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MITSUBISHI HEAVY INDUSTRIES, LTD.

16-5, KONAN 2-CHOME, MINATO-KU

TOKYO, JAPAN
June 14, 2013

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC20555-0001

Attention: Mr. Jeffrey A. Ciocco
Docket No. 52-021

MHI Ref: UAP-HF-13133

Subject: US-APWR Fuel Seismic Closure Plan

References: 1) Letter (ML12248A005 / MHI Ref: UAP-HF-12238) from Y. Ogata (MHI) to
U.S. NRC, "Updated Closure Plan for US-APWR Seismic and Structural
Analyses" dated August 29, 2012.

2) Letter (ML13050A601 / MHI Ref: UAP-HF-1 3034) from Y. Ogata (MHI) to
U.S. NRC, "Updated Closure Plan for US-APWR Seismic and Structural
Analyses - Schedule Improvement" dated February 15, 2013.

3) Transcript of the US-APWR Subcommittee Meeting on October 18-19,
2012 [OPEN]. Pp. 1-98. (ML12325A614)

4) "NOTICE OF FORTHCOMING CLOSED MEETING WITH MITSUBISHI
HEAVY INDUSTRIES', LTD., TO DISCUSS MITSUBISHI HEAVY
INDUSTRIES, LTD'S TECHNICAL REPORT MUAP-08007,
"EVALUATION RESULTS OF US-APWR FUEL SYSTEM STRUCTURAL
RESPONSE TO SEISMIC AND LOCA LOADS" (ML13142A463) dated
May 23, 2013.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "US-APWR Fuel Seismic Closure Plan."

As described in Reference 1, MHI had made changes of the structure design and
methodology of the seismic analysis for the US-APWR. As a result, the seismic input to the
fuel seismic response analysis was changed. This input change necessitated updates to the
input and results shown in Revision 2 of Technical Report "Evaluation Results of US-APWR
Fuel System Structural Response to Seismic and LOCA Loads", MUAP-08007. MHI
previously planned to submit the revision to MUAP-08007 by the end of July, 2013, to reflect
the changes as stated in Reference 2.

At the Advisory Committee on Reactor Safeguards (ACRS) US-APWR Subcommittee
meeting for the Design Control Document (DCD) Chapter 4, held on October 18 and 19, 2012,
the NRC staff expressed concerns in their presentation to the ACRS Subcommittee members
that deformation under Safe Shutdown Earthquake (SSE) only forces, in limiting core
locations, introduces Departure from Nucleate Boiling Ratio (DNBR) and Loss of Coolant
Accident (LOCA) evaluation concerns. The NRC staff also expressed concern that core wide
plastic grid deformation introduces significant technical, regulatory, and scheduling
uncertainty (Reference 3).

In Enclosure 2 to this letter, MHI provides a closure plan to address the NRC's concerns for
the fuel seismic response analysis. This closure plan was presented to the NRC during a
public meeting on May 30, 2013 (Reference 4). Additional changes are required for
MUAP-08007 and an additional revision to Topical Report MUAP-07034 is necessary, to
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implement the closure plan. Impacts on these licensing submittals were presented to the
NRC Staff on May 30, 2013 (Reference 4) and are also outlined in the closure plan with an
expected submittal schedule.

As indicated in the enclosed materials, this document contains information that MHI considers
proprietary, and therefore should be withheld from public disclosure pursuant to 10 C.F.R. §
2.390 (a)(4) as trade secrets and commercial or financial information which is privileged or
confidential. A non-proprietary version of the document is also being submitted with the
information identified as proprietary redacted and replaced by the designation "[ ]".

This letter includes a copy of the proprietary version (Enclosure 2) of the closure plan, a copy
of the non-proprietary version (Enclosure 3) of the closure plan, and the Affidavit of Yoshiki
Ogata (Enclosure 1) which identifies the reasons MHI respectfully requests that all materials
designated as "Proprietary" in Enclosure 2 be withheld from public disclosure pursuant to 10
C.F.R. § 2.390 (a)(4).

Please contact Mr. Joseph Tapia, General Manager of Licensing Department, Mitsubishi
Nuclear Energy Systems, Inc. if the NRC has questions concerning any aspect of the
submittal. His contact information is below.

Sincerely,

Yoshiki Ogata,
Executive Vice President
Mitsubishi Nuclear Energy Systems, Inc.
On behalf of Mitsubishi Heavy Industries, Ltd.

Enclosures:

1. Affidavit of Yoshiki Ogata

2. US-APWR Fuel Seismic Closure Plan (Proprietary version)

3. US-APWR Fuel Seismic Closure Plan (Non-proprietary version)

CC: J. A. Ciocco
J. Tapia

Contact Information
Joseph Tapia, General Manager of Licensing Department
Mitsubishi Nuclear Energy Systems, Inc.
1001 19th Street North, Suite 710
Arlington, VA22209
E-mail: joseph-tapia@mnes-us.com
Telephone: (703) 908-8055



ENCLOSURE1
Docket No. 52-021

MHI Ref: UAP-HF-13133

MITSUBISHI HEAVY INDUSTRIES, LTD.
AFFIDAVIT

I, Yoshiki Ogata, state as follows:

1. I am Executive Vice President of Mitsubishi Nuclear Energy System, Inc. and have been
delegated the function of reviewing MITSUBISHI HEAVY INDUSTRIES, LTD's ("MHI")
US-APWR documentation to determine whether it contains information that should be
withheld from public disclosure pursuant to 10 C.F.R. § 2.390 (a)(4)as trade secrets and
commercial or financial information which is privileged or confidential.

2. In accordance with my responsibilities, I have reviewed the enclosed document entitled
"US-APWR Fuel Seismic Closure Plan" dated June 2013, and have determined that
portions of the document contain proprietary information that should be withheld from
public disclosure. Those pages containing proprietary information are identified with the
label "Proprietary" on the top of the page and the proprietary information has been
bracketed with an open and closed bracket as shown here "[ ]". The first page of the
document indicates that all information identified as "Proprietary" should be withheld from
public disclosure pursuant to 10 C.F.R. § 2.390 (a)(4).

3. The information identified as proprietary in the enclosed document has in the past been,
and will continue to be, held in confidence by MHI and its disclosure outside the company
is limited to regulatory bodies, customers and potential customers, and their agents,
suppliers, and licensees, and others with a legitimate need for the information, and is
always subject to suitable measures to protect it from unauthorized use or disclosure.

4. The basis for holding the referenced information confidential is that it describes
information related to the fuel seismic response analysis unique to the US-APWR design.

5. The referenced information is being furnished to the Nuclear Regulatory Commission
("NRC") in confidence and solely for the purpose of information to the NRC staff.

6. The referenced information is not available in public sources and could not be gathered
readily from other publicly available information. Other than through the provisions in
paragraph 3 above, MHI knows of no way the information could be lawfully acquired by
organizations or individuals outside of MHI.

7. Public disclosure of the referenced information would assist competitors of MHI in their
design of new nuclear power plants without incurring the costs or risks associated with the
design of the subject systems. Therefore, disclosure of the information contained in the
referenced document would have the following negative impacts on the competitive
position of MHI in the U.S. nuclear plant market:

A. Loss of competitive advantage due to the costs associated with development of the
thermal design. Providing public access to such information permits competitors to
duplicate or mimic the methodology without incurring the associated costs.



B. Loss of competitive advantage of the US-APWR created by benefits of enhanced plant
safety, and reduced operation and maintenance costs associated with the thermal
design.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein
are true and correct to the best of my knowledge, information and belief.

Executed on this 1 4 th day of June, 2013.

Yoshiki Ogata,

Executive Vice President
Mitsubishi Nuclear Energy Systems, Inc.
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US-APWR Fuel Seismic Closure Plan

1. Introduction

At the Advisory Committee on Reactor Safeguards (ACRS) US-APWR Subcommittee meeting
for the Design Control Document (DCD) Chapter 4, held on October 18 and 19, 2012, the NRC
staff expressed concerns in their presentation to the ACRS Subcommittee members that
deformation under Safe Shutdown Earthquake (SSE) only forces, in limiting core locations,
introduces Departure from Nucleate Boiling Ratio (DNBR) and Loss of Coolant Accident (LOCA)
evaluation concerns. The NRC staff also expressed concern that core wide plastic grid
deformation introduces significant technical, regulatory, and scheduling uncertainty (Reference
1). The NRC's concerns are currently tracked as Open Items of the DCD Chapter 4 which are
tied to the NRC staff's review of the Technical Report "Evaluation Results of US-APWR Fuel
System Structural Response to Seismic and LOCA Loads" MUAP-08007 (Reference 2).

In this enclosure, MHI provides a closure plan to address the NRC's concerns for the fuel seismic
response analysis. This closure plan was presented to the NRC during a public meeting on
May 30, 2013 (Reference 3).

2. Background

Since October 2012, MHI has discussed with the NRC staff the fuel seismic topics identified at
the ACRS US-APWR Subcommittee meeting held in October 2012. Below are MHI's
understandings:

Evaluation for the SSE Only Condition
Core coolability during and following a large seismic event must be evaluated, if grid
deformation occurs with SSE only load
Loss of offsite power (LOOP) must be considered in the evaluation for the SSE only
condition, if the Axial Flow Damping (AFD) effect is credited in the evaluation

Evaluation for the SSE+LOCA Only Condition
SSE and LOCA are considered to be separate events in the SSE+LOCA load calculation
Large Break LOCA (LB-LOCA) must be evaluated with deformed grids, if grid deformation
occurs with the combined load

3. Closure Plan

3.1. Overall Approach

3.1.1. Evaluation for SSE Only Condition

No grid spacer plastic deformation will be demonstrated under SSE only loads. In the SSE load
calculation, the AFD effect will be taken into account. [ ] flow of the Reactor Coolant
System (RCS) will be assumed when the AFD effect is determined.

Since the AFD effect is credited in the evaluation, MHI will additionally evaluate the effects of a
Reactor Coolant Pump (RCP) coastdown due to a LOOP, which may be caused by a seismic
event. If reduced flow due to the RCP coastdown condition results in grid deformation,

3.1.2. Evaluation for SSE+LOCA Condition

No mechanical failure of the fuel assemblies will be demonstrated under the combined loads.

Mitsubishi Heavy Industries, LTD 1



US-APWR Fuel Seismic Closure Plan

Grid deformation under the combined loads will be limited. The combined loads will be
determined by combining SSE and LOCA loads, which are calculated independently. The SSE
load calculation includes the AFD effect corresponding to [ ] RCS flow. If grid deformation
occurs with the combined loads, then core coolability and control rod insertability will be
demonstrated, in accordance with Appendix A to SRP 4.2. Details are provided in Subsection
3.3 of this closure plan.

3.2. Evaluation for SSE Only Condition

3.2.1. SSE Only Load Calculation

Under SSE only loads, no plastic deformation of grid spacers will be demonstrated. As stated
above, the AFD effect will be taken into account in the fuel seismic response analysis (Reference
4). [ ] RCS flow will be assumed when the AFD effect is determined. In addition, [

] vibration characteristics (i.e. frequency and damping ratio) of the US-APWR fuel
assemblies will be used (Reference 4). The use of AFD and [ ] vibration
characteristics were presented to the NRC during a public meeting on May 30, 2013 (Reference
3) and are summarized below.

3.2.1.1. Use of Axial Flow Damping

MHI's experience shows that the damping ratio increases with axial coolant flow (i.e. AFD effect)
in conventional 12ft fuel assembly testing (Reference 6). The present fuel assembly vibration
model for the US-APWR in the FINDS code conservatively considers only structural and
hydraulic damping effects in still water. It is well known that vibration amplitude is suppressed
due to hydraulic forces on the fuel rods in axial coolant flow; therefore, higher damping is
expected with axial coolant flow. MHI proposes to introduce the AFD effect to the US-APWR
fuel seismic response analysis.

Damping ratios accounting for the AFD effects will be obtained based on the AFD test using a
full-scale US-APWR fuel assembly mockup (Reference 8). FINDS code takes damping ratios
from the input to account for damping effects (Reference 7). Therefore, only input data will be
updated in the seismic analysis, to account for the AFD effects. No modifications are needed in
the physical models or FINDS source code that has already been reviewed by the NRC staff
(Reference 7). An explanation of the theory of the AFD effect and its application to the seismic
response analysis will be added to the next revision of the FINDS Topical Report "FINDS:
Mitsubishi PWR Fuel Assemblies Seismic Analysis Code" MUAP-07034. The description of the
fuel seismic response analysis method will also be revised to incorporate the AFD effect in the
Technical Report "Evaluation Results of US-APWR Fuel System Structural Response to Seismic
and LOCA Loads", MUAP-08007. The submittal plan of the revisions to MUAP-07034 and
MUAP-08007 is presented in Section 4 of this closure plan.

3.2.1.2. Use of [ ] Vibration Characteristics

The fuel seismic response analysis model uses amplitude-dependent vibration characteristics
(frequency and damping ratio). The vibration characteristics used in the FINDS code are based
on the fuel assembly vibration test results (Reference 4). The experimental uncertainties are
included in the analysis model, which takes into account the combination of fuel assembly
frequency and damping ratio. Presently, the combination of the [ ] frequency and
I ] damping ratio is applied in the fuel seismic response analysis as resulting in the
most severe fuel assembly displacement. However, MHI considers the combination of [

Mitsubishi Heavy Industries, LTD 2



US-APWR Fuel Seismic Closure Plan

] frequency and damping ratios to be representative and at the same time, provide
conservative results. The use of one mock-up fuel assembly in the vibration test will be
confirmed to sufficiently model the [ ] frequency and damping ratio. The
optimized analysis conditions, details of the re-evaluation, and results of the fuel assembly
seismic response analysis will be incorporated in MUAP-07034 and MUAP-08007. Additionally,
the response to RAI 572-4583 will be amended to incorporate the above re-evaluation
associated with vibration characteristics (Reference 9).

3.2.2. Core Coolability Evaluation under Reduced Flow Conditions

MHI plans to credit AFD effect and will address the RCP coastdown event in order to consider
the potential of reduced RCS flow. MHI will perform an additional fuel seismic response
analysis assuming immediate RCP coastdown, resulting in reduced RCS flow.

Reduced RCS flow due to the RCP coastdown condition is expected to decrease the AFD effect,
which may result in plastic deformation of the US-APWR grid spacers while the reactor power is
decreasing due to a reactor trip.

[ Details of the
methodology [ ] were presented to the NRC staff in the public meeting on
May 30, 2013 (Reference 3) and also are to be submitted to the NRC separately (see Section 4).
[

] Results of the coolability evaluation under reduced flow conditions
will be also submitted to the NRC and incorporated in MUAP-08007.

3.3. Evaluation for SSE+LOCA Condition

MHI will demonstrate that grid deformation will not occur, or it will be limited within the core.
The effect of grid deformation on control rod insertability and core coolability will be evaluated in
accordance with the guidance in Appendix A to SRP 4.2. Additionally, fuel rod fragmentation is
addressed in the current revision of MUAP-08007 by demonstrating that mechanical failure of
the fuel rods does not occur and the results will be updated in the next revision of the technical

report.

3.3.1. Combined Load Calculation

Combined loads will be calculated for the fuel assembly structural response evaluation in
accordance with the guidance in Appendix A to SRP 4.2. The SSE load and LOCA load will be
calculated as follows, and the resulting loads will be combined using the
square-root-of-sum-of-squares method. The calculated combined loads will be presented in the
revised MUAP-08007.

SSE Load
SSE load will be calculated by applying an AFD factor corresponding to [ ] RCS flow rate
and best estimated vibration characteristics of US-APWR fuel assembly.
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LOCA Load
LOCA load will be calculated by postulating breaks of pipes that do not meet the
Leak-Before-Break (LBB) criteria. In the analysis, best estimated vibration characteristics of
US-APWR fuel assembly will be applied, but the AFD effect will not be credited.

3.3.2. Control Rod Insertability

MHI will demonstrate that grid deformation, even if it occurs, will be limited within the core and
will not affect control rod insertability. The result will be shown in the revised MUAP-08007.

3.3.3. Coolability

In accordance with Appendix A to SPR 4.2, MHI will perform ECCS analysis under the LB-LOCA
condition, taking into account the effects of deformed grids. The result will be presented in the
revised MUAP-08007.

4. Licensing Documents

As described in Reference 10, MHI has made changes of the structure design and methodology
of the seismic analysis for the US-APWR. As a result, the seismic input to the fuel seismic
response analysis was changed. This input change necessitated updates to the input and
results shown in Revision 2 of MUAP-08007. MHI previously planned to submit the revision to
Technical Report MUAP-08007 by the end of July, 2013, to reflect the changes as stated in
Reference 10. However, as described in this closure plan, additional changes are required for
MUAP-08007. In addition, a revision to Topical Report MUAP-07034 is necessary to implement
the closure plan. Impacts on these licensing submittals were presented to the NRC Staff on
May 30, 2013 (Reference 3) and also outlined in the closure plan with an expected submittal
schedule identified in Table 1-1 and 1-2.

Additional supporting documents are planned to be submitted to the NRC. Table 2 summarizes
those supporting documents. Most of the information in the supporting documents will be
integrated into the next revision of MUAP-08007. The purpose of submitting the supporting
documents is to support the NRC staff's review of the information by providing information as it
becomes available. Conference calls or meetings will be requested separately to facilitate the
communication between MHI and the NRC staff.

5. References

1) Transcript of the US-APWR Subcommittee Meeting on October 18-19, 2012. Pp. 1-98.
(ML12325A614)

2) Safety Evaluation with Open Items for US-APWR DCD Chapter 4, "Reactor" (ML12184A285)

3) "NOTICE OF FORTHCOMING CLOSED MEETING WITH MITSUBISHI HEAVY INDUSTRIES',
LTD., TO DISCUSS MITSUBISHI HEAVY INDUSTRIES, LTD'S TECHNICAL REPORT
MUAP-08007, "EVALUATION RESULTS OF US-APWR FUEL SYSTEM STRUCTURAL
RESPONSE TO SEISMIC AND LOCA LOADS" (ML13142A463) dated May 23, 2013.
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Table 1-1 Technical Reports for Submittal to NRC

Table 1-1

Technical Report for Submittal to NRC

Doc. # Title Current Contents Updates and Future Contents Date to
NRC

MUAP-08007 Evaluation Rev. 0, Original Issued Rev. 3 December,
Results of - Seismic evaluation methods will be 2013
US-APWR Fuel revised to incorporate the
System Rev. 1, Aug. 2010 Submitted. Revised due to RAI optimized analysis conditions
Structural Responses (UAP-HF08139, 08309, 09496, 09557, (re-evaluated conservatism)
Response to 09563, 10052, 10136) including the AFD effect.
Seismic and Parametric Study on Sensitivity of FINDS Input - The AFD test results will be cited
LOCA Loads Uncertainty on FINDS Analysis Results throughout the document and will

- US-APWR Fuel Assembly Test and Modeling for the be added to an appendix.
FINDS Code - Input changes resulting from the

- Grid Spacer Deformation Effect on Control Rod seismic reanalysis of the
Insertability and Coolable Geometry structures. The seismic input

- FINDS Results of Response Analyses for Seismic update is necessary due to the
and LOCA Horizontal Direction seismic analysis changes

- Worst Case Results of Response Analysis for (Reference 10).
Seismic and LOCA Horizontal Direction

Rev. 2, Dec. 2010 Submitted. Revised due to:

- Revision of the core plate acceleration data used as
input to evaluate the fuel assembly response during
SSE and LOCA

- Editorial changes (errata corrections)
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Table 1-2 Topical Report for Submittal to NRC

Table 1-2

Topical Report for Submittal to NRC

Doc. # Title Current Contents Updates and Future Contents Date to
NRC

MUAP-07034 FINDS: Rev. 0, Mar. 2008. Original Issued Rev. 4 June, 2013.
Mitsubishi PWRFuel Assemblies - Principles and an outline of the

Seismic Analysis Rev. 1, Dec. 2009. AFD effectCode How the AFT effect is considered in
Code - Reflection of RAI discussions (UAP-HF-08139, the input damping values used by

08309, 09496, 09557, 09563) the analytical model will be
- Editorial change (erratum correction) described
Rev. 2, Mar. 2010.

- Reflection of RAI discussions (UAP-HR-09563,
10052)

- Editorial change (erratum correction)
Rev. 3, July 2010.

- Reflection of RAI discussion (UAP-HF-10136)
- Editorial change (erratum correction)
- FINDS model modification
- FINDS input and results changed
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Table 2 Other Supporting Submittals

Table 2

Other Supporting Submittals

Doc. # Title Current Contents Updates and Future Contents Date to
NRC

UAP-HF-13118 US-APWR Fuel Assembly N/A Rev. 0. Test plan for the Axial Flow Damping test June, 2013
Axial Flow Damping Test using a full-scale US-APWR fuel assembly mockup
Plan

UAP-HF-13134 Core Coolability Evaluation N/A Rev. 0. document that describes MHI's approach June , 2013
with Deformed Grid Spacers for coolability evaluation under RCP coastdown

The information in the white paper will be
integrated into Revision 3 of MUAP-08007

TBD Amended response to RAI UAP-HF-10136 Rev. 1. Re-evaluation associated with vibration June, 2013
572-4583 characteristics will be included and RAI response is

amended.

This information will be integrated into Revision 3
of MUAP-08007

TBD Core Coolability Evaluation N/A Rev. 0. document that describes results of July, 2013
with Deformed Grid Spacers coolability evaluation under RCP coastdown

The information in the white paper will be
integrated into Revision 3 of MUAP-08007

TBD Preliminary Results of the N/A Rev. 0. Preliminary report that summarizes the test July, 2013
Axial Flow Damping Test results

TBD Final Results of the Axial N/A Rev. 0. Final report of the Axial Flow Damping Test August,

Flow Damping Test The information in the white paper will be 2013

integrated into Revision 3 of MUAP-08007
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