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Enclosure 2 

U.S. NUCLEAR REGULATORY COMMISSION 

FINAL SAFETY EVALUATION FOR  

TOPICAL REPORT WCAP-15942-P-A/WCAP-15492-NP-A, 

SUPPLEMENT 1, REVISION 1, “MATERIAL CHANGES FOR SVEA-96 

OPTIMA2 FUEL ASSEMBLIES” (EPID: L-2018-TOP-0032) 

WESTINGHOUSE ELECTRIC COMPANY 

1.0 INTRODUCTION 

By application dated September 9, 2010, Westinghouse Electric Company (Westinghouse) 
submitted Topical Report (TR) WCAP-15492-P-A/WCAP-15942-NP-A, Supplement 1, 
Revision 0, “Material Changes for SVEA-96 Optima2 Fuel Assemblies” (Ref. 1) to the U.S. 
Nuclear Regulatory Commission (NRC) for review and approval.  This supplement describes the 
introduction of Low Tin ZIRLOTM as an alternative material for the outer channel and the 
watercross of the SVEA fuel channel.  Also, the end plug material is extended to include [

]  The information in the TR was 
supplemented by letter dated August 29, 2012, which contained responses to the NRC staff’s 
request for additional information (RAI) and a revision to the original TR – Revision 1 (Ref. 2).  
In addition to making changes based on RAI responses, this revision also describes the 
difference in mechanical properties of Low Tin ZIRLO compared to the currently used Zircaloy-2 
channel material and the resulting difference in mechanical design analysis compared to the 
original submittal. 

A closed audit was held on September 30 through October 2, 2014, to discuss, in part, the 
revised TR and gather more information regarding the surveillance plan.  Westinghouse 
provided the requested information via letter dated July 16, 2015 (Ref. 4).  Because the TR was 
revised during this review, this safety evaluation (SE) will focus on the technical suitability of 
Revision 1 (Ref. 3).  Each of the RAI questions and the questions from the audit will be 
discussed in this SE.  The NRC staff was assisted in its review by Pacific Northwest National 
Laboratory (PNNL), and its report contained the evaluation on the acceptability of Optima2 fuel 
design for batch application. 

By letter dated June 13, 2016 (Ref. 6), Westinghouse requested the NRC to suspend its review 
of the TR for 24 months in order to enable Westinghouse to submit additional irradiation test 
data. Westinghouse believed that this additional effort will support its goal of broadening the 
applicability of the previous version of the draft SE associated with the TR under review.  On 
July 1, 2016, the NRC issued a suspension of the review letter (Ref. 6).  By letter dated 
June 13, 2018 (Ref. 8), Westinghouse requested a continuation of the NRC review of 
WCAP-15942-P/NP-A, Supplement 1, Revision 1.  Along with this letter, Westinghouse 
submitted proprietary and non-proprietary versions of the slides to support its request for 
continuation of review of this TR.  The slides were presented to the NRC staff at the 
pre-submittal meeting to discuss restart of the review held on June 14, 2018 (Ref. 8). 
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As a follow-up to Reference 8, Westinghouse submitted two appendices to Reference 3, 
Appendix 1 to WCAP-15942-P-A, “Effects of Corrosion on Mechanical Design Analyses of Low 
Tin ZIRLO Channels,” and Appendix 2 to WCAP-15942-P-A, Supplement 1, Revision 1, 
“Operation Limits on Low Tin ZIRLO Channels” (Ref. 9).  The NRC staff reviewed Appendices 1 
and 2 and made appropriate changes to the conditions and limitations contained within the 
previous draft SE. 

The previous draft SE is revised to reflect the submitted appendices containing supplemental 
information to the revised TR and that appropriate changes were made to the conditions and 
limitations. 

2.0 REGULATORY EVALUATION 

The NRC staff used the guidance of Standard Review Plan (SRP), NUREG-0800, Section 4.2, 
“Fuel System Design,” to review WCAP-15942-P-A, Supplement 1, Revision 1.  SRP 
Section 4.2 acceptance criteria are based on meeting the requirements of General Design 
Criteria (GDC)-10, GDC-27, and GDC-35 of Appendix A of Title 10 of the Code of Federal 
Regulations (10 CFR) Part 50. 

GDC-10 states: 

The reactor core and associated coolant, control, and protection systems shall be 
designed with the appropriate margin to assure that specified acceptable fuel 
design limits are not exceeded during any condition of normal operation, 
including the effects of anticipated operational occurrences. 

GDC-10 establishes specified acceptable fuel design limits to ensure that the fuel is not 
damaged.  This means that fuel rods do not fail, fuel system dimensions remain within 
operational tolerances, and functional capabilities are not reduced below those assumed in the 
safety analysis. 

GDC-27 states: 

The reactivity control systems shall be designed to have a combined capability, 
in conjunction with poison addition by the emergency core cooling system, of 
reliably controlling reactivity changes to assure that under postulated accident 
conditions and with appropriate margin for stuck rods the capability to cool the 
core is maintained. 

This means that the reactivity control system is designed with appropriate margin and, in 
conjunction with the emergency core cooling system, is capable of controlling reactivity and 
cooling the core under post-accident conditions. 

GDC-35 states: 

A system to provide abundant emergency core cooling shall be provided. The 
system safety function shall be to transfer heat from the reactor core following 
any loss of reactor coolant at a rate such that (1) fuel and clad damage that  
could interfere with continued effective core cooling is prevented, and (2) clad 
metal-water reaction is limited to negligible amounts. 
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In accordance with SRP Section 4.2, the objectives of the fuel system safety review are to 
provide assurance that: 

The fuel system is not damaged as a result of normal operation and anticipated
operational occurrences (AOOs),

Fuel system damage is never so severe as to prevent control rod insertion when it is
required,

The number of fuel rod failures is not underestimated for postulated accidents, and

Coolability is always maintained.

The main focus of the SRP guidance with respect to boiling water reactor (BWR) fuel bundle 
channels is control blade interference and insertability.  SRP Section 4.2.II.1.A.v states: 

Control blade/rod, channel, and guide tube bow as a result of (1) differential 
irradiation growth (from fluence gradients), (2) shadow corrosion (hydrogen 
uptake results in swelling), and (3) stress relaxation, which can impact control 
blade/rod insertability from interference problems between these components.  
For BWRs, the effects of shadow corrosion should be considered for new control 
blade or channel designs, dimensions (e.g., the distance between control blade 
and channel is important), or materials.  The effects of channel bulge should also 
be considered for interference problems for BWRs. Design changes can alter the 
pressure drop across the channel wall, thus necessitating an evaluation of such 
changes.  Channel material changes can also impact the differential growth, 
stress relaxation, and the amount of bulge and therefore must be evaluated.  If 
interference is determined to be possible, tests are needed to demonstrate 
control blade/rod insertability consistent with assumptions in safety analyses.  
Additional in-reactor surveillance (e.g., insertion times) may also be necessary 
for new designs, dimensions, and materials to demonstrate satisfactory 
performance. 

With respect to control blade insertability under externally applied loads, such as, safe shutdown 
earthquake and loss-of-coolant accident, SRP 4.2 Appendix A, Section IV states: 

For a BWR, several conditions must be met to demonstrate control blade 
insertability—(1) combined loads on the channel box must remain below the 
allowable value defined above for components other than grids (otherwise, 
additional analysis is needed to show that the deformation is not severe enough 
to prevent control blade insertion) and (2) vertical liftoff forces must not unseat 
the lower tie plate from the fuel support piece such that the resulting loss of 
lateral fuel bundle positioning could interfere with control blade insertion. 

It is to be noted that the NRC staff requested that Westinghouse provide information on the 
seismic evaluation that showed the impact of using Low Tin ZIRLO channels.  Westinghouse 
responded that the channel design is not evaluated for seismic loads in this TR but is done on a 
plant specific basis using another approved methodology.  Therefore, the impact of using Low 
Tin ZIRLO channels on the seismic evaluation is addressed by Condition and Limitation #2 in 
Section 5.2, “Conditions and Limitations,” of this SE. 
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Section 2.2.2 of References 1 and 3 lists the 

]  These differences in the 
texture factors will be discussed in Section 3.4 of this SE. 

3.3 Material Properties of Low Tin ZIRLO 

[ ] 
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The [

] were used in the stress analyses discussed in 
Section 3.5.5 of this SE.  Westinghouse pr ovided discussion of how the [

]  The 
NRC staff agrees with this assessment and finds the use of the appropriate [

] for Low Tin ZIRLO acceptable. 

[ ] 

Westinghouse uses a [

] in Low Tin ZIRLO.  The original TR (Revision 0) did 
not present much justification for this stat ement, but the NRC staff asked a number of 
questions (RAI-3, RAI-6, and audit question 6) that requested more justification for this claim. 

Westinghouse provided responses that are discussed in detail in Section 3.5.1.  Based on the 
data provided and the surveillance plan that will be discussed in Section 4.0 of this SE, the 
NRC staff agrees with the assessment that the use of the [ ] will be 
conservative for Zircaloy-2 and Low Tin ZIRLO. 

Growth and Bow 

Westinghouse made the claim that the channel growth will be lower for Low Tin ZIRLO than for 
Zircaloy-2 channels.  [

]  Revision 0 
of the TR did not present much justification for this statement, so the NRC staff requested more 
justification for this claim (RAI-3, RAI-5, and RAI-7).  Westinghouse provided responses that will 
be discussed in detail in Section 3.5.1.  Based on the data provided and the surveillance plan 
that will be discussed in Section 4.0 of the SE, the NRC staff agrees with the assessment that 
the use of [ ] value will be conservative for Zircaloy-2 and Low Tin ZIRLO. 

Bow is primarily controlled by growth and the differential neutron fluence on the sides of the 
channel next to a control blade and away from a control blade.  As with growth, Westinghouse 
made the claim that the channel bow will be lower for Low Tin ZIRLO than for Zircaloy-2  
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3.4 Material Properties of [ ] 

Corrosion Resistance 

-quenched Zircaloy-2 to improve the nodular corrosion. 
However, with modern advances in composition control and control of second phase precipitate 
size and distribution, it has been possible to get good nodular corrosion from [

] 

Growth 

Westinghouse acknowledged that the growth of [

]  The NRC staff agrees with this assessment.   

3.5 Component Performance and Methodology 

This section evaluates the changes made to the methodologies that will be used to assess 
component performance to account for the introduction of the new material presented in the TR.  
Westinghouse states that the [

]  PNNL and the 
NRC staff evaluated the Westinghouse’s methodology that assesses the component 
performance.  The NRC staff finds this methodology to be acceptable for the proposed 
application. 

The methodology and application for fuel assembly components was changed with the 
introduction of these new materials.  The largest change is due to the fact that Low Tin ZIRLO 
sheet material has a [

] 

The following sections discuss these changes in detail and provide an evaluation of the 
acceptability of these changes for the introduction of the new material presented in the TR. 
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3.5.1 Compatibility with Other Fuel Types and Reactor Internals 

Even though conclusions regarding compatibility are unchanged from those in the original 
submittal (Ref. 7), the sections listed below have been updated in the latest submittal (Ref. 3): 

Methodology for creep deformation
General sample application
Sample application for channel bulge
Sample application for channel bow
Compatibility with storage positions

This section discusses each of the above listed items. 

Methodology for Creep Deformation 

Westinghouse states that it will apply its generic cladding creep model for either Zircaloy-2 or 
Low Tin ZIRLO channels.  In the response to RAI-3, Westinghouse stated that for cladding 
material [

]  Based on the information presented, 
the NRC staff agrees that this approach is acceptable. 

General Sample Application 

This section of the TR discusses the geometric compatibility with other non-SVEA assemblies.  
Westinghouse states that the [

] 

The NRC staff has determined that the [  ] is conservative for Zircaloy-2 
and Low Tin ZIRLO channels, and that the general sample ap plication is acceptable. 

Westinghouse Proprietary Class 
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Sample Application for Channel Bulge 

This section of the TR gives a sample calculation of channel bulge.  [

]  The NRC staff finds this sample application 
and the models applied to be acceptable. 

Sample Application for Channel Bow 

This section of the TR gives a sample calculation of channel bow.  Channel bow is caused by 
differential growth between opposite sides of the channel.  Differential growth is caused by 
lower neutron fluence and [ ] on the channel side adjacent to the 
control blade relative to the opposite side where no control blade is present.  Because Low Tin 
ZIRLO has less growth than Zircaloy-2, it is expected that it will also have less channel bow.  
Westinghouse provided data from symmetric lattice plants in response to RAI-3 that 
demonstrate that Low Tin ZIRLO channels have equivalent or lower bow than Zircaloy-2 
channels.  Westinghouse also provided data from asymmetric lattice plants that demonstrate 
that Low Tin ZIRLO channels have equivalent or lower bow than Zircaloy-2 channels.  
Therefore, the use of [ ] is 
conservative for Low Tin ZIRLO channels. 

In response to RAI-8, Westinghouse stated that its channel bow methodology uses [

]  The
NRC staff finds this sample application and the models applied to be acceptable.

Compatibility with storage positions 

This section of the TR discusses the analysis performed to confirm geometric compatibility with 
storage facilities.  Due to the fact that that sample application for [

] 

The sample calculation showed sufficient margin between the [ ] and the 
allowed storage space.  The NRC staff finds this acceptable.  

3.5.2 Geometric Changes in the Assembly during Operation 

No changes were made to this analysis for the introduction of the new material presented in the 
TR from Reference 7.  The NRC staff finds this acceptable. 

3.5.3 Transport and Handling Loads 

[
 

]  The methodologies for evaluating the shipping and handling loads have 
not changed.  In addition, the sample evaluation of response to shipping loads has not changed 
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because the [
] 

[

]   

PNNL and the NRC staff evaluated the transport and handling of loads for the Optima2 fuel 
design.  The NRC staff finds the evaluation acceptable. 

3.5.4 Hydraulic Lifting Loads during Normal Operating and AOOs 

There are no changes made to this analysis for the introduction of the new material presented in 
the TR (Refs. 3 and 7).  The NRC staff finds this acceptable. 

3.5.5 Assembly Stress and Strain during Normal Operation and AOOs 

Revision 0 of the TR (Ref. 1) used the Zircaloy-2 strength specification for all the sample 
evaluations.  The NRC staff noted that [

] the channel stress and strain analyses for normal 
operation and AOOs involving cases of channel overpressure (RAI-11).  Westinghouse 
responded by issuing Revision 1 of the TR that describes the [

]  This met hod will be used when 
evaluating the channel stress and strain due to internal overpressure during normal operation 
and AOOs. 

Revision 1 of the TR (Ref. 3) does not contain enough information about the FEMs or analysis 
methodology to determine if the models meet the requirements of the SRP in regard to design 
bases or design evaluation.  In order to get details of the sophisticated finite element analysis 
(FEM), the NRC staff decided to conduct an audit that provided reviewers with interactive 
access to the models and results.  A closed audit was conducted on September 30, 2014, to 
October 2, 2014 (Ref. 6). 

Prior to the audit, an FEM model was constructed by the reviewers using linear-elastic methods 
and geometry information provided in the TR to estimate the stress levels.  The preliminary 
estimate was that stresses could exceed typical ASME code stress limits, but more precise 
geometric data was needed to perform a full confirmatory analysis.  The necessary geometric 
information was provided to the review team at the audit through access to the design drawings 
(audit question 1, Refs. 4 and 6).  Ultimately, an independent confirmatory analysis was not 
performed in this review because the audit resolved all questions regarding the model and 
analysis methodology. 

The channel collapse analysis model was reviewed interactively at the audit by the review team. 
It was established that Westinghouse’s intent was to perform analysis to demonstrate 
compliance with ASME Boiler and Pressure Vessel Committee (BPVC) design criteria, not to 
propose a novel design criterion (audit question 2).  Westinghouse’s choice of location to define 
the limiting load-deflection relationship was found to be reasonable.  The high stress location 
selected for fatigue evaluation was not a candidate for collapse load evaluation due to the 
influence of the surrounding geometry.  The location of the channel section selected for analysis 
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] 

The NRC staff finds the evaluation and results for fatigue of assembly components appropriately 
accounts for all changes in parameters resulting from use of the Low Tin ZIRLO material, and 
therefore, acceptable. 

3.5.7 Fretting Wear of Assembly Components 

There are no changes made to this analysis for the introduction of the new material presented in 
the TR (Refs. 3 and 7).  The NRC staff finds this acceptable. 

3.5.8 Corrosion of Assembly Components 

The sample application of corrosion of assembly components has been updated from 
Reference 7.  Four areas are identified where the potential for corrosion must be specifically 
addressed.  These areas are: 

Zircaloy-2 fuel rod cladding and end plugs.
Zircaloy-2, Zircaloy-4, or Low Tin ZIRLO fuel channels,
Spacer capture head weld, and
Spacer.

The only areas that are impacted by the introduction of these new materials are the Zircaloy-2 
end plugs, spacer capture heads, and the Low Tin ZIRLO fuel channels. 

] 

Appendix 1 of Reference 9 provides a summary of the effects of recently measured, [

] 
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was found to be appropriate.  In summation, all questions raised about specific analysis choices 
were found to be reasonable and in compliance with ASME code rules. 

The NRC staff finds that Westinghouse’s analyses demonstrate compliance with ASME BPVC 
NB-3000, which defines rules for the design of Class 1 components.  Therefore, design bases 
and design evaluation for mechanical loads are found to be acceptable. 

3.5.6 Fatigue of Assembly Components 

[
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[

]

[

[

] 

[

] 

The NRC staff finds this sample application and the [
] to be acceptable. 

3.5.9 Hydriding of Zirconium Assembly Components other than Fuel Rods 

Westinghouse updated the sample calculation with information on Low Tin ZIRLO.  This section 
of the SE has been updated with Zirconium based components and materials replacing Zircaloy 
components and materials. 

Reference 3 lists the measures taken by Westinghouse to [

]

[

] 
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[

]   

The NRC staff agrees that if [ ] was an acceptable limit for Zircaloy-2 
channels, then it is an accet able limit for Low Tin ZIR LO channels.  The NRC staff also agrees 
that the proposed hydrogen pickup fractions are acceptable for Low Tin ZIRLO.  

3.5.10 Operational Limits on Low Tin ZIRLO Channels 

Appendix 2 of Reference 9 presents a performance evaluation of Low Tin ZIRLO material 
channels using data that were obtained subsequent to the Reference 3 data and in response to 
RAI-1, -2, and -3.  Based on the additional performance experience, operating limits for the Low 
Tin ZIRLO channels are to provide greater operational flexibility in terms of control rod 
presence, represented in total inch-days.  Westinghouse requested to replace the term Effective 
Control Blade Exposure (ECBE) in the draft SE to the term “total inch-days.”  Inch-days is 
termed as the unit for measuring the total exposure of control rod operation adjacent to fuel 
channels and is the integral value of inserted control blade length (inch) multiplied by the time of 
exposure (days).  The ECBE value will be less than the corresponding inch-day value for a 
given operating condition if a channel was exposed to a control blade in the second, and/or third 
cycle of operation. 

The proposed operating limit results from channel inspections and performance evaluation of 
Low Tin ZIRLO channels are presented in Appendix 2 of Reference 9.  These operating limits 
include equivalent channel exposure, residence time and control blade exposure.  These values 
are listed in Section 5.0 of this SE. 

The NRC staff has reviewed the results and determined that the operational limits on Low Tin 
ZIRLO channels is acceptable, subject to limitations and conditions stipulated in Section 5.0 of 
this SE. 
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4.0 SURVEILLANCE PLANS 

Westinghouse did not propose any additional surveillance in Reference 4 beyond what was in 
the original TR.  Westinghouse did mention prototype testing that is updated for the addition of 
Low Tin ZIRLO channels.  These include: 
[ 

]

The NRC staff asked in RAI-4 that Westinghouse provide a description of plants with lead test 
assemblies (LTAs) as well as subsequent plants with LTAs that have been limiting in terms of 
channel corrosion, growth and/or bow.  Westinghouse responded with a table showing plants 
and conditions that LTA quantities of Low Tin ZIRLO have been delivered.  Westinghouse 
stated that additional inspections will be performed to verify Low Tin ZIRLO channel 
performance in different operating conditions and environments (Ref. 2).  The NRC staff finds 
this LTA experience acceptable. 

In the audit plan for the regulatory audit conducted on September 4 through October 2, 2014, 
the NRC staff asked Westinghouse to provide a surveillance plan.  Westinghouse provided a 
table that lists a summary of inspections that have been performed and are planned to be 
performed inspection at high burnup.  The table indicated that two inspections were completed, 
and data would become available in September 2015, with five inspections to be completed in 
2015, 2016, and 2017 respectively.  Westinghouse also provided plots of [

]   

On August 25, 2015, Westinghouse informed the NRC staff about an issue regarding its inability 
to take channel bow measurements to provide the surveillance plan (Ref. 5) for the second 
cycle as outlined in the surveillance plan provided to address an audit item in letter 
LTR-NRC-15-65 (Ref. 4).  Westinghouse indicated that it will submit a revised surveillance plan 
that omits channel bow measurements, but Westinghouse also stated that it will continue to take 
the identified measurement of the data for Cycle 3 as specified in Condition and Limitation 4 in 
Section 5.2, “Conditions and Limitations,” of this SE. 

5.0 CONCLUSIONS, CONDITIONS, AND LIMITATIONS 

The NRC staff concludes that the use of the requested new material in Optima2 fuel assemblies 
is acceptable over the following range of applicability with the following conditions and 
limitations (Sections 5.1 and 5.2). 
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5.1 Conclusions 

The [ ] channel material, referred to as Low Tin ZIRLO, is
approved for the alloy composition range provided in the table on page 2-5 of
WCAP-15942-P-A, Supplement 1, Revision 1 (Ref. 3).

The [ ] Low Tin ZIRLO alloy channel material is approved for batch
application to the SVEA-96 Optima 2 channel design.

The [ ] is approved for 
batch application to the SVEA-96 Optima 2 assembly design.

The materials mentioned above are approved for batch application to BWR plants with
symmetric and asymmetric lattices.

5.2 Conditions and Limitations 

Licensees referencing WCAP-15942-P-A, Supplement 1, Revision 1, must ensure compliance 
with the following conditions and limitations: 

The lifetime of Low Tin ZIRLO channels is restricted to the following limitations.  Any fuel
channel projected to exceed any of these limitations shall be removed from the reactor
except as allowed in accordance with Westinghouse’s approved LTA program.

Residence time shall not exceed [ ] (does not include outage
time).

[

]

Control rod presence shall not exceed [
] limit due to unanticipated operating

issues, e.g., when suppressing power due to fuel failure, the channel will be
considered as a lead fuel channel if inserted for an additional cycle and will be
subjected to additional inspections.  This will only be valid for a maximum of
10 channels in the core.

Channels shall not be re-used on different assemblies.

The range of applicability of Low Tin ZIRLO channels is limited to those items described
above.

The channel design described in the TR is not evaluated for seismic loads in this TR but
is done on a plant-specific basis using another approved methodology.  Therefore, the
impact of using Low Tin ZIRLO channels on the seismic evaluation is not addressed in
this SE.

To ensure continued in-reactor performance and applicability of Low Tin ZIRLO models,
Westinghouse must provide updates, addressed to the Director, DSS, NRR, if the Low
Tin ZIRLO channel performance with respect to channel exposure (inch-days) channel
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growth, channel bulge, or channel bow if they show degradation or reduction in margin 
less than reported in the References 3 and 9.  The updates shall include the following 
information: 

A plot of the current Low Tin ZIRLO channel irradiation database, expressed as
inch-days versus exposure.

A plot of measured channel growth versus equivalent channel burnup, along with
the [ ]

A plot of measured channel bulge versus equivalent channel burnup.

Plots of measured channel bow data versus equivalent channel burnup for
symmetric and asymmetric plants.  These plots should also include the
[

] 

Based on the post-irradiation examinations and data collection as described in Condition
and Limitation 4, Westinghouse may improve the channel growth model, bow and bulge
models, and the shadow corrosion model to achieve an improved fit to the database. Any
changes to these models must be documented within the update(s) described in
Condition and Limitation 4.

Based on the data presented in Reference 9, the following limitations/conditions
regarding corrosion in Low Tin ZIRLO are:

[
]

[
]

[

] 

[

] 
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APPLICATION FOR WITHHOLDING PROPRIETARY 
INFORMATION FROM PUBLIC DISCLOSURE 

Subject:  LTR-NRC-12-60 P-Enclosure, “Response to the NRC’s Request for Additional Information 
on WCAP-15942-P-A, Supplement 1, ‘Material Changes for SVEA-96 Optima 2 Fuel 
Assemblies’” (Proprietary) and 

Submittal of WCAP-15942-P-A, Supplement 1, Revision 1, “Material Changes for SVEA-
96 Optima 2 Fuel Assemblies” (Proprietary) 

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-12-60, dated 
August 29, 2012 

The Application for Withholding Proprietary Information from Public Disclosure is submitted 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 
to Westinghouse and customarily held in confidence. 

The proprietary information 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-12-3524 
accompanies this Application for Withholding Proprietary Information from Public Disclosure, 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 proprietary to Westinghouse 
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(1) I am Manager, Regulatory Compliance, 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 Westinghouse.

(2) 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

Proprietary Information from Public Disclosure accompanying this Affidavit.

(3) 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.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 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 to be withheld from public disclosure is owned and has been held

in confidence by Westinghouse.

(ii) The information 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 constitutes

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
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Westinghouse’s competitors without license from Westinghouse constitutes a 

competitive economic advantage over other companies. 

(b) It consists of supporting data, including test data, relative to a process (or

component, structure, tool, method, etc.), the application of which data secures a

competitive economic advantage, e.g., by optimization or improved

marketability.

(c) 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.

(d) It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

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

development plans and programs of potential commercial value to Westinghouse.

(f) 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) 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.

(b) 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.

(c) Use by our 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 to the entire puzzle, thereby depriving Westinghouse of a

competitive advantage.

(e) 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 countries.

(f) The Westinghouse capacity to invest corporate assets in research and

development depends upon the success in obtaining and maintaining a

competitive advantage.

(iii) 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

Commission.

(iv) 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.

(v) The proprietary information sought to be withheld in this submittal is that which is

appropriately marked in LTR-NRC-12-60 P-Enclosure, “Response to the NRC’s Request

for Additional Information on WCAP-15942-P-A, Supplement 1, ‘Material Changes for

SVEA-96 Optima 2 Fuel Assemblies’” (Proprietary) and WCAP-15942-P-A, Supplement

1, Revision 1, “Material Changes for SVEA-96 Optima 2 Fuel Assemblies” (Proprietary)

for submittal to the Commission, being transmitted by Westinghouse letter,

LTR-NRC-12-60, and Application for Withholding Proprietary Information from Public

Disclosure, to the Document Control Desk.  The proprietary information as submitted by

Westinghouse is that associated with Westinghouse’s request for NRC approval of

WCAP-15942-P-A, Supplement 1, Revision 1 and may be used only for that purpose.
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This information is part of that which will enable Westinghouse to: 

(a) Obtain NRC approval of WCAP-15942-P-A, Supplement 1, Revision 1 “Material

Changes for SVEA-96 Optima 2 Fuel Assemblies.”

(b) Obtain NRC approval of alternative materials as applied to the current BWR

SVEA-96 Optima2 Fuel Design

Further this information has substantial commercial value as follows: 

(a) Assist customers to obtain license changes.

(b) Westinghouse can sell support and defense of the use of alternative materials as

applied to the SVEA-96 Optima2 Fuel design.

(c) The information requested to be withheld reveals the distinguishing aspects of a

methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harm to the 

competitive position of Westinghouse because it would enhance the ability of 

competitors to provide similar fuel design and licensing defense services for commercial 

power reactors without commensurate 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 

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 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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ABSTRACT 

Revision 1 of this supplement is being submitted to the NRC as part of the response to Request for 
Additional Information (RAI) 11.  

During larger scale manufacturing of the Low Tin ZIRLO  sheet material [ 

] Therefore, Supplement 1, Revision 0 was never approved by the NRC and is 
being superseded and replaced by this revision.  
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1 SUMMARY AND CONCLUSIONS 

1.1 SUMMARY 

This Licensing Topical Report is a Supplement 1 to Reference 1.6, which contains the Westinghouse 
methodology for the fuel assembly and fuel rod mechanical evaluations identified in Section 4.2 of the 
Standard Review Plan, NUREG-0800 (Reference 1.4).  [ 

]a,c  All other design features and materials of the 
Optima2 fuel design remain unchanged. 

The numbering of sections, tables and figures in this document follows that of References 1.0 and 1.6 in 
order to assist the reader in relating this supplement to References 1.0 and 1.6.   

The contents of this report can be summarized as follows: 

1. [

]a,c 

2. [
]a,c 

3. [ ]a,c 

4. Planned inspections and aquisition of channel operating data.

5. [
]a,c 

Low Tin ZIRLOTM is a trademark of Westinghouse Electric Company LLC, its Affiliates and/or its Subsidiaries 
in the United States of America and may be registered in other countries throughout the world. All rights reserved. 
Unauthorized use is strictly prohibited. Other names may be trademarks of their respective owners. 
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1.1.1 Major Changes to Supplement 1, Revision 1 compared to Supplement 1, Revision 0 

[ 

]a,c 

The sample analyses provided in this revision to the supplement were all performed with [ 
]a,c and thus bound use of [ ]a,c sheet material. 

New channel pressure cycling and seismic tests have also been performed with Low Tin ZIRLO 
material and with higher loads than in previous tests. The new tests and results are summarized in this 

 ]a,c sheet material. Revision. These tests continue to bound the use of  

The operating experience and inspection results with   Low Tin ZIRLO fuel channels has also 
increased significantly since the original submittal. This revision to Supplement 1 includes these new 
results.  

All of the changes made to this revision of the supplement are identified by revision bars in the left hand 
column to make them easily identifiable. 

Westinghouse Non-Proprietary Class 3

WCAP-15942-NP-A 
Supplement 1-A

September 2019 
Revision 1



1-3

1.2 CONCLUSIONS 

The information contained in this report in conjunction with References 1.0 and 1.6 supports the 
following conclusions: 

1. The design bases identified are sufficient to assure that the requirements and guidelines identified
in Section 4.2 of NUREG-0800 10CFR50, Appendix A and Section III of the ASME Code
(Reference 1.3) will be satisfied,

2. The sample analyses in this supplement were made with [  ]a,c and thus 
bound the use of [ ]a,c sheet material, and

3. The improved mechanical behavior exhibited by lead test assemblies with Low Tin ZIRLO 

channels demonstrates acceptability for design and licensing applications to a rod-average burnup 
of 62 MWd/kgU.

4. [ 
]a,c 

NRC review and approval of this document for referencing in licensing applications to a rod-average  
burnup of 62 MWd/kgU is requested. 
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2 GENERAL DESCRIPTION 

Section 2 is replaced with respect to Reference 1.0 to include a description of the SVEA-96 Optima2 
assembly. Section 2 has been updated with  Low Tin ZIRLO in Sub-sections 2.3 and (the new) 2.5.5. 
Furthermore, Sub-sections 2.2.1 and 2.2.2 have been updated to accommodate [ 

]a,c. The remainder of Section 2 is 
unchanged with respect to Reference 1.6. 

2.2.1 Top and Bottom Tie Plates 

The top tie plate of each sub-bundle has an individual identification number engraved on the side.  This 
feature is also used for administrative control purposes to assure the correct placement of the sub-bundle 
in the channel.  [

]a,c

2.2.2  Standard Fuel Rods and Tie Rods 

The top and bottom end plugs and also spacer capture heads may be manufactured [ 

 ]a,c 
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[ 

]a,c 

Figure 2-16 Comparison of Oxide Thickness of 
.    

[ 

]a,c 

a,b,c
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[ 

]a,c 

]a,c

2.3 SVEA-96 OPTIMA2 FUEL CHANNEL 

This section has been revised to add an alternative channel material to the existing Zircaloy-2 material. 
Also, the last paragraph has been added. 

The fuel channel consists of a [  ]a,c inlet piece and a channel of Zircaloy or Low Tin
 ZIRLO.  The inlet piece is composed of a transition piece and bottom support which can be equipped 

a,c 
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with an integrated debris filter and is bolted to the channel with four screws made of [ ]a,c 
material.  The Zircaloy or Low Tin ZIRLO channel consists of an outer channel with a square cross 
section and an internal double-walled, cruciform structure, or “watercross,” which forms channels for 
non-boiling water as shown in Figures 2-2 and 2-6. 

The watercross structure is composed of a square central water channel and smaller water channels in 
each of the four wings as shown in Figure 2-2.  The watercross structure, along with the outer channel 
walls, form four sub-channels in which the sub-bundles are positioned.  A screw is welded to the top end 
of the cross which attaches the handle with the leaf spring to the fuel channel.  The wall thicknesses of the 
outer channel and watercross are [  ]a,c, respectively. 

[ 

]a,c

In addition to providing channels for non-boiling water, the integral watercross design results in improved 
dimensional stability leading to reduced bow and bulge of the channels. 

The outer channel wall thickness is [

]a,c

The channel and inlet transition piece is designed to assure compatibility with the reactor internals as well 
as other fuel types in the core.  The outer envelope of the SVEA-96 Optima2 channel and transition piece 
provides ample clearance for control rods and in-core instrumentation for the BWR/2 through BWR/6 
reactor designs.  The improved dimensional stability of the SVEA channel assures that ample clearances 
are maintained even at high burnups.  The length of the assembly is compatible with the relative positions 
of the fuel support piece and upper core grid.  The inlet transition piece matches the existing fuel support 
piece and has been designed to be compatible with existing refueling equipment.  A detailed mechanical 
compatibility evaluation is performed as part of the standard design process for each application to assure 
mechanical compatibility. 

SVEA channels were first introduced for reactor operation in 1981.  An extensive inspection and 
measurement program has been performed on SVEA channels during the reactor refueling shutdowns. 
These inspections have verified that the SVEA channels behave as expected and have excellent 
dimensional stability. 
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[

]a,c 

2.5 ADVANCED FEATURES 

Details on Low Tin ZIRLO and channel bow performance have been added in (a new) Section 2.5.5, 
and Figure 2-15 has been updated with data on both Zircaloy and Low Tin ZIRLO . The remainder of 
the section and its subsections are unchanged relative to the corresponding section of Reference 1.6. 

2.5.5 Low Tin ZIRLO Fuel Channels 

Dimensional stability is one of the key factors in the development of channels for BWR fuel assemblies. 
[

]a,c 

This supplement defines the material compostion of Low Tin ZIRLO as:  

[

]a,c  

ZIRLO® is a registered trademark of Westinghouse Electric Company LLC, its Affiliates and/or its Subsidiaries in 
the United States of America and may be registered in other countries throughout the world. All rights reserved. 
Unauthorized use is strictly prohibited. Other names may be trademarks of their respective owners. 

a,b,c 
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Figure 2-2  SVEA-96 Optima2 Fuel Assembly Cross Section 

a,c
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Figure 2-6  SVEA-96 Optima2 Channel 

a,c
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Figure 2-15  SVEA-10x10 Channel Bow Measurements in a Symmetric Lattice Plant 

a,b,c 
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3 DESIGN CRITERIA 

This section is unchanged relative to the corresponding section of Reference 1.6. 
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4 DESIGN METHODOLOGY AND APPLICATION 

Section 4 remains unchanged relative to Reference 1.6 in all respects apart from the introduction of an 
alternative channel material and the [ 

 ]a,c 

The sample analyses provided in Section 4 were all performed with [ ]a,c and 
thus bound the use of [  ]a,c sheet material. 

 Mechanical Properties 

The third, fourth and sixth paragraphs in this section have been updated with an alternative channel 
material. All other paragraphs are unchanged relative to Reference 1.6 and hence omitted in this 
document. 

Low Tin ZIRLO components currently used for the fuel assembly Typical properties for unirradiated       
design evaluations are provided in Table 4-1.  

[ 

]a,c

 When unirradiated values are utilized for irradiated components, the effects of irradiation are treated 
conservatively.  For example, conservative estimates of the increase in outer channel and watercross peak 
stresses associated with wall thinning due to corrosion are assumed.  However, the yield and tensile 
strengths are expected to increase by factors of [

]a,c 
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[

]a,c 

Design Stress Intensities 

 This section has been updated with Low Tin ZIRLO as an alternative channel material to Zircaloy. 

Mechanical properties, such as those discussed in Table 4-1, are used to establish stress limits defined by 
the design bases for the design evaluations of the assembly and assembly components.  

Stress limits are based on Reference 1.3. [ 

]a,c 

The design stress intensity, Sm, for [ 

]a,c 

The design stress intensity, Sm, [ 

]a,c 
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Rp0.2 is the 0.2% offset yield strength. [ 
]a,c 

The specified minimum tensile and yield strengths at material temperature are used unless specific data 
are available to support the use of less conservative values.  For example, at the present time 
Westinghouse is utilizing [

]a,c 

Sample design stress intensities, Sm, are shown in Table 4-1 and are derived in this manner and based on 
the mechanical properties which are also provided. 

The fuel assembly structural component stresses under accident conditions are evaluated using the 
methods outlined in Appendix F of Reference 1.3.  The stress intensities (Sm) are defined in accordance 
with the rules described above for normal operating and anticipated operational transient conditions. 
[ 

]a,c 

These limits need not be satisfied at a specific location if it can be shown that the design loadings do not 
exceed two-thirds of the test collapse load determined in compliance with Section III of the 
Reference 1.3. 

Unless otherwise stated, stress intensities are calculated with the Tresca criterion specified in the 
Reference 1.3: 

S=Maximum{| 1- 2|, | 1- 3|, | 2- 3|}, where the i are the principal stresses. 

Under certain circumstances, which are identified in the text, stress intensities are calculated with the Von 
Mises criterion: 

S = 1/ 2   [ ( 1 - )2 + (  - 3)2 + ( 2 - 3)2 ] 1/2

Design Loads 

This section is unchanged relative to the corresponding section in Reference 1.6. 

4.1 METHODOLOGY FOR EVALUATION OF GENERAL DESIGN CRITERIA 

This section is unchanged relative to the corresponding section in Reference 1.6. 

4.2 METHODOLOGY AND APPLICATION - FUEL ASSEMBLY COMPONENTS 

This section is unchanged relative to the corresponding section in Reference 1.6. 
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4.2.1 Compatibility with Other Fuel Types and Reactor Internals 

The conclusions regarding compatibility are unchanged relative to those of Reference 1.6. However, the 
following sections have been updated with information on Low Tin ZIRLO: Methodology for Creep 
Deformation, Sample Application (general) and Sample Application for Channel Bulge and Channel Bow. 
The Channel Bulge Sample Application have also been updated with new results due to the new channel 
Finite Element model described in Section 4.2.5 and expected EOL corrosion according to Section 4.2.8. 
The Compatibility with Storage Positions section has been updated with new channel maximum envelope 
due to new channel bulge results and also according to current SVEA-96 Optima2 application 
experience. 

 Low Tin ZIRLO Also, Figures 4.2-1, 4.2-6, 4.2-14a and 4.2-14b have been updated with data on 
channels. 

The updated Figure 4.2-1 shows that the upper limit for channel growth remains unchanged when 
using Low Tin ZIRLO as the channel material. 

Low Tin ZIRLO channels are within the The updated Figure 4.2-6 shows that channel bow data for 
experience of Zircaloy-2 and Zircaloy-4 channels. 

The updated Figures 4.2-14a and 4.2-14b show a similar oxidation behavior compared to Zircaloy-2.  

PIE data on hydriding of Low Tin ZIRLO confirms a low hydriding of Low Tin ZIRLO , with 
data well within the experience of Zircaloy-2 and Zircaloy-4 channels . 

Methodology 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Creep Deformation 

[ 

]a,c 
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[ 

]a,c 

Channel Bow 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Sample Application 

This section contains an example of the methodology for evaluating compatibility in a mixed core by 
evaluating the SVEA-96 Optima2 assembly in a C-lattice in a BWR/6 type plant equipped with 3810 mm 
(150-inch) active fuel.  The resident fuel to which the SVEA-96 Optima2 fuel must be compatible is 
referred to as the "non-SVEA" fuel assembly. 

1. Geometrical Compatibility with Other Fuel Types in the Core

[

]a,c 
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[ 

]a,c 

Evaluation for the four design conditions for relative axial growth of the non-SVEA assembly and 
the SVEA-96 Optima2 assembly for this case can be summarized as follows:  

SVEA-96 Optima2 at BOL / Non-SVEA Assembly at BOL 

This section is unchanged relative to the corresponding section of Reference 1.6. 

SVEA-96 Optima2 at BOL / Non-SVEA Assembly at EOL 

This section is unchanged relative to the corresponding section of Reference 1.6. 

SVEA-96 Optima2 at EOL / Non-SVEA Assembly at BOL 

This section is unchanged relative to the corresponding section of Reference 1.6. 

SVEA-96 Optima2 at EOL / Non-SVEA Assembly at EOL 

This section is unchanged relative to the corresponding section of Reference 1.6. 

2. Geometrical Compatibility with Control Rods and Detectors

This section is unchanged relative to the corresponding section of Reference 1.6. 

Channel Bulge 

The following example illustrates the impact of channel bulge due to the pressure differential 
across the channel to a bundle burnup [ ]a,c 
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The SVEA channel has very favorable creep properties. The support of the channel walls by the 
watercross reduces creep deformation and stresses associated with deformation.  [ 

]a,c Consequently, 
the calculations and assumptions described below are still valid. 

Since the correlation has [ 

]a,c 

Application of the creep model described above demonstrates that for the SVEA-96 Optima2 
channel the combination of the axial variations of [ 

]a,c 
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[

]a,c

[ 

]a,c 

a,c 
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[ ]a,c 

[ 

]a,c 

Channel Bow 

[ 

]a,c 

a,b,c 
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[ 

]a,c 
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[ 

]a,c 

Furthermore, the experience with SVEA fuel and reduced control rod gaps in Westinghouse 
reactors is very extensive and no case of control rod maneuverability problems due to the SVEA 
fuel have been indicated or reported. Therefore, it is concluded that SVEA-96 Optima2 fuel in C- 
and D-lattice BWR reactors will not pose a risk of jeopardizing control rod maneuverability. 

The SVEA-96 Optima2 channel could bow sufficiently to contact an instrument guide tube.  
However, the relatively flexible SVEA channel will not damage the instrument guide tube, and 
operational experience to date has not indicated that channel bow adversely affects the operation 
of the in-core instrumentation. 

Therefore, these examples demonstrate the compatibility of the SVEA-96 Optima2 assembly with 
control rods and detectors in symmetric and asymmetric lattice plants. Similar compatibility 
evaluations are performed for each new plant application.  
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3. Geometrical Compatibility with Other Core Components

This section is unchanged relative to the corresponding section of Reference 1.6. 

4. Geometric Compatibility with Storage Facilities

[

]a,c  
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4.2.2 Geometric Changes in the Assembly During Operation 

This section is unchanged relative to the corresponding section of Reference 1.6. 

4.2.3 Transport and Handling Loads 

Methodology 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Shipping 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Handling 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Sample Application 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Sample Evaluation of Response to Shipping Loads - SVEA-96 Optima2 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Shipping tests/qualifications are not affected by the change [ 

 ]a,c 

Sample Evaluation to Response to Handling Loads - SVEA-96 Optima2 

The conclusions regarding response to handling loads are unchanged relative to those of Reference 1.6. 
However, the Channel Sample Application has been updated with [ 

]a,c sheet material. Also, evaluation of shear stresses in 
channel lifting screw pins is redefined. 

Channel 

[

]a,c 
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  [ 

]a,c 

[

]a,c 

a,c 

Westinghouse Non-Proprietary Class 3

WCAP-15942-NP-A 
Supplement 1-A

September 2019 
Revision 1



4-15

[
]a,c 

Handle 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Tie Plates 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Tie Rods 

This section is unchanged relative to the corresponding section of Reference 1.6. 

4.2.4 Hydraulic Lifting Loads During Normal Operation and AOOs 

This section is unchanged relative to the corresponding section of Reference 1.6. 

4.2.5 Assembly Stress and Strain During Normal Operation and AOOs 

The conclusions in this section are unchanged relative to those of Reference 1.6. However, the Channel 
Stress and Strain Sample Application have been updated with a description of the [

]a,c. The Sample Application was 
made with [ 

 ]a,c sheet material. 

Also, Figures 4.2-12 and 4.2-13 are updated with the [ ]a,c and Figures 4.2-15 
through 4.2-18 are added reflecting [  ]a,c 

Sample Application 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Spacer and External Compression Springs 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Channel 

[

]a,c 
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[ 

]a,c 
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[

]a,c 

[ 

]a,c 

a,c 
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[
]a,c 

It is concluded that the stress limits for the overpressure expected to bound most BWR plant applications 
are satisfied at both BOL and EOL conditions. It is also concluded that the channel deflections are small 
and are negligible relative to their potential impact on the function of the assembly. 

4.2.6 Fatigue of Assembly Components 

 The conclusions regarding Fatigue of Assembly Components are unchanged relative to those of 
Reference 1.6. However, the Channel Sample Application have been updated with new results due to the 
new channel Finite Element model described in Section 4.2.5, expected EOL corrosion according to 
Section 4.2.8 and new channel pressure cycling test according to Section 8.2. 

Methodology 

This section remains unchanged relative to the corresponding section of Reference 1.6. 

Sample Application 

The only SVEA-96 Optima2 components which experience appreciable fatigue loads during normal 
operations and AOOs are the fuel rods and the channel.  The fuel rods are addressed in Section 4.3, and 
this section provides a sample evaluation for the SVEA-96 Optima2 channel. 

[

 ]a,c 
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[ 

]a,c 

[

]a,c 

a,c 
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]a,c

[

4.2.7 Fretting Wear of Assembly Components 

This section is unchanged relative to the corresponding section of Reference 1.6. 

4.2.8 Corrosion of Assembly Components 

The sample application has been updated with information on Low Tin ZIRLO ; The expected 
channel EOL average and maximum oxide thicknesses have been updated to conservatively cover the 

]a,c The cobalt 

Low Tin ZIRLO channels. 

current Zircaloy-2 database and also to consider the [ 
requirement for spacers has been updated according to the current specification. 

Also, Figures 4.2-14a and 4.2-14b have been updated with data on  

Methodology 

This section is unchanged relative to the corresponding section of Reference 1.6. 

Sample Application 

Based on industry data and Westinghouse experience with the component materials used in the SVEA-96 
Optima2 design (Section 5.2.2), the SVEA-96 Optima2 assembly components for which the potential for 
corrosion must be specifically addressed are: 

[ 

]a,c  A summary of the operating experience and recent inspections are provided in 
Section 7.  
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Corrosion of the fuel rod cladding is addressed separately in Section 4.3.5. [ 

]a,c  
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[ 

 ]a,c 

Assembly component corrosion is also maintained at a low level to keep the contribution to coolant 
activity by the assembly at a level which is as low as reasonably achievable.  A related program to meet 
this goal is utilization of low-cobalt material. Westinghouse has maintained an ongoing program over the 
past 35 years to minimize cobalt concentration in core components, including fuel assembly components, 
as a means of reducing personnel exposures.  

Particular emphasis has been placed on reducing cobalt concentrations in those components which 
represent relatively large potential sources of cobalt to the coolant.  As a result, cobalt concentrations in 
Westinghouse fuel assembly components are maintained at a relatively low level as shown in the 
following table. 
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4.2.9 Hydriding of Zirconium Assembly Components other than Fuel Rods 

The sample application has been updated with information on Low Tin ZIRLO. The limiting value for 
channel hydriding at EOL has been changed in accordance with the answer to RAI 4 of Reference 1.6. 
The expected channel maximum EOL oxide thickness and, consequently, the hydride levels have been 
updated according to updated expected corrosion in Section 4.2.8. 

Methodology 

 This section has been updated with Zirconium based components and materials replacing Zircaloy 
components and materials. 

The methodology for treating fuel rod cladding hydriding is addressed in Section 4.3.4.  The methodology 
for treatment of hydriding in the remaining Zirconium based assembly components is provided in this 
section. 

[ 

]a,c 

a,c 
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[

]a,c 

The following measures are taken to minimize the impact of hydriding and to support the evaluation of its 
effect on structural assembly components for assemblies of Westinghouse design: 

[ 

]a,c 

Evaluation of the potential for hydriding of Zirconium based materials in non-Westinghouse fuel is based 
on test data and post irradiation examination results for that fuel provided by the utility or the fuel vendor. 

Sample Application 

[

]a,c 
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[ 

 ]a,c 

[ 

]a,c 

a,c 
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[

]a,c 
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Table 4-1 Typical Fuel Assembly Material Properties 
a,c 
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Figure 4.2-1  SVEA Channel Growth 

a,b,c
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Figure 4.2-5  SVEA-64 Channel Creep Deformation 

a,b,c 
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Figure 4.2-6  SVEA-10x10 Channel Bow Measurements in Asymmetric Lattice Plants 

a,b,c 
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Figure 4.2-12  SVEA-96 Optima2 Channel Section for FE-modeling 

a,c
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Figure 4.2-13   FE-Model of SVEA-96 Optima2 Channel 

a,b,c 
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Figure 4.2-14a  Maximum SVEA Channel Oxide Thickness 

 a,b,c 
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Figure 4.2-14b  Average SVEA Channel Oxide Thickness 

a,b,c 
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Figure 4.2-15  Low Tin ZIRLO Material Model and Tensile Test Curves 

a,b,c 
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Figure 4.2-16  Collapse Load Diagram of SVEA-96 Optima2 Channel 

a,b,c 
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Figure 4.2-17  Equivalent Plastic Strain at SVEA-96 Optima2 Channel Spot Weld 

a,b,c
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Figure 4.2-18  Stress Range at SVEA-96 Optima2 Channel Spot Weld 

a,b,c
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4.3 METHODOLOGY AND APPLICATION – FUEL RODS 

This section is unchanged relative to the corresponding section of Reference 1.6. 

4.4 STEADY-STATE INITIALIZATION OF TRANSIENT AND ACCIDENT 
ANALYSES 

This section is unchanged relative to the corresponding section of Reference 1.6. 
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5 TECHNICAL DATA 

This section is unchanged relative to the corresponding section in Reference 1.6. 

5.1 FUEL RODS 

This section is unchanged relative to the corresponding section in Reference 1.6. 

5.2 FUEL ASSEMBLY DATA 

Low Tin ZIRLO as the channel Section 5.2.2 has been updated relative to Reference 1.6 with  
material. All other sub-sections remain unchanged. 
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5.2.2 Fuel Assembly Materials a,c
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6 CODE DESCRIPTION 

This section is unchanged relative to the corresponding section of Reference 1.6. 
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7 OPERATING EXPERIENCE 

This section has been updated with a description of Westinghouse’s history with Low Tin ZIRLO as the 
channel material, as described in Section 7.1. Table 7-2 has been added, describing Low Tin 
ZIRLO channel delivereis. Section 7.2.2.4 and Section 7.4.3 have been added to describe experience 
with Low Tin ZIRLO channels and inspections of Low Tin ZIRLO  channels, respectively. Table 
7-3 has been added, including reactor power data for two additional reactors that have received Low
Tin ZIRLO channels, not previously described in Reference 1.6. The remainder of Section 7 is
unchanged relative to Reference 1.6.

7.1 HISTORY 

The following is added to this section:  

Low Tin ZIRLO channel material were delivered to In 2004, the first test assemblies with 
[  ]a,c In total, [  ]a,c assemblies with  Low Tin ZIRLO channels have 
been delivered to different customers for plants operating 12 to 24 month cycles. Westinghouse has 
received orders for approximately the same number of assemblies from a number of European and 
American customers as [  ]a,c with Low Tin ZIRLO channels. 

The remainder of Section 7.1 is unchanged relative to Reference 1.6 

7.2 EXPERIENCE 

Sub-section 7.2.2.4 has been added. The remaining sub-sections of Section 7.2 are unchanged relative to 
Reference 1.6. 

7.2.1 SVEA-64 

This section remains unchanged relative to Reference 1.6. 

7.2.2 SVEA 10x10 fuel 

A description of      
Low Tin ZIRLO

Low Tin ZIRLO channel deliveries is added in Sub-section 7.2.2.4. A summary of 
channel deliveries is shown in Table 7-2. The remainder of this section remains 

unchanged relative to Reference 1.6. 

7.2.2.4 SVEA-96 Optima/SVEA-96 Optima2 with Low Tin ZIRLO channels 

The first lead test assemblies with Low ZIRLO channels were delivered to [ 
]a,c Since then, Low Tin ZIRLO channel test assemblies have been delivered to [ 

 ]a,c
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Table 7-2 [ ]a,c Channel Deliveries as of November 2011 

The ten leading assemblies in [ ]a,c have achieved an assembly average burnup of [ 
 ]a,c MWd/kgU. The four leading assemblies in [ ]a,c have 

achieved an assembly average burnup of [ ]a,c MWd/kgU. 

Validation of Experience to US Plants 

The majority of Westinghouse BWR experience lies with [ 
]a,c.  Recent significant experience also exists in four U.S. plants with reload 

quantities of SVEA-96 Optima2 fuel.  Table 7-3 shows the core thermal power ratings as well as power 
generated in each bundle of those European plants that have contained fuel assemblies with [ 

 ]a,c channels and select U.S. plants.  Other key BWR fuel duty related parameters such as linear 
heat generation rate, hydraulic forces and core exit enthalpies are not applicable to the behavior of the 
channel. 

Given the equivalence of the channel material used in previous SVEA-96 Optima2 fuel designs and the 
coverage of BWR plant parameters, the experience gained in channel growth, bowing and oxidation from 
European reactors is also representative for U.S. reactors. 

a,c
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Table 7-3: Plant Operating Parameters and Bundle Rating 

7.3 FUEL RELIABILITY 

This section, including sub-sections, remains unchanged relative to Reference 1.6. 

7.4 INSPECTIONS 

Low Tin ZIRLO channels. The remainder Sub-section 7.4.3 has been added to describe inspection of  
of this section remains unchanged relative to Reference 1.6. 

a,c
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7.4.3 SVEA 10x10 Fuel with Low Tin ZIRLO channels 

The Westinghouse BWR experience is from five plants where all channels have been inspected at least 
once. All inspected channels have performed as expected, displaying improved growth, channel bow and 
oxidation relative to Zircaloy-2 and Zircaloy-4.Plans for future inspections on leading fuel assemblies in [ 

]a,c include poolside inspections and hot 
cell examinations of fuel with an assembly average burnup of [ ]a,c MWd/kgU. Westinghouse also 
intends to perform inspections of fuel with Low Tin ZIRLO channels delivered to [ 

]a,c as well as on future deliveries (including 
full reloads) of Low Tin ZIRLO channels in order to increase the database and monitor channel behavior. 
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8 PROTOTYPE TESTING 

This section has been updated with descriptions and results of pressure cycling (Section 8.2) and lateral 
load cycling (Section 8.3) tests with Low Tin ZIRLO channels. The remainder of Section 8 is unchanged 
relative to Reference 1.6. 

8.1 FRETTING TESTS 

This section is unchanged relative to the corresponding section of Reference 1.6. 

8.2 PRESSURE CYCLING TEST 

A pressure cyclic test was performed [ 
 ]a,c to verify its ability to withstand load following during reactor operation. 

The test was performed [ 

]a,c 

8.3 LATERAL LOAD CYCLING TEST, CHANNEL AND SPACER GRID 

Lateral load cycling tests have been performed with low-cycle fatigue tests with the purpose of qualifying 
spacers and channel for seismic loads.  During a seismic event, dynamic forces from the sub-bundle are 
transmitted by the spacers to the water cross and the outer channel. 

The test was performed by [ 

]a,c. 

The tests were performed at room temperature, and scaling factors are used to translate test results to 
operating conditions in accordance with ASME III, Appendix II-1520.  The scaling factors include the 
effects of the temperature and irradiation as well as experimental uncertainty. 
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The tests have confirmed that the spacer grid and channel will withstand the following lateral seismic type 
loads at operating conditions without failure and with negligible deformation: 

[ 

]a,c 

8.4 SPACER CAPTURE ROD TEST 

This section is unchanged relative to the corresponding section of Reference 1.6. 

8.5 HANDLE TENSION TEST 

This section is unchanged relative to the corresponding section of Reference 1.6. 

8.6 TENSION TEST ON SCREW MOUNTED IN CHANNEL 

This section is unchanged relative to the corresponding section of Reference 1.6. 
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9 TESTING, INSPECTION, AND SURVEILLANCE PLANS 

This section is unchanged relative to the corresponding section of Reference 1.6. 
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CENP-287” Westinghouse report WCAP-15942-P-A (proprietary), WCAP-15942-NP-A (non-
proprietary), March 2006 

4.3 W. J. O’Donnel and B. F. Langer, “Fatigue Design Basis for Zircaloy Components,” Nuc. Sci. and  
Eng., Vol. 20, pg. 1-12 (1964)  

4.7 MATPRO Revision 11-Version 2, “A Handbook of Materials Properties for Use in the Analysis of 
Light Water Reactor Fuel Rod Behaviour,” NUREG/CR-0497, Tree-1280. 
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Appendix 1: Effects of Corrosion on Mechanical Design Analyses of Low Tin ZIRLO™ 
Channels 

EXECUTIVE SUMMARY 

This appendix summarizes the effects of recently measured, and slightly higher than expected, control rod 
shadow corrosion on mechanical design analyses related to the licensing of Low Tin ZIRLOTM material 
channels for SVEA-96 Optima2 fuel assemblies.  

The conclusion is that the sample analyses in WCAP-15942-P-A, Supplement 1, Revision 1 bound all 
conditions, with some margin, as long as the [

]a,c. If the metal wall thicknesses are not measured directly at pool side 
inspections, these minimum thickness limits are indirectly shown to be met, as long as the [

]a,c. 

This appendix contains proposed Safety Evaluation Report (SER) conditions and limitations regarding 
corrosion on Low Tin ZIRLO channels. 

_________________________________ 
Low Tin ZIRLO is a trademark or registered trademark of Westinghouse Electric Company LLC, its affiliates and/or its 
subsidiaries in the United States of America and may be registered in other countries throughout the world. All rights reserved. 
Unauthorized use is strictly prohibited. Other names may be trademarks of their respective owners.
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ACRONYMS 

AOOs Anticipated Operational Occurrences 

BOL  Beginning Of Life 

EOL End Of Life 

US NRC United States Nuclear Regulatory Commission 
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1.0 INTRODUCTION 

This document is intended to be attached as an appendix to WCAP-15942-P-A, Supplement 1, 
(Reference 1). It summarizes the effects of recently measured, and slightly higher than expected, control 
rod shadow corrosion on mechanical design analyses related to the licensing of Low Tin ZIRLO channels 
for SVEA-96 Optima2 fuel assemblies. 

2.0 CHANNEL OXIDE THICKNESS AND METAL WALL REDUCTION 

Neither the channel oxide thickness by itself, nor the distribution of the total oxide thickness on the two 
sides of a channel wall, are direct inputs to the mechanical design analyses for a fuel channel. Instead, the 
reduced metal wall thickness due to the total oxidation is taken into account when evaluating functional 
requirements, and margins to allowable loads in the channel. 

In the sample application described in Section 4.2.8 of Reference 1, at a fuel assembly burnup of [ ]a,c

MWd/kgU (i.e. at EOL) a predicted oxide thickness of [ ]a,c was assumed on the channel sheet 
side affected by shadow corrosion, and a maximum oxide thickness of [ ]a,c was assumed on the 
channel sheet side not affected by shadow corrosion. 

Due to the lower density of the oxide, the metal wall reduction can conservatively be approximated to 
2/3 times the total oxide thickness. For EOL calculations, assuming that both sides of a channel wall are 
affected by shadow corrosion, this corresponds to a metal wall thinning of [

]a,c While one side affected, and one side not affected by shadow corrosion 
corresponds to a metal wall thinning of [ ]a,c These 
EOL metal wall reductions are incorporated into stress and strain analyses simulating normal operation, 
and AOOs (Section 4.2.5 of Reference 1), as well as fatigue (Section 4.2.6 of Reference 1). 

An average oxide thickness of [ ]a,c

was assumed in the sample application in Section 4.2.8 of Reference 1, which corresponds to a metal wall 
thinning of [ ]a,c at EOL. This metal wall reduction is used in the EOL channel creep 
deformation calculation, which is summarized, and used in sample compatibility analyses for operating 
with other fuel types, and reactor internals, in Section 4.2.1 of Reference 1. 

Thus, it is the remaining metal wall thickness of the channel that is used in the mechanical design 
analyses. For example, a total oxide thickness of [ 

 ]a,c

2.1 POOL SIDE MEASUREMENTS

As described in Reference 1, measuring the oxide thickness at pool side inspections has been the primary 
method to confirm that the remaining metal wall thickness of the channel is sufficiently large so as not to 
invalidate the mechanical design verification analyses. Since oxide thickness measurements are used
[  ]a,c  
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[
]a,c Additional conservative assumptions, such as [ 

]a,c have also been taken into account to set the 
worst case conditions in the mechanical design verification analyses. 

However, Westinghouse now has access to new equipment that can measure oxide thickness at pool side 
inspections, while also measuring the remaining metal wall thickness of the channels, which is more 
relevant to the mechanical design verification analyses. 

3.0 MECHANICAL DESIGN VERIFICATION 

3.1 STRESS AND STRAIN DURING NORMAL OPERATION AND AOOS 

Section 4.2.5 of Reference 1 contains a discussion on channel stresses due to internal overpressure that 
are evaluated using a Finite Element Analysis of the channel structure. This analysis is performed with 
worst case BOL conditions, i.e. [ 

 ]a,c Furthermore, a conservatively high maximum internal channel overpressure of
[ ]a,c is assumed at normal operating conditions. It should be noted, however, that there is also 
significant margin at [  ]a,c kPa overpressure, since the analysis shows that the channel can withstand 
an internal overpressure of at least [  ]a,c kPa without significant permanent deformation of the channel 
walls. Nominal channel wall thicknesses are [  ]a,c mm, and [  ]a,c mm for the outer channel, and the 
cross wall, respectively. The minimum wall thicknesses according to drawing tolerances used in the Finite 
Element Model are [ ]a,c mm for the outer channel and [  ]a,c mm for the 
cross wall.

As described in Sections 4, and 4.2.5 of Reference 1 both [ 

 ]a,c A simple and 
conservative approach is taken in the analysis by showing that [ 

 ]a,c Furthermore,
[ 

]a,c

Since the stresses due to internal channel overpressure are mainly bending stresses, a reasonable and 
conservative estimate of stresses is obtained by assuming that they are proportional to 1/t2, where t is the 
wall thickness. 

When assuming a channel wall thinning due to corrosion of [  ]a,c mm (corresponding to [  ]a,c µm 
total oxide thickness for both sides of the outer channel wall) combined with a [  ]a,c wall 
thickness of [  ]a,c mm, the stresses would have to be multiplied by a factor of [ 

 ]a,c to obtain EOL stresses for the outer channel at maximum internal overpressure. 

In the same manner, assuming a wall thinning of [  ]a,c mm (corresponding to [  ]a,c µm total oxide 
thickness for both sides of the cross wall) combined with minimum BOL wall thickness of [  ]a,c mm, 
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the stresses would have to be multiplied by a factor of [  ]a,c to obtain EOL 
stresses for the cross wall at maximum internal overpressure. 

However, as described in Section 4 of Reference 1, the yield strength increases by at least a factor of  
[  ]a,c and the tensile strength increases by at least a factor of [ ]a,c

Under actual operating conditions, the stress margins at EOL conditions will, therefore, increase 
compared to [ ]a,c

The factors used for calculating the EOL stresses due to internal channel overpressure at the outer 
channel, and cross walls ([ ]a,c and [  ]a,c, respectively) are bounding for all operating conditions 
as long as the remaining metal wall thicknesses at EOL are at least [  ]a,c mm, and [ 

 ]a,c mm, for the outer channel, and cross walls, respectively. Using these assumptions the 
internal channel overpressure stress analysis [ 

 ]a,c the analysis using EOL conditions 
when conservatively assuming the same high internal overpressure. 

3.2 FATIGUE 

Section 4.2.6 of Reference 1 contains a discussion on the sample fatigue analysis of a channel in a BWR/6 
plant, with several conservative assumptions. The maximum peak stress [ 

 ]a,c In the fatigue analysis [

 ]a,c The calculated 
cumulative usage factor is [  ]a,c and since this is significantly smaller than [  ]a,c there is more than 
sufficient margin to fatigue failure. 

This sample analysis is [ 
 ]a,c

3.3 CHANNEL BULGE 

Section 4.2.1 of Reference 1 contains a discussion on the sample channel bulge/creep calculation for a 
BWR/6 plant. In the analysis [ 

 ]a,c

This sample calculation is [ 
 ]a,c

3.4 ADDITIONAL ANALYSIS 

[
]a,c
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[
]a,c In such

a case, the methods approved by the US NRC in WCAP-15942-P-A, Supplement 1 would be used to 
show that all stress and strain limits, as well as functional requirements remain satisfied. 

3.5 PROPOSED LIMITATIONS AND CONDITIONS 

Based on the information presented in this appendix, the proposed SER conditions and limitations 
regarding corrosion in Low Tin ZIRLO channels are: 

[
 ]a,c

[
 ]a,c

[
]a,c

4.0 SUMMARY AND CONCLUSIONS 

This appendix summarizes the effects of recently measured, and slightly higher than expected control rod 
shadow corrosion on mechanical design analyses related to the licensing of Low Tin ZIRLO channels for 
SVEA-96 Optima2 fuel assemblies. It is intended to be attached as an Appendix to WCAP-15942-P-A, 
Supplement 1 (Reference 1). 

The conclusion is that the sample analyses in WCAP-15942-P-A, Supplement 1 bound all conditions, 
with some margin, as long as the [ 

 ]a,c If the metal wall thicknesses are not measured directly at pool side inspections, 
these minimum thickness limits are indirectly shown to be met, as long as the [ 

 ]a,c

5.0 REFERENCES 

1. WCAP-15942-P-A, Supplement 1, Revision 1, “Material Changes for SVEA-96 Optima2 Fuel
Assemblies”
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Appendix 2: Operation Limits on Low Tin ZIRLO™ Channels

EXECUTIVE SUMMARY 

Low Tin ZIRLO™

[ 
]a,c

[ ]a,c

[  ]a,c

Westinghouse Non-Proprietary Class 3

WCAP-15942-NP-A 
Supplement 1-A

September 2019 
Revision 1



ACRONYMS 

Westinghouse Non-Proprietary Class 3

WCAP-15942-NP-A 
Supplement 1-A

September 2019 
Revision 1



1.0 INTRODUCTION 

2.0 PROPOSED OPERATING LIMITS 

2.1 EQUIVALENT CHANNEL EXPOSURE  

[  ]a,c

 [ 
 ]a,c  [  ]a,c

 [  ]a,c [

]a,c

[
 ]a,c

2.2 RESIDENCE TIME 

 [  ]a,c

[  ]a,c [  ]a,c

[
 ]a,c
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2.3 CONTROL BLADE EXPOSURE 

[  ]a,c

 [  ]a,c

[  ]a,c

 [  ]a,c

 [ ]a,c

Figure 1 Channel bow versus total inch-days and proposed inch-day limit for Low Tin ZIRLO channels 
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3.0 SUMMARY AND CONCLUSIONS 

[
 ]a,c

[  ]a,c

[  ]a,c

 [  ]a,c

[
]a,c
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4.0 ADDITIONAL SUPPORTING INFORMATION 

 [ 
]a,c

 [  ]a,c

Table 1. Delivered Low Tin ZIRLO channels up to 2017 
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4.1 LOW TIN ZIRLO 2-LIFE OPERATION 

4.1.1 2-life operation in [  ]a,c

[  ]a,c [ ]a,c

[  ]a,c

 [  ]a,c

[  ]a,c

 [ ]a,c
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Figure 1 Channel growth highlighting 2-life operation in [  ]a,c, trendlines only to visually 
show the differences between the materials 

[ ]a,c

Figure 2. Maximum outside channel oxide thickness side 1 or 4 highlighting 2-life operation in
[  ]a,c
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Figure 3. Average outside channel oxide thickness side 1 or 4 highlighting 2-life operation in
[  ]a,c

Figure 4 Maximum outside channel oxide thickness side 2 or 3 highlighting 2-life operation in
[  ]a,c
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Figure 5 Average outside channel oxide thickness side 2 or 3 highlighting 2-life operation in
[  ]a,c

Figure 6 Channel bow highlighting 2-life operation in [  ]a,c
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4.1.2 2-life operation in [  ]a,c

 [  ]a,c  [  ]a,c

 [  ]a,c

[  ]a,c  [  ]a,c

[  ]a,c [  ]a,c

 [  ]a,c

Figure 7 Channel growth highlighting 2-life operation in [  ]a,c, trendlines only to visually show 
the differences between the materials 
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[  ]a,c

 [ 
 ]a,c  [ 

]a,c

Figure 8. Maximum outside channel oxide thickness side 1 or 4 highlighting 2-life operation in
[  ]a,c

Westinghouse Non-Proprietary Class 3

WCAP-15942-NP-A 
Supplement 1-A

September 2019 
Revision 1



Figure 9. Average outside channel oxide thickness sides 1 or 4 highlighting 2-life operation in
[ ]a,c

Figure 10. Maximum outside channel oxide thickness side 2 or 3 highlighting 2-life operation in
[  ]a,c
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Figure 11. Average outside channel oxide thickness side 2 or 3 highlighting 2-life operation in
[  ]a,c

Figure 12. Channel bow highlighting 2-life operation in [  ]a,c
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4.2 LOW TIN ZIRLO NORMAL OPERATION 

4.2.1 Channel Growth 

Figure 13. Channel growth highlighting Low Tin ZIRLO channels normal operation, trendline only to 
visually show the differences between the materials 

4.2.2 Channel Outside Oxide Thickness 
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Figure 14. Maximum outside channel oxide thickness side 1 or 4 highlighting Low Tin ZIRLO 
channels normal operation 

Figure 15. Average outside channel oxide thickness side 1 or 4 highlighting Low Tin ZIRLO 
channels normal operation 
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Figure 16. Maximum outside channel oxide thickness side 2 or 3 highlighting Low Tin ZIRLO 
channels normal operation 

Figure 17. Average outside channel oxide thickness side 2 or 3 highlighting Low Tin ZIRLO 
channels normal operation 
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4.2.3 Channel Bow 

Figure 18. Channel bow highlighting Low Tin ZIRLO channels normal operation 

4.3 CHANNEL INSIDE OXIDE THICKNESS
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4.3.1 Inside Channel Oxide Thickness from Hotcell Examinations 

Figure 19. Inside oxide thickness data from hotcell examination of Low Tin ZIRLO channels 

 [ 
 ]a,c

 [  ]a,c
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4.3.2 Poolside Measurements of the Remaining Wall Thickness 

 [  ]a,c

 [  ]a,c

[  ]a,c

 [  ]a,c

[
 ]a,c

Figure 20. Wall thickness and lift-off for measurements performed with the F-SECT equipment on 2-life 
channels operated in [  ]a,c
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[ ]a,c

[  ]a,c

 [  ]a,c  [ 

 ]a,c

 [  ]a,c

Figure 21. Wall thickness and lift-off for a channel operated in [  ]a,c with a high inch-day value 

4.4 HYDROGEN CONTENT AND PICK-UP FRACTION 

[ 

]a,c
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Figure 22. Hydrogen content for channel samples 

Figure 23. Hydrogen pick-up fraction for channel samples 
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[  ]a,c

[  ]a,c

[ 
 ]a,c

5.0 LOW TIN ZIRLO PERFORMANCE EVALUATION 

5.1 FLUENCE GRADIENT INDUCED BOW 

[ ]a,c  [ ]a,c

[  ]a,c

[ ]a,c

 [ ]a,c

5.2 SHADOW CORROSION INDUCED BOW 
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[ 
 ]a,c

[

 ]a,c

 [ 
 ]a,c

[ 

 ]a,c

[ ]a,c
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[ 

]a,c

 [  ]a,c

5.3 CORROSION 

 [ 

]a,c

 [ 

 ]a,c

 [  ]a,c

 [  ]a,c
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 [  ]a,c [ 
]a,c

[  ]a,c

 [  ]a,c

[  ]a,c  [ 
 ]a,c

6.0 REFERENCES 

Westinghouse Non-Proprietary Class 3

WCAP-15942-NP-A 
Supplement 1-A

September 2019 
Revision 1



Westinghouse Proprietary Class  

 WCAP-15942- P-A 
Supplement 1-A

September 2019 
Revision 1



WCAP-15942- P-A 
Supplement 1-A

September 2019 
Revision 1



WCAP-15942- P-A 
Supplement 1-A

September 2019 
Revision 1



 
 

 

 
 
Westinghouse Electric Company 
Nuclear Services 
1000 Westinghouse Drive 
Cranberry Township, Pennsylvania  16066 
USA 

  

  
 

U.S. Nuclear Regulatory Commission 
Document Control Desk 
11555 Rockville Pike 
Rockville, MD  20852 
 
 

Direct tel: (412) 374-4643 
Direct fax: (724) 720-0754 

e-mail: greshaja@westinghouse.com 

 
AW-12-3524 
August 29, 2012 

 
APPLICATION FOR WITHHOLDING PROPRIETARY 

INFORMATION FROM PUBLIC DISCLOSURE 
 
Subject:  LTR-NRC-12-60 P-Enclosure, “Response to the NRC’s Request for Additional Information 

on WCAP-15942-P-A, Supplement 1, ‘Material Changes for SVEA-96 Optima 2 Fuel 
Assemblies’” (Proprietary) and 

 
 Submittal of WCAP-15942-P-A, Supplement 1, Revision 1, “Material Changes for SVEA-

96 Optima 2 Fuel Assemblies” (Proprietary) 
 
Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-12-60, dated 

August 29, 2012 
 
The Application for Withholding Proprietary Information from Public Disclosure is submitted 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 
to Westinghouse and customarily held in confidence. 
 
The proprietary information 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-12-3524 
accompanies this Application for Withholding Proprietary Information from Public Disclosure, 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 proprietary to Westinghouse 
be withheld from public disclosure in accordance with 10 CFR Section 2.390 of the Commission’s 
regulations. 
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  AW-12-3524 
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(1) I am Manager, Regulatory Compliance, 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 Westinghouse. 

 

(2) 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 

Proprietary Information from Public Disclosure accompanying this Affidavit. 

 

(3) 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. 

 

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 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 to be withheld from public disclosure is owned and has been held 

in confidence by Westinghouse. 

 

 (ii) The information 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 constitutes 

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 
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Westinghouse’s competitors without license from Westinghouse constitutes a 

competitive economic advantage over other companies. 

 

  (b) It consists of supporting data, including test data, relative to a process (or 

component, structure, tool, method, etc.), the application of which data secures a 

competitive economic advantage, e.g., by optimization or improved 

marketability. 

 

  (c) 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. 

 

  (d) It reveals cost or price information, production capacities, budget levels, or 

commercial strategies of Westinghouse, its customers or suppliers. 

 

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

development plans and programs of potential commercial value to Westinghouse. 

 

  (f) 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) 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. 

 

  (b) 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. 

 

(c) Use by our 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 to the entire puzzle, thereby depriving Westinghouse of a 

competitive advantage. 

 

  (e) 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 countries. 

 

  (f) The Westinghouse capacity to invest corporate assets in research and 

development depends upon the success in obtaining and maintaining a 

competitive advantage. 

 

 (iii) 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 

Commission. 

 

 (iv) 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. 

 

 (v) The proprietary information sought to be withheld in this submittal is that which is 

appropriately marked in LTR-NRC-12-60 P-Enclosure, “Response to the NRC’s Request 

for Additional Information on WCAP-15942-P-A, Supplement 1, ‘Material Changes for 

SVEA-96 Optima 2 Fuel Assemblies’” (Proprietary) and WCAP-15942-P-A, Supplement 

1, Revision 1, “Material Changes for SVEA-96 Optima 2 Fuel Assemblies” (Proprietary) 

for submittal to the Commission, being transmitted by Westinghouse letter, 

LTR-NRC-12-60, and Application for Withholding Proprietary Information from Public 

Disclosure, to the Document Control Desk.  The proprietary information as submitted by 

Westinghouse is that associated with Westinghouse’s request for NRC approval of 

WCAP-15942-P-A, Supplement 1, Revision 1 and may be used only for that purpose. 
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  This information is part of that which will enable Westinghouse to: 

 

(a) Obtain NRC approval of WCAP-15942-P-A, Supplement 1, Revision 1 “Material 

Changes for SVEA-96 Optima 2 Fuel Assemblies.” 

 

(b) Obtain NRC approval of alternative materials as applied to the current BWR 

SVEA-96 Optima2 Fuel Design 

 

  Further this information has substantial commercial value as follows: 

 

(a) Assist customers to obtain license changes. 

 

(b) Westinghouse can sell support and defense of the use of alternative materials as 

applied to the SVEA-96 Optima2 Fuel design. 

 

(c) The information requested to be withheld reveals the distinguishing aspects of a 

methodology which was developed by Westinghouse. 

 

  Public disclosure of this proprietary information is likely to cause substantial harm to the 

competitive position of Westinghouse because it would enhance the ability of 

competitors to provide similar fuel design and licensing defense services for commercial 

power reactors without commensurate 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 

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 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. 
 

WCAP-15942- P-A 
Supplement 1-A

September 2019 
Revision 1



 

LTR-NRC-12-60 NP-Enclosure
TAC No. ME4700 

Response to the NRC’s Request for Additional Information on WCAP-15942-P-A, Supplement 1, 
“Material Changes for SVEA-96 Optima 2 Fuel Assemblies”(Non-Proprietary) 

August 2012 

Westinghouse Electric Company 
1000 Westinghouse Drive 

Cranberry Township, PA  16066 

© 2012 Westinghouse Electric Company LLC 
All Rights Reserved 

Westinghouse Non-Proprietary Class 3

WCAP-15942- P-A 
Supplement 1-A

September 2019 
Revision 1



1. Based on the data provided for Zr-2 beta quench and [ ]a,c there does not 
appear to be a large advantage in performance of the former over the latter.  What is the 
reason for the introduction of [ ]a,c and why would one be preferred 
over the other? 

Answer:

The advantage of [ ]a,c channels is a [ ]a,c compared to 
Zry-2 channels, which is particularly important at high burn-ups. Even though beta quenched 
(β-Q) material eliminates the irradiation growth due to a randomized texture, the [

]a,c in Zry-2 [ ]a,c in zirconium has 
been reached. The growth of β-Q material is thus [ ]a,c content.
When the solubility limit of [ ]a,c at reactor temperature occurs (approximately [

]a,c), the additional [ ]a,c will create a distortion due to the [
]a,c Whereas Zry-2 changes [ ]a,c at 

high burn-ups, [ ]a,c material is not expected to show [
]a,c at high burnups, due to the [

]a,c Therefore, [ ]a,c channels are expected to experience less growth 
and channel bow than Zry-2 β-Q at high burn-ups. 

[ ]a,c™ is a trademark of Westinghouse Electric Company LLC, its Affiliates and/or its 
Subsidiaries in the United States of America and may be registered in other countries throughout the world. All 
rights reserved. Unauthorized use is strictly prohibited. Other names may be trademarks of their respective owners.  
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2. Sections 1.1 and 5.2.2 suggest that [ ]a,c only intended use for boiling 
water reactor (BWR) assembly components is for the outer channel and the [ 

]a,c  Please confirm that these are the only applications of [ 
]a,c for BWR assemblies. 

Answer:

Westinghouse is only seeking approval from the NRC to use [ ]a,c material for 
the channels in BWR fuel, i.e. outer channel, cross sheet and reinforcement part (thicker bottom 
end part of channel), as stated in Section 5.2.2 of the supplement. 
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3. The amount of performance data for [ ]a,c is [ 
]a,c   Please provide additional data 

collected for [ ]a,c since the issuance of this topical and describe the plant 
application including operation in relation to the data, e.g., cladding temperatures, fluences, 
burnup, etc.

Answer:

Dimensional stability is one of the key factors in the development of channels for BWR fuel 
assemblies. ZrNbSnFe-alloys have very good dimensional stability during irradiation, i.e., the 
irradiation growth and creep rate are lower than for Zry-2 and Zry-4. The experience gained from 
irradiation of standard ZIRLO® material in PWRs shows that the growth of ZIRLO material is 
about [ ]a,c of the growth of Zry-4. This is the expected growth of ZIRLO channels in a 
BWR under the reasonable assumption that [

]a,c

Based on Westinghouse’s extensive experience with fabrication and in-reactor operating 
experience of  ZrNbSnFe-alloys in PWRs to high burn-ups, demonstration [ ]a,c

channels that have been inserted since 2004 are expected to achieve an assembly average burn-up 
of [ ]a,c

Channel Growth

The latest data for the channel growth in SVEA channels for all channel materials is shown in 
Figure 1. The graph contains data from both 12 and 24 month cycle operation with leading fuel 
assembly burn-ups of [ ]a,c channels up to approximately [ ]a,c

ZIRLO® is a registered trademark of Westinghouse Electric Company LLC, its Affiliates and/or its Subsidiaries in 
the United States of America and may be registered in other countries throughout the world. All rights reserved. 
Unauthorized use is strictly prohibited. Other names may be trademarks of their respective owners. 
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Figure 1. Channel Growth vs. Equivalent burn-up for Zry-4 , -Q Zry-4, Zry-2 , -Q Zry-2 and 
[ ]a,c channels.

Most length measurements have been made by an index plate and a zirconium alloy gauge 
whereas data indicated by “FCMS” (Fuel Channel Measuring System) was measured using a 
stainless steel gauge and temperature dependent correction factor. 

For burn-ups above [ ]a,c the estimated irradiation growth of  [ ]a,c

channels is indicated in Figure 1. This estimation is based on [
]a,c and [ ]a,c from [ ]a,c of [

]a,c channel materials excluding [ ]a,c

The irradiation growth can be calculated since the hydrogen content and channel elongation are 
known. Table 1 contains the calculated irradiation growth for different channel materials used by 
Westinghouse.  [

]a,c

a,c
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Table 1 Measured average hydrogen content of channel and outer channel elongation, 
predicted hydrogen induced elongation and irradiation growth due to the texture effect. 

Material Measured
Hydrogen

[ppm]

Predicted
Growth due to 
H [mm]

Measured
Channel

elongation [mm] 

Predicted
Irradiation

Growth [mm] 

As a result, the irradiation growth for Zry-2  channels is estimated to be [ ]a,c at [
]a,c since the channel had a total elongation of [ ]a,c and the hydrogen content 

was approximately [
]a,c which corresponds to [ ]a,c elongation due to [ ]a,c For 

Zry-2 -Q channel material the growth is [

]a,c Finally, the irradiation growth for [ ]a,c channels is estimated to 
be [ ]a,c at [ ]a,c This is reasonable since the hot cell examination of the 
average hydrogen content of the [ ]a,c channels is measured to [

]a,c at [ ]a,c The estimated average hydrogen pick-up 
after [ ]a,c is expected to be [ ]a,c than [ ]a,c, resulting in a 
channel elongation of [ ]a,c, which is approximately [ ]a,c less growth due to irradiation 
compared to Zry-2 .

Furthermore, the high burn-up [ ]a,c NFIR BOR-60 program concluded that 
ZIRLO material growth was approximately [ ]a,c of Zry-2  growth. This is in 
agreement with the above estimation of [ ]a,c reduction in overall growth of [

]a,c channels compared to Zry-2  at [ ]a,c

Channel Bow

The channel bow is only a consequence of differential growth of the opposite sides of the 
channel. Since the channel growth is [ ]a,c for [ ]a,c channels 
than for Zry-2  and Zry-4  channels the corresponding channel bow is [ ]a,c for 
[ ]a,c channels as the in-pile measurement as shown in Figure 2. 

a,c
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Figure 2. Channel Bow in Symmetric Lattice vs. Equivalent burn-up for Zry-4 , -Q Zry-4, Zry-2 
, -Q Zry-2 and [ ]a,c channels

Channel Oxide

The maximum channel oxide thickness for SVEA channel is traditionally evaluated by [
]a,c and is shown in Figure 

3 a. The operating condition with early control rod history i.e. 24 month operation gives the 
highest oxide growth for [ ]a,c and [

]a,c for [ ]a,c channels. Under such conditions the 
maximum average oxide thickness is between [ ]a,c for [ ]a,c channels 
and for  Zry-4 -Q approximately [ ]a,c at a burn-up of about [ ]a,c The 
maximum oxide thickness in Figure 3 a is expected to be [ ]a,c at [

]a,c burn-up of [ ]a,c since no additional control rod exposure is experienced 
during its last cycles. In Figure 3 b the average oxide thickness is shown, which is [

]a,c

a,c
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Figure 3a and 3b. Channel Oxide thickness vs. Equivalent burn-up for -Q Zry-4, Zry-2 ,
-Q Zry-2 and [ ]a,c channels. Figure 3a shows the maximum oxide and Figure 

3b shows the average oxide [ ]a,c

For operating conditions without control rod history on channel sides [ ]a,c the 
[ ]a,c channel has a [ ]a,c oxide growth of approximately [

]a,c, while the control rod side [ ]a,c has a [ ]a,c with a 
[ ]a,c oxide thickness of approximately [ ]a,c as Figures 4 a and b show. The 
data in Figure 4a is the [ ]a,c and data in 
Figure 4b is the [ ]a,c The oxide growth on the control 
rod side is typically shadow corrosion, which is not expected to have any significant growth later 
in life as indicated by the prediction curve, i.e. [ ]a,c

Figure 4a and 4b. Channel Oxide thickness vs. Equivalent burn-up for -Q Zry-4, Zry-2 ,
-Q Zry-2 and [ ]a,cchannels. Figure 4a shows side 2 and 3 and Figure 4b shows 

side 1 and 4. 

The highest oxide thickness for a Zry-2 -Q channel is a [ ]a,c side with data from 
the [ ]a,c of the channel. The data points from the  Zry-2 -Q channel with a red 

a,c

a,c
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border around the data points are all from one reactor with the highest measured average oxide 
thickness, which can also been observed in the previous figure, Figure 3a and 3b. 

Channel Bulge

Channel bulge occurs due to the differential pressure between the inside and the outside of the 
channel and is dependent on the creep properties of the zirconium alloy (see also answer to 
RAI-6). The bulge for SVEA channels [ ]a,c

Therefore it is not a critical property for the SVEA channel design. 

The creep performance for cladding material in RXA condition has been measured and concluded 
to be [ ]a,c for ZIRLO materials than for Zry-4  (PWR) and Zry-2  (BWR) material. Zry-
2 -material is therefore expected [ ]a,c channel creep.

LTR-NRC-12-60 NP-EnclosureWestinghouse Non-Proprietary Class 3

WCAP-15942- P-A 
Supplement 1-A

September 2019 
Revision 1



4. The data from lead test assemblies (LTAs) have been taken from [ ]a,c plants.  Have
these plants and subsequent plants with LTAs been limiting in terms of channel corrosion,
growth and/or bow than other plants?  Please discuss the performance of channels in these
plants to those in limiting plants.

Answer:

Data originally came from [ ]a,c plants, however the LTA data today comes from [ ]a,c

plants, see Table 2. The data from leading fuel assemblies ([ ]a,c) is from
[ ]a,c representative plants: [ ]a,c.

[ ]a,c operates on 24 month cycles with early control, which is considered the limiting 
operating condition for channel corrosion occurring early in life with a small gap between channel 
and control rod (S-lattice). [ ]a,c is representative of ordinary 12 month cycle 
operation.

SVEA [ ]a,c channels have been delivered since 2004 to [ ]a,c different 
reactor types/environments and operating conditions. The different deliveries are shown in 
Table 2. 

Table 2 [ ]a,c Channel deliveries 

Fuel inspections have been conducted in [ ]a,c reactors. The first in-pile measurements were 
made in [ ]a,c in 2005 after [ ]a,c cycle and in 2009 after [ ]a,c cycles. 
Inspections after [ ]a,c annual cycles in [ ]a,c were performed during 
2010 and 2011. Inspections after [ ]a,c and [ ]a,c months of operation in [ ]a,c were 
performed during 2009 and 2011 with anticipated results of [ ]a,c. Additional 
inspections of [ ]a,c channels will be performed during the upcoming years in 

a,c

LTR-NRC-12-60 NP-EnclosureWestinghouse Non-Proprietary Class 3

WCAP-15942- P-A 
Supplement 1-A

September 2019 
Revision 1



order to verify the [ ]a,c channel performance in different operating conditions 
and environments. 
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5. The following are related to growth of [  ]a,c.

a. Do the analytical models for channel growth account for individual effects due to
hydriding, irradiation, and creep or is there one growth model that incorporates
all of these effects implicitly?  If the latter is true then a change in channel
corrosion/hydriding or stress will change channel growth without changes in
channel material.  Therefore, a change to water chemistry or assembly design
could change channel growth from previous experience.  How does Westinghouse
intend to control these potential effects on growth that are independent of the
channel material?  If the growth is dependent on individual model effects please
provide an example analysis of how these individual model effects are included in
a total growth.

Answer:

There is only one upper bound channel growth prediction for SVEA channels. This
growth prediction is empirical and is based on the complete SVEA channel growth
database, which covers a wide range of operating conditions (such as different water
chemistries) from many different applications. The channel growth prediction of [

]a,c is
conservatively chosen for modern channel materials (see Figure 1 in the answer to
RAI-3).

There are no significant axial forces acting on the SVEA channel during operation. A
difference between the “shopping bag design” of the SVEA fuel compared to other fuel
designs with the channel hanging from the top tie plate, however, is that for SVEA fuel,
gravity acts as a compressive force on the channel and thus reduces channel growth.

Channel growth is routinely measured at irradiated fuel inspections. Results are added
to and evaluated against the channel growth database. Current data for [

]a,c channels falls well within the current database. 

b. The axial growth of [ ]a,c than for Zr-2 RXA 
material.  This could affect the clearance between the sub-bundle and the frame 
(channel) of the handle assembly. Please discuss the impact of [ 

]a,c channel growth on this clearance. 

Answer:

[ ]a,c is conservatively assumed, combined with 
[ ]a,c growth along with [ ]a,c when 
evaluating margin for unrestricted sub-bundle growth in the fuel channel. The analysis 
in Section 4.2.2 of Reference 1.6, where sufficient margin is shown also with zero 
channel growth, is thus unaffected by introduction of [ ]a,c channels. 

LTR-NRC-12-60 NP-EnclosureWestinghouse Non-Proprietary Class 3

WCAP-15942- P-A 
Supplement 1-A

September 2019 
Revision 1



6. Please confirm that the channel creep data in Figure 4.2-5 is only from Zr-2 channels and
no [ ]a,c channel creep data are presented.  Section 4.2.1 page 4-4 
suggests that [  ]a,c and Zr-2 (RXA) will have [ ]a,c irradiated 
creep rate. Please provide justification to substantiate this claim.  Please provide data on the 
irradiated creep rate of [ ]a,c compared to that for Zr-2 (RXA) along 
with a discussion of the impact of differences in channel creep rate on in-reactor 
performance.

Answer:
The channel creep deformation data in Figure 4.2-5, intended to show the conservative nature of 
this general channel creep prediction model, is from [ ]a,c Zry-4 channels. 
The response to RAI-14 in Reference 1.6 further discusses the creep model and the application 
for Zry-2 material and SVEA-96 Optima2 fuel in US BWRs. No [ ]a,c channel 
creep data is provided in Figure 4.2-5. 

The thermal creep as well as the irradiation creep is dependent upon chemical composition and 
final metallurgical condition (SRA, pRXA, RXA). [

]a,c however a study on [ ]a,c has been performed and the results show 
that the thermal creep for [

]a,c give a [ ]a,c creep rate for 
[ ]a,c cladding compared to standard Zry-2, as shown in Figure 5. This 
comparison is relevant since [

]a,c which is the same condition as the sheet 
material.  

Figure 5 Creep behavior for Std LK3 liner (RXA) and [ ]a,c Cladding 
tubes

The in pile creep performance for [ ]a,c material compared to Zry-2 α will be 
measured on irradiated channels [ ]a,c in order to confirm the [ ]a,c

channel creep performance. Bulge measurements were recently made for Zry-2 β-Q and 

a,c
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[ ]a,c channels in [ ]a,c MWd/kgU and the creep was 
measured to maximum [ ]a,c.
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7. An example of geometric compatibility with other fuel types at [
]a,c is provided on pages 4-5 and 4-6.  This example assumes [ 

]a,c  However, it appears that the limiting 
condition for compatibility will be [ 

]a,c  Is this interpretation 
correct?  If so please discuss the impact of [ ]a,c on compatibility between 
the [ ]a,c of the two different assemblies. 

Answer:

This interpretation is not correct. The different fuel assembly designs have different lengths at 
BOL, so [ ]a,c for the SVEA 
assembly might not be the limiting condition. [

]a,c must be considered. 

The conservative Westinghouse methodology for evaluation of geometric compatibility with 
other fuel types [

]a,c These 
combinations are included in the sample application in Section 4.2.1 of Reference 1.6. Since the 
introduction of [ ]a,c channel material does not change the assumptions 
concerning SVEA channel growth, i.e. [

]a,c, the sample application in Reference 1.6 is unaffected by the introduction of [
]a,c channels and is thus not included in the supplement. 
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8. The following are related to channel bow.

a. How is [ ]a,c determined? Provide an example
with data for both asymmetric and symmetric lattices.  Why is the [

]a,c for evaluating control blade
insertion?

Answer:

During NRC review of Reference 1.6 and prior to introduction of SVEA-96 Optima2 in
US BWR plants, a modified methodology for evaluation of channel bow and its effect
on channel compatibility with the control rod was introduced (see the response to RAI-
15 in Reference 1.6.) The modified methodology included an extensive statistical
evaluation of the Westinghouse SVEA-10x10 channel bow database, including
previously used Zry-4 channel material. Control rod [

]a,c was used as a reference to 
bound a similar evaluation for each US application concerning the risk of control rod 
maneuvering issues with SVEA-96 Optima2 fuel. Data was also provided to the NRC 
during the review of Reference 1.6 for independent evaluations. 

Figure 6 shows the current Zry-2 channel bow database for a symmetrical core lattice, 
including a new statistical evaluation. [ ]a,c have been calculated 
for intervals of [ ]a,c (first interval [ ]a,c, second interval [

]a,c etc) and each interval is represented by [ ]a,c the 
interval. The average bow is, [ ]a,c

In the current methodology presented in RAI-15 of Reference 1.6, the statistically 
calculated channel bow toward control rod of [

]a,c is used for symmetric lattice and is also indicated in Figure 6. 
This figure also  shows the conservatism in using [ ]a,c data for Zry-4 in 
[ ]a,c at [ ]a,c as input in the analysis for SVEA-96 
Optima2 with the current Zry-2 channel material. 
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Figure 6. Channel bow vs. burnup for symmetric lattice. 

The number of data points for [ ]a,c channel bow is, [
]a,c as can be seen in Figure 2-

15 and 4.2-6 of the supplement, the [ ]a,c channel data falls within 
current channel bow database, for which successful and extensive operating experience 
exist. Therefore, introduction of [ ]a,c channel material is not 
expected to [ ]a,c concerning channel bow and risk of control rod 
maneuvering issues. [ ]a,c channels are expected to show [

]a,c than current Zry-2 and previous Zry-4 channels and therefore, current 
operating experience and methodology conservatively bounds [ ]a,c

channels in US applications. 

The database for channel bow in an asymmetric lattice is still limited although the 
operation experience is extensive; with more than 3000 SVEA-96 Optima2 assemblies 
delivered to [ ]a,c and [ ]a,c. More datapoints from [

]a,c would be needed [
]a,c for channel bow increase with burn-up in an asymmetric lattice. 

However, the database for channel bow in a symmetric lattice, shown in Figure 6 above 
and also in Figure 2-15 of the supplement, has good coverage approaching [

]a,c and the 
channel bow drivers are the same irrespective of lattice symmetry. The difference in 
water gap width in an asymmetric lattice however causes a bias in average channel bow 
when compared to a symmetric lattice. The average channel bow in the asymmetric 
lattice in Figure 4.2-6 is about [ ]a,c, while the average 

a,c
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channel bow in the symmetric lattice in Figure 2-15 is [ ]a,c. Except for this 
bias, there is no reason to suspect that the channel bow behavior toward the control rod 
in an asymmetric lattice should be significantly different than for a symmetric lattice. 
The channel bow behavior in a symmetric lattice was thoroughly evaluated in the 
response to RAI-15 of Reference 1.6 and the database for Zry-2 and also [

]a,c channels in a symmetric lattice is still within previous experience with Zry-
4 channels concerning bow toward the control rod and for which extensive and 
completely successful experience exist. 

b. An example analysis example is provided on page 4-10 that assumes [

]a,c  However, examination of the data in Figure 4.2-6 [ 
 ]a,c suggests that the increase in bow [ 

 ]a,c  Please provide a discussion on why [ 
]a,c should not be assumed and the potential impact [ 

]a,c would have on control blade interference.

Answer:

The applicability of current methodology to asymmetric lattice as well as the operating 
experience of SVEA-96 Optima2 fuel in asymmetric lattice is discussed in the response 
to RAI-8a above.  

The methodology for compatibility with the control rod according to RAI-15 of 
Reference 1.6 includes [

]a,c and assumes [ ]a,c of channel bow 
[ ]a,c with burn-up, based on previous experience with Zry-4 
channels in [ ]a,c BWR/6 when calculating a [ ]a,c channel 
bow towards control rod at EOL.

However, the input used in the methodology is [
]a,c and, as 

can be seen in Figure 6, [
]a,c of 

the database for current Zry-2 channels. Furthermore, the basis for the current 
methodology is an entirely successful operating experience concerning control rod 
maneuvering, with [ ]a,c as the reference plant in the analysis. This basis has 
been strongly reinforced since the methodology in RAI-15 of Reference 1.6 was 
introduced and approved. 

Today there is even stronger evidence by extended operating experience and control 
rod slow to settle tests that supports the conservatism of the current methodology 
concerning control rod maneuverability. 
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9. The following are related to hydrides in [ ]a,c.

a. Section 4.2.9 assumes [  ]a,c for hydrogen pickup for evaluating 
channel performance, however, recent high burnup data from Zr-2 BWR fuel rods 
suggest that the hydrogen pickup increases exponentially above a local burnup of 45 
GWd/MTU  (see paper by K. Geelhood and C. Beyer entitled “Hydrogen Pickup 
Models for Zircaloy-2 , Zircaloy-4, M5 and ZIRLO™,” 2011 Water Reactor Fuel 
Performance Meeting, Chengdu, China September 11-14, 2011; also see paper by E. 
V. Mader et al entitled “EPRI BWR Channel Distortion Program” at the same
meeting).  Please provide a discussion on significant difference of these two
hydrogen pickup models for [  ]a,c and Zr-2 (RXA).

Answer:

Zry-2 and Zry-4 change its hydrogen pick up significantly at high burn-up due to the 
dissolution of Secondary Phase Particles. The [ ]a,c material contains 
[ ]a,c, and therefore [

]a,c hydrogen pick up at high burn-up is expected. Available data is consistent 
with this view. 

b. Page 4-18 provides a limit on hydrides in [  ]a,c   There is
some evidence that Zr-2 RXA is embrittled at hydrogen levels below those proposed
as limits for [  ]a,c  Please provide ductility data (based on
uniform elongation and yield strength) from irradiated [ ]a,c

up to the hydrogen limit requested.

Answer.

When a comparison is made between [ ]a,c material and Zry-4, it shows 
that the [ ]a,c for [

]a,c channels due to the irradiation hardening is similar to that for Zry-4. 

The axial tensile tests were performed at [ ]a,c in 
air. Tensile specimens were prepared from the channel samples by [

]a,c with tension direction oriented [ ]a,c to the [ ]
direction of the channel, see Table 3. 
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Table 3 Un-irradiated and irradiated mechanical properties for [ ]a,c

material

The increase of test temperature from [ ]a,c resulted in a 
[ ]a,c of ultimate tensile strength (Rm) from [ ]a,c to approximately 
[ ]a,c The effect of test temperature on material ductility was [ ]a,c

pronounced going from [ ]a,c to [
]a,c.

The increase in tensile properties for Zirconium alloys during irradiation are described in 
different ASTM reports, e.g. in Ref [1] “Effect of Irradiation at 588K (315°C) on 
mechanical properties and Deformation behaviour of Zirconium Alloy Strip” it is 
reported that yield strength of Zry-4 material in RXA condition increases from 385 MPa 
to 720 MPa after an irradiation fluence of 5x1020 n/cm2 (E>1MeV). The data at room 
temperature is summarized in Table 4 which shows the tensile test result in both the 
longitudinal and transversal direction. 

Table 4. Un-irradiated and irradiated mechanical properties at RT for Zry-4 strip, Ref [1]
Longitudinal Direction Transverse Direction

Material

Fluence

[n/cm2]
(E>1MeV)

Yield
Strength
[MPa]

Tensile
Strength
[MPa]

Total
Elongation

[%]

Yield
Strength
[MPa]

Tensile
Strength
[MPa]

Total
Elongation

[%]
RXA 0 385 470 30 395 440 32

RXA 5x1020 720 720 3 735 735 2,8

At elevated temperature (315°C) the yield strength of Zry-4 RXA increased from 146 
MPa to 474 MPa after an irradiation fluence of 5x1020 n/cm2 (E>1MeV). Data for both 
the longitudinal and transverse direction at elevated temperature is presented in Table 5. 

a,c
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Table 5 Un-irradiated and irradiated mechanical properties at 315°C for Zry-4 strip, Ref [1].
Longitudinal Direction Transverse Direction

Material

Fluence

[n/cm2]
(E>1MeV)

Yield
Strength
[MPa]

Tensile
Strength
[MPa]

Total
Elongation

[%]

Yield
Strength
[MPa]

Tensile
Strength
[MPa]

Total
Elongation

[%]
RXA 0 146 206 35 154 190 36

RXA 5x1020 474 476 5 472 472 4,6

It can be concluded that the [ ]a,c in [ ]a,c and [ ]a,c in 
[ ]a,c for [ ]a,c channels due to the irradiation hardening is 
[ ]a,c as for Zry-4 
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10. The submittal requests that [  ]a,c be substituted for [ 
]a,c  The topical report states (Section 2.2) that the former and latter [ 

]a,c have similar corrosion resistance including that due to shadow 
corrosion.  Please provide a comparison of [ ]a,c shadow 
corrosion data  along with a discussion for [ ]a,c Is the secondary phase 
particle (SPP) size controlled for [ ]a,c?  If not why not when it is known that 
SPP is important for controlling nodular corrosion. 

Answer:

Shadow corrosion comparison between [ ]a,c and [ ]a,c material have been made 
for channel material [

]a,c The shadow corrosion is shown to be [ ]a,c for both 
[ ]a,c and [ ]a,c material, both for [ ]a,c and [

]a,c, as shown in Figure 7. 

The processes of both Zry-2 Q and Zry-2  material are qualified processes and are 
reproducible for each product with defined [ ]a,c that control the SPP sizes for 
each product. 

Figure 7.Comparison of oxide thickness of [
]a,c

a,c
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11. Please provide a description the new strength specifications for [  ]a,c

along with the [ ]a,c for channel application.  Also, provide an analysis
for limiting normal operation and anticipated operation occurrence events involving case of
channel overpressure.

Answer:

WCAP-15942-P-A, Supplement 1 has been updated to include the data and analysis requested.
The revised WCAP is attached to this transmittal and has been renumbered as
“WCAP-15942-P-A, Supplement 1, Revision 1”. Upon approval, it will be numbered as
“WCAP-15942-P-A, Supplement 1, Revision 1-A,” consistent with the numbering system
employed originally.  An abstract will be added to the approved version explaining why this
revision was necessary.

REFERENCE

[1] P. Morize et. al., “Effect of Irradiation at 588K (315 C) on mechanical properties and
Deformation behavior of Zirconium Alloy Strip,” ASTM STP 939.
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- The response states that the growth between BWR Low Tin ZIRLO™ [  ]a,c channels will be 
similar to [ ]a,c guide tubes. No data are provided to substantiate this claim.  For example, the 
corrosion including shadow corrosion may be different for these two different reactor applications that would 
change the hydrogen pickup and subsequent growth due to hydrogen. 

 - Please provide the BWR and PWR  growth data to substantiate the claim that irradiation 
growth    between BWR Low Tin ZIRLO™  channels and 

. 

Figure 1 shows the experience of Zry-4 and  thimble tube growth in PWRs, 
along with data for Low Tin ZIRLO™ channel growth in BWRs. Based on this data, Low Tin ZIRLO™
channel growth in BWRs is similar to that for the standard  thimble tube growth in PWRs. 

– When will additional oxide and hydrogen data become available along with their projected burnup 
levels and how does this compare to the projected schedule for the first reload with  channels in 
a US plant? 

Data on oxide thickness and hydrogen pick-up from 

 . 

The first  of a similar program at  was finished in the summer of 2013, with 
channels seeing a burnup of . Channel bow measurements obtained during this outage 
continue to show very good channel bow behavior at this burnup level. The channels were inserted in the core 

.
Measurement data from these channels will be obtained during the 2014 outage. 
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The first reload of ™ channels in a US reactor is currently planned for 2014, which is 
consistent with when additional data from the  will be available. 

 - Table 1 lists averaged measured hydrogen from one PIE examination of a fuel channel at [
]a,c and then estimates the average hydrogen level for Low Tin ZIRLOTM channels at [
]a,c. Discussions in the submittal (WCAP-15942, Supplement 1, Revision 1) suggest that there are very 

large variations in oxide thickness and hydrogen levels both axially and for different sides (control blade versus 
non-control blade side) of the channel. 

 How is average hydrogen measured for channel growth with such a large variation in measured 
oxidation and hydrogen in channels and what are the uncertainties in the hydrogen value for ,
for both the one PIE channel examined and the projected value at ? . 

The hydride concentration on the specific ™ channel is measured by 
The 

average hydride concentration is calculated as an average of the samples 
The uncertainty of the The projected 

value at is based on a total elongation of with a predicted irradiation growth of 
. Thus, the average hydrogen concentration in ™ channels at will 

be much less than .

- How many samples were taken axially at which locations and how many per channel side at each axial 
location to determine the average hydrogen? 

: The average hydrogen content in the base material was detected by , the 
elevation of the samples at each side is shown presented in Table 1. The samples were neither taken in the 
longitudinal weld positions nor in shadow position. 

Table 1: Elevation of samples at each side. 

What are the uncertainties in the  hydrogen for a channel given the small 
amount of data? 

 The calculation of length increase due to the hydrogen content is based on the 
assumption that hydride contains 

. 
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 - Are there any differences in the data provided in Figure 4.2-1 of original submittal dated September 
2010 and Figure 1 in the revised responses (also Figure 4.2-1 of August 2012 revision of submittal)? If so please 
describe the new data added including the material, equivalent burnup level and growth of the new data such that 
this additional data can be considered to determine if additional data are necessary to confirm ™ 
performance at high burnup. 

There are additional data in Figure 4.2-1 in the revised response compared to the 
submittal dated September 2010. The added data are from channels that have been inspection during the period 
from September 2010 and August 2012. In addition to new data being included, two ™ 
channel points at 

. All other data points in the figures 
have been measured with qualified equipment. 

The Table 2 below presents the additional data in the revised response for each material. 

Table 2: New data since September 2010. 

The added data points are also visible in Figure 2 below, the basis for this figure is Figure 4.2-1 in the revised 
response from 2012 with the new data added marked. 

New data at higher burnup for ™ channels will be available in 2014. The projected burnup for 
these channels is approximately  for channels that have operated for 24 month cycles and 

 for channels that have operated in 12 month cycles. 

LTR-NRC-13-65 NP-Attachment

WCAP-15942-NP-A 
Supplement 1-A

September 2019 
Revision 1

Westinghouse Non-Proprietary Class 3



 

Figure 2: Channel Growth  
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– [
]a,c. However, thermal creep does not always represent the 

characteristics of irradiation induced creep because there are different mechanisms involved.  The response and 
submittal notes that niobium is known to decrease the creep rate but it is also known that reducing the tin level in 
zirconium alloys will also increase the creep rate. The tin content in Low Tin ZIRLO™ is [

 ]a,c Therefore, it cannot be automatically assumed that a creep model for [  ]a,c

can be applied to Low Tin ZIRLOTM because the effect of [  ]a,c may increase the creep rate more 
than the niobium reduces the creep rate.  Therefore, irradiation creep data are needed for Low Tin ZIRLOTM. 

 - How and when will irradiation data be available to confirm the assumption that the 
creep model is applicable to  and how does this compare to the schedule for the first reload with 

 channels in a US plant? 

channels have been measured regarding creep deformation at an equivalent 
burnup of . were ™ channels and were Zry-2 BQ
channels. The creep deformation for the ™ channels was about and of the calculated 
creep deformation, for the Zry-2 BQ channels the creep deformation was about of calculated values 
with current creep model.
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 - Are the  data included in the latest revised submittal (August 2012) and responses? If 
so, please identify these data in the figures provided. If not, please explain. 

 data is included in the figures in the revised submittal and responses. In 
Figure 3, Figure 4, Figure 5, and Figure 6 below, data from  are marked in each plot 

.

Figure 2-15 from WCAP-15942-P-A, Supplement 1, Revision 1 and Figure 2 from response to the NRC´s 
Request for Additional Information on WCAP-15942- P-A, Supplement 1 is presented in Figure 3 with data 
from  marked in the plot. 

Figure 3: Channel Bow. 

Figure 4.2-14a from WCAP-15942-P-A, Supplement 1, Revision 1 (SVEA Channel oxide) is presented in 
Figure 4 and Figure 5 with  data marked in the plots (two figures with oxide thickness in the 
control rod sides, 1 and 4, and on non control rod sides, 2 and 3). 
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Figure 4: Maximum Oxide Thickness side 1 and 4. 

Figure 5: Maximum oxide Thickness side 2 and 3. 
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Figure 4.2-14b from WCAP-15942-P-A, Supplement 1, Revision 1 (SVEA Channel average oxide) is presented 
in Figure 6 with  data marked in the plot. 

Figure 6: Average Oxide Thickness. 
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 - There are several inconsistencies in the response, the submittal, and the original approval due to the 
concern of channel bow impeding control rod insertion: 

First inconsistency: The limit on channel bow is stated as [ ]a,c standard deviation of [
]a,c for a symmetric lattice (response to RAI-8b and Figure 6). However, page 4-10 of the 

revised submittal (August 2012) states the standard deviation is [ ]a,c for a 
symmetric lattice.  

Second inconsistency: In the approved methodology for evaluating clearance between the channel and 
blade to assure control rod insertion, the approved methodology is for [ ]a,c the standard 
deviation. However, the analysis provided in the submittal to demonstrate adequate clearance between 
channel and blade used only [  ]a,c standard deviation of [ ]a,c.

Third inconsistency: In the statistical level for calculating channel bow for determining control rod 
insertion, the approved methodology is intended to bound the data at a 95/95 level.  Examination of the
data demonstrates that [ ]a,c (assuming standard deviation from page 4-10 of revised 
submittal) does not appear to bound the data in Figure 6 of revised responses at a 95/95 level for a 
symmetric lattice.  This may suggest the standard deviation is incorrect. 

Furthermore, if a [ ]a,c standard deviation value of [ ]a,c is used, it appears to provide an 
interference fit that will restrict control rod movement given the minimum clearance of [ ]a,c

provided in the submittal that would impact control rod insertion 

– Given the two different values of standard deviation quoted for a symmetric lattice, which value of 
standard deviation is used to determine channel clearance with the control blade at EOL? 

The historical  database standard deviation of  is still 
conservatively used for current  and also ™ channels when evaluating the 
combined effect of  to the modified and 
approved criteria concerning maximum  according to the response to RAI-15 of 
WCAP-15942-P-A.  standard deviations i.e.  are used in the evaluation. 

 - Provide an example analysis using the value of standard deviation and the approved analysis 
methodology of  standard deviation. For this analysis, 
along with a discussion on why  will allow adequate control blade 
movement based on testing with various interference clearances. 

 As described in the response to RAI-15 of WCAP-15942-P-A the largest range of 
channel bow experienced by SVEA fuel has been in the , for which a 
completely successful operating experience exist concerning compatibility with control rods, including ability 
to meet maximum .
According to the approved methodology,  is thus used as a reference to bound a similar evaluation 
for each US application concerning the risk of control rod maneuvering issues with SVEA-96 Optima2 fuel. 

The approved methodology according to the response to RAI-15 of WCAP-15942-P-A includes worst case 
combination of 

. The maximum bulge is, among other 
conservative assumptions, calculated with 

. 
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See sample analysis below for a BWR/6 C-lattice plant applying the approved methodology according to the 
response to RAI-15 of WCAP-15942-P-A: 

When conservatively assuming the historical  channel bow also for current  and 
™ channel materials, the BWR/6 C-lattice case results above are virtually identical to corresponding 

calculation of maximum interference with  respectively for 
in the response to RAI-15 of WCAP-15942-P-A. When comparing maximum statistical 

 channel bow for  in Figure 6 in response to RAI-8 dated August 2012, with corresponding 
historical value for  indicated in the same figure, it can further be concluded that the conservatism 
when using the historical  channel bow in the analysis for modern  and 

™ channel materials is several millimeters. The BWR/6 case, with  and ™ 
channel material, is thus clearly bounded by the  reference case with  channel material, 
both for the , and thus falls within the experience base for which control 
rod insertion has been demonstrated for the largest range of channel bow for SVEA channels. 

Therefore, the extensive and completely successful operating experience in  concerning control 
rod maneuvering with SVEA channels, including tests to verify fulfillment of maximum 

 (results from  are summarized in 
the response to RAI-15 of WCAP-15942-P-A) have proven that applications with ™ as well 
as  channel material, showing less  than the reference case 

 with historical  material, will allow adequate control blade movement. 

Verification that the  reference is still bounding is performed for every new US application with 
an analysis as described above as well as in the response to RAI-15 of WCAP-15942-P-A, using reactor specific 
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input data and including the combined effect of 
. 

The improved channel bow behavior of ™ channels will not reduce but rather add margin 
concerning control rod maneuvering. 

 - Will  channels also be applied to asymmetric lattice plants in the US? If so, please 
provide an example analysis for an asymmetric lattice plant similar to item a. above. Will Lead Test Assembly 
irradiations be performed in an asymmetric lattice prior to a reload because there is very little asymmetric data? 

 Yes, ™ channels will be applied to asymmetric lattice plants in the 
US. ™ channel LTAs were inserted into .

 LTAs were inserted into each plant in locations with 
. 

See sample analysis below for a BWR/3 D-lattice plant (same bulge data used as in response 2 above), applying 
the approved methodology according to the response to RAI-15 of WCAP-15942-P-A (see also response 2 
above concerning conservative assumptions in the analysis): 

The calculated  is bounded by the  case for both the  for 
historical , and current  and ™ channels, both showing an improved bow 
behavior compared to historical . Therefore, the BWR-3 D-lattice sample analysis falls within the 
experience base for which control rod insertion has been demonstrated for the largest range of channel bow for 
SVEA channels and allowance of adequate control blade movement is thus proven. 

Also note that extensive operation experience now exist with SVEA-96 Optima2 in US plants. More than 
 SVEA-96 Optima2 assemblies have been delivered to the BWR-3 D-lattice plants  
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 and  with  of control rod maneuvering issues 
related to SVEA-96 Optima2 fuel. 

The improved channel bow behavior of ™ channels will not reduce but rather add margin 
concerning control rod maneuvering. 

Also, when will additional channel bow data for asymmetric plants become available along with 
projected burnup levels and how does this compare to the schedule for a projected first reload for an asymmetric 
plant in the US? 

 Additional ™ channel bow data from asymmetric plants will be 
available in the upcoming years, especially for ™ channels with long residence times 
irradiated in . These channels will be measured after each additional cycle and will be 
irradiated for 

The main driving forces for channel bow are fluence gradient of the opposing channels sides and hydrogen 
pick-up (mainly from shadow corrosion from the control rod).  

The fluence gradient in asymmetric and symmetric lattices are very similar, see Figure 7 below which presents 
the fluence gradient from an asymmetric lattice in  and symmetric lattice in . The 
data is from a typical 24 month cycle core in both . The maximum fluence 
gradient is 
However, due to the asymmetric design the average fluence gradient is for an asymmetric plant 
which also is seen in the measured average channel bow which is  the control blade in an 
asymmetric plant. 

The effect from shadow corrosion on channel bow is mainly a function of distance between the control rod and 
fuel channel and the exposure time. The distance between the control rod and fuel channel is larger for 
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asymmetric plants and consequently the effect of shadow corrosion induced bow will be less in asymmetric 
plants on channels with similar exposure time. 

With respect to the channel bow from fluence gradient and shadow corrosion, the symmetric database will 
bound fuel channels operated in asymmetric plants in the case of channel bow towards the control rod. 

- If the values of standard deviation provided in the submittal at [
 ]a,c are plotted on Figures 6 (of 

response) and 4.2-6 (of submittal), respectively, these values [ ]a,c do not appear to bound their 
respective data at a 95/95 level.  It is noted that there is very little channel bow data for asymmetric plants above an 
equivalent burnup of [ ]a,c.

 - If these values are used to determine the interference fit, please provide the number of data points at 
burnup intervals of  along with how many data points are above 
the  standard deviation value used (items a. and b. above) to demonstrate clearance for both symmetric 
and asymmetric plants in Figures 6 (revised responses August 2012) and 4.2-6 (revised submittal August 2012), 
respectively. 

 These values are not used in the approved methodology according to the response to 
RAI-15 of WCAP-15942-P-A. The value still conservatively used for  and also 

™ channels is  the historical  database standard deviation, ,
see Figure 6 in response to RAI-8 dated August 2012. 
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 Provide references that  do not dissolve in  (as stated in revised 
responses) up to the fluence/burnup levels requested for the channels. Also, are there any other hydrogen pickup 
data at high burnup for  other than the one data point in Table 1 at  that 
demonstrates  will continue to have a much lower hydrogen pickup than Zr-2 or Zr-4?

– Irradiation of ™ material (Optimized ZIRLO cladding) in a PWR 
operation in three 18 month cycle up to  was performed and examined for SPP sizes. The 

 were still present and have an average size of  in diameter for two examined 
samples. All have been diluted on  and only  are present 
after irradiation at  with no increased hydrogen pick-up observed. Since the SPPs do 
not fully dissolve, no acceleration of the hydrogen pick-up is expected. Therefore the hydrogen content depends 
on the corrosion rate in the reactor environments. 

- The irradiated mechanical property data provided are [  ]a,c hydrogen levels 
compared to the hydrogen limits requested.  In addition the NRC has irradiated data from [  ]a,c cladding to 
suggest that its ductility is lower than for cold work stress relief annealed cladding at equivalent hydrogen levels. 
This could be due to the fact that the [  ]a,c material has random orientation of hydrides such that some are 
orientated in the radial direction which could have a higher probability for crack initiation as the density of 
hydrides increases.  Therefore, [  ]a,c will need to be established for Low Tin ZIRLOTM [ ]a,c

until data can be provided to substantiate a [ ]a,c.

– Please provide a lower limit based on  cladding with similar hydrogen orientation and 
distributions that exist in ™  channels along with justification based on data. If 
additional, mechanical test data are to be provided for ™  to demonstrate the higher 
hydrogen limit is valid, micrographs need to be provided that demonstrate the hydride distribution, orientation and 
length of the mechanical test data are prototypical of those found in ™  channels. The 
mechanical response of Zirconium alloys has been found to be strongly dependent on hydride distribution, 
orientation and length of the hydrides as well as the stress state.  In addition, provide data on the geometry and the 
stress state of the mechanical test specimens and relate these to the limiting stress state in BWR channels. 

: – The hydride orientation is dependent upon stresses in the material. Contrary to cladding 
tubes where hard contact with an expanding pellet results in mechanical stresses, the channel wall is only 
subjected to stresses resulting from thermal creep due to the internal pressure, i.e. bulge. An evaluation of the 
hydride orientation from an outer channel wall at  elevation and the water cross material at 

 show no occurrence of radial hydriding. Typical hydride orientation on the outer channel wall and water 
cross material subjected to thermal creep by the inside over pressure in the fuel bundle is shown in Figure 8 and 
Figure 9. 
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Figure 8: Low Tin ZIRLO™ [ ]a,c  outer channel wall at [
]a,c

Figure 9: Low Tin ZIRLO™ [ ]a,c water cross at [
]a,c

The hydride orientation is typical for a  material and is similar to any Zry-2  material with 
respect both to mechanical properties and hydride morphology. No differences in mechanical properties are 
expected between irradiated Zry-2, Zry-4 and Low Tin ZIRLO™ material with equivalent hydrogen content, 
therefore the limit for Zry-2 is also applicable to Low Tin ZIRLO™ material
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Westinghouse Electric Company 
1000 Westinghouse Drive 
Cranberry Township, Pennsylvania  16066 
USA 

 

U.S. Nuclear Regulatory Commission 
Document Control Desk 
11555 Rockville Pike 
Rockville, MD  20852 

Direct tel: (412) 374-4643 
Direct fax: (724) 940-8560 

e-mail: greshaja@westinghouse.com 

LTR-NRC-15-65, Revision 1 
September 11, 2015 

Subject: Revised Surveillance Plan Information in Support of the NRC Review of WCAP-15942-P-A, 
Supplement 1, Revision 1, “Material Changes for SVEA-96 Optima2 Fuel Assemblies” 
(Proprietary/Non-Proprietary) 

Reference: 
1. LTR-NRC-15-65, “Additional Surveillance Plan Information in Support of the NRC Review of

WCAP-15942-P-A, Supplement 1, Revision 1, “Material Changes for SVEA-96 Optima2 Fuel
Assemblies” (Proprietary/Non-Proprietary),” July 16, 2015.

To support the Nuclear Regulatory Commission (NRC) review of topical report WCAP-15942-P-A, 
Supplement 1, Revision 1, “Material Changes for SVEA-96 Optima2 Fuel Assemblies,” an audit was 
conducted from September 30 through October 3, 2014.  A follow-up teleconference was held on 
April 16, 2015 to clarify the additional information needed with respect to the channel surveillance plan.  
The requested surveillance plan information was provided to the NRC via transmittal letter  
LTR-NRC-15-65 (Reference 1) dated July 16, 2015.   

Subsequent to delivery of the surveillance plan information, a conflict was identified concerning 
implementation of certain portions of the plan.  In response, it was determined during a teleconference 
held on September 2, 2015 with the NRC that a revised surveillance plan would need to be provided. 
Enclosed are the proprietary and non-proprietary versions of the revised surveillance plan information 
that was agreed to be provided during the September 2nd teleconference.  The surveillance plan provided 
by this letter supersedes the plan provided in Reference 1.   

Also enclosed are: 

1. An Application for Withholding Proprietary Information from Public Disclosure, AW-15-4273 (Non-
Proprietary), with Proprietary Information Notice and Copyright Notice

2. An Affidavit (Non-Proprietary).

This submittal contains proprietary information of Westinghouse Electric Company LLC.  In 
conformance with the requirements of 10 CFR Section 2.390, as amended, of the Commission’s 
regulations, we are enclosing with this submittal an Application for Withholding Proprietary Information 
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. 
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AW-15-4273 2

(1) I am Manager, Regulatory Compliance, 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 Westinghouse.

(2) 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

Proprietary Information from Public Disclosure accompanying this Affidavit.

(3) 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.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 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 to be withheld from public disclosure is owned and has been held

in confidence by Westinghouse.

(ii) The information 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 

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 competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.
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(b) It consists of supporting data, including test data, relative to a process (or

component, structure, tool, method, etc.), the application of which data secures a

competitive economic advantage, e.g., by optimization or improved

marketability.

(c) 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.

(d) It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

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

development plans and programs of potential commercial value to Westinghouse.

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

(iii) There are sound policy reasons behind the Westinghouse system which include the

following:

(a) 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.

(b) 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.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.

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

competitive advantage. 

 

  (e) 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 countries. 

 

  (f) The Westinghouse capacity to invest corporate assets in research and 

development depends upon the success in obtaining and maintaining a 

competitive advantage. 

 

 (vi) 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 

Commission. 

 

 (v) 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. 

 

 (vi) The proprietary information sought to be withheld in this submittal is that which is 

appropriately marked in LTR-NRC-15-65, Revision 1 P-Attachment, “Revised 

Surveillance Plan Information in Support of the NRC Review of WCAP-15942-P-A, 

Supplement 1, Revision 1, ‘Material Changes for SVEA-96 Optima2 Fuel Assemblies’” 

(Proprietary), for submittal to the Commission, being transmitted by Westinghouse letter, 

LTR-NRC-15-65, Revision 1, and Application for Withholding Proprietary Information 

from Public Disclosure, to the Document Control Desk.  The proprietary information as 

submitted by Westinghouse is that associated with the request for review and approval of 

WCAP-15942-P-A, Supplement 1, Revision 1, and may be used only for that purpose. 

 

  (a) This information is part of that which will enable Westinghouse to: 

 

(i) Obtain NRC approval of WCAP-15942-P-A, Supplement 1, Revision 1, 

“Material Changes for SVEA-96 Optima2 Fuel Assemblies.” 
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(ii) Obtain NRC approval of alternative materials as applied to the current

BWR SVEA-96 Optima2 Fuel Design

(b) Further this information has substantial commercial value as follows:

(i) Westinghouse plans to sell the use of similar information to its customers

for the purpose of license changes.

(ii) Westinghouse can sell support and defense of industry guidelines and

acceptance criteria for plant-specific applications.

(iii) The information requested to be withheld reveals the distinguishing

aspects of a methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harm to the 

competitive position of Westinghouse because it would enhance the ability of 

competitors to provide similar fuel designs and licensing defense services for commercial 

power reactors without commensurate 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 

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 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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Westinghouse Electric Company 
1000 Westinghouse Drive 

Cranberry Township, PA 16066 

©2015 Westinghouse Electric Company LLC 
All Rights Reserved.  

Revised Surveillance Plan Information in Support of the NRC Review of 
WCAP-15942-P-A, Supplement 1, Revision 1, “Material Changes for

SVEA-96 Optima2 Fuel Assemblies” 
(Non-Proprietary)

September 2015 
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Supplement 1-A
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Revision 1



LTR-NRC-15-65, Revision 1 NP-Attachment 

Response to Request for Surveillance Plan Information 

The following data is provided to support Nuclear Regulatory Commission (NRC) review of 
WCAP-15942-P-A, Supplement 1, Revision 1, “Material Changes for SVEA-96 OPTIMA2 Fuel 
Assemblies” topical report. Table 1 provides a summary of inspections that have been performed 
and are planned to be performed, which was previously provided during the audit held from 
September 30 through October 3, 2014. During a teleconference with the NRC and Pacific 
Northwest National Laboratory (PNNL) on April 16, 2015, it was agreed that additional data 
would be provided with respect to the channel surveillance including growth in inch-days. The 
channel surveillance data in inch-days is provided in Figure 1 and Figure 2.  

Table 1  [  ]a,c

a,c
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LTR-NRC-15-65, Revision 1 NP-Attachment 

Channel bow data plotted versus inch-days instead of burnup (MWd/kgU). The plots are 
separated in first cycle inch-days and total inch-days. All data are from plants operated for 
[  ]a,c.

Figure 1 [  ]a,c

Figure 2 [  ]a,c

a,c 

a,c 
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Westinghouse Electric Company 
1000 Westinghouse Drive 
Cranberry Township, Pennsylvania  16066 
USA 

U.S. Nuclear Regulatory Commission 
Document Control Desk 
11555 Rockville Pike 
Rockville, MD  20852 

Direct tel: (412) 374-5541 
Direct fax: (724) 940-8560 

e-mail: mercieej@westinghouse.com

LTR-NRC-18-42 
June 13, 2018 

Subject: Request for Continuation of the NRC review of WCAP-15942-P-A / WCAP-15942-NP-A, 
Supplement 1, Revision 1, “Material Changes for SVEA-96 Optima2 Fuel Assemblies,” and 
Submittal of Slides to Support a Closed Meeting on June 14, 2018 to Discuss Details of the 
Review [EPID: L-2018-TOP-0020] (Proprietary/Non-Proprietary) 

Reference: 1) LTR-NRC-12-60, “Response to the NRC's Request for Additional Information on 
WCAP-15942-P-A, Supplement 1, ‘Material Changes for SVEA-96 Optima2 Fuel 
Assemblies’ (TAC No. ME4700), and Submittal of WCAP-15942-P-A, Supplement 1, 
Revision 1, ‘Material changes for SVEA-96 Optima2 Fuel Assemblies’ (Proprietary/Non-
Proprietary)” 

2) LTR-NRC-16-11, “Request for Suspension of Review of WCAP-15942-P-A/
WCAP-15942-NP-A, Supplement 1, Revision 1, ‘Material Changes for SVEA-96
Optima2 Fuel Assemblies’ ”

Revision 1 of Supplement 1 to WCAP-15942-P-A/WCAP-15942-NP-A was submitted for NRC review 
and approval in Reference 1. The submittal incorporated the staff's overall comments on Supplement 1, 
Revision 0, and addressed the concerns that had been brought up during the teleconference between the 
NRC and Westinghouse on November 10, 2011. In June 2016, after extended discussions with the NRC 
Staff, Westinghouse requested a suspension of the review of WCAP-15942-P/NP-A, Supplement 1, 
Revision 1, as documented in Reference 2. 

Westinghouse is now in a position to support an effective and efficient conclusion to the NRC review of 
this Topical Report. Therefore, Westinghouse officially requests a continuation of the NRC review of 
WCAP-15942-P/NP-A, Supplement 1, Revision 1, “Material Changes for SVEA-96 Optima2 Fuel 
Assemblies.” 

Additionally, enclosed are proprietary, and non-proprietary versions of “Slides to Support a Meeting on 
June 14, 2018 for the Continuation of the NRC Review of WCAP-15942-P-A / WCAP-15942-NP-A, 
Supplement 1, Revision 1, ‘Material Changes for SVEA-96 Optima2 Fuel Assemblies.’ ” 

This submittal contains proprietary information of Westinghouse Electric Company LLC 
(“Westinghouse”).  In conformance with the requirements of 10 CFR Section 2.390, as amended, of the 
Nuclear Regulatory Commission’s (“Commission’s”) regulations, we are enclosing with this submittal an 
Application for Withholding Proprietary Information from Public Disclosure.  The Affidavit sets forth the 
basis on which the information identified as proprietary may be withheld from public disclosure by the 
Commission. 
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LTR-NRC-18-57 Enclosure
A1-1 

Appendix 1: Effects of Corrosion on Mechanical Design Analyses of Low Tin ZIRLO™ 
Channels 

EXECUTIVE SUMMARY 

This appendix summarizes the effects of recently measured, and slightly higher than expected, control rod 
shadow corrosion on mechanical design analyses related to the licensing of Low Tin ZIRLOTM material 
channels for SVEA-96 Optima2 fuel assemblies.  

The conclusion is that the sample analyses in WCAP-15942-P-A, Supplement 1, Revision 1 bound all 
conditions, with some margin, as long as the [

]a,c. If the metal wall thicknesses are not measured directly at pool side 
inspections, these minimum thickness limits are indirectly shown to be met, as long as the [

]a,c. 

This appendix contains proposed Safety Evaluation Report (SER) conditions and limitations regarding 
corrosion on Low Tin ZIRLO channels. 

_________________________________ 
Low Tin ZIRLO is a trademark or registered trademark of Westinghouse Electric Company LLC, its affiliates and/or its 
subsidiaries in the United States of America and may be registered in other countries throughout the world. All rights reserved. 
Unauthorized use is strictly prohibited. Other names may be trademarks of their respective owners.

2

Westinghouse Non-Proprietary Class 3

WCAP-15942-NP-A 
Supplement 1-A

September 2019 
Revision 1



LTR-NRC-18-57 Enclosure
A1-2 

ACRONYMS 

AOOs Anticipated Operational Occurrences 

BOL  Beginning Of Life 

EOL  End Of Life 

US NRC United States Nuclear Regulatory Commission 
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1.0 INTRODUCTION 

This document is intended to be attached as an appendix to WCAP-15942-P-A, Supplement 1, 
(Reference 1). It summarizes the effects of recently measured, and slightly higher than expected, control 
rod shadow corrosion on mechanical design analyses related to the licensing of Low Tin ZIRLO channels 
for SVEA-96 Optima2 fuel assemblies. 

2.0 CHANNEL OXIDE THICKNESS AND METAL WALL REDUCTION 

Neither the channel oxide thickness by itself, nor the distribution of the total oxide thickness on the two 
sides of a channel wall, are direct inputs to the mechanical design analyses for a fuel channel. Instead, the 
reduced metal wall thickness due to the total oxidation is taken into account when evaluating functional 
requirements, and margins to allowable loads in the channel. 

In the sample application described in Section 4.2.8 of Reference 1, at a fuel assembly burnup of [ ]a,c

MWd/kgU (i.e. at EOL) a predicted oxide thickness of [ ]a,c was assumed on the channel sheet 
side affected by shadow corrosion, and a maximum oxide thickness of [ ]a,c was assumed on the 
channel sheet side not affected by shadow corrosion. 

Due to the lower density of the oxide, the metal wall reduction can conservatively be approximated to 
2/3 times the total oxide thickness. For EOL calculations, assuming that both sides of a channel wall are 
affected by shadow corrosion, this corresponds to a metal wall thinning of [

]a,c While one side affected, and one side not affected by shadow corrosion 
corresponds to a metal wall thinning of [ ]a,c These 
EOL metal wall reductions are incorporated into stress and strain analyses simulating normal operation, 
and AOOs (Section 4.2.5 of Reference 1), as well as fatigue (Section 4.2.6 of Reference 1). 

An average oxide thickness of [ ]a,c

was assumed in the sample application in Section 4.2.8 of Reference 1, which corresponds to a metal wall 
thinning of [ ]a,c at EOL. This metal wall reduction is used in the EOL channel creep 
deformation calculation, which is summarized, and used in sample compatibility analyses for operating 
with other fuel types, and reactor internals, in Section 4.2.1 of Reference 1. 

Thus, it is the remaining metal wall thickness of the channel that is used in the mechanical design 
analyses. For example, a total oxide thickness of [ 

 ]a,c

2.1 POOL SIDE MEASUREMENTS

As described in Reference 1, measuring the oxide thickness at pool side inspections has been the primary 
method to confirm that the remaining metal wall thickness of the channel is sufficiently large so as not to 
invalidate the mechanical design verification analyses. Since oxide thickness measurements are used
[  ]a,c  
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[
]a,c Additional conservative assumptions, such as [ 

]a,c have also been taken into account to set the 
worst case conditions in the mechanical design verification analyses. 

However, Westinghouse now has access to new equipment that can measure oxide thickness at pool side 
inspections, while also measuring the remaining metal wall thickness of the channels, which is more 
relevant to the mechanical design verification analyses. 

3.0 MECHANICAL DESIGN VERIFICATION 

3.1 STRESS AND STRAIN DURING NORMAL OPERATION AND AOOS 

Section 4.2.5 of Reference 1 contains a discussion on channel stresses due to internal overpressure that 
are evaluated using a Finite Element Analysis of the channel structure. This analysis is performed with 
worst case BOL conditions, i.e. [ 

 ]a,c Furthermore, a conservatively high maximum internal channel overpressure of
[ ]a,c is assumed at normal operating conditions. It should be noted, however, that there is also 
significant margin at [  ]a,c kPa overpressure, since the analysis shows that the channel can withstand 
an internal overpressure of at least [  ]a,c kPa without significant permanent deformation of the channel 
walls. Nominal channel wall thicknesses are [  ]a,c mm, and [  ]a,c mm for the outer channel, and the 
cross wall, respectively. The minimum wall thicknesses according to drawing tolerances used in the Finite 
Element Model are [ ]a,c mm for the outer channel and [  ]a,c mm for the 
cross wall.

As described in Sections 4, and 4.2.5 of Reference 1 both [ 

 ]a,c A simple and 
conservative approach is taken in the analysis by showing that [ 

 ]a,c Furthermore,
[ 

]a,c

Since the stresses due to internal channel overpressure are mainly bending stresses, a reasonable and 
conservative estimate of stresses is obtained by assuming that they are proportional to 1/t2, where t is the 
wall thickness. 

When assuming a channel wall thinning due to corrosion of [  ]a,c mm (corresponding to [  ]a,c μm 
total oxide thickness for both sides of the outer channel wall) combined with a [  ]a,c wall 
thickness of [  ]a,c mm, the stresses would have to be multiplied by a factor of [ 

 ]a,c to obtain EOL stresses for the outer channel at maximum internal overpressure. 

In the same manner, assuming a wall thinning of [  ]a,c mm (corresponding to [  ]a,c μm total oxide 
thickness for both sides of the cross wall) combined with minimum BOL wall thickness of [  ]a,c mm, 
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the stresses would have to be multiplied by a factor of [  ]a,c to obtain EOL 
stresses for the cross wall at maximum internal overpressure. 

However, as described in Section 4 of Reference 1, the yield strength increases by at least a factor of  
[  ]a,c and the tensile strength increases by at least a factor of [ ]a,c

Under actual operating conditions, the stress margins at EOL conditions will, therefore, increase 
compared to [ ]a,c

The factors used for calculating the EOL stresses due to internal channel overpressure at the outer 
channel, and cross walls ([ ]a,c and [  ]a,c, respectively) are bounding for all operating conditions 
as long as the remaining metal wall thicknesses at EOL are at least [  ]a,c mm, and [ 

 ]a,c mm, for the outer channel, and cross walls, respectively. Using these assumptions the 
internal channel overpressure stress analysis [ 

 ]a,c the analysis using EOL conditions 
when conservatively assuming the same high internal overpressure. 

3.2 FATIGUE 

Section 4.2.6 of Reference 1 contains a discussion on the sample fatigue analysis of a channel in a BWR/6 
plant, with several conservative assumptions. The maximum peak stress [ 

 ]a,c In the fatigue analysis [

 ]a,c The calculated 
cumulative usage factor is [  ]a,c and since this is significantly smaller than [  ]a,c there is more than 
sufficient margin to fatigue failure. 

This sample analysis is [ 
 ]a,c

3.3 CHANNEL BULGE 

Section 4.2.1 of Reference 1 contains a discussion on the sample channel bulge/creep calculation for a 
BWR/6 plant. In the analysis [ 

 ]a,c

This sample calculation is [ 
 ]a,c

3.4 ADDITIONAL ANALYSIS 

[
]a,c
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[
]a,c In such

a case, the methods approved by the US NRC in WCAP-15942-P-A, Supplement 1 would be used to 
show that all stress and strain limits, as well as functional requirements remain satisfied. 

3.5 PROPOSED LIMITATIONS AND CONDITIONS 

Based on the information presented in this appendix, the proposed SER conditions and limitations 
regarding corrosion in Low Tin ZIRLO channels are: 

[
 ]a,c

[
 ]a,c

[
]a,c

4.0 SUMMARY AND CONCLUSIONS 

This appendix summarizes the effects of recently measured, and slightly higher than expected control rod 
shadow corrosion on mechanical design analyses related to the licensing of Low Tin ZIRLO channels for 
SVEA-96 Optima2 fuel assemblies. It is intended to be attached as an Appendix to WCAP-15942-P-A, 
Supplement 1 (Reference 1). 

The conclusion is that the sample analyses in WCAP-15942-P-A, Supplement 1 bound all conditions, 
with some margin, as long as the [ 

 ]a,c If the metal wall thicknesses are not measured directly at pool side inspections, 
these minimum thickness limits are indirectly shown to be met, as long as the [ 

 ]a,c

5.0 REFERENCES 

1. WCAP-15942-P-A, Supplement 1, Revision 1, “Material Changes for SVEA-96 Optima2 Fuel
Assemblies”
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Appendix 2: Operation Limits on Low Tin ZIRLO™ Channels

EXECUTIVE SUMMARY 

Low Tin ZIRLO™

[ 
]a,c

[ ]a,c

[  ]a,c
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1.0 INTRODUCTION 

2.0 PROPOSED OPERATING LIMITS 

2.1 EQUIVALENT CHANNEL EXPOSURE  

[  ]a,c

 [ 
 ]a,c  [  ]a,c

 [  ]a,c [

]a,c

[
 ]a,c

2.2 RESIDENCE TIME 

 [  ]a,c

[  ]a,c [  ]a,c

[
 ]a,c
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2.3 CONTROL BLADE EXPOSURE 

[  ]a,c

 [  ]a,c

[  ]a,c

 [  ]a,c

 [ ]a,c

Figure 1 Channel bow versus total inch-days and proposed inch-day limit for Low Tin ZIRLO channels 
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3.0 SUMMARY AND CONCLUSIONS 

[
 ]a,c

[  ]a,c

[  ]a,c

 [  ]a,c

[
]a,c
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4.0 ADDITIONAL SUPPORTING INFORMATION 

 [ 
]a,c

 [  ]a,c

Table 1. Delivered Low Tin ZIRLO channels up to 2017 
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4.1 LOW TIN ZIRLO 2-LIFE OPERATION 

4.1.1 2-life operation in [  ]a,c

[  ]a,c [ ]a,c

[  ]a,c

 [  ]a,c

[  ]a,c

 [ ]a,c
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Figure 1 Channel growth highlighting 2-life operation in [  ]a,c, trendlines only to visually 
show the differences between the materials 

[ ]a,c

Figure 2. Maximum outside channel oxide thickness side 1 or 4 highlighting 2-life operation in
[  ]a,c
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Figure 3. Average outside channel oxide thickness side 1 or 4 highlighting 2-life operation in
[  ]a,c

Figure 4 Maximum outside channel oxide thickness side 2 or 3 highlighting 2-life operation in
[  ]a,c
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Figure 5 Average outside channel oxide thickness side 2 or 3 highlighting 2-life operation in
[  ]a,c

Figure 6 Channel bow highlighting 2-life operation in [  ]a,c
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4.1.2 2-life operation in [  ]a,c

 [  ]a,c  [  ]a,c

 [  ]a,c

[  ]a,c  [  ]a,c

[  ]a,c [  ]a,c

 [  ]a,c

Figure 7 Channel growth highlighting 2-life operation in [  ]a,c, trendlines only to visually show 
the differences between the materials 
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[  ]a,c

 [ 
 ]a,c  [ 

]a,c

Figure 8. Maximum outside channel oxide thickness side 1 or 4 highlighting 2-life operation in
[  ]a,c
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Figure 9. Average outside channel oxide thickness sides 1 or 4 highlighting 2-life operation in
[ ]a,c

Figure 10. Maximum outside channel oxide thickness side 2 or 3 highlighting 2-life operation in
[  ]a,c
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Figure 11. Average outside channel oxide thickness side 2 or 3 highlighting 2-life operation in
[  ]a,c

Figure 12. Channel bow highlighting 2-life operation in [  ]a,c
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4.2 LOW TIN ZIRLO NORMAL OPERATION 

4.2.1 Channel Growth 

Figure 13. Channel growth highlighting Low Tin ZIRLO channels normal operation, trendline only to 
visually show the differences between the materials 

4.2.2 Channel Outside Oxide Thickness 
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Figure 14. Maximum outside channel oxide thickness side 1 or 4 highlighting Low Tin ZIRLO 
channels normal operation 

Figure 15. Average outside channel oxide thickness side 1 or 4 highlighting Low Tin ZIRLO 
channels normal operation 
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Figure 16. Maximum outside channel oxide thickness side 2 or 3 highlighting Low Tin ZIRLO 
channels normal operation 

Figure 17. Average outside channel oxide thickness side 2 or 3 highlighting Low Tin ZIRLO 
channels normal operation 
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4.2.3 Channel Bow 

Figure 18. Channel bow highlighting Low Tin ZIRLO channels normal operation 

4.3 CHANNEL INSIDE OXIDE THICKNESS
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4.3.1 Inside Channel Oxide Thickness from Hotcell Examinations 

Figure 19. Inside oxide thickness data from hotcell examination of Low Tin ZIRLO channels 

 [ 
 ]a,c

 [  ]a,c
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4.3.2 Poolside Measurements of the Remaining Wall Thickness 

 [  ]a,c

 [  ]a,c

[  ]a,c

 [  ]a,c

[
 ]a,c

Figure 20. Wall thickness and lift-off for measurements performed with the F-SECT equipment on 2-life 
channels operated in [  ]a,c
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[ ]a,c

[  ]a,c

 [  ]a,c  [ 

 ]a,c

 [  ]a,c

Figure 21. Wall thickness and lift-off for a channel operated in [  ]a,c with a high inch-day value 

4.4 HYDROGEN CONTENT AND PICK-UP FRACTION 

[ 
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Figure 22. Hydrogen content for channel samples 

Figure 23. Hydrogen pick-up fraction for channel samples 
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[  ]a,c

[ 
 ]a,c

5.0 LOW TIN ZIRLO PERFORMANCE EVALUATION 

5.1 FLUENCE GRADIENT INDUCED BOW 

[ ]a,c  [ ]a,c

[  ]a,c

[ ]a,c

 [ ]a,c

5.2 SHADOW CORROSION INDUCED BOW 
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5.3 CORROSION 

 [ 

]a,c

 [ 

 ]a,c

 [  ]a,c

 [  ]a,c

4

Westinghouse Non-Proprietary Class 3

WCAP-15942-NP-A 
Supplement 1-A

September 2019 
Revision 1



 [  ]a,c [ 
]a,c

[  ]a,c

 [  ]a,c

[  ]a,c  [ 
 ]a,c

6.0 REFERENCES 

4

Westinghouse Non-Proprietary Class 3

WCAP-15942-NP-A 
Supplement 1-A

September 2019 
Revision 1




