managed by ASME Code, Section XI, Examination
Category L-A. This is a required inspection program, which will continue into the period of
extended operation. The GTR identifies examination category L-A of IWL to manage freeze-
thaw (AMP5.1) and to manage aggressive chemical attack and stee! corrosion (AMPS.3), where
applicable. According to the GTR, it may not be necessary to credit examination category L-A
to manage these aging mechanisms if on a plant specific basis, the applicant determines these
aging mechanisms are not applicable. Consequently, in these cases, examination category L-A
would not be credited to manage concrete degradation and steel corrosion for License
Renewal. In general, it is intended that maximum credit be taken for existing mandated
programs (e.g., examination category L-A) in the development of an applicant’s aging
management program. The ficense renewal applicants should specify that they are
implementing examination category L-A as an aging management program for containment
concrete or propose a suitable alternative. This is Applicant Action ltem 28.

Upon successful completion of the applicant action items described above, a license renewal
application referencing WCAP-14756 will have addressed the aging management program
requirements such that the staff can conclude that there is reasonable assurance that
applicable aging effects will be adequately managed in accordance with 10 CFR 54.21 (a)(3).

3.4 Time-Limited Aging Analyses

Time-limited aging analyses (TLAAs) are defined in 10 CFR 54.3, as described in Section 3.4 of
the TER. The GTR evaluated TLAAs associated with component fatigue and loss of prestress
loads.

The WOG GTR indicates that the license renewal applicant may update an existing design
fatigue analysis to account for the additional years of plant operation or manage the effects of
the aging through aging management programs. The GTR uses AMP 5.5 for managing the
effects of fatigue during the renewal license period, and basically endorses the ASME Code
Section X! surveillance and testing program. For components where fatigue TLAASs exist, this
option would allow the fatigue Section Il cumulative usage factors (CUF) to be exceeded during
the period of extended operation. The staff has not endorsed this option on a generic basis at
this time. An applicant wishing to pursue this option would have to obtain staff review and
approval on a case-by-case basis. For components where fatigue TLAAs do not exist (are not
addressed in 10 CFR 54.21), aging effects due to fatigue can be addressed by either a

Section I}l fatigue analysis {(including the additional years for the period of extended operation)
or by adequately managing these effects for the period of extended operation. This is Applicant
Action item 21.
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Because of the variety of structural components covered by the GTR, applicants should specify
the containment structure components which have fatigue design analyses, and provide plant-
specific details of the TLAAs for prediction of cumulative fatigue usage through the period of
extended operation. This is Applicant Action ltem 22.

Some containment structure components may be susceptible to fatigue, but do not have a
fatigue design analysis as part of the current licensing basis. The applicant should specify
whether any plant-specific components do not have a fatigue TLAA, but warrant an aging
management program. In addition to implementation of AMP 5.5, the staff would expect that
the requirements of 10 CFR 50.55a would apply. This is Applicant Action item 23.

WOG determined that the caiculations to determine the prestress loss rate for the period of
extended operation, for prestressed concrete containments, would be addressed by individual
applicants. Individual applicants will be expected to provide plant-specific details of the TLAA
for prediction of tendon prestress losses. This is Applicant Action ltem 24.

Upon successful completion of the applicant action items described above, the staff will be able
to conclude that a license renewal application referencing WCAP-14756 will have adequately
addressed time-limited aging analyses in accordance with 10 CFR 54.21(c)(1).

4.0 RENEWAL APPLICANT ACTION ITEMS

The following renewal applicant action items are to be addressed in the plant-specific license
renewal application that references the WOG GTR:

1. The license renewal applicant will (i) verify that its plant is bounded by the GTR, (ii)
commit to implement programs described as necessary in the GTR to manage the
effects of aging during the period of extended operation, and (iii) verify that the
programs committed to are conducted in accordance with appropriate regulatory
controls (e.g. 10 CFR Part 50, Appendix B). Further, the renewal applicant will identify
any deviations from the aging management programs which this GTR describes as
necessary to manage the effects of aging during the period of extended operation or to
maintain the functionality of the containment structure, and deviations from other
information presented in the GTR (e.g., materials of construction). The renewal
applicant will evaluate any such deviations in accordance with 10 CFR 54.21(a)(3) and
(c)(1) on a plant-specific basis.

The following functions, which are specific to containment structures and are understood
to be covered by the various intended functions, should be addressed explicitly in the
license renewal application: (1) providing structural or functional support of safety-
related systems, structures, and components following a design basis accident {DBA);
(2) serving as an external missile barrier consistent with the design and licensing basis;
and (3) providing passive heat sinks during a DBA or station blackout in addition to the

spray system.
2. A summary description of the programs and activities for managing the effects of aging

and the evaluation of TLAAs is to be provided in the license renewal FSAR supplement,
in accordance with 10 CFR 54.21(d).
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12.
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Individual plant applicants will need to provide a comprehensive list of structures and
components subject to an aging management review and the methodology used to
develop this list as part of their license renewal applications. Any components
determined by the applicant to be subject to an aging management review for license
renewal but not within the scope of the GTR are required to be addressed in the license
renswal application.

Provide cross-section drawings for the containment structures, and detailed drawings of
the sand pocket region and other plant-specific features, if applicable.

Provide legible drawings of equipment and penetration details as part of the description
of the containment structure components.

For prestressed concrete containments, indicate whether the tendon access gallery is
included as a containment structure component subject to an aging management
review. If it is, provide the details of the aging management review and the credited
aging management program. f not, provide a technical basis for its exclusion,
addressing the potential for degradation of the lower vertical tendon anchors resulting
from the environmental conditions in the tendon access gallery.

Discuss plant-specific operating experience relevant to age-related degradation of
containment structure components and how this experience has been considered in the
aging management review.

For concrete containments, verify that the original plant design and construction
specifications satisfy the criteria which are relied upon to exclude leaching of calcium
hydroxide and reaction with aggregates as significant aging mechanisms. If these
mechanisms are not excluded, describe the aging management program (AMP) which is
credited to manage the aging effects associated with these aging mechanisms.

For concrete containments, discuss whether local heating of containment concrete at
the main steam and/or any other penetrations results in sustained concrete
temperatures exceeding 200°F. If this condition exists, provide an aging management
review and describe the credited aging management program.

identify the codes, edition and/or date of codes and standards which govern plant
containment design, inspection and repair.

Specify whether freeze-thaw is an applicable aging mechanism which will be managed
by AMP 5.1 or AMP 5.2, as applicable. If not, provide the technical basis for exclusion.

Specify whether aggressive chemical attack is an applicable aging mechanism which
will be managed by AMP 5.3 or AMP 5.4, as applicable. If not, provide the technical
basis for exciusion.

Provide details of the groundwater monitoring program and discuss potential seasonal
variation in ground water chemistry.
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For prestressed concrete containments, discuss plant experience with respect to tendon
grease leakage and, if applicable, how the leakage will be managed; also discuss the
potential effects of grease feakage on the shear load capacity of the containment
structure.

Each license renewal applicant needs to describe its plant-specific program to address
the stress corrosion cracking (SCC) for dissimilar metal welds, and for stainless steel
bellows assemblies, if the material is not shielded from a corrosive environment. For the
period of extended operation, ASME Section XI, IWE examination Categories E-B and
E-F and augmented VT-1 visual examination of bellows assemblies and dissimilar metal
welds are required or a suitable alternative proposed.

Discuss the plant-specific coatings monitoring and maintenance program and specify
whether it is credited as an AMP for containment steel elements.

For prestressed concrete containments, specify whether post-tensioning system
degradation will be managed by AMP 5.6 (Section Xi, Subsection IWL, Requirements
for Class CC Concrete Components of Light-Water Cooled Power Plants, Examination
Category L-B, Unbonded Post-Tensioning System, 1892 Code Edition with 1992
Addenda of the ASME Code) and the additional requirements delineated in 10 CFR
50.55a(b)2(ix). If not, provide the technical basis for exclusion.

Specify whether settlement of the containment foundation is an applicable aging
mechanism which will be managed by AMP 5.7. if not, provide the technical basis for
exclusion. _

Identify whether erosion of the porous concrete sub-foundation layer is an applicable
aging mechanism; if applicable, provide an aging management review and describe the
credited aging management program.

The GTR listed only six (6) attributes to form the basis for each aging management
program. However, the “Draft Standard Review Plan for the Review of License Renewal
Applications for Nuclear Power Plants,” dated April 21, 2000, identifies ten (10)
elements (attributes) as appropriate for an acceptable AMP. The GTR predates the
Draft standard Review Plan for the Review of License Renewal Applications for Nuclear
Power Plants, and states in Section 4.0 that the report only presents program attributes
for the AMPs, and that plant-specific details of the AMPs will be developed during the
preparation of license renewal applications. Therefore, applicants for license renewal
will be responsible for developing and describing the plant-specific AMPs and
addressing each of the ten elements specified in the Draft Standard Review Plan.

The WOG GTR indicates that the license renewal applicant may update an existing
design fatigue analysis to account for the additional years of plant operation or manage
the effects of the aging mechanism through aging management programs. The GTR
uses AMP 5.5 for managing the effects of fatigue during the renewal license period, and
basically endorses the ASME Code Section XI surveillance and testing program. For
components where CLB fatigue TLAAs exist, this option would allow the CLB fatigue
Section lll cumulative usage factors (CUF) to be exceeded during the period of

-10-
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24.

25.

26.

27.

28.

extended operation. The staff has not endorsed this option on a generic basis at this
time. An applicant wishing to pursue this option would have to obtain staff review and
approval on a case-by-case basis. For components where CLB fatigue TLAAs do not
exist (are not addressed in 10 CFR 54.21), aging effects due to fatigue can be
addressed by either a Section [ll fatigue analysis (including the additional years for the
period of extended operation) or by adequately managing these effects for the period of
extended operation.

Specify the containment structure components and provide plant-specific details of the
TLAAs for prediction of cumulative fatigue usage through the period of extended
operation.

Specify those containment structure components for which fatigue is an applicable aging
mechanism, but no CLB fatigue analysis based on a 40 year plant life exists. In addition
to implementation of AMP 5.5, the requirements of 10 CFR 50.55a should be met.

For prestressed concrete containments, provide plant-specific details of the TLAA for
prediction of tendon prestress losses through the period of extended operation.

The GTR identified structural connections as containment structure components that
require aging management in Table 2-1. However, there is no definition or description
of structural connections in GTR Section 2.0. A definition and a description of the AMP
for structural connections are needed.

The GTR identified embedments as containment structure components that require
aging management in Table 2-1. However, there is no definition or description of
embedments in GTR Section 2. A definition and a description of the AMP for
embedments are needed. ‘

The GTR does not commit to inspection of inaccessible areas when there is no
indication of degradation of adjacent accessible areas, except when the potential for
degradation is “event driven”; i.e., some unusual event has occurred which has the
potential to degrade inaccessible areas of the containment structures. Therefore, the
GTR cannot be referenced by license renewal applicants for managing aging of
inaccessible areas. Individual license renewal applicants are required to describe a
program for inspection of inaccessible areas or adopt a program endorsed by the staff in
similar applications.

The aging effects in concrete due to leaching of calcium hydroxide and alkali aggregate
reaction are identified in the GTR as not requiring aging management. This is
unacceptable because plant-specific evaluation of their applicability is needed.
Therefore, if these aging mechanisms (leaching of calcium hydroxide and alkali
aggregate reaction) are applicable, applicants would be required to propose a plant
specific aging management program. Alternatively, applicant can credit the ASME
Code, Section X|, Examination Category L-A as an adequate aging management

program.

-11-
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5.0 CONCLUSION

The staff reviewed the generic technical report (GTR) WCAP-14756, "Aging Management
Evaluation for the Pressurized Water Reactor Containment Structure,” submitted by
Westinghouse Owners Group and the technical evaluation report on the GTR by Brookhaven
National Laboratory (BNL). On the basis of its review, the staff concludes that, upon successful
completion of the applicant action items, applicants referencing the GTR in a license renewal
application will satisfy the requirements of 10 CFR 54.21(a)(3) and 54.21(c)(1), and the staff will
have sufficient information to conclude that there is reasonable assurance that applicable aging
effects will be adequately managed for the period of extended operation and applicable time-
limited aging analyses have been evaluated in accordance with 10 CFR 54.29(a)(1) and (a)(2)
for containment structure components within the scope of the GTR.

-12-
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1.0 INTRODUCTION

Pursuant to Section 50.51 of Title 10 of the Code of Federal Regulations (10 CFR 50.51),
licenses to operate nuclear power plants are issued by the U.S. Nuclear Regulatory Commission
(NRC) for a fixed period of time not to exceed 40 years; however, these licenses may be
renewed by the NRC for a fixed period of time not to exceed 20 years beyond expiration of the
current operating license. The Commission’s regulations in 10 CFR Part 54, published May 8,
1995, set forth the requirements for the renewal of operating licenses for commercial nuclear
power plants (Reference 1).

Applicants for license renewal are required by the license renewal rule to perform an integrated
plant assessment (IPA). The first step of the IPA, 10 CFR 54.21(a)(1), requires the applicant to
identify and list structures and components that are subject to an aging management review;

10 CFR 54.21(a)(2) requires the applicant to describe and justify the methods used in meeting
the requirements of 10 CFR 54.21(a)(1); and 10 CFR 54.21(a)(3) requires that, for each structure
and component identified in 10 CFR 54.21(a)(1), the applicant demonstrate that the effects of
aging will be adequately managed so that the intended function(s) will be maintained consistent
with the current licensing basis (CLB) for the period of extended operation. Furthermore, the
applicant must provide an evaluation of time-limited aging analyses (TLAAS) as required by

10 CFR 54.21(c), including a list of TLAAs, as defined in 10 CFR 54.3.

1.1 Westinghouse Owners Group Generic Technical Report

By letter dated December 20, 1996, the Westinghouse Owners Group (WOG) submitted Generic
Technical Report (GTR) WCAP-14756, "Aging Management Evaluation for the Pressurized
Water Reactor Containment Structure,” (Reference 2), for NRC staff review and approval. The
objectives of this GTR are to (1) identify and evaluate aging effects that degrade components
which affect systems or structures intended functions, (2) identify and evaluate time-limited aging
analyses (TLAASs), and (3) provide options, in terms of activities and program attributes, to
manage these aging effects, and if necessary address TLAAs. The aging management options
provided in the GTR are to be developed into programs by utilities requesting license renewal.
The GTR provides generic technical bases supporting a part of a demonstration that the
management options adequately manage aging effects to maintain intended functions for
systems, structures, and components, consistent with the current licensing basis, for an
extended period of operation.

1.2 Applicability of the GTR

The GTR is intended to be applicable generically to domestic commercial nuclear power plants
with the Westinghouse nuclear steam supply system (NSSS}), as listed in Table 1-1 of the GTR.
Use of the GTR, as referenced by a license renewal application, should include a verification of
all the bounding information against plant-specific data. This verification should identify the
applicability of the GTR to the plant and determine what plant-specific data are not covered by
the GTR and will be evaluated as part of the license renewal application.
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2.0 SUMMARY QF THE GENERIC TECHNICAL REPORT

The GTR describes different types, parts, and materials of Westinghouse pressurized water
reactor (PWR) containments and their boundaries, and identifies and evaluates age-related
degradation mechanisms and the TLAAs. The GTR also describes how the age-related
degradation can potentially degrade the intended functions of the PWR containment and
identifies aging effects and TLAAs that require management. The GTR further provides aging
management plan attributes, including their details and implementation guidance, that form the
basis for programs to be developed and implemented by utilities to manage aging effects for the
extended period of operation. :

2.1 Intended Functions and Containment Structure Components

2.1.1 Intended Functions

The GTR indicates that the intended functions of the Pressurized Water Reactor (PWR)
containment structure that are within the scope of license renewal include:

(1) ensuring the integrity of the reactor coolant pressure boundary

(2) ensuring the capability to shutdown the reactor and maintain it in a safe shutdown
condition

(3) ensuring the capability to prevent or mitigate the consequences of accidents that
could result in potential offsite exposure comparable to the 10 CFR 100 guidelines

(4) ensuring compliance with U.S. NRC regulations for environmental qualification
(10 CFR 50.49) where intended functions (1) and (2) are included as a result of the
structural support provided by the containment.

2.1.2 Containment Structure Components

Section 2 of the GTR describes the scope of the report. This includes the containment
boundary, engineering and design data, identification of TLAAs, general maintenance practices,
and a summary of the aging effects. The containment boundary consists of the interior and
exterior surfaces of the reinforced concrete containment shell, including the basemat, or the
interior surface of the steel containment and the exterior surface of the shield building, including
the common basemat. The boundary includes all penetration assemblies in the containment
shell, such as mechanical and electrical penetrations, the equipment and personnel hatches and
the fuel transfer tube. For mechanical penetrations, the entire mechanical penetration assembly
(except the process piping) and the welds to the process pipe are in the scope of the GTR. For
electrical penetrations, ali metallic components that are part of the containment pressure
boundary (but excluding nonmetallic seal materials) are in the scope of the GTR. The
Westinghouse ice condenser, if part of the plant containment system, is not included in the
scope of the GTR.

Three configurations of the PWR containment are addressed in the report. These include:
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(1)  Steel containment with reinforced concrete shield building
a. with ice condenser
b. no ice condenser

(2) Steellined reinforced concrete
a. reactor building is atmospheric
b. reactor building is sub-atmospheric
¢. reactor building is sub-atmospheric with ice condenser

(3) Steeklined reinforced concrete with post-tensioning
a. three directional post-tensioning
b. vertical post-tensioning only

WOG divides the PWR containment into ten containment structure components (stated as parts
or subcomponents in the GTR). These are the shell and dome, structural mat, structural
connections, concrete reinforcing and tendons, steel liner, embedments, electrical penetrations
including connectors, penetrations for gas and fiuid systems that include isolation valves, fuel
transfer tube, and equipment and personnel hatches that include seals. All of these containment
structure components perform intended functions in a passive manner and are iong-lived.
Therefore, they are within the scope of 10 CFR Part 54 and are subject to an aging management
review.

A listing of age-related degradation mechanisms applicable to PWR containment structures, a
summary of containment aging evaluations, and an aging effects list are provided in GTR
Tables 2-16, 2-17 and 2-18, respectively. -

2.2 Effects of Agin:

Section 3 of the GTR discusses the age-related degradation mechanisms that affect the PWR
containment and evaluates time-limited aging analyses. The report states that the following
aging mechanisms require aging management programs:

» Freeze-thaw of concrete

» Aggressive chemical attack on concrete

« Corrosion in reinforcing steel

. Corrosion of steel liners, steel containment shells, and penetrations

« Degradation in containment post-tensioning systems

« Mechanical wear and/or loss of pressure retention of airlocks and hatches
- Embrittiement of gaskets

. Stress corrosion cracking of penetrations and bellows

+ Coating degradation

« Fatigue of penetrations and bellows

Table 3-1 of the GTR provides a summary of PWR containment structures aging evaluations and
the status of applicable agreements reached between the Nuclear Energy Institute (NEI) and
NRC. The table lists the aging degradation mechanisms, the corresponding aging effects, the
components affected, the criteria/program used to evaluate them, and the applicable NEI/NRC
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agreements or positions. Detailed descriptions of the degradation mechanism, aging effect
evaluation and aging effect management, for each aging degradation mechanism, are provided
in Section 3.2 of the GTR.

2.3 Aging Management Programs

A summary listing of degradation mechanisms/effects managed by aging management
programs, into the period of extended operation, is provided in Section 3.4 of the GTR. Itis
stated that aging mechanisms are adequately managed using seven aging management
programs, AMP 5.1 through AMP 5.7, which are based on the current licensing basis (CLB),
including ASME Code Section X! and ACI Code, inspection and test programs. Programs

AMP 5.1 and AMP 5.2 address the aging effects due to freeze-thaw in concrete; programs
AMP 5.3 and AMP 5.4 address the aging effects due to aggressive chemical attack of concrete
and corrosion of the reinforcing steel; program AMP 5.5 addresses the aging effects for
penetrations and liner/steel containment; program AMP 5.6 addresses the aging effects for the
post-tensioning systems; and program AMP 5.7 addresses settlement of foundations. A detailed
description of the aging management activities and programs is provided in Section 4 of the
GTR. A listing of each program, along with the containment structure components managed,
aging mechanism and aging effect, is provided in Table 4-2.

The GTR describes attributes of acceptable utility programs to manage aging effects for the
extended period of operation. Table 4-1 of the GTR lists six (6) attributes intended to form the
basis for aging management programs (AMPs) that will be developed and implemented by
utilities during an extended period of operation. These attributes include scope of the program,
surveillance techniques to be used to detect aging effects, frequency of the surveillance,
acceptance criteria to determine when corrective actions are necessary, the corrective actions,
and confirmation techniques. A summary description of the attributes of each aging
management program, with code references to ASME Section XI, 1992 Edition with 1992
addenda (Reference 3) and ACI codes and standards, where applicable, is provided in Tables 4-
8 through 4-15 of the report.

2.4 Time Limited Aqing Analyses

Itis stated in Section 3.3 of the GTR that prestress force losses and fatigue have the potential to
be defined as TLAA effects. The TLAAs potentially applicable are:

* analytical prediction of time-dependent loss of prestress force loads in prestressing
systems

+ number of fatigue cycles at penetration anchors in concrete containments, and where
appropriate, calculated cumulative fatigue usage factors

« number of fatigue cycles in bellows of mechanical penetrations, and where appropriate,
calculated cumulative fatigue usage factors

« number of fatigue cycles of mechanical penetrations, and where appropriate, calculated
cumuiative fatigue usage factors
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3.0 EVALUATION

BNL reviewed the GTR and the responses to the staffs RAls to determine if WOG has
demonstrated that the effects of aging of the containment structure components will be
adequately managed so that the intended functions will be maintained, consistent with the CLB,
for the period of extended operation.

The license renewal applicant will (i) verify that its plant is bounded by the GTR, (ii) commit to
programs described as necessary in the GTR to manage the effects of aging during the period of
extended operation and (jii) verify that the programs committed to are conducted in accordance
with appropriate regulatory controls (e.g., 10 CFR Part 50, Appendix B). Further, the renewal
applicant will identify any deviations from the aging management programs which this GTR
describes as necessary to manage the effects of aging during the period of extended operation
or to maintain the functionality of the containment structure, and deviations from other
information presented in the GTR (e.g., materials of construction). The renewal applicant will
evaluate any such deviations in accordance with 10 CFR 54.21(a)(3) and (c)(1) on a plant-
specific basis. This is Renewal Applicant Action Item No. 1 (see Section 4.1).

10 CFR Part 54.21(c) requires an evaluation of TLAAs. BNL reviewed the report and the
responses to the staff's RAls submitted by the WOG to determine if the TLAAs covered by the
report were evaluated for license renewal in accordance with 10 CFR 54.21(c)(1).

A summary of description of the programs and activities for managing the effects of aging and

the evaluation of TLAAs is to be provided in the license renewal FSAR supplement, in
accordance with 10 CFR 54.21(d). This is Renewal Applicant Action Item No. 2.

3.1 Intended Functions and Containment Structure Components
3.1.1 Intended Functions

The GTR indicates that the following PWR containment structure component intended functions
are within the scope of license renewal as described in 10 CFR 54.4:

(1) Ensuring the integrity of the reactor coolant pressure boundary

(1) Ensuring the capability to shutdown the reactor and maintain it in a safe shutdown
condition

(2) Ensuring the capability to prevent or mitigate the consequences of accidents that
could result in potential offsite exposure comparable to the 10 CFR 100 guidelines

(3) Ensuring compliance with U.S. NRC regulations for environmental qualification
(10 CFR 50.49)
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BNL agrees with the above assessment, but finds that the following three additional functions,
which are unique to containment structures, should be added to the intended functions identified
above.

(1) Providing structural or functional support of safety-related systems, structures, and
components following a design basis accident (DBA). .

2 Serving as an external missile barrier consistent with design basis commitments.

3 Providing a heat sink during a DBA or station blackout in addition to the spray
system.

The above identified functional additions are designated as Open Item No. 1 (see Section 4.2).

3.1.2 Containment Structure Components

The WOG considered three PWR containment types and their variations. These included steel
containments with and without ice condensers; steel-lined reinforced concrete containments
which are atmospheric, sub-atmospheric, and sub-atmospheric with ice condenser; and steel-
lined reinforced concrete containments with three-directional or vertical-only post-tensioning. For
the stee! containment, the reinforced concrete shield building was considered part of the
containment.

The WOG divided the containments into ten containment structure components:

+ Shell and dome

« Structural foundation mat

« Structural connections

« Concrete reinforcing and tendons

Steel liner

Embedments

Electrical penetrations including connectors

Penetrations for gas and fiuid systems that include isolation vaives
Fuel transfer tube

Equipment and personnel hatches that include seals

The following sections discuss the containment structure components evaluated in the GTR.

The staff notes, however, that the report is generically applicable to nuclear power plants with a
Westinghouse NSSS and does not necessarily constitute a compiete listing of the containment
structure components subject to an aging management review for the WOG member plants, as
required by 10 CFR 54.21(a)(1). In addition, WOG does not describe and justify the
methodology for the generation of such a list, as required by 10 CFR 54.21(a)(2). Therefore,
individual plant applicants will need to (1) provide a list of the plant-specific containment structure
compenents subject to an aging management review, and (2) describe and justify the
methodology used to develop this list, as part of their license renewal applications. This issue is
designated as Renewal Applicant Action Iltem No. 3.

0:\2656-A.doc: 1b-042601



7

In RAI No. 5§ (NRC letter dated February 19,1998), the staff requested WOG to provide cross-
section drawings and configuration descriptions for other types of containments (i.e. Types 1a,
1b, 2a, 2b, 2¢, 3a and 3b) which were not included in the GTR, and figures showing details of
the sand pocket region and embedded shell region. In response, WOG indicated that the figures
included in the GTR were provided to show the general type of configurations for the three types
of Westinghouse PWR containments, and that the subtypes and other plant-specific features will
be included in the plant license renewal application. This issue is designated as Renewal
Applicant Action Item No. 4.

Since many of the sketches of equipment details presented in the GTR are not legible (e.g.-
Figures 2-2, 2-7, 2-10 and 2-13), the staff requested in RAI No. 32 (NRC letter dated

February 19,1998) that clear and legible figures be provided. In response (letter dated May 29,
1998), WOG indicated that the sketches in the GTR provide overall general characteristics of the
different configurations and types, and do not provide details to the level requested in the RAI.
WOG indicated that the requested details would be provided as needed as part of the license
renewal application. This issue is designated as Renewal Applicant Action item No. 5.

3.1.2.1 Containment Shell and Dome

The configurations of the PWR containment vary from plant to plant. WOG grouped them into
three basic configuration types; steel containment with reinforced concrete shield building, steel-
lined reinforced concrete, and steel-lined reinforced concrete with post-tensioning. Only the
general type of configurations for the three types of containment are addressed within the GTR.
WOG stated that subtypes within the general types, along with plant-specific features (e.g., sand
pocket regions), will be included in the plant-specific license renewal applications.

3.1.2.1.1 Steel Containment with Reinforced Concrete Shield Building

The containment function is performed by a steel containment vessel in combination with a
separate reinforced concrete shield building that surrounds the steel containment. The shield
building has a vertical right cylinder wall, supported on a fiat circular basemat and capped with a
hemispherical dome. The containment vessel is a free standing steel structure consisting of a
cylindrical wall, a hemispherical dome, and a bottom liner plate enclosed in concrete. The vessel
is typically anchored to the shield building foundation with anchor bolts welded around the
circumference of the base. The containment and shield building are separated by an annular air
space. The air space and containment, or just the airspace is maintained at sub-atmospheric
pressure. The containment may be equipped with an ice condenser (vapor suppression),
designated Type 1a by WOG, or may be without an ice condenser (dry suppression), designated
Type 1b by WOG. The ice condenser system, if used, is located inside the containment,
between the crane wall and the steel shell. The ice condenser system is exciuded from the
scope of the GTR.

The steel containment vessel is typically 115 feet in diameter and 171 feet in overali height. The
bottom liner plate is 1/4 inch thick, anchored to the foundation slab, and covered by a reinforced
concrete floor slab 2 feet in thickness. The thickness of the cylinder walt and dome may be
uniform or vary with height. If uniform, the typical thicknesses are 3/4 inches and 11/16 inches,
for the wall and dome respectively. If non-uniform, the cylinder wall thickness typically varies
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from 1-3/8 inches at its base to %z inch at the spring line. The dome varies from 7/16 inches at
the spring line to 15/16 inches at its apex. On the exterior surface of the vessel, either
circumferential and vertical stiffeners or circumferential ring girders with vertical stringers are
fitted. Local shell thickening is provided at penetrations.

The typical shield building has a cylindrical wall 127 feet in diameter and 3 feet thick. The dome
inner radius is 87 feet and the dome thickness ranges from 24 to 30 inches. The containment
basemat slab has a diameter greater than the shield building wall and is stated to range in
thickness from 6 to 9 feet. The cylinder wall reinforcing steel is applied throughout the structure
in a horizontal and vertical pattem near the inner and outer surface. The vertical reinforcement is
continued into the dome and extended into the basemat. Penetrations smaller than 12 inches fit
within the reinforcing steel pattern. For penetrations larger than 12 inches the reinforcement is
formed in hoops around the opening. The dome reinforcement is arranged in a radial and
circumferential pattern with the radial bars being an extension of the wall vertical bars. The stab
reinforcement consists of concentric and radial bars at the top and bottom surfaces.

Upon review of the information presented in the GTR, the staff noted that the minimum
containment basemat thickness is essentially four feet for containment types 1a and 1b and can
be as low as two feet for Type 3 containments. This was addressed in RAl No. 29 {NRC letter
dated February 19,1998). WOG agreed with the staff's comment in its response to the RAl
(WOG letter dated May 29, 1998) and indicated that appropriate corrections would be made in
the GTR. This issue is designated as Confirmatory item No. 1 (see Section 4.3).

3.1.2.1.2 Steel-Lined Reinforced Concrete Containment

The structure is a vertical cylinder capped with a hemispherical dome supported on a flat
basemat. Itis designated Type 2 by the WOG. It may be designed to operate at sub-
atmospheric pressure to flimit leakage.

The reinforced concrete cylinder is 4 to 4-1/2 feet thick, with an inside diameter of 140 feetand a
length of 131 feet. The dome has an inside radius of 70 feet and a thickness of 2-1/2 to 3-1/2
feet. The basemat diameter varies from 153 to 158 feet and the thickness varies from 6 to 10
feet. Steel reinforcement is arranged horizontally and vertically, and supplemented with diagonal
reinforcement, in the cylinder wall. Steel reinforcement is arranged meridionally and horizontally
in the dome. Steel reinforcement is arranged in a rectangular grid at the bottom of the basemat
and in a concentric and radial grid at the top of the basemat. All reinforcement is located near
the concrete surfaces. The cylindrical wall vertical steel reinforcement extends into both the
dome and basemat.

3.1.2.1.3 Steel-Lined Reinforced Concrete Containment with Post-Tensioning

This containment, designated Type 3, is similar to the Type 2 containment except that post-
tensioning tendons are used in addition to the conventional steel reinforcement in the concrete
cylinder wall and dome. The Type 3a containment uses three directional post-tensioning while
Type 3b uses vertical post-tensioning only.
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The cylindrical wall portion of the Type 3a containment is prestressed by a post-tensioning
system composed of horizontal and vertical tendons. The horizontal tendons are either placed in
three 240 degree segments using three vertical buttresses spaced 120 degrees apart, or in six
120 degree segments using six vertical buttresses spaced 60 degrees apart. The three way
dome tendons are anchored at the sides of the ring girder. A continuous tendon access gallery
is provided beneath the base slab for the installation and inspection of the vertical tendons.

The vertical tendons are anchored at the top of the ring girder at the dome periphery and at the
bottom of the foundation slab. The horizontal tendons are anchored at two buttresses spaced
either 240 degrees apart, or 120 degrees apart, for the three buttress and six buttress
configurations, respectively. In either configuration the horizontal tendons pass through one
intervening buttress. All tendons are continuous and are bent to curve around majer
penetrations.

The cylinder wall portion of a Type 3b containment is reinforced circumferentially and
prestressed vertically. The prestressing system consists of a number of tendons placed at
intervals around the periphery at the cylinder wall centerline. The tendons are composed of a
number of high strength steel bars or steel wire. Each tendon is sheathed with a 6 inch
galvanized steel pipe or a galvanized corrugated steel tube or conduit. Corrosion protection of
post-tensioned steel tendons is provided by filling the sheath with microcrystaliine petrolatum
containing organic-based corrosion inhibitors. For one Westinghouse plant, the H. B, Robinson
Unit 2, corrosion protection is provided by filling the ducts with portland cement grout.

In RAI No. @ (NRC letter dated February 19,1998}, the staff questioned whether the tendon
access gallery is part of the containment structure and whether it is subject to aging
management review for license renewal. If the tendon access gallery is not considered part of
the containment structure, the concem is that degradation of the tendon gallery could lead to
degradation of the tendon prestressing system.

In its response, WOG indicated that tendon access galleries are not generically considered to be
part of the containment. Therefore, access galieries are only subject to aging management
review if they are considered, on a plant-specific basis, to support the integrity of the -
prestressing system. WOG indicated that the above statement would be noted in the plant-
specific license renewal application. The issue of plant-specific discussion of its tendon access
gallery is designated as Renewal Applicant Action item No. 6.

3.1.2.2 Foundations

PWR containment foundations typically consist of a reinforced mat that is supported on rock,
soil, or a deep foundation such as piles. Pile foundations are not within the scope of the GTR
and, if used, are to be addressed in the plant-specific application for licence renewal.

3.1.2.3 Structural Connections

Structural connections have been identified as a containment structure component by WOG.
However, no specific description of structural connections is provided in Subsection 2.3 of the
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GTR. A definition and description of structural connections needs to be added to this
subsection. This issue is designated as Open item No. 2.

3.1.2.4 Concrete Reinforcement and Tendons

Concrete reinforcement was placed to meet the requirement of the applicable codes and
standards. Different code editions are used based on the vintage of the plant. The arrangement
of reinforcing steel varied somewhat between containment types. For the shield building the
vertical reinforcement steel continues from the cylindrical wall to the dome and extends into the
foundation slab. In the wall, steel reinforcing bars are applied throughout the structure and
ptaced in a horizontal and vertical pattern near each face. No special reinforcement is provided
near penetrations less than 12 inches in diameter. For larger penetrations reinforcement steel is
either terminated at the opening and supplemental steel added, or the reinforcement is
continuous and is bent to curve around the opening. Dome reinforcement is arranged in a radial
and circumferential pattern, where the radial bars are continued from the vertical cylinder bars.
Additional reinforcement schemes may be used. The slab reinforcement pattern consists of
concentric circular bars combined with radial bars, at the top and bottom face, arranged to permit
uniform spacing of the vertical wall rebar that extends into the mat.

For the steel-lined reinforced concrete containment and the steel-lined reinforced concrete with
post-tensioning containment the wall reinforcement consists of horizontal bars located near both
faces of the wall and rows of vertical bars placed near each face, supplemented by inclined bars.
The dome reinforcement consists of meridional and horizontal hoop bars. In the basemat the
bottom reinforcement is a rectangular grid pattern, while the top rebar consists of concentric
circular bars combined with radial bars that are arranged to permit a uniform spacing of the
vertical wall bars that extend into the basemat.

A tendon may consist of a number of 1/4 or % inch diameter steel wires or a single round steel
bar. The tendons are anchored to a bearing plate. The tendons are installed in metal sheaths
that form ducts through the concrete between anchorage points. The sheaths, after venting and
draining, are filled with a grease used for permanent tendon corrosion protection. The grease is
a modified, refined petroleum oil based product that is pumped into the sheathing after tendon
installation.

3.1.2.5 Steel Liner

The steel liner is made up of a cylinder capped with a hemispherical dome and attached at the
bottom to a mat liner completely lining the concrete vessel. The wall, dome and mat liner plate
thicknesses are 3/8, % and 1/4 inches, respectively. The liner plate is a continuously welded
steel membrane supported and anchored to the inside of the containment and designed to
maintain a leaktight integrity. The liner pressure boundary includes embedments, insert plates,
and penetrations. Leak chase channels are installed over liner seam welds which include mat,
wall, dome and penetrations. The basemat liner plate is anchored to the foundation siab using
two methods. Either the liner is welded to a ring plate that is anchored in the base slab and then
welded to the skirt ring of the wall liner; or the liner plate is directly anchored with embedded
stiffeners and anchors. A reinforced 2 foot thick concrete slab is poured over the liner plate and
may or may not be anchored through the fioor liner to the basemat.
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3.1.2.6 Embedments
Embedments have been identified as a containment structure component by WOG. However,
no specific description of embedments is provided in Subsection 2.3 of the GTR. A definition

and description of embedments needs to be added to this subsection. This issue is designated
as Open Item No. 3.

3.1.2.7 Electrical Penetrations

The scope of this evaluation includes the metallic components of the typical electrical
penetrations that are part of the containment pressure boundary. Seal materials such as epoxy
and silicone rubber are not included in the scope of the GTR. There are generally four types of .
electrical cable penetrations required in the containment depending on the type of cable involved:

« Medium voltage power, 4160 V or 6.9 kV

+ Low voltage power, control and instrumentation, 600 V and lower
» Thermocouple leads

+ Special instrumentation coaxial and triaxial circuits

Typically, medium and low voltage electrical penetrations consist of carbon steel pipe canisters
with stainless steel header plates bolted to one or both of the ends. (dentical, hermetically
sealed ceramic multi-pin connectors are mechanically connected to the header plate(s) for all
conductors rated less than 600 voits. High voltage conductors use single-conductor,
hermetically sealed ceramic bushings, also mechanically connected to both header plates. A
flange on each canister is welded to the penetration sleeve. The electrical penetration assembly
permits pressure and leakage tests to be performed at the shop and after installation in the
containment. A tap, convenient to the exterior of the containment, is provided for pressurizing
the canister. The terminations of the conductors to the connectors inside the canisters are
potted to protect against moisture. A plug is provided to permit purging with dry nitrogen.

Penetration assemblies for Westinghouse containments, were manufactured and supplied by
four major vendors: :

» Westinghouse Electric Corporation
» Conax Corporation

» D.G. O'Brien

» Bunker Ramo

Of these four, D.G. O'Brien and Bunker Ramo are no longer in business. Westinghouse and
Conax are the two vendors that currently supply penetration assemblies and provide the
necessary services for penetrations supplied by D.G. O'Brien or Bunker Ramo.

During an EQ inspection, the U.S. NRC identified a deficiency in the Bunker Ramo low voltage
penetration qualification testing method. The deficiency is detailed in Information Notice 88-29.
The notice states that the insulation resistance (IR) measurements performed during the
accident simulation testing were not frequent enough to evaluate the impact of the IR values on
the accuracy of the connected instrument circuits.
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For the stee! containment, the nozzle that is welded into the steel containment plate and the
steel header plate for the electrical terminals are included in the scope. The wiring, sealing
compound, fixtures to hold the sealing compound, and seal weids, which connect the fixtures to
the header piate, are not included in the scope of this evaluation.

3.1.2.8 Penetrations for Gas and Fluid Systems that inciude Isolation Valves

The mechanical penetrations, or piping penetrations, are provided for fiuid carrying pipes and for
air purge ventilating piping. In certain steel containment designs, vacuum breaker penetrations
are provided through the steel containment and into the annulus between the containment and
the shield building. Various systems are used to classify the piping penetrations for design
purposes. In general, the classification is based on whether thermal movement of the process
line is expected. The piping penetrations are typically classified into high or moderate
temperature service. A third type of penetration is a multiple pipe penetration, where more than
one line passes through the penetration. The muitiple pipe penetrations accommodate small-
diameter tubes for sampling lines. Socket weld couplings may be welded into the penetration
header plate to mate with the seamless tubing.

In steel containments, the penetration assemblies span from the inner wall of the containment
shell to the outer wall of the concrete shield building. They provide containment leak tightness
and support for the penetrating pipe, and also accommodate thermal movement of the pipe.
The closure between the steel containment and the process pipe is provided either by a bellows
assembly or by direct welding of the pipe to the steel shell. For high temperature penetrations, a
bellows is used to permit relative movement between the pipe and the containment shell, while
the pipe support loads are carried by the more robust concrete shield building wall.

Penetration closures for smaller lines and cold lines may be provided by direct welding of the
pipe 0 the steel containment. In this case, a bellows assembly is provided at the concrete shield
building to accommodate the differential building movements. Bellows assemblies may also be
used for the closure to the steel containment for the cold and smaller lines. However, direct
welding is typically provided, where feasible, because the rigid-plate-to-pipe weld provides a
more reliable seal at the primary containment boundary than bellows details.

Mechanical (piping) penetrations for concrete containments may be classified as single barrier or
double barrier penetrations. The single barrier penetration provides a single rigid closure
between the containment liner and the process pipe. It may consist of a fiued head, a standard
pipe cap, or a plate with a segment of sleeve pipe. The double barrier penetration provides a
closure barrier at both faces of the containment wall and is composed of a sleeve and multiple
pipe caps. The penetrations in concrete containments provide a support point for the piping
system. The robust cylindrical wall of concrete containments typically serves as an anchor point
for hypothetical pipe rupture loadings from high energy lines such as main steam and feedwater.

For the high-temperature penetrations, design features are provided to limit the temperature in
the concrete adjacent to the penetration (local area) to less than 200°F for normal operation,
350°F for short-term unusual conditions, and 650°F for jets due to postulated pipe rupture
conditions. Systems to provide the necessary cooling range from active forced air or water

0:\2656-A.doc:1b-042601



13

cooling systems within the penetration sleeve to passive systems consisting of insulation and
cooling fins. In some designs, thermocouples are placed in the concrete tocal to the penetration
to monitor temperature in the concrete.

in general, piping penetration nozzles are designed and fabricated to conform to the ASME Code
requirements in effect when the plant was built. For older plants, ASME Code Section Ilj,

Class B was used. For later plants, ASME Code Section IlI, Division 1, Subsection NE

(Class MC) was used. Class MC penetration assemblies were code-stamped with the NPT
stamp for nuclear parts. »

In concrete containments, penetrations and anchorages to the concrete shell are designed for
forces and moments resulting from operating conditions or postulated pipe rupture. External
guides, stops, or increased pipe wall thickness are provided to limit stresses on the penetration
and on the adjacent liner plate.

Penetration reinforcing plates and the welds of pipe sleeves to them are shop stress-relieved as
a unit in accordance with the ASME Code requirements to ensure a minimum of field welding at
the penetrations. Full-penetration butt welds are used to connect the sleeve and-the attachment
hardware around the process piping. The closure between the sleeve and the process piping
consists of flued heads, plates, or drilled pipe caps.

Spare penetrations for concrete containments generally consist of a sleeve with welded end cap
closures. The arrangement and details are basically the same for steel containments except that
the sleeve is welded to the steel containment plate rather than to the concrete containment liner.
For some plants, spare penetrations that are used only during outages may incorporate boited
blind flanges with flexible seals for ease of removal and replacement.

The entire mechanical penetration assembly {(excluding the process piping within the penetration)
and the welds to the process pipe are included in the scope of the GTR. Fiued heads,
containment vessel nozzles, bellows assemblies and all other items that perform a containment
function are in the scope of the GTR. For smaller piping and cold lines, if a bellows is not used,
the closure weld between the containment steel and the process pipe is in the scope of the GTR.
Piping insulation is not included, although in some cases the piping insulation also serves to
maintain the temperature of the concrete adjacent to the penetration sleeve within permissible
limits.

3.1.2.9 Fuel Transfer Tube

The fuel transfer tube penetrates the reactor building and links the refueling canal in the reactor
building with the fuel transfer canal in the fuel handling building. For a concrete containment it
consists of the transfer tube and a sleeve 