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LEGAL NOTICE

This report was prepared as an account of work performed by Westinghouse Electric Company LLC.
Neither Westinghouse Electric Company LLC, nor any person acting on its behalf:

A. Makes any warranty or representation, express or implied including the warranties of
fitness for a particular purpose or merchantability, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not
infringe privately owned rights; or

B.  Assumes any liabilities with respect to the use of, or for damages resulting from the
use of, any information, apparatus, method, or process disclosed in this report.
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COPYRIGHT NOTICE

This report has been prepared by Westinghouse Electric Company LLC and bears a Westinghouse Electric
Company copyright notice. Information in this report is the property of and contains copyright material
owned by Westinghouse Electric Company LLC and /or its subcontractors and suppliers. It is transmitted
to you in confidence and trust, and you agree to treat this document and the material contained therein in
strict accordance with the terms and conditions of the agreement under which it was provided to you.

As a participating member of this task, you are permitted to make the number of copies of the information
contained in this report that are necessary for your internal use in connection with your implementation of
the report results for your plant(s) in your normal conduct of business. Should implementation of this
report involve a third party, you are permitted to make the number of copies of the information contained
in this report that are necessary for the third party’s use in supporting your implementation at your
plant(s) in your normal conduct of business if you have received the prior, written consent of
Westinghouse Electric Company LLC to transmit this information to a third party or parties. All copies
made by you must include the copyright notice in all instances and the proprietary notice if the original
was identified as proprietary.

The NRC is permitted to make the number of copies beyond those necessary for its internal use that are
necessary in order to have one copy available for public viewing in the appropriate docket files in the
NRC public document room in Washington, DC if the number of copies submitted is insufficient for this
purpose, subject to the applicable federal regulations regarding restrictions on public disclosure to the
extent such information has been identified as proprietary. Copies made by the NRC must include the
copyright notice in all instances and the proprietary notice if the original was identified as proprietary.
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UNITED STATES ,—-%é\é"
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

September 21, 2004 *

Mr. James A. Gresham, Manager
Regulatory and Licensing Engineering
Westinghouse Electric Company

P.O. Box 355

Pittsburgh, PA 15230-0355

SUBJECT:  FINAL SAFETY EVALUATION FOR TOPICAL REPORT WCAP-16182-P,
"WESTINGHOUSE BWR CONTROL ROD CR 99 LICENSING REPORT"
(TAC NO. MC1644)

Dear Mr. Gresham:

On December 16, 2003, the Westinghouse Electric Company (Westinghouse) submitted
Topical Report (TR) WCAP-16182-P, "Westinghouse BWR Control Rod CR 99 Licensing
Report," to the staff for review. On August 30, 2004, an NRC draft safety evaluation (SE)
regarding our approval of the TR was provided for your review and comments. By e-mail dated
September 10, 2004, Westinghouse stated that they had no comments on the draft SE.

The staff has found that WCAP-16182-P is acceptable for referencing in licensing applications
for General Electric designed boiling water reactors to the extent specified and under the
limitations delineated in the TR and in the enclosed SE. The SE defines the basis for
acceptance of the TR.

QOur acceptance applies only to material provided in the subject TR. We do not intend to repeat
our review of the acceptable material described in the TR. When the TR appears as a
reference in license applications, our review will ensure that the material presented applies to
the specific plant involved. License amendment requests that deviate from this TR will be
subject to a plant-specific review in accordance with applicable review standards.

In accordance with the guidance provided on the NRC website, we request that Westinghouse
publish accepted proprietary and non-proprietary versions of this TR within three months of
receipt of this letter. The accepted versions shall incorporate this letter and the enclosed SE
between the title page and the abstract. It must be well indexed such that information is readily
located. Also, it must contain historical review information, such as questions and accepted
responses, draft SE comments, and original TR pages that were replaced. The accepted
version shall include a "-A" (designating accepted) following the TR identification symbol.

E(GEWED
SEP 28 204

WCAP-16182-NP-A

March 2005



F

J. Gresham -2

If future changes to the NRC's regulatory requirements affect the acceptability of this TR,
Westinghouse and/or licensees referencing it will be expected to revise the TR appropriately or
justify its continued applicability for subsequent referencing.

Sincerely,

rbert N. Bemvector
i roject Directorate IV

Division of Licensing Project Management
Office of Nuclear Reactor Regulation

Project No. 700
Enclosure: Safety Evaluation

cc w/encl;

Mr. Gordon Bischoff, Manager

Owners Group Program Management Office
Westinghouse Electric Company

P.O. Box 355

Pittsburgh, PA 15230-0355
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5 UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

TOPICAL REPORT WCAP-16182-P, "WESTINGHOUSE BWR CONTROL ROD

CR 99 LICENSING REPORT"

WESTINGHOUSE ELECTRIC COMPANY

PROJECT NO. 700

1.0 INTRODUCTION

By letter dated December 16, 2003 (Reference 1), the Westinghouse Electric Company LLC
(Westinghouse), submitted Topical Report (TR) WCAP-16182-P, "Westinghouse BWR

Control Rod CR 99 Licensing Report,” to the NRC staff for review and approval. By letter dated
May 19, 2004 (Reference 2), Westinghouse responded to a staff request for additional
information (RAI).

The purpose of the TR is to present for licensing approval an improved boiling water reactor
(BWR) control rod design (i.e., CR 99) along with a set of the design requirements used by
Westinghouse to develop and evaluate BWR control rod designs for domestic use in BWRs in
the United States.

The basic Westinghouse CR 99 control rod design has been in use for over 30 years in BWR
reactors of all vendors. Currently, Westinghouse BWR control rod designs have been reviewed
and approved for use in the domestic BWR designs supplied by the vendor Genera! Electric
(GE). Specifically, the Westinghouse CR 82 design has been approved for use in the D-Lattice
(Reference 3), C-Lattice (Reference 4) and S-Lattice (Reference 5) BWRs. The improved CR
99 design is the same as the approved CR 82 design with the following changes:

e Animproved neutron absorber material is used to replace the B,C compacted powder
and hafnium rodlets used in the CR 82 design.

e AISI 316L stainless steel material is used in the blade wings to replace the AISI 304L
stainless steel used in the CR B2 design.

The TR gives a technica! description of the Westinghouse CR 99 control rod design and
provides the justification for the use of the CR 99 control rods in GE-designed BWRs. In
addition, the TR also provided for statf review the formal design bases used by Westinghouse
for the development and qualification of the CR 99 design. This set of design bases consists of
general design requirements and a set of quantifiable and measurable acceptance criteria to
ensure that the design requirements are met. These criteria address the materials, mechanical,
physics, and operational performance requirements. The conformance methods used to verify
that the CR 99 control rod design met these criteria are also identified. Westinghouse further
states that this process will be used for the foreseeable future to make control rod design
improvements, which will involve incremental changes from the basic design.

WCAP-16182-NP-A
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2.0 REGULATORY EVALUATION

The NRC's regulatory requirements for nuclear power plants are set forth in Title 10 of the
Code of Federal Regulations, Part 50 (10 CFR Part 50), "Domestic Licensing of Production and
Utilization Facilities.” Appendix A of 10 CFR Part 50, "General Design Criteria for Nuclear
Power Plants,” provides the criteria to be met in licensing applications.

General Design Criterion (GDC) 27, "Combined Reactivity Control Systems,” requires that the
reactivity control system be designed with appropriate margin, and in conjunction with the
emergency core cooling system, to be capable of controlling reactivity and cooling the core
under post-accident conditions. GDC 28, "Reactivity Limits," requires that the control rod
reactivity be maintained consistent with the plant safety analysis throughout its lifetime to
provide sufficient control to shut down the core.

NUREG-0800, "Standard Review Plan for the Review of Safety Analysis Reports tor Nuclear
Power Plants® (SRP), Section 4.2, "Fuel System Design,” defines the basis for the acceptance
criteria for staff reviews. These criteria ensure compliance with GDC 27 and 28.

3.0 TECHNICAL EVALUATION

The staff’s technical review of the CR 99 control rod design was based on Section 4.2 of the
SRP. The review primarily considered the changes from the currently approved CR 82 design:

e Animproved neutron absorber material to replace the B,C powder and hafnium rodlets
used in the CR 82 design.

® Use of AISI 316L stainless steel material in the blade wings to replace the AISI 304L
stainless steel used in the CR 82 design.

The following sections address the review topics in the order that they are presented in
WCAP-16182-P.

3.1 Design Requirements - Section 4

WCAP-16182-P presents the six general design requirements to be used for Westinghouse
BWR control rods for use in GE-designed BWRs. Table 4-1 of the TR lists a matrix of the
design requirements versus the applicable criteria used for the CR 99 evaluation. In response
to the staif's RAI, Westinghouse provided a discussion of the relationship between these design
requirements and applicable criteria both to the applicable SRP Section 4.2 review criteria and
to the applicable 10 CFR Part 50 Appendix A GDCs. The RAI response also provided a pointer
to the specific TR sections that disposition each requirement and criteria.

Specifically, SRP Section 4.2, Part I, "Areas of Review,” requires the review to cover specific
areas:

WCAP-16182-NP-A March 2005
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Design Bases

Description and Design Drawings

Design Evaluations

Testing, Inspection, and Surveillance Plans

oo

Additionally, Appendix A of the SRP requires review of control rod insertability following a safe
shutdown earthquake (SSE).

SRP Section 4.2, Part ll, "Acceptance Criteria,” specifies the review acceptance criteria for
each review area.

The staff reviewed the CR 99 design requirements relative to the approved CR 82 design
requirements and finds that they are essentially equal, although the methods used to
demonstrate that the requirements are met are not the same. The staff also reviewed the TR
with respect to completeness of the CR 99 design requirements in meeting the SRP criteria and
finds that all applicable requirements are addressed either in specific sections of the TR or in
the response to the staff's RAl

The following subsections summarize the review areas and staff conclusions.

3.1.1 Design Bases

The staff reviewed the CR 99 design bases with respect to meeting the specified SRP criteria:

Compliance with GDC 27 and 28

Stress, strain and loading limits

Cumulative number of strain fatigue cycles
Dimensional changes regarding control rods
Control rod reactivity must be maintained

Based on its review of the TR and the RAl responses, the stalf has determined that the
Westinghouse CR 99 control rod design bases meets the applicable criteria of the SRP and the
requirements of the specified GDCs.

3.1.2 Description and Design Drawings

Outline drawings of the CR 99 design for D, C, and S-Lattice cores were provided in the RAI
response. The staff finds that these meet the SRP criteria.

3.1.3 Design Evaluation
The statf reviewed the CR 99 design evaluation with respect to:
Prototype Testing - Control Rod Structural and Performance Test

Based on its review of the TR and the RAl responses, the staff has determined that the
Westinghouse CR 99 control rod design evaluation meets the applicable criteria of the SRP.

WCAP-16182-NP-A
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3.1.4 Testing, Inspection, and Surveillance Plans

The staff reviewed the CR 99 testing, inspection and surveillance plans with respect to:

Surveillance of control rods containing B,C should be performed to ensure against
reactivity loss.

Based on its review of the TR and the RAI responses, the staff has determined that the
Westinghouse CR 99 design testing, inspection and surveillance plans meet the applicable
criteria of the SRP.

3.1.5 SRP Appendix A
The staff reviewed the criteria of SRP Appendix A with respect to the CR 99 capability:

Control rod insertability must be assured following an SSE

Based on its review of the TR and the RA! responses, the staff has determined that the
Waestinghouse CR 99 control rod design meets the applicable criteria of the SRP sections and
the requirements of the specified GDCs.

32 Materials Evaluation - Section 5

Extensive control rod operating experience, supplemented by the inspections referenced in
WCAP-16182-P, have shown an increased potential for control rod blade cracking for rods
used in high duty locations in modern high capacity factor, extended operating cycle cores.
High duty locations are typically found in control cell core reload core designs where individual
control rods are deeply inserted for a signilicant fraction of the operating cycle. These control
rods receive high doses of both thermal and fast neutrons in a short amount of time. The fast
neutron dose is not measured by current core monitoring systems, but it is well known that fast
neutron irradiation makes stainless steel more susceptible to irradiation assisted stress
corrosion cracking.

The CR 99 use of an improved high density neutron absorber material, which is less sensitive
to both powder densification and absorber swelling due to neutron absorption reactions,
minimizes the possibility of absorber swelling causing contact with the surrounding stainless
steel and contributing to stress. The CR 99 use of AlISI 316L stainless steel, with its better
resistance to fast neutron IASCC, also reduces the potential for control blade cracking.

The stalf's review confirmed that the substitution of the two new materials is the only significant
change between the approved CR 82 and the improved CR 99 designs.

Based on its review of the TR and the RAI responses, the staff has determined that the
Woestinghouse CR 99 control rod design materials evaluation meets the applicable criteria of
the SRP.

WCAP-16182-NP-A March 2005
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3.3 Mechanicat Evaluation - Section 6

The mechanical criteria to be met are the stress and fatigue limits contained in the American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section [ll (ASME
I1), Division 1, Edition 2002.

The staff reviewed the CR 99 design mechanical evaluation with respect to meeting the SRP
criteria. .

The staff's review confirmed that the mechanical evaluation of the changes from the approved
CR 82 design to the improved CR 99 design was adequately conducted and that the
appropriate mechanical criteria were met.

34 Physics Evaluation - Section 7

The critical attributes for the CR 99 physics evaluation are:
Total Rod Worth

Shutdown Margin

Low Power Range Monitor Detector Signal Change
Nuclear End-of-Life

The staff reviewed the physics criteria and the methods used for confirmation that the criteria
are met for the CR 99 design relative to the approved CR 82 design.

Based on its review of the TR and the RAI responses, the staff has determined that the
Westinghouse CR 99 control rod design physics evaluation meets the applicable criteria of the
SRP.

3.5  Operational Evaluation - Section 8
The critical attributes for the CR 99 operational evaluation are:

Nominal wing thickness

Maximum button thickness

Maximum wing span

Maximum velocity limiter diameter (with rollers installed)
Total weight

Overall length

Velocity limiter/coupling design

Handle design

Envelope

The staff compared these CR 99 attributes with the values for the approved CR 82 design and
finds they are equivalent.
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Based on its review of the TR and the RAI responses, the staft has determined that the
Westinghouse CR 99 control rod design operational evaluation meets the applicable criteria of
the SRP.

40  CONCLUSION

The staff has reviewed WCAP-16182-P describing the improved Westinghouse CR 99 control
rod design and has compared it to the currently approved CR 82 design. The staff finds that
the incremental changes in using the improved neutron absorber and blade wing materials have
been adequately evaluated and that the Westinghouse CR 99 design requirements and the
resulting evaluations, as outlined in the TR and in the RAIl responses, are consistent with the
criteria of the SRP and the requirements of the applicable GDCs. Therefore, on the basis of
the above review and justification, the stalf concludes that the improved Westinghouse CR 99
control rod design is acceptable for use in BWRs in the United States.

The design requirements, criteria, and methodology described in the TR have also been
reviewed and determined to be acceptable for use in making minor enhancements to the CR 99
control rod without further NRC review. The NRC staft is to be notified (for information only) of
any changes in the materials or numerical fimits as described in the TR.
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Westinghouse s e Conpry

P.0.Box 355
Pittsburgh, Pennsylvania 15230-0355
USA
U.S. Nuclear Regulatory Commission Directtel: (412) 374-5036
Document Control Desk Directfax: (412)374-4011
Washington, DC 20555-0001 email: galemljs@westinghouse.com
Attn:  J. S. Wermiel, Chief Ourref. LTR-NRC-03-69
Reactor Systems Branch
Division of Systems Safety and Analysis
December 16, 2003

Subject: Submittal of WCAP-16182, “Westinghouse BWR Control Rod CR 99 Licensing Report”
(Proprietary/Non-Proprictary), dated December 2003

Dear Mr. Wermiel:

Enclosed are copies of the Proprietary and Non-Proprietary versions of WCAP-16182-P, “Westinghousc
BWR Control Rod CR 99 Licensing Report” (Proprictary), Dccember 2003/ WCAP- 16182-NP,
“Westinghouse BWR Control Rod CR 99 Licensing Report™ (Nonproprietary), December 2003

Also enclosed are:

1. One (1) copy of the Application for Withholding, AW-03-1743 (Nonproprictary) with Proprictary
Information Notice.
2. One (1) copy of Affidavit (Nonproprietary).

This information is being submitted by Westinghouse Electric Company LLC to obtain NRC approval to
use the Westinghouse BWR CR 99 control rod design in US BWRs. Approval of the subject topical
report is requested by September 30, 2004 to permit fabrication of CR 99 control rods to meet the
installation schedules of various utilities, the earliest of which is Exelon’s planned installation of the

* control rods in January 2005.

This submittal contains proprietary information of Westinghouse Electric Company, LLC. In
conformance with the requirements of 10 CFR Section 2.790, as amended, of the Commission’s
regulations, we are enclosing with this submittal an Application for Withholding from Public Disclosure
and an affidavit. The affidavit sets forth the basis on which the information identified as proprictary may
be withheld from public disclosure by the Commission.

A BNFL Group company

WCAP-16182-NP-A

March 2005



Page 2 of 2
LTR-NRC-03-69
Dccember 16, 2003

Correspondence with respect to this affidavit or Application for Withholding should reference
AW-03-1743 and should be addressed to the undersigned.

Very truly yours,

B Maon—

B. F. Maurer, Acting Manager
Regulatory Compliance and Plant Licensing

Enclosures

cc: F. M. Akstulewicz/NRR
B. J. Benney/NRR
E.S. Peyton/NRR

U. Shoop/NRR
S. L. Wu/NRR
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P.0.Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

1.S. Nuclear Regulatory Commission Directtel: (412) 374-5036

Document Control Desk Directfax: (412) 3744011

Washington, DC 20555-0001 email: galemljs@westinghouse.com

Attn: 1. S. Wermiel, Chief
Reactor Systems Branch Ourref. AW-03-1743
Division of Systems Safety and Analysis

December 16, 2003

APPLICATION FOR WIT LDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject:  WCAP-16182-P, “Westinghouse BWR Control Rod CR99 Licensing Report™ (Proprictary)

Reference: Letter from B. F. Maurer to J. S. Wermiel, LTR-NRC-03-69, dated December 16, 2003

This Application for Withholding is submitted by Westinghouse Electric Company, LLC
(“Westinghouse™), pursuant to the provisions of Paragraph (b) (1) of Section 2.790 of the Commission’s
regulations. It contains commercial strategic information proprietary to Westinghouse and customarily
held in confidence.

The proprictary material for which withholding is being requested is identified in the proprietary version
of the subject report. In conformance with 10 CFR Section 2.790, Affidavit AW-03-1743 accompanies
this Application for Withholding, setting forth the basis on which the identified proprietary information
may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprictary to Westinghouse
be withheld from public disclosure in accordance with 10 CFR Section 2.790 of the Commission’s
regulations.

Correspondence with respect to this Application for Withholding or the accompanying affidavit should
reference AW-03-1743 and should be addressed to the undersigned.

Very truly yours,

THNrrs——

B. F. Maurer, Acting Manager
Regulatory Compliance and Plant Licensing

Enclosurcs

A BNFL Group company

WCAP-16182-NP-A March 2005
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AW-03-1743

AFFIDAVIT

STATE OF PENNSYLVANIA:
ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appcared J. W. Winters, who, being by me duly
sworn according to law, deposes and says that he is authorized to execute this Affidavit on behalf of
Westinghouse Electric Company LLC ("Westinghouse"), and that the averments of fact set forth in this
Affidavit are true and correct to the best of his knowledge, information, and belief:

Ch. i

J. W. Winters, Manager

Product Engincering and Integration

Swom to and subscribed
before me this _/& = day
of _ﬁaam@. 2003

4

Notary Public

WCAP-16182-NP-A

March 2005

R e e A e Ty Sy Sy Ty S

=&

I

(S S A ST A S

==

s



¢ CCCCCCCcC(

¢

ccccccccccccc oo

(

¢ ¢

¢ ¢ CCccC

(

(7

C CC

m

2

&)

1))

2 AW-03-1743

1 am Manager, Product Engineering and Integration, in Nuclear Services, Westinghouse Electric
Company LLC ("Westinghouse™), and as such, I have been specifically delegated the function of
reviewing the proprietary information sought to be withheld from public disclosure in connection
with nuclear power plant licensing and rule making proceedings, and am authorized to apply for
its withholding on behalf of the Westinghouse Electric Company LL.'C'..

I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.790 of the
Commission’s regulations and in conjunction with the Westinghouse application for withholding

accompanying this Affidavit.

I have personal knowledge of the criteria and procedures utilized by the Westinghouse Electric
Company LLC in designating information as a trade secret, privileged or as confidential

commercial or financial information.

Pursuant to the provisions of paragr.;ph (bX4) of Section 2.790 of the Commission’s regulations,
the following is furnished for consideration by the Commission in determining whether the
information sought to be withheld from public disclosure should be withheld.

(i) The information sought 1o be withheld from public disclosure is owned and has been held

in confidence by Westinghouse.

(i)  Theinformation is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining
the types of information customarily held in confidence by it and, in that connection,
utilizes a system to determine when and whether to hold certain types of information in
confidence. The application of that system and the substance of that system constitute

Westinghouse policy and provide the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several
1ypes, the release of which might result in the loss of an existing or potential competitive

advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component,

structure, tool, method, etc.) where prevention of its use by any of

WCAP-16182-NP-A
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Westinghouse’s competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.

It consists of supporting datz, including test data, relative to a process (or
component, structure, tool, method, etc.), the application of which data secures a ‘
compeltitive cconomic advantage, e.g., by optimization or improved

marketability.
Its use by a competitor would reduce his expenditure of resources or improve his
competitive position in the design, manufacture, shipment, installation, assurance

of quality, or licensing a similar product.

It reveals cost or price information, production capacitics, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

It contains patentable ideas, for which patent protection may be desirable.

There arc sound policy rcasons behind the Westinghouse system which include the

following:

@

®)

©

The use of such information by Westinghouse gives Westinghouse a competitive
advantage over its competitors. It is, therefore, withheld from disclosure to

protect the Westinghouse competitive position.

It is information that is marketable in many ways. The extent to which such
information is available to competitors diminishes the Westinghouse ability to

sell products and services involving the use of the information.

Use by a competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.
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(d) Each component of proprietary information pertinent to a particular competitive
advantage is potentially as valuable as the total competitive advantage. If
competitors acquire components of proprietary information, any one component
may be the key 10 the entire puzzle, thereby depriving Westinghouse of a

competitive advantage.

(c) Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage 1o the

competition of those countries.

H The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a

competitive advantage.

The information is being transmitted to the Commission in confidence and, under the
provisions of 10 CFR Section 2.790, it is to be received in confidence by the

Commission.

The information sought to be protected is not available in public sources or available
information has not been previously employed in the same original manner or method to
the best of our knowledge and belief.

The proprictary information sought to be withheld in this submittal is that which is
appropriately marked in WCAP-16182-P, “Westinghouse BWR Control Rod CR 99
Licensing Report" (Proprietary), December 2003, being transmitted by Westinghouse
Electric Company letter (LTR-NRC-03-69) and Application for Withholding Proprictary
Information from Public Disclosure, to the Document Control Desk.

This information is part of that which will enable Westinghouse to provide CR99 design
control rods for use in BWRs in the United States. This information has substantial
commercial value in that it reveals distinguishing aspects of a BWR control rod design
and its supporting analytical methodology and test data which was developed by
Westinghouse, the application of which results in improved in-reactor control rod

performance.
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Public disclosure of this proprietary information is likely to cause substantia} harm to the
competitive position of Westinghouse because it would enhance the ability of
competitors 1o provide a similar product for commercial power reactors without
commensurale expenses. Also, public disclosure of the information would enable others
to use the information to meet NRC requirements for licensing documentation without

purchasing the right to use the information.

The development of the technology described in part by the information is the result of an

intensive Westinghouse cffort and the cxpenditure of a considerable sum of money.
For competitors of Westinghouse to duplicate this information, similar technical
programs would have to be performed and a significant manpower effort, having the

requisite talent and experience, would have to be expended.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC
in connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.790 of the Commission’s regulations conccrning the
protection of proprietary information so submitted to the NRC, the information which is proprictary in the
proprietary versions is contained within brackets, and where the proprietary information has been deleted
in the non-proprietary versions, only the brackets remain (the information that was contained within the
brackets in the proprictary versions having been deleted). The justification for claiming the information
50 designated as proprietary is indicated in both versions by means of lower case letters (a) through (f)
located as a superscript immediately following the brackets enclosing each item of information being
identified as proprietary or in the margin opposite such information. These lower case letters refer to the
types of information Westinghouse customarily holds in confidence identified in Sections (4)(ii)a)
through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.790(b)(1).

C (
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COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to
make the number of copics of the information contained in these reports 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 1o have one copy available for public viewing in the appropriate docket files in the public document
room in Washington, DC 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.
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EXECUTIVE SUMMARY

This report provides justification for use of Westinghouse CR 99 control rods in General Electric boiling
water reactors (BWRs).

The important characteristics of the CR 99 design arc the same as those of the CR 82 design previously
approved by the NRC except for:

1. [

I

2. Use of AISI 316L stainless steel material in the CR 99 blade wings instead of AISI 304 stainless
steel.

The [ 1** facilitates designing the control rod to avoid hard contact
between absorber pins and the stainless steel blade wall, thereby reducing the likelihood of irradiation
assisted stress corrosion cracking of the wall. AISI 316L stainless steel also exhibits superior resistance to
irradiation assisted stress corrosion cracking compared to AISI 304 stainless steel.

This report presents design requirements for the CR 99 control rod. A set of quantifiable, measurable
criteria are presented which, if met, ensure that the design requircments are met. The criteria address
materials, mechanical, physics, and operational performance requirements. The methods used to verify
that the CR 99 control rod design meets these criteria are identified.

The design requirements, criteria, and verification methods ensure that the CR 99 control rod will perform
acceptably in General Electric BWR:s.
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1 PURPOSE
The purposes of this report are to:
1. Present a set of design requirements for Westinghouse BWR control rods to be used in General

Electric (GE) BWRs. Given these design requirements, a set of measurable criteria is established
which, if met, ensures that the design requirements are met. These design requirements and
criteria together form a set of design bases for Westinghouse control rods for use in GE designed
BWRs.

2. Evaluate the CR 99 design against the measurable criteria to ensure that the design meets the
design bases for Westinghouse control rods for use in GE designed BWRs.
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2 INTRODUCTION
2.1 BASIC WESTINGHOUSE DESIGN

The basic Westinghouse control rod design for which the Westinghouse experience base is applicable and
for which this Licensing Topical Report is intended consists of a control rod which:

1. Has horizontal absorber holes drilled in solid stainless steel wings,

2. Uses guide pads (buttons) or no guide pads rather than the upper pins and rollers used in the
Original Equipment Manufacturer’s (OEM) control rods,

3. ( .
]a.c

4, Has a velocity limiter,

5. Weighs less than the design weight for the control rod drive,

6. Has a handle the same as the one it is replacing, or has a core grid support which allows all four
surrounding bundles to be removed without needing a blade guide to hold the control rod in
place,

7. Has an initial worth within [ 1*“ of the initial worth of the control rod that it is replacing,
and

8. Does not negatively impact the ability of the Core Monitoring System to monitor the core
(i.c. [ 1%,

2.2  LICENSING BACKGROUND

The initial design Westinghouse control rod, designated as CR 70, is described in Reference 1. This
design contained only boron carbide (B4C) as a neutron absorber. Due to the potential for B,C swelling-
induced cracking in the rod tip even when a control rod is fully withdrawn, subsequent designs have
contained hafnium (which does not swell when irradiated) in the tips of the rods. The CR 70 design is no
longer manufactured. Nevertheless, many of these rods have operated well, and are still in operation, in
Swedish built Westinghouse reactors.

Reference 2 describes the next Westinghouse design, CR 82, for use in D-Lattice GE BWRs. This design
contains hafnium in the top six inches of the rod, with a total rod worth within 5 percent of the original
control rods. With the exception of the hafnium tip, it is essentially the same design as the rod described
in Reference 1. Use of this rod design has been approved by the NRC in Reference 3.

Reference 4 discusses the use of the CR 82 design in C-Lattice GE BWRs. This design is similar to the
D-Lattice rod design in concept, with differences in geometry and envelope dimensions due to differences
in lattice designs. Use of this rod design has been approved by the NRC in Reference 5.
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Reference 6 discusses: (1) a design (CR 85) that incorporates hafnium along the outer edge of the rod as
well as in the top six inches as used in previous designs, and (2) use of Westinghouse control rods in
BWR/6 reactors. NRC approval is documented in Reference 7.

With respect to important factors, the CR 99 design presented in this report is the same as the CR 82
design approved by the NRC in References 3, 5, and 7, with the following exceptions:

1. The [ ]*€ as absorber material in the CR 99 design
instead of B,C powder and hafnium rodlets used in the CR 82 design.

2. The use of AISI 316L stainless steel (SS) material in the blade wings of the CR 99 design instead
of the AISI 304L SS used in the CR 82 design. This change of material is discussed in
Reference 8.

2.3  CURRENT/FUTURE DEVELOPMENTS

Westinghouse's extensive experience with the basic Westinghouse control rod design encompasses more
than 30 years in BWR reactors of all vendors. The basic design discussed in the previous section has
proven to be an excellent design, and serves as the basis for future designs. Past improvements, as well as
foreseeable future improvements, will involve incremental changes on the basic design such that the large
experience base of proven design can be applied to any new design.

Control rod inspections (References 9 through 12) showed an increased potential for CR 82 control rod
cracking for rods used in high duty (e.g., Control Cell Core) positions in the core. “High duty” is defined
as a location where the control rod is deeply inserted into the core for a significant fraction of the cycle.
Rods used in this manner receive high doses of thermal and fast neutrons in a short time when deeply
inserted in the core. The fast neutron dose is not measured by current core monitoring systems since it
does not lead directly to control rod '°B depletion, but it is well known that fast neutron irradiation makes
stainless stecl susceptible to irradiation assisted stress corrosion cracking (IASCC).

Thus, an improved design designated CR 99 has been introduced to counteract the potential life
shortening IASCC phenomenon. This design uses [ ] as absorber material instead of B,C
powder and hafnium rodlets. AISI316L SS is the blade wing material. AISI 316L SS has proven to be
more resistant to [ASCC than AISI 304L SS (Reference 8). This has been shown both in materials
experiments and in control rod operation.
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3 DEFINITIONS

31 CR99

CR 99 is a control rod design whose critical attributes are presented in Sections 5 through 8 of this report.
A large data basc of operating experience shows that these rods meet the design requirements listed in
Section 4.1 for Westinghouse control rods in GE BWRs.

3.2 CONFORMANCE METHODS

These are various methods by which it is possible to verify that the CR 99 design meets specific criteria.
These methods include experience, testing, analyses, and inspection.

3.3 CRITERIA

Criteria are a sct of quantifiable, measurable standards which, if met, ensure that the design requirements
are met.

34  CRITICALATTRIBUTES

Critical attributes are those attributes (dimensions, materials, design values, etc.) which, if changed, have
the potential to affect fit, form, or function of the control rod.

3.5 DESIGN REQUIREMENTS

Design requirements are a set of general guidelines for the design of Westinghouse control rods which, if
met, ensure that Westinghouse control rods will operate as required in D-, C-, and S-Lattice GE BWRs.
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4 DESIGN REQUIREMENTS

41 GENERAL

The general design requirements for Westinghouse BWR control rods to be used in GE BWRs are:

1. The control rod is compatible with the Control Rod Drive (CRD) system, coupling device, fuel,
fuel channels, associated core internals, and rod handling equipment.

2. The control rod is designed such that rod worth and transient operation (e.g., scram and free fall
velocity) are consistent with the plant safety analyses.

3. The control rod is designed with mechanical stability and materials such that scram capability is
maintained throughout control rod life.

4. The control rod is designed such that currently used tools can monitor core power distribution and
bumn-up.

5. The control rod is designed such that total life cycle dose due to its use (activation product dose,

direct dose, and disposal dose) is minimized.

6. The design and manufacture of the control rod fulfill applicable codes and standards, including -
applicable parts of the ASME Boiler and Pressure Vessel Code.

Given the above design requirements, a set of measurable criteria is established which, if met, ensures
that the design requirements are met. These criteria are given in Sections 5 through 8. Table 4-1 lists the
design requirements along with their related criteria.

These criteria together with the design requirements form a set of design bases for Westinghouse BWR
control rods for use in GE designed BWRs.

42 CONFORMANCE METHODS

Conformance to the acceptance criteria (and ultimately the design requirements) is ensured by at least one
of the following methods:

Experience with identical or similar design(s)
Testing of prototypes, specific features, etc.
Analyses

Inspection

PODN -

Of these conformance methods, experience is the preferred approach. The experience approach provides
the most applicable, directly comparable method for verification of conformance to criteria. This is why,
in general, design changes are made in small, incremental steps so that the experience base of previous
designs remains valid and applicable to new designs.

ceccccccccccccccccccccccCcccCccCccCccCcCcc oo
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Where the experience base does not exist or the time to obtain such a base is too long, testing of
prototypes as well as specific control rod features may be undertaken. Analyses are used (1) to
supplement testing, (2) to extend test results to other product lines or designs, or (3) in licu of testing
when testing is not practical or is prohibitively expensive, and the analytical tools available are known to

give credible results.

Inspection is typically used to verify the first three methods rather than directly as a conformance method.
Inspection allows for increasing the accuracy of analyses, verifying results of tests, and updating the
cxperience basc. Inspections may also lcad to improved designs through detection of previously
unknown or unanticipated problems that would not have been detected if inspections had not been done.

Table 4-1 Design Requirements/Criteria Matrix

Design Requirement

Applicable Criteria®

standards, including applicable parts of the ASME Boiler and Pressure
Vessel Code.

The control rod is compatible with the CRD system, coupling device, fuel, MA-2,3
fuel channels, and rod handling equipment. OP-1,2,3,4
The control rod is designed such that rod worth and transient operation ME-3,5
(e.g., scram and free fall velocity) are consistent with the plant safety PH-1,2,3,4
analyses. OP-2,5,6
The control rod is designed with mechanical stability and materials MA-2
choices such that mechanical function is maintained throughout the life of ME-1 through 5
the control rod. OP-7, 8
The control rod is designed such that currently used tools can monitor core PH-3,4
power distribution and burn-up.

The control rod is designed such that total life cycle dose due to its use MA-1
(activation product dose, direct dose, and disposal dose) is minimized.

The design and manufacture of the control rod fulfill applicable codes and ME-2,3

Notes:

1. Criteria Nomenclature is as follows:
MA-xx Materials Criteria (See Section 5)
ME-xx Mechanical Criteria (See Section 6)
PH-xx Physics Criteria (See Section 7)
OP-xx Operational Criteria (See Section 8)
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5 MATERIALS EVALUATION
5.1  CRITICALATTRIBUTES

The critical attributes for materials related items are given in Table 5-1. The materials used in the CR 99
design are also included in the table.

5.2 CRITICALATTRIBUTES DISCUSSION
5.2.1 Rod Wing and i{andle Material

Use of AISI 316L SS for the rod wing and handle is based on extensive in-reactor experience with the
material. Better resistance to IASCC of AISI 316L SS has made it the preferred blade wing material
(Reference 8). Since this material is in the reactor and subject to neutron activation, limits on cobalt
concentration are set to minimize the release of cobalt to the primary coolant as well as minimize direct
doses due to disposal.

5.2.2 Button and Roller Material

These components are subject to contact and are designed to slide or ride against other material. Thus the
button and roller material must be wear resistant. Original equipment control rods in GE BWRs were
made of material containing high cobalt concentrations (50% to 60%). While acceptable from the wear
standpoint, they released unacceptable amounts of cobalt into the reactor coolant. An EPRI project
identified a non-cobalt material, Inconel X-750, as an acceptable material for use in fabricating these
components. This material has been the material of choice, with the specified limited cobalt content, for
the CR 99 control rod. Extensive in-reactor experience, confirmed during post irradiation examinations,
has shown this material to perform as required. During the last 10 years, AISI 316L SS has also been
used in control rod buttons. Operational experience with this material is also very good.

Operational experience has also demonstrated that the control rods can be operated without a top button.
No wear on any component, control rod or fuel channels, has occurred (Reference 13).

5.2.3 Absorbing Materials

Extensive in-reactor experience with boron carbide (B,C) powder has been amassed on Westinghouse
BWR control rods. In-pile measurements of helium gas pressure have confirmed the validity and
conservatism of the helium release model used in the analyses.

With CR 99, Westinghouse has introduced [
1* This can be compared to the highest density of powder,
about 70%, or standard sintering density of about 73%.

In a control rod with B4C powder, the powder densifies during operation and also swells due to neutron
absorption reactions. Westinghouse experience is that the competing effects of powder densification and
swelling can result in the swelling powder contacting the surrounding stainless steel, possibly causing
TIASCC.
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Reference 14 describes the outline of the CR 99 control rod for an S-Lattice BWRG6 reactor. CR 99
control rods have accumulated significant operating experience in GE BWRs.

5.2.4 Velocity Limiter

The design of the velocity limiter is very important to the control rod drop accident analysis. The design
of this important component is discussed in Section 8 of this report. From a materials standpoint, the
velocity limiter must be made from a material which can be readily cast, machined to final dimensions,
and attached to the rod wings. Since it is in contact with primary coolant, cobalt content must also be
controlled. The velocity limiter for the CR 99 is manufactured from cast AISI 304L SS.

Extensive in-reactor experience with all Westinghouse control rods has shown the acceptability of this
material for the velocity limiter.

5.2.5 Coupling Socket

The design of the coupling socket is important to proper operation of the control rod. The design of this
component is discussed in Section 8 of this report. The coupling socket must be made from a material
which can be machined to final dimensions and has sufficient strength to keep the control rod coupled to
the drive mechanism. The coupling socket is manufactured from Alloy X-750. Extensive in-reactor
experience with this material has shown its acceptability for the coupling socket.

5.3 MATERIALS CRITERIA AND DISCUSSION

The following criteria are shown in Table 5-2 along with the conformance method(s) required to confirm
that the criteria arc met. CR 99 evaluation results are also provided.

5.3.1 Materials Criterion 1 (MA-1)
Criterion
No material shall be used which results in a larger total rod lifetime dose (direct + indirect) than does the

material which it is to replace. If it does, compensatory measures must be implemented in some other
material(s) to reduce total rod dose to meet this criterion.
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Discussion

This criterion ensures that all Westinghouse control rod designs will have at least the same (relative to
OEM rods) characteristics with respect to cobalt release during operation, dose received during
replacement and preparation for disposal, and disposal-related radiological parameters (dose and curie
content).

The investigation of dose impact of a new material may only involve verification that the new material
contains less dose causing material (e.g., cobalt) than does the material which it is replacing. For less
obvious materials changes, the investigation may require the use of the Westinghouse computer model
BKM-CRUD (Reference 15) to determine the impact.

5.3.2 Materials Criterion 2 (MA-2)
Criterion

Rod wing material shall be better than or equal to original blade wing material (Type 304L stainless steel)
with respect to stress corrosion cracking, particularly susceptibility to fast neutron IASCC.

Discussion

This criterion and its conformance methods ensure that only materials superior to those already in use are
used for rod wings. Thus, it is possible to use past in-reactor experience as a conservative experience
base for the new material. :

As shown in Table 5-2, the conformance method required to confirm that a material is superior is testing
and experience. Previous in-reactor experience with the proposed material and/or testing (e.g., in-pile
material tests, autoclave tests, lead control rods, etc.) provides confidence that a material is superior, but
the ultimate proof is long term use in its final form in control rods in the reactor. For this reason, the lead
control rods containing critical components with new material need to be inspected to confirm results of
pre-use testing and adequacy of the experience base.

5.3.3 Materials Criterion 3 (MA-3)
Criterion

Components shall be made of materials compatible with connected and interfacing materials and
components.

Discussion
This criterion ensures that the design will be compatible with existing in-reactor materials.

Evaluation to confirm compliance with this criterion will ensure that materials related considerations
(e.g., differences in thermal expansion, wear properties, etc.) do not create problems.
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Table 5-1

Materials Related Critical Attributes for the CR 99 Design

Materials Critical Attribute

D, C, and S-Lattice Material or Value

Rod Wing and Handle Material

AISI 316L SS

Cobalt Content [ e

Impurities [ o
Velocity Limiter Roller Material Alloy X-750

Cobalt Content [ e

Button Material

Alloy X-750, AISI 316L SS or No Button

Cobalt Content [ ]
Absorbing Materials
Boron Carbide [ e
[ ]tc

Placed in holes drilled in stainless steel

Velocity Limiter

Cast AISI 304L SS

Cobalt Content [ ]
Coupling Socket Alloy X-750
Cobalt Content [ e
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Table 5-2 Materials Criteria
Conformance
Criterion Method(s)™” D-, C- and S-Lattice CR 99
(MA-1)
No material shall be used which results in a Analyses The materials chosen for CR 99
larger total rod lifetime dose (direct + indirect) minimize Co. The two largest
than does the material which it is to replace. If contributors to dose are the
it does, compensatory measures must be rollers/buttons (due to movement across
implemented in some other material(s) to other material) and the wings (largest
reduce total rod dose to meet this criterion surface).
« With respect to the rollers/buttons,
the materials chosen (Alloy X-750
and/or AISI 316L SS) have much
less Co than the Stellite material in
the original rods (see Section 5.2.2).
¢ With respect to the wing material,
the CR 99 has 1/3 of the surface
area of the OEM blades. This,
combined with a [ 1€ limit on
Co, ensures that this criterion is met
for CR 99.
Based on the above, the CR99 rod
meets this criterion.
(MA-2)
Rod wing material shall be better than or equal | Experience Testing | Material testing as well as control rod
to original blade wing material (AISI 304L SS) | Inspection operating experience have proven AISI

with respect to stress corrosion cracking,
particularly susceptibility to fast neutron
IASCC.

316L SS to be a better material than
AISI 304L SS with respect to IASCC
(Reference 8).

On this basis, the CR99 rod meets this
criterion.

(MA-3)

Components shall be made of materials
compatible with connected and interfacing
materials and components.

Experience Testing
Analyses

An extensive experience base has
shown that the design meets this
criterion, i.e., no problems with
latching, normal rod movement, scram
(as seen by rod insertion times within
Technical Specification limits), or
abnormal corrosion.

On this basis, the CR99 rod meets this
criterion.

Note:

1.  See Section 4.2 for a discussion on Conformance Methods.
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6 MECHANICAL EVALUATION
6.1 CRITICAL ATTRIBUTES

The critical attributes for mechanical related items are shown in Table 6-1. The attribute values for CR 99
are also included.

6.2 ATTRIBUTES DISCUSSION
6.2.1 Hole Diameter

Hole diameter directly impacts the wall thickness to the face of the blade. In conjunction with hole pitch,
it impacts ligament thickness to the adjacent hole. In conjunction with hole pitch and hole depth, this
parameter impacts total rod worth.

Thus, it can be seen that selection and control of this parameter are important to control rod design and
in-reactor performance with respect to both mechanical and nuclear performance.

6.2.2 Hole Pitch

This parameter can affect ligament thickness between holes and total rod worth. Thus, while not as
critical as hole diameter, hole pitch is still important to control rod performance.

6.2.3 Hole Depth

Hole depth is the primary parameter Westinghouse uses to control rod worth. Varying the hole depth can
change the control rod worth of two otherwise identical control rods.

Due to the amount of stainless steel between the end of the hole and the inner edge of the control rod
wing, and the lack of stress in that direction, differences in hole depths reasonably expected for any
control rod designs for GE BWRs have little impact on mechanical performance.

6.2.4 Minimum Quter Wall Thickness

This parameter is important in stress analyses since any calculations done use this conservative value in
determining stresses across the wall of the control rod.

During manufacture, control rods are inspected against this value to ensure that the analyses performed
are valid. In general, actual values are greater than the specified minimum. Parameters which set this
value include hole diameter, control rod blade wing thickness and manufacturing tolerances in the hole
location.

6.2.5 Hole Ligament Thickness

This parameter is important in stress analyses done to determine stresses between holes. Parameters
which set this value include hole diameter, hole pitch and manufacturing tolerances in the hole location.
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6.2.6 [

]a.c
6.2.7 [

]a.c
6.2.8 Moment of Inertia

Moment of inertia is important mainly with respect to seismic behavior and ability to insert during a
seismic event.

6.2.9 Mass of the Complete Control Rod

This parameter, in conjunction with the mass of the control rod without the velocity limiter and socket, is
important in determining axial stresses on the control rod during scrams.

6.2.10 Mass of the Control Rod without the Velocity Limiter and Socket

This parameter, in conjunction with the mass of the complete control rod, is important in determining
axial stresses on the control rod during scrams.

6.2.11 Control Rod Design Temperature

The control rod design temperature is set by the design temperature of the plant reactor coolant. This
value is far below any value that could substantially degrade (melt) the material in the control rod.

6.2.12 Control Rod Design Pressure

As with design temperature, design pressure is set by the design of the plant reactor coolant system. This
value is used in determining the stresses across the hole walls due to differential pressures.

6.2.13 Handle Design

Westinghouse has manufactured control rods with both single and double handles. The safety function of
the control rods does not depend on the handle design. However, the designs must be: (1) checked for
compatibility with the rod handling equipment and (2) evaluated to ensure that the handle will be able to
take the stresses due to normal loading and handling. Note that item (1) is addressed in Section 8,
Operational Evaluation.

In general, the original control rods for D-Lattice plants were built with single handles, C-Lattice plants
have a mix of single and double handle control rods, and S-Lattice plants have double handle control
rods.
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6.2.14 Materials Strength Properties

Values of the parameters listed below, which are related to the material used in the control rod, are used to
determine whether calculated stress levels are within acceptable ranges.

. Young’s Modulus, E

. Yield Strength, Rp,

. Ultimate Strength, R,

. Allowable Stress Limit, S, — per Article I1I-2110(b) of ASME Boiler and Pressure Vessel Code,

Section Il is given by:

Sm = Min { 2/3 x Rpy2 (20°C),
0.9 x Rpo (T°C),
1/3 x Ry, (20°C),
1/3 x Ry, (T°C) }

The values of Rpy; and Ry, are the minimum values specified in the material specifications.
6.3 MECHANICAL CRITERIA AND DISCUSSION

Mechanical criteria to be met are stress and fatigue limits under differential static pressure, pressure
cycling and scram load. Meeting criteria specified in this section assures that applicable codes and
standards are met. Stresses as defined below are used in the evaluation.

General Primary Membrane Stress Intensity — Py,

This stress intensity is derived from the average value across the thickness of a section of the general
primary stresses produced by design pressure and other specified design mechanical loads, but excluding
all secondary and peak stresses. The allowable value of this stress intensity is S, at the design
temperature.

Local Membrane Stress Intensity — P,

This stress intensity is derived from the average value across the thickness of a section of the local
primary stresses produced by design pressure and other specified design mechanical loads, but excluding
all secondary and peak stresses. The allowable value of this stress intensity is 1.5 S,

Primary Membrane (General or Local) Plus Primary Bending Stress Intensity — Pp,+Py, or P +P),

This stress intensity is derived from the highest value across the thickness of a section of the general or
local primary stresses plus primary bending stresses produced by design pressure and other specified
design mechanical loads, but excluding all secondary and peak stresses. For solid rectangular sections,
the allowable value of this stress intensity is 1.5 S,
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The following criteria are shown in Table 6-2 along with the conformance method(s) that show the
criteria are met.

6.3.1 Mechanical Criterion 1 (ME-1)
Criterion

Stresses on the Westinghouse control rod handle due to normal loading and handling shall not exceed
allowable values anytime in life.

Discussion

This Criterion ensures that the control rod can be safely moved during receipt, initial installation,
shuffling, removal, and preparation for disposal.

In the Westinghouse design, the support and the handle have been integrated with the control rod wings,
which means that there is only one vertical weld where the two control rod wings are joined in the lifting
handle.

During normal handling operations, the lifting handle is loaded with the weight of the control rod in air.
In the stress analysis, this load is conservatively chosen as a concentrated force on the weld on the
horizontal part of the handle. Figure 6-1 shows an example of the Finite Element Model of a double
handled C-Lattice Westinghouse control rod. The applied force is assumed to be:

0.25 x 2 x Control Rod Weight (in air)

where:

0.25
2.0

one fourth part of the handle (This value amounts to 0.5 for single handle designs)
dynamic lifting factor (including a safety factor)

The maximum cffective bending stress is then calculated on the horizontal part of the handle close to
location of the applied load.

The maximum resulting effective stresses (Py+Py,) must be lower than the corresponding allowable
stresses. For the handle’s material at 85°C, the allowable stress is n X 1.5 Sy, where n is the applicable
welding factor according to Reference 16, Table NG 3352-1.

6.3.2 Mechanical Criterion 2 (ME-2)

Criterion

Stresses and fatigue in the Westinghouse control rod wings due to pressure differences (AP) across the
walls shall not exceed allowable ASME values anytime in life.
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Discussion

This criterion ensures that ASME Section III stress limits are met with the maximum outside to inside AP
at beginning of life and maximum inside to outside AP at the end of life, throughout the complete lifetime
of any Westinghouse control rod design.

6.3.2.1 Pressure Difference Determixiation

During reactor operation, the gas pressure in the control rod blades will increase with '°B depletion from
the initial filling gas pressure to the design pressure at EOL, and thus gradually change the differential
pressure, AP, to its maximum across the walls of the blades. The differential pressure for which the blade

stresses must be calculated is also a function of reactor temperature and system pressure.

Gas Pressure Buildup

]3.C
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L

Pressure Due to He Gas Remaining from Fabrication

[

Total Gas Pressure Build-up
The total gas pressure in the blade is calculated according to:

Pror =Pye + Py

]a,c

Design Internal Rod Pressure

[

==

(6.4)
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Total Differential Pressure
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6.3.2.2 Stress Determination

]I.C

The highest stresses caused by this AP occur (1) in the ligaments between absorber holes, (2) in the outer
wall of a blade adjacent to a section through an absorber hole and (3) in the control rod’s outer edge,
farthest from the centerline of the control rod. All stresses have sufficient margins to allowable stresses.

Due to the complicated geometry of the control rod, a three-dimensional FEM consisting of 20 node solid
tetrahedral or brick elements is used. An example of this model is shown in Figure 6-4. In the model, all
parameters are conservatively chosen. The calculations are carried out with the aid of a general purpose
finite element computer program such as ANSYS (Reference 21). Calculated stresses are post processed
by the FE program and linearized in accordance with the intent of the ASME code for the final evaluation.

The results of the stress computations are evaluated for each load case separately. The stress intensity
limits are based on the S, value and are summarized below (ASME Standard Section III, Division I,

Atrticle NB-3221 (Reference 16)).

Stresses due to Pressure Loads in the Control Rod Blade

Blade Quter Wall Calculation

(o]
‘ 14
= gm= =

]Z.C

VE‘_'_I'F(;;"

Edge Outer Wall Calculation

[ i

]a.c

—
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Ligament Calculations

]a.c

All the calculated stresses at 300°C must be lower than the corresponding allowable stress limits
discussed in Section 6.3.

6.3.2.3 Fatigue Calculation

During operation of the reactor, the gas pressure in the control rod blades will increase mainly due to
helium release from the boron carbide, and thus gradually will change the pressure difference across the
absorber hole walls. Furthermore, normal start-up and shutdown of the reactor results in more rapid
variations of the differential pressure over the walls in the control rod blades.

Load cycling

[

]3,C
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]a.C

The alternating stresses are calculated as:

P, +P.) E
Sy =K, LLtTh) b) B (6.6)
2 E;
[
]a.c

6.3.3 Mechanical Criterion 3 (ME-3)
Criterion

Stresses and fatigue in Westinghouse control rods due to scram induced loads shall not exceed allowable
values.

Discussion

This criterion ensures that ASME, Section III stress limits are met with any plant specific scram load
throughout the lifetime of any Westinghouse control rod design.

6.3.3.1 Scram Load

Scram loads are given in Reference 22. During a reactor scram, the rods are hydraulically inserted in the
reactor core and hydro-dynamically slowed at the end of the stroke. A scram load cycle is thus defined as
a compressive scram force (acceleration) followed by a tensile scram force (deceleration). The maximum
axial force in the velocity limiter and the socket occurs during the deceleration phase of the scram with
cold reactor conditions, and assuming a failed buffer. This scram is considered a Level B load.

Scram of the reactor during the cold condition (85°C) is called cold scram, while reactor scram during
normal reactor operation (300°C) is called hot scram. A “normal” scram at hot or cold conditions is

considered a Level A load.

6.3.3.2 Forces and Stresses in the Velocity Limiter and the Socket

(

]a.C
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(
]Z.C
6.3.3.3 Fatigue Calculation in the Velocity Limiter and in the Socket
[
]a.c
Membrane stresses (Py,) ensuing from tensile and compressive scram forces are calculated. The
alternating stresses are calculated as:
E
Sae =K{Pq— 6.7)
Ey
[
]a.c
Finally, the cumulative usage factor, U is calculated by:
y=21,02 (6.8)
N, N
where:
nl n2 = number of cold and hot scrams ([ 1?“, respectively)
N;, N2 = number of the cold and the hot scrams to failure, respectively

The total cumulative usage factor must be less than 1.0. [
]a,C

6.3.34 Combined Stress Determination in the Absorber Blade
It is assumed that a scram may occur at any time during reactor operation, that is, at both cold and hot
conditions. Scram stresses occur in the blade wall in a section adjacent to an absorber hole, and thus must

be supcrimposed on the pressure induced stresses for the operation condition analyzed.

Detailed Combined Stresses Analysis of the Control Rod Blade

(

WCAP-16182-NP-A March 2005
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]a.c

Blade Quter Wall Calculation

Edge Outer Wall Calculation

The highest local primary membrane stress intensity (Pp) and local primary membrane plus bending stress
intensity (P.+Py) across the thickness of the outer wall of the edge are calculated by the detailed FE
analysis.

Ligament Calculations

The maximum stress intensity in a ligament is determined by the detailed FE analysis. This stress is the
highest value across the thickness of a ligament of the local primary stress intensity (Py) and local primary
stress plus primary bending stress intensity (P +Py).

(

]a.c
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6.3.3.5 Fatigue Calculation for the Absorber Blade

The fatigue calculations are performed for the absorber blade under scram loads for both cold and hot
scrams.

In the fatigue calculations, the following assumptions are made when calculating fatigue damage:

[

]l.C

Finally, the cumulative usage factor, U, is calculated by equation (6.8):

u=21L,.02
Ny Ny
where:
nl n2 = numberof cold and hot scrams ([ 1*%, respectively)
N1 N2 = number of cold and hot scrams to failure, respectively

The total cumulative usage factor must be less than 1.0. [
]a.C

6.3.4 Mechanical Criterion 4 (ME-4)
Criterion

Calculated stresses in Westinghouse control rod wings due to [ J*¢ shall not exceed values
known to cause cracking.

Discussion

This criterion helps ensure that Westinghouse control rods reach end-of-life before the onset of cracking.

[

]LC

1°B 4 n->7Li + 4He + 2.8 MeV

WCAP-16182-NP-A March 2005



|

6-14

]a.C

6.34.1 [

]a.c

6.3.4.2 Differential Thermal Expansion

Thermal expansion is calculated from the information on the temperature ficld in the bodies involved.
Thermal expansion proceeds according to the equation below.

[ ]ax
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6.3.5 Mechanical Criterion 5 (ME-5)
Criterion

The Westinghouse control rod shall be capable of insertion into the core without structural damage in the
presence of an oscillatory fuel (channel) deflection of [ I*.

Discussion

This criterion ensures that Westinghouse control rods are capable of insertion into the core in the unlikely
event of relatively large earthquake induced oscillations of fuel channels (bundles). The rod must not be
too stiff to adapt to the oscillating core during insertion.

Seismic behavior in terms of insertion time in an oscillating core is essentially determined by the specific
bending stiffness and moment of inertia (MOI) of the control rod. The bending stiffness is a function of
the blade span, the blade thickness, hole diameter and pitch. Other factors that affect the bending stiffness
are the presence of hafnium pins.

Acceptable seismic behavior of the Westinghouse CR 85 control rod design [

J*€ and its capability
to withstand seismic forces have been verified in Toshiba laboratory tests under simulated earthquake
conditions (Reference 23). The seismic condition was simulated by oscillating the center of the four
surrounding fuel channels. In addition, a misalignment between components was also introduced. Scram
insertion time was measured for different channel deflection amplitudes, up to [ s
The tests were performed at full operating pressure and temperature. Test results are shown in
Figures 6-6 and 6-7 for BWR 2/3/4/5 which present time to 90% insertion as a function of channel
deflection amplitude. Figure 6-8 shows test results for BWR-6 which presents time to 75% insertion as a
function of channel deflection amplitude. As Figures 6-6 to 6-8 indicate, the Westinghouse control rod
blade inserts for mid-span deflections according to Table 6-2.

Inspection of the control rod after the seismic test showed that there was no functional damage and no large
deformation. This demonstrates that the control rod can withstand even extremely strong seismic forces.

The Westinghouse base design of control rod blades with drilled holes in solid plates implies a consistent
rod stiffness in the beam mode. That is, the expected seismic behavior is the same for rods for the C-, D-
and S-Lattices. [

]a,c

]ax
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Table 6-1 Mechanical Related Critical Attributes for CR 99 Designs

Mechanical Critical Attribute

D-Lattice CR 99 Value or Range

C-~Lattice CR 99 Value or Range

S-Lattice CR 99 Value or Range
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Table 6-1 Mechanical Related Critical Attributes for CR 99 Designs
{cont.)

Mechanical Critical Attribute D-Lattice CR 99 Value or Range C-Lattice CR 99 Value or Range S-Lattice CR 99 Value or Range

a,c
Material strength properties
T=20°C

Young’s modulus, E

Yield strength, Rpy2
Ultimate strength, Ry,

Material strength properties
T=285°C

Young’s modulus, E

Yield strength, Rpg,
Ultimate strength, Ry,
Allowable Stress, S,

Material strength properties
T =300°C

Young’s modulus, E

Yield strength, Rpy»
Ultimate strength, Ry,
Allowable Stress, S,
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Table 6-2 Mechanical Related Critical Attributes for CR 99 Designs

Conformance
Criterion Method(s)“) D-Lattice Reference 24 C-Lattice Reference 24 S-Lattice Reference 24
(ME-1) Section 6.3.1 — e
Handle: Analyses
Max effective stress (Pr+Py) (meets criteria)

n = 0.65 for double handle
n = 1.0 for single handle

(ME-2) Scction 6.3.2
Control Rod Blade Wings: Analyses
Primary Membrane Stress Intensity (Py), | (meets criteria)
Local Membrane stress Intensity (Pp) and
Local Membrane plus Primary Bending
Stress Intensity (Pp+Py)

Cycles to Failure, CF > 200

(ME-3) Scction 6.3.3

Velocity Limiter and Socket: Analyses
Primary Membrane Stress Intensity (P,,) | (mcets critcria)
at cold (85°C)

and hot (300°C) conditions
Fatigue usage factor U < |

Control Rod Blade Wings:

Primary Membrane Stress Intensity (P,)
at cold (85°C)

and hot (300°C) conditions

Local Membrane stress Intensity (PL),
and Local Mcmbrane plus Primary
Bending Stress Intensity (P+Py) at 85°C
and 300°C

Fatigue usage factor U < |

WCAP-16182-NP-A ' March 2005
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Table 6-2 Mechanical Related Critical Attributes for CR 99 Designs

Initial gap wide enough to prevent hard
contact due to swelling before EOL

(cont.)
Conformance
Criterion Method(s)? D-Lattice Reference 24 C-Lattice Reference 24 S-Lattice Reference 24
(ME-4) Section 6.3.4 Analyses
B,4C pin to hole wall gap: (meets criteria)

(ME-5) Scction 6.3.5

Control rod insertion into the core during
a seismic event without structural
damage with an oscillary fuel (channel)
deflection of [ 1"

Analyses, Test
(meets criteria)

Note:

1. See Section 4.2 for a discussion on Conformance Methods.
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Figure 6-1 FEM Model of Handle
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Figure 6-2 Helium Release vs '°B Depletion
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Figure 6-3 Design Pressure Curve
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Figure 6-4 FE Model of a Section of the Blade Wing Structure
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Figure 6-5 Blade Wing Sections in the Scram and Pressure Force Induced Stress Evaluation
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Figure 6-6 Seismic Scram Insertion Test, D-Lattice
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Figure 6-7 Seismic Scram Insertion Test, C-Lattice
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Figure 6-8 Seismic Scram Insertion Test, S-Lattice
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7 PHYSICS EVALUTION

7.1  CRITICALATTRIBUTES

The critical attributes for physics related items are given in Table 7-1. The values for the CR 99 control
rod are also included in the table.

7.2  ATTRIBUTES DISCUSSION
7.2.1 Total Rod Worth

Rod worth calculations have been typically done using the PHOENIX code (Reference 26) to allow
comparison of Westinghouse control rod worth to the worth of the rod it is replacing at various conditions
simulating a range of reactor conditions. Results of these calculations are then used to confirm nuclear
compatibility with the core.

PHOENIX single bundle calculations are made at three different conditions simulating various shutdown
conditions:

[
.

Cold, clean critical - corresponding to the limiting shutdown condition,
Hot-Full power, zero void - corresponding to a location near the core inlet, and
Hot-Full power, 50% void - corresponding to the top of the core.

wn

]lvc

For multiple absorber control rods, the calculations are done for each different absorber zone separately.
The total control rod worth difference between the Westinghouse control rod and the replaced rod is then
a weighted sum of the various zones. The weighting factors describe the axial power distributions and
depend on the type of control rod and on the shutdown conditions, cold clean or hot.

The differences between Westinghouse control rods and the replaced rod using the above procedure vary
only slightly for any lattice type control rod design as a function of fuel bum-up and fuel type.

7.2.2 Shutdown Margin (SDM)

In general, shutdown margin follows rod worth, i.e., higher worth translates to more shutdown margin.
Westinghouse experience has shown the following to be a good estimate of the impact rod worth has on
shutdown margin at limiting cold conditions:

[ I**
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where:

A SDM is the change in SDM, relative to an original equipment manufacturer’s (OEM) rod
A kcorp is the PHOENIX single bundle cold clean rod worth of the OEM rod

with CR without CR
k -3 - k oo

Ak (%)

k without CR

and RWD is the relative rod worth difference between the Westinghouse control rod and the rod it is
replacing

Ak(West) — Ak(OEM)
Ak(OEM)

RWD =

-100(%)

]a.C

For multiple absorber control rods, total SDM is a weighted sum of the various zones. [

J*€ Foran
example of a CR 99 absorber material outline, see Reference 14. The total SDM change would be
(Reference 28):

[ ]a.c
where:
A SDM1y, is the total change in shutdown margin and

A SDMryp, A SDMyyiq and A SDMg,, are the shutdown margin changes in the top, mid and bottom
zones respectively.

Wiep, WMid, and Wp, are weighting factors that describe the axial flux distribution, as discussed in
Section 7.2.1 above.

As with the calculation of total rod worth, there is only a slight ASDM dependence on fuel bum-up and
fuel type.

7.2.3 LPRM Detector Signal Change

This calculation, which indicates the power distribution effect relative to the replaced rod, is also done
using the PHOENIX code. Results of this calculation are used to ensure nuclear compatibility and
negligible effect on the core monitoring system.

WCAP-16182-NP-A March 2005
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7.24 Nuclear End-of-Life (NEOL)

Many of the reload analyses performed, and core monitoring codes used in plants, assume that all control
rods are new, full strength OEM control rods. For this assumption to remain valid for replacement rods,
differences in replacement rod initial worth and allowable depletion relative to the OEM rods must be
limited. Replacement rod initial worths of 95% to 105% of OEM initial worth, and allowable control rod
depletion of 10% loss in reactivity from initial OEM rod worth, have been the historical limits for GE
BWRs. Calculation of Westinghouse BWR control rod worth reduction is done using the
PHOENIX/XYBDRY method described in Reference 27.

References 28-30 show calculated NEOL's for Westinghouse BWR CR 99 control rods based on the
defined limit of 10% loss in reactivity from initial OEM rods.

7.3  PHYSICS CRITERIA AND DISCUSSION

The following criteria are shown in Table 7-2 along with the conformance method(s) required to confirm
that the Criteria are met. CR 99 evaluation results are also shown.

7.3.1 Physics Criterion 1 (PH-1)
Criterion

Total Westinghouse control rod initial worth shall be within [ ]*€ of the initial worth of the control rod
it is replacing.

Discussion

This criterion helps ensure that any Westinghouse control rod design has nuclear compatibility with other
rods in the core as well as helping to ensure that calculations performed by the installed core monitoring
system remain valid. In addition, this criterion ensures that in-reactor response of the rod will be
indistinguishable from the rod it replaces.

Results of calculations done for a specific lattice type control rod design vary only slightly as a function
of burn-up and fuel type. Thus, calculations done at the time of initial design of a Westinghouse control

rod for installation in a representative core will remain valid for the life of the rod and are valid for other
similar lattice type cores.

7.3.2 Physics Criterion 2 (PH-2)
Criterion
The effect on shutdown margin due to the use of a Westinghouse control rod shall be such that:

SDMWcstinghousc 2 [ ]a,c SDMchlaccd

WCAP-16182-NP-A March 2005



Discussion

This criterion helps ensure that core monitoring and reload related calculations, which are done assuming
an OEM control rod is installed, remain valid.

As discussed in Section 7.2.2, results of calculations done for a specific lattice type control rod design
vary only slightly as a function of burn-up and fuel type.

7.3.3 Physics Criterion 3 (PH-3)
Criterion

The difference seen by an LPRM detector due to the use of a Westinghouse control rod relative to the use
of the replaced rod in the same location shall be less than orequal to [ ]**.

Discussion

This criterion helps ensure that the calculations done by the core monitoring system remain valid as well
as ensuring that local power distribution uncertainties are not significantly increased.

7.3.4 Physics Criterion 4 (PH-4)
Criterion

The Nuclear End-of-Life (NEOL) for a Westinghouse control rod is reached when its rod worth in any
quarter segment decreases to 930% of the initial worth of an OEM control rod in the quarter segment.

Discussion

This criterion helps ensure that core monitoring and reload related calculations which are done assuming
a fresh, OEM control rod is installed remain valid. A value of 90% of initial worth of an OEM rod in any
quarter segment has been historically used for this limit in GE BWRs,

Use of a Westinghouse control rod past this historical limit is acceptable as long as the control rod worth
is explicitly monitored in appropriate reload and core monitoring codes, mechanical limits for the
projected longer life are investigated, and appropriate inspections are carried out after the Westinghouse
control rod exceeds the 10% reactivity loss threshold. For such use, end of life for the Westinghouse
control rod would occur when either of the following occurs:

. The worth of the rod decreases to the point where fuel costs are negatively impacted (i.c., loading
pattern cannot be optimized due to the decreased worth of the rod), or

. A visual inspection detects an unacceptable crack.
[

]a.c
WCAP-16182-NP-A March 2005
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For determination of stresses due to helium release with consequent pressure build-up, actual '°B
depletion is used. The correlation between '°B depletion and helium release is specified as a function of
actual depletion. In Section 6.3.2, an average value of [

]a.c
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Table 7-1

Physical Related Critical Attributes for CR 99 Designs

Physical Critical Attribute

D-Lattice CR 99 Value
or Range

C-Lattice CR 99 Value
or Range

S-Lattice CR 99 Value
or Range

Total rod worth relative to
replaced rod

Shutdown margin relative to
replaced rod

LPRM detector signal
change relative to replaced
rod

Nuclear End of L
(10% worth decrease from
OEM value)

Top quarter segment

2nd and 3rd quarter
segments

Bottom quarter scgment

WCAP-16182-NP-A
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Table 7-2 Physics Criteria

Westinghouse control rod is reached when its
rod worth in any quarter segment decreases to
90% of the initial worth of an OEM rod quarter
segment.

Conformance CR 99, D-, C- and S-Lattice

Criterion Method(s)” Valuation Results
(PH-1)
Total Westinghouse control rod initial worth Analyses See Table 7.1
shall be within [ ]*° of the initial worth of the (meets Criterion)
control rod it is replacing.
(PH-2)
The effect on shutdown margin due to the use of Analyses See Table 7.1
a Westinghouse control rod shall be such that: (meets Criterion)
SDMWcslinghousc 2 [ ]a.c SDMReplaced
(PH-3)
The difference seen by an LPRM detector due to Analyses See Table 7.1
the use of a Westinghouse control rod relative to (meets Criterion)
the use of the replaced rod in the same location
shall be less than orequalto [ ]™“.
(PH-4)
The Nuclear End-of-Life (NEOL) for a Analyses See Table 7.1

(meets Criterion)

Note:

1. See Section 4.2 for a discussion on Conformance Methods.
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8 OPERATIONAL EVALUATION
8.1 CRITICALATTRIBUTES

The critical attributes for operational related items are given in Table 8-1. The attribute values used for
the CR 99 are also included in the table.

8.2 ATTRIBUTES DISCUSSION

8.2.1 Nominal Wing Thickness

The most important dimensional parameter with respect to compatibility with fuel and fuel channels is the
control rod envelope discussed in Section 8.2.9 below. However, nominal wing thickness is also an
important parameter that should be examined for different rod designs.

8.2.2 Maximum Button Thickness

Along with the envelope dimensions, this parameter is important with respect to fuel and channel
compatibility. The button is the feature which touches the adjacent fuel channels, helping to keep the
control rod centered in the gap between the fuel assemblies.

The CR 99 control rod can also be delivered with no button (Reference 13).

8.23 Maximum Wing Span

Maximum wing span is important to compatibility of the rod with core internals and CRD components
(e.g., fit through the fuel support piece and fit in the guide tubc).

8.2.4 Maximum Velocity Limiter Diameter (With Rollers Installed)

This parameter is important in ensuring compatibility with the CRD system, in particular the guide tube.
The rollers on the end of the velocity limiter ride against the inside of the guide tube. The maximum
diameter of the velocity limiter with the rollers installed must be such that the rod can travel freely up and
down in the guide tube without binding.

8.2.5 Total Weight

Total weight for a control rod must be less than that for which the CRD system was designed.

8.2.6 Overall Length

Overall length is important with respect to interfacing with the CRD system and core internals.

WCAP-16182-NP-A March 2005
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8.2.7 Velocity Limiter/Coupling Design

The design of the velocity limiter is important with respect to the free fall velocity assumed in the Control
Rod Drop Accident.

Coupling (socket) design is important since this component provides the control rod interface with the
CRD system.

8.2.8 Handle Design

Westinghouse has manufactured control rods with both single and double handles. To ensure
compatibility with the rod handling equipment, the handle design of the Westinghouse control rod should
be checked against the design of the replaced rod.

In general, the original rods for D-Lattice plants were built with single handles, C-Lattice plants have a
mix of single and double handle rods, and S-Lattice plants have double handle rods.The control rods can
also be delivered with a core grid support, which allows all four surrounding bundles to be removed
without needing a blade guide to hold the control rod in place, provided that the control rod is fully
inserted. This means that the handle will be extended up to 2.8 in. (72 mm). When the rod is completely
inserted, the support will extend into the core grid. When the rod is completely withdrawn, the handle
will experience additional neutron fluence compared with the standard handle. This additional fluence
does not limit the use of the rod since the handle is not stressed during operation.

8.2.9 Envelope

The envelope figure for a Westinghouse control rod shows the maximum thickness of the blade as well as
the maximum allowed twist and bow along the full length of the control rod.

This envelope is checked for every control rod along its full length in a full length test fixture as part of
the manufacturing process.

This envelope is important in determining proper rod interface with fuel, fuel channels, and other core
internals.

8.3 OPERATIONAL CRITERIA AND DISCUSSION

The following criteria are shown in Table 8-2 along with the conformance method(s) required to confirm
that the criteria are met. CR 99 evaluation results are also shown.

8.3.1 Operational Criterion 1 (OP-1)
Criterion

The Westinghouse control rod socket shall be compatible with the existing CRD coupling device (spud).

WCAP-16182-NP-A March 2005
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Discussion

A good coupling design ensures that (1) the control rod can be coupled to the drive when initially
installed, (2) the control rod will remain coupled during operation, and (3) the control rod can be
uncoupled when the rod is to be shuffled or removed.

8.3.2 Operational Criterion 2 (OP-2)

Criterion

The Westinghouse control rod weight shall be similar to the nominal weight of the OEM rod.

Discussion

The control rod can not significantly exceed the nominal weight of the OEM rod due to considerations of
scram capability, scram times and free fall (rod drop) characteristics. However the control rod shall not
be significantly below the weight of the OEM rod due to settling capability, which depends on the weight
of the control rod to cause it to settle into its final position during normal insertion and withdrawal.

8.3.3 Operational Criterion 3 (OP-3)

Criterion

The Westinghouse control rod shall be compatible with existing fuel, fuel channels, and core internals.

Discussion

This criterion is important to ensure that normal operation and scram capability are not impacted, i.e., the
control rod will not damage surrounding fuel channels, and will fit in the core.

8.3.4 Operational Criterion 4 (OP-4)

Criterion

The Westinghouse control rod shall be compatible with control rod handling equipment.

Discussion

This criterion would only be of concern in cases where the Westinghouse control rod handle design is
different from that which it is replacing. Examples would be providing a double handled rod for a plant

originally supplied with single handled rods or supplying rods with extended handles.

Compatibility with rod handling equipment is not a safety issue but, nevertheless, must be investigated to
ensure that the handling equipment can move, install, and remove the control rods.

WCAP-16182-NP-A March 2005



8.3.5 Operational Criterion 5 (OP-5)

Criterion

The Westinghouse control rod free fall velocity shall be consistent with the design basis velocity.
Discussion

This criterion (along with OP-2) ensures that any Westinghouse control rod design is consistent with the
control rod free fall assumptions in the plant’s Safety Analysis for the Control Rod Drop Accident,

The velocity limiter design for the CR 99 is identical to the design of the OEM control rods. This, in
combination with control rod weights less than those assumed in the design of the CRD system, ensures
that the CR 99 meets Criterion OP-5.

In addition, free fall velocity tests of Westinghouse control rods have been performed (Reference 32) that

show that Westinghouse control rods meet this criterion.
8.3.6 Operational Criterion 6 (OP-6)

Criterion

The Westinghouse control rod shall not adversely affect scram times and settling capability in the reactor.

Discussion

In conjunction with OP-2, this criterion ensures that scram times will be consistent with those assumed in

the plant’s Safety Analyses. In addition, it ensures that any Westinghouse control rod design also settles
normally when withdrawn or inserted which, while not a direct safety concern, is a necessary operational
consideration.

8.3.7 Operational Criterion 7 (OP-7)

Criterion

Flow-induced vibration of the Westinghouse control rods shall not cause detrimental fretting of the rod or

fuel channels.
Discussion

The criterion ensures that control rod vibration, which may be induced by coolant flow in guide tubes
and/or in the core, does not have any adverse effect on the control rod or on adjacent fuel channels.

The Westinghouse control rod is designed to have similar clearances to guide tubes and fuel channels as
the original control rod. As a result, flow velocitics and flow patterns, and thus also rod vibrations, will

WCAP-16182-NP-A March 2005
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not be significantly changed. In addition, interfacing surfaces between the control rod and channel are
designed to have sufficiently large contact area to avoid fretting.

8.3.8 Operational Criterion 8 (OP-8)
Criterion

Mechanical End-of-Life (MEOL) for all new Westinghouse control rod designs should be greater than or
equal to the Nuclear End-of-Life (NEOL).

Discussion

This criterion is set as a design goal. Nevertheless, historical in-reactor experience has shown that there is
a possibility of unexpected cracking due to B,C swelling, material cold work, IASCC, etc. In reality, a
crack in a Westinghouse control rod has no impact on the safety function of the rod. Rather, the concern
is with eventual wash-out of boron carbide, resulting in unmonitored control rod worth reduction. Hot
cell examinations and neutron radiography in reactor pools have shown that the loss of B,C in
Westinghouse control rods with B4C powder (e.g., CR 70) through leaching and washout is very limited
in adjacent uncracked holes during the course of one or even several operating cycles. [

I*

Westinghouse has a policy to follow lead control rods of each design to high burn ups by performing
inspections. From these inspections, guidelines for operation and the need for further inspections of the
various designs are formulated.

Alead CR 99 control rod has been operated in the Swedish Oskarshamn 3 BWR to almost 5 snvt, and
then inspected with an acceptable result, i.e., no cracking. Furthermore, the margin for swelling has been
increased in later CR 99 control rods, which is also the case for CR 99 rods that will be provided for US
plants. Thus, the criterion of a MEOL that exceeds the NEOL is considered to be met.
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Table 8-1

Operational Related Critical Attributes for CR 99 Designs

Operational Critical
Attribute

D-Lattice CR 99 Value

C-Lattice CR 99 Value

S-Lattice CR 99 Value

Nominal wing thickness

Maximum button
thickness

Maximum wing span

Maximum velocity limiter
diameter (with rollers
installed)

Nominal weight

Overall length

Velocity limiter/coupling
(socket) design

Handle design

Envelope
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Table 8-2 Operational Criteria
Conformance CR 99 D- and S-Lattice Evaluation
Criterion Methods(s)? CR 99 C-Lattice Evaluation Results Results
(OP-1) Experience Testing Extensive data base of experience has shown | Extensive data base of experience has shown
The Westinghouse control rod that the design meets this criterion, i.e., the that the design meets this criterion, i.c. the
socket shall be compatible with control rod couples with the spud, does not control rod couples with the spud, does not
the existing CRD coupling device decouple inadvertently, and can be removed decouple inadvertently, and can be removed
(spud). without problems. without problems.
(meets criterion) (meets criterion)
(OP-2) Testing Analysis ( [
The Westinghouse control rod
weight shall be similar to nominal 1"
weight of OEM blades. (meets criterion)
]!.C
(meets criterion)
(OP-3) Experience Testing Extensive data base of experience has shown | Extensive data base of experience has shown
The Westinghouse control rod Analysis that the design meets this criterion, i.e., does that the design meets this criterion, i.e. does
shall be compatible with existing not impact normal operation and scram times, | not impact normal and scram times, does not
fuel, fuel channels, and core does not damage surrounding fuel channels, damage surrounding fuel channels, and fits
internals, and fits in the core internals. with the core internals.
(meets critcrion) (mects criterion)
(0OP-4) Experience Extensive data base of experience has shown | Extensive data base of experience has shown

The Westinghouse control rod
shall be compatible with control
rod handling equipment.

that the design meets this criterion, i.c., all
utilitics installing the CR 99 design have been
able to handle the rods without difficulty.

that the design meets this criterion, i.e., all
utilities installing the CR 99 design have
been able to handle the rods without

(meets criterion) difficulty.
(meets criterion)
(OP-5) Experience Testing { [

The Westinghouse control rod free
fall velocity shall be consistent
with the design basis velocity.

(meets criterion)

]B.C

(meets criterion)

WCAP-16182-NP-A
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The Westinghouse control rod
shall not adversely affect scram
times and settling capability in the
reactor

Analysis

that the design meets this criterion, i.c., scram
times for Westinghouse control rods are
within the experience base (and meet
Technical Specification times) of the reactors
into which they have been installed.

(meets criterion)

Table 8-2 Operational Criteria
(cont.)
Conformance CR 99 D- and S-Lattice Evaluation
Criterion Methods(s)! CR 99 C-Lattice Evaluation Results Results
(OP-6) Experience Testing Extensive data basc of expericnce has shown Extensive data basc of experience has shown

that the design meets this criterion, i.c.,
scram times for Westinghouse control rods
are within the experience basc (and meet
Technical Specification times) of the reactors
into which they have been installed.

(meets criterion)

(OP-7)

Flow-induced vibration of the
Westinghouse control rods shall
not cause detrimental fretting of
the rod or fuel channcls.

Experience Analysis

Extensive data base of experience has shown
that the design meets this criterion, i.c., no
fretting or wear on the control rods or fuel
have been seen during examination.

(meets criterion)

Extensive data base of experience has shown
that the design meets this criterion, i.e., no
fretting or wear on the control rods or fuel
have been seen during examination.

(meets criterion)

(OP-8)

Mcchanical End-of-Lifc (MEOL)
for all new Westinghouse control
rod designs shall be greater than or
cqual to the Nuclear End-of-Lifc
(NEOL).

Inspection Analysis

Sce Scction 8.3.8
(meccts criterion)

See Section 8.3.8
(meets criterion)

Note:

1. See Section 4.2 for a discussion on Conformance Methods.
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Figure 8-1 Control Rod Tolerance Envelope D-Lattice, Base Design

WCAP-16182-NP-A

March 2005




8-10

Figure 8-2 Control Rod Tolerance Envelope C-Lattice, Base Design
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Figure 8-3 Control Rod Tolerance Envelope S-Lattice, Base Design
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Nuclear Services

P.0.Box 355

Pittsburgh, Pennsylvania 15230-0355
USA

wesnnghﬂuse . Weslinghous; Electric Company

U.S. Nuclear Regulatory Commission Directtel: (412) 374-4643
Document Control Desk Direct fax: (412)374-4011
Washington, DC 20555-000! e-mail: greshaja@westinghouse.com

Ourrel: LTR-NRC-04-31

May 19, 2004
TRANSMITTAL OF PROPRIETARY INFORMATION

Enclosed are:

I. 1 proprictary copy and ! nonproprietary copy of Responses to RAls on WCAP-16182-P & NP,
“Westinghouse BWR Control Rod CR 99 Licensing Report™

Also encloscd is:

1. One (1) copy of the Application for Withholding, AW-04-1839 (Nonproprietary) with Proprietary
Information Notice.
2. One (1) copy of Affidavit (Nonproprietary).

This information is being submitted by Westinghouse Electric Company LLC in response 1o the NRC's
Request for Additional Information regarding WCAP-16182-P & NP,

This submittal contains proprictary information of Westinghouse Electric Company, LLC. In conformance
with the requirements of 10 CFR Section 2.390, as amended, of the Commission’s rcgulations, we are
enclosing with this submittal an Application for Withholding from Public Disclosure and an affidavit. The
affidavit sets forth the basis on which the information identified as proprietary may be withheld from public
disclosure by the Commission.

Correspondence with respect to the affidavit or Application for Withholding should reference AW-04-
1839 and should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing,
Westinghouse Electric Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

ery ly yérs,
3.

A. Gresham, Manager
Regulatory Compliance and Plant Licensing

Enclosures

cc: W. Macon
E. Peyton

A BNFLGroup company
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west inghouse Westinghouse Electsic Company

Nuclear Services
P.0.Box 355
: Pittsbuegh, Pennsylvania 15230 0355
.. : USA

U.S. Nuclear Regulatory Commission Directtel: (412) 374-4643

Document Control Desk Direct faxx (412) 374-4011

Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com
Ourrel: AW-04-13839

May 19, 2004

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBL!C DISCLOSURE

Subject: Responses to RAls on WCAP-16182-P & NP, “Westinghouse BWR Control Rod CR 99
Licensing Repont” (Proprictary)

Reference: Email from Mr. W. Macon (NRC) to Mr. R. Sisk (Westinghouse) “WCAP-16182-CR 99 -
RAIs,” dated 4/19/04

The Application for Withholding is submiited by Westinghouse Electric Company LLC (Westinghouse),
pursuant to the provisions of Paragraph (b) (1) of Section 2.390 of the Commission’s regulations. It
contains commercial strategic information proprietary 1o Westinghouse and customarily held in confidence.

The proprictary material for which withholding is being requested is identified in the proprietary version of
the subject report. In conformance with 10 CFR Section 2.390, Affidavit AW-04-1839 accompanies this
Application for Withholding, sctting forth 1he basis on whuh the identified proprietary information may be
withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprictary 1o Westinghouse be
withheld from public disclosure in accordance with 10 CFR Section 2.390 of the Commission’s regulations.

Comrespondence with respect to this Application for Withholding or the accompanying affidavit should
reference AW-04-1839 and should be addressed to J. A. Gresham, Manager, Regulatory Compliance and
Plant Licensing, Westinghouse Electric Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

J. A. Gresham, Manager
Regulatory Compliance and Plant Licensing
Enclosures

cc: W. Macon
E. Peyton

ABNEL Group company

cetcebbbeeeeeettEeE
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AW-04-1839

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly

sworn according to law, deposes and says that he is authorized to execute this Affidavil on behalf of
Westinghouse Electric Company LLC (Westinghouse), and that the averments of fact set fosth in this

Affidavit are true and correct to the best of his knowledge, information, and belief:

it

. A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Swom 1o and subscribed

before me this _/ f f/day

of 7%(/ , 2004

Cd

Notary Public

Notartal Seal
, Alegheny County
wmmmam

Member. Pennsyivania Assodation Of Notres

WCAP-16182-NP-A

March 2005



)

2

(&)

4

2 AW-04-1839

1 am Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services, Westinghouse
Electric Company LLC (Westinghouse), and as such, 1 have been specifically delegated the
function of reviewing the proprictary information sought to be withheld from public disclosure in
connection with nuclear power plant licensing and rule making procecdings, and am authorized to

apply for its withholding on behalf of Westinghouse.

I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the
Commission's regulations and in conjunction with the Westinghouse “Application for

Withholding” accompanying this Affidavit.

I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating

information as a trade secret, privileged or as confidential commercial or financial information.

Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations,
the following is fumnished for consideration by the Commission in determining whether the

information sought 10 be withheld from public disclosure should be withheld.

(1) The information sought to be withheld from public disclosure is owned and has been held

in confidence by Westinghouse.

(i) The information is of a type customanly held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining
the types of information customanly held in confidence by it and, in that connection,
utilizes a system to determine when and wlicther 1o hold cenain types of information in
confidence. The application of that system and the substance of that system constitutcs

Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several
types, the release of which might result in the loss of an existing or potential competitive

advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component,
structure, tool, method, etc.) where prevention of its use by any of
Westinghouse's compctitors withoul license from Westinghouse constitutes a

competitive cconomic advantage over other companies.

WCAP-16182-NP-A
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(b)

(©)

(d)

n

3 AW-04-1839

1t consists of supponing data, including test data, relative to a process (or
componeni, structure, tool, method, ctc.), the application of which data sccures a
competitive economic advantage, e.g., by optimization or improved

marketability.

Its use by 2 competitor would reduce his expenditure of resources or improve his
competitive position in the design, manufacture, shipment, installation, assurance

of quality, or licensing a similar product.

It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

1t reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the

following:

(a)

(v)

(©)

(d)

The use of such information by Westinghouse gives Westinghouse a competitive
advantage over its competitors. It is, therefore, withheld from disclosure to

protect the Westinghouse competitive position.

It is information that is marketable in many ways. The extent to which such
information is available to competitors diminishes the Westinghouse ability to

sell products and services involving the use of the information.

Use by our competitor would put Wcéling,house at a competitive disadvantage by

reducing his expenditure of resources at our expense.

Each component of proprietary information pertinent to a particular compctitive
advantage is potentially as valuable as the total competitive advantage. 11

compelitors acquire components of proprictary information, any one component

WCAP-16182-NP-A
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(iv)

v)

4 AW-04-1839

may be the key to the entire puzzle, thereby depriving Westinghouse of a

compctitive advantage.

(c) Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage to the

competition of those countrics.

n The Westinghouse capacily to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a

competitive advantage.

The information is being transmitted to the Commission in confidence and, under the
provisions of 10 CFR Section 2.390, it is to be received in confidence by the

Commnission.

‘The information sought to be protected is not available in public sources or available
information has not been previously cmployed in the same original manner or method to

the best of our knowlcdge and belief.

The propriciary information sought to be withheld in this submittal is that which is
appropriately marked in Responses 1o RAls on WCAP-16182-P & NP, “Westinghouse
BWR Control Rod CR 99 Licensing Repon” (Proprietary), being transmitted by
Westinghouse Ietter (LTR-NRC-04-31) and Application for Withholding Proprietary
Information from Public Disclosure, to'the Document Control Desk. The proprietary
information as submitted for use by Westinghouse is expected to be applicable in other
licensee submnittals in response to centain NRC requirements for justification of the use of
the CR 99 control rods.

This information is part of that which will enable Westinghouse to:
(a) Provide CR 99 control rods to Licensees.

(b) Mcet NRC regulatory requirements in support of a Westinghouse producl.
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[44]

Further this information has substantial commercial value as follows:

(2) Westinghouse plans 10 sell the use of similar information to its customers for

purposes of supplying CR 99 control rods to BWR Licensees.
(b) Westinghouse can sell support and defense of the use of CR 99 control rods.

{¢) © Theinformation requested to be withheld reveals the distinguishing aspects of a

methodology which was developed by Westinghouse.

Public disclosurc of this proprietary information is likely to cause substantial hann to the
competitive position of Westinghouse because it would enhance the ability of
competitors 1o provide similar services and licensing defense services for commercial
power reactors without commensurate expenses. Also, public disclosure of the
information would enable others 10 use the information to meet NRC requirements for

licensing documentation without purchasing the right to use the information.

The development of the technology described in part by the information is the result of
applying the results of many years of experience in an intensive Westinghouse effort and

the expenditure of a considerable sum of money.
In order for competitors of Westinghouse 1o duplicate this information, similar technical
programs would have to be performed and a significant manpower effort, having the

requisite talent and experience, would have to be expended.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitied herewith are proprictary and/or non-proprietary versions of documents furnished 1o the NRC
in connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations conceming the
protection of proprietary information so submitted to the NRC, the information which is proprietary in the
proprietary versions is contained within brackets, and where the proprictary information has been deleted
in the non-proprietary versions, only the brackets remain (the information that was contained within the
brackets in the proprietary versions having been deleted). The justification for claiming the information
so designated as proprielary is indicated in both versions by means of lower case letters (a) through (f)
located as a superscript immediately following the brackets enclosing each item of information being
identified as proprietary or in the margin opposite such information. These lower case letters refer to the
types of information Westinghouse customarily holds in confidence identified in Sections (4)(ii}a)
through (4)(ii)}(f) of the affidavit accompanying this transmilttal pursuant 1o 10 CFR 2.390(b)1).
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: COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to
make the number of copies of the information contained in these reports 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 2.390 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 thesc reports, the NRC is
permitied 1o make the number of copics 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 in Washington, DC and in local public document rooms as may be required by NRC regulations if
the number of copics 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 identificd as propnetary.
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Westinghouse Non-proprietary Class 3

Request for Additional Information
WCAP-16182-P/INP
Westinghouse BWR Control Rod CR 99 Licensing Report

1. LTR Table4-11ists 2 mairix of the Design Requirements versus the Applicable Criteria

used for the CR 99 evaluation. How do these requirements/criteria relate to the
licensing requirements of SRP Section 4.2 and to the design requirements used for the
approved CR 82 design?

According to SRP Section 4.2.], the review is to cover the following specific areas: (A)
Design Bascs, (B) Description and Design Drawings, (C) Design Evaluation, and (D) Testing,
Inspection, and Surveillance Plans. In addition, Appendix A to the SRP requires control rod
insertability following a Safe Shutdown Earthquake. Each of these, as required in Section
4.2.11 generically for control rods, is discussed scparately below as they apply to the CR 99
Westinghouse BWR Conirol Rod design.

Design Bascs (SRP 4.2.11.A)
Gencral Desiyn Criteria 27 (and 28) - |

] “* This ensures (1) that there is
sufficient reactivity throughout its lifetime to meet Criteria 27 in the same way as the OEM
rods do and (2) reactivity limits associated with the OEM rod wosth are met (Criteria 28).
This holds for both the CR 99 and CR 82 designs. Specifically: see LTR Scclions 4.1.1, 4.1.2,
4.1.3,4.1.4, 7.2.) through 7.2.4, 7.3.1 through 7.3.4, 8.2.5, 8.2.7, 8.3.5, and 8.3.6.

The CR 99 design meets the specified criteria for D, C, and S Latlice in US GE BWR's.

Stress, strain, and loading limits for the CR 99 control rods (SRP 4.2.11. A. 1(a)) and
cumulative number of strain fatigue cycles (SRP 4.2.11.A . 1(b)) - Chapter 6 inthe L.TR
discusses these items. The control rod is evaluated according to ASME Section 111
Specifically: see LTR Scctions 4.1.6, 5.2.1, 5.3.2, and 6.3.

The CR 99 design meets the requircments of these sections of the SRP for D, C, and S Lattice
inUSGEBWR'. -

Dimensional changes regarding control rods {SRP 4.2.1L.A 1(e)) - The same basic design has
been operated for more than 30 years, including the approved CR 82. The control rods have
been shown not to undergo any dimensional changes under operation. The CR 99 has this
same basic design with the stainless steel sheets mounted together to form a cruciform shaped
tod. From the outside, the CR 99 looks identical to the approved CR 82. This experience
base is direct]y applicable to the CR 99. Specifically: see LTR Sections 4.1.1,4.1.2,4.1.3
5.3.3,6.3.5, 8.2, and 8.3.1 through 8.3.7.

The CR 99 design mects the requirements of this section of the SRP for D, C, and S Lattice in
US GEBWR’s.

Control rod reactivity must be maintained (SRP 4.2.1LA.1(h)) - The control rods are
designed such that rod worth is consistent with the plant safety analysis. |

1*° Surveillance that reactivity loss docs not occur due 10 B,C wash out has
been perfonned by visual inspections and neutron radiography measurements. It has been
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shown that the basic concept of the Westinghouse BWR control rods, with the horizontally
drilled absorber holes, retains boron carbide powder even in the case of cracking.

Regarding CR 99, the performance is considercd to be even better since the |
) * are more inert than the powder. |
1*<. Specifically: sce LTR Sections 4.1.2,4.3.4,

- 5.23,7.2.1,7.2.4,7.3.1,7.3.4, and 8.3.8. Also see the response to Question 16.

The CR 99 design meets the requircments of this section of the SRP for D, C, and S Lattice
US GE BWR’s.

Description and Design Drawings (SRP 4.2.1LB)

Outline drawings of CR 99 for D, C, and S Lattices are encloscd.

Design Evaluation (SRP 4.2.11.C)

Prototype Testing - Control Rod Structural and Performance Test (SRP 4.2.11.C.2) - The basic
design of Westinghouse BWR control rods has been opcrated for morc than 30 years,
including the approved CR 82. The CR 99 has this same basic design with the stainless steel
sheets mounted together to form an cruciform shaped rod. From the outside, the CR 99 looks
identical to the approved CR 82. The absorber material is contained in horizontally drilled
absorber holes — B,C powder forthe CR 82 and | }>* forthe CR 99. A CR 99
has already been operated to the NEOL in the Oskarshamn 3 BWR in Sweden, with
additional CR 99’s currently in operation in the BWRG6 Leibstadt, Forsmark 3, Isar,
Oskarshamn 3, and KRB-11. The operational evaluation of the CR 99 is discusscd in LTR
Chapter 8. ’

The CR 99 design meets the requirements of this section of the SRP for D, C, and S Lattice in
US GE BWR’s.

Testing, Inspection, and Surveillance Plans (SRP 4.2.11.D)

Surveillance of control rods containing B,C should be performed to ensure apainst reactivity
loss - Since the carly 1980°s, surveillances (visual inspections and neutron radiography
measurements), have been conducted which have demonstrated that reactivity loss does not
occur due to B,C wash out. ]t has been shown that the basic concept of the Westinghouse
BWR control rods, with the horizontally drilled absorber holes, retains boron carbide powder
even in the case of cracking. Regarding CR 99, the performance is considered to be even
better sincethe | ) ¢ are more inert than the powder. |

™

A CR 99 has already been operated to the NEOL in the Oskarshamn 3 BWR in Sweden, with
other CR 99's currently in operation in Leibstadt, Forsmark 3, Isar, Oskarshamn 3, and KRB-
11. Lecad control rods of this design have been, and will continue to be inspected 10 ensure
that no cracking occurs prior to NEOL.

It is cxpected that the European experience will continue to lead the US in terms of bum-up,
with all lead rod inspections therc. In particular, a set of CR 99's delivered 10 Leibstadt are
undergoing an extensive surveillance program, consisting of:
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e Pre-charactenization of the control rods, including blade profile measurements -
completed

» Multi-cycle bum-up to seach moderate exposure (2-3 cycles) — on-going

¢ Visual and blade profile measurcments 1o NEOL .

« The blade profile measusements will allow us to verify that there is no hard contact
between the | ]**¢and the wing material st NEOL. No hard contact means
no swelling induced stresses are created, which is historically what leads to cracking
in Westinghouse BWR control rods prior to NEOL.

s This verification will confirm that Operational Criteria 8 (LTR Section 8.3.8),
mechanical end of lifc greater than nuclear end of life, is met.

The CR 99 design meets the requirements of this section of the SRP for D, C, and S Lattice
US GE BWR’s. Thus, there is no expectation of Westinghouse recommended inspections
(lead use or normal operation) for US BWR's.

Appendix A

Control Rod inscrtability must be assured following a Safe Shutdown Earthquake (SSE) (SRP
4.2, Appendix A, section D.2(b)) - This scction was written to cnsure that any new fucl
design would retain sufficient integrity following a SSE 1o allow control rod insertability.
Nevertheless, when a new control rod design is introduccd, this issue needs 10 be addressed
going the other way, i.e., can the new control rod design survive the SSE with the existing
fuet design?

This is discussed in Section 6.3.5 of the LTR and the response 10 Question 8.

The CR 99 design mcets the requirements of this section of the SRP for D, C, and S Latlice in
US GEBWR's.

Design Regquirements relative 1o the approved CR 82 — The design requirements for the CR
99 are identical to the approved CR 82, although some of the mcthods and methodologies to
show how they are met are not identical. See the answer to this question, as well as the other
questions contained in this RIA for more insight into this. It should be noted here that
Westinghouse plans to submit a LTR in the near future which updates and'collates the
information for the licensed CR 82 {which we now call the CR 82M-1) in a fonmat identical
to that prescated in this LTR for the CR 99,

In LTR Section 5.2.3 and Table 5-1, it is stated that the |proprictary] absorber material
provides a higher effective density of the absorber. What js the nominal absorber
“stack” density and the tolerances, or lower limit, to be achieved?

The nominal density of the absorber material is ( | *¢ There is no specified lower
value for density. This is not necessary in that:

e |
P
* There is also a requircment on total absorber weight in a wing (weight afler

absorber is added — weight before added) which ensures that the correct amount
of B,C is added.

Additionally, the density is monitored to control the manufacturing process by our sub-
supplier.
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3. In LTR Table 5-1, values are given for materials related critical attributes for the CR 99
design. What are the equivalent values for the approved CR 82 materials?

To make the comparison clear the materials of the approved CR 82 is inserted in this

modification of table 5.1 inthe LTR. e
4 0f 22
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4. In LTR Table 5-2, materials criteria are provided, along with the conformance method
and the evaluation results for the CR 99 design. What are the cquivalent criteria/results
for the approved CR 82 design?

To make the comparison clear the approved CR 82 is inserted in this modification of table 5.2
inthe LTR.
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5. LTR Table 6-1 provides the critical mechanical evaluation attributes/values for the CR

99 design. What are the eguivalent values for the approved CR 82 design?

The cquivalent valves of the approved CR 82 are shown in this modification of table 6.] from

the LTR. For this comparison, values for D-lattice CR 99 and CR 82 arc shown to

demonstrate the similarity of the rods. Results from comparison of C- and S-lattice rods lead

10 the same conclusions. D-lattice is chosen since the initial licensing work of the CR 82

‘ descnbes rods for D-lattice. a,c
—_ —
6 0of 22
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6. LTR Section 6 provides an extensive overview of the mechanical evaluation process

used for the CR 99 design. 1t would be helpful to the staff if a summary of the
significant differences between this process and the mechanical evaluation analyses
performed for the approved CR 82 design could be provided. Changes in methodology
should be flagged, with citations to the appropriate references if not included in the
LTR.

There are no major changes in the structural part of the CR 99 control rod compared with the
CR 82 control rod. The principle of a control rod with a cruciform absorber section, formed
by four solid stainless steel sheets, which are welded together at the center, has been
unchanged over ihe years. The absorber materia) resides in horizontally drilled holes in both
types of rods. |

]l.t

Since the 1980’s, when the CR 82 was licensed by the NRC, fuel operation has generally
underwent up-grading in power. Specific thermal Joads have increased and demands on bum-
up and life time have increased for both fucl and control rods. Despite the existence of these
factors, Westinghouse has been able to continue to meet the additional demands by
improvements in maferial, design and careful analysis.

In the course of applying lo the Standard Review Plan (SRP), ASME Il Code is employed
for stress and fatigue evaluation. The basic underlying methodology conceming the use of
ASME criteria in the evaluation has, in principlc, been unchanged over the years.
Nevertheless, the mechanical calculation methods used have been continuously improved.
Finite Element Analyses (FEA) is now fully employcd in the stress analyses as well as in
therial analyses of the absorber blade, with dimensional tolerances strictly implemented in
the most conscrvative way.

Computer codes used for siress and temperature calculations have varied over the years. For
CR 82 the 3D Finite Element (FE) code EUFEMI was uscd for the siress analysis and the 2D
FE code ALEXANDER was vscd for temperature calculations. Today, ANSYS 7.1 is used
for both thermal and stress analysis. |

'I.t

The design pressure and temperature is set by the design of the plant seactor coolant system;
whereas the internal pressure is determined by the He-gas release from the absorber and the
system temperature ¢ffect on that gas. Design pressure, as it relates to control rod design,
consists of (1) a maximum system pressure the control rod can be expected to experience and
(2) a pressure difference across the holes (? P) used in the stress calculations.

The maximum system pressure expected during operation is specified as |
1*¢ The control rod can be expected to survive much higher absolute pressure|
1*°, but reactor vessel capability precludes this value from being
reached. § | b

Total 7P and its usc in stress calculations are described in Section 6.3.2.1 of the [TR. |
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}*¢ Secthetable in the answer to Question 7.

As discussed in Section 6.3.2.1 of the LTR, the ? P varies over control rod lifetime and with
reactor pressurc/lemperature. At BOL, extemal pressure exceeds internal pressure, while at
EOL (the limiting case), internal pressurc exceeds external pressure. |

I**

It should be noted that an analysis of the load-case with intenal overpressure only results in
an allowable differential pressurc on the order of | }*¢ However, dynamic
{scram) loads must also be added to the stresses caused by the ? P, lowering the calculated
margin 1o the stress limits at a design ? P of | | il

In order o prevent any confusion regarding design pressure, we are submilling an Addendum
10 Table 6-1 (page 6-18) of the LTR to specify both design pressure values.

Experience shows (as can be expected from the above discussion) that premature filure of
Westinghousec BWR Control Rods is caused by stress comosion cracking ensuing from B,C

swelling rather than by the gas pressure. |
1*“The

mecthodology for calculation of the design margins is discussed in LTR section 6.3.4.3.
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7. LTR Section 6 provides dcsign and calculated values from the CR 99 mecbanical design

evaJuation. Please provide, where possible, the equivalent values used for the approved
CR 82 dcesign, or explain why a direct comparison is not applicable.

Calculated design values, that is stresses and strains ensuing from intemnal gas pressure build-
up for the CR 99 design and CR 82 design in combinalion with operation (scram) induced
loads, in both cases, comply with the ASME criteria cited in the LTR.

Stress analysis comparison of CR 99/CR 82 ) a,c
10 0f 22
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8. LTR Scction 6.3.5 discusses seismic behavior for the Westinghouse CR 85 control rod
design. Please provide a summary of the design differences between the approved
CR 82 design and the tested CR 85 design.

a, c
 — —
Seismic tests of CR 85 control rods in Japan has shown that the control rods behave
satisfactory in terms of insertion time.
12 0f 22
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For the CR 82 a bending stiffness (N/mm) was reported whereas for the CR 99 the moment of
inertia (mm®) has been calculated. The moment of inertia for CR 85, based on old
calculations, was also mentioned in the LTR. The bending stiffness in terms of moment of
inertia for CR 82 and CR 99 is estimated to be equal due to almost identical geometry {blade
thickness, pitch, hole diamcter and depth).
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9. LTR Table 7-1 provides the critical physics related attributes for the CR 99 control rod.
What are the equivalent valucs for the approved CR 82 design?

The equivalent values of the approved CR 82 are shown in this modification of Table 7.}
from the L'TR. For this comparison, values for D-lattice CR 99 and CR 82 are shown 1o
demonstraté the similarity of the rods. Results from companson of C- and S-lattice rods Jead
to the same conclusions. D-lattice is chosen since the initial licensing work of the CR 82
describes rods for D-lattice.

3, ¢

14 0f 22

WCAP-16182-NP-A

March 2005



10.

LTR Section 7 discusses the use of the PHOENIX code for determining the control rod

worth attributes and the effect on the LPRM detector signal for the CR 99 control rod.

Please describe the code model used for the approved CR 82 control rod evaluation and
the cffect of using a different model.

PHOENIX (NRC reviewed and approved in NRC Topical Report BR 91-402-P-A) is a two-
dimensional transport theory and depletion code used for evaluation of the neutronic behavior
of individual pins as well as whole fuel assemblies with and without control rods. In addition
quadruple assembly configurations may be treated by PHOENLIX. PHOENIX is also
Westinghouse standard computer program for BWR 1o calculate reactivity quantities, fuel
assembly power distributions and homogenized neutron cross-sections for input to the
Westinghouse 3D-core simulator.

For CR 99 and CR 82, the same code mode), PHOENIX, has been used for all nuclear
physics calculation. New versions of PHOENLIX and libraries have been introduced since the
CR 82 was approved. However, this will not significantly influence the control rod
calculations resulls.

LTR Scction 7.2.4 discusses the use of the PHOENIX/XYBDRY mcthod (Ref. 27) for
contro) rod nuclear lifetime calcvlations and cites three references (Refs. 28-30) to show
the calcuvlated nuclear end-of-life valucs (NEOL’s) for the CR 99 rods. Please provide
these references or a detailed discussion of the method and the calenlated results, Also
describe the mcthods and results used for the approved CR 82 rods.

Refercnces 27 - 30 are enclosed. As mentioned in the answer 1o Question 10, the same
model (PHOENIX ) was used for both CR 82 and CR 99. The BWR control rod worth and
worth depletion calculations are handled with the Westinghouse code package
XYBDRY/PHOENIX. It consists of the following:

XYBDRY- Used for detailed depletion and resonance self-shielding calculation on the
control rod and for detailed calculation of control rod boundary conditions and response
properties with regard 1o interaction between absorber pins as well as surrounding
materials.

PHOENIX- Westinghouse standard code for BWR lattice calculations.

For CR 99 and CR 82 the same code model, XYBDRY/PHOENTIX, has also been used for the
nuclear lifetime calculations. New versions of XYBDRY/PHOENIX and libraries have been
introduced since the CR 82 was approved, However, this does not significantly influence the
control rod calculations results.

The nuclear end-of-lifes (NEOL) for both CR 82 and CR 99 are based on the historical limits

for GE BWRs, |
}*° Thus the reactivily worth

reduction for CR 99 or CR 82 will enly decrease during contro} rod depletion to the level
allowed for the OEM. This means that the critenia for the determination of the NEOL is
consistent among CR 99, CR 82, and the OEM rods.
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12. LTR Table 7-2 provides the physics criteria and evaluation results for the CR 99 rods.
\What arc the equivalent criteria/resulls used for the approved CR 82 rods?

To make the comparison clear the approved CR 82 is inserted in this modification of Table

7.2inthe LTR.
a,c
— St
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13. LTR Section 7.3.4 discusses the applicability of the “historical” value of 90% of the

initial rod worth, due to absorber Jdepletion, as the basis for the NEOL limit. Also
discusscd is the use of explicit control rod worth representation in rcload and core
monsiforing codes to extend the use of Westinghousc control rods beyond the historical
limit. The use of visual inspections to verify acceptable mechanical performance is
listed.

How is the effect of using different reload methodologies and different core monitoring
codes accounted for in determining the physics criterion conformance? How does this
contrast with the methodology used for the approved CR 32 rod evaluations?

Westinghouse BWR control rods of different types, including CR82 and CR 99, have been
applicd in scveral countrics with different reload methodologies and different fuel types.
They are inserted in GE and KWU D, C, S-luttice BWRs as well as Westinghouse BWRs. As
shown by a number of nuclear design calculations, the reactivity worth and its decrease
during control rod depletion is quite insensitive to fuel type, and fuel depletion for a certain
reactor type. The combined expericnce for these reactors show that no special effect
regarding different reload methodologies are necded for 1the Westinghouse control rods.

With respect 1o core supervision, the concept of matching reactivity worth for CR82, CR 99
and OEM is sufTicient to secure that the impact of the control rods on the core is treated
sufficiently well, even regarding the aspect of depleting control rods. A separate set of lattice
parameters for the different control rods in a reactor is therefose only necessary if the OEM
are exchanged with control rods with more than 5% higher reactivity worth. Also the positive
experiences for such high-worth control rods in different reactors with different core
monitoring systems suppont the fact that OEM, CR 82 and CR99 can be ircated well by
differcnt corc monitoring systems.
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14. LTR Table 8-1 gives the critical operational related attributes and values for the CR 99

control rod. What are the cquivalent attributes/valucs for the approved CR B2 rod?

The equivalent values of the approved CR 82 are shown in this modification of Tablc 8.1
from the LTR. For this comparison, values for D-lattice CR 99 and CR 82 are shown to
demonstrate the similarity of the rods. Results from comparison of C- and S-Jattice rods lead
to the same conclusions. D-lattice is chosen since the initial licensing work of the CR 82
describes rods for D-lattice.

a,c
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15. LTR Table 8-2 shows the operational criteria and CR 99 evaluation results. What
criteria/methods and evaluation results were used for the approved CR 82 rod
cvaluations?

The equivalent evaluation results of the approved CR 82 are shown in this modification of
table 8.2 from the LTR. For this comparison, values for D-lattice CR 99 and CR 82 are
shown to demonstrate the similarity of the rods. Resulls from comparison of C- and S-lattice
rods lead 1o the same conclusions. D-lattice is chosen since the initial licensing work of the

CR 82 describes rods for D-lattice. a,c
190f22
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16. LTR Section 8.3.8 discusses the mechanical end-of-life (MEOL) design goal of greater
thap or equal to the NEOL for new coptrol rod designs. Please discuss the formal
Westinghouse policy to follow lead control rods of each design to high burnups by
performing inspections. This is related to the Section 7.3.4 statement on use of visual
inspections. What is the current process for formulating guidelines for operation and
furtber inspections for the CR 99 rods and is this differcnt from the approved CR 82
process?

Westinghouse has always followed a policy regarding BWR control rod blades that states that
operating guidelines are based on visual inspections on leading blades of each type. That
strategy was used for the CR 82 and the same strategy is also used to formulate operating
guidelines for the CR 99. As mentioned in the LTR a CR 99 was inspected in Oskarshamn 3
in the summer of 2003 at the NEOL, and was found 10 be intact. This inspection has verified
the potential of the CR 99 control rod.

Westinghouse, topether with the BWR6 Kemnkraftwerk Leibstadt (KKL) in Switzerland, will
pesform an extensive surveillance program on a sct of CR 99°s delivered to Leibstady,
consisling of:
o Pre-characterization of the control rods, including blade profile measurements -
completed
+ Muhi-cycle bum-up to reach moderate exposure (2-3 cycles) — on-going
» Visual and blade profile measurements 1o NEOL.

e |
’l.t

This verification will confirm that Operational Criteria 8 (LTR Section 8.3.8), mechanical
end of life greater than nuclear end of life, is met. Thus, there is no expectation of
Westinghouse recommended inspections (lead use or normal operation) for US BWR's.
Nevertheless, should this progratn identify a need to do inspections prior to NEOL, this
recommendation will be passed on to utilities, as has been done for previous designs.

The process described above for CR 99 is no different than used for the CR 82. Lead blades

were monitored, crack thresholds were determined (when less than NEOL), and inspection
recommendations provided to utilities.

The enclosures provided with the Class 2 RAls are considered proprietary and are not included in
this Class 3 version.
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