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% UNITED STATES
w s NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001
Seand October 29, 2008

‘Mr. Dave Baxter

Vice President, Oconee Site
Duke Power Company LLC
7800 Rochester Highway
Seneca, SC 29672

SUBJECT: OCONEE NUCLEAR STATION, UNITS 1, 2, AND 3, ISSUANCE OF
AMENDMENTS REGARDING USE OF AREVA NP MARK-B-HTP FUEL (TAC
NOS. MD7050, MD7051, AND MD7052)

Dear Mr. Baxter:

The U.S. Nuclear Regulatory Commission has issued the enclosed Amendment Nos. 362, 364,
and 363 to Renewed Facility Operating Licenses DPR-38, DPR-47, and DPR-5S, for the Oconee
Nuclear Station, Units 1, 2, and 3, respectively. The amendments consist of changes to the
Technical Specifications (TSs) in response to your application dated October 22, 2007,
supplermented July 14, September 17, and October 27, 2008.

These amendments revise TSs to allow the accommodation of AREVA NP Mark-B-HTP fuel.

A copy of the related Safety Evaluation is also enclosed. A Notice of Issuance will be included in
the Commission's next biweekly Federal Register notice.

Leonard N. Oishan, Sr. Project Manager
Plant Licensing Branch I1-1

Division of Operating Reactor Licensing
Office of Nuclear Reactor Regulation

Docket Nos. 50269, 50-270, and 50-287
Enclosures:

1. Amendment No. 362 to DPR-38
2. Amendment No. 364 to DPR-47

© . 3. Amendment No. 363 to DPR-55

4. Safety Evaluation

cc wlencls: See next page
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DUKE ENERGY CAROLINAS, LLC
DOCKET NO. 50-268

OCONEE NUCLEAR STATION, UNIT 1
DM O RENEWED FACILITY O TING LICENSE

Amendment No. 362
Renewed License No. DPR-38

_ The U.S. Nuclear Regulatory Commission (the Commission) has found that:

A. The application for amendment to the Oconee Nuclear Station, Unit 1 (the facility),
Renewed Facility Operating License No. DPR-38 filed by the Duke Energy
Carolinas, LLC (the licensee), dated October 22, 2007, and supplemented July 14,
September 17, and October 27, 2008, complies with the standards and
requirements of the Atomic Energy Act of 1854, as amended (the Act), and the
Commission's rules and regutations as set forth in 10 CFR Chapter [;

B. The facility will operata in conformity with the application, the provisions of the Act,
and the rules and regulations of the Commission:

C. There Is reasanable assurance (i) that the activities authorized by this amendment
can be conducted without endangering the health and safety of the public, and (ii)
that such activities will be conducted in compliance with the Commission's
regulations set forth in 10 CFR Chapter |;

D. The Issuance of this amendment will not be inimical to the common defense and
security or to the healith and safety of the public; and

E.  Theissuance of this amendment is in accordance with 10 CFR Part 51 of the
Commission’s regulations and all applicable requirements have been satisfied.
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2. Acoordlndy, the license is hereby amended by page changes to the Technical
Specifications as indicated in the attachment to this license amendment, and Paragraph
3.8 of Renewed Facility Operating License No. DPR-38 is hereby amended to read as
follows: '

8. Technical Specifications

The Technical Specifications contained in Appendix A, as revised through
Amendment No.362, are hereby incorporated In the license. The licensee shall
operate the facility in accordance with the Technical Specifications.

3. This license amendment is eflective as of Iits date of issuance and shall be implemented
within 60 days of issuance.

FOR THE NUCLEAR REGULATORY COMMISSION

w\ T

Msilanie C. Wong, Chief

Plant Licensing Branch 1l-1 - _
Division of Operating Reactor Licensing
Office of Nuclear Reactor Regulation

Attachment:

Changes to Renewed Facility

Operating License No. DPR-38
and the Technical Specifications

Date of Issuance: October 29, 2008



o‘\“g avarg,
S

UNITED STATES

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

D ERGY CAROLINAS

DOCKET NO. 50-270
CONEE NUC STATION, UNIT 2
AMENDMENT TO RENEWED FACILITY OPERATING LICENSE

Amendment No. 364
Renewed License No. DPR-47

1. The U.S. Nuclear Regulatory Commission (the Commission) has found that:

A

The application for amendment to the Oconee Nuclear Station, Unit 2 (the facllity),
Renewed Facllity Operating License No. DPR-47 filed by the Duke Energy
Carolinas, LLC (the licensee), dated October 22, 2007, and supplemented July 14,
September 17, and October 27, 2008, complies with the standards and
requirements of the Atomic Energy Act of 1954, as amended (the Act), and the
Commission's rules and regulations as set forth in 10 CFR Chapter |I;

The facility will operate in conformity with the application, the provisions of the Act,
and the rulas and regulations of the Commission;

There is reasonable assurance (i) that the activities authorized by this amendment
can be conducted without endangering the health and safety of the public, and (li)
that such activities will be conducted in compliance with the Commission's
regulations set forth in 10 CFR Chapter I;

The Issuance of this amendment will not be inimical to the common defense and
security or to the health and safety of the public; and

The issuance of this amendment is in accordance with 10 CFR Part 51 of the
Commission's regulations and all applicable requirements have been satisfied.
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2. Accordingly, the ficense is hereby amended by page changes to the Technical
Specifications as indicated in the attachment to this license amendment, and Paragraph
3.B of Renewed Facility Operating License No. DPR-47 is hereby amended to read as
follows:

B. Yechnical Specifications

The Technical Specifications contained in Appendix A, as revised through
Amendment No. 384, are hereby incorporated in the license. The liconsee shall
operate the facility in accordance with the Technical Specifications.

3.  This license amendment is effective as of its date of issuance and shall be implemented
within 60 days of issuance. ‘

FOR THE NUCLEAR REGULATORY COMMISSION

M

Mev¥anie C. Wong, Chief

Plant Licensing Branch i1

Divislon of Operating Reactor Licensing
Office of Nuclear Reactor Regulation

Attachment:

Changes to Renewed Facility
Operating License No. DPR-47
and the Technical Specifications

Date of Issuance: October 29, 2008
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DUKE ENERGY CAROLINAS, LLC
DOCKET NO. 50-287
~ OCONEE NUCLEAR STATION, UNIT 3
AMENOMENT TO RENEWED FACILITY OPERATING LICENSE

Amendment No. 363
Renewed License No. DPR-55

The U.S. Nuclear Regulatory Commission (the Commission) has found that:

A.

The application for amendment to the Oconee Nuclear Station, Unit 3 (the facility),
Renewed Facility Operating License No. DPR-55 filed by the Duke Energy
Carolinas, LLC (the licensee), dated October 22, 2007, and supplemented July 14,
September 17, and October 27, 2008, complies with the standards and
requirements of the Atomic Energy Act of 1854, as amended (the Act), and the
Commission's rules and regulations &s set forth in 10 CFR Chapter |;

The fachity will operate in conformity with the application, the provisions of the Act,
and the rules and regulations of the Commission;

There is reasonable assurance (i) that the activities authorized by this amendment
can be conducted without endangering the health and safety of the public, and (ii)
that such activities will be conducted in compliance with the Commission's -
regulations set forth in 10 CFR Chapter J; '

The issuance of this amendment will not be inimical to the common defense and
security or to the health and safety of the public; and

The issuance of this amendment is in accordance with 10 CFR Part 51 of the
Commission's regulations and all applicable requirements have been satisfied.
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2. Accordingly, the license is hereby amended by page changes to the Technical
Specifications as indicated in the attachment to this license amendment, and Paragraph
3.B of Renewed Facility Operating License No. DPR-55 is hereby amended to read as
follows:

B. Technical Spegifications

The Technical Specifications contained in Appendix A, as revised through
Amendmeant No. 363, are hereby incorporated in the license. The licansee shall
operate the facility in accordance with the Technical Specifications.

3. This license amendment Is effactive as of its date of issuance and shall be mplemented
within 30 days of issuanca. '

FOR THE NUCLEAR REGULATORY COMMISSION

~

v

lanie C. Wong, Chief
Phant Licensing Branch (i-1
Division of Operating Reactor Licensing
Office of Nuclear Reactor Regulation

Attachment:

Changes to Renewsd Facility
Operating License No. DPR-55
and the Technical Specifications

‘Date of Issuance: October 28, 2008
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SAFETY EVALUATION BY THE OFFICE OF LEAR REACTOR REGULATION

RELATED TQ

' AMENDMENT 2TOR D FACILITY OPERATING LICENSE NO. DPR-38

MENDMENT NO. 384 T FACILITY QPERATING LICENSE NO, DPR-47
AND

AMENDMENT NO, 363 TO RENEWED FACILITY OPERATING LICENSE NO. DPR-55

DUKE ENERGY OL! LLC

OCONEE NUCLEAR STATION, UNITS 1,2, AND 3

DO .50-2 % AND 50-287

1.0 INTRODUCTION

By application dated October 22, 2007, to tha U.S. Nuclear Regulatory Commission (NRC)
(Agencywide Documents Access and Management System (ADAMS) Accession No.

ML 072990298), as supplemented by letters dated July 14, 2008 (ADAMS Accession No.
ML082000134), September 17, 2008 (ADAMS Accession No. ML082700552), and October 27,
2008 (ADAMS Accession No. ML083020297), Duke Energy Carolinas, LLC (Duke, the licensee),
requested changes to the Technical Specifications (TSs) for the Oconee Nuclear Station, Units 1,
2, and 3. DPC-NE-2015-P, *Oconee Nuclear Station, Mark-B-HTP Fuel Transition Methodology,”
was provided as Attachment 3 to the October 22, 2007, application; a non-proprietary version of
DPC-NE-2015-P is available under ADAMS Accession No. ML082600081.

The supplements dated July 14, September 17, and October 27, 2008, provided additional
information that clarified the application, did not expand the scope of the application as originally
noticed, and did not change the NRC staff original proposed no significant hazards consideretion
determination as published in the Federal Register on November 20, 2007 (72 FR 65365).

The proposed changes would revise the TSs to accommodate use of AREVA NP Mark-B-HTP
fuel at Oconee.

The licensee plans to transition to the Mark-B-HTP fuel assemblies from the current Mark-B11 fuel
assemblies, both AREVA NP fuel designs, for the core reloads beginning in 2008. The
Mark-B-HTP fuel design is an evolution of the standard Mark-B fuel product line. The Mark-B-HTP
fuel agsembly is a 15x15 array design with M5 fuel rods, instrument tube, and guide tubes. The
Mark-B-HTP fuel is more resistant o grid-to-rod fretting and uses the AREVA NP BHTP critical
heat flux (CHF) correlation. The MS material was approved in the topical report BAW-10227P-A,
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entitled “Evaluation of Advanced Cladding and Structural Material (M5) in PWR Reactor Fuel.”
introduction of the Mark-B-HTP fuel design requires revision to seven of the approved analytical
methodology reports in the reload design process. The licensee consolidated all ravisions to
these previously approved reports into one reload report, DPC-NE-2015-P, which provides
supporting information for the license amendment request. This report describes revisions to the
methodologies for performing the nuclear design, mechanical design, thermal-hydraulic design,
and the Chapter 15 non-loss-of-coolant-accident (LOCA) transient and accident analyses that are
needed to use Mark-B-HTP fuel at Oconee. Some of the revisions are not assoclated with the
change in fuel design, but are included for improvements, error corrections. and editorial
clarification. The proposed license amendments will revise the TSs and associated Bases, which
is necassary for the methodology revisions.

2.0 RE T EVALUATION

The licensee requested license amendments to revise the TSs to transition to the Mark-B-HTP
fuet for Oconee.

The regulations in Title 10 of the Code of Federal Regulations (10 CFR) 50.80, “Appfication for
amendment of license, construction permit, or early site permit” states that the holder of a license
that desires to amend the license may file the application for an amendment with the NRC. 10 CFR
50.92, "Issuance of amendment,” spacifies that the NRC staff will be guided by the considerations
that govem the issuance of initial ficenses to the extent applicable and appropriate in determining
whether an amendment will be issued to the applicant. .
The following criteria from Appendix A of Part 50, “General Design Criteria for Nuclear Power
Piants,” apply: Criterion 10 - Reactor design, Criterion 11- Reactor inherent protection, and
Criterion 28 — Reactor limits.

3.0 TECHNICAL EVALUATION

The NRC staff reviewed DPC-NE-2015 in its entirety. The following technical evaluation
addresses the revisions in DPC-NE-2015-P that are essential to the NRC staff's findings
necessgary to grant the requested license amendments.

3.1 Mechanical Design
3.1.1 Bumup Limit

The Mark-B-HTP fuel assembly to be used at the Oconee is an AREVA NP 15x15 fuel design with
MS cladding, instrument, and guide tubes. The intermediate and top spacer grids are also made
of M5. The bottom spacer grid and upper and lower end fittings are made of Inconei 718. The M§
material was approved In the topical report, “Evaluation of Advanced Cladding and Structural

Material (M5) in PWR Reactor Fuel,” BAW-10227P-A, Revision 1, June 2003. The Mark-B-HTP
fuel is an evolution of the standard Mark-8 fuel product. The M5 material and Mark-B fuel design
were approved to a rod average burnup limit of 62 GWd/MTU. The licansee indicated that fuel rod

" mechanical analyses were performed with the TACO3 fuel performance code. The TACO3 code

was approved for the licensee's licensing applications in the methodology report, “Duke Power
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Company Fuel Mechanical Reload Analysls Methodology Using TACO3,” DPC-NE-2008P-A,
Revision Q, April 1885, to a rod average burnup limit of 62 GWd/MTU.

Based on the approved reports the NRC staff concludes that the Mark-B-HTP fuel des-gn is
approved to the rod average bumup limit of 62 GWd/MTU for Oconee.

3.1.2 Cladding Corrosion

Previously, the NRC staff appmved AREVA NP high bumup applications in the topical report,
“Extended Bumup Evaluation,” BAW-10186P-A, Revision 2, June 2003. BAW-10186P-A.,
Revision 2 includes a best-estimate cladding corrosion model, COR0S02, for zircaloy-4 fuel rods
with a design limit of 100 microns In the corrosion analysis. The licensee will perform cladding
corrosion analysis based on the AREVA NP methodology approved by the NRC, including the
COROQS02 corrosion model. However, the licensee had indicated that the COROS02 calculated
results are reduced by cartain amount to determine the best-estimate oxide thickness. Since the
NRC staff had no knowledge of this provision in determining the best-estimate results, the NRC
staff informed the licensee that the NRC staff did not spprove such a reduction, which amounted
to certain credit, in previous safety evaluations. Since the Mark-B-HTP fuel assembly uses the M§
cladding, the NRC staff recognizes that the approval of MS in BAW-10227P-A does not
encompass such a reduction for the best-estimate corresion calculation. In addition, the amount
of corrosion in the M5 cladding is generally much less than the amount in the zircaloy-4 cladding;
a reduction could render unroallstmlly low corrosior: for the M5 cladding. In fact, the NRC staff
considers that the corrosion model in BAW-10227P-A Is a best-estimate model. The
best-estimate results are directly calculated from the cladding corrosion mode! without any
reduction. Therefore, the NRC staff informed the licensee that the use of the reduction in
determining the best-estimate results in the cladding corrosion model was not acceptable.
Therefore, by letter dated October 27, 2008, the [icensee stated that it will take no reduction in the
COROS02 comosion model for the calculated oxide thickness.

The NRC staff concludas that the approved model and the design limit of 100 microns is
acceptable for analyzing cladding corrosion for the Mark-B-HTP fuel design for Oconee.

3.1.3 LOCA and Selsmic Loading

Earthquake and postulated pipe breaks in the reactor coolant system would result in extreme
forces on the fuel assembly. Section 4.2 of Appendix A to NURECG-0800, “Standard Review Plan
for the Review of Safety Analysis Reports for Nuclear Power Plants,” states that the fuel system
coulable geometry shall be maintained and damage should not be $0 severe as to prevent control
rod insertion during seismic and LOCA events.

In fts letter dated September 17, 2008, the licensse analyzed the worst case loading on fuel
assemblies due to LOCA and seismic events for the beginning of life (BOL) and end of iife (EOL)
The loads include core flood and decay heat LOCA loads and safe-shutdown earthquake seismic
loads. Mixed and all Mark-BHTP fue!l assemblies were svaluated. The licensee uses the
square-root-of-sum-of-squares (SRSS) method to combine the two loads. The rasuits show that
the maximum impact load on fuel assemblles remains below the grid crushing load for the worst
case core configuration. Thus, the fuel rod fragmentation does not occur and fuel coolabillity is
maintained for the LOCA and seismic events. The NRC staff reviewad the results and concludes

that the LOCA and seismic analyses are acceptable.
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The NRC staff concludes that, based on these analyses, the mechanical design of the
Mark-B-HTP fuel for Oconee is acceptable.

3.2 Nuclear and Reload Design

Three approved methodology reports; “Oconee Nuclear Station Reload Design Methodology,”
NFS-1001A, Revision 5, January 2001; “Oconee Nuclear Station Reload Design Methodology I1,”
DPC-NE-1002-A, Revision 2, October 1885; and “Nuclear Design Methodology Using
CASMO-3/SIMULATE-3P,” DPC-NE-1004-A, Revislon 1, December 1997; form the basis of
nuclear and reload design for Oconee.

Tha revisions in the nuclear and reioad design include the effect of fuel assembly bow, nuclear
uncertainty factors, and the fuel densification power spike factor. The effect of fuel aszambly bow
on the pin power distribution is accounted for by a penalty factor in the analysss of fuel melting,
clad strain, departure from nucleate boiling ratio (ONBR) transient, and LOCA. In its letter dated -
September 17, 2008, the licensee demonstrated that the fuel assernbly bow peaking factor was
statistically combined with other factors to form a single uncertainty factor using the SRSS
method. The NRC staff reviewed the response and concludes that the analysis of assembly bow
on the pin power distribution is acceptable.

" The nuclear uncertainty factors were revised using the CASMO-3/SIMULATE-3P code as

described in the approved report DPC-NE-1004-A. The fusl densification power spike factor was
revised with an axially-dependent factor based on the approved report NFS-1001A. Based on the
approved methodology reports, the NRC staff reviewed the nuclear uncertainty and densification
factors and concludes that the analyses using these factors are acceptable for Ocones.

The NRC staff concludes that the revisions to the approved methadology reports and the analyses
performed by the licensee are acceptable for the nuclear and reload design of Mark-B-HTP fuel
at Oconee. v '

3.3 Thermal-Hydraulic Design

Two approved methodology reports; "Oconee Nuclear Station Core Thermal-Hydraulic
Methodology Using VIPRE-01," DPC-NE-2003P-A, Revision 1, Septsmber 2000, and
“Thermal-Hydraulic Statistical Core Design Methodology,” DPC-NE-2005-PA, Revision 3,
September 2002; form the basis of thermal-hydraulic design for Oconee.

The licensee used the VIPRE-01 code for steady-state core thermal-hydraulic analyses. The
licensae modeled the Mark-B-HTP fuel using the methodology described in DPC-NE-2003P-A for
the analysis. Two CHF correlations, BHTP and BWU-N, were used. The BHTP correlation, which
was approved in “BHTP DNB Comrelation Applied with LYNXT,” BAW-10241(PXA), Revision 1,
September 2004, was used for the fuel above the first intermediate grid spacer. The BWU-N
comrelation, which was approved in “The BWU Critical Heat Flux Correlations,” BAW-10188P-A,
August 1896 (and including Addendum, December 2000), was used for the fuel below the first
intermediate grid gpacer. Based on the BHTP cormelation, the licensse determined the DNBR
safety fimit of 1.132 for Modes 1 and 2. Based on the approved correlation, the NRC staff
concludes that the DNBR limit Is accsptable for Oconee.
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A new Appendix F, “Application of BHTP CHF Correlation to the Mark-B-HTP Fuel Design." is
added to DPC-NE-2005-PA. Appendix F describes a methodology of DNB statistical design limits,
parameters and uncertainties, and fransition cores using VIPRE-01 with the BHTP comrelation for
the Mark-B-HTP fuel design. Appendix F js essentially similar to the approved Appendix D in
DPC-NE-2005-PA for the current Mark-B11 fuel design. The licensee will continue to conform to
the Limitations and Conditions described in the safety evaluation of BAW-10241(P)XA),

Revision 1 for the use of BHTP CHF correlation. The NRC staff concludes that Appendix F is
acceptable to incorporate into the approved methodology report DPC-NE-2005-PA.

For mixed core of the Mark-B-HTP and Mark-B11 fuel assemblies, the licensee analyzed the
transition core penaity using the approved VIPRE-01 code. The licensee also analyzed the
statistical DNB results using the approved methodology in DPC-NE-2005-PA. Based on the
licensee’s analysis using approved methodologies with appropriate revisions, the NRC staff
concludes that the mixed core analysis is acceptable for Oconee.

The NRC staff concludes that the revisions to the approved methodology reports are acceptable
for analyzing the thermal-hydraulic design of Mark-B-HTP fuel at Oconee.

3.4 Non-LOCA Transient and Accident Analyses

Two approved methodology reports; *Thermal-Hydraulic Transient Analysis Methodology,” .
DPC-NE-3000-PA, Revision 3, September 2004, and “UFSAR Chapter 15 Transient Analysis

Methodology,” DPC-NE-3005-PA, Revision 2, May 2005; form the basis for non-LOCA transient - .

and accident analyses. DPC-NE-3000-PA includes two codes, RETRAN-3D and VIPRE-01.
DPC-NE-3005-PA encompasses three different codes, RETRAN-3D, CASMO-3/SIMULATE-3
and SIMULATE-3K. DPC-NE-3005-PA was revised 1o provide initial conditions and boundary
conditions for Mark-B-HTP fuel in the Updated Final Sefety Analysis Chapter 15 analysis.

A new Appendix D, "Methodology Revisions for Mark-B-HTP Fuel,” is added to DPC-NE-3000-PA.
Appendix D provides a description of design parameters in developing the RETRAN-3D and the
VIPRE-01 models for the Mark-B-HTP fual design. The BHTP and BWU CHF correlations are
used, as indicated in Section 3.3, for most of the DNBR analyses. For the main steam line break
analysis, the approved Modified-Bamnett comrelation, as described in “SRP Chapter 16 Non-LOCA
Methodology for Pressurized Water Reactors,” EMF-2310(PXA), Revision 1. May 2004, was used
in the low pressure regime. The NRC staff concludes that Appendix D is acceptable to incorporate
into approved methodotogy report DPC-NE-3000-PA.

The licensee included two new features in the Appendix E, “Expanded Oconee VIPRE-01
Methodology.” to DPC-NE-3000-PA. The first feature is a larger nodalization for VIPRE that
enables modeling of most of the hot assembly and parts of three adjacent fuel assemblies. The
second feature is a revised core power distribution. The current core power distribution is very
conservative based on a cosine power distribution provided by the fuel vendor. The licensee
developed a revised core power distribution using the approved SIMULATE-3 model, which
reflects the current reload core design of a flattened power distribution. The licensee reasons that
a flattened power distribution will cause less cross flow in the sub-channels and increase the
number of fimiting sub-channels. Thus, a flattened power distribution is considered conservative
for the DNB analysis. The revised core power distribution will be used in the same manner as the
current vendor-supplied power distribution. The licensee will perform analyses to confirm that the
revised core power distribution remains conservative for future reload cores, or a new revised core



power distribution will be developed using the same process. Based on the adequate
conservatism in the approved methodology report DPC-NE-3000-PA, the NRC staff concludes
that the revised Appendix E is acceptable to incorporate into DPC-NE-3000-PA.

The licensee developed two approaches of the mixed core analysis to account for DNBR penalty.
The first approach modeled the hot Mark-B-HTP fuel assembly surrounded by a iumped channel
representing many co-resident Mark-B11 fuel assembliss. This approach maximizes the flow
diversion out of the hot assembly, resulting in a very conservative mixed core penalty as described
in the thermal-hydraulic design. The second approach explicitly modeled the actua) mixed core
loading of the Mark-B-HTP and Mark-B11 fuel assemblies. The second approach depicts
realistically the flow diversion out of the hot assembly resulting in a conservative, though less
conservative than the first approach, mixed core penalty. In its September 17, 2008, the licensee
indicated that the second approach will be adopted for non-LOCA transient and accldent
analyses, because the first approach is too restrictive for the analysis. Based on the adequate
conservatism in the approved methodology reports DPC-NE-3000-PA and DPC-NE-3005-PA, the
NRC staff approves the second approach for the mixed core analysis.

Based on these approved methodology reports, the NRC staff concludes that the analysis
methodology of non-LOCA transients and accidents is acceptable for Mark-B-HTP fuel at Oconee.

3.5 LOCA Analysls

The licensee will perform the LOCA analysis using tiie approved LOCA Evaluation Model (EM), as
described in "BWNT LOCA - BWNT Loss-of-Coolant Accldent Evaluation Model for
Once-Through Steam Generator Plants,” BAW-10182P-A, June 1998. The approved
“RELAPS/MOD2-B&W — An Advanced Computer Program for Light Water Reactor LOCA and
Non-LOCA Transient Analyeis,” BAW-10184P-A, Revision 8, June 2007, describes the RELAPS
code that is used for simulating the LOCA conditions. The NRC staff has approved Revislon 6 to
BAW-10164P-A for analyzing the Mark-B-HTP fuel design.

The NRC staff concludes that the approved topical reports BAW-10192P-A and BAW-10164P-A
are acceptable for LOCA analysis of Mark-B-HTP fusl at Oconee.

3.6 Technical Speclﬁcafian (TS) Revisions
3.6.1 Section 2.1.1.2, Reactor Core Safety Limits

The licensee will add the BHTP CHF correlation in TS Section 2.1.1.2 for the Mark-B-HTP fuel
design. TS 2.1.1.2 will be revised as follows:

“In MODES 1 and 2, ...1.19 for the BWU correlatton and 1 132 for the BHTP
correlation. Operation | ‘Within these limits...

Based on the preceding technical evaluation, the NRC staff finds this revision acceptable.
3.6.2 Section 5.6.5.b, Core Operating Limits Report (COLR)
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The proposed revision to the COLR will add the BHTP CHF cormelation, which is applicable to the
Mark-B-HTP fuel design. to the RELAPS code described in the approved topical report
BAW-10164-PA. Based on the preceding technical evaluation, this revision is acceptable.

3.6.3 Bases, Section B 2.1.1, Reactor Core SLs

The licensee will revise TS Bases, Section B 2.1.1 to include the BHTP CHF corrslation for the
Mark-B-HTP fuel design and to add BAW-10241(P){A). Based on the preceding technical
evaluation, the revision is acceptable. .

3.6.4 Bases, Section B 3.4.1, RCS Pressure, Temperature, and Flow Departure from Nucleate
Bolling (ONE) Limits :

The licensee will add the BHTP CHF correlation for the Mark-B-HTP fuel design to the TS Bases,
Section B 3.4.1. Based on the preceding technical svaluation, the ravision is acceptable.

4.0 SUMMARY

In summary, the NRC staff has reviewed the licenses's license amendment request for TS
revisions and concludes that the TS revisions are acceptable. The NRC staff has also reviewed
DPC-NE-2015-P; which discusses changes to the following previously approved methodology
reports: NFS-1001A, DPC-NE-1002-A, DPC-NE-2008P-A, DPC-NE-2003P-A,
DPC-NE-2005P-A, DPC-NE-3000-PA, and DPC-NE-3005-PA. Based on the NRC staff's review
of DPC-NE-2015-P, including the preceding technical evaluation, the NRC staff approves the
methodology revisions in DPC-NE-2015-P for use of Mark-B-HTP fuel at Oconee.

5.0 STATE CONSULTATION

In accordance with the Commission's regulations, the South Carolina State official was notified of
the proposed issuance of the amendments. The State official had no comments.



NVIR NTAL CONSIDERATION

The amendments change a requirement with respect to the installation or use of facility
components located within the restricted area as defined in 10 CFR Part 20. The NRC staff has
determined that the amendments involve no significant increase in the amounts and no significant

~ change in the types of any effluents that may be released offsite and that there is no significant

increase in individual or cumulative occupational radiation exposure. The Commission has
previously issued a proposed finding that the amendmenis involve no significant hazards
consideration, and there has been no public comment on such finding (72 FR 65365, November
20, 2007). Accordingly, the amendments meet the eligibility criteria for categorical exclusion set
forth in 10 CFR 51.22(c)8). Pursuant to 10 CFR 51.22(b) no environmental impact statement or
environmental assessment need be prepared in connection with the issuance of the amendments.

7.0 LUSIO

The Commission has concluded, based on the considerations discussed aboves, that: (1) there is
reasonable assurance that the health and safety of the public will not be endangered by operation
in the proposed manner, (2) such activities will be conducted in complianca with the Commission's
regulations, and (3) the issuance of the amendments will not be inimical to the common defense
and security or to the health and safety of the public.

Principal Contributor: Shih-Liang Wu, NRR/SNPB
Date: October 29, 2008



UNITED STATES '
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

December 18, 2002

Mr. M. S. Tuckman
Executive Vice President
Nuclear Generation

Duke Energy Corporation
526 South Church St
Charlolite, NC 28202

SUBJECT: CATAWBA NUCLEAR STATION, UNITS 1 AND 2 AND MCGUIRE NUCLEAR
STATION, UNITS 1 AND 2 RE: ACCEPTANCE FOR REFERENCING OF THE
MODIFIED LICENSING TOPICAL REPORT, DPC-NE-2008P, REVISION 2
{TAC NOS. MB4502, MB4503, MB4504, AND MB4505)

Dear Mr. Tuckman:

The Nuciear Regulatory Commission staff has completed its review of the revision o the topical
raport “Duke Power Company Westinghouse Fuel Transition Rsport, DPC-NE-2009P, Rsvision
2. submitted by the Duke Powsr Company (DPC) in a letter dated February 28, 2002, as
supplemented by lefter dated September 8, 2002. Tha report Is acceptable for referencing in
license applications to the extent specified and under the limitations delineated in the repon and
the enclosed NRC Safety Evaluation. The.salety evaluation delines the basis for acceptance of
the report. .

The staff does not intend to repsat its review of the matters described in the report and found
accaptable when the report Is referenced in future license applications, except to ensure that

the material presented is applicable fo the specific plant involved. Staft acceptance applies only
to the matiers described in the report, :

We request that DPC publish accepted versions of this report, propristary and non-propriétary,
within three months of receipt of this letter. The accepted versions shall Incorporate this letter
and the enclosed safaty eveluation between the titie page and the abstract. The accepted
verslons should include an * -A” (designating accepted) foliowing the report idealification
symbol.

Should NRC criterla or regulations change so that staff conclusions regarding the acceptabiity
of the repon are invalidated, DPC will be expected to revise and resubmit its documentation,
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of 10 submit justitication for continued eHective applicability of the topical report without revision
of l;s-dowmentat‘mn.

Should you have questions or comments, please contact Mr. Robent Mariin of my staff at
(301) 415-1493.

Sincerely,
A E Ebod
John A. Nakoskl, Chief, Section 1
Project Diractorate il _
Division of Licensing Project Management
Office of Nuclear Feactor Regulation
Docket Nos. 50-413, 50-414, 50-369 and 50-370
Enclosure: As stated

cc w/andl: See next page
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 203550001

1.0 INTRODUCTION

By tetter dated February 28, 2002, {Reference 1), as supplemantad by tefter dated

September 9, 2002 (Reference 2), Duke Power Company (DPC), a subsidiary of Duke Energy
Company and the licensee for the operation of Catawba Nuclear Station (CNS), Units 1 and 2,
and McGuire Nuclear Station (MNS), Units 1 and 2, submitted for NRC review and approval, the
report DPC-NE-2009-P, Révision 2, “Duke Power Company Weslinghouse Fue! Transition
Repon,” dam February 2002,

The inltial topical report DPC-NE-2009-P-A desciibed the methodologies used for reload design

analyses to support the licansing basis for the transition from Framatome Mark-8W fuel
assemblies to the Weéstinghouse 17x17 Robust Fual Assembly (RFA). design in the CNS and
MNS reload cores. These methodologies intlude the core design, fuel rad design,
thermal-hydrauiic analysis, and accident analysis methodologies. The Nuclear Regulatory
Commission (NRC) staff approved the reportin September 1898 (References 2and 3). Inits
tetter of October 7, 2001 (Refarence 4), as amended by #s lstter of August 7, 2002
(Reference 5), the licensee submitted Revision 1 of DPC-NE-2008-P for NRC staff review,
Revision 1 consisted of changes to Chapter 8, “Updated Final Satety Analysis Report (UFSAR)
Accident Analysis.” The NRC staff approved Revision 1 of DPC-NE-2009 on Octaber 1, 2002
{References 6 and 7).

Revision 2 of DPC-NE-2008 contains changes {o Chapters 5, “Thenmal-Hydraulic Analysis,” to
increase tha referance peaking values for the Westinghouse RFA fuel. The licenses stated that
this increase is due to additional departure from nucteate boiling (DNB) perforrmance margin
inherent in the fuel design. There are also some administrative updates in sections 2 and 4 of
the topical report.

2.0 EVALUATION

N
Since the NRC has approved topieal report DRC-2009-P-A, as welf as Revision 1, the slaff's
review of Revisian 2 was limited to those issues Identified in Revision 2. The staff review of this
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revision is based on evaluation of technical merit and compliance with applicable regulatory
requirements.

General Dasign Criterion (GDC) 10, "Reactor Design” in Appendix A 16 10 CFR Part 50,
spaciiies that the reactor core and assodiated coolant, control, and protection systems shall be
designed with appropriate margin to assure that specified acceptable fuet design fimits are not
excoeded during any concdition of normal operation, including the effects of anticipated
operational ocourrences (AOO). Standard Review Pian Section 4.4 describes a specific
crilerion to meet the reqguirement of GDC 10, which is to provide assurance of at least a 95
percent probability at a 85 percent confidence level that the hot fue! red in the core doas not
experience a DNB during normal operation or AOO. The acceptance criterion is that the
minimum departure from nucleate boiling ratio (DNBR) in the hot channel! in the core calculated
with an approved critical heat liux correlation for all AOOs is higher than the minimum DNBR
limit established for the comelation. The statf evaluated the revisions related 1o the thermal-
hydraulic analysis methodology tor compliance with the minimum DNBR acceplance criterion.

2.1 Changes to Section 2, Fuel Design:

Section 2.0, “Fuel Dasign,” of the topical report describes the RFA design features, such as the
features inftially licensed with the VANTAGE+ fuel design, the features that help mitigate debris
fallures and incomplete rod insertion, and other features. A discussion is also included of the
Quick Release Top Nozzie (QRTN), as addressed using the Westinghouse Fuel Criteria
Evaluation Process (FCEP) described in WCAP-12488-P-A (Reference 8).

Revision 2 of the topical repart makes the foowing revisions to Section 2:

«  Adds Reference 2-8 [Westinghouss FCEP notification letter (Reference 9)) to Section
2.1, "References.”

«  Adds a sentence 10 Section 2.0 slating that "Waeslinghouse sent notification per
Reference 2-2 [WCAP-12488-P-A) to tha NRC in Reference 2-6 confimming baich
Implementation of the QRTN at McGuire and Catawba.”

The staff has reviawed the Westinghouse FCEP notification letter of Refereénte 2-8, and found
itmmmmmmmmmﬁawmnpms& The change to Section 2.0 of the lopical
report to mention thé transmittal of the FCEP notification fetter to NRC is an administrative
change for compiateness, and is, therefors acceptable.

2.2 Changes to Section 4.0, Fuel Rod Analysis:

- Section 4.0, "Fue! Rod Analysls,” of the topical report describes the fuel rod mechanical reload

analysis methodology for the Wastinghouse RFA fuel. In particidar, the PAD code described in
topical report WCAP-10851-P-A (Reference 10) is used tor detailed tuel rod design analyses.
Subsequent o the approval of DPC-NE-2009, the NRC staff approved the PAD 4.0 code
described in WCAP-15083-P-A (Reference 11} in July 2000.
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Revision 2 of the topical repon makes the follawing revisions to Section 4:
o  Adds WCAP-15063-P-A to Section 4.3, "References,” as Reference 4-14.

»  Revises the last paragraph in Section 4.1, "Computer Code.” 1o state that “In July of
2000, Westinghouse received approval for PAD 4.0 (Refersnce 4-14). This newast
veraion of the cade includes a revised cladding creep mode! and irradiation growth
mode) as well as updated cladding and oxide thermal conductivity values, Duke Power
is implementing PAD 4.0 in the same forward fit approach as outlined in
Reference 4-14."

«  Adds Reference 4-14 in various places in Sections 4.1 and 4.2 where the PAD code is
mentioned.

Since WCAP-15063-P-A has been approved by the NRG staff, its reference for licensing
application and the use of PAD 4.0 for fuel ro4 analysis are acceplable.

23 Changes to Section 5.2, Thermal-Hydraulic Code and Modet:

The thermal-hydraulic analyses for the MNS and CNS cores with the Mark-BW fuel design were

perfommed with the VIPRE-01 code (Relsrence 12) using the core thermal-hydratudic models
described in DPC-NE-2004P-A (Reference 13) and the statistical core design {SCD)
methodology describad in DPC-NE-2005P-A (Reference 14). Section 6.2, “Thermal-Hydraulic
Coda and Model,” of the topical report describes the use of VIPRE-01 for the analysis of the
Westinghouss RFA design. This includes: (1) use of the RFA design fuel geometry and form
loss coefficients for the core models, (2) use of the WRB-2M critical heat flux (CHF) correlation,
and {3) use of the Electric Power Rasearch Inatitute (EPRY) subcooled bolling model and the
EPRI bulk void madel for the two-phass fiow caloulations.

Revision 2 makes tha following changes to Section 5.2 in the use of the VIPRE-01 modets:

+  Increases the reference pin peaking factor from 1.60 to 1.67, and the associated pin
power distributions were updated based on the higher reference peaking factor. .

. incraases the reference axial pawer profile peak-lo-average value from 1.55 to 1.60.

o  Adds Figures 5-1, 52, and 5-3, for the 8, 12, and 75-0hannei Models, respectively, with
ze new reference power distributions corresponding 1o the reference pin peaking factor
1.67.

+  Adds a new paragraph that explains the reasons for the increased referenced peaking
factors.

The reference pin amd axiat peaking factors and power distributions are used 10 determine the
core DNB limits, which are the combinations of power and coolant infet tlemperature and
pressure at which the minimum DNBR equals the design DNBR limit. The design DNBR limit
maintaing a margin to the statistical DNBR limit, which is determined from the SCD. The DNB
maergin aliows for mechanisms that could adversely impact DNB, such as the reactor coolant
system fiow anomaly and transition core effects. The licensee stated that the new higher
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reference radial and axial peaking factors are a result of applying, in core dasign space, the
significant DNB margin realized from the intermediate flow mixing grids of the RFA design.
With respect to radial peaking, all three models (8, 12, and 75-channel models) described in
DPC-NE-2004P-A are based on the maximum pin power value, and therefore, Figures 5-1, 5-2,
and 5-3 for these thres models are updated to reflect the new peak pin value of 1.67.

During a reload analysis, the core DNB limits will be developed based on the new reférence
peaking factors and power distributions. The maximum aliowable peaking limits will be
determined and ing analyses will be performed, and the rod insertion imits or the
axiaf flux difference limits will be revised, if necessary, to ensure that the design DNBR fimit is
met during nonmal operation and AOOs. Therefore the adequacy of these new higher
referance pin and axial paaking lactors and power distributions, with respect to the ONBR fimit,
is demonstrated during the reload analysas with the RFA design. Therelare, the staff finds the
above changes to be acceptable.

2.4 Change in Criticel Heat Flux Correlation:

Section 5.3, “Critical Heat Fiux Cormrelation,” of the topicat?epoﬂdascrbestmuseof the
WRB-2M CHF correlation with the VIPRE-0t cors thermal-hydraulic analysis code for all
statepoint DNBR calculations, with the axcaption of the steam line break transient.

Revision 2 revises Section 5.3 by adding one more exception, in addition to the steam line
break, to the use of the WRB-2M comralation. The exception is 1o use the BWU-N CHF
coreelation, rather than the WRB-2M correlation, for the non-mixing vane span of the RFA fuel
(located below the first mixing vane zircaloy grid). In addition, topical report BAW-10189P-A
{Reference 15), that documents the BWU CHF correlation, including the non-mixing vane
8WU-N correlation, Is added to Section 5.8, “References.”

in response 10 & staff question (Reference 16), the licensee provided justification for the
applicability of the BWU-N comrefation to the RFA fuel non-mixing vane span. The
datermination of the applicability is based on the comparison of the BWU-N correlation data
base to the RFA geomstric design parameters, and to the thermal-hydraulic conditions of the
AFA fuel at MNS and CNS.

The staff reviewad the BWU-N conrelation and the non-mixing vane CHF test data base
described in topical report BAW-10189P-A. The BWU-N corralation consists of (1) the uniform
heat fiux base correlation, which'is correlated with the thermal-hydraulic local conditions of
préssure, mass velocity, and quality, and (2) the non-uniform heat flux F-factor, which is
correlated with the rod average heat fiux, axial powar shape, and local haat tiux, and the CHF
aal location. (The heated length and spacer gid spacing comection factor is irrelevant as itis
set to a vatue of 1.0 for the non-mixing vane corretation.) The apphicability ranges of the
parametets within the base correlation and the F-tactor cover the thermal-hydraulic operating
ranges of the RFA fuel at MNS and CNS, The heated length and grid spacing of the RFA fuel
are also within the CHF tast data base. However, other RFA fue! geometric parameters are
slightly oulsids the BWU-N comalation data base. The RFA rod diameter and pitch are about
1.3 percent oulside the comrelation data base, and the pitch to diameter ratio and hydraulic
dlameter are about 0.3 percent outside the data base.
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The ficensee contends that only very small extrapolations are necessary to apply BWU-N to the
FIFA fuel. The licensee further states that the use of BWU-N is based on the similarity of the
design, the fact that the geometric variables are not included in the base BWU correlation, and
the fact that BWU-N resuits in conservative levels of CHF compared to mixing vane
comelations.

Alhough the fuel geomem pammetars ara not included in the BWU-N correlation, tha staff
considers them important in the applicabdity of the corralation. The cotrelation was developed
based on the fuel design with specific geometric characteristics, The staff would be concerned
with the application of a CHF correlation to the full axial length of a fuel design that was not
covered by the correlation data base. Even though the dilferences between the RFA geometric
variable and the BWU-N correlation data base are very small {less than 1.3 percent), the
acceptability of extrapolafing the comrelation applicable ranges would be questionable in such a
case. However, since the ficensee will only apply the BWU-N correlation to the non-mixing
vane portion at the very bottom span portion (lower 21 inches of the heated length) of the RFA
fuel design, where the coolant condition is such that the minimum DNBR generally does not
ocoir, the staff concludes that the use of BWU-N in this span would have no impact on the
minimum DNBR calculations, and is tharefore acceptable.

2.5 Changes to Section 5.7, Transition Cores:

Section 5.7 of the topical raport describes the transition core model used to determine the
impact on DNBR of the geometric and hydrautic differences batween the resident Mark-BW fuel
and the RFA design. The analysis uses the 8-channel model to evaluate the impact or penalty
for transition cores.

in Revision 2 of the topical repoart, the paragraph that states “{a} transition core DNBR penany is
determined for the RFA design using the B-channe| RFA/Mark-BW transition core model," is
repiaced with a new paragraph. The new paragraph is as follows:

For initial transition reload cycles, a transition core DNBR penalty is determined for the
RFA design using the 8 channel RFA/Mark-BW transition oore modes. For subsequent
aycles where the RFA fugl composes greater than 80 percent of the assemblies incars,
the 75- channel modal shown in Figure 5-3 and described in Reference 5-1
{DPC-NE-2004P-A} is used to datetmine a transition oore penatty. In sither case, a
- . conservative penalty is appfied for all DNBH analyses mttansllionwdas to bound the
- effects of mixed cores.

Tha licenses, in response to a staft quastion (Reterem:e 16), explained the aeed to use the
75-channsl modsl for the calculation of the miked core penalty when the RFA design composes
more maopereemonhewanﬁmms Specifically, the RFA design contains 3 extra
mbdng-vane grids in the upper span compared to the Mark-BW fuel and the higher tydraulic
resistance of the RFA assemblies forces flow out of the RFA assemblies into the surrounding
Mark-BW assemblies during a transition mixad core. In the 8-channe! model, the core is
conservatively assumed to be one RFA assembly surounded by 192 Mark-BW assembfies,
where the single RFA hot assembly is modeled by the first 7 chamels with the remainder of the
core lumped Into one single channel. This modet maximizes the hydraulic ditference in the
transition cores and creates a bounding penally for the RFAs. This penalty becomes more
conservative as more RFA fuel assemblles are used in the transition. When the RFA fuel
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constitutes more than 80 percent of the core, € is appropriate to use the mord detailed
76-channel core model to better represent the hydraulic effects, and to determine a more
realistic mixed core penalty than the 8-channel model would provide,

Since the 75-channel core model has also been approved by the NRC as described in

. DPC-NE-2004P-A, the staff finds the use of the 75-channel core model to be.acceptatie for the

dse‘:;m‘naﬁon of the transition core penalty when the RFA fusl constitutes more than 80 percant
of the core.

2.6 Typographic Error Corractions:

Revision 2 of the topical repont also corrects two typographical errors. Thay are “Imtermediate”
in Table 2-1, and “chararcteristic” in the tast sentence of the sixth paragraph undoar Section 4.0.

They are corrected to “intermediate” and “characteristic,” respectively. Thase edilorial changes
ara accaptable,

3.0 CONCLUSION

The stalf has reviewed the Duke Energy Corporalion's topical report DPC-NE-2009, Revision 2.
The main revisions are related to the thermal-hydraulic analysis methodclogy for the use of
higher relerence peaking factors for the RFA fuel, the use of the BWU-N CHF correlation for
the very bottom span of the RFA fuel, and the use of the 75-channe! core modal for the analysis
of the transition care penalty when the RFA fue! constitutes more than 80 percent of the fuel in
the core. Based on the evaluation described in Sactions 2.3, 2.4 and 2.5 above, the staff
concludes that these revisions are acceptable. Other rovisions include administrative updates
for completeness related to a an FCEP natification letter, an approved topical report, and
editorial changes, as described in Sections 2.1, 2.2, and 2.6, respsciively, of this report.

In summary, the staff concludes that DPC-NE-2009, Ravision 2, is acceptable.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTGN, D.C. 205550001

September 22, 1999

Mr. G, R. Petetson

Site Vice President

Catawba Nuciear Station

Ouke Energy Corporation

4800 Concord Road

York, South Carclina 29745-9635

SUBJECT: CATAWBA NUCLEAR STATION, UNITS 1 AND 2 RE: ISSUANGE OF
AMENDMENTS (TAC NOS. MA2359 AND MA2361)

Dear Mr. Peterson:

" The Nuclear Regulatory Commission has issued the enclosed Amendment No. 180 to Facility

Operating License NPF-35 and Amendment No. 172  to Facliity Operating License NPF-52 for
the Catawba Nuclear Station, Units 1 and 2. The amendments consist of changes to the
Technical Specifications {TS) in response to your application dated July 22, 1998, and
supplerented by letters dated October 22, 1898, January 28, May 6, June 24, August 17 and
September 15, 1998,

The amendments ravise various seclions of the Technical Specifications (Appendix A of the
Catawba operaling licenses) to permit use of Wesfinghouse's Robust Fuel Assembilies for
future core raloads, We will pusth a Notice of Issuance in the Commission's biweekly
Federal Register notice.

Concurrent with issuance of these amendments we have also approved topicat report DPC-NE-
2002, “Duke Power Company Wastinghouse Fue] Transition Report.” The Safety Evaluation
(enclosed) provides detatls of our review of DPC-NE-2009P in support of the subject
amendments. In accordance with procedures estabiished in NUREG-0390, we request Duke
Energy Corporation ta publish an accepted version of DPC-NE-2008, propretary and non-
proprietary, within 3 months of receipt of this letter. The accepted version shall incon:orate this
letter and the enclosed Safety Evaluation after the title page. The accepted versions shall
include an A" (designating accepted) following the report identification syinbol. Plsase include
our request for additional information and Duke’s response as an appendix to the report.

Si -
ol
Qanr\
Peter 5. Tam, Senior Project Manager. Section 1
Projact Directorate Il

Division of Licensing Project Management
Office of Nuclear Reactor Regulation

Docket Nos. 50-413 and 50-414
Enclosures:

1. Amendment No, 180 lo NPF-35
2. Amendment No. 172 to NPF-52
3. Safety Evaluation

cc wiencls: See next page
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.G, 208660001

DUKE ENERGY C BATIC

BA NUCLEAR STATION, .  { AND 2
ROCKET NOS. 50-413 AND 50-414
101N TION CKGROU

"By letter dated July 22, 1998 (Ref. 1), and supplemenied by a letter of Octeber 22, 1998 (Ref
2), Duke Energy Corporation” ({DEC, the ficensee), the Ficensee for operation of McGuire and
Catawba Nudlear Statians, proposed changes lo the Technical Specifications {TS) of these
plants in anticipation of a raactor cose refoad design using Westinghouse fuel. Accompanying
the July 22, 1858, lgtter is a tapical report DPC-NE-2009, “Duke Power Company*
Westinghouse Fuel Transition Repont,” (Ref. 3) for NRC review and approval. When approved,
this tapical report will be listed in Section 5.6.5 of the Catawba and McGulre TSs as an
epproved methodelogy for the determination of the core operating limits.

The reactors of McGuire and Calawba Nuclear Stations are cumently using Frarnatome
Cogema Fusls (FCF) Mark-BW tuel assemblies (Ref. 4). The proposed amendment to the TSs
would permit transition to the 17x17 Weslinghouse Robust Fual Assembly (RFA) design.

The RFA dasign is based on the VANTAGE+ fuel assembly design, which has been approved
by NRC as described in WCAP-12610-P-A (Ref. 5). The RFA design to be used at McGuire
and Catawba, 83 dascribed in Section 2.0 of DPC-NE-2008, will incorporate the tollowing
teatures in addition to the VANTAGE+ desigh features;

increased guide thimble and instrumentation lube outside diameter
modified iow pressura drop structural mid-grids

modified intermediate flow mixing grids

pre-oxide coating on the bottem of the fuel rods

protective bottorn grid with longer fuel rod end-plugs

fuel rods positioned on the bottom nozzle

a quick release top nozzls

The first three design features listed above were licensed via the Woll Creek Fuel design
{Ref. 6) using the NRC-approved Westinghouse Fuel Criteria Evaluation Process (Ref. 7). Tr»
next three features are inciuded to help mitigate debris fallures and incomplete rod insertion.

o 0000 0

* The otficial nams of tha cerses is Duko Energy Corporation, ¢4 is Statod in the Catawba snd McGulte operating kconsos.
"Ouke-Powrsr Company” is & campanent of Duke Energy Carparation; howswer, for histaical rassons, the fosnsee usod Diuke
Enecgy Cotporation” and *Duks Powar Company” interchangeshly. This sataly avaluation lollows tha lcensee’s practicn.

o
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The licensee states that these three features will be evaluated using the 10 CFR 50.59 process.
The quick release top nozre design is similar to the Reconstitutable Top Nozzle design with
modifications tor easier removal. This design will be licensed by Westinghouse using the fuel
criteria evaluation process. .

2.0 EVALUATION

Topical report DPC-NE-2009 provides general information about the RFA design and describes
methodologies to be used tor reload design analyses to support the licensing basis for the use
of the RFA design in the McGuire and Catawba reload cores. These methodologies include
DEC'’s fuet rod mechanical reload analysis methodology and the'core design, thermal-hydraulic
analysis, and accident analysis methodologies. The report does not provide the analyses of the
core design, thermal-hydraulics and transients and accidents associated with the RFA design.
Therefore, this safety evaluation will only address the acceptability of the methodologies
described in DPC-NE-2009 for raterencing in the analyses {or operations with the reactor cores
having a mix of Mark-BW and RFA 1uel dasign or a full core of RFA design.

2.1 Fuel Rod Apalysis Methodology

During transition periods, the reactor cores in the McGuire and Catawba plants will have both
the FCF Mark-BW {fuel and the Westinghouse RFA fuel. Section 4 of DPC-NE-2008 describes
the {uel rod mechanical reload analysis methodalogy for the RFA design. While the fuel rod
mechanical analyses for Mark-BW fuel will continue to be performed using the licensee's
methodology described in DPC-NE-2008P-A (Ref. 8), the Westinghouse RFA fue! themal-
mechanical analyses will be performed using the NRC-approved Westinghouse fuel
performance cods, PAD 3.4 Code (Ref. 9). The fuel rod design bases for the RFA design are
identical to those described in WCAP-12610-P-A (Ref. 5) for the VANTAGE+ fuel.

The staff’s review of fuel rod analysis methodology was performed with technical assistance
provided by Pacific Northwest National Laboratory (PNNL). PNNL's review findings and
conclusion, with which the staff concurs, are described in its technical evatuation report
(attached to this safety evaluation). Thus, the stalf has found that the DEC design limits and
thermal+mechanical analysis methodologies discussed in Section 4.0 of DPC-NE-2009 are
acceptable for application by DEC to the RFA fuel design up to the currently approved (Ret. 41,
42, 43) rod average bumup limit of 62 GWd/mtt). The staff has previously performed an
environmental assessment for fuel burmup up to 60 GWd/miU (53 FF: 30358, August 11, 1988).
Cor=anuanty, due to this limitation from the environmental perspective, the licensee proposed
(Ref. 44) a license condition. The stalf will impose the license condition as proposed by the
licensee to read: “The maximum rod average burnup for any rod shal be limited to 60,000
MWd/mtU {60 GWd/mil] until the completion of an NRC environimental assessment
supporting an increased limit.”

2.2 Reload Core Design Methodology

For the RFA design, the core model, core operational imbalance Emits, and key core physics
parameters used to confirm the acceptability of Updated Final Safely Analysis Report (UFSAR)
Chapter 15 safety anslyses of transients and accidents will be developed with the
methodologies described in DPC-NE-1004-A (Rel. 10), DPC-NE-2011P-A (Rel. 11),
DPC-NF-2010A (Rel. 12}, and DPC-NE-3001-PA (Ref 13). DPC-NE-2011P-A describes the
nuclear design methodology for core operating imits of McGuire and Catawba plants.
DPC-NF-2010A describes McQuire and Catawba nuclear physics methodology using
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two-dimensional PDQO7 and 3-D EPRI-NODE-P models as reactor simuiators. DPC-NE-1004A
describes an alternative methodology for calculating nuclear phyeics data using the CASMO-3
fuel assembly depletion code and the SIMULATE-3P 3-D core simutator code for steady-siate
core physics calculations, substituting for CASMO-2, PDQO7 and EPRI-NODE-P used in
DPC-NE-2010A. DPC-NE-3001-PA describes the methodologies, which expand on the reload
design methods of DPC-NF-2010A, for systematicafly verifying that key physics parameters
calculated for a reload core, such as control rod worth, reactivity coefficients, and kinetics
parameters, are bounded by values assumed in the Chapter 15 ficensing analyses. These
topical reports have been approved for performing reload analyses for the B&W 177-assembly
andfor Westinghouse 193-assembly cores, subject to the conditions specified in the staff's
safety evaluations. Becsuse of the simflarity between the RFA design and the Mark-BW fuel
design with respect to the dimensional tharacteristics of the fuel pellet, fuel rod and cladding, as
well as nuclear characteristics, as shown in Table 2-1 of DPC-NE-2009, the staff concludes that
these approved methodologies and core models currently employed in reload design anatyses
for McGuire and Catawba can be used to perform transition and full-core gnalyses of the RFA

design.

Section 3.2 of DPC-NE-2009 states that conceptual transition core designs using the RFA
design have been evaluated and resuits show that current reload limits remain bounding with
respect {o key physics parameters. As described in DPC's response 10 a staff question
(Question 1, Ref. 14, January 28, 19899), the conceptual RFA transition core designs were
evaluated for the effects of partial and full cores using NRC-approved codes and methods to
determine the acceptability of the current licensing hases transient analyses. Key safety
parameters, such as Doppler temperature coefficients, moderator temperature coefficients,
control bank worth, individual rot worths, boron concentrations, differential boron worths and
kinetics data, were calculated for the conceptual core designs and compared against reference
vajues assumed in the UFSAR Chapter 15 accident analyses. The evaluation demonstrated the
expected neutronic similarifies between reaclor cores loaded with RFA fusd and with Mark-BW
fuel and the atceptability of key safety paramsters assumed in the Chapter 15 accident
analyses. Key physics parameters are calculated far each reload core and each new core
design, If a key physics parametsr is not bounded by the reference vaiue in the UFSAR
accident analyses, the affected accidents will be re-analyzed using the new key physics
parameter, or the core will be re-designed fo produce an acceptable result. The staff sgrees
that this is an acceptable approach.

The safety evaluation for DPC-NE-1004-A requires additional code validation to ensure that the
methodology and nuclear uncertainties remain appropriate for application of CASMO-3 and
SIMULATE-3P to fuel designs that differ significantly from those inciuded in the topical report
data base. Though the RFA design is not expected to change the magnitude of the nuclear
uncertainty factors in DPC-NE-1004, the use of zirconisn diboride integral fuel burnable
absorber (IFBA) in the RFA is a design change from the bumable absorber types modeled in
DEC’s current benchmarking data base. DEC has re-evaluated and confirmed the nuciear
uncertainties in DPC-NE-1004 to be bounding. This is done by explicilly modeling Sequoyah
Unit 2, Cycles 5, 6, and 7, and by performing statistical analysis of the nuclear uncertainty
factors. These cores were chosen because they are very similar to McGuire and Catawba and
contained both IFBA and wet annular bumable absorber (WABA) fust. The results, listed in
Table 3-1 of DPC-NE-2009, showed that the current licensed nuclear uncertainty factors for the
Fa. F2, and Fg bound those for the Westinghouse fuel with IFBA and/or WABA bumable
absorbers. Boron concentrations, rod worth, and isathermal temperature coefficients were also
predicted and found to agree well with the measured data. In response to a staff question
{Question 2, Ref. 14) regarding the applicability of the analysis of the Sequoyah core to the
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McGuire and Catawba cores, DEC provided comparisons of the analysis results and the
measured data of the Sequoyah cores and a list of the differences between the Westinghouse
Vantage-5H fuel design used in Sequoyah and the RFA fuel design. The difterences are
primarily mechanical and do not impact the nuclear performance of the fuel assembly. Design
features that do impact the neutronics (i.e.. mid-span mixing grids) are specifically accounted
for in the nuciear models. Therefore, the results and conclusions reached based on the
analysis of Sequoyah core designs are applicable to the RFA fuel design. In addition, the
licensee performed a 10 CFR 50.59 evaluation for unreviewed safety question (USQ). Resuits
are as described in response to Guestion 2¢ of Rel.14, which demonstrates that the currently
approved CASMO-3/SIMULATE-3P methods and nuciear uncertainties are appﬁcabla to the
AFA design. Theretore, DPC-NE-1004A nuclear physics calculation methodology is applicable
to the RFA design.

in afl nuclear design analyses, both the RFA and the Mark-8W fuel are explicitly modeled in the
transition cores. The mixed core model for nuclear design analyses and the use of Suel-specitic
timits, described in response to a staff's question (Question 3, Ref. 14), are based on the same
methodology that is used to set up a nuclear model for a reactor core containing a single fuel
type. When establishing operating and reactor protection system limits (i.e., LOCA linear heat
rate limit, departure from nucteate boiling (DNB), ¢central fuet melt, transient strain), the fuel-
specific limits or a conservative overiay of the fimits are used. The siaff concludes that the
nuclear design anatyses for the transition cores are acceptable.

2.3 Thermal-Hvdraulic Analysis

Section 5 of DPC-NE-2009 describes the thermal-hydraulic analysis methodalogies to be used
for the RFA design. The thetmal-hydraulic analyses for the existing Mark-BW fuel design are
performed with NRC approved methodology using the VIPRE-01 core thermal-hydraulic code
{Ret. 15), the BWU-Z critical heat flux (CHF) correlation (Ref. 16), and the thermal-hydraulic
statistical core design methodology described in DPC-NE-2004P-A (Ref. 17) and DPC-NE-
2005P-A (Ref. 18). As discussed in the ensuing sections of this report, these same
methodologies will be used for the analyses of the RFA design with the exception that (1) the
WREB-2M CHF correlation (Ref. 19) will be used in placs of the BWU-Z corelation, and (2) the
EPR! bulk void fraction mode! will be used in place of the Zuber-Findlay model.

2.3.1 VIPRE-01 Core Thermal Hydraulic Code:

The core thermal hydraufic analysis methodology using the VIPRE-C* < for McGuire and
Catawba licensing caiculations is described in DPC-NE-2004P-A. The VlPRE-m models,
which have been approved for the Mark-BW fuel, are also applicable to the RFA design with
appropriate npul of fuel geometry and form loss coefficients consistent with the RFA design,
The reference pin power distribution based on an enthalpy rise factor, F,,~, of 1.60 pea. pir
from DPC-NE-2004P-A will continue to be used to analyze the RFA design.

VIPRE-01 contains varicus void-auality relation modals for two-phase fiow calculation, in
addition to the Lomnuge.ieous eyuilibrivm model. Either the Levy model or the EPRI model can
be chosen for subcooled bolling, and the Zuber-Findiay or EPRI void models for butk boiling.
The combination of {.evy subcooled boiling correlation and Zuber-Findlay bulk bolting model
gives reasonable resylts for void fraction. This combination is currently used for
McGuire/Catawba cores with the Mark-BW fuel. However, the Zuber-Findlay correlation is
applicable only to qualities below approximately 0.7, and there is a discontinuity at a quality of
1.0. The licensee proposes to replace this combination with the combination of EPRI
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subcooled and bulk void models. The use of the EPRI bulk void model, which is essentially the
same as the Zuber-Findtay model except for the equation used to calcutate the drift velocity, is
to eliminate a discontinuity at qualities about 1.0, Also, the use of the EPRI subcooled void
mocz2l is for overall model compatibility to have the EPRI models cover the full range ot void
fraction required for performing departure-from-nucieate-boiling calculations. To evaluate the
impact of these mode! changes, the licensee performed an analysis of 51 RFA CHF test data
points using both Levy/Zuber-Findlay and EPRI modals in VIPRE-01. The resulis show a
negfigible 0.1 percent difterence in the minimum departure-from-nudeate-boiling ratios
(DNBRs). Therefore, the staff finds that the use of the EPRI subcoofed and bulk void
correlations for the analysis of the RFA design is acceptable. The acceptability of this revision
remains subject to the limitations set forth in the safety evaluation on VIPRE-01 (EPRI NP-
2511-CCM-A}, DPC-NE-2004P-A and aftendant revisions. -

2.3.2 Critical Heat Flux (CHF) Correlation:

The licensee stated that the WRB-2M CHF correlation, described in the Westinghouse topical
report WCAP-16025-P-A (Ret. 19), will be used for the RFA design.. The WRB-2M correlation
was developed by Westinghouse for application to new tuel designs such as the Modified
Vantage SH and Modified Vantage SHAFM. The WRB-2M correlation was programmed into the
Westinghouse thermal hydraulic code THINC-V or the VIPRE-01 thermal-hydraulic code for
the calculation of the local conditions within the rod bundles. The staff has reviewed and
approved the WRB-2M correlation with both THINC-IV and VIPRE-01 codes as described in
References 20 and 21. Tha WRB-2M correlation is also applicable 1o the RFA design because
of its similarity 1o the Vantage 6H fuel design. The staff concludes DEC's use of the WRB-2M
along wilh VIPRE-D1 in the DNBR calculations for the RFA design to be acceptable within the
ranges of applicabllity of important thermal hydrautic parameters specitied in the staff’s safety
evaluation on WCAP-15025-P-A {Rel. 20).

2.3.3 Thermal-Hydraulic Statisticat Core Design Methodology:

The thermal-hydraulic analysis for the RFA design will be performed with the slatistical core
design (SCD) analysis method described in DPC-NE-2005P-A, Rev. 1 (Ref. 18). The SCD
analysis technigue differs from the deteeministic thermal hydraulic method in that the effects on
the DNB limit of the uncertainties of key parameters are treated statistically. The SCD
methadology involves selection of key DNBR parameters, determination of their associated
uncertainties, and propagation of uncertainties and their impacts to determine a statistical
DNBR fimit that provides an assurance with 95% probability at 85% confidence level that DNB
will not occur when the nominal values of the key parameters are input in the safety analysis.
The SCD methodology described in DPC-NE-2005P-A is identical to the SCD methodology
described in DPC-NE-2004P-A (Ret. 17) with the exception that the intermediate step of using a
response surface model to evaluate the impact of uncertainties of key DNBR parameters about
a statepoint i$ eliminated and replaced with the VIPRE-01 code to directly calculate the DNBR
values for each set ot reactor conditions. The stalt has approved the SCD methodology with
restrictions that: (1) its use of specific unceriainties and distributions will be justified on a plant-
specific basis, and its selaction of statepalnts used for generating the statistical design fimit will
be justified to be appropriate; and {2) only the single, most conservalive DNBR limit of two firnits
proposed by DPC for separate axial power distribution regions is acceptable. The licensee
subsequantly submitted Appendix C to DPC-NE-2005P-A containing the plant-gpecific data and
limits with Mark-BW 17x17 type fuel using the BWU-Z CHF correlation, the VIPRE-01 thermal-
hydraulic computer code, and DEC SCD methodology to support McGuire and Catawba reload

v
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analyses. The staff previously found the BWU-Z correlation and the statisticat DNBR design
limit to be acceptable for the Mark-8W 17x17 fuel (Ref. 16).

Table 5.3 of DPC-NE-2009 provides McGuire/Catawba plant-specific data on the uncecainties
and distributions, as well as the justifications, of the SCD parameters, the WRB-2M CHF
correlation, and the VIPRE-01 code/model. Table 5-4 provides the McGuire/Catawba
Statepoint statistical results with the WRB-2M CHF comrelation for the RFA core. The statistical
design limit of DNBR of 1.30 for the RFA core Is chosen to bound the all statistical DNBRs.
The staff finds them acceptable for the RFA design.

2.3.4 Transition Cores:

The licensee stated that for operation with transitional mixed cores having both the Mark-BW
fuel and RFA designs, the impact on the therma! hydraulic behavior of the geometric and
hydraufic diferences between these two fuel designs will be evaluated with an 8-channel core
moadel, This is done by placing the RFA design in the channels representing the limiing hot
assembly and the Mark-BW fuel assemblies in the gighth channel representing the rest of the
assemblies. The transition core analysis models each fuel type in its respective location with
correct geometry and the form loss coefficients. A transition core DNBR penalty is determined
for the RFA design, and a conservative DNBR penalty is applied for all DNBA analyses for the
RFA/Mark-BW transition cores.

To determine the transition mixed core DNBR penalty, the licensee has re-analyzed the mast
limiting full core statepoint used in the SCD analysis using the B-channel transition core model.
The result of the transition core CNBR showed an increase of statistical DNBR by less than
0.2%, and the DNBR valus is still less than the statistical design limit of 1.30 for the full core of
RFA design with the WRB-2M CHF comrelation, Therefors, the staff concludes that the
statistical design kimit of 1.30 can be uzed for both transition and full core analyses.

2.4 UESAR Accident Analyges °

To support operation with transitional Mark-BW/RFA mixed core and full RFA cores, the
UFSAR Chapter 15 translents and accidents analyses will be performed. The LOCA analysaes
will be performed by Westinghouse using approved LOCA evaluation modiels. Non-LOCA
tramtemsa?dacddemswalbepedonnedbyme ficensee using previously approved
methodologies.

2.4.1 LOCA Analyses:

Waestinghouse will perform the large- and smafl-break LOCA analyses for operation with
transition and fufl cores of the RFA design using approved versions of the Westinghouse
Appendix K LOCA evaluation models (EM). The small-break LOCA EM (Ref. 22, 23) includes
the NOTRUMP code for tha reactor coolant system transient depressurization and the
LOCTA-IV code for the peak cladding temperature calculation. The large-break LOCA EM
(Ref. 24) includes BASH and other interfacing codes such as SATAN-VI, REFILL, ani
LOCBART, for various phases. For operation of the transition Mark-BW/RFA cores, explicit
analyses will be performed simulating the cross-flow effects due to any hydraufic mismatch
between the Mark-8W and the RFA cesign, The licensee stated that if it determined a
transition core penalty is required during the mixed core cycles it will be applied as an adder to
the LOCA results for a full core of the RFA design. Since the Westinghouse LOCA EMs, both
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the large- and small-break, are approved methodologies for PWR fuel designs, the staff
concludes they are acceptable for performing LOCA analyses for the RFA design.

2.4.2 Non-LOCA Transient and Accident Analyses:

The satety analyses of McGuire and Catawba UFSAR Chapter 15 non-LOCA transients and
accidents are periormed with the RETRAN-02 system transient code and the VIPRE-01 core
thermal-hydraufic code. The non-LOCA transient analysis methodologies are described in
several topical reports. DPG-NE-3002-A, Rev, 1 (Ref. 25) describes the system transient
analysis methodology including the RETRAN model nodalization, initial and boundary
conditions, and input assumptions regarding control, protection, and safeguard system
functions used in the safely analyses of ali Chapter 15 non-LOCA transients and accidents,
except for thase involving significant asymmelric core power peaking. DPC-NE-3001-PA
describes the methodologies for systematically confirming that reload key physics parameters
are bounded by values assumed in the Chapter 15 safety analyses and {or analyses of the
control rod ejection, steam fine break, and dropped rod evenits which involve significant
asymmetric core pawer peaking and require evaluation of multi-dimensional simulations of the
core responses. DPC-NE-2004P-A and DPC-NE-2005P-A describe the procedure used to
apply the VIPRE-D1 code for the reactor core thermal-hydraulic analyses and the SCD
mathodologies for the derivation of the statistical DNBR limit. DPC-NE-3000-PA (Ref. 26)
documents the developrment of thermal-hydraulic simutation models using RETRAN-02 and
VIPRE-01 codes, including detalled descriptions of the plant nodalizations, control system
models, code models, and the selected code options for McGuire and Catawba plants.

These methodologies have been previously approved by NRC for the analyses of non-LOCA
transients and accidents for McGuire and Catawba with the Mark-BW fuel design. A change of
reactor core fue! from Mark-BW to the RFA design does not affect the conclusion of the
analytical capabifities of RETRAN-02 arl VIPRE-01, except for the need to change the inputs
to reffect the RFA design in the safety analyses. The licensee performed a review of DPC-NE-
3000-PA and identified the necessary ehanges in the existing transient analyses methods for
perormance of safety analyses in' support of the RFA design. Minor changes are required to
“the Volume and associated junction and heat conducior calculations in the reactor core region
of the RETRAN primary system nodalization model to reflect the dimensional changes {o the
RFA design. input changes to the VIPRE modsl are required in core lhermat lic analysis
to refiect the RFA design geometry and form loss coefficients. In addition, as discussed in
Sections 2.3.2 and 2.4.3, respectively, of this safety evaluation, the WRB-2M OHF comelation
will be used for the DNBR calcdation, and the SIMULATE-3K code will be used In place of
ARROTTA for the nuciear partion of the conltrol rod ejection accident analysis. The staff
concludes the non-LOCA safety analysis methodologies are acceptable for the RFA design,

2.4.3 Rod Ejection Accident Analysis Using SIMULATE-3K:

The rod ejection accident (REA) analysis methogology described in DPC-NE-3001-PA includes
the use of the three-dimensional space-time iransient neutronics nodal code ARROTTA (Fef.
27) 1o perform the nuctear analysis portion of transient response; the VIPRE-01 code to muodel
the core thermal responsa including peak fue! enthalpy, a core-wide DNBR evaluation, and
transient core coolant expansion; and the RETRAN-02 code to simulate the reactor cootant
system pressure response to the core power excursion. This methodology wilt cantinue to be
used for the REA analysis except for the use of the SIMULATE-3K code {Ref. 28) to replace
ARROTTA 10 perform the nuclear analysis of the response of the reactor core to the rapid
reactivity insertion resulting from a control rod being gjected out of the coce.
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Section 6.6 of DPC-NE-2009 describes the REA analysis methodology using SIMULATE-3K |
including a2 brief description of the code and models, code vetification and benchmark. and the
REA analysis application of SIMULATE-3K. SIMULATE-3K is a three-dimensional transient .
neutronic version of the NRC approved SIMULATE-3P computer code (Ref. 29) and uses the
same neutron cross section fibrary. It uses a fully-inyplicit time integration of the neutron flux,

‘delayed neutron precursors, and heat conduction models. The average beta for the time-

varying neutron flux is determined by performing a calculation of the adjoint fiux solution. The
code user has the option of running the code with a fixed time step or a variable time step
depending on the sensitivity to changes in the neutronics. The SIMULATE-3K code has
incorporated additional capability to model reactor trips at user-specified times in the transient or
foliowing a specified excore detector response, which allows the user to specify the response of
individual detectors as required to initiate the trip, as well as the time delay prior 10 release of the
control rods based on the excore detector response model. The code also permits the user ’
input fo control the velacity of the control rod movement, peoviding a different perspective for
each velocily chosen.

The SIMULATE-3K code vendor, Studsvik of America, Inc., had performed the code verification
and validation during its development to verify correciness of the coding and to validate the
applicability of the code to specified analyses and ensure compatibility with existing
methodology. The validation inciuded benchmarks of the fuel conduction and thermal hydraulic
modeis, the transient neutronics model, and the coupled performance of the transient neutronics
and thermat-hydraulic models. The fuel and thermal hydravlic models were validated against
the TRAC code, while the neutronic mode! was benchmarked against the solutions of the
industry standard light water reactor problems generated by QUANDRY. NEM, and CUBBOX
(Ref. 30, 31, 32). Benchmarking of the coupled performance af the thermal hydraulic and
transient neutronics models was carried out against the results from a standard NEACRP
[Nuclear Energy Agency Control Rod Problem] rod ejection problem to the PANTHER code
(Ref, 33). Steady state comparison of S3K was performed against the NRC approved
CASMO-3/SIMULATE-3P. In addition, DPC perfonmed comparisons of the SIMULATE-3K and
ARROTTA calculations for the reference REA analysis for the Oconee Nuclear Station showing
very good agreement for core power versus titne for the ejection occurring at the end-of-cycle
{from the maximum aliowable power leve! with 3 and 4 RCPs operating and from both beginning-
of-cycle and end-of-cycle at hot zero power and hot full power conditions. These SIMULATE-3K
validation benchmarks were presented in DPC-NE-3005-P (Ref. 34), which the siaff has
reviewed for approval of using SIMULATE-3K for the analysis of the REA for the Oconee plants,

Section 6.6.1.3.3 of DPC-NE-2008 provides an additional benchmark of SIMULATE-3K by
comparing the SIMULATE-3K and ARROTTA calculations for the reference REA analyses
performed for beginning of life (BOC) and end of kfe (EQC) at hot-full-power (HFP) and hot-
zero~-power (HZP) conditions for McGuire and Catawba Nuclear Stations. The reference core
used in the benchmark calculations was a hypathetical Catawba 1 Cycle 15 core, which
represents typical fuel management strategies currently being developed for reload core
designs at McGuire and Catawba. The comparison between the SIMULATE-3K and ARROTTA
calculations of the core power {evel and nodal power distribution as functions of time during the
REA transient demonstrate the acceptsbiiity of the physical and numerical models of
SIMULATE-3K for application in the REA analyses for McGuire and Catawba Nuclear Station.

Section 6.6.2.2 of DPC-NE-2008 describes the use of the SIMULATE-3K code to perform
license analysis of the design basis REA. The basic methodology as described in
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DPC-NE-3001PA remains unchanged with the exception of minor diflerences between
SIMULATE-3K and ARROTTA. The core power levels and nodal power distributions calculated
by SIMULATE-3K are used by VIPRE to determine the fuel enthalpy, the percentage of fue! pins
exceeding the DNB imit, and the coolant expansion rate. Aliinputs to VIPRE, once suppliad by
the NRC approved-code ARROTTA, are now supplied by SIMULATE-3K.

In the SIMULATE-3K nuclear analysis of an REA, a fuel assembly is typically geometrically
modeied by several radial nodes. Axial nodalization and the number of nodes are chosen to
accurately describe the axial characteristics of the fuel. For current fuel designs, a typical axial
nodalization of 24 equa! fength fuel nodes in the axial direction is used. SIMULATE-3K explicitly
caiculates neutron leakage from the core by use of refiector nodes in the radial direction beyond
the fuel region and in the axial direction above and below the fuel column stack. The fuel and
reflector cross sections are developed in accardance with the methodology described in the
approved topical repart DPC-NE-1004A for SIMULATE-3P.

The SIMULATE-3K REA analysis is performed at four statepoints: BOC and EOC at HZP and
HFP conditions for the determination of three-dimensicnal steady-state and transient power
distributions, as wall as individual pin powers. Conservative input parameters are used o
ensure that the rod ejection analysis produces limiting results that bound future reload cycles.
Sections 6.6.2.2.1 and 6.6.2.2.2 describe the methode to ensure conservatism in the analysis of
transient response by increasing the fission cross sections in the ejecied rod locations snd in
each assembly and by applying the "factors of conservatism” {0 the reactivity feedback for
moderator and fuel temperatures, control rod worths for withdrawal and insertion, effective
delayed neuron, and ejected rad worth, etc. In response to a staff question (No. 8, Ref. 14). the
licensee provided a description of the method of determining the “factors of conservatism.” The
stafl has reviewed the overall SIMULATE-3K methodology, and found il to be acceptable for
application to the REA analysee for McGuire and Catawba.

2.4.4 Compliance with Safety Evaluation Conditions:

As discussed above, licensing analyses of reload cores with the RFA design use the
methodologies described in various topical reports for the analyses of fuel design, core reload
design, physics, thermal-hydrautics, and transients and accidents, which were approved by
NRC for analyses of currert McGuire/Catawba cores. These methodologies may have inherent
limitations, or conditions or restrictions imposed by the associaled NRC safety evalualions in
their applications. The acceptability of the licensing analyses is subject to the application being
within the limitations of the methodologies used and the conditions or restrictions imposed in the
respective safety evaluations. In response to a staff question regarding the resolutions of these
limitations, conditions, and restrictions in the RFA reload safety analyses, the licensee provided
(Response to Question 11, Ref. 14) a list of restrictions imposed by NRC safety evaluations and
the correspanding resolutions in the application of the licensee’s methodologies used for the
safety analyses of the non-LOCA transients and accidents. In addition, for the LOCA analyses
to be performed by Westinghouse, the licensee provided a Westinghouse response (Ret. 35)
regarding the safety evalustion restrictions and corresponding compliance for the 1985
SBLOCA Evaluation Madel with NOTRUMP and the 1981 Evaluation Model with BASH,
resolutions or compliance with the conditions or restrictions provided in these responses prowde
guidance for the licensee referencing DPC-NE-2009 in the RFA reload licensing analyses, T‘he
staff concludes that the safety evaluation conditions have been propery addressed.
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Section 7.0 of DPC-NE-2009 describes the evaluation of the reconstitution or repair of fuel
assemblies having failed fuel rods during refuelmg outages in an effort to achieve the zero fuel
defect goal during cycle operation. The primary replacement candidate for use in reconstitution
of failed fuel rods is a fuel rod that contains pellets of natural uranium dioxide, but solid filler
rods made of stainless steel, zircaloy, or ZIRLO would be used i local grid structural damage
exists. The reconstitution of the RFA assembly with filler rods will be analyzed with NRC-
approved methodology and guidelines described in DPC-NE-2007P-A (Ref. 36), along with. -
other ficensed codes and correlations, to ensure acceptable nucigar, mechanical, and thermal-
hydraulic performance of reconstituted fuel assemblies. ‘

For a reload core using reconstituted wﬁsﬁng‘house fuel, Westinghouse has reviewed the
effects of the reconstituted fuel with the criteria specified in Standard Review Plan 4.2 and
determined that the only fuel assembly mechanical criteria impacted by reconslitution are fue!
assembly holddown force and assembly structural response to seismic/LOCA loads.
Westinghouse has evaluated these effects on the LOCA analyses using the approved
methodology WCAP-13060-P-A (Ref. 37), and concluded that the reconstituted fuel assembly
designs are accaptable for both normal and faulted condition operations,

The ticensee's July 22 and October 22, 1998, lefters proposed changes to the Technical
Specifications with the technical justifications for these changes described in Chapter 8 of
DPC-NE-2009. - The licensee’s Jariuary 28, May 6 and June 24, 1999, letters provided revisions
to some of the proposed changes. The staif's evaluation {ollows.

2.6.1 Proposed Change to TS Figure 2.1.1-1;

The licensee proposed 10 modity Figure 2.1.1-1, “Reactor Core Salety Limits - Four Loops in
Operation,” by (1) delafing the 2455 psia safety fimit line, which is the current upper bound

" pressure allowed for power operation; (2) combining separate Unit 1 and Unit 2 figures into only

one figure; and (3) revising the other safety imit ines {see foflowing paragraph). The resuiting
Figure 2.1.1-1 was submitted by a lstter, M. Tuckman to NRC, dated June 24, 1999 (Ref. 39).

The 2465 psia bounding pressure is based on the pressure range of the CHF correlation used
in DNBR analyses of the Mark-BW fuel. Since the upper range of applicability of the WRB-2M
CHF correlation for the RFA design is 2425 psta, the 2455 psia safety limit line is deleted, and
the remalning safety kmit lines with 2400 psia as the uppser bound satety fimit line are within the
range of the CHF correlations for the Mark-BW and RFA fuel designs. As described in its
response lo a staff's question (No. 12, Ref. 14), the lcensee has performed an evaluation to
ensure the remakning safety limit fines of Figure 2.1.1-1, which were based on the CHF
correlation for the Mark-BW fuel design and the hot leg hoiling limit, bound the safety limit for
the DNBR iimit of the WRB-2M correlation for the RFA design. Both the full RFA core and the
transilion RFA/Mark-BW cores were evaluated to ensure that the established limits were
conservative. The DNBR values were greater than the design DNBR limit for all the cases in
both evatuation. Therefore, the safety limit fines in thure 2.1.1-1, with the delat;cm of the 2455
psia safety limit line, are acceptable. _
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2.6.2 Proposed Changes to Surveillance Requirements 3.2.1.2, 3.2.1.3, and 3.2.2.2:

TS Surveillance Requirements (SAs) 3.2.1.2, 3.2.1.3, and 3.2.2.2, respectively, require the heat
flux hot channel tactor F, (x,y.z) and the enthalpy rise hot channel factor F, (X.y) to be
measured periodically (once within 12 hours after achieving equilibrium conditions after a power
change exceeding 10% rated thermal power and every 31 effective full power days thereafter)
using the incare detector system to ensure the vatues of the total peaking factor and the
enthalpy rise factor assumed in the accident anatyses and the reactor protection system limit
are not violated, To avold the possibility that these hot channel factors may increase and
exceed their aflowable fimits between survelllances, these SRs currently specify a penalty factor
of 1.02 for the heat fiux and enthalpy rise fiot channe! factors if the margin fo the F, (xy,z) or
Fan (X.y) has decreased since the pravious surveiilance. The 2% margm-decrease penalty was
based on the current reload cores.

For the reactor core containing the RFA fuel design with integral burnable absorbers, a larger
penaity may be required over certain burnup ranges eary in the cycle due to the rate of burnout
of this poison. The licensee proposed to remove the 2% penalty value from these SRs and
replace them with tables of penatty values as functions of bumnup in the Core Operating Limits
Report {COLR) to facilitate cycle-specific updates. Tables 8-1 and 8-2, respectively, provide
typical vakies for the bumup-dependent margin-decrease penalty factors for the heat flux and
enthalpy rise hot channel factors. The aclual values for the transitional core can not be
. provided until the final design for the core is complets. In response to a staff guestion (No. 13,
Ref. 14}, the licensee provited the methodology for calculating the burnup-dependent penaity
factors. in addition, Technical Specification 5.6.5 will reference topical report DPG-NE-2009,
which includes this response to the staff's question for the approved methodology used to
calcutate these penalty factors. The staff found the methodology and the inclusion of the
bumup-dependent margin-decrease penalty factors ip the COLR acceptable.

-2.6.3 Proposed Change (b TS 4.2.1;

TS 4.2.1, “Fuel Assembles,” which speciiies the design leatures for fuel assembties, will be
revised to add ZIRLO cladding 10 the fue! assembly description.

2.6.4 Proposed Changes to Section 5.6.5b:

By a letter dated May 6, 1999 (Ref. 38), the licensee expanded the original amendment request
by proposing more changes in Section 5.6.5. The section lists all the topical reports previouc!y
approved by the staff. Thus these propased changes are administrative or editorial. The staff
finds them all acceptable as follows:

WCAP-10216P-A, "Relaxation of Constant Axial Offset Comtrol FQ Surveillance Technical
Specification” - This is deleted since it had been previousty replaced by ltem 5 (re-
numbered item 4), DPC-NE-2011P-A.

BAW-10168P-A, “B&W Loss-of-Coorard Acuuant Evaluation Model for Recirculating
Steam Generator Planis™ -- The dates of the various staft safety evaluations have been

updated.

DPC-NE-3002A, "FSAR Chapter 15 System Transient Analysis Methodology” -- The
Revision number has been changed from *2° to "3", The staif's sa!ety evaluation date is

aiso updated.



-12.

DPC-NE-3000P-A, “Thermal-Hydraulic Transient Analysis Methodology” - The Revision
number is changed from “1" to *2°. The staff's 'saiely evaluation date is also updated.

" DPG-NE-2001P-A “F uel Mechanical Reload Analysis Methodology for MarkBW Fuef” -
This is deleted, and is replaced by OPC-NE-2008P-A.

BAW-10183P-A, "Fuel Rod Gas Pressure Criterion” -- This is deleted. DPC-NE-2008P-A
- references this report, and therelore there is no need for an individual fisting.

WCAP-10054P-A, “Westinghouse Small Break ECCS Evaluation Modet Using the
NOTRUMP Code™ -~ This report is applicable to the Westinghouse fuel.

DPC-NE-2009P-A, “Westinghouse Fusl Transition Report® — This report has been
evaluated in the above sections of this safety evaluation and found acceptable.

2.6.5 Proposed Changes to the Technical Specifications Bases Document:

The TS Bases is a licensee-controlied document and is not part of the Technical Specifications
(10 CFR 50.36(a)). However, the staff reviewed the licensee’s proposed changes as '
supplemental information for the TS changes evaluated abave. The Bases sections for SR
3.2.1.2, 3.2.1.3 and 3.2.2.2 will be revised to reflact the corresponding TS changes. The staff
finds the proposed changes to the Bazes acceptable.

3.0 REVIEW SUMMARY OF TOPICAL REPORT

The staff has reviewed the licensee's Topical Report DPC-NE-2009P and found it acceptable
for referencing tor analysis of reloads with Westinghouse RFA design. The topical report
references many topical reports, which provide methodologies for various aspects of the RFA
reload licensing analyses. Acceptabliity of DPC-NE-2009P remains subject (o the limitationg
set forth in the SERS on these topical reports.

4.0 STATE CONSULTATION

n accordance with the Commission’s regutations, North Carolina State official
Mr. Johnny James was notilied of the proposed issuance of the amendmenhs The ofticial had
no comments

5.0 ENVIRONMENTAL CONSIDERATION

The amendments change requirements with respect to installation or use of a facility
component located within the resltricted area as defined in 10 CFR Part 20, and change
surveiliance requirements. The NRC staff has determined that the amendments invoive no
significant increase in the amounts and no significant change in the types of any effluents that
may be released offsite and that there is no signHicant increase in individua! or cumulative
occupational radiation exposure. The staff has previously issued a proposed finding that the
amendments involve no significant hazards consideration, and there has been no public
comment on such finding (63 FR 69338, dated December 16, 1998; 64 FR 35202, dated
June 30, 1999, and 64 FR 43771, dated August 11, 1999) . The licensee’s September 15,
1999, letter (Ref. 44) provided claritying information thal did not change the scope of the
application and the initial proposed no signiticant hazards consideration determination.
Accordingly, the amendments meet the eligibility criteria for categorical exclusion set forth in
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10 CFR 51.22(c)(9). Pursuant to 10 CFR 51.22(b), no environmental impact statement or
environmental assessment need be prepared in connection with the igssuance of the

amendments.
6.0 CONCLUSION

The Commission has concluded, based on the cansiderations discussed above, that: (1) there
is reasonable assurance that the health and safety of the public will not be endangered by
operation in the proposed manner, (2) such activities will be conducted in compliance with the
Commission’s regulations, and {3) the issuance of the amendments will not be inimical to the
common defense and security or to the health and salety of the frublic.

Attachment: Technical Evaluation Report
Principal Contributor: Yi-Hsiung Hsii
i Anthony Attard
Shih-Liang Wu
Peter Tam

Date: Semgmber 22, 1999
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. UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20355-0001
September 22, 1999

Mr. H. B. Barron

Vice President, McGuire Site
Duke Energy Corporation
12700 Hagers Ferry Road
Huntersville, NC 28078-8985

SUBJECT: MCGUIRE NUCLEAR STATION, UNITS 1 AND 2 RE: ISSUANCE OF
- AMENDMENTS (TAC NOS. MA2411 AND MA2412)

Dear Mr. Barron:

The Nuclear Regulatory Commission has issued the enclosed Amendment No. 188  to Facility
Operating License NPF-9 and Amendment No. 169 to Facllity Operating License NPF-17 for
the McGuire Nuclear Station, Units 1 and 2. The amendments consist of changes to the
Technical Specifications (TS) in response to your application dated July 22, 1998, and
supplernented by letters dated October 22, 1998, and January 28, May §, June 24, August 17
and September 15, 1999,

The amendments revise various sections of the Technical Specifications (Appendix A of the
McGuire operating ficenses) to permit use of Westinghouse's Robust Fuel Assembilies for future
core reloads. We will publish a Natice of issuance in the Commission's biweekly

Federal Register natice.

Concurrent with issuance of these amendments we have also approved fopical report DPC-NE-
2008, “Duke Power Company Westinghouse Fuel Transition Report.” The Safety Evaluation
(enclosed) provides details of our review of DPC-NE-2009P in support of the subject
amendments. In accordance with procedures established in NUREG-0380, we request Duke
Energy Corporation to publish an accepted version of DPC-NE-2009, proprietary and -
nonproprietary, within 3 months of receipt of this letter. The accepted version shall incorporate
this letter and the enclosed Safety Evaluation after the title page. The accepted versions shall
include an A" {designating accepted) following the repont identitication symbol. Please include
our request for additional information and Duke's response as an appendix to the report.

Sincerely,

W/&ﬂ-ﬂ,

Frank Rinaldi, Project Manager, Section 1
. Project Directorate Il

Division of Licensing Project Management

Office of Nuclear Reactor Regulation

Docket Nos. 50-368 and 50-370'
E;\closuros:

1. Amendment No. 188 to NPF-9
2. Amendment No. 169 1o NPF.17
3. Salety Evaluation

cc wiencl: See next page
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.G. 206530001

1.0 INTRODUCTION AND BACKGROUND

By letter dated July 22, 1998 (Ref. 1), and suppiemented by a letter of October 22, 1998 (Ref 2),
Duka Energy Corporation® (DEC, the licensee), the licensee for operation of McGuke and
Catawba Nuclear Stations, proposed changes to the Technical Specifications (TS) of these
planis in anticipation of a reactor core relaad design using Westinghouse fuel. Accompanying
the July 22, 1998, letter is @ topical report DPC-NE-2009, 'Duke Power Company*

Westinghouse Fuel Transition Report,” {Ref. 3) for NRC review and approval: When approved,
this topicat report will be listed in Section 5.6.5 of the Catawba and McGuire TSs as an approved
methoclology for the determination of the core operating limits.

The reactors of MoGuire and Catawba Nuclear Stations are curently using Framatome Cogema
Fuels (FCF) Mark-BW fue! assemblies (Ref. 4). The proposed amendment to the TSs would
permit transition to the 17x17 Westinghouse Robust Fuel Assembly (RFA) design.

The RFA design is based on the VANTAGE+ fuel assembly design, which has been approved
by NRC as described in WCAP-12610-P-A (Ref. 5). The RFA design to be used at McGuire and
Catawba, as described in Section 2.0 of DPC-NE-2009, m‘linwrporalettwfollowlngfeaml'esin
addition to the VANTAGE+ design features:

maeasedgmdemmuaamm\memaummbemdediamem
modified low pressure drop structural mid-grids

modified intermediate flow mixing grids

pre-oxide coating on the bottom of the fuel rods

protective bottom grid with longer fuel rod end-plugs

fuel rods positioned on the bottom nozzie

2 quick release top nozzle

The first three design features fisted above were ficensed via the Wolf Creek Fuel design
(Ref. 6) using the NRC-approved Westinghouse Fuel Criteria Evaluation Process (Ref. 7). The
next three teatures are included to help mitigate debxris failures and incomplete rod insertion.

- mcﬂuﬁanmﬁmmiwemm.numhhmmWUMi&m. *Duke
Power Company” is 3 component of Duke Energy Corporstion; however, for histosical reasons, the licensse used "Duke Energy
Corporation” and “Duke Power Company” inteschangesbly, This ssfety evalustion iolows the licensee's practice.
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The licensee stales that these thrae features witl be evaluated using the 10 CFR 50.59 process.
Thé quick release top no2zle design is similar to the Reconstitutable Top Nozzie design with
modifications for easier removal. This design will be licensed by Westinghouse usung the tuel
crileria evaluation process.

2.0 EVALUATION

Topical report DPC-NE-2009 provides general information ahout the RFA design and describes
methodologies to be used tor reload design analyses to support the licensing basis for the use
of the RFA design in the McGuire and Catawba reload cores. These methodologies inciude
DEC’s fuel rod mechanical reload analysis methodology and the core design, thermal-hydraulic
analysis, and accident analysis methodologies. The report does not provide the analyses of the
core design, thermal-hydrautics and transients and accidents associated with the RFA design.
Therefore, this eafety evaluation will only address the acceptabiiity of the methadologies
described in DPC-NE-2009 for referencing in the anafyses for operations with the reactor cores
having a mix of Mark-BW and RFA fuel dasign or a full core of RFA design.

2.1 Fuel Bod Analysis Methodology

During transition pericds, the reactor cores In'the McGuire and Catawba plants will have both
the FCF Mark-BW {uel and the Westinghouse RFA fuel. Section 4 of DPC-NE-2008 describes
the {uel rod mechanical reload analysis methodalogy fot the RFA design. While the fual rod
mechanical analyses for Mark-BW fuel will continue to be performed using the licensee’s
methodology described in DPC-NE-2008P-A (Ref. 8), the Westinghouse RFA fuel thermal-
machanical analyses will be performed using the NRC-approved Westinghouse fuel
performance code, PAD 3.4 Code (Ref. 9). The fuet rod design bases for the RFA design are
idenﬁcal to those described in WCAP-12610-P-A (Red. 5) for the VANT AGE+ fuel. _

The staf’s review of {uel rod analysis mathodology was performed with technical assistance
provided by Pacific Northwest National Laboratory (PNNL). PNNL's review findings and
conclusion, with which the staff concurs, aré described in its technical evaluation report
(attached 1o this satety evaluation). Thus, the staff has found that the DEC design Bimils and
thermal-mechanical analysis methodologies discussed in Section 4.0 of DPC-NE-2009 are
acceplable for application by DEC to the RFA fuel design up to the currently approved {Rel. 41, -
42, 43) rod average bumup limit of 62 GWd/mitUJ. The staff has previously performed an
environmental assessment for fuel bumup up to 60 GWd/miU (53 FR 30355, August 11, 1988).
Corrcanuantly, due to this imitation trom the environmantal perspective, Iheﬁcemeepmposed
(Ref. 44) a license condition. The stafl will impose the license condition as proposed by the
licensee to read: “The maximum rod average bumup for any rod shall be limited to 60,000 -
MWd/miU [60 GWd/miU] until the complation of an NRC environmental assessment
supporting an increased limit.”

For the RFA design, the core model, core operational imbatance Emits, and key core physics
parameters used to confirm the acceptability of Updated Final Safety Anatyas Repon {UFSAR)
Chapter 15 safety analyses of transients and accidents will be developed

methodologies described in DPC-NE-1004-A (Rel. 10), DRC-NE-2011P-A (Re! 1),
DPC-NF-2010A (Ret. 12), and DPC-NE-3001-PA (Ref 13). DPC-NE-201 1P-A describes the
nuctear design methodology for core operating limits of McGuire and Catawba plants.
DPC-NF-2010A describes MoGuire and Catawba nuclear physics methodology using
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two-dimensional PDQO7 and 3-D EPRI-NODE-P models as reactor simulators. DPC-NE-1004A
describes an alternative methodology for calculating nuclear physics data using the CASMO-3
fuel assembly depletion code and the SIMULATE-3P 3-D core simulator cade for steady-siate
core physics calculations, substituting for CASMO-2, PDQC7 and EPRI-NODE-P used in
DPC-NE-2010A. DPC-NE-3001-PA describes the methodalogies, which expand on the reload
design methods of DPC-NF-2010A, for systematically verifying that key physics parameters
calculated for a reload core, such as contro! rod worth, reactivity coefficients, and kinetics
parameters, are bounded by values assumed in the Chapter 15 licensing analyses. These
topical reports have been approved for performing reload analyses for the B&W 177-assembly
and/or Westinghouse 193-assembly cores, subjedt to the conditions specified in the staff’s
safety evaluations. Because of the similarity betwesn the RFA design and the Mark-BW fuel
design with respect to the dimensional characteristics of the fuel pellet, fuel rod and cladding, as
well as nuclear characteristics, as shown in Table 2-1 of DPC-NE-2009, the staff concludes that
these approved methodologies and core models currently employed in reload design analyses
for McGuire and Catawba can be used fo perform transition and full-core analyses of the RFA
design.

Section 3.2 of DPC-NE-2008 states that conceptual transition core designs using the RFA
design have been evaluated and results show that cumrent reload limits remain bounding with
respect to key physics parameters. As described in DPC's response 1o a staff question
(Question 1, Ref. 14, January 28, 1998), the conceptual RFA transition core designs were
evaluated for the effects of partial and full cores using NRC-approved codes and methods to
determine the acceptability of the current licensing bases transient analyses, Key safety
parameters, such as Doppler temperature coefficiants, moderator temperature coefficients,
contre! bank worth, individual rort worths, boron concentrations, differential boron worths and
kinetics data, were calculated for the conceptual core designs and compared against reference
values assumed in the UFSAR Chapter 15 accident analyses. The evaluation demonastrated the
expected neutronic similarities between reactor cores lvaded with RFA fuel and with Mark-BW
fuel and the atceptability of key safety parameters assumed in the Chapter 15 accident
analyses. Key physics parameters are calculated for each reload core and each new core
design. If a key physics parameter is not bounded by the reference value in the UFSAR
accident analyses, the affected accidents will be re-analyzed using the new key physics
parameter, or the core will be readasigned to produce an acceptable result. The stalf agrees
that this is an acceptable approach,

The safety evaluation for DPC-NE-1004-A requires additional code validation to ensure that the
methodology and nuclesr uncertainties remain appropriate for application of CASMO-3 and
SIMULATE-3P to fue! designs that differ significantly from those inciuded in the topical report
data base. Though the RFA design is not expected to change the magnitude of the nuclear
uncertainty factors in DPC-NE-1004, the use of Zirconium diboride integral fuel bumable
absorber (IFBA) in the RFA Is a design change from the bumable absorber types modeled in
DEC's current benchmarking data base. DEC has re-evaluated and confirmed the nuciear
uncertainties in DPC-NE-1004 to be bounding. This is done by explicitly modeling Sequoyah
Unit 2, Cycles 5, 6. and 7, and by performing statistical analysis of the nuclear uncertainty
factors. These cores were chosen because they are very similar to McGuire and Catawba and
contained both IFBA and wet annular bumable absarber (WABA) fuel. The results. listed in
Table 3-1 of DPC-NE-2008, showed that the current licensed nuclear uncerntainty factors for the
Fa, Fa, and Fg bound those for the Westinghouse fuel with IFBA and/or WABA bumabie
absorbers. Boron concentrations, rod worth, and isothermal temperature coefficients were also
predicted and found to agree well with the measured data. In response to a staff question
{Question 2, Ref. 14) regarding the applicability of the analysis of the Sequoyah core to the
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McGuire and Catawba cores, DEC provided comparisons of the analysis results and the
measured data of the Sequoyah cores and a list of the differences between the Westinghouse
Vantage-SH fuel design used in Sequoyah and the RFA fuel design. The differences are
primarily mechanical and do not impact the nuclear performance of the fuel assembly. Design
features that do impact the neutronics (i.e., mid-span mixing grids) are specifically accounted
for in the nuclear models. Therefore, the results and conclusions reached based on the
analysis of Sequoyah core designs are applicable to the RFA fuet design. in addition, the
licensee performed a 10 CFR 50.59 evaluation for unreviewed safely question (USQ). Results
are as described in response to Question 2¢ of Ret,14, which demonstrates that the currently
approved CASMO-3/SIMULATE-3P methods and nuciear uncertainties are applicabls to the
RAFA design. Theretore, DPC-NE-1004A nuciear physics calculation mathodology is applicable
to the RFA design.

in all nuclear design analysas, hoth the RFA and the Mark-BW fuel are explicitly modeled in the
fransition cores. The mixed core model for nuclear design analyses and the use of fuel-gpecific
limits, described in response to a staff's question (Question 3, Ref. 14), are based on the same
methedology that is used to set up a nuclear modal for a reactor core containing a single {uel
type, When establishing operating and reactor protection system limits (i.¢., LOCA linear heat
rate limit, departure from nucleate boiling (DNB), central fuel melt, transient strain), the fuel-
specific fimits or a conservative overlay of the limits are used. The siaff concludes thal the
nuclear design ana!yses for the translifion cores are acceptable.

2.3 Thermal-Hydraulic Analysis

Section 5 of DPC-NE-2009 describes the thermal-hydrautic analysis methodologies to be used
for the RFA design. The thermal-hydraulic analyses for the existing Mark-BW fuel design are
performed with NRC approved methodology using the VIPRE-01 core thermal-hydraulic code
(Rel. 15}, the BWU-Z critical heat flux (CHF) corralation (Ref. 16}, and the thermakhydraulic
statistical core design methodology described in DPC-NE-2004P-A (Ref. 17} and DPC-NE-
2005P-A (Ref, 18). As discussad in the ensuing sections of this report, these same
methodologies will be used for the analyses of the RFA design with the exception that (1) the
WRB-2M CHF correlation (Ref. 19) will be used in place of the BWU-Z correlation, and (2) the
EPRI bulk void fraction model will be used in place of the Zuber-Firidilay model,

2.3.1 VIPRE-01 Core Thermal Hydraulic Code:

The core thermal hydraufic analysis methodology using the VIPRE-C* 2cs for McGuire and
Catawba licensing calculations is described in DPC-NE-2004P-A. The VIFRE-01 models,
which have been approved for the Mark-BW fuel, are also applicable to the RFA design with
appropriate input of fuel geometry and form loss coefficients consistent with the RFA design.
The reference pin power distribution based on an enthalpy rise factor, M, of 1.60 peak pir
from DPC-NE-2004P-A will continue o be used to analyze the RFA dasign.

VIPRE-01 contains various void-anality relation models for two-phase flow calcutation, in
addition to the hotuye.scius eyullibrium model. Either the Levy model or the EPRI model can
be chosen for subcooled boiling, and the Zuber-Findiay or EPRI void modsls for bulk boiling.
The combination of Levy subcooled builing corrslation and Zuber-Findlay bulk bolling model
gives reasonable results for void fraction. This combination is cutrently used for
McGuire/Catawba cores with the Mark-BW fuel. However, the Zuber-Findlay correlation is
applicable only to qualities below approximately 0.7, and there is 2 discontinuity at a quality of
1.0. The licensee proposes o replace this combination with the combination of EPRI

4



-5.

subcooled and bulk void models. The use of the EPRI bulk void mode!, which is essentially the
same as the Zuber-Findhy model except for the equation used to calculate the drift velocity, is
to eliminate a discontinuity at qualities about 1.0, Also, the use of the EPRI subcooled void
mocsl is for overall model compatibility to have the EPRI models cover the full range o void
fraction required for periorming departure-from-nucieate-boiling calculations. To evaluate the
impact of these model changes, the licensee performed an analysis of 51 RFA CHF test data
points using both Levy/Zuber-Findlay and EPRI models in VIPRE-01. The results show a
negfigible 0.1 percent difference in the minimum departure-from-nucleate-boding ratios
{ONBRs). Therefore, the staff finds that the use of the EPRI subcooled and bulk void
correlations for the analysis of the RFA design is acceptable. The acceptability of this revision
remains subject to the limitations set forth in the safety evaluation on VIPRE-01 (EPRI NP-
2511-CCM-A), DPC-NE-2004P-A and attendant revisions.

2.3.2 Critical Heal Flux (CHF) Correlation:

The licensee stated that the WRB-2M CHF correlation, described in the Westinghouse topical
report WCAP-15025-P-A (Ref. 19), will be used for the RFA design. The WRB-2M correlation
was developed by Westinghouse for application to new fuel designs such as the Modified
Vantage 54 and Modified Vantags SHAFM. The WRB-2M comelation was programmed into the
Westinghouse thermal hydraulic code THINC-IV or the VIPRE-01 thermal-hydraulic code for
the calculation of the local conditions within the rod bundles. The staff has reviewed and
approved the WRB-2M correlation with both THINC-IV and VIPRE-01 codes as described in
References 20 and 21. The WRB-2M correlation is also applicable o the RFA design because
of its similarity 1o the Vantage 5H fuel design. The staff concludes DEC's use of the WRB-2M
along with VIPRE-01 in the DNBR caleulations for the RFA design to be acceptable within the
ranges of applicability of important thermal hydraulic parameters spedified in the 'staff's sately
evaluation on WCAP-15025-P-A (Ref. 20)

. 2.3.3 Thermal-Hydraulic Statistical Core Design Mémodo!ogy:

The thermal-hydraulic analysis for the RFA design will be performed with the statistical core
design (SCD) analysis method described in DPC-NE-2005P-A, Rev. 1 (Ref. 18). The SCD
analysis technique differs from the deterministic thermal hydraulic method in that the etfects on
the DNB limit of the uncertainties of key parameters are treated stafisticafly. The SCD
methodology involves selection of key DNBR parameters, determination of their associated
uncertainties, and propagation of uncertainties and their impacts to determine a statisticat
DNBR fimit that provides an assurance with 85% probability at 85% confidence level that DNB
will not occur when the nominal values of the key parameters are input in the safety analysis.
The SCD methodology described in DPC-NE-2005P-A is identical to the SCD methodology
described in DPC-NE-2004P-A (Ref. 17) with the exception that the intermediate step of using a
response surface model to evaluate the impact of uncenainties of key DNBR parameters about
a statepoint is etiminated and replaced with the VIPRE-01 code to directly calculate the DNBR
vaiues for each set of reactor conditions. The staff has approved the SCD methodology with
restrictions that: (1) its use of specific uncertainties and distributions will be justified on a plant-
specific basis, and its selection of siatepaints used for generating the statistical design fimit will
be justitied to be appropriate; and (2) only the single, most conservative DNBR {imit of twa linits
proposed by DPC for separate axial power distribution’regions s acceptable. The licensee
subsequently submitted Appendix C to DPC-NE-2005P-A containing the plant-specific data and
limits with Mark-BW 17x17 type fuel using the BWU-Z CHF correlation, the VIPRE-01 thermal-
hydraulic computer code, and DEC SCD methodology to support McGuire and Catawba reload
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analyse& The staff previously found the BWU-Z melatbn and the swtlstml DNBR design
limit to be acceptable for the Mark-BW 17x17 fuel (Ref. 16).

Table 5.3 of DPC-NE-2009 provides McGuire/Catawba plant-specific data on the uncertainties
and distributions, as well as the justifications, of the SCD parameters, the WRB-2M CHF
correlation, and the VIPRE-01 code/model. Table 5-4 provides the McGuire/Catawba
statepoint statistical results with the WHB-2M CHF correlation for the RFA core. The statistical
design fimit of DNBR of 1.30 for the RFA core Is chosen to bound the all statistical DNBRs,

The staff finds them acceptable for the RFA design.

2.3.4 Transition Cores:

The licensee stated that for operation with transitional mixed cores having both the Mark-8W
fuel and RFA designs, the impact on the therma! hydraulic behavior of the geometric and
hydraufic differences between these two fuel designs will be evaiuated with an 8-channel core
model. This is done by placing the RFA design in the channels representing the fimiting hot
assembly and the Mark-BW fuel assemblies in the ¢ighth channel representing the rest of the
assemblies. The transifion core analysis models each fuel type in its respective location with
correct geometry and the form loss coefficients. A transition core DNBR penafly is determined
for the RFA design, and a consesvative DNBR penalty is applied for ail DNBR analyses for the
RFA/Mark-BW transiﬁon cores,

-To determine the transition mixed core DNBR penalty, the licensee has ro-analyzed the most
limiting full core statepoint used in the SCD analysis using the B-channel transition core modet.
The result of the transition core DNBR showed an increase of statistical DNBR by less than
0.2%, and the DNBR value is still loss than the statistical design fimit of 1.30 for the full core of
RFA design with the WRB-2M CHF correlation. Therefors, the staff concludes that the
statistical design limit of 1.30 can be used for both transition and full core analyses.

2.4 UFSAR Accident Analyses -

To support operation with transitional Mack-BW/RFA mixed core and full RFA cores, the
UFSAR Chapter 15 transients and acoidents analyses will be pedformed. The LOCA analyses
will be performed by Westinghouse using approved LOCA evaluation modeis. Non-LOCA
transients o;ind accidents will be performed by the Ecensee using previously approved
methodologies,

24.1 LOCA Anaiysas:

Waestinghouse will perform the large- and small-break LOCA analyses for operation with
transition arid full cores of the RFA design using approved versions of the Wastinghouse
Appendix K LOCA evaluation models (EM). The smafl-break LOCA EM (Ref. 22, 23) includes
the NOTRUMP code for the reactor coolant system transient depressurization and the
LOCTA-IV code for the peak cladding temperature calculation. The large-break LOCA EM
{Ref. 24) includes BASH and other interfacing codes such as SATAN-VI, REFILL, ani
LOCBART, for various phases. For opération of the transition Mark-BW/RFA cores, explicit
analyses will be performed simulaling the cross-flow effects due to any hydraufic mismatch
between the Mark-8W and the RFA casign, The licensee stated that if it determined a
teansition core penalty is required during the mixed core cycles it will be applied as an adder to
the LOCA results for a full core of the AFA design. Since the Westinghouse LOCA EMs, bolh
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the large- and small-break, are approved methodologies for PWR fue! designs, the staff
concludes they are acceptable for performing LOCA analyses for the RFA design.

2.4.2 Non-LOCA Transient and Accident Analyses:

The salety analyses of McQuire and Catawba UFSAR Chapter 15 non-LOCA transients and
accidents are performed with the RETRAN-02 system transient code and the VIPRE-01 core
thermal-hydrautic code. The non-LOCA transient analysis methodologies are described in
several topical reports. DPC-NE-3002-A, Rev. 1 {Rel, 25) describes the system transient
analysis methodology including the RETRAN model! nodalization, initial and boundary
conditions, and input assumptions regarding conirol, protection, and safeguard system
functions used in the safety analyses of all Chapter 15 non-LOCA transients and accidents,
except for thase involving signiticant asymmaetric core power peaking. DPC-NE-3001-PA
desctibes the methodologles for systematically confirming that reload key physics parameters
are bounded by values assumed in the Chapter 15 safety analyses and tor analyses of the
control rod ejection, steam line break, and dropped rod evernits which involve sigalficant
asymmetric core power peaking and require evaluation of multi-dimensional simulations of the
core responses. DPC-NE-2004P-A and DPC-NE-2005P-A describe the procedure used to
apply the VIPRE-01 code for the reactor core thermal-hydraulic analyses and the SCD
methodologies for the derivation of the statistical DNBR limit. DPC-NE-3000-PA (Ref. 26)
documents the development of thermal-hydraulic simulation models using RETRAN-02 and

. VIPRE-01 codes, including detaflied descriptions of the plant nodalizations, control system

models, code models, and the selected code options for McGuire and Catawba plants.

These methodologies have been previously approved by NRC for the analysas of non-LOCA
transients and accldents for McGuire and Catawba with the Mark-BW fuel design. A change of
reactor core fuet from Mark-BW (o the RFA design does not affect the conclusion of the
analytical capabilities of RETRAN-02 and VIPRE-D1, except for the need to change the inputs
1o refiect the RFA design in the safety analyses. The licensee performed a review of DPC-NE-
3000-PA and identified the nacessary changes in the existing transient analyses msthods for
perlormance of safety analyses in support of the RFA design. Minor changes are required to

“the volume and associated junction and heat conductor calcutations in the reactor core region

of the RETRAN primary system nodalization model to reflect the dimensional changes to the
RFA design. Input changes to the VIPRE mode! are required in core thermal lic analysis
1o reflect the RFA design geometry and form loss coefficienis. In addition, as in
Sections 2.3.2 and 2.4.3, respectively, of this safely evaluation, the WRB-2M CHF correlation
will be used for the DNBR calcutation, and the SIMULATE-3K code will be used in place of
ARROTTA for the nuciear portion of the control rod ejection accikdent analysis. The staff
concludes the non-LOCA safely analysis methodologies are acceptable for the RFA design.

2.4.3 Rod Ejection Accident Analysis Using SIMULATE-3K:

The rod ejection accident (REA) analysis methodology described in DPC-NE-3001-PA includes
the use of the three-dimensional space-time transient neutronics nodal code ARROTTA (Ref.
27) 10 perform the nuclear analysis portion of transient response; the VIPRE-01 code to model
the core thermal response including peak fuel enthalpy, a core-wide DNBR evaluation, and
transient core coclanl expansion; and the RETRAN-02 code 1o simulate the reactor coolant
system pressure response to the core power excursion. This methodology will continue to be
used for the REA analysis except for the use of the SIMULATE-3K code (Ref, 28) to replace
ARROTTA 10 perform the nuclear analysis of the response of the reactor core to the rapid
reactivity insertion resulting from a control rod being ejected out of the core.
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Section 6.6 of DPC-NE-2009 describes the REA analysis methodology using SIMULATE-3K ,
including a brief description of the code and models, code vetification and benchmark, and the
REA analysis application of SIMULATE-3K. SIMULATE-3K is a three-dimensional transient .
neutronic version of the NRC approved SIMULATE-3P computer code (Ref. 29) and uses the
same neutron ¢ross section library. It uses a fully-implicit time integration of the neutron flux,
delayed neutron precursors, and heat conduction models. The average beta for the time-
varying neutron flux is determined by performing a calculation of the adjoint flux solution, The
code user has the option of running the code with a fixed time step or a variable time step
depending on the sensitivity to changes in the neutronics. The SIMULATE-3K code has
incorporated additional capability to model reactor trips 3t user-specified limes in the transient or
following a specified excore detector response, which allows the user to specify the response of

individual detectors as required lo initiate the trip, as well as the time delay prior to release of the

control rods based on the excore detector response model. The ¢ode also permits the user
input to control the velcdty of the control md mvmm providing a different perspective for
each velocity chosen. .

The SIMULATE-3K code vendor, Studsvik of Amenca. Inc., had performed the code verification
and validation during its development 1o verify correctness of the coding and to validate the
applicability of the code to specified analyses and ensure compatibility with existing
methadology. The validation included berichmarks of the fuel conduction and ¢hermal hydrauiic
madels, the trangient neutronics model, and the coupled performance of the transient neutronics
and thermat-hydraulic models. The fuel and thermal hydraulic models were validated against
the TRAC code, while the neutronic model was benchmarked against the solutions of the
industry standard light water reactor problems generated by QUANDRY, NEM, and CUBBOX
(Ref, 30, 31, 32). Benchmarking of the coupled performance of the thermal hydraulic and
transient neutronics models was camied out against the resuits from a standard NEACRP
[Nuclear Energy Agency Control Rod Probiem) rod ejection pmblem tao the PANTHER code
(Ref. 33). Steady state comparison of S3K was performed against the NRC approved
CASMO-3/SIMULATE-3P, in addition, DPC performed comparisons of the SIMULATE-3K and
ARROTTA calculations for the reference REA analysis for the Oconee Nuclear Station showing
very good agreement for core power versus time for the ejection occurring at the end-of-cycle
fram the maxirnum allowable power level with 3 and 4 RCPs operating and from both beginning-
of-cycle and end-of-cycle at hat zero power and hot full power conditions. These SIMULATE-3K
validation benchmarks were presented in DPC-NE-3005-P (Ref. 34), which the staff has

reviewed for approval of using SIMULATE-3K for the analysis of the REA for the Oconee plants.

Section 6.6.1.3.3 of DPC-NE-2009 provides an additional benchmark of SIMULATE-3K by
comparing the SIMULATE-3K and ARROTTA calculations for the reference REA analyses
performed for beginning of life (BOC) and end of life (EQC) at hot-full-power (HFP) and hot-
zero-power (HZP) conditions for McGuire and Catawba Nuclear Stations. The reference core
used in the benchmark calculations was a hypothetical Catawbe 1 Cycle 15 core, which
represents typical fuel management strategies cuirently being develeped for reload core
designs at McGuire and Catawba. The comiparison between the SIMULATE-3K and ARROTTA
calculations of the core power fevel and nodal power distribution as functions of time during the
REA transient demonstrate the acceptability of the physical and numerical models of
SIMULATE-3K for application in the REA analyses for McGuire and Catawba Nuclear Statan.

Section 6.6.2.2 of DPC-NE-2009 describes the use of the SIMULATE-3K code to perform
license analysis of the design basis REA. The basic methodology as described in

4
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DPC-NE-3001PA remains unchanged with the exception of minor differences between
SIMULATE-3K and ARROTTA. The core power levels and nodal power distributions calculated
by SIMULATE-3K are used by VIPRE to determine the fuel enthalpy, the percentage of fuel pins
exceeding the DNB fimit, and the coolant expansion rate. All inputs to VIPRE, once supplied by
the NRC approved-code ARROTTA, are now supplied by SIMULATE-3K.

In the SIMULATE-3K nuclear analysis of an REA, a fuel assembly is typically geometrically
modeled by several radial nodes. Axial nodslization and the number of nodes are chosen to
accurately describe the axial characteristics of the fuel. For current fuel designs, a typical axial
nodalization of 24 equa! length fuel nodes in the axial direction is used. SIMULATE-3K explicitly
calculates neutron leakage from the core by use of reflector nodes in the radial direction beyond
the fuel region and in the axial direction above and below the fuel column stack. The fuet and
reflector cross sections are developed in accordance with the methodology described iri the
approved topical report DPC-NE-1004A for SIMULATE-3P.

The SIMULATE-3K REA analysis is performed at four statepoints: BOC and EOC at HZP and
HFP conditions for the delemmination of three-dimensional steady-state and transient power
distributions, as well as individual pin powers. Conservative input parameters are used fo
ensure that the rod ejection analysis produces limiting resutts that bound future reload cycles.
Sections 6.6.2.2.1 and 6.6.2.2.2 describe the methods to ensure conservatism in the analysis of
transient response by increasing the fission cross sections in the ejected rod locations and in
each assembly and by applying the “factors of conservatism” to the reactivity feedback for
moderator and fuel temperatures, control rod worths for withdrawal and insertion, effective
delayed neuron, and ejected rod worth, etc. In response to a staff question (No. 8, Ref. 14), the
licensee provided a description of the method of detarmining the *factors of conservatism.® The
staff has reviewed the overall SIMULATE-3K methodclogy, and found il to be acceptable for
application to the REA analyses for McGuire and Catawba.

2 4 4 Compliance with Safety Evaluation Conditions:

As discussed above, licensing analyses of reload cores with the RFA design use the
methodologies described in various topical reports for the analyses of fuel design, core reload
design, physics. thermal-hydraulics, and transients and accidents, which were approved by
NRC for analyses of currert McGuire/Catawba cores. These methodologies may have inherent
limitations, or conditions or restrictions imposed by the associaled NRC safety evatuations in
their applications. The acceptlability of the licensing analyses is subject to the application being
within the limitations of the methodologies used and the conditions or restrictions imposed in the
respective safety evaluations. In response to a staff question regarding the resolutions of these
imitations, conditions. and restrictions in the RFA reload safety analyses, the licensee provided
(Response to Question 11, Ref. 14) a list of restrictions imposed by NRC safety evaluations and
the comresponding resolutions in the application of the licensee's methodologies used for the
safety analyses of the non-LOCA transients and accidents. In addition, for the LOCA analyses
to be performed by Westinghouse, the licensee provided a Westinghouse response (Ref. 35)
regarding the safety evaluation restrictions and corresponding compliance far the 1985
SBLOCA Evaluation Model with NOTRUMP and the 1981 Evaluation Model with BASH, The
resolutions ar compliance with the conditions or restrictions provided in these responses provide
guidance for the licensee referencing DPC-NE-2009 in the RFA reload licensing analyses. The
staff concludes that the safety evaluation conditions have been properly addressed.
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2.5 Fuel Assembly Repair and Reconstitufion

Section 7.0 of DPC-NE-2009 describes the evaluation of the reconstitution or repair of fuel
assemblies having fafled fuel rods during refueling outages in an effort to achieva the zero fuel
defect goal during cycle operation. The primary replacement candidate for use in reconstitution
of faited fuel rods is a fuel rod that contains pellets of natural uranium dioxide, but solid filler
rods made of stainless steel, zircaloy, or ZIRLO would be used if focal grid structural damage
exists. The reconstitution of the RFA assembly with flller rods will be analyzed with NRC-
approved methodology and guidelines described in DPC-NE-2007P-A (Ref. 36), along with
other ficensed codes and correlations, to ensure accepiable nuclear, mechanical, and thermal-
hydraulic performance of reconstiluted fuel assemblies.

For a reload core using reconstituted Westinghouse fuel, Westinghouse hes reviewed the
effects of the reconstituted fuel with the criteria specified in Standard Review Plan 4.2 and
datermined that the only fuel assembly mechanical criteria impacted by reconstitution are fuel
assembly holddown force and assembly struciural response to seismic/LOCA loads.
Westinghouse has evahiated these effects on the LOCA analyses using the approved

methodology WCAP-13060-P-A (Ref. 37), and concluded that the reconstituted fuel assembly

designs are accaptable for both normal and faulted condition operations.

The ficensee’s July 22 and October 22, 1998, letters proposed changes to the Technical
Specifications with the technical jugtifications for these changes described in Chapter B ot
OPC-NE-2009. The licensee’s January 28, May 6 and June 24, 1999, letters provided revisions
to some of the proposed changes. The staff's evaluation follows.

2.6.1 Proposed Change to TS Figure 2.1.1-1!

The ficensee proposed 10 modify Figure 2.1.1-1, "Reactor Core Salety Limils - Four Loops in -
Operation,” by (1) deleting the 2455 psia safety limit fine, which is the current upper bound
pressute allowed for powsr operaiion; (2) combining separate Unit 1 and Unit 2 figures into onty
one figure; and (3) revising the other safety imit knes (see following paragraph). The resulting
Figure 2.1.1-1 was submitted by a letter, M. Tuckman to NRG, dated June 24, 1999 (Ref. 39).

The 2455 psia bounding pressure is based on the pressure range of the CHF corretation used -

in DNBR analyses of the Mark-BW fuel. Since the upper range of applicabllity of the WRB-2M
CHF correlation for the RFA design is 2425 psia, the 2455 psia safety Iimit line is deleted, and
the remaining safety imit lines with 2400 psia as the upper bound safety limit Ene are within the
range of the CHF correlations for the Mark-BW and RFA fuel designs. As described in its
response to a staff's question (No. 12, Rel. 14), the licensee has performed an evaluation to
ensure the remaining safety limit fines of Figure 2.1,1-1, which were based on the CHF
correlation for the Mark-BW fuel design and the hot leg boiling fimit, bound the safety limit for
the DNBR limit of the WRB-2M correlation for the RFA design, Both the full RFA core and the
transition RFA/Mark-BW cores were evaiuated o ensure that the established limits were
conservative. The DNBR values were greater than the design DNBR limit for all the cases in
both evaluation. Therslore, the safety limit lines in Figure 2.1.1-1, with the deletion of the 2455

psia safety limit line, are acceptable. :
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2.6.2 Proposed Changes to Surveillance Requirements 3.2.1.2,32.1.3, and 3.2.2.2

TS Surveillance Requirements (SRs) 3.2.1.2, 3.2.1.3, and 3.2.2.2, respectively, require the heat
flux hot channel! factor F, (x,y.z) and the enthalpy rise hot channel factor F,, (x.y) to be
measured periodically (cnce withiry 12 hours after achieving equilibrium conditions after a power
change exceeding 10% rated thermal power and every 31 efective full power days thereatter)
using the incore detector system to ensure the values of the total peaking factor and the
enthalpy tise factor assumed in the accident analyses and the reactor protection system limit
are not violated. To avoid the possibifity that these hot channel factors may increase and
exceed their aliowable limits between surveillances, these SRs currently specify a penalty factor
of 1.02 for the heat flux and enthalpy fise hot channel factors if the margin to the F, (x.y,z) or
F,n {x.y) has decreased since the pravious surveiltance, The 2% margin-decrease penalty was
based on the current reload cores,

For the reactor core containing the RFA fuel design with integral bumable absorbers, a larger
penalty may be required over certain burnup ranges early in the cycle due to the rate of burnout
of this poison. The lcensee proposed to remove the 2% penalty value from these SRs and
replace them with tables of penaity values as functions of bumup in the Core Operating Limits
Report {COLR) to facilitate cycle-speacific updates. Tables 8-1 and 8-2, respectively, provide
typicat values for the bumup-dependent margin-decrease penalty factors for the heat flux and
enthalpy rise hot channel factors. The actual values for the transitional core can not be

. provided until the fina! design for the core is complets. In response to a staff question (No. 13,

Rel. 14), the licensee provided the methadology for caiculating the bumup-dependent penaity
factors. In addition, Technical Specification 5.6.5 will reference topical report DPC-NE-2009,
which includes this response to the stafi’s question for the approved methodology used to
calcutate these penalty factors. The staff found the methodology and the inclusion ot the
bumup-dependent margin-decrease penalty factors in the COLR acceptable.

"2.6.3 Proposed Changelo TS4.2.1:

TS 4.2.1, "Fuel Assembies,” which specifies the design features for fuel assembﬂes wnn be
ravised to add ZIRLO ctaddmg 10 the fuel assembly description,

2.6.4 Proposed Changes to Section 5.6.5b:

By a letter dated May 6, 1999 (Rel. 38}, the licensee expanded the original amendment request
by proposing more changes in Section 5.6.5. The section lists ali tha topical reports previous!y
approved by the stafl. Thus these proposed changes are administrative or editorial. The staff
finds them afl acceptable as follows:

 WCAP-10216P-A, “Relaxation of Gonstant Axial Offset Control FQ Surveillance Technical
Specification” -- This is delated since It had been previousty replaced by ltem S (re-
numbered ftem 4), DPC-NE-2011P-A.

BAW-10168P-A, "BAW Loss-of-Codmri Acuiusni Evaluation Model for Recirculating
Steam Generalor Plants™ -~ The dates of the various staff safety evaluations have been
updated.

DPC-NE-3002A, "FSAR Chapter 15 System Transient Analysis Methodology” -- The
Revision number has been changed from “2" 10 "3". The staff’s salety evaluation date is
also updated.



-12 -

DPC-NE-3000P-A, “Thermal-Hydraulic Transient Analysis Methodology” — The Revision
number is changed lrom "1" to *2°, The staft's safety evaluation date is also updated.

DPC-NE-2001P-A “F sel Mechanical Reload Analysis Methodology for Mark-BW Fuef” -
This is deleted, and is replaced by DPC-NE-2008P-A.

BAW-10183P-A, “Fuel Rod Gas Pressure Criterion” -- This is deleted. DPC—NE-zooa?-A
references this report, and therefore there is no need for an individual fisting.

WCAP-10054P-A, “Westinghouse Small Break ECCS Evaluation Model Using the
NOTRUMP Cade™ — This report is applicable to the Westinghouse fuel.

DPC-NE-2000P-A, “Westinghouse Fuel Transition Report” — This report has been
evaluated in the above sections of this safely evaluation and found acceptable.

2.6.5 Proposed Changes to the Technical Specifications Bases Document:

The TS Bases is a icensee-controlled document and is not part of the Technical Specifications
(10 CFR 60.36(a)). However, the siaff reviewed the licensee’s proposed changes as
supplemental information for the TS changes evaluated abave. The Bases seclions for SR
3.2.1.2, 3.2.1.3 and 8.2.2.2 wlll be revised to reflect the corresponding TS changes. The staff
finds the proposed changes 10 the Bases acceptable.

3.0 REVIEW SuMI PIC AT

The staff has reviewed the licansee’s Topical Report DPC-NE-2009P and found it accepiabie
for referencing for analysis of reloads with Westinghouse RFA design. The topical report
refarences many topical reports, which provide methodologies for various aspects of the RFA
retoad licensing anafyses. Acceptability of DPC-NE-2008P remains subject to the limitations
set forth in the SERs on these topical reports,

4.0 STATE CONSULTATION

In accordance with the Commission’s regulations, North Carolina State official
Mr. Johnny James was notmed of the proposed issuancs of the amendmenls The official had
no comments.

5.0 ONMENTA SIDERATION

The amendments change requirements with respect to instaliation or use of a facility
component located within the restricted area as defined in 10 CFR Pant 20, and change
survelliance requirements. The NRC staff has determined that the amendments involve no
significant increase in the amounts and no significant change in the types of any effiuents that
may be released offsite and that there is no significant increase in individual or cumulative

. occupational radiation exposure. The stalf has previously issued a proposed finding that the
amendments involve no significant hazards consideration, and there has been no public
comment on such finding (63 FIX 69338, dated Decamber 16, 1998; 64 FR 35202, daled
June 30, 1999, and 64 FR 43771, dated August 11,'1999) . The licensee's Septembar 15,
1999, letter {Ref. 44) provided clarilying mformatxon that did not change the scope of the
application and the inftial proposed no significart hazards consideration determination,
Accordingly, the amendments meet the aligibility criteria for categorical exclusion set forth in
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10 CFR 51.22(c){9). Pursuant to 10 CFR 5§1.22(b), no environmemtal impact statement or
environmental assessment need be prepared in connection with the issuance of the
amendments.

6.0 CONCLUSION

The Commission has concluded, based on the considerations discussed abiove, that: (1) there
is reasonable assurance that the health and safety of the public will not be endangered by
operation in the proposed manner, (2) such activities will be conducted in compliance with the
Commission’s regulations, and (3) the issuance of the amendments will not be inimical to the
common delense and secutity or to the heaith and safety of the public.

Attachment: Technical Evaluation Report

Principal Contributor: Yi-Hsiung Hsil
: -~ Anthony Attard
Shih-Liang Wu
Peter Tam

Date: Septgmber 22, 1999
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

ek’ September 16, 2002

Mr. M. S. Tuckman .
Executive Vice President
Nuclear Generation

Duke Energy Corporation
526 South Church St
Chariottte, NC 28202

SUBJECT: CATAWBA NUCLEAR STATION, UNITS 1 AND 2 AND MCGUIRE NUCLEAR
STATION, UNITS 1 AND 2 RE: ACCEPTANCE FOR REFERENCING OF THE
MODIFIED LICENSING TOPICAL REPORT, DPC-NE-2005P (TAC NOS.
MB3105, MB3106, MB3173, AND MB3175)

Dear Mr. Tuckman:

The Nuclear Regulatory Commission staff has completed its review of the revision to the topical
report submitted by the Duke Power Company's (DPC) letters dated September 13, 2001, as
supplemented by letter dated August 14, 2002, entitled “Appendix E to Topical Report
DPC-NE-2005P, Duke Power Themnal-Hydraulic Statistical Core Design Methodology
(Proprietary)”. The report is acceptable for referencing in license applications to the extent
specified and under the limitations delineated in the report and the enclosed NRC evaluation.
The evaluation defines the basis for acceptance of the report.

The staff does not intend to repeat its review of the matters described in the report and found
acceptable when the report is referenced in a license application, except to ensure that the
material presented is applicable to the specific plant involved. Staff acceptance applies only to
the matters described in the report.

We request that DPC publish accepted versions ¢f this report, proprietary and non-proprietary,
within three months of receipt of this letter. The accepted versions shall incorporate this letter
and the enclosed evaluation between the title page and the abstract. The accepted versions
should include an “ -A” (designating accepted) following the report identification symbol.

Should NRC criteria or regulations chénge so that staff conclusions regarding the acceptability
of the report are invalidated, DPC will be expected to revise and resubmit their documentation,
or to submit justification for continued effective applicability of the topical report without revision

of their documentation.
Sln@
VO i

John A. Nakoski, Chief, Section 1

Project Directorate i

Division of Licensing Project Management
. Office of Nuclear Reactor Regulation

Docket Nos. 50-413, 50-414, 50-369 and 50-370
Enclosure: Safety Evaluation

cc w/endl: See next page
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
RELATING TO APPENDIX E TO TOPICAL REPORT DPC-NE-2005P
DUKE POWER THERMAL-HYDRAULIC STATISTICAL CORE DESIGN METHODOLOGY
CATAWBA NUCLEAR STATION, UNITS 1 AND 2
MCGUIRE NUCLEAR STATION, UNITS 1 and 2
DUKE ENERGY CORPORATION |

DOC 13, 50-414, 50-369, AND 50-370

0 INTRODUCTION

By letter dated September 13, 2001 (Reference 1), as supplemented by letter dated August 14,
2002 (Reference 2), Duke Power Company (DPC), a subsidiary of Duke Energy Company,

submitted for NRC review and approval, an Appendix E, “McGuire/Catawba Plant Specific Data,
Advanced Mark-BW Fuel, BWU-Z CHF Correlation,” to the report, DPC-NE-2005P, “Duke
Power Thermal-Hydraulic Statistical Core Design Methodology” (Reference 3).

The approval of DPC-NE-2005P in the staff's Safety Evaluation Report, as included in
reference 3, acknowledged that the statistical core design (SCD) methodology is direct and

general enough that it could be applicable to other pressurized-water reactors (PWRs)
however, it was approved with the following restrictions:

(1) The VIPRE-01 methodology for thermal-hydraulic analysis must be approved for
use with the core model.

(2) All correlations, including the critical heat flux (CHF) correlation, are subject to
the conditions in the VIPRE safety evaluation report (Reference 4).

(3) The methodology was approved for use in DPC plants only.

In addition to the above restrictions, DPC is required to justify on a plant-specific basis the
uncertainties and distributions used for each application. The selection of state points used for

generating the statistical destgn Ilmlt must also be justified to be appropnate on a plant-specific
basis. .

2.0 LUATION

The submittals contain the plant-specific data and statistical depahure from nucleate boiling
ratio (DNBR) limits for the McGuire and Catawba Nuclear Stations with the Advanced Mark-BW
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fuel design using the BWU-Z CHF correlation and provide details of the fuel assembly structural
and thermal-hydraulic features unique to the Advanced Mark-BW fuel design.

DPC's August 14, 2002, submittal describes the two separate fuel pellet materials that can be
used in this fuel design structure. When used with uranium fuel pellets, the fuel assembly is
called Advanced Mark-BW. If used with mixed-oxide fuel pellets, the fuel assembly is called
Mark-BW/MOX1. Since the issues in this report are applicable to these fuel designs, the term
Advanced Mark-BW in this report means both the Mark-BW/MOX1 and the Advanced Mark-BW
design. DPC states that the Advanced Mark-BW fuel design is an evolutionary improvement of
the successful Mark-BW17 fuel assembly design. The only thermal-hydraulic difference
between the Mark-BW17 fuel and the Advanced Mark-BW fuel is the addition of three mid-span
mixing grids for the Advanced Mark-BW design. Since the thermal-hydraulic features are the
same, the only impact the different fuel rod designs could have on the statistical DNBR limit is
in the radial and axial nuclear uncertainties of FNy, and F, in Table E-4 of the submittal
(Reference 1).

The analysis is for the McGuire and Catawba Plants (four-loop Westinghouse PWR's) with the
Advanced Mark-BW fuel. Approved methodologies including the VIPRE-01 thermal-hydraulic
computer code (Reference 5) and the McGuire/Catawba eight-channel model (Reference 6) are
used in this analysis. :

The SCD analysis described in Reference 1 includes: (1) state points which represent the
range of conditions to which the statistical DNB analyses limit will be applied; (2) uncertainties
that were selected to bound the values calculated for each parameter at McGuire and Catawba;
(3) the transition core model which determines the impact of the geometric and hydraulic
difference between the resident 17x17 Westinghouse robust fuel assembly fuel and the new
Advanced Mark-BW design; and (4) the statistical DNBR design limit for each state point
evaluated that was determined based on the 5§00 and 6,000 case runs.

The staff's concerns with respect to the SCD analysis in the areas of the applicability of the
approved methodologies (References 5,6, 7, and 8) for the Advanced Mark-BW fuel design,
the supporting data bases, and the mixed core application, were responded to by DPC's
submittal dated August 14, 2002 (Reference 2), and in discussions on the September 13, 2001,
submittal held with DPC on August 28, 2002. DPC indicated in those discussions that: (1) the
results of the SCD analyses in Table E-5 are used for selection of a conservative DNBR value
for McGuire and Catawba if the statepoints are within the range in Table E-6, otherwise, the
DNBR values in Table E-2 from non-SCD analyses will be used; (2) the mixed core flow
mismatch can be confirmed from the reactor core monitoring system; and (3) the analyses in
Tables E-2 and E-5 were performed as a mixed core to reflect the McGuire and Catawba core

designs.

Based on the NRC staff's review of Appendix E to topical report DPC-NE-2005P, and the
response to the staff’'s request for additional information (Reference 2), the staff finds
Appendix E, "Use of BWU-Z CHF Correlation with the Advanced Mark-BW Fuel Assembly,” to
be acceptable because of the following:

(1) NRC-approved methodologies (Thermal-Hydraulic SCD, the VIPRE-01 code, the |
mixed core model, and the BWU-Z CHF correlation) are used.
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. The larger of the two correlation limits préduced by VIPRE-01 or LYNXT will be
used for non-SCD analyses. This DNBR value is 1.19, as shown in Table E-2.

The conservative DNBR value of 1.36 from the 6,000 case runs will be used for
SCD analyses. ‘

The staff may audit the data bases used to support this application and the mixed core
calculation record file as part of the application review for the first plant that uses this
methodology. _

3.0 CONCLUSION

Based

on the above discussions, the staff concludes that the proposed use of the BWU-Z CHF

correlation with the Advanced Mark-BW fuel Assembly for McGuire Nuclear Station, Units 1 and

2, and

Catawba Nuclear Station, Units 1 and 2, as described in DPC’s submittals dated

September 13, 2002, and August 14, 2002, is acceptable.
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Mr. W. R. McCollum, Jr. W. R. Mcfothm, Jr- 3

Vice President, Oconee Site

Duke Energy Corporation

P. O. Box 1439 N

Seneca, SC 29679 '

SUBJECT: OCONEE NUCLEAR STATION UNITS 1, 2 AND 3 RE: TOPICAL REPORT
NUMBER DPC-NE-2005P USE OF BWU-Z CRITICAL HEAT FLUX
CORRELATION FOR MARK-B11 FUEL (TAC NOS. M98660, M98661, AND
M98662)

Dear Mr. McCollum:

By letter dated April 22, 1997, and supplemented by letters dated September 21, 1998, and
May 13, 1999, Duke Energy Corporation requested NRC review and approval of the use of the
BWU-Z Critical Heat Flux Correlation for Mark-B11 Fuel, which is described in Appendix D to
Topical Report DPC-NE-2005P, “Duke Power Company Thermal - Hydraulic Statistical Core
Design Methodology.” The submittal contains analyses of the Mark-B11 fuel assemblies (which
were analyzed using the BWU-Z critical heat flux correlation) and justifications for the specific
uncertainties and distributions used in the application, and for the selected statepoints used to
generate the statistical design limit.

The NRC staff was assisted in this review by its consultant, Pacific Northwest National
Laboratory (PNNL). Based on the information provided and the analysis and recommendations
provided by PNNL, we find the proposed Appendix D to DPC-NE-2005P to be acceptable.
However, this approval is subject to the conditions described in the Safety Evaluation, which are
also the commitments made in your letter dated May 13, 1999.

Sincerely,
% LaBarge, Senior Project Manager, Section 1
Project Directorate I
Division of Licensing Project Management
Office of Nuclear Reactor Regulation
Docket Nos. 50-269, 50-270 and 50-287

Enclosure: Safety Evaluation

cc w/encl: See next page
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-UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
LICENSING TOPICAL REPORT DPC-NE-2005P

DUKE ENERGY CORPORATION

OCONEE NUCLEAR STATION, UNITS 1,2, AND 3
DOCKET NOS. 50-269, 50-270, AND 50-287

1.0 INTRODUCTION

By letter dated April 22, 1997 (Reference 1), as supplemented September 21, 1998, and -

May 13, 1999, (References 2 and 3 respectively), Duke Energy Corporation (DEC), licensee for
the Oconee Nuclear Station, Units 1, 2, and 3, requested NRC staff review and approval of
Appendix D, “Oconee Plant Specific Data, Mark-B11 Fuel, Application of BWU-Z CHF
Correlation to Mark-B11 Mixing Vane Spacer Grid Fuel Design” (Reference 1), to DPC-NE-
2005P, “Duke Power Company Thermal-Hydraulic Statistical Core Design Methodology”
(Reference 4). The submittal contains analyses of the Mark-B11 fuel assemblies, analyzed
using the BWU-Z critical heat flux correlation, and provides the required justifications for the
specific uncertainties and distributions used in the application, and for the selected statepoints
used to generate the statistical design limit.

The staff was assisted in this review by its consultant, Pacific Northwest National Laboratory
(PNNL). The staff's evaluation includes the licensee’s submittal (Reference 1), the licensee’s
response to the staff’s request for additional information (RAIl) dated September 21, 1998
(Reference 2), and the licensee’s clatification dated May 13, 1999 (Reference 3). The staff has
adopted the findings recommended in our consultant's attached technical evaluation repoft.

2.0 EVALUATION

This review considered Appendix D “Oconee Plant Specific Data, Mark-B11 Fuel, Application of
BWU-Z CHF Correlation to Mark-B11 Mixing Vane Spacer Grid Fuel Design” to DPC-NE-
2005(P) “Duke Power Company Thermal-Hydraulic Statistical Core Design Methodology”. The
details of the evaluation are provided in the attachment.

This appendix contains plant-specific data for two-loop Babcock and Wilcox pressurized water
reactors and specific limits for the Oconee Nuclear Station with Mark-B11 fuel using the BWU-Z

ps

Enclosure
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form of the BWU critical heat flux (CHF) correlation. Approved methodologies, includihg the
VIPRE-01 thermal-hydraulic computer code (EPRI NP-2511-CCM-A, Vol. 1-4) and the Oconee
eight and nine channel models (DPC-NE-2003P-A), are used in this analysis.

The statistical core design (SCD) analysis includes: (1) statepoints that represent the range of
conditions to which the statistical DNB analyses limit will be applied; (2) uncertainties that were
selected to bound the values calculated for each parameter at Oconee and have not changed
except for the rod power hot channel factor (Fq), core flow measurement, and departure from
nuclear boiling ratio (DNBR) correlation; (3) the statistical DNBR design limit for each statepoint
evaluated that was determined based on the 500 and 5000 case runs; and (4) the

transition core model that determines the impact of the geometric and hydraulic difference
between the resident Mark-B10 series fuel and the new Mark-B11 design. The staff's concerns:
with respect to the statistical core design analysis in the areas of the applicable range of
conditions, the uncertainties for core flow, the hot channel factor Fq.and DNBR correlation, and
the mixed core penalty were clarified in the licensee's response to the staff RAl (Reference 2).

Based on our review of Appendix D to Topical Report DPC-NE-2005P and the response to the
staff's RAI (Reference 2), the staff finds Appendix D, "Application of BWU-Z CHF Correlation to
Mark-B11 Mixing Vane Spacer Grid Fuel Design" to be acceptable. However, this approval is
subject to the following conditions that were committed to by DEC in Reference 3:

(1) Omission of the parameter "Fq" from the SCD analysis of the Oconee plant with a new
fuel design must be justified for each particular case. Acceptance of its omission in the
case of Mark-B11 fuel does not constitute a general approval of its removal from the
parameters to be considered in this methodology.

(2) The applicability of a CHF correlation to mixed core geometries is an issue that must be
examined for each transition to new fuel to determine if the mixed core non-uniformities
take the local hot channel conditions outside the range of applicability of CHF correlation.

(3) The SCD analysis shall be reviewed and reviéed; as needed if the Mark-B11 CHF
correlation range of applicability is changed. :

3.0 CONCLUSION

Based on our review of Appendix D to the topical report DPC-NE-2005P and supplemental
information supplied by DEC, the staff concludes that Appendix D, "Application of BWU-Z CHF
Correlation to Mark-B11 Mixing Vane Spacer Grid Fuel Design" is acceptable. However,
actions should be taken whenever a new fuel design is introduced, as follows:

1. Omission of the parameter "Fq” from the SCD analysis of the Oconee plant with a new fuel
design must be justified for each particular case. Acceptance of its omission in the case of
Mark-B11 fuel does not constitute a general approval of its removal from the parameters to
be considered in this methodology.
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2. The applicability of a CHF correlation to mixed core geometries is an issue that must be
examined for each transition to new fuel to determine if the mixed core non-uniformities
take the local hot channel conditions outside the range of applicability of CHF correlation.
(

3. The SCD analysis shall be reviewed and revised as needed if the Mark-B11 CHF
correlation range of applicability is changed.

Attachment: Technical Report
Principal Contributor: Tai Huang

Date: June 8, 1999
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SUMMARY

With the corrections to Table 0-2 and 0-4 provided in the OPC response to the RAI (see
Reference 1), the plant specific data for Oconee presented in Appendix 0 of OPC-NE-2005P
are appropriate for use in the SCO analysis. The parameters are for cores containing Mark-
B11 fuel, and transition cores containing both Mark-B10 and Mark-B11 fuel assemblies.
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BACKGROUND

The Duke Power Company (DPC) statistical core design (SCD) methodology as documented in-
Topical Report DPC-NE-2005P-A was granted approval by the Nuclear Regulatory Commission
on February 24, 1995. This approva!l acknowledged that the statistical core design
methodology is direct and general enough to be widely applicable to any pressurized-water
reactor (PWR), with the following restrictions: "

(1) The VIPRE-01 methodology for thermal-hydraulic analysis must be approved for
use with the core model.

(2). Al correlations, including the critical heat flux (CHF) correlation, are subject to
the conditions in the VIPRE safety evaluation report (See Reference 2).

(3) The methodology is approved for use in Duke Power Company plants only.

In addition to the above restrictioris, DPC is required to justify on a plant-specific basis the
uncertainties and distributions used for each application. The selection of statepoints used for
generating the statistical design limit must also be justified to be appropriate, on a plant specific
basis.

The Topical Report DPC-NE-2005P-A includes an Appendix A with plant specific data for the
Oconee plant with Mark-B10 fuel assemblies (B&W fuel), using the BWC critical heat flux
correlation to determine the MDNBR limit. The current submittal, Appendix D, is for Mark-B11
fuel assemblies, analyzed using the BWU-Z critical heat flux correlation. The purpose of
Appendix D is to provide the required justifications for the specific uncertainties and
distributions used in the application, and for the selected statepoints used to generate the
statistical design fimit.

EVALUATIONS _ .

The presentation of the plant-specific data for Oconee with Mark-B11 fuel is exceedingly terse
in Appendix D. This made it extremely difficult to evaluate the justification for any changes in
the plant specific data, or the selection of the set of statepoints used in the analysis. In
response to a request for additional information (see Reference 1), DPC provided additional
documentation of the means of justifying the specific uncertainties for the Mark B-11 core.

There are four major changes in the plant specific parameters used in the analysis of the
Oconee core with Mark-B11 fuel (compare Table D4 of the submittal with Table A-2 of
DPC-NE-2005P-A, Appendix A). The core flow uncertainty is larger, the Fq parameter is also
larger, the hot channel factor area uncertainty is unchanged (despite significant changes in the
geometry), and the parameter Fq" has been omitted entirely from the analysis. These changes
were merely reported in the original submittal, and no justification was given. However,
additional information supplied in response to the RAI provided adequate justification for the
changes. The change in the flow uncertainty is the result of re-calculating the Chapter 15
transients for Oconee with Mark-B11 fuel using the BWU-Z comrelation for combinations of 4, 3,
and 2 pump operation. The parameter Fq is based on the rod power hot channel factor
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" supplied by the fuel vendor and the approved value of the radial peak uncertainty. The hot
channel factor area uncertainty is based on information supplied by the fuel vendor and will be
verified by inspection of the final fuel assemblies and components. The specific value of 3.00%
for Oconee bounds particular acceptance criteria for the fuel, and. cannot be exceeded

without invoking additional analyses to determine the effect on the statistical design limit (see
Table 7 of DPC-NE-2005P-A).

Omitting the parameter Fq" from the analysis was justified by DPC based on work by other fuel
vendors (specifically, in WCAP-8202 and CENPD-207) showing that local heat flux spikes as
great as 20% above the local nominal heat flux do not have any noticeable effect on the
minimum DNBR. DPC believes that this effect is generic to PWR fuel, and states that it was
confirmed to be applicable to Mark-B11 fuel by the fuel vendor. In addition, the parameter Fq"
calculated by the vendor is much smaller for this fuel than for Mark-B10 fuel (a value of 1.41%
for Mark-B11, compared to 2.08% for Mark-B10.)

The additional information supplied by DPC shows that it is justifiable to omit the parameter Fq"
from the SCD analysis of the Oconee plant with Mark-B11 fuel. However, the assertion that the
parameter can be omitted in analysis of PWR fuel in general is too broad. Fuel designs
developed in future might conceivably have a different sensitivity to this parameter, and DPC
should be required to evaluate its applicability to each new fuel design. If it can be omitted for a
particular fuel design, DPC must provide justification for such omission, as required by the SER
for DPC-NE-2005P-A.

The discussion in Appendix D of the treatment of transition fuel cycles. when Mark-B1 0 and
Mark-B11 fuel would be co-resident in the core, is extremely vague and incomplete. In
response to the RAI, however, OPC provided additional details to clarify the method of
determining the transition core penalty and implementation of the options for its application. it
appears that the methodology used will capture the largest penalty applicable to a specific core
design.

Appendix D contains no discussion of the applicability of the BWU-Z CHF correlation to
Mark-B11 fuel in mixed cores. This is a serious oversight, since there are marked local
pressure drop differences between the Mark-B10 and Mark-B11 fuel assembly designs, even
though the overall pressure drop is essentially the same. The local differences (due to
differences in the grid design) will result in subchanne! flow distributions in the vicinity of the
spacer grids that are significantly different from the distributions in a uniform core of Mark-B11
fuel only. Since the BWU-Z CHF correlation is based on data for Mark-B11 fuel only, it is not
obvious that the correlation is applicable to cores containing both B-10 and B-11 fuel.
Additional information supplied by DPC referenced CHF testing by the fuel vendor' with a
5x5 test assembly simulating mixed core conditions (BAW-10143P-A). For the conditions
tested, there was no significant change in the accuracy of the BWC correlation for the bundle
modeling a mixed core, compared to results obtained for bundles modeling a uniform core.

'Framatome Cogema Fuels, formerly Babcock & Wilcox Fuel Company.
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This is evidence that the mixed core conditions do not resuit in local conditions in the
subchannel that are outside the range of the CHF comelation. Thermal-hydraulic calculations
with the VIPRE code show that the geometry corresponding to a mixed core of Mark-B10 and
Mark-B11 fuel produces local velocity distributions that differ from a uniform core by only about
one-fifth as much as the most severe conditions encountered in test data reported in BAW-
10143P-A. Based on these factors, DPC concludes that the BWU-Z correlation is also
applicable to mixed cores. :

This argument has several weaknesses. It is based on data for Mark-B10 fuel, not Mark-B11,
and the correlation used to evaluate the data was the BWC correlation, not the BWU-Z
correlation. Because CHF correlations are ad hoc fits to data sets rather than models based on
the physical behavior of the system, there is no reason to suppose as a general rule that what
is true of one fuel design and CHF correlation will be true of another fuel design and its CHF
correlation. In this particular case, however, it can be argued that there are two main reasons
to expect the BWU-Z correlation to behave in essentially the same manner as the BWC
correlation for a mixed core of B-10 and B-11 fuel. First, the fuel designs are from the same
vendor, and have similar physical geometry. Second, the CHF correlations share a common
developmental path, have similar form, and show similar fit to their respective databases. in
addition, DPC reports that thermal-hydraulic calculations show the non-uniformities for mixed B-

~10/B-11 cores will in general be much smaller than the conditions tested using the BWC

correlation in the bundle modeling a mixed core for Mark-B10 fuel.

For this case, DPC has shown that the BWU-Z CHF correlation can be expected to be
applicable to mixed cores of Mark-B10 and Mark-B11 fuel. However, this conclusion should not
be interpreted as laying to rest the generic issue of the applicability of CHF correlations to
mixed core geometries. This issue must be examined for each transition to new fuel, to
determine if the mixed core non-uniformities result in local hot channel conditions outside the
range-of applicability of the CHF correlation. At a minimum, subchannel thermal-hydraulic
calculations are needed to determine the magnitude of the most severe local velocity
depression in the hot channel. Test data obtained in bundles modeling a mixed core may be
necessary in some cases to fully resolve the issue.

The description of the range of applicability of the BWU-Z CHF correlation for system pressure
was not presented appropriately in the original submittal. Additional information supplied by
DPC corrected this deficiency, and a revised version of Table D-2 is included in the response to
the RAI (see Reference 1). This table shows that the design limit DNBR of 1.199 is applicable
to conditions between 700 and 1000 psia. Below 700 psia, the design limit DNBR is 1.59. In
addition, the response states that if a statepoint with pressure below 1000 psia is encountered
in an SCD analysis for Oconee, the applicable design limit DNBR will be used and the impact of
the higher correlation standard deviation on the statistical design limit will be calculated. If the
SDL for the new statepoint is greater than the licensing limit, the higher SDL will be used when
analyzing the lower pressure conditions. This procedure is in accordance with the approved
methodology, as described in DPC-NE-2005P-A.
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RECOMMENDATIONS

The plant specific data for Oconee with Mark-B11 fuel and for transition cores containing
Mark-B10 and Mark-B11 fuel is appropriate for use in the SCD analysis, based on the
justifications provided in the DPC response to the RAI (see Reference 1). This includes the
corrections to Table D-2 and D-4 provided in the DPC response to the RAI. However, approval
of these parameters for Oconee with Mark-B11 fuel does not constitute generic approval of all
matters in Appendix D pertaining to the SCD analysis. Specifically,

» Omission of the parameter Fq" from the SCD analysis of the Oconee plant with a new
fuel design must be justified for each particular case. Acceptance of its omission in the
case of Mark-B11 fuel does not constitute a general approval of its removal from the
parameters to be considered in this methodology.

+ The applicability of a particular CHF correlation to mixed core geometries is an issue
that must be examined for each transition to new fuel, to determine if the mixed core
non-uniformities take the local hot channel conditions outside the range of applicability
of the CHF correlation.

- The methodology requires that the approved CHF correlation for a given fuel design must be
used in the SCD analysis for the Oconee plant. As of this writing, the proposed CHF correlation
for Mark B-11 fuel (the BWU-Z correlation, submitted as Appendix E in Addendum 1 of
BAW-10199P) is under review and has not yet been approved by the NRC. Any changes to the
CHF correlation or restrictions in its application as a resuit of the NRC review must be evaluated
for effects on the application of the correlation to Mark-B11 fuel. If the CHF correlation range of
applicability is changed, the SCD analysis must be revised in accordance with the modification,
and the correlation must not be used outside the parameter range specified in the safety
evaluation report (SER) for application to Mark-B11 fuel.
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Washington D. C. 20555-0001

ATTENTION: Document Confrol Desk

Subject: Oconee Nuclear Station
Docket Numbers 50-269, -270, and -287
Duke Commitment to Conditions of SER and
Clarification of Topical Report DPC-NE-2005
Revision Level

Duke Energy Corporation Topical Report DPC-NE-2005, “Duke Power
Company Thermal-Hydraulic Statistical Core Design Methodology, *
was submitted to NRC in September 1992; approval was granted in
February 1995. This initial revision included Appendices A and
B, which contained Oconee and McGuire/Catawba plant specific
data. Subsequent to Rev 0, Duke submitted Appendix C on April
26, 1996 requesting approval for applying the BWU-Z CHF
correlation for analyses of the McGuire and Catawba reactor
cores with MkBW fuel. Appendix C contained McGuire/Catawba
plant specific data for MkBW fuel using the new CHF
correlation, BWU-Z. Appendix C was approved on November 7,
1996. Duke placed the November 7, 1996 NRC Safety Evaluation
and Appendix C in the back of DPC-NE-2005 and entitled this
report DPC-NE-2005P-A, Rev 1. Rev 1 contains no unreviewed
technical information. It simply places previously NRC approved
documents DPC-NE-2005, Rev. 0 and Appendix C into the same
report.

Within this letter, Duke makes the following commitment:

Following NRC'’s approval of Appendix D (which was submitted in
a Duke letter to the NRC dated April 22, 1997) Duke will
incorporate the NRC's Safety Evaluation and Appendix D into
DPC-NE-2005P-A, Rev. 1 and at this time change the revision
level to DPC-NE-2005P-A, Rev 2. No other technical changes
will be made. .
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Further, Duke Energy Corporatlon accepts the following NRC
specified conditions applicable to use of the BWU-Z

critical heat flux correlation for Mark Bll fuel in the Oconee
reactors:

(1) Omission of the parameter “Fq” from the SCD analysis of
the Oconee plant with a new fuel design must be justified
for each particular case. Acceptance of its omission in
the case of Mark-Bll fuel does not constitute a general
approval of its removal from the parameters to be
considered in this methodology.

(2) The applicability of a CHF correlation to mixed core
geometries is an issue that must be examined for each
transition to new fuel to determine if the mixed core non-
uniformities take the local hot channel conditions outside
the range of applicability of CHF correlation.

(3) The SCD analysis should be revised as needed to reflect
the modification if Mark-Bll CHF correlation range of
applicability is changed.

If there are any questions, or additional information required,
please call R. M. Gribble at (704) 382-6160 or K. R. Epperson
at (704) 382-6785.
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XC:

L. A. Reyes, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II

Atlanta Federal Center

61 Forsyth St., SW, Suite 23T85
Atlanta, GA 30303

D. E. Labarge, NRC Senior Project' Manager (ONS)
U. S. Nuclear Regulatory Commission

Mail Stop 0-8 H12

Washington, DC 20555-0001

M. A. Scott
NRC Senior Resident Inspector (ONS)
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%' ' ¥ I WASHINGTON, D.C. 20655-0081
, & November 7, 1996
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) PRUE: ;
Mr. M. S. Tuckman o f i
Senjor Vice President NOV | 4 1996 L-J;
Nuclear Gengration ‘ I
Duke Power Company A
P. 0. Box 1006 REGULATORY COP\‘H-"L!M\JC‘x:l

Charlotte, NC 28201

SUBJECT: SAFETY EVALUATION ON THE USE OF THE BWU-Z CRITICAL HEAT FLUX
CORRELATION FOR MCGUIRE NUCLEAR STATION, UNITS 1 AND 2; AND CATAWBA

NUCLEAR STATION, UNITS 1 AND 2 (TAC NOS. M95267, M95268 AND M95333,
M95334)

Dear Mr. Tuckman:

By letters dated October 13 and December 4, 1995, as suppiemented by letters
dated April 26 and September 5, 1996, Duke Power Company requested approval
for applying the BWU-Z critical heat flux (CHF) correlation for analyses of
the McGuire and Catawba reactor cores with Mark-BW 17x17 type fuel. The BWU-Z
CHF correlation for the Mark-BW 17x17 type fuel is one of the three h
applications stated in Babcock and Wilcox Fuel Company’s (BWFC’s) (now
Framatome Cogema Fuels) Topical Report BAW-10199P, "The BWU CHF Correlations.”

This topical report was reviewed and approved by the NRC by letter dated
April 5, 1996.

Based on its review, the staff finds the proposed application of the BWU-Z CHF
correlation for the McGuire and Catawba Mark-BW 17x17 type fuel acceptable.
Our safety evaluation, which provides the results of the review, is enclosed.

Sincerfly,

/ 'ZW /)

rbert N. Berkow, Director
{ Project Directorate I11-2

~ Division of Reactor Projects - 1/11
Office of Nuclear Reactor Regulation

Docket Nos. 50-369, 50-370
§0-413, and 50-414

Enclosure: Safety Evaluation

cc w/encl: See next page




Duke Power Company

cc:

Mr. Paul R. Newton

Legal Department (PBOSE)

Duke Power Company

422 South Church Street

Charlotte, North Carolina 28242-0001

County Manager of Mecklenburg County
720 East Fourth Street
Charlotte, North Carolina 28202

Mr. J. E. Snyder

Regulatory Compliance Manager

Duke Power Company

McGuire Nuclear Site

12700 Hagers Ferry Road
Huntersville, North Carolina 28078

J. Michael McGarry, III, Esquire
Winston and Strawn

1400 L Street, NW.

Washington, DC 20005

Senior Resident Inspector

c¢/o U. S. Nuclear Regulatory
Commission

12700 Hagers Ferry Road

Huntersville, North Carolina 28078

Mr. Peter R. Harden, IV

Account Sales Manager
Westinghouse Electric Corporation
Power Systems Field Sales

P. 0. Box 7288

Charlotte, North Carolina 28241

Dr. John M. Barry’

Mecklenburg County

Department of Environmental
Protection

700 N. Tryon Street '

Charlotte, North Carolina 28202

McGuire Nuclear Statijon
Catawba Nuclear Station

Mr. Dayne H. Brown, Director
Division of Radiation Protection
North Carolina Department of
Environmental, Health and
Natural Resources
P. 0. Box 27687
Raleigh, North Carolina 27611-7687

Ms. Karen E. Long

Assistant Attorney General

North Carolina Department of
Justice

P. 0. Box 629

Raleigh, North Carolina 27602

Mr. G. A. Copp

Licensing ~ ECOS0

Duke Power Company

526 South Church Street o
Charlotte, North Carollna 28242 0001

Regional Administrator, Region 11
U.S. Nuclear Regulatory Commission
101 Marietta Street, NW. Suite 2900
Atlanta, Georgia 30323

Elaine Wathen

Lead REP Planner

Division of Emergency Management
116 West Jones Street

Raleigh, North Carolina 27603-1335

Mr. T. Richard Puryear
Owners Group (NCEMC)

Duke Power Company

4800 Concord Road

York, South Carolina 29745



Duke Power Company

cc:

Mr. M. S. Kitlan

Regulatory Compliance Manager
Duke Power Company

4800 Concord Road

~ York, South Carolina 29745

North Carolina Municipal Power
Agency Number 1 .

1427 Meadowwood Boulevard

P. 0. Box 29513

Raleigh, North Carolina 27626-0513

County Manager of York County
York County Courthouse
York, South Carolina 29745

Richard P. Wilson, Esquire

Assistant Attorney General

South Carolina Attorney General's
Office

P. 0. Box 11549

Columbia, South Carolina 29211

Piedmont Municipal Power Agency
121 Village Drive
Greer, South Carolina 29651

Saluda River Electric
P. 0. Box 929
Laurens, South Carolina 29360

Max Batavia, Chief

Bureau of Radiological Health

South Carolina Department of
Health and Environmental Control

2600 Bull Street

Columbia, South Carolina 29201

McGuire Nuclear Station
Catawba Nuclear Station

North Carolina Electric Membership
Corporation

P. 0. Box 27306

Raleigh, North Carolina 27611

Senjor Resident Inspector
4830 Concord Road
York, South Carolina 29745

Mr. William R. McCollum
Site Vice President
Catawba Nuclear Station
Duke Power Company

4800 Concord Road

York, South Carolina 29745

Mr. T. C. McMeekin
Vice President, McGuire Site

Duke Power Company
12700 Hagers Ferry Road
Huntersville, North Carolina 28078
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1.0 INTRODUCTION -

By letters dated October 13, 1995 (Reference 1) and December 4, 1995
(Reference 2), as supplemented by letters dated April 26, 1996 (Reference 3)
and September 5, 1996 (Reference 4), Duke Power Company (DPC or the licensee)
requested the use of the BWU-Z critical heat flux (CHF) correlation for
analyses of the McGuire and Catawba reactor cores, which consist of a full
core-of Mark-BW 17x17 type fuel assemblies. E

2.0 DISCUSSION/EVALUATION

The Ticensee submitted Appendix C to DPC-NE-2005P-A to support plant-specific
applications to the reload analyses for the McGuire and Catawba plants. :
Specifically, Appendix C contains the plant-specific data and limits with
Mark-BW 17x17 type fuel using the BWU-Z form of the BWU CHF correlation, the
VIPRE-01 thermal-hydraulic computer code (Reference 6), and Duke Power Company
thermal-hydraulic (T-H) statistical core design (SCD) methodology (Reference
7). The licensee stated that the BWU-Z form of the BWU correlation used in
the analyses for the McGuire and Catawba units is exactly the same as the
correlation used in BAW-10199P (Reference 5).

In addition, the licensee used the approved method as described in Reference 7
regarding the statepoint propagation. In its calculation of the statistical
Timit, the licensee increased the number of cases from 3,000 to 5,000 per
statepoint. The licensee stated that increasing the number of cases provided
higher confidence of defining the bounding behavior and reducing the
multipliers. The 5,000-case number was selected due to a balance between
computer vesources required for the calculation and the reduction in
statistical uncertainty to determine a conservative Statistical Design Limit

(SOL).

The maximum statepoint statistical value for departure from nucleate boiling
ratio (DNBR) for the 5,000-case propagation is given in Table C-4 of
Reference 3. This table also contains the values where case propagation is
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less than the 5,000-case propagation. The 5,000-case value will be used in
analyses with the BWU-Z form of the BWU CHF correlation for Mark-BW 17xI7 type
fuel at McGuire and Catawba.

The statistical design limit given in Table C-4 is applicable to this analysis
only when all statepoint parameters fall within the McGuire/Catawba key
parameter ranges given in Table C-5 of Reference 3.

DPC has also used the VIPRE-01 thermal-hydraulic computer code (Reference 6)
to calculate the measured-to-predicted (M/P) CHF ratios with respect to mass
velocity, pressure, or thermodynamic quality. The results show that the
average M/P value and the data standard deviation are within 1% of the values
reported in BWU CHF correlation (Reference 5). :

A comparison between the BWU-Z ranges of applicability for Mark-BW 17xI7 type
fuel database given in Table 4-1 of Reference 5 and the parameter ranges
provided in Table C-1 of Reference 3 shows a 0.01 difference in design limit
DNER using the LYNX and the VIPRE-01 code (1.19 design limit DNBR resulted
from the LYNX code versus 1.18 design limit DNBR resulted from VIPRE-01l code) .
However, DPC will use the larger of the two non-statistical correlation
limits.

The staff reviewed the submitals provided by DPC (Reference 1 through
Reference 4), and found that the proposed use of BWU-Z CHF correlation is
acceptable for use at the McGuire and Catawba plants. This conclusion is

based on core analyses that (1) both plants have a full homogeneous core of
Mark-BW 17 x 17 type fuel assemblies for upcoming reloads, (2) NRC-approved
methodologies (T-H SCD, VIPRE-01, and BWU-Z CHF) are used, (3) the larger of
the two correlation limits (VIPRE-01 or LYNX) will be used for non-SCD
analyses, and (4) the conservative result from the 5,000-case propagation will
be used for SCD analyses.

3.0 CONCLUSION

Based on the above discussions, the staff concludes that the proposed use of
BWU-2Z critical heat flux correlation for McGuire Nuclear Statiodn, Units 1 and
2, and Catawba Nuclear Station, Units 1 and 2, acceptable.

4.0 REFERENCES g

1. Letter from M. S. Tuckman to USNRC requesting review the use of the
BWU-Z critical heat flux co:relation, dated October 13, 1995.

2. Letter from M. S. Tuckman to USNRC discussing Duke Power Company intent to
use of the BWU-Z critical heat flux correlation, dated December 4, 1995.

3. Letter from M. S. Tuckman to USNRC submitting the Appendix to

DPC-NE-2005P-A, "McGuire/Catawba Plant Specific Data, Mark-BW Fuel BWU-2Z
Critical Heat Flux Correlation," dated April 26, 1996.
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Letter from M. S. Tuckman to USNRC responding to the USNRC's Request
for Additional Information regarding Appendix C to DPC-NE-2005P-A, dated
September 5, 1996.

BAW-I0199P, The BWU Critical Heat Flux Correlations, BWFC, November
1994 (Approved by letter from R. C. Jones to J. H. Taylor, dated
April 5, 1996).

DPC-NE-2004P-A, Duke Power Company McGuire and Catawba Nuclear
Stations Core Thermal-Hydraulic Methodology Using VIPRE-01, December
1991. . ; .

v ) .
DPC-NE-2005P-A, Duke Power Company Thexrmal-Hydraulic Statistical Core
Design Methodology, February 1995.

Principal Contributor: T. Huang

Date: November 7, 1996
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

February 24, 1995

Mr. H. B. Tucker

Senior Vice President
Duke Power Company

P.0. Box 1006
Charlotte, NC 28201-1006

Dear Mr. Tucker:

SUBJECT: ACCEPTANCE FOR REFERENCING OF THE MODIFIED LICENSING TOPICAL
» REPORT, DPC-NE-2005P, "THERMAL-HYDRAULIC STATISTICAL CORE DESIGN
METHODOLOGY" (TAC NO. M8518B1)

The staff has completed its review of the subject topical report submitted by
the Duke Power Company (DPC) by letter dated September 28, 1992. The report
is acceptable for referencing in license applications to the extent specified
~and under the limitations delineated in the report and the associated NRC
evaluation, which is enclosed. The evaluation defines the basis for
acceptance of the report. E

The staff does not intend to repeat its review of the matters described in the
report and found acceptable when the report is referenced in a license
application, except to ensure that the material presented is applicable to the

specific plant involved. Staff acceptance applies only to the matters’
described in the report.

In accordance with procedures established in NUREG-0390, DPC must publish
accepted versions of this report, proprietary and non-proprietary, within
three months of receipt of this letter. The accepted versions shall
incorporate this letter and the enclosed evaluation between the title page and
the abstract. The accepted versions shall include an -A (designating
accepted) following the report identification symbol.

Should NRC criteria or regulations change so that staff conclusions regarding
the acceptability of the report are invalidated, DPC will be expected to
revise and resubmit their documentation, or to submit justification for

continued effective applicability of .the topical report without revision of
their documentation.

Sincerely,

AL
’MA‘
Gary M./ﬁolahan, Director

Division of Systems Safety and Analysis
Office of Nuclear Reactor Regulation

Enclosure: NRC Evaluation
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RELATING TO THERMAL-HYDRAULIC SYATISTICAL CORE DESIGN METHODOLOGY

JOPICAL REPORT DPC-NE-2005P
EOR

THE DUKE POWER COMPANY

1.0 INTRODUCTION

By letter dated September 28; 1992 (Ref. 1), the Duke Power Company (DPC)
submitted for staff review and approval a report for use in core thermal-
hydraulic analysis. DPC submitted additional information on September 29,
1993 (Ref. 2) and again on February 15, 1994 (Ref. 3). This topical report
and the supplemental submittals document the development of core thermal-
hydraulic analysis based upon the statistical core design (SCD) methodology
using the VIPRE-01 computer code (Ref.4) for the DPC plants: McGuire, Catawba,
and Oconee nuclear stations.. .

The SCD method is a thermal-hydraulic analysis technique which computes
departure from nucleate boiling (DNB) margin by statistically combining core
and fuel bundle uncertainties. The submittal provides a description and
justification for applying uncertainties to the DPC DNB ratio (DNBR) limit
calculations using a statistical rather than a deterministic (traditional)
method. In 1991, NRC, as part of a reload review, approved limited
application of the SCD methodology described in References 5 and 6 for McGuire
and Catawba applications. By submitting this topical report, DPC proposes to
extend the use of this methodology to all DPC piants for the DNB analysis.

The objective of the subject topical report, therefore, is twofold: (1) to
formally present a description of the DPC SCD methodology and (2) to justify
its use for all DPC plants. In addition, DPC presented its rationale for
setting two separate statistical design limits. The underlying core thermal-
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hydraulic methodology based upon the use of VIPRE-01 was approved for all DPC
plants (Refs. 5 and 7).

The SCD methodology presented in the topical report is discussed in generic
terms in this review. Where applicable, plant-specific features are discussed
separately. :

2.0 STAFF EVALUATION

The review of "Thermal/Hydraulic Statistical Core Design Methodology, " report
DPC-NE-2005P, was performed with technical assistance from International
Technical Services (ITS). The ITS review findings are contained in the
Technical Evaluation Report (TER) which is attached to this safety evaluation

report. The staff has reviewed the TER and has concurred with all its
findings. '

The traditioral method for accounting for design and modeling uncertainties
that enter into the determination of a DNBR assumes that key input parameters
to the core thermal-hydraulic code are simultaneously at their worst level of
uncertainty. The currently licensed SCD methodology for McGuire and Catawba
assumes that, while the input parameters are occasionally at their worst case
values, the input uncertainties are independent and it is highly unlikely that
all the input parameters will take on their worst-case values simultaneously.
Therefore, the application of the SCD method differs from the deterministic
techniques in that the DNBR limit is obtained from statistical analysis of a
series of computations as a result of propagation of uncertainties about a
statepoint and associated distribution of the DNBR values. DPC has applied
the SCD method to simulate the direct computation of DNBR with VIPRE-01.

The TER discusses the DPC VIPRE methodology, the current and revised SDC
methodology, the selection of key parameters and uncertainties, propagation of
uncertainties, calculation of the statistical design limit (SDL) for DNBR,

flexibility of the methodology, and the statistical DNB behavior and use of
two DNBR limits. '
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During the review of DPC-NE-2005P, questions were raised on the use of two
DNBR limits. However, the responses were not detailed enough to supply the
information needed for resolving the possible use of two DNBR limits.
Therefore, the use of the SCD methodology is approved now for only the single,
most-conservative DNBR limit.

3.0 CONCLUSION

The staff has reviewed the subject topical report together with the DPC
responses and has found them to be acceptable with respect to documentation of
the statistical core design methodology using the VIPRE computer code subject
to the following restrictions:

1. The statistical core design (SCD) methodology developed by DPC, as
described in the submittal, is direct and general enough to be
widely applicable to any pressurlved water reactor (PWR) fuel or

reactor, provided that the VIPRE-01 methodology is approved with
the use of the core model and correlations including the critical
heat flux (CHF) correlation subject to the conditions in the VIPRE
safety evaluation report (SER). DPC committed in their topical
report that its use of specific uncertainties and distributions
will be justified on a plant specific basis, and also that its
selection of statepoints used for generating the statistical
design limit will be justified to be appropriate. This
methodology is approved only for use in DPC plants.

2. Of the two DNBR limits, only the use of the single, most-
Conservative DNBR limit is approved.

4.0 REFERENCES

1. Letter from H. B. Tucker (DPC) to USNRC, submitting "Duke Power Company
Thermal-Hydraulic Statistical Core De51gn Methodology! II DPC-NE-2005P,
September 28, 1992.
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Letter from H. B. Tucker (DPC) to USNRC, submitting "Thermal/Hydraulic
Statistical Core Design Methodology, DPC-NE-2005," September 29, 1993.

Letter from H. B. Tucker (DPC) to USNRC, submitting "Thermal/Hydraulic
Statistical Core Design Methodology, DPC-NE-2005," February 19, 1994.

Electric Power Research Institute, "Acceptance for Referencing of

Licensing Topical Report VIPRE-01: A Thermal-Hydraulic Code for Reactor
Cores, EPRI NP-2511-CCM Vols. 1-4," May 1, 1986.

Duke Power Company, "McGuire and Catawba Nuclear Stations Core Thermal-
Hydraulic Methodology Using VIPRE-01, " DPC-NE-2004, December 1988.

Letter from H. B. Tucker (DPC) to USNRC, submitting "Handouts Presented
in the October 7 & 8, 1991 Meeting with NRC Staff and Contract
Reviewers," October 16, 1991.

"Oconee Nuclear Station Core Thermal-Hydraulic Methodology Using VIPRE-
01," DPC-NE-2003P-A, August 1988.
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ITS/NRC/94-3

TECHNICAL EVALUATION:
THERMAL-HYDRAULIC STATISTICAL CORE DESIGN METHODOLOGY
TOPICAL REPORT DPC-NE-2005P
“FOR
THE DUKE POWER COMPANY

1.0 INTRODUCTION

DPC-NE-2005P, dated September 1992 (Ref. 1) was submitted by Duke Power
Company (DPC) for NRC review and approval. Additional information was

submitted on September 29, 1993 (Ref. 2) and on February 19, 1994 (Ref. 3).

This topical report and the supplemental submittals document the development

of core thermal-hydraulic analysis based upon statistical core design (S8CD) -
methodology using the VIPRE-01 computer code (Ref. 4) for the DPC plants;

McGuire, Catawba (M/C) and Oconee Nuclear Stations.

The SCD method is a thermal-hydraulic analysis technique which computes DNB
margin by statistically combining core and fuel bundle uncertainties. The
submittal provides a description and justification for applying uncertainties
to the DPC DNBR limit calculations wusing a statistical rather than a
deterministic (traditionmal) method. In 1991 NRC, as part of a reload review,
approved limited application of the SCD methodology described in References 5
and 6 for M/C applications. By submitting this topical report DPC proposes to
- extend the use of this methodology for the ONB analysis of all DPC plants.

The objective of the subject topical report, therefore, is twofold: (i) to
formally present a description of the DPC SCD methodology:; and (ii) to
justify its use for all DPC plants. In addition, DPC presented their
rationale for setting two separate statistical design limits. The underlying
core thermal-hydraulic methodology based upon the use of VIPRE-01 was
approved for all DPC plants (Refs. 5 and 7).

The SCD methodology presented in the topical report is discussed in generic
terms in this review. Where applicable, plant specific features are discussed
separately.

2.0 SUMMARY OF TOPICAL REPORT and SUPPLEMENTS

The topical report DPC-NE-2005 and its associated submittal document
descriptions of DPC's VIPRE-01 based statistical «core design (SCD)
methodology for all of DPC's nuclear stations. The SCD methodology described
in the topical has been approved as part of another review in a 1limited
scope. The submittal formalizes the documentation of methodology description
and justification for applying uncertainties to the DPC DNBR limit
calculations using a statistical rather than a deterministic (traditional)
method, since DPC proposes to extend the application of this methodology to




DNB analysis of all DPC plants.
In addition, DPC presented its rationale, and limited justification, for
setting two separate statistical design limits due to sensitivity of DNB to
the axial power distributions.

3.0 DPC Statistical Core Design Methodology

The traditional method for accounting for design and modeling uncertainties
that enter into the determination of a DNBR assumes that key input parameters
to the core thermal-hydraulic code are simultaneously at their worst level of
uncertainty. The currently licensed SCD methodology for McGuire and Catawba
assumes that, while the input parameters are occasionally at their worst case
values, the input uncertainties are independent and it is highly unlikely
that all the input parameters will take on their worst case values
simultaneously. Therefore, the application of the SCD method differs from the
deterministic techniques in that the thermal-hydraulic 1limit analyses are
performed by statistical analysis of a series of computations as a result of
propagation of uncertainties about a statepoint and associated distribution
of the DNBR values. DPC has applied the SCD method to simulate the direct
computation of DNBR with VIPRE-01.

3.1 DPC's VIPRE Methodology

DPC has, in place, NRC approved DNB methodology using the VIPRE-01 computer
code for all DPC plants. Both the current and revised SCD methodologies are
based on use of such NRC approved VIPRE methodology.

3.2 Current Methodology

The current DPC SCD methodology, based upon the B&W SCD method, relies upon
the use of the response surface model (RSM) to evaluate the impact of
uncertainties associated with each of the key parameters upon the DNB
behavior. Therefore, the range of applicability of the SCD method (therefore
the RSM) is limited by the range of values from which the composite design
points, used to determine the RSM equation, are selected.

In order to overcome the main limitation of the current SCD methodology with
respect to the statepoints which fall outside of the SCD range but which must
nevertheless be analyzed for certain transients, DPC developed a simplified
method which used VIPRE-01 directly and avoided use of the RSM.

The simplified method bypasses the RSM by directly computing DNBR with the
VIPRE-01 code based on the values for the key variables generated by the
propagation of uncertainties through the use of the Monte Carlo method. An
SCD limit is determined for each case as before and compared against the SDL.

3.3 Revised Methodology

The revised methodology, an extension of the simplified method, is similar to
other SCD methodologies in that (1) key parameters are selected, (2) their
asgociated uncertainties are propagated about a statepoint and (3) a large




number of DNBR's are calculated. However, with this methodology the
intermediate step of developing the RSM is eliminated. Instead, statistical
behavior at a statepoint is evaluated by observing the distribution of the
DNBR values and the mean and standard deviation of DNB for the given
conditions computed by use of a Monte Carlo method for selection of values of
the independent variable. All DNBR calculations are performed directly by the
use of the thermal-hydraulic code VIPRE.

This is an advantage since the applicability issue with the previous method
is eliminated. Further, if an assumed uncertainty should become non-
bounding, the limiting statepoint can be re-evaluated to determine the impact
of the changed parameter on the SDL.

3.3.1 Selection of Key Parameters

The key parameters (including reactor power, core flowrate, core exit
pressure, core. inlet temperature, radial power distribution and axial peak
magnitude and location) which significantly impact the. calculation of DNBR
used in the revised methodology are the same as those used in the previous
SCD methodology.

As DPC stated, these key parameters associated with DNBR are generic to US
PWRs and are independent of reactor design. Plant specific information

determines the uncertainties associated with each parameter.

3.3.2 Selection of Uncertainties

As in the previous SCD formulation, in order to statistically combine the

.effect of the uncertainties of the parameters, DPC determined the

uncertainties, uncertainty distributions and the uncertainty standard
deviations. An uncertainty distribution is established for each of the seven
variables with the nominal state conditions as the center. DPC's rationale

for assignment of uncertainty distribution was that a normal distribution was

assumed when the uncertainty was due either to measurement uncertainty or a
known statistical uncertainty distribution. Whenever such assumption could
not be reasonably made, DPC chose the conservative approach of assuming a
uniform distribution with estimated reasonable upper and lower bounds.

In addition to the seven variables related to the core and fuel conditions,
two other variables related to the analysis method are assumed to impact
computation of DNBR; code/model uncertainty and CHF correlation uncertainty.
The uncertainties asscciated with the code/model allows for uncertainties due
to the thermal hydraulic code and VIPRE core models.

The licensee stated in the topical report that the uncertainties and
distributions will be justified on a plant-specific basis in the reload
report for the first application of this methodology.

3.3.3 Propagation of Uncertainties

In order to combine the uncertainties to compute an overall DNBR uncertainty,
a Monte Carlo method analysis is performed using the distribution of



uncertainties defined with each variables. A Monte-Carlo computation is used
to select sets of values at random (weighted by the distribution functions)
about a statepoint of interest selected from a list of statepoints which form
the basis for the statistical design limit.

3.3.4 Calculation of Statistical Design Limit (SDL) for DNBR

Using the Monte-Carlo generated input for the DNB computation, VIPRE-01 is
run to calculate the DNBR for each case in a statepoint. The statistical DNB

evaluations are performed at two levels. The first level of evaluation
taking 500 propagated cases per statepoint is used to determine the DNB
behavior over the entire analysis space. The second group of statepoints

have 3000 cases each and contains a selected subset of the first group used
to evaluate the statistical DNBR values and to improve the associated
variance. Statistical analysis is then performed on the set of MDNBRs so
generated to determine the statistical design 1limit (SDL) to replace the
traditional DNB limit. ' ’

. The statistical design 1limit is determined from the largest coefficient of
variation based on the DNBRs computed by the Monte Carlo computations
referred to above which avoid DNB at a 95% probability/95% confidence level.

3.3.5 Flexibility of the Methodology

DPC selected a few cases to demonstrate the flexibility of the methodology to
changes in any of the key parameter uncertainty distribution, fuel designs or
statepoint conditions.

The methodology is direct and general enough to be widely applicable to any
fuel or reactor provided that the VIPRE-01 methodology is approved with the
use of the core model and correlations including the CHF correlation and the
uncertainties and associated distributions are reasonable.

3.3.6 Statistical DNB Behavior and Use of Two DNBR Limits

From the cases run with the above described method, DPC observed a dependence
of statistically determined DNBRs on the axial location of the power peak,
the magnitude of that peak and DNB 1locat ion. When examining a series of
" calculations with the peak located in the lower 2/3 of the core and what DPC
characterized as "flatter" power profiles, DPC observed a non-linear
relationship between the DNBR responses and the axial power peak location and
magnitude of the power peak. The study also indicated, for those cases, that
the predicted limiting SDLs involved the DNBR occurring at the end of
channel. DPC concluded that higher sensitivity of DNBR to certain key
parameters was accompanied by higher SDL for the statepoints selected.

Observing the ONBR sensitivity and coupling that to the fact that Chapter-15
type analyses are all performed with power profiles which do not yield DNBRs
near the limit, DPC proposed to divide the continuous DNBR space into two
regions by the degree of predicted DNBR sensitivity to the axial power
distribution: (1) One region contains the DNBRs predicted using the end-of-
hannel MONBR limited axial power distributions (flatter and bottom-peaked)



and (2) the other region contains all others. = Correspondingly, DPC
calculated separate statistical design 1limits for these regions. In the
region associated with the flat and bottom-peaked power distributions, the
predicted SDL was higher and a lower SDL value was computed in the other
region. The higher limit is'the one which would be ‘used if the traditional
one-limit methodology is to be approved.

The net result of DPC's proposed double limit would be that the lower limit
would be used in all Chap%er-ls type analyses. The method for determining
the line separating the two areas has a fundamental impact since use of the
lower limit results in a large gain in the margin.

However, the space to be divided is a continuous space, and there is a
gradual transition from the region of higher DNBR limit to the region of
lower DNB limits. DPC presented no definitive analytical method for dividing
this space. Furthermore, any subdivision could result in reduction of the
SDL from the current bounding DNBR 1imit and the result would be non-
conservative.

4.0 CONCLUSION

The subject topical report together with OPC responses were reviewed and
found to be acceptable with respect to documentation of the statistical core
design methodology using the VIPRE computer code subject to the following
limitations and restrictions:

1. The DPC developed statistical core design (SCD) methodology, as
described in the submittal, is direct and general enocugh to be widely
applicable to any PWR core, provided that the VIPRE-01 methodology is
approved with the use of the core model and correlations including the
CHF correlation subject to the VIPRE SER conditions. Furthermore, DPC
must demonstrate that DPC' s use of specific wuncertainties and
distributions based upon plant data and its selection of statepoints
used for generating the statistical design limit are appropriate.

2. This methodology is approved only for use in DPC plants.

3. For .the reasons set forth in Section 3.3.6, it is recommended that (i)
of the two DNBR 1limits, only the use of the single most conservative
DNBR limit be approved and (ii) the use of two SDLs not be approved at
this time and that it be handled as a separate issue to be resolved in
the future.
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ABSTRACT

This report presents Duke Energy Carolinas’s methodology for performing
statistical core thermal-hydraulic analyses. This method uses the models and
thermal-hydraulic code currently approved for the Oconee and

the McGuire/Catawba Nuclear Stations. The analyses method is based on

DNBR limits that statistically account for the effects on DNB of key
parameters such as reactor power, temperature, flow, and core power
distribution. This report details the methodology development, the

application to Duke plants, and the process for future technical

enhancements.
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Definitions

Case - A unique set of conditions analyzed by the thermal-hydraulic
computer code. These conditions are based on a statepoint and

include individual statistical variations of each key parameter.

Design DNBR Limit (DDL) - A numerical DNBR value that includes margin
above the statistical design limit and is used for DNBR analyses.
The DDL is calculated by multiplying the SDL by a fixed factor

such as 1.10.

Key Parameter - A physical parameter that is important to the

calculation of DNBR.

Statepoint - A unique set of fluid and reactor conditions evaluated for
DNBR performance. These conditions include reactor power,
pressure, temperature, coolant flow rate, and a three dimensional

nuclear power distribution.

Statistical Core Design (SCD) - An analysis method that statisticaily
combines the effects of all key parameter uncertainties

associated with DNB predictions.

Statistical Design Limit (SDL). - A numerical DNBR value resulting from
a SCD analysis that ensures, with a 95% probability at a 95%

confidence level, DNB will not occur.

Statistical DNBR - The numerical value calculated by the SDL equation

for a specific statepoint.



Revision History

Revision 0 is comprised of the main body of the report and Appendix A for
Oconee plant specific data (AREVA NP Mark-B10 fuel using the BWC CHF
correlation) and Appendix B fér McGuire/Catawba plant specific data
(Westinghouse OFA or AREVA NP Mark-BW fuel using the BWCMV CHF correlation).

The statistical DNBR limits (SDLs) are provided in the respective appendices.

Revision 1 added Appendix C, which documents the BWU-Z CHF correlation and
resultant SDL for use with AREVA NP Mark-BW fuel in McGuire/Catawba. In
addition to the new CHF correlation, this revision increased the number of

cases documented in Revision 0 from 3000 to 5000 cases.

Revision 2 added Appendix D, which documents the BWU-Z CHF correlation and
resultant SDL for use with AREVA NP Mark-Bll fuel in Oconee. In addition to
the new fuel and CHF correlation, this revision increased the number of cases
from 3000 to 5000, increased the turbulent mixing factof, and changed the

bulk void and subcooled void models from Levy/Zuber-Findlay to EPRI/EPRI.

Revision 3 added Appendix E, which documents the BWU-Z CHF correlation and
resultant SDL for use with AREVA NP Advancéd Mark-BW and Mark-BW/MOX1 fuel in
McGuire/Catawba. It is noted that the Advanced Mark-BW assembly described in
this revision is design used for the MOX lead test assembly (LTA) program.

In addition to the new fuel and CHF correlation, this revision increased the
number of cases from 5000 to 6000, changed the bulk void and subcooled void
models from Levy/Zuber-Findlay to EPRI/EPRI, and used the 8 channel mixed
core model to represent the MOX LTA surrounded by Westinghouse Robust Fuel
Assembly (RFA) fuel.

Revision 4 added Appendices F and G. Appendix F documents the B-HTP CHF
correlation and resultant SDL for use with AREVA NP Mark-B-HTP fuel in
chneé. In addition to the new fuel and CHF correlation, Appendix F changed
the turbulent mixing factor to be grid dependent, changed the bulk void and
subcooled void models from Levy/Zuber-Findlay to EPRI/EPRI, and used the 9
channel mixed core model to represent Mark-B-HTP fuel surrounded by Mark-Bll
and Mark-B-HTP fuel. Also, Appendix F introduced company specific
proprietary designations, with “D” being proprietary to Duke Energy and “A’
being proprietary to AREVA NP.



Appendix G documents the WRB-2M CHF correlation and resultant SDL for use
with Westinghouse Robust Fuel Assembly (RFA) fuel in McGuire/Catawba.
Ooriginal approval for applying the SCD methodology to RFA fuel and WRB-2M was
obtained upon approval of DPC-NE-2009, which was the methodology for
transitioning to RFA fuel. The content in Appendix G was consequently
approved several years prior to the inclusion of Appendices E and F in this
report. The content is subsequently moved to this report for completeness.
Several additional changes, relative to the body of this report, were also
made. The number of cases was increased to 5000, the LEVY/Zuber-Findlay bulk
void and subcooled void models were replaced with the EPRI/EPRI models, the
FAh was increased as was the axial peak. Furthermore, the AREVA NP BWU-N CHF
correlation was used in the first non-mixing vane grid span instead of the
WRB-2M CHF correlation.

Revision 4a includes editorial updates that do not change the technical

content of the report.



1.0 INTRODUCTION

The thermal-hydraulic design methodology accounts for the effects on
DNB of the uncertainties of key parameters such as power, pressure,
temperature and flow. Statistically combining these effects yields a
better quantification of the DNB margin which, in tqrn, enhances core
reload design flexibility. 5his report details the thermal-hydraulic
statistical core design methodology developed by Duke Energy Carolinas

for application to pressurized water reactors.

Several different statistical DNB analysis methods have been
approved and are currently in use by various vendors and utilities. All
the methods have slight differences but the major similarity is the
basic concept that statistical behavior is defined by the sensitivity
of DNB to key parameters and their associated uncertainties. When this
relationship is well defined, a high degree of confidence in the

applicability of the statistical DNB limit is assured.

1.1 METHODOLOGY

Duke Energy has developed a method to evaluate the statistical
behavior of DNBR that uses the VIPRE-01 thermal-hydraulic computer code
(Reference 1) to calculate the DNBR values for each set of reactor

L

conditions. Figure 2 shows the flowchart for this approach.

The SCD methodology is identical in most respects to other
statistical thermal-hydraulic analysis methodologies. Key DNBR
parameters are selected, their associated uncertainties are propagated

about a statepoint, and a large number of DNBR's are calculated. The



statistical behavior at that statepoint is evaluated by observing the
distribution of the DNBR values and the ﬁean and standard deviation of
DNB fér the given conditions. This same approach ié repeated over a
rénge of statepoints. The Statistical Design Limit (SDL) is based on
the largest coefficient of variation and therefore the largest

statistical DNBR value for the statepoints considered.

The statistical analysis method described in this report is applied
to both fhe Oconee (Babcock and Wilcox) and McGuire/Catawba
(Westinghouse) plant deéiggs. The main body of this report details the
specifics of the method and giveé tyﬁicél results. Two Appendices are
included that contain plant specific information and results. This is
necessary due to the differences in CHF correlations, fuel design, and
specific uncertainties for each plant design. Appendix A contains the
specific information for Oconee and Appendix B contains the same
information for McGuire/Catawba. The plant specific thermal-hydraulic
models and computer code configurations described in Reference 2 (DPC-
NE-2003P-A) and Reference 3 (DPC-NE-2004P-A) are used in this analysis

without modification.

This method of developing an SCD limit provides an accurate
representation of statistical DNB behavior because the thermal-
hydraulic code is used directly to perform all DNBR calculations. This
methodology consists of over 151,000 individual VIPRE-01 cases at

various statepoints.



1.2 FUTURE USES

One benefit of this thermal—hyaraulic analysis method is the ability
to anaiyze factors outside of the original scope of analysis for a
particular plant. This is due to the fact that the thermal-hydraulic
code is used directly to determine statistical behavior. For example,
if an assumed uncertainty should become non-bounding, the limiting
statepoint can be re-evaluated to determine the impact of the changed
parameter on the SDL. This method can also be used to evaluate a
statepoint outside the range of the original key parameters assumed. If
the statepoint statistical DNBR doés not exceed the SDL, the statepoint

can apply the licensed limit.

If the statepoint sﬁatistical DNBR does exceed the limit,
appropriate measures, such as increasing the design DNBR limit (DDL)
for that statepoint's analyses, can be used to ensure conservative DNBR
limits are used. (The design DNBR limit approach is discussed in
Section 2.5 of this report). This higher design limit will mean lower
allowable radial power distributions for the affected statepoint. The
higher limit would apply to all the subsequent analyses performed on
that set of conditions. Another alternative to increasing the design
DNBR limit is to use the available margin between the existing SDL and

design DNBR limits to account for the change.

Secondly, this statistical analysis method shows generic DNB
behavior that extends across fuel designs and plant types. The limiting
SDL value is primarily affected by the particular Critical Heat Flux
(CHF) Correlation used, the fﬁél assembly design, and the key parameter

uncertainties. This allows the methodology to be applied to new or



revised CHF correlations, or new fuel assembly designs, requiring only
the submittal of an additional Appendix that provides the same

information as included in the two attached.
2.0 STATISTICAL CORE DESIGN METHODOLOGY

The procedure for determining the statistical DNBR limit (SDL)

contains four steps:

1. Selection of key parameters
2. Selection of uncertainties
3. Propagation of uncertainties

4. Calculation of the statistical DNBR limit (SDL).

The key parameters associated with DNBR are generic to pressurized
water reactors and are independent of reactor design. The important

plant specific information is the uncertainties associated with each

parameter.

2.1 SELECTION OF KEY PARAMETERS

The key parameters used in this analysis are the parameters which

significantly impact the calculation of DNBR and include:

Reactor Power

Core Flow Rate (including effects of core bypass flow)
Core Exit Pressure

Core Inlet Temperature

Radial Power Distribution (including Hot Channel Factors)



Axial Peak Magnitude

Axial Peak Location

These seven parameters are used to set limits when performing reload
thermal-hydraulic analyses. A statepoint in this analysis is a defined

by a combination of all seven of these parameters.

The range of individual key parameter values in this analysis are
based on stateﬁoints that are using or will use the SCD DNB
methodology. A majority of the statepoints analyzed have mean Minimum
DNBR (MDNBR) values close to the statistical design limit itself. Table
1 shows typical statepoints that form the basis for the statistical
design limit {Table 1 in Appendices A & B shows the statepoints
analyzed for each plant}. Table 4 in Appendices A & B contains the
range of values for each key parameter represented by the analyzed
statepoints. The same information is provided in subsequent

Appendices, but not necessarily in Tables 1 and 4.

Since this method mechanistically evaluates each statepoint, new or
revised statepoints can be easily evaluated in the same manner. If, for
examp%e, the plant is uprated to a higher licensed power level or the
pressure/temperature points change or a new transient statepoint is
calculated, a propagation of the revised conditions about the limiting
point would be perférmed. If the licensed SDL is conservative, no
further action would be required. If the statistical DNBR value is
higher, appropriate compensatory measures will be applied to ensure the

allowable DNB behavior for the statepoint is conservatively bounded.




Duke Energy’s reload methodology, described in References 4 and 5,
gives special attention to the axial power distribution (axial peak
location and magnitude) in determining acceptable DNB performance. The
axial peak location and magnitudes evaluated in this analysis are
concentrated about a selected region. The axial power distribution area
of interest is based on the peak magnitudes and locations that are
typically predicted during the standard cycle design process. Figures
3A and 3B show a graphic representation of typical axial peak values
(Fz)rénd locations (Z) calculated by thé physics codes. Figure 3A is

for Oconee and Figure 3B shows the same data fOr McGuire and Catawba.

2.2 SELECTION OF UNCERTAINTIES

A statistical core design analysis combines the effects of
individual key parameter uncertainties that significantly affect DNB.
Typical uncertainties for a reactor design are shown in Table 2 {Table
2 in Appendices A & B shows the plant specific values}. The same
information is also included in ﬁhe subsequent Appendices if not always
in Table 2 of those Appendices. Distributions for the uncertainties
are assumed to be either normal or uniform. The basis for the type of
distribution assumed for each key parameter is included in the
Appendices. Two additional uncertainties are included, one for the CHF
correlation and one for code/model conservatism. The CHF correlation
uncertainty is based on the standard deviation of the correlation data
base ;ndvaccounts for the éorrelation's:uncertainty:in DNB predictions.
The code/model uncertainty allows for thermal-hydraulic code

uncertainties and simplified versus detailed core model differences.



2.3 PROPAGATION OF UNCERTAINTIES

Multiple random cases are generated for each statepoint by
independently varying all key parameters according to their associated
uncertainty value and distribution. The SAS (Reference 6) statistical
computer package random number function generators are used to create
the necessary distributions. The key parameter distributions are
calculated individually based on the type of uncertainty distribution

and uncertainty magnitude.

There are two different types of uncertainties analyzed. The first
type, denoted additive, is}an uncertainty that has a fixed value. An
example of this is the RCS“temperature ﬁncertainty of +/- 4 degrees F
(see Table 2). The value is the same number of degrees F everywhere it
is applied. The second type of uncertainty is called multiplicative and
is based on a percentage of the parameter. An example of this is the
radial power distribution uncertainty (3.25% in Table 2). Here, the
radial peak used in each statepoint has an impact on the magnitude of
the uncertainty. This statistical method of application accounts for
both the uncertainty magnitude and distribution tyfe (normal'or

uniform) .

A tdtal of either 500 or 3000 (or more) propagated cases (one case
being a set of the seven key parameters) are generated for each
statepoint. The different propagation sizes are compared to verify that
the statistical behavior is consistent between the two levels of
analysis and to be confident that the most limiting SDL is determined.

Table 3 contains an example of key parameter propagations that together



make up ten DNB cases for a given statepoint. The values were extracted

from a typical 500 case propagation.

As stated previously, this analysis method allows for direct
evaluation of the impact of increased uncertainties. If an uncertainty
value assumed in the original analysis is exceeded in the future, the
limiting statepoint can be re-analyzed with the changed value. If the
statepoint statistical DNBR does not increase above the licensed limit,

no further action is required. If it does, proper compensatory measures

can be applied.

2.4 CALCULATION OF THE STATISTICAL DNBR LIMIT

After the VIPRE-01 code is used to calculate the MDNBR's for each
case in a statepoint, the code/model and CHF correlation uncertainties
are appliedfand the coefficient of variation (CV) is calculated. Cases
that yield either a MDNBR value of less than 1.0 or that exceed the
guality limit of the CHF correlation used are excluded from the data
base prior to calculating the coefficient of variation. The
distribution of MDNBR's is checked for normality by performing the
D'Agostino (or D Prime) test on the final set of MDNBR values for each
statepoint. The most limiting CV calculated from all of the

statepoints is then used in the calculation of the SDL (see the SDL

equation below) .

The appropriate Chi Square (Chi?) and K factor (K) multipliers are
determined based on the final number of MDNBR's for each statepoint.

The statistical DNBR value for each statepoint is then calculated by

the following equation,



SDL = 1.0 / {1.0 - ( K * Chi? * cv}}

Table 4 contains example results of the mean, standard deviation,
coefficient of variation, énd the statistical DNBR Qélues calculated
for the Table 1 statepoints. {Table 3 in:Appendices A & B contains the
plant specific data. Subsequent Appendices include the same

information but in different table numbers.}

Table 4 contains two groups of statepoints in separate sections.
This is because the statistical DNB evaluations in this analysis were
completed at two levels. The first level of evaluation (500 propagated
cases/statepoint) is used to detefmine the DNB behavior over the entire
analysis space. The intent of the 500 case runs is to determine DNB
behavior with respect to axial and radial peaking conditions, core

power level, and changes in fluid conditions.

The second groﬁp of statepoints have 3000 cases each and are a
selected subset of the first group (denoted by -T after the statepoint
number) . This group is used to determine the SDL of DNB analyses for
each reactor type. Figuresl4A (500 cases) and 5A (3000 cases)
graphically show the results for Oconee“at a selected set of fluid
conditions. Figure 6A shows the comparisons of the same axial peak
locations and magnitudes ﬁor different fluid conditions. Figures 4B,
5B, and 6B show the corresponding graphs for the McGuire/Catawba

statepoints.



2.4.1 VARIANCE OF STATISTICAL DNB BEHAVIOR

Comparing all these Figures showing the statistical DNBR for

[ ] across a
range of fluid conditions and for diffefent fuel/reactor types, a
significant dependency | ] is observed. [

] show a more limiting statistical DNBR

behavior than the remaining points. To evaluate this, the sensitivity

of DNBRV[ : g ] was evaluated in two
manners.

First, the sensitivity of DNB [ -] was determined.
This was done by [ ‘]
constant and analyzing [ ] Figure 7A
shows the sensitivity of DNB [ ] for the BWC correlation

(Oconee). Figure 7B shows the sensitivity for the BWCMV correlation

(McGuire/ Catawba).

Two items of interest are displayed in this representation. The

first fact is that the slope {

] Secondly, the slope in
this area [ ] on the remainder of the

graphs The absolute value of the slope is the important factor in

determining the statistical response of a key parameter (slope is the

sensitivity of DNBR [ ] This indicates that [

10



] will have a different statistical

behavior than the area where the slope is less steep. Note the
agreement between Figures 7A and 7B (different fuel assembly designs
and CHF correlations). This consistency continues to affirm that this

observation is a mechanistic DNB behavior.
The second sensitivity evaluation varied all key DNB parameters of a
statepoint by their uncertainty magnitude and calculated the slope for

each (A DNBR / A parameter). These results are shown in Table 5. This

type of analysis shows [

Additionally, there is another phenomenon that is also present with

11



This more limiting statistical behavior has been evaluated for
generic applicability and was found to occur for each reactor type and
CHF correlation as shown by Figures 4A and 4B. The statistical behavior

[

] All these
factors point to the conclusion that this more limiting statistical
variance [ ] is a generic,
mechanistic DNB behavior and as such is applicable to any CHF

correlation and core model (Oconee, McGuire, Catawba, etc).

2.4.2 FLEXIBILITY OF THE ANALYSIS METHOD FOR MODIFIED PARAMETER
EVALUATIONS

Several different comparisons are included to demonstrate the
ability of this method to address changes in core models or uncertainty
distributions. Table 6 shows the results of three different
evaluations. The first section includes two points that show the
resultsrof changing a single key parameter's uncertainty distribution
from normal to uniform. Statepoints 33 and 34 from the McGuire/Catawba
evaluation were identical in all respects except for the RCS flow
distribution. In Statepoint 33, the distribution was normal (same for
all other statepoints) and in Statepoint 34 the distribution was
changed to uniform.vThe affects of this single parameter distribution

change is readily calculated and shown to be negligible.

The section has two points that show the impact of a VIPRE-01 model

change. Statepoints 37 and 38 both have identical conditions and

12



uncertainties. Statepoint 37 used the eight channel McGuire/Catawba
model from Reference 3 while Statepoint 38 used the fourteen channel
model from Reference 8. Again, the comparison is easily accomplished

and Table 6 shows the difference in the statistical DNBR values.

The third section contains a group of points that shows the
comparison between Westinghouse OFA and Babcock Wilcox Mark-BW 17x17
mixing vane fuel. Four statepoints were run with both fuei types at the
same fluid and power distribution conditions. The difference between
the models is the changed subchannel flow areas, wetted and heated
perimeters, gap connections, and grid form loss coefficients to
correctly reflect each fuel type. The comparison shows that the OFA
fuel model's behavior is the same as the Mafk-Bw model and the Mark-BW

SDL conservatively bounds OFA fuel for McGuire and Catawba analyses.
2.4 .3 FUTURE APPLICATIONS OF SCD METHODOLOGY

The fact that this analysis method is direct allows this statistical
approach to be applied to any fuel type or reactor using an NRC
approved thermal-hydraulic model and CHF correlation. Even 'if DNB
behavior showed a stronger or weaker fun;tionality for a different core
design or CHF correlation, this method would correctly reflect this
behavior in the statistical design limit or 1imits determined. If a new
CHF correlation is used by Duke or if a different plant is analyzed, an
additional Appendix will be submitted to the NRC detailing the model,
CHF correlation, uncertainties, and statepoints usea to determine the

SDL for the plant specified.

13



2.5 APPLICATION OF THE SCD LIMIT

Since the statistical DNBR behavior demonstrated in this analysis

shows [

The method for applying [

1 The NRC safety Evaluation
Report dated February 24, 1995 did not approve the use of two separate
Statistical DNBR limits. Consequently, the largest SDL is applied to
all peaking space. Additionally, DNB analyses may be performed using a

design DNBR limit (DDL) which includes margin above the statistical

design limit.

Should an analysis be performed that uses a new CHF correlation, or
for a new fuel design, statepoints will be analyzed to determine the
SDL. This information will be reported to the NRC by submitting a new

Appendix similar to Appendix A and B.

14



3.0 CONCLUSIONS

The methodology described in this report shows the major factors

affecting statistical DNB behavior are [

This analysis method can be used to evaluate new fluid statepoints
or revised uncertainties directly to determine the statistical limit.
As long as the SDL is not exceeded, the established limits can be
applied unmodified. If the statistical DNBR value for the new
conditions is higher than ihe current l%mit, appropriate compensation

measures such as increasing the design DNBR limit for the statepoint or

using available margin between the design and statistical limits can be

used. These actions penalize the statepoint by reducing the allowable

radial peaking to ensure acceptable DNB behavior.

' since Diuke's statistical thermal-hydraulic design methodology relies
solely on DNB behavior, any PWR facility can be analyzed using this
approach with an appropri;te core model and bounding uncertainties.
Also, new fuel designs or critical heat flux correlations can be
evaluated to determine the appropriate SDL. The results of such an
analysis would be submitted to the NRC for approval in the férm of an

additional Appendix that would contain the following:
1) Identification of the plant, fuel type, and CHF correlation

with appropriate references to the approved fuel design and

. CHF correlation topicals.
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. 2)

3)

4)

5)

Sstatement of the thermal-hydraulic code and model used with

appropriate references to the approved code topical report.

A list of the key parameters, their uncertainty values, and

distributions.
A list of the statepoints analyzed.

The Statistical Design Limits and how they are applied.

Table 7 contains a listing of some anticipated conditions and the

corresponding actions.

4.0 SUMMARY

This report describes the analysis method used to determine the

statistical core design DNB limit for reactor core thermal-hydraulic

analyses. This methodology is used to account for the impact on DNB of

the uncertainties of key parameters such as power, pressure,

temperature, and core peaking. The methodology determines the

statistical behavior of DNBR with respect to all these key parameters

for many different statepoints and provides a method of applying the

SCD DNB limits derived.

The specific SCD DNB limits for the Oconee and McGuire/Catawba units

are stated in the Conclusions section of the attached Appendices.
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TABLE 1. Typical Reactor SCD Statepoints

Stpt # Power Pressure Temperature Flow Axial Peak FAh

DNB Limit Line Statepoints
X 4

3

4

12

14

17

26

Loss Of RCS Flow Transient Statepoints
21
24

29

Uncontrolled Bank Withdrawal Transient Statepoint

w [

Nominal Operating Statepoints
16

27

19




TABLE 2. Typical Statistically Treated Uncertainties

Standard
Parameter Uncertainty / Deviation
Reactor Power +/- 2% / +/- 1.22%
Core Flow
Measurement +/- 2.2% / +/- 1.34%
Bypass Flow +/- 1.5%
Pressure +/- 30 psi
Temperature +/- 4 deg F
FNAy
Measurement +/- 3.25% / 1.98%
FEAy +/- 3.0% / 1.82%
Spacing +/- 2.0% / 1.22%
Fy +/- 4.41% / 2.68%
z +/- 6 inches
DNBR
Correlation +/-.16.78%'/ 10.2%
Code/Model [ | ]
20

Type of
Distribution

Normal

Normal
Uniform
Uniform

Uniform

Normal
Normal

Normal

Normal

Uniform

Normal

Normal



TABLE 3. Typical Monte Carlo Propagation Statépoint Values

(Values After Uncertainty Propagation of Stpt. # 1 from TABLE 1)

Base Statepoint

Casef Powerxr Press Temp Flow Fz FAh

o L | ]

IN

Propagation

Case# Power Press Temp Flow Fz FAh

N

1

50

100

150

200

250

300

350

400

450

500

21




TABLE 4. Example of Typical Statepoint Statistical Results

Section 1 - 500 Case Runs
Coefficient
Statepoint # Mean o1 of Variation

DNB Limit Line Statepoints
. -

3
4
12
14

17

26

Loss Of RCS Flow Transient Statepoints
21
24

29

Uncontrolled Bank Withdrawal Transient Statepoint

; C

Nominal Operating Statepoints
16

27

22

Statistical
DNBR




TABLE 4 - continued Example of Typical Statepoint Statistical Results

Section 2 - 3000 Case Runs
Coefficient
Statepoint # Mean [ of Variation

DNB Limit Line Statepoints
3-T
4-T

12-T

14-T

Nominal Cperating Statepoint

16-T [:

23

Statistical
DNBR




‘

TABLE 5. Individual Key Parameter Slopes At Statepoint Conditions

Key Parameter* Stpt 6 Stpt 25 | Stpt 9 Stpt 21
l
Power 3.54% 3.51% | 2.11% 2.37%
Pressure 0.16% 0.11% | 0.08% 0.07%
Temperature . 2.83% 2.02% | 1.56% 1.42%
Flow 3.41% 2.68% | 1.79% 1.46%
FAH 4.19% 3.37% | 2.46% 2.15%
Fz 1.24% 1.00% | 0.91% 1.14%
Z 1.04% 0.63% | 3.80% 2.39%
: I
Statepoint SDL = 1.385 1.388 | 1.325 1.323
Axial Power Dist.1.3®@0.2 1.2@0.3 | 1.3@0.8 1.8@0.2
(Fz @ 2) '

The statepoints listed above are from the McGuire/Catawba 500 case

runs. [

] Statepoints 6 and 25 [

Statepoints 9 and 21 [

* All values shown are in $DNBR per unit of parameter (ADNBR /
A parameter). For example, the first entry in the table of

[ ] means a [ ]' DNBR change for every 1% power
change.)
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Table 6. Uncertainty and Model Changes - Impact On Statistical DNBR
Behavior

Uncertainty Distribution Change
The following two statepoints show the change in the statistical
behavior for a fixed set of conditions if the RCS flow uncertainty
distribution is changed from normal to uniform.

RCS Flow Coefficient Statistical
Statepoint # Uncertainty Dist. Of Variation - DNBR
33 Normal 0.1244 1.301
34 Uniform 0.1226 1.295

Thermal -Hydraulic Model Detail Change
The following two statepoints show the change in the statistical
behavior for a fixed set of conditions using two different VIPRE-01
models.

’

McGuire/Catawba Coefficient Statistical
Statepoint # VIPRE-01 Model Of Variation DNBR
37 . 8 Channel 0.1244 A 1.301
38 14 Channel 0.1256 1.305

Minor Fuel Geometry and Design Changes
The following eight statepoints show the change in the statistical
behavior for the geometry and form loss coefficient changes between
Mark-BW and OFA fuel assemblies for the same fluid and peaking
conditions.

MARK-BW OFA

Coefficient Stat.
Statepoint # Of Variation DNBR

Coefficient Stat.
Statepoint # Of Variation DNBR

|
|
|

6 0.1489 1.385 | 40 0.1518 1.397
I

12 0.1279 1.312 | 41 0.1258 1.306
I

14 0.1222 - 1.294 | 42 0.1212  1.291
' |

16 0.1546 1.404 | 43 0.1512 1.391
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TABLE 7. SDL Evaluation And Re-Submittal Criteria

The following table lists different events or conditions that would
require an evaluation of the applicability of an approved SDL and the
subsequent actions based on the results of the analysis.

CONDITION

ACTION

Revised uncertainty larger than the limiting SDL < Limit, No Action.

value used in the original analysis.

Revised uncertainty distribution.

New statepoint.

Minor modifications to the current

fuel design.

A modified CHF correlation.

Change to a new fuel design/fuel type.

A new CHF correlation.

New Thermal-Hydraulic Code.

26

SDL > Limit, Specifically
compensate.

SDL < Limit, No Action.
SDL > Limit, Specifically

compensate.
SDL < Limit, No Action.
SDL > Limit, Specifically

compensate.

SDL < Limit, No Action.
SDL > Limit, Specifically
compensate.

SDL < Limit, No Action.
SDL > Limit, Specifically
compensate.

Evaluate, submit a new
Appendix for NRC approval
regardless of SDL values.

Evaluate, submit a new
Appendix for NRC approval
regardless of SDL values.

Evaluate, submit a new
Appendix for NRC approval
regardless of SDL values.
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FIGURE 2

SCD FLOWCHART

Determine Uncertainties

Muttiple
Statepoints

-

t

Propagate Uncertainties
{ Monte Carlo - VIPRE )

¥

Determine SCD Limit and
Design DNBR Limit (DDL)

To Applications
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Core Power, Tin, RC Flow,
Bypass Flow, Pressurs,

FA H-measurement, FEA H,
FAH Spacing, FZ, Z,
Code/Model, CHF Correlation



FIGURE 3A Oconee Physics Code Axial Power
Distributions (Peak Magnitude and
Locations)
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FIGURE 3B M/C Physics Code Axial Power
Distributions (Peak Magnitude and
Locations)
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FIGURE 4A
Oconee SDL Distribution At Constant
Conditions, BWC

500 Case Propagation
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FIGURE 4B
M/C SDL Distribution At Constant
Conditions, BWCMV)

500 Case Propagation
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BWC
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| FIGURE 5A
Oconee SDL’s For 3000 Case Statepoints,
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FIGURE 5B
M/C SDL’s For 3000 Case Statepoints, BWCMV
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FIGURE 6A
Oconee SDL’s For Various Conditions




FIGURE 6B
M/C SDL’s For Various Conditions
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FIGURE 7A Sensitivity of DNBR [
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FIGURE 7B Sensitivity of DNBR [
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FIGURE 8A [
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FIGURE 8B [
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APPENDIX A
Oconee Plant Specific Data




This Appendix contains the plant specific data and limits for the
Oconee Nuclear Station. The thermal hydraulic statistical core design was

performed as described in the main body of this report.

Plant Specific Data

This analysis is for the Oconee plant (two loop B&W PWR) with Mark-B
fuel assemblies detailed in Reference 2. The BWC critical heat flux

correlation described in Reference 9 is used.

Thermal Hydraulic Code and Model

The VIPRE-01 thermal hydraulic computer code (Reference 1) and the
" Oconee eight channel model approved in Reference 2 are used in this

analysis.

Statepoints

The statepoint conditions evaluated in this analysis are listed in

Table A-1.

Key Parameters and Uncertainties

The key parameters and their uncertainty magnitude and associated
distribution used in this analysis are listed on Table A-2. The range of

key parameter values is listed on Table A-4.




DNB Statistical Design Limits

The statistical design limit for each statepoint evaluated is iisted on
Table A-3. Section 1 of Table A-3 contains the 500 case runs and Section
2 contains the 3000 case runs. All statepoint SDL values repbfted in this
analysis are normally distributed. The statistical design limit using the

BWC CHF correlation for Oconee was determined to be [

] Figure A-1 graphically depicts the application
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Oconee SCD Statepoints

TABLE A-1.
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: TABLE A-1 Continued Oconee SCD Statepoints
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. NOTES:

@

. - 100% design flow is equal to four times 88,000 gpm/pump or
, 352,000 gpm total system flow.

: - 100% Full Power (FP) is equal to 2568 MWth.

. (1) Outlet temperature equalg 581.0 °F.

L

(2) [




Standard
Deviation

+ 1.0 %FP
+ 1.0 °F
+ 15.0 psi

+ 1.0 %design

2.84 %

+

2.91 %

+

TABLE A-2. Oconee Statistically Treated Uncertainties
Type of Type of
Parameter Uncertainty Distribution Uncertainty
Reactor System
Power Measurement Normal + 2.0 $%FP
Temperature Measurement Normal + 2.0 °F
Pressure Measurement Normal + 30.0 psi
Core Flow Measurement Normal + 2.0 %$design
Nuclear
FAh Calculation Normal = ~ =-----------
F, Calculation Normal = = -----------
z Calculation Uniform + 6.0 in
Fq" Calculation Normal
Fq Calculation Normal
Hot Channel Measurement Uniform [ ]
Flow Area
DNBR Correlation Normal = = ---=-------
DNBR Code Normal [
A-5




TABLE A-2 Continued Oconee Statistically Treated Uncertainties

Parametex

System Pressure

Inlet Temperature

Core Power

Core Flow

Radial Power, FAh

Axial Peak Power, Fz

Axial Peak Location, z

Justification

This uncertainty accounts for random
uncertainties in various instrumentation
components. Since the random uncertainties
are normally distributed, the square root of
the sum of the squares (SRSS) that results-in
the pressure uncertainty is also normally
distributed.

Same approach as System Pressure uncertainty.

The core power uncertainty was calculated

by statistically combining the various random
uncertainties associated with the measurement
of core power. Since the random uncertainties
are normally distributed, the srss of them
that results in the core power uncertainty is
also normally distributed.

Same approach as Core Power uncertainty.

This uncertainty accounts for the error
associated in the physics code's calculation
of radial assembly power and the measurement
of the assembly power. This uncertainty
distribution is normal.

This uncertainty accounts for the axial peak
prediction uncertainty of the physics codes.
The uncertainty is normally distributed.

This uncertainty accounts for the possible
error in interpolating on axial peak location
in the maneuvering analysis. The uncertainty
is one half of the physics code's axial node.
The uncertainty distribution is conservatively

‘applied as uniform.



TABLE A-2 Cdntinued Oconee Stat:‘istically Treated Uncertainties

Parameter

Local Heat Flux HCF, Fqg"

Rod Power HCF, Fg

’

Hot Channel Flow Area

DNBR - Correlation

DNBR - Code/Model

Justification

This uncertainty accounts for the decrease in
DNBR at the point of MDNBR due to engineering
tolerances. This uncertainty is also increased
to account for flux depression at the spacer
grids. The uncertainty is normally distributed
and conservatively applied as one-sided in the
analysis to ensure the MDNBR channel location
is consistent for all cases.

This uncertainty accounts for the increase in
rod power due to manufacturing tolerances. The
uncertainty in calculating the peak pin from
assembly radial peak is also statistically
combined with the manufacturing tolerance
uncertainty to arrive at the correct value.

The uncertainty is normally distributed and
conservatively applied as one-sided in the
analysis to ensure the MDNBR channel location
is consistent for all cases.

This uncertainty accounts for manufacturing
variations in the instrument guide tube sub-
channel flow area. This uncertainty is
uniformly distributed and is conservatively
applied as one-sided in the analysis to ensure
the MDNBR channel location is consistent for
all cases.

This uncertainty accounts for the CHF
correlation's ability to predict DNB. The
uncertainty is normally distributed.

This uncertainty accounts for the thermal-
hydraulic code uncertainties and offsetting
conservatism's. This uncertainty also accounts
for the small DNB prediction differences
between various model sizes. This uncertainty
is normally distributed.



Statepoint #
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TABLE A-3.

Oconee Statepoint Statistical Results

500 Case Runs -




TABLE A-3 Continued Oconee Statepoint Statistical Results

500 Case Runs

Statepoint #
42

43
44
45
46
47
48
49
50
52
53
54
55
56
57
58
59
60 |
61
62
63
64
65
66
67
68
69.
70
71
72
73
74
75
76
77
78
79
80
81
82




‘TABLE A-3 continued Oconee Statepoint Statistical Results

3000 Case Runs

Statepoint #
2-T
3-T
6-T
20-T
24-T
26-T
29-T
34-T
39-T
41-T
44-T
53-T
54-T
59-T
62-T
63-T
68-T
72-T
78-T

A-10



TABLE A-4 Oconee Key Parameter Ranges

Parameter Maximum Minimum

All values listed in this table are based on the currently analyzed
Statepoints. Ranges are subject to change based on future statepoint

conditions.

A-11
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APPENDIX B

McGuire/Catawba Plant Specific Data




This Appendix contains the plant specific data and limits for the
McGuire and Catawba Nuclear Stations. The thermal hydraulic statistical

core design was performed as described in the main body of this report.

Plant Specific Data

.This analysis is for the McGuire and Catawba plants (four loop
Westinghouse PWR's) with either Mark-BW or Optimized Fuel Assemblies as
described in Reference 3. The BWCMV critical heat flux correlation

described in Reference 10 is used for analyzing both fuel types.

Thermal Hydraulic Code and Model

The VIPRE-01 thermal hydraulic computer code (Reference 1) and the
McGuire/Catawba eight channel model approved in Reference 3 are used in

this analysis.

Statepoints

The statepoint conditions evaluated in this énalysis are listed in

Table B-1.



Key Parameters and Uncertainties

The key parameters and their uncertainty magnitude and associated
distribution used in this analysis are listed on Table B-2. The range of

key parameter values is listed on Table B-4.

DNB Statistical Design Limits

The statistical design limit for each statepoint evaluated is listed on
Table B-3. Section 1 of Tablé B-3 contains the 500 case runs and Section
2 contains the 3000 case runs. All statepoint SDL values listed in this
analysis are normally distributed. The statistical design limit using the

BWCMV CHF correlation for McGuire/Catawba was determined to be [

] Figure B-1 graphically depicts the

application [ ]




Stpt # Power

TABLE B-1.

Pressure

Flow

10
11
12
13'
14
15
16
17
18
19
20
21
22

23

Temperature

McGuire/Catawba SCD Statepoints

Axial Peak Radial Peak




TABLE B-1 - Continued

Stpt # Power Pressure

Temperature

Flow

McGuire/Catawba SCD Statepoints

Axial Peak Radial Peak

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

—




TABLE B-2. McGuire/Catawba Statistically Treated Uncertainties

Parameter

Cofe Power

Core Flow
Measurement
Bypass Flow

Pressure

Temperature

FNAL
Measurement
FEAR
Spacing

Fz

Z

DNBR

Correlation

Code/Model

Standard
Uncertainty / Deviation

+/-

+/-
+/-
+/-

+/-
+/-
+/-

+/-

+/-

2% / +/- 1.22%

2.2% / +/- 1.34%

1.5%
30 psi

4 deg F

3.25% / 1.98%

3.0% / 1.82%

2.0% / 1.22%

=N

.41% / 2.68%

6 inches

16.78% / 10.2%

]

Type of

Distribution

Normal

Normal

Uniform

Uniform

Uniform

Normal

Normal

Normal

‘Normal

Uniform

Normal

Normal



TABLE B-2 Continued McGuire/Catawba Statistically Treated Uncertainties

Parameter

Core Power

Core Flow
Measurement

Bypass Flow

Pressure

Temperature

Justification

The core power uncertainty was calculated by
statistically combining the uncertainties of the
process indication and control channels. The
uncertainty is calculated from normally distributed
random error, terms such as sensor calibration accuracy,
rack drift, ‘sensor drift, etc combined by the square
root sum of squares method (SRSS). Since the
uncertainty is calculated from normally distributed
values, the parameter distribution is also normal.

Same approach as Core Power.

The core bypass flow is the parallel core flow paths in
the reactor vessel (guide thimble cooling flow, head
cooling flow, fuel assembly/baffle gap leakage, and hot
leg outlet nozzle gap leakage) and is dependent on the
driving pressure drop. Parameterizations of the key
factors that control AP, dimensions, loss coefficient
correlations, and the effect of the uncertainty in the
driving AP on the flow rate in each flow path, was
performed. The dimensional tolerance changes were
combined with the SRSS method and the loss coefficient
and driving AP uncertainties were conservatively added
to obtain the combined uncertainty. : This uncertainty
was conservatively applied with a uniform distribution.

The pressure uncertainty was calculated by
statistically combining the uncertainties of the
process indication and control channels. The
uncertainty is calculated from random error terms such
as sensor calibration accuracy, rack drift, sensor
drift, etc combined by the square root sum of squares
method. The uncertainty distribution was
conservatively applied as uniform.

t

%

Same approach as Pressure.



TABLE B-2 Continued

Parameter

FNAg
Measurement

FEAR

Spacing

DNBR
Correlation

Justification

This uncertainty is the measurement uncertainty for the
movable incore instruments. A measurement uncertainty
can arise from instrumentation drift or reproducibility
error, integration and location error, error associated
with the burnup history of the core, and the error
associated with the conversion of instrument readings
to rod power. The uncertainty distribution is normal.

This uncertainty accounts for the manufacturing

variations in the variables affecting the heat
generation rate along the flow channel. This
conservatively accounts for possible ‘variations in the
pellet diameter, density, and Uy3g enrichment. This

uncertainty distribution is normal and was
conservatively applied as one-sided in the analysis to
ensure the MDNBR channel location was consistent for
all cases. '

This uncertainty accounts for the effect on peaking of
reduced hot channel flow area and spacing between
assemblies. The power peaking gradient becomes steeper
across the assembly due to reduced flow area and
spacing. This uncertainty distribution is normal and
was conservatively applied as one-sided to ensure
consistent MDNBR channel location.

This uncertainty accounts for the axial peak prediction

uncertainty of the physics codes. The uncertainty
distribution is applied as normal.

This uncertainty accounts for the possible error in
interpolating on axial peak location in the maneuvering
analysis. The uncertainty is one half of the physics
code's axial node. The uncertainty distribution is
conservatively applied as uniform.

This uncertaihty accounts for the CHF correlation's
ability to predict DNB. The uncertainty distribution
is applied as normal.

McGuire/Catawba Statistically Treated Uncertainties



TABLE B-2 Continued McGuire/Catawba Statistically Treated Uncertainties

Parameter ' Justification
DNBR
Code/Model This uncertainty accounts for the thermal-hydraulic

- code uncertainties and offsetting conservatisms. This
uncertainty alsoaccounts for the small DNB prediction
differences between the various model sizes. The
uncertainty distribution is applied as normal.

~




TABLE B-3.

Statepoint #
1

O3RN & WN

0

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

McGuire/Catawba Statepoint Statistical Results

be

500 Case Runs




TABLE B-3 Continued

Statepoint #

McGuire/Catawba Statepoint

3000 Case Runs

Statistical Results

|



TABLE B-4 McGuire/Catawba Key Parameter Ranges

Parameter Maximum Minimum

All values listed in this table are based on the currently analyzed
Statepoints. Ranges are subject to change based on future statepoint

conditions.

B-11
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Duke Power Company . M. S. Tuooun
P.0. Box 1006 L A ; ) . Senior Vice President
Charlotre, NC 28201-1006 o S " , Nucléar Generation
: ' ’ / ' ' (704)382-2200 Office
(704)3824360 Fax
DUKE POWER

September 29, 1993

U.S. Nuclear Requlatory Commission
Document Control Desk
Wwashington, D. C. 20555

Subject: Oconee Nuclear Station
Docket Nos. 50-269, -270, -287
McGuire Nuclear Station
Docket Nos. 50-369, ~370
Catawba Nuclear Station
Docket Nos. 50-413, -414
Thermal/Hydraulic Statistical Core Design Methodology,
DPC-NE-2005

By letter dated September 28, 1992, Duke Power Company submitted
Topical Report DPC-NE-2005, "Thermal/Hydraulic Statistical Core
Design Methodology." The NRC staff issued a request for additional
information (RAI) dated July 27, 1993. Attached are the responses
to the questions contained in the RAI.

In accordance with 10 CFR 2.790, Duke Power Company requests that
the attached information relating to DPC-NE-2005 be considered
proprietary. Information supporting this request is included in
the affidavit which appears as Attachment I.

If we can be of assistance in your review please call Scott Gewehr
at (704) 382-7581.

Very truly yours,

)\\~<S-(/;*‘J}b“--_

M. S. Tuckmanv

Printeses o 1oyl pODer




U. S. Nuclear Requlatory Commission
September 29, 1993
Page 2

cc: Mr. V. Nerses, Project Manager
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Stop 14H25, OWFN
Washington, D. C. 20555

Mr. L. A. Wiens, Project Manager
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Stop 14H25, OWFN

Washington, D. C. 20555

Mr. R. E. Martin, Project Manager
Office of Nuclear Reactor Regulation
U. S. Nuclear Regqulatory Commission
Mail Stop 14H25, OWFN

Washington, D. C. 205855

Mr. S. D. Ebneter, Regional Administrator

U.S. Nuclear Regulatory Commission - Region II
101 Marietta Street, NW - Suite 2900

Atlanta, Georgia 30323

Mr. G. F. Maxwell
Senior Resident Inspector
McGuire Nuclear Station

Mr. R. J. Freudenburger
Senior Resident Inspector
Catawba Nuclear Station

Mr. P. E. Harmon
Senior Resident Inspector
Oconee Nuclear Station

R. C. Jones, Branch Chief

Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Comnission
Mail Stop 8 E23, OWFN

Washington, D. C. 20555
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ATTACHMENT T
AFFIDAVIT OF M. S. TUCKMAN

I am Senior Vice President, Nuclear Generation Department,
Duke Power Company ("Duke"), and as such have the
responsibility of reviewing the proprietary information sought
to be withheld from public disclosure in connection with
nuclear plant licensing, and am authorized to apply for its
withholding on behalf of Duke.

I am making this affidavit in conformance with the provisions'

of 10 CFR 2.790 of the regulations of the Nuclear Regulatory
Commission ("NRC") and in conjunction with Duke's application
for withholding which accompanies this affidavit.

I have knowledge of the criteria used by Duke in designating
information as proprietary or confidential.

Pursuant to the provisions of paragraph (b) (4) of 10 CFR
2.790, the following is furnished for consideration by the NRC
in determining whether the information sought to be withheld
from public disclosure should be withheld.

(1) The information sought to be withheld from public
disclosure is owned by Duke and has been held in
confidence by Duke and its consultants.

(ii) The information is of a type that would customarily be
held in confidence by Duke. The information consists of
analysis methodology details, analysis results,
supporting data, and aspects of development progranms,
relative to a method of analysis that provides a
competitive advantage to Duke.

(iii) The information was transmitted to the NRC in confidence
and under the provisions of 10 CFR 2.790, it is to be
received in confidence by the NRC.

(iv) The information sought to be protected is not available
in public to the best of our knowledge and belief.

(v) The proprietary information sought to be withheld in
this submittal is that which is marked in the
proprietary version of the report DPC-NE-2005, "Thermal/
Hydraulic Statistical Core Design Methodology" and
supporting documentation, and omitted from the non-

proprietary versions.
L C/&l&v
ﬁ' 5'| \O" A TOSNY

M. S. Tuckman

(continued)



AFFIDAVIT OF M. S. TUCKMAN

This information enables Duke to:

(a) Respond to Generic Letter 83-11, "Licensee
Qualification for Performing Safety Analyses in
Support of Licensing Actions."

(b) Respond to NRC requests for information regarding
the transient response of Babcock & Wilcox and
Westinghouse reactors.

(c) Support license amendment and Technical
Specification revision request for Babcock & Wilcox
and Westinghouse reactors.

(vi) The proprietary information sought to be withheld from .
public disclosure has substantial commercial value to
Duke.

(a) It allows Duke to reduce vendor and consultant
expenses associated with supporting the operation
and licensing of nuclear power plants.

(b) Duke intends to sell the information to nuclear
utilities, vendors, and consultants for the purpose
of supporting the operation and licensing of
nuclear power plants.

(c) The subject information could only be duplicated by

competitors at similar expense to that incurred by
Duke. '

Public disclosure of this information is likely to cause
harm to Duke because it would allow competitors in the
nuclear industry to benefit from the results of a
significant development program without requiring a
commensurate expense or allowing Duke to recoup a portion
of its expenditures or benefit from the sale of the

I

M. S. Tuckman

(continued)



AFFIDAVIT OF M. S. TUCKMAN (Page 3)

M. S. Tuckman, being duly sworn, on his oath deposes and says that
he is the person who subscribed his name to the foregoing
statement, and that the matters and facts set forth in the

statement are true. 4
L UM IV
M. S. Tuckman

Syorn to _and, subscribed ' before me this ZE day of
W, 1993. Witness my hand and official seal.

.




Request for Additional Information and Responses
To Topical Report DPC-NE-2005P

The questions are shown in italics and the responses immediately follow.

1. Explain DPC's intent for this topical report. Does DPC seek its review with respect
to its plants or generic PWR application? How does DPC plan to deal with the re-
strictions and requirements imposed by the VIPRE-01 code SER?

The intent of this submittal is to outline a statistical Departure from Nucleate Boiling
methodology. In DPC-NE-2005, DPC has outlined a statistical analysis method that is
based on inherent behavior of the DNBR phenomena in pressurized water reactors. The
numerical value of the Statistical Design Limit (SDL) will vary, depending on the CHF
correlation used and parameter uncertainties assumed. However, direct use of the
VIPRE-01 thermal hydraulic code (rather than the RSM) to calculate the
phenomenological statistical variance of DNBR insures the direct applicability of this
method to many varying fuel designs and parameter conditions.

DPC seeks the following approval from the NRC regarding this report:

1) Review and approval of the methodology and the stated statistical DNB limits for
use at Oconee, McGuire, and Catawba based on the information in the body of the
report and the site specific information in the Appendices.

2) Review and approval of the use of the methodology for future analyses of non-
DPC reactors consistent with the commitments made in Section 1.3 and 2.5 of the
report. This involves development or justification of the models and uncertainties
used for any other site. If DPC were to extend this method to another PWR
facility, a separate submittal will be made detailing the intent and justification for
specific modeling assumptions, choice of flow models and correlations, and plant
specific input data, as well as the resulting statistical DNB limits. The form of
this submittal would be an additional Appendix to this report. This meets item (3)
of Section 3 of the VIPRE-01 SER. The SDL would be calculated using the
methodology outlined in the body of the report.

2. DPC previously submitted two sets of DNB models for each type of plant. One was
approved for use in steady-state type calculations and the other for use in transient
type calculations. Since there are differences between these models on the basic
level of model/input selection, discuss the impact of these differences on SDL
determined. The SCD is developed based upon a series of steady state calculations.
Explain how the SDL is used for transient analysis.

Both models used by DPC were included in the statistical propagations detailed in the
report. This is explained on page 14 of the report. Statepoints 37 and 38 in Appendix B
are identical in fluid and peaking conditions. Statepoint 37 was propagated with the eight
channel M/C model from Reference 5 and Statepoint 38 used the fourteen channel model



from Reference 6. Table 6 of the report (page 27) shows the results of this comparison.
The difference in Statistical DNBR's is negligible.

The determination of whether the SCD limit can be used for a transient is based on the
fluid conditions at the point of minimum DNBR (MDNBR) during the transient. If the
power, pressure, temperature, and flow rate of this statepoint fall within the parameter
range listed in Table 4 of the appropriate Appendix, the SDL can be used. All the
statepoint statistical propagations are made from a single set of fluid and peaking
conditions.

3. Discuss how "appropriate compensatory measures” will be applied to ensure the
allowable DNB behavior for the statepoint is conservatively bounded.

Please refer to the Definitions page (Page V) of the report for the following definitions:
Design DNBR Limit, DDL
Statistical Design Limit, SDL
Statistical DNBR
The term statistical DNBR applies to a specific statepoint, the SDL is the licensed limit,
and the DDL is the MDNBR value used in steady-state and transient DNB analyses.

As stated in the report, new statepoints or revised uncertainties can be evaluated
directly with this method. As long as the statistical DNBR value is less than the SDL, the
statepoint is conservatively bounded by the SDL. If, however, the statistical DNBR value
is larger than the SDL, actions can be taken to ensure that DNB predictions for the
condition meet the required 95/95 acceptance criteria. These compensatory measures
include either

1) Increasing the design DNBR limit for the statepoint.
2) Using available margin present between the statistical and design DNB limits
(between the SDL and the DDL).

Increasing the design DNBR limit (DDL) will increase the minimum DNBR that is
allowed in the analysis of the statepoint This requires another key transient analysis input
(such as maximum allowable peaking) to be reduced. Penalizing a statepoint in this
manner will ensure the required DNBR protection is maintained.

* Another equally valid method is to apply any unused margin already available between
the statistical (SDL) and design DNBR limit (DDL). This margin is inherently retained
.in all analyses by using the DDL in design calculations which includes margin above the
SDL. A portion of this margin is currently used to account for such things as reactor
vessel flow anomalies, instrumentation biases that cannot be statistically compensated
for, and physical changes to the fuel assembly not accounted for in standard models (such
as rod bow). The margin remaining after all of the DNBR penalties are accounted for can
be used to compensate for the increase in SDL required for a particular statepoint. Either
of these methods will conservatively adjust the MDNBR limit that must be met in the
analysis to ensure adequate protection is maintained.



"

4. Explain why RCS flow is varzed only between 100 and 106.5% and not below 100%
(see Table A-1 on p. A-3) even for low flow cases.

The percent flow listed for the low flow cases in Table A-2 is in error. The flow rate
used for all the statepoints identified as Low Flow in the Comments column was '

[79.8%.] Additionally, the Minimum flow value listed on Table A-4 for percent design

RCS flow should be [79.8%.] The corrected pages are included with this response.

Additionally, the flow chart in Figure 2 also contains a typo. The Propagate
Uncertainties box should have the words (Monte Carlo - VIPRE) underneath. The RSM
is not used at all in the revised method described by the report. A corrected page 30 is
also included.

5. Explain thoroughly how ranges of uncertainties and their associated standard
deviations are determined.

The numerical range of each uncertainty is selected to bound the value calculated for
the parameter. This ensures that conservative statistical behavior is calculated and allows
for changes in the uncertainty value without requiring re-analysis of the SDL.

(a) Explain how uncertainties in instrumentation are accounted for. What is meant
by the term "random uncertainty" (see Table A-2) ? Explain how it is related to
instrument error uncertainty.

The term "random uncertainty" used in Table A-2 of the report means the

_ instrument uncertainties such as sensor calibration accuracy, rack drift, sensor
drift, etc., that are combined by the SRSS method. The term was used because
the biases which are constant in sign (either positive or negative) are not included

in the propagation of an uncertainty and must be accounted for by another means,
such as a DNB penalty.

(b)  Identify the sources of the quantitative ranges of uncertainties and their
associated standard deviations (for both types of plants).

The source of the quantitative ranges and the standard deviations are provided on
Table 1 of this response for each plant. The statistical propagations for each
normally distributed parameter are based on the standard deviation numerical

values. Uniform uncertainty propagations are based on the uncertainty numerical
magnitude.




6. Explain thoroughly the mechanistic DNB behavior observed in Figures 74 and B.

Figures 7A and 7B in the report show the sensitivity of DNBR to axial peak location
and magnitude. This sensitivity was calculated by holding all other parameters (power,
pressure, temperature, flow, and radial peaking) constant. Both the BWC (7A) and
BWCMV (7B) CHF correlation results are shown.' These graphs show that the response
of DNBR varies with axial peak conditions.

(a)

()

Discuss why the sensitivity to the axial peaks and locations is significantly
stronger for Oconee than it is for M/C.

The evaluations contained in the report indicate that the numerical value of the
SDL is dependent on the CHF correlation used in the analysis. Table 5 in the
report contained individual parameter sensitivities to DNB for the BWCMYV CHF
correlation in both axial peak areas defined. Table 2 in this response contains an
identical sensitivity evaluation for the BWC and DCHF-1 CHF correlations in
both axial peak areas.

For the region of higher statistical behavior, comparison of the BWC and
BWCMV sensitivities shows the sensitivity calculated for each key parameter
with the BWC correlation has slightly higher sensitivity to DNBR. This results in
a higher final calculated SDL. The sensitivity values are more consistent when
the same evaluation is made in the lower SDL area and the corresponding
statistical DNBR's for the two correlations are almost identical. Correspondingly,
the DCHF-1 correlation has lower sensitivities in both areas and has the lowest
statistical DNBR in both cases.

Again, Table 2 in this response as well as Table 5 in the report (page 26) shows
that the behavior is remarkably consistent between Oconee and McGuire/Catawba
and is linked to axial power distribution. There is a difference in the numerical
value of the statistical DNBR, and the key to this is the CHF correlation being
used. DPC's conclusion is that the general behavior is mechanistic and this is
proven by the consistent behavior when the sensitivity is calculated for different
fuel types (15x15 non-mixing vane and 17x17 mixing vane), different fuel
‘vendors (Westinghouse and Babcock & Wilcox), and even different CHF

" correlations (BWC, BWCMYV, and DCHF-1).

DPC's conclusion based upon Figure 64 and B on p. 13 is not clear. Explain
further.

The discussion on page 13 and Figures 4A, 4B, 4C, 5A, 5B, 5C, 6A and 6B of
the report show how the statistical DNB behavior is much more dependent on
axial peak location than on the fluid parameter values for a particular statepoint,
the fuel type, or the CHF correlation. The Figure 4 and 5 series show how the
statistical DNB behavior changes with shifts in the axial power distribution. The
axial peak location has a large impact on the statistical DNB value. By contrast,
Figures 6A and 6B show how little the statistical DNB behavior changes with



large changes in the statepoint pressure, temperature, flow rate, and core power
variables. This means that if the SDL is determined in either of the axial power
distribution areas for one set of fluid conditions, this SDL value would be
consistent even if the fluid conditions changed dramatically.

7. Provide a table which identifies which DNB methodology is used for each transient
and explain each such selection.

The McGuire/Catawba DNB transients currently analyzed using the SCD methodology
are listed in Table 3 of this response. No transients are currently analyzed for Oconee
with the SCD methodology. All of the transients analyzed with the SCD methodology
were selected based on the values of the individual parameters at the point of MDNBR
during the transient as explained in the response to Question 2. If these values are within
the range for each parameter defined on Table 4 of the appropriate Appendix, the SCD
limit can be applied to the transient.

As discussed by the note below Table 4-A and 4-B, this parameter list is subject to
change. One of the advantages of the explicit evaluation method describe in the report is
the ability to specifically evaluate new conditions for SCD limit applicability. If a new
statepoint has a parameter(s) outside the given range, it would be analyzed and if the
current SCD limit is conservative, the table would be updated to show the expanded
range. The transient that generated the statepoint would then be included on the internal
DPC list (Table 3 of this response). This increased parameter range would not be
reported directly to NRC.

8. Explain the last two paragraphs of Section 2.4. Discuss the need to perform
statistical DNB analysis in two levels and with two different sample sizes.

The two different sample sizes were used to minimize the total number of cases
propagated for each set of fluid conditions analyzed. The first level of 500 cases per
statepoint is used to quickly evaluate the behavior of a statepoint with respect to the two

- axial peak areas. This shows the statistical DNB behavior and approximate numerical

SDL value for the fluid conditions being evaluated.

The second group of 3000 case statepoints are selected to calculate the limiting SDL
value for the reactor type being analyzed. The increase in number of cases to 3000
provides a more thorough evaluation of the statistical DNB response and improves
statistically the Chi Square and K factor multipliers used to conservatively increase the
coefficient of variation in the final SDL calculation. The licensed statistical design limit
is greater than the largest value calculated in all the 3000 case propagations for each axial
peak area.

DPC may increase the number of cases at a partacular statepoint for future evaluations
to take advantage of the improved effect on the statistical multipliers. This increase in
the number of cases is consistent with the methodology as presented and does not in any
way reduce the conservatism of the SDL limit calculated. Increasing the number of cases



simply reduces the statistical uncertainty associated with calculation of the coefficient of
variation. '

9. Explain the rational for and appropriateness of selection of certain sets of
statepoints to determine the impact of changes on statistical DNBR behavior (see
Table 6).

The evaluations in Table 6 of the report show how little the statistical DNB behavior is
affected by small modifications in the analysis. The first section shows the change for
identical conditions and models with a change in one parameter uncertainty distribution
(normal versus uniform). Section 2 shows the change if a different VIPRE-01 model is
used with the same fluid conditions, peaking conditions, and uncertainty distributions.
The last section shows the change with the same VIPRE-01 model, fluid conditions, and
uncertainties but with a different fuel design. As discussed in the response to question
6b, Figures 6A and 6B demonstrate the there is very little change in statistical DNB
behavior for large changes in the statepoint pressure, temperature, flow rate, or core
power variables. Thus, the sensitivity of the SDL to other changes can be evaluated
using a single statepoint.

All of these evaluations were included to further demonstrate that the statistical DNB
behavior and SDL are more closely related to the CHF correlation and axial power
distribution than to small perturbations in individual uncertainties, VIPRE-01 models, or
fuel type. This evaluations also provide the basis for the criteria for re-submittal or in-
house evaluation detailed on Table 7 (as explained in the response to Question 10).

10. Explain Table 7.

Table 7 in the report is intended as a guide for use by DPC in evaluating what action
must be taken for anticipated changes (a revised uncertainty, new fuel type, etc.). In all
cases, the evaluations will use the methodology detailed in the report. Basically, changes
that are anticipated to have a negligible or very small impact on the SDL will require
internal DPC evaluation. Only changes that have a significant impact on the calculated
SDL number will be submitted to the NRC for approval.

An example of the kind of anticipated events is a change in an uncertainty magnitude.
For this instance, limiting SCD statepoints in each axial power distribution area will be
evaluated to determine the impact on the SCD limit. If the statistical DNBR value is the
same or smaller than the SDL, no additional work is required. If the value is larger,
appropriate compensation measures will be used to conservatively compensate for the
change (as described in the answer to Question 3). This same approach will be used for
different uncertainty distributions, new fluid or peaking condition statepoints, or minor
modifications to the fuel assembly design.

For changes that will have a much bigger impact on the statistical DNB behavior, the
impact of the change will be evaluated and a new Appendix to this report submitted for

'NRC approval. This additional Appendix will have the same format and content as the




two already included in the report. Examples of when this approach would be used are a
completely new fuel assembly design, a new thermal hydraulic code, a new CHF
correlation, or DPC analysis of a third party's reactor.

A slight change to Table 7 is also included in the response to this question. The
original table required that a modified CHF correlation would require submittal of a new
Appendix. This has been changed to require an evaluation only. The term modified
means the form of the CHF correlation is the same, just a single factor or multiplier has
been changed or added. This change is because a modified correlation will not impact
the statistical DNB behavior and will not significantly change the SDL compared to the
original correlation. A modified correlation will still require a separate CHF correlation
topical submittal to the NRC. Any other changes that affect the correlation form will be
considered a new CHF correlation.

11. Provide the SDL if no distinctions are made of axial power distributions.

The results of the entire analysis completed in the report show how mechanistic the
statistical DNB response is to axial power distribution. This mechanistic behavior was
determined by direct use of the thermal hydraulic codes, models, and correlations used in
DNB predictions. This behavior is consistent with different fluid conditions, fuel
geometries, and CHF correlations. The one consistent fact is the larger statistical
variation for a specific set of axial peaks. The use of two statistical DNB limits to
address this behavior is a straight forward application. Use of a single limit would be
unnecessarily conservative. However, if the appropriate distinctions are not made for the
generic DNB behavior with axial power distributions, the SDL for all cases will be the
largest value calculated for all the conditions evaluated. If this restriction were imposed,
the SDL would be 1.43 for Oconee and 1.40 for McGuire/Catawba.




NON-PROPRIETARY

TABLE 1

Uncertainty Ranges And Standard Deviations

The following table shows the source of the quantitative range of each uncertainty and its
associated standard deviation. Section 1 of the table contains the Oconee information and
Section 2 the sources for the McGuire/Catawba values.

Parameter

Power
Pressure
Temperature
Flow

FAH

Local Heat
Flux HCF

SECTION 1 - Oconee
Source

Standard deviation of 1.0% based on DPC calculations.
Uncertainty value is a 2¢ value (2%).

Standard deviation of 15 psi based on DPC calculations.
Uncertainty value is a 2¢ value (30 psi).

Standard deviation of 1.0 degrees Fahrenheit based on DPC
calculations. Uncertainty value is a 2¢ value (2 deg F).

Standard deviation of 1.0% design flow based on DPC
calculations. Uncertainty value is listed as a 2c value (2%).

Standard deviation of 2.84% calculated based on the nuclear code
packages used for core design and analysis. This standard
deviation bounds the highest value from the code package
combination used for Oconee (Reference 1).

Standard deviation of 2.91% calculated based on the nuclear code

packages used for core design and analysis. This standard
deviation bounds the highest value from the code package
combination used for Oconee (Reference 1).

Uncertainty range of +/- 6 inches. Selected based on the noding
size of nuclear codes. No standard deviation (uniform
uncertainty). ‘

Uncertainty range of | .] Based on calculated values from
the nuclear fuel vendor. Standard deviation is calculated from

[ ] uncertainty value [ ]



Rod Power HCF

Hot Channel
Flow Area

CHF Correlation

Thermal Hydraulic .

Code / Model

Parameter

Power

Pressure

Temperature

Flow

FAH
Measurement

NON-PROPRIETARY
Uncertainty range of [ ] Based on calculated values from
the nuclear fuel vendor. Standard deviation is calculated from
[ ] uncertainty value [ ]

Uncertainty range of [ ]. Based on calculated values from the
nuclear fuel vendor. No standard deviation (uniform uncertainty).

Standard deviation of 8.88% calculated from the BWC CHF test
data base (Reference 2).

Uncertainty range of [ ] Value used in Reference 3.
Standard deviation is calculated from the [ ] uncertainty value

[ 1

SECTION 2 - McGuire/Catawba
Source

Uncertainty Range of 2%. Selected from Reference 5. Kept at 2%
to bound specific uncertainties calculated for M/C. Standard
deviation is calculated from 2% uncertainty value (2/1.64 =
1.22%).

Uncertainty Range of 30 psi. Selected from Reference 5. Kept at
30 psi to bound specific uncertainties calculated for M/C. No
standard deviation (uniform uncertainty).

Uncertainty Range of 4 degrees Fahrenheit. Selected from
Reference 5. Kept at 4 degrees to bound specific uncertainties
calculated for M/C. No standard deviation (uniform uncertainty).

Uncertainty Range of 2.2%. Selected from Reference 5. Kept at
2.2% to bound specific uncertainties calculated for M/C. Standard
deviation is calculated from 2.2% uncertainty value (2.2/1.64 =
1.34%). ) »

Standard deviation of 1.98% calculated based on the nuclear code
packages used for core design and analysis. This standard




Engineering HCF -

Spacing

CHF Cbrrelation

Thermal Hydraulic
Code / Model

NON-PROPRIETARY

deviation bounds the highest value from the code package
combination used for M/C (Reference 1).

Uncertainty range of 3.0%. Selected based on the value in
Technical Specifications. Standard deviation is calculated from
the 3% uncertainty value (3/1.64 = 1.82%).

Uncertainty range of 2.0%. Selected from Reference 5. Standard
deviation is calculated from the 2% uncertainty value (2/1.64 =
1.22%).

Standard deviation of 2.68% calculated based on the nuclear code

packages used for core design and analysis. This standard
deviation bounds the highest value from the code package
combination used for M/C (Reference 1).

Uncertainty range of +/- 6 inches. Selected based on the noding
size of nuclear codes. No standard deviation (uniform
uncertainty).

Standard deviation of 10.2% calculated from the BWCMV CHF
test data base (Reference 4).

Uncertainty range of [ ] Value used in Reference 5.

Standard deviation is calculated from the [ ] uncertainty value

[ 1



NON-PROPRIETARY

TABLE 2

Comparison of the DNB Parameter Sensitivity of Different CHF Correlations With
Consistent Axial Power Distributions

The following table shows the DNB sensitivity of each key parameter for the BWC CHF
correlation (Oconee), the BWCMYV CHF correlation (McGuire/Catawba), and the DCHF-
1 CHF correlation (McGuire/Catawba). The first comparison is of a statepoint in the
higher SDL area and the second is in the lower SDL area. The fluid and radial peaking
conditions for each statepoint are given in the Appendices.

CHF Correlation 1.3 Peak @ 0.2 Z 1.3 Peak @ 0.8 Z

BWC ' Statepoint 63 Statepoint 75
BWCMV Statepoint 6 Statepoint 9

DCHF-1 Statepoint 6 Statepoint 9

1.3 Axial Peak, 0.2 Z
Parameter _BWC BWCMV DCHF-1
Power (%) o]
Pressure (psi)
Temperature (Deg F)
Flow (%)
« FAH (%)
-Fz (%)
Z (per 6 inches)
" SDL

1.3 Axial Peak, 0.8 Z

Parameter BWC BWCMV DCHF-1
Power (% RTP)
Pressure (psi)
Temperature (Deg F)
Flow (%)
FAH (%)
Fz (%)
Z (per 6 inches)
SDL

All values shown are in terms of % DNB per unit of parameter.



'NON-PROPRIETARY

TABLE 3

SCD Transient Limiting Statepoints

The following table shows all the M/C transients currently evaluated with the SCD
methodology. The determination of whether the transient uses the SCD approach is the value
of all the key parameters (power, pressure, temperature, flow, peaking) at the point of
MDNBR during the transient. All values listed are from the MDNBR point of the transient.

Core
Transient Power

Core Inlet Core Inlet

Feed Line Break

Partial Loss of
RCS flow

Total Loss of
RCS Flow

Uncontrolled RCCA
Withdrawal / Subcritical

*Uncontrolled RCCA
Withdrawal / 100%

*Uncontrolled RCCA
Withdrawal / 100%

Uncontrolled RCCA
Withdrawal / 50%

*Uncontrolled RCCA
Withdrawal / 10%

*Uncontrolled RCCA
Withdrawal / 10%

Single RCCA Withdrawa

Statically Misaligned
RCCA

Dropped RCCA

Flow (Kgpm) Temperature Pressure FAH Fz

* This accident was analyzed with two different reactivity insertion rates.
# This accident was analyzed with a FAH range of |

]

Z_
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TABLE 7. SDL Evaluation And Re-Submittal Criteria

The following table lists different events or conditions that would
require an evaluation of the applicability of an approved SDL and the
subsequent actions based on the results of the analysis.

CONDITICN ACTION

Revised uncertainty larger than the limiting SDL

< Limit, No Action.
value used in the original analysis. SDL > Limit, Specifically
compensate.
Revised uncertainty distribution. SDL < Limit, No Action.
SDL > Limit, Specifically
compensate.
New statepoint. SDL < Limit, No Action.
SDL > Limit, Specifically
compensate.
Minor modifications to the current SDL < Limit, No Action.
fuel design. SDL > Limit, Specifically
: compensate.
A modified CHF correlation. SDL < Limit, No Action.
SDL > Limit, Specifically
compensate.
Change to a new fuel design/fuel type. Evaluate, submit a new

Appendix for NRC approval
regardless of SDL values.

A new CHF correlation. Evaluate, submit a new
Appendix for NRC approval
regardless of SDL values.

Duke analysis of a non-Duke reactor. Evaluate, submit a new

Appendix for NRC approval
regardless of SDL values.

New Thermal-Hydraulic Code. Evaluate, submit a new

Appendix for NRC approval
regardless of SDL values.
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_TABLE A-1. Oconee SCD Statepoints
A-3




TABLE A-4 Oconee Ke?»Parameter Ranges

Parameter Maximum Minimum

All values listed in this table are based on the currently analyzed

Statepoints. Ranges are subject to change based on future statepoint

conditions.
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This Appendix contains the plant specific data and limits for the
Mcéuire and Catawba Nuclear Stations with Mark-BW fuel using the BWU-Z
form of the BWU critical heat flux correlation. The thermal hydraulic
statistical core design analysis was performed as described in the main

body of this report.

Plant Specific Data

This analysis is for the McGuire and Catawba plants (four loop
Westinghouse PWR's) with Mark—BW fuel assemblies as described in Reference
C-1. The parameter uncertainties and statepoint ranges were selected to
bound the unit and cycle specific values of the McGuire and Catawba

stations.

Thermél ﬁydraulic Code and Model

The VIPRE-01 thermal-hydraulic computer code described in Reference C-3
and the McGuire/Catawba eight channel code model approved in Reference C-1

are used in this analysis.



Critical Heat Flux Correlation

The BWU-Z form of the BWU critical heat flux correlation_described in
Reference C-2 is used for all statepoint analyses. This correlation was
developed by Areva NP for application to the Mark-BW fuel design.
Reference C-2 was performed with the LYNXT thermal-hydraulic computer
codes. The correlation was programmed into the VIPRE-01 thermal-hydraulic
computer code by Duke Enefgy and the BWU-Z CHF data base analyzed in its
entirety: The results of this analysis are shown in Table C-1. The
resultiﬁg Average M/P value and data standard deviation are within 1% of

the values reported in Reference C-2.

Figures C-1 through C-5 graphically show‘the results of this
evaluation. Figure C-1 shows there is no bias of measured CHF values to
VIPRE-01 predicted values for the data base. Figure C-2 shows a histogram
of the VIPRE-01 M/P ratios for the 530 point data base. Figures C-3
through C-5 show there is no bias with the VIPRE-01 calculated M/P ratios
with respect to mass velocity, pressure, or thermodynamic quality. These
figures compare closely with the same parameter representations in

Reference C-2.

Based on the results shown in Table C-1 and Figures C-1 through C-5,
the BWU-Z form of the BWU CHF correlation licensed in Reference C-2 can be

used in DNBR calculations with VIPRE-01 for Mark-BW fuel.



Statepoints
The statepoint conditions evaluated in this analysis are listed in
Table C-2. These statepoints represent the range of conditions to which

the statistical DNB analyses limit will be applied.

Key Parameters and Uncertainties

The key parameters and their uncertainty magnitude and associated
distribution used in this analysis are listed on Table C-3. The
uncertainties were selected to bound the values calculated for each
parameter at McGuire and Catawba. The resulting range of key parameter

values generated in this analysis is listed on Table C-5.

DNB Statistical Design Limits

The statistical design limit for each statepoint evaluated is listed on
Table C-4. Section 1 of Table C-4 contains the 500 case runs and Section
2 contains the 5000 case runs. The number of cases was increased from
3000 to 5000 as described in Attachment 1 of the main body of the report.
All statepoint SDL values listed in this analysis are normally
distributed. The maximum statepoint statistical DNBR value in Table C-4
for the 5000 case propagations was [ ] . Therefore, the statistical

design limit using the BWU-Z form of the BWU CHF correlation for Mark-BW

fuel at McGuire/Catawba was conservatively determined to be [ 1.



FIGURE C-1

Measured CHF Versus Predicted CHF

Mark-BW Data Base
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FIGURE C-2

Distribution of CHF Ratios

Mark-BW Data Base
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FIGURB C-3

Measured to Predicted CHF Versus Mass Velocity
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TABLE C-1 VIPRE-01 BWU-Z Correlation Verification

CHF Test Database Analysis Results

VIPRE-01 Statistical Results

Number Of Data Points 530
Average M/P 1.00850
Standard Deviation 0.09217
Upper D Prime 3469.0
Lower D Prime ' 3407.0

D Prime Value 3453.68

Accept Normality at 5% Level

Parameter Ranges

Pressure, psia 400 to 2465

Mass Velocity, Mlbm/hr-ft? 0.36 to 3.55
Thermodynamic Quality at CHF less than 0.74
Thermal -Hydraulic Computer Code VIPRE-01
Spacer Grid Mark-BW 17x17
Design Limit DNBR, VIPRE-01 1.18

Cc-9



Stpt
No.

Power*
(% RTP)

TABLE C-2

RCS Flow

McGuire/Catawba SCD Statepoints

Core Inlet
Pressure Temperature Axial Peak
(psia) (°F) (F, @ Z)

O w 0O N o W -

I T T T N R S R e e R T = T = = I = i
B W N P O W N e W N

*

(K gpm)

100% RTP = 3411 Megawatts Thermal

Cc-10
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TABLE C-3 McGuire/Catawba Statistically Treated Uncertainties

Parameter
Core Power¥
Core Flow
Measurement
Bypass Flow
Pressure
Temperature
FNAH
Measurement
FEAH
Spacing
Fz
g
DNBR

Correlation

Code/Model

Uncertainty / Deviation

Standard

+/-

+/-
+/-
/-
+/-

/-
/-
+/-
+/-
+/-

+/-

2% / +/- 1.22%

2.2% / +/- 1.34%

@

1.5
30 psi

4 deg F

4.0% / 2.43%
3.0% / 1.82%

2.0% / 1.22%

4.41% / 2.68%

6 inches

15.25% / 9.27%

Type of
Distribution

Normal

Normal
Uniform
Uniform

Uniform

‘Normal
Normal

Normal

Normal

Uniform

Normal

Normal

Percentage of 100% RTP (68.22 MWth wherever applied).

Cc-11



TABLE C-3 Continued McGuire/Catawba Statistically Treated

Parameter

Core Power

Core Flow
Measurement

Bypass Flow

Pressure

Temperature

Uncertainties

Justification

The core power uncertainty was calculated by
statistically combining the uncertainties of the
process indication and control channels. The
uncertainty is calculated from normally distributed
random error terms such as sensor calibration accuracy,
rack drift, sensor drift, etc. combined by the square
root sum of squares method (SRSS). Since the
uncertainty is calculated from normally distributed
values, the parameter distribution is alsc normal.

Same approach as Core Power.

The core bypass flow is the parallel core flow paths in
the reactor vessel (guide thimble cooling flow, head
cooling flow, fuel assembly/baffle gap leakage, and hot
leg outlet nozzle gap leakage) and is dependent on the
driving pressure drop. Parameterizations of the key
factors that control AP, dimensions, loss coefficient
correlations, and the effect of the uncertainty in the
driving AP on the flow rate in each flow path, was
performed. The dimensional tolerance changes were
combined with the SRSS method and the loss coefficient
and driving AP uncertainties were conservatively added
to obtain the combined uncertainty. This uncertainty
was conservatively applied with a uniform distribution.

The pressure uncertainty was calculated by

statistically combining the uncertainties of the

process indication and control channels. The
uncertainty is calculated from random error terms such
as sensor calibration accuracy, rack drift, sensor
drift, etc. combined by the square root sum of squares
method. The uncertainty distribution was
conservatively applied as uniform.

Same approach as Pressure.

c-12



TABLE C-3 Continued McGuire/Catawba Statistically Treated

Parameter

FN

AH
Measurement

FBAn

Spacing

Uncertainties

Justification

This uncertainty is the measurement uncertainty for the
movable incore instruments. A measurement uncertainty
can arise from instrumentation drift or reproducibility
error, integration and location error, error associated
with the burnup history of the core, and the error
associated with the conversion of instrument readings
to rod power. The uncertainty distribution is normal.

This uncertainty accounts for the manufacturing

variations in the variables affecting the heat
generation rate along the flow channel. This
conservatively accounts for possible variations in the
pellet diameter, density, and Uz3g enrichment. This

uncertainty distribution is normal and was
conservatively applied as one-sided in the analysis to
ensure the MDNBR channel location was consistent for
all cases.

This uncertainty accounts for the effect on peaking of
reduced hot channel flow area and spacing between
assemblies. The power peaking gradient becomes steeper
across the assembly due to reduced flow area and
spacing. This uncertainty distribution is normal and
was conservatively applied as one-sided to ensure
consistent MDNBR channel location.

This uncertainty accounts for the axial peak prediction

uncertainty of the physics codes. The uncertainty
distribution is applied as normal.

This uncertainty accounts for the possible error in
interpolating on axial peak location in the maneuvering
analysis. The uncertainty is one half of the physics
code's axial node. The uncertainty distribution is
conservatively applied as uniform.

?
’
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TABLE C-3 Continued chGuire/Catawba Statistically Treated

Parameter

DNBR
Correlation

Code/Model

Uncertainties

Justification

This uncertainty accounts for the CHF correlation's
ability to predict DNB. The uncertainty distribution
is applied as normal.

This uncertainty accounts for the thermal-hydraulic
code uncertainties and offsetting conservatisms. This
uncertainty also accounts for the small DNB prediction
differences between the various model sizes. The
uncertainty distribution is applied as normal.

C-14



TABLE C-4

Statepoint #
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McGuire/Catawba Statepoint Statistical

BWU-Z Critical Heat Flux Correlation

500 Case Runs

Coefficient

Mean of Variation

(]
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TABLE C-4 Continued McGuire/Catawba Statepoint Statistical Results

BWU-Z Critical Heat Flux Correlation

5000 Case Runs

Coefficient Statistical

Statepoint # Mean of Variation DNBR

ia

12
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TABLE C-5

Parameter

Core Power (% RTP)

Pressure (psia)

T inlet (deg. F)

RCS Flow (Thousand GPM)

FAH, Fz, 2Z

McGuire/Catawba Key Parameter Ranges

Maximum Minimum

All values listed in this table are based on the currently analyzed

Statepoints. Ranges are subject to change based on future statepoint

conditions.

Cc-17
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Duke Powcer Cotnpany M S Toooun

F£.0. Box 1006 Sevtor Vice Président

Charlatte, NC 28201- 1006 . Aucleor Genevation
(T04)382.2200 Office
{TO4)3824350 Fax

September 5, 1996

U. S, Nuclear Regulatory Commission
Washington, D. D. 20855

Attention: Document Control Desk

Subject: McGuire Nuclear Station
Docket Numbers 50-369 and ~370
Catawba Nuclear Station
Docket Numbers 50-413 and -414
Use of BWU-Z Correlation by Duke Power:;
Supplemental Information

By letter dated April 26, 1996, Duke Power requested NRC
approval for use .of the BWU-Z correlation at its McGuire and
Catawba nuclear stations. A supplement was provided by
letter dated December 4, 1995. The December 4, 1996 letter
{paragraph 4) stated that the better thermal perfdrmance of
the fuel can be used to reduce cycle fuel costs. This is
due to fact the licensed BWU-Z correlation conservatively
quantifies the inherent thermal margin of the Mark-BWl?
fuel. This margin can be used in fuel cycle analyses to
raise peaking, thereby saving fuel costs. Additionally, the
December 4, 1996 letter contained a typographical error in
the last sentence of Paragraph 5. The references identified
should be 5 and 6, not 6 and 7 as the letter stated.

During telcons on August 21 and 27, 1996, between the NRC
staff and Duke, additional information/clarification was

requested by the Staff, Attached are the questions and
assoclated responses.

Note that upon approval of the new Appendix C (to topical
report DPC-NE-2005), which was transmitted by the April 26,
1996 letter and contains the technical basis for the use of
BWU-2, the topical report will be republished, including the
new Appendix C, as DPC-NE-2005, Revision 1.

Prnieg on reCysied satxe



U. S. Nuclear Regulatory Commission
September 5, 1996
Page 2

If there are any questions or additional information is -
required, please call Scott Gewehr at (7D4) 382-7581.

}‘\, S q‘u&m

M. S. Tuckman

xc: Mr. §. D. Ebneter, Regional Administrator
U. 8. Nuclear Regulatory Commission - Region II
101 Marietta Street, NW - Suite 2900
Atlanta, Georgia 30323

Mr. V. Nerses, Project Manager
Office of Nuclear Reactor Regulation
U. 5. Nuclear Regulatory Commission
Mail Stop 0-14 H25

Washington, D. C. 20555

Mr. P. 5. Tam, Project Manager
Office of Nuclear Reactor Regulation
U. 3. Nuclear Regulatory Commission
Mail Stop O-14 H25

Washington, D. C., 20555

Mr. $. M. Shaeffer
Senior Resident Inspector
McGuire Nuclear Station

Mr. R. J. Freudenberger
$enjor Resident Inspector
Catawba Nuclear Station



U. S. Nuclear Regulatory Commission
September 5, 1986
Page 3
bxc: G. A, Copp
R. M. Gribble
K. E. Epperson
S. A. Gewehr
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Request for Additional Information To Topical Report DPC-NE-2005P,
Appendix C _

The questions are shown in italics and the responses immediately follow.

1) What fuel type and core configuration are currently operating at McGuire
and Catawba?

McGuire and Catawba are both operating with a full (homogenous) core of Mark-
BW17 fuel assemblies, also called Mark-BW 17x17. This will be the fuel type until a
transition, beginning in the year 2000, to Westinghouse 17x17 mixing vane fuel. Transition
to Westinghouse fuel will require licensing of a different critical heat flux correlation and
corresponding statistical design limit applicable to that fuel type.

2)Table C-1 lists the statistical results of the CHF test data base analysis with
the VIPRE-0I thermal-hydraulic computer code. Explain the differences
in values between this table and the table in BAW-10199P-A which
documents the same data analysis with the LYNXT or LYNX 2 code.

The information provided for the Mark-BW17 data base using the BWU-Z
correlation on the top of page 4-3 in BAW-10199P-A shows the average M/P, Standard
Deviation (corrected for N), and Design Limit DNBR (denoted DNBR(L) ) for the test data
when analyzed with LYNXT or LYNX 2. Table C-1 of the DPC-NE-2005 Appendix C is a
direct comparison of the same analysis and the same test data with VIPRE-01 code. The
VIPRE-01 code has a slightly higher average M/P and slightly lower standard deviation for
the entire test data base when compared to LYNXT or LYNX 2. The combination of these
two parameters gives the VIPRE-01 code a slightly lower Design Limit DNBR for the test
data base.

The more conservative value for the parameter is selected by Duke Power Company
(DPC) when performing an analyses. For example, the standard deviation listed in Table C-

3 (DPC-NE-2005 Appendix C) for the correlation uncertainty is the higher of the LYNX and -

VIPRE-01 values rounded to two significant figures. The Design Limit DNBR calculated
with VIPRE-01 is presented in Table C-1 for comparison only. The standard deviation is
the only value that impacts the SCD calculation. If the BWU-Z form of the BWU
correlation is used by DPC in non-SCD analyses, the larger of the two non-statistical
correlation limits (the LYNX value listed on page 4-3 of BAW-10199P-A) will be used.



3) Explain the method used to calculated the 500 and 5000 case statistical
DNBR values for each statepoint and how the statistical limit is used.

The method used to evaluated the BWU-Z form of the BWU correlation in Appendix C
is identical to the procedure outlined in the main body of the DPC-NE-2005 report. This
procedure is outlined starting in Section 2.0 on page 5. The key parameters listed in Section
2.1, page 6, are identical in Appendix C. The statepoints in Table C-2 of Appendix C were
selected to bound the range of key parameters where the SCD analyses with BWU-Z will be
applied.

ppThe selection of uncertainties is discussed in Section 2.2, page 7, of DPC-NE-2005.
Table C-3 lists the values used in the BWU-Z SCD analyses. These are identical to the
values used in the BWCMYV analysis (Appendix B of DPC-NE-2005) except for the
correlation standard deviation (as explained in Question 2 above) and the FAH measurement
uncertainty which was increased slightly for the BWU-Z analysis.

The method for statepoint propagation is explained in Section 2.3, page 8, of DPC-NE-

-2005. The calculation of the statepoint statistical limit is explained in Section 2.4, page 9

through 11, of DPC-NE-2005. The equation for the SDL calculation is shown on page 10.
Included in the equation are Chi Square and K factor multipliers to ensure a conservative
limit based on the number of cases calculated. The mean and standard deviation values for a
statepoint fluctuate slightly as the number of cases increase. Increasing the number of cases
gives higher confidence that the data analyzed defines bounding behavior, therefore the
multipliers are reduced. This ensures the SDL limit is equally conservative even though the
final statistical DNBR value is smaller as the number of cases gets larger. An example of
the way the values change with an increasing number of cases is shown on Table 1.

- The main body of the report lists the number of cases as either 500 or 3000 per
statepoint. The propagation method is identical regardless of the number of cases generated.
In the response to Question 8 of Attachment II, Request For Additional Information, in
DPC-NE-2005, DPC stated that the number of cases may be increased. This number was
increased to 5000 for the BWU-Z analysis in Appendix C. As explained in the response to
Question 8, this increase is consistent with the methodology and does not in any way reduce
the conservatism of the SDL limit calculated.

The 5000 case number was selected as a balance between computer resources
required for the calculations and the reduction in statistical uncertainty. For example,
increasing the number of cases by two thirds from 3,000 to 5,000 reduces the K factor by
0.011 (from 1.692 at 3,000 to 1.681 at 5,000). Further increasing the number of cases to
10,000 would require another doubling of resources for the same K factor reduction (from
1.681 at 5000 to 1.670 at 10,000).

The 500 and 5000 case results for the BWU-Z analysis are listed in Table C-4 of
Appendix C. As described in DPC-NE-2005, the 5000 case statepoints are selected based
on the results of the 500 case statepoint propagations. The 5000 case runs are used to
determine a conservative Statistical Design Limit (SDL) for the correlation SCD analyses.
A value larger than the largest 5000 case statepoint statistical DNBR value is listed on page
C-4. This is the statistical design limit that will be used in analyses with the BWU-Z form
of the BWU correlation for Mark-BW fuel at McGuire and Catawba. The statistical design
limit listed on page C-4 will be applicable to an analysis as long as all statepoint parameters
fall between the Maximum and Minimum ranges listed on Table C-5.



Statepoint 1 Values

TABLE 1

Number Coefficient Chi Square

Of Cases Of Variation* Multiplier
500 0.1514 1.05549
1000 0.1541 1.03848
1500 0.1528 1.03115
2000 0.1537 1.02684
2500 0.1534 1.02393
3000 0.1539 1.02179
3500 0.1538 1.02013
4000 0.1543 1.01880
4500 0.1540 1.01771
- 5000 0.1539 1.01681

* Coefficient of Variation =

**Statistical DNBR =

K Factor
Multiplier

1.763
1.727
1.712

1.703

1.698
1.692
1,689
1.686
1.683
1.681

Statistical
DNBR**
1.392
1.382
1.369
1.368
1.364
1.363
1.362
1.361
1.358
1.357

Standard Deviation / Mean for the number of cases

1

[ 1 - {(Coeff. of Variation) * (Chi Square Mult.) * (K Factor Mult.)}]
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This Appendix contains the plant specific data and limits for the
Oconee Nuclear Station with Mark-Bll fuel using the BWU-Z form of
the BWU critical heat flux correlation. The thermal hydraulic
statistical core design analysis was performed as described in the

main body of this report.

Plant Specific Data

This analysis is_for the Oconee plant (two loop Babcock and
Wilcox PWR's) as described in Reference D-1. The parameter
uncertainties and statepoint ranges weré selected to bound the unit
and cycle specific values of the Oconee station. This analysis
models the improved, small diameter, mixing vane grid, Mark-B fuel

assembly denoted as the Mark-Bll design.

Thermal Hydraulic Code and Model

The VIPRE-01 thermal-hydraulic computer code described in
Reference D-3 and the Oconee eight and nine channel models approved
in Reference D-1 are used in this analysis. Due to the fuel
assembly design change, some specific data supplementary to Table 3-

1 in Reference D-1 requires updating. This data is listed in Table



D-1. Table D-1 includes fuel rod, control rod, and instrument guide
tube diameters, the number of mixing and non-mixing vane grids, and
the fuel rod length. The following section compares Mark-B design

fuel assemblies with the Mk-Bll fuel assemblies.

Previous Mark-B design fuel assemblies consisted of 0.430 inch
diameter fuel rods with 2 inconel and 6 intermediate non-mixing vane
zircaloy grids. The Mark-Bll fuel assembly design is composed of
fuel pins with a 0.416 inch outside diameter and two inconel grids
and six intermediate zircaloy grids, one non-mixing grid and five
mixing vane grids. The higher pressure drop and higher cladding
surface heat flux of the Mark-Bll design is offset by the larger
flow area and the presence of the mixing.vane grids to result in

improved assembly thermal performance.

The VIPRE-01 models approved in Reference D-1 are used to analyze

the Mark-Bll fuel with the following exceptions:

1) The Mark-Bll fuel assembly geometry information is listed in

Table D-1.

2) The turbulent mixing factor has been changed from 0.01 to 0.038
for the Mark-Bll fuel assembly design due to the presence of
mixing vane grids. The numerical value was determined and
provided by the fuel supplier. This is consistent with Areva
NP’s 17x17 Mark-BW fuel assembly product and has been confirmed

by Mark-Bll LDV test data.




3) The bulk void fraction model was changed from the Zuber-Findlay
model to the EPRI. The Zuber-Findlay bulk void model is
applicable only to qualities below approximately 0.7 and is
discontinuous at a quality equal to 1.0 (Reference D-3). The EPRI
bulk void model is essentially the same as the Zuber-Findlay bulk
void model except for the equation used to calculate the drift
velocity (Reference D-3). This eliminates the‘discontinuity at a
quality equal to 1.0. Therefore, the EPRI model provides a full
r;nge (i.e., void fraction range, 0 - 1.0) of applicability
required for performing DNB calculations. Also, for overall
model compatibility, the subcooled void model was changed from
LEVY, as specified in Reference D-1, to the EPRI correlation for

the Mark-Bll fuel.

To evaluate the impact of changing bulk void models on DNB
prediction, forty-four Mark-Bll CHF test data points (Reference
D-2) were compared using both the Levy/Zuber-Findlay and
EPRI/EPRI subéooled void/bulk void combinations in VIPRE-01.
VThese data points cover a pressure range of 1005 to 2425 psia and
an inlet temperature range 361.3 to 604.3°F. The mass flux at the
MDNBR location varied from 0.542 to 2.963 Mlbm/hr-ft?. The void
fraction at the MDNBR location. varied from 0.106 to 0.711. The
equilibrium quality at the MDNBR logation varied from -0.104 to

0.198. The results of this comparison are as follows:



Levy/Zuber-Findlay EPRI/EPRI

Minimum DNBR (Avg) 0.991 0.996
The minimum DNBR results show a minimal difference .of 0.54%
(0.005 in DNB). Therefore, the EPRI bulk void model and EPRI

Subcooled void correlation will be used in Mark-Bll analysis.

Critical Heat Flux Correlation

The NRC approved BWU-Z form of the BWU critical heat flux
correlation with the Mark B11V multiplier described in Reference D-2
is used for all Mark-Bll analyses. This correlation was developed
by AREVA NP for application to the Mark-B1l fuel design. The
anaiysis in Referencé D-2 was performed with the LYNXT thermal-
hydraulic computer codes. This correlation was programmed into the
VIPRE-01 thermal-hydraulic computer code by Duke Energy and the Mark
B11lV data base analyzed in its entirety. The results of this
analysis are shown in Table D-2. The resulting Average M/P value,
data standard deviation, and CHF correlation limit are within 1% of
the values reported in Reference D-2, page E-4 (also shown on Table

D-2 under LYNXT column).

Figures D-1 through D-4 graphically show the results of this
evaluation. Figure D-1 shows there is no bias of measured CHF
values to VIPRE-01 predicted values for the data base. Figures D-2

through D-4 show there is no bias with the VIPRE-01 calculated M/P

D-4 R



ratios with respect to mass velocity, pressure, or thermodynamic
quality. These figures compare closely with the same parameter

representations in Reference D-2.

Based on the results shown in Table D-2 and Figures D-1 through
D-4, the BWU-Z form of the BWU CHF application correlation with the
Mark-B11lV multiplier, licensed in Reference D-2, can be used in DNBR

calculations with VIPRE-01 for Mark-Bll fuel.

Statistical Core Design Analysis

Statepoints

The statepoint conditions evaluated in this analysis are listed
in Table D-3. These statepoints represent the range of conditiéns
to which the statistical DNB analyées limit will be applied. The
range of key parameter values analyzed is listed on Table D-6.

Key Parameters and Uncertainties

The key parameters and their uncertainty magnitude and associated
distribution used in this analysis are listed on Table D-4. The

uncertainties were selected to bound the values calculated for each




parameter at Oconee. The uncertainties have not changed except for the rod
power hot channel factor (Fgq), core flow measurement, and DNBR
correlation. The uncertainty for Fq has changed due to fuel design
changes. The core'flow measurement uncertainty was increased to ensure
that it is bounding. This results in a more conservative SDL. The DNBR
correlation uncertainty is the same as that stated in Reference D-5, page

4-3.

DNB Statistical Design Limits

The statistical DNBR 1imit for each statepoint evaluated is listed on
Table D-5. Section 1 of Table D-5 contains the 500 case runs and Section
2 contains the 5000 case runs. The number of cases was increased from
3000 to 5000 as described in Attachment 1 of the main body of this report
(DPC-NE-2005) and Appendix C (Reference D-4). All of the DNBR
distributions are normally distributed. The maximum statistical DNBR
value in Table D-5 (full core of Mark-Bll fuel) for 5000 propagations is
[ ). Therefore, the statistical design limit, using the BWU-Z form

of the BWU CHF correlatiocn with the Mark-Bl1lV multiplier for Mark-Bll fuel

at Oconee, is [ ] for the range of parameters given in Table D-6.

Transition Cores

A

The transition core model determines the impact of the geometric and
hydraulic differences between the resident Mark-B10 series fuel and the

new Mark-Bll design. The 9 channel model described in Reference D-1 is



used to evaluate the impact of transition cores containing Mark-Bll fuel.
In Figure 4-5 in Reference D-1, Mérk-Bll fuel is used instead of Mark-B6/7
and Mark-B10F/G fuel instead of Mark-BS5. Therefore, channels 1 - 7 are
modeled as Mark-Bll fuel, Channel 8 is modeled és Mark-B10OF/G fuel, and
Channel 9 is modeled as Mark-Bll fuel. The transition core analysis models
each fuel type in those respective locations with the correct geometry.
The form loss coefficients for each fuel design are input so the effect of
crossflow out of the higher pressure drop mixing vane grid (Mark-Bl1l) fuel

is calculated.

A transition core penalty is evaluated by determining the DNBR impact
on a Mark-Bll limiting assembly when analyzed with the 9 channel model.
Once detérmined, several methods are available to conservatively
compensate for the penalty. One method of compensating»for the reduction
in DNB performance due to the hydraulic effects of the conservatively
modeled transition core is to explicitly apply a penalty to the Mark-Bll
fuel generic peaking limits based on a full Mark-Bll core. Another option
is to calculate maximum allowable peaking limits specifically modeling the
transition core loading pattern in the detailed 64 channel model approved
in Reference D-1. These methods will be used, as necessary, to determine

the DNB effect of transition cores.

To evaluate the statistical DNB impact of the transition core, the most
limiting statistical DNB statepoint (Statepoint 22 on Table D-5) was

evaluated using the 9 channel model. This statepoint is designated TR22




in Table D-5. At 5000 cases, the statistical DNBR for statepoint TR22 is
slightly greater than the limit for statepoint 22, buﬁ less than the
statistical design limit, [ 1. Therefore, the statistical design
limit, [ . ], is bounding for Mark-B10/Bl1 transition cores; as well as,

full Mark-Bll cores.
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Mpasured to Predicted CHF

Figure D-2 - Mark-B11 Vane Data Base
VIPRE-01 Measured to Predicted CHF versus Mass Velocity
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Measured to Predicted CHF

Figure D-4 - Mark-B11 Vane Data Base
VIPRE-01 Measured to Predicted CHF versus Quality
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TABLE D-1 MARK-B1ll FUEL ASSEMBLY DATA

(TYPICAL)

GENERAL FUEL SPECIFICATIONS

Fuel rod diameter, in. (Nom.) 0.416

Thimble tube diameter, in. (Nom.) 0.530

Instrument guide tube diameter, in. (Nom.) 0.554/0.567%

Fuel rod pitch, in (Nom.) 0.568

Fuel assembly pitch, in. (Nom.) 8.587

Fuel rod length, in. (Nom.) 154.16

(1) Aboye lowest mixing vane grid (MV) and between MV grids.

(2) Below the first mixing vane grid and above the top of the

last mixing vane.

GENERAL FUEL CHARACTERISTICS

Grids: Material Quantity Location Type
Inconel 2 Upper and Lower Non-Mixing

‘ Vane
Zircaloy 6 Intermediate 1 Non-Mixing
Vane, 5

Mixing Vane

Fuel Rods: Material Quantity

Zircaloy-4 208

Fuel Cycle Design Assembly Features

Fuel Assy. : Mark

Designation: Bl1l

Features: Smaller clad outside diameter and mixing vane
grids. i



TABLE D-2 VIPRE-01 BWU-Z Correlation with Mark-Bl11lV Multiplier
Verification

CHF Test Database Analysis Results

VIPRE-01/LYNXT Statistical Results

VIPRE-01 LYNXT
n, # Of data 216 216
N, degrees of freedom (n-1) 215 ‘ - 215
M/P, Average measured to predicted CHF ? 1.0084 1.0040
c (M/P/N) 0.0859 0.0868
K(215,0.95,0.95) ,one sided tolerance factor Ref. D-2) 1.830 1.830
DNBR(L)= 1/(M/P. - Ko)= 1/{1.0040 - 1.830(0.0868)] 1.175 1.183
Parameter Ranges
Pressure, psia ' ' 400 to 2465
Mass Velocity, Mlbm/hr-ft? 0.36 to 3.55
Thermodynamic Quality at CHF less fhan 0.74
Thermal-Hydraulic Computer Code VIPRE-01
Spacer Grid Mark-Bll 15x15 Mixing
Vane
Design Limit DNBR, VIPRE-01 1.19%*

* The correlation design limit DNBR (1.19) applies only at or above a
nominal pressure of 1000 psia (Reference D-2). In the low pressure
region (below a nominal pressure of 1000 psia) the design limit DNBR
in the following table will be used (Reference D-2):

Pressure " Design Limit DNBR
400 to 700 psia 1.59
700 to 1000 psia 1.20
D-14



TABLE D-3 Oconee SCD Statepoints

Core Inlet
Statepoint Power RCS Flow' Ppressure Temperature

Number (% RTP) % DF (psia) (°F)
e A

(1)

O ©® N Uk WwW N

NN NN N RDRNNDRR B B e
SO WNR O VDN WUE WN O

TR22

1) 100% RTP = 2568 Megawatts Thermal
2) 100% design flow is equal to 352,000gpm.

Axial Peak
(F, @ Z)

Radial
Peak

FAH

e ee—




TABLE D-4 Oconee Statistically Treated Uncertainties

Type of Standard
Parameter . Type Distribution Uncertainty Deviation
Reactor System
Core Power* Measurement Normal +/-2.0%FP +/-1.0%FP
Pump: +/-2.0% +/-1.0%
1
Core Flow Measurement Norma Pump: +/-3.2% +/-1.6%
Pump: +/-4.2% +/-2.1%
design design
Pressure Measurement Normal +/-30.0 psi +/-15.0 psi
Temperature Measurement Normal +/-2.0°F +/-1.0°F
Nuclear
FAH Calculation Normal --- +/-2.84%
Fz Calculation Normal --- +/-2.91%
Z Calculation Uniform +/-6 inches ---
Fq Calculation Normal [ ]
Hot Channel Measurement Uniform [ ] -—--
Flow Area
DNBR Correlation Normal --- 9.268%
DNBR Code Normal [ ]
* Percentage of 100% RTP (69.75 MWth wherever applied).
N
D-16




TABLE D-4 Continued

Parameter

System Pressure

Inlet Temperature

Core Power

Core Flow

Radial Power, Fapg

Axial Peak Power, Fgy

Axial Peak Location, Z

Oconee Statistically Treated Uncertainties

Justification

This uncertainty accounts for random
uncertainties in various instrumentation
components. Since the random uncertainties
are normally distributed, the square root of
the sum of the squares (SRSS) that results in
the pressure uncertainty is also normally
distributed.

Same approach as Pressure uncertainty.

The core power uncertainty was calculated by
statistically combining various random
uncertainties associated with the measurement
of core power. Since the random uncertainties
are normally distributed, the SRSS that
results in the core power uncertainty is also
normally distributed.

Same approach as Core Power uncertainty.

This uncertainty accounts for the error

associated in the physics code's calculation
of radial assembly power and the measurement
of the assembly power. This uncertainty
distribution is normal.

This uncertainty accounts for the axial peak

prediction uncertainty of the physics codes.
The uncertainty is normally distributed.

This uncertainty accounts for the possible
error in interpolating on axial peak location
in the maneuvering analysis. The uncertainty
is one half of the physics code's axial node.
The uncertainty distribution is conservatively
applied as uniform.



TABLE D-4 Continued

Parameter

Rod Power HCF, Fq

Hot Channel Flow Area

DNBR - Correlation

Code/Model

Oconee Statistically Treated Uncertainties

Justification

This uncertainty accounts for the increase in
rod power due to manufacturing tolerances.

The uncertainty in calculating the peak pin
from assembly radial peak is also
statistically combined with the manufacturing
tolerance uncertainty to arrive at the correct
value. The uncertainty is normally
distributed and conservatively applied as one-
sided in the analysis to assure the MDNBR
channel location is consistent for all cases.

This uncertainty accounts for manufacturing
variations in the instrument guide tube
subchannel flow area. This uncertainty is
uniformly distributed and is conservatively
applied as one-sided in the analysis to ensure
the MDNBR channel location is consistent for
all cases.

This uncertainty accounts for the CHF
correlation's ability to predict DNB. The
uncertainty distribution is applied as
normally distributed.:

This uncertainty accounts for the thermal-
hydraulic code uncertainties and offsetting
conservatisms. This uncertainty also accounts
for the small DNB prediction differences
between the various model sizes. The
uncertainty distribution is normally
distributed.



TABLE D-S : Oconee Statepoint Statistical Results

BWU-Z Critical Heat Flux Correlation With Performance Factor
500 Case Runs

Coefficient Statistical
of Variation DNEBER

Statepoint # Mean
1

a
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TABLE D-5 Continued Oconee Statepoint Statistical Results

BWU-Z Critical Heat Flux Correlation With Performance Factor

5000 Case Runs

Coefficient of Statistical

Statepoint # = Mean Variation DNBR e

a

1-T
3-T
17-T
21-T
22-T
24-T
TR22-T




TABLE D-6 Oconee Key Parameter Ranges

Parameter | Maximum ' Minimum
Core Power (%RTP).
Pressure (psia)
T inlet (deg F)
RCS Flow (% Design)

FAH, Fz, Z

All values listed in this table are based on the currently analyzed
Statepoints. Ranges are subject to change based on future statepoint

conditions.
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Mr. William R. McColium

Vice President, Oconee Site
Duke Energy Corporation

P. O. Box 1439

Seneca, South Carofina 29679

UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 208550001
July 1, 1998

JEsErEg

DUKE POWER CO.
NUCLEAR EMGINEERING

SUBJECT: REQUEST FOR ADOITIONAL INFORMATION - APPENDIX D,
*OCONEE PLANT SPECIFIC DATA, MARK-B11 FUEL, APPLICATION OF BWU-Z
CHF CORRELATION TO MARK-811 MIXING VANE SPACER GRID FUEL
DESIGN," TO DPC-NE-2005P, *DUKE POWER COMPANY THERMAL-
HYDRAULIC STATISTICAL CORE DESIGN METHODOLOGY™
(TAC NOS. 98660, 98681, AND 98662)

Dear Mr. McCollum:

By letter dated April 22, 1897, Duke Energy Corporation transmitted the subject topical

report, Appendix D to DPC-NE-20G5P, for staff review. In order fo complete its review, the

NRC staff has determined that additiona! information is needed. The staff's request for

additional information is enclosed,

Docket Nos. 50-269, 50-270, and 50-287

Sincerely,

7

David E. LaBarge, Senior Project Manager
Project Directorate -2

Division of Reactor Projects - 1

Office of Nuclear Reactor Regulation

Enclosure: Request for Additional Information

cc wiencl: See next page
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Request for Additional Information
Review of Duke Topical Report DPC-NE-2005P,
Appendix D, "Oconee Plant Specific Data, Mark-B11 Fuel,
and Application of BWU-Z CHF Correlation to Mark-B11
Mixing Vane Spacer Grid Fuel Design"
to DPC-NE-2005P, "Duke Power Company
Thermal-hydraulic Statistical Core Design Methodology”

The safety evaluation report (SER) for DPC-NE-2005P-A requires that in all applications
of the statistical core design methodology, the uncertainties and distributions used in the
analysis will be justified on a plant-specific basis. This has not been done in

Appendix D, which presents plant-specific data for Oconee with Mark-B11 fuel.
Comparing Table D-4 of Appendix D with Table A-2 of Appendix A (which contains the
approved uncertainties and distributions for the Oconee units with Mark-B10 fuel), there
are four major changes, none of which are explained adequately. Specifically:

{a) The core flow uncertainty has been increased from +2.0 percent design (with
standard deviation +1.0 percent design) to +4.2 percent design (with standard
deviation £2.1 percent design). The report says simply that the value was increased
"to ensure that it is bounding.” Bounding in what way? How was this determined?

It appears to be an arbitrary adjustment to what should be a real indicator of the
uncertainty in the measured core flow. What is the justification for this change?

(b) Table A-2 includes the parameter Fq" (local heat flux hot channel flow (HCF)).
which is an uncertainty to account for the decrease in departure from nuclear
boiling ratio (DNBR) at the point of minimum DNBR due to engineering
tolerances. It also accounts for flux depression at a spacer grid, and has a value
of +2.08 percent (with standard deviation +1.26 percent). This parameter has
been omitted from Table D-4. What is the justification for this change?

(c) Table A-2 includes the parameter Fq (rod power HCF), which is an uncertainty to
account for rod power increases due to manufacturing tolerances. This
parameter also includes the uncertainty in calculating the pin peak from the
assembly radial peak, and has a value of +2.27 percent (with standard deviation
+1.38 percent) for Mark-B10 fuel. In Table D-4, this parameter has the value
+2.40 percent (with standard deviation +1.46 percent) for Mark-B11 fuel. How
was this uncertainty determined, and why is it larger for Mark-B11 fuel than for
Mark-B10 fuel?

(d) The HCF area uncertainty is reported as -3.00 percent in Table D-4, unchanged
from the value in Table A-2 for Mark-B10 fuel, even though there are significant
differences in the assembly geometry of Mark-B11 fuel. In addition, the value

_reported for the parametér Fq indicates that there are significant differences in
. the manufacturing tolerances for the fuel rods in Mark-B11 fuel, which would
seem to imply that there should also be significant differences in the flow channel
- geometry variations. What is the justification for using the value of -3.00 percent
for this parameter?

Enclosure
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The description of how transition cores will be treated is unclear. Please provide
additional information, addressing the following points:

(a) What is a "transition core penalty," and how is it determined?

(b) The local pressure drop differences-between the Mark-B10 and Mark-B11 fuel
assemblies mean that the local assembly flow distributions may be very different in a
mixed core, due to differences in inter-assembly crossflow patterns. The departure
from nucleate boiling (DNB) behavior of a mixed core may, therefore, be significantly
different from that of a full core of Mark-B11 fuel only. Justify the assumption that
the BWU-Z CHF correlation can be applied to Mark-B11 fuel in a core containing
both Mark-B10 and Mark-B11 fuel.

(c) Two options are described (see p. D-7) that will be used to "conservatively
compensate” for the transition core penalty. The report states that they will be
applied "as necessary” to determine the DNB effect of a transition core. What are
the criteria for selecting one or the other of the two options? How will it be
determined that the selected option is "conservative" for a given transition core?

(d) One option of the two described on p. D-7 is to explicitly apply a penality to the
Mark-B11 fuel generic peaking limit based on a full Mark-B11 core. What is this
penalty? How is it determined? How will it be determined that the penalty
adequately accounts for the effects of a mixed core on DNB behavior?

Table D-2 (p. D-14) claims a pressure range of 400 to 2465 psia for the BWU-Z
correlation with the Mark-B11V multiplier. The database supporting this form of the
correlation includes tests only over the pressure range 695 to 2425 psia. In addition,
there is a distinct nonconservative bias evident in the correlation's predictions with
decreasing pressure (see Figure D-3, p. D-11). The BWU-Z correlation for Mark-BW17
fuel (as documented in BAW-10199-A) has a demonstrated bias with decreasing
pressure, and the SER for this correlation specifies a separate design limit DNBR of
1.59 for pressures below 700 psia. If the BWU-Z correlation with the Mark-B11V
multiplier is to be applied to conditions where the pressure is below 700 psia, what value
will be used for the design limit DNBR and how will it be determined?

The SER for DPC-NE-2005P-A requires that the selected state points for an appiication
of the SCD methodology shall be justified to be appropriate, on a plant-specific basis.
Documentation of this justification in Appendix D consists only of the statement on

p. D-1, “...state point ranges were selected to bound the unit and cycle-specific values of
the Oconee Station.” However, the document also notes that the values of the key
parameter ranges used to define the state points (in Table D-6, p. D-21) are "based on
the currently analyzed state points,” and further notes that "ranges are subject to
change based on future state point conditions.” The procedure and justification for
selecting state points is unclear, and additional information is needed. Specifically, -
please provide a more detailed description of how the state points are selected for the
Oconee plant-specific data, with particular attention to how boundnng values are to be
determined for the B11 and mixed B10/B11 cores.
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The calculations with the VIPRE-01 code using the BWU-Z correlation form for B11 fuel
show essentially the same results as the those obtained with LYNX over the
correlation's database (as documented in Addendum 1 of BAW-10199). However, the
BWU-Z correlation as modified for analysis of B11 fuel has not yet been approved by
the staff, and the topical report describing this correlation, Addendum 1 of BAW-10199,
is still being reviewed. This means that the design limit DNBR for the parameter ranges
stated in Table D-2 may not be the final approved value or range of applicability.
Specifically, the database for the form of the correlation spans a pressure range of 700
to 2400 psia, not the 400 to 2400 psia range stated in Table D-2. Also, the plot in
Figure D-3 (see p. D-11) shows a distinct nonconservative bias with decreasing
pressure (which is identical to the trend shown for the correlation in the Addendum 1
submittal). There is also a nonconservative bias with increasing power, clearly shown
by the plot of measured versus predicted Critical Heat Flux (CHF) in Figure D-1. What
would be the effect on the thermal hydraulic statistical core design analysis for Oconee if
the DNBR design limit of the CHF correlation for B11 fuel were to be increased, or if the
range of applicability of the correlation were to be limited to pressures of 700 to
2400 psia?
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Septembexr 21, 1998

U. §. Nuclear Regulatory Commigsion
washington, D. C. 20555~0001
Attention: Document Control Desk

Subject: Duke Energy Corporation

Oconee Nuclear Station, Units 1, 2 and 3
Docket Numbers 50-269, 50-270, and 50-287

Response to NRC Request for Additional Information
on Appendix D to Topical Report DPC-NE-2005-P,
*Duke Power Company Thermal-Hydraulic Statistical
Core Design Methodology”

This submittal contains information that Duke Energy
Corporation considers PROPRIETARY and is being made pursuant
to 10CFR 2.790.

By letter dated July 1, 1998 the NRC regquested additional
information on Appendix D to Topical Report DPC-NE-2006P,
“Duke Power Company Thermal~Hydraulic Statistical Core Design
Methodology.“ This topical report had been previously
submitted for NRC review by Duke letter dated April 22, 1997.

The questions contained in the July 1 NRC letter, and the
corresponding Pbuke answers, are provided in the attachment to
this letter. Additionally, Table D-1, which is also included

in the attachment, has been revised to correct a typographical
erroxr.

Some of the information contained in the atkachment is
considered proprietary. In accordansée with 10CFR 2.790, Duke
Energy Corporation regquests that this information be withheld
from public disclosure. An affidavit which attests to the
proprietary nature of the affected information is included
with this letter. A non~proprietary version of the affected
material is also included.




U. 8. Nuclear Regulatory Commission
Septenber 21, 1998
Page 2

Please address any comments or questions regarding this matter
to J. S§. ¥Warren at (704) 382-4986,

..

Very truly yours,

NN T oclbann

M. 8. Tuckman
Attachments

xe:

L. A. Reyes, Regional Administrator

U. S§. Nuclear Regulatory Commission - Region I
Atlanta Federal Center

61 Forsyth St., SW, Suite 23T8%

Atlanta, Georgia 30303

D. E. LaBarge, Senior Project Manager (ONS)
Office of Nuclear Reactor Regulation

U. §. Nuclear Reglilatory Commission

Mail Stop 0-14H25

wWashington, B, C. 20585-0001

M. A, Scott .
NRC. Senior Resident Inspector
QOconee HWuclear Station
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bxc:

L. A. Keller

J. E. Burchfield
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AFFIDAVIT OF M. S. TUCKMAN

I am Executive Vice President of Duke Energy
Corporation; and as such have the responsibility for
reviewing information sought to be withheld from public
disclosure in conmection with nuclear power plant
licensing; and am authorized on the part of said
Corporation (Duke) to apply for this withholding.

I am making this affidavit in conformance with the
provisions of 10CFR 2.790 of the regulations of the
Muclear Regulatory Commission (NRC) and in conjunction
with Duke’s application for withholding, which
accompanies this affidavit.

I have knowledge of the criteria used by Duke in
designating information as proprietary or confidential.

Pursuant to the provisions of paragraph (b} {4} of 10CFR
2.790, the following is furnished for consideration by
the NRC in determining whether the information sought to
be withheld from public disclosure should be withheid.

(i) The information sought to be withheld from public
digclosure is owned by Duke and has been held in
confidence by Duke and its consultants.

{ii) The information ig of a type that would customarily
be held in confidence by Duke. The information
consists of analysis methodology details, analysis
resulta, supporting data, and aspects of
development programs relative to a method of
analysis that provides a competitive advantage to

Duke.
Mr S (T%e'am

M. S§. Tuckman

{Continued)



(iii)The information was transmitted to the NRC in
confidence and under the provisions of 10CFR 2.790,
it is to be received in confidence by the NRC.

(iv)} The information sought to be protected is not.
available in public to the best of our knowledge
and belief. .

{v) The proprietary information sought to be withheld

in this submittal is that which is marked in the

. attachment to Duke Energy Corporation letter dated
September 21, 1998; SUBJECT: Response to NRC
Request for Additional Information on Tapical
Report DPC-NE-2005P, *"Duke Power Company Thermal-
Hydraulic Statistical Core Design Methology.* This
information enables Duke to:

{a) Respond to Generic Letter 83-=11, “Licensee
Qualification for Performing Safety Analyses
in Support of Licensing Actions.~”

(b} Support Facility Operating Licenses/Technical
Specifications amendment reguests for Babcock
& Wilcox PWRs.

{c} Perform safety evaluations per 10CFR50.59.

(vi) “The proprietary information sought to be withheld
from public disclosure has substantial commercial
value to Duke.

{(a) It allows Duke to reduce vendor and consultant
expenses associated with supporting the
operation and licensing of nuclear power
plants.

M S Tuelreon

M. S. Tuckman

{Continued)




{b) Duke intends to sell the information to
nuclear utilities, vendors, and consultants
for the purpose of supporting the operation
and licensing of nuclear power plants.

{c) The subject information could only be
duplicated by competitors at similar expense to
that incurred by Duke.

S. Public disclosure of this information is likely to cause
harm to Duke because it would allow competitors in the
nuclear industry te benefit from the resulte of &
significant development program without reguiring
commensurate expense or allowing Duke to recoup a
portion of its expenditures or benefit from the sale of
the information.

M. S. Tuckman, being duly sworn, states that he iz the person
who subscribed his name to the foregoing statement, and that
all the matters and facts set forth within are true and
correct to the best of his knowledge.

S Noelre

M. S. Tuckman, Executive Vice President

.4

L4

. ~
Subscribed and sworn to before me this cé;éi_,

_,hé,&:éézpﬁt_/_ 1998

day of

My Cemmission Expires: Fanuery-22:-2001- May 6, 2000

SEAL



NRC Questions On Mark-B11 SCD Submittal

Questions shown in italics, answers immediately follow.




1. The safety evaluation report (SER)for DPC-NE-2005P-A requires that in all
applications of the statistical core design methodology, the uncertainties and
distributions used in the analysis will be justified on a plant-specific basis. This has
not been done in Appendix D, which presents plant-specific data for Oconee with
Mark-BII fuel. Comparing Table D-4 of Appendix D with Table A-2 of Appendix A
(which contains the approved uncertainties and distributions for the Oconee units
with Mark-BIO fuel), there are four major changes, none of which are explained
adequately. Specifically:

a) The core flow uncertainty has been increased from +/- 2.0 percent design (with
standard deviation of +/-1.0 percent design) to +/-4.2 percent design (with
standard deviation +/-2.1 percent design). The report says simply that the value
was increased "to ensure that it is bounding.” Bounding in what way? How was
this determined? It appears to be an arbitrary adjustment to what should be a real
indicator of the uncertainty in the measured flow. What is the justification for this
change?

The current Chapter 15 analyses for Oconee were performed by FCF. Duke Power has
recently reanalyzed the Chapter 15 transients and submitted a topical report that is
curtrently being reviewed (DPC-NE-3005). As part of this effort, Duke recalculated the
flow uncertainties for combinations of 4,3, and 2 operating reactor coolant pumps. Table
D-4 has been revised to show the flow uncertainties used in the BWU-Z SCD analyses
(the original table only listed the maximum flow uncertainty for 2 pump operation). The
statepoints listed in Table D-3 were propagated using the appropriate flow uncertainty.
For example, statepoint 22 is the limiting statepoint for the 2 pump coastdown transient.
Thus, this statepoint was propagated using a flow uncertainty of 4.2 % (std. deviation of
2.1 %).

Statepoints using the flow uncertainties for 3 and 2 operating reactor coolant pumps have
also been propagated using the BWC correlation. The statistical DNB limit for all cases
using the higher flow uncertainties was less than the SCD limit given in Appendix A.
Thus, no NRC submittal was required based on the criteria given in Table 7 of DPC-
NE2005. o

Page 1 . 9/21/98



‘Non-Proprietary

b) Table A-2 includes the parameter Fq" (local heat flux hot channel flow (HCF)),
which is an uncertainty to account for the decrease in departure from nuclear
boiling ratio (DNBR) at the point of minimum DNBR due to engineering

-tolerances. It also accounts for flux depression at a spacer grid, and has a value
* of [+2.08 percent] (with standard deviation [+1.26 percent]). This parameter has
been omitted in Table D-4. What is the justification for this change?

The local heat flux hot channel factor accounts for the effects on DNBR of local
variations in pellet enrichment and weight on local (hot spot) power, and flux depressions
at spacer grid. Small local heat flux spikes have been shown to have no effect on the
critical heat flux (CHF) per the Oconee 1 Cycle 14 Reload Report, DPC-RD-2018.

DPC-RD-2018 was submitted as supplementary information in support of Technical
Specification changes for Oconee Unit 1 (Amendment 191, TAC 80378), Unit 2
(Amendment 191, TAC 80379), and Unit 3 (Amendment 188, TAC 80380). NRC
approved the Technical Specification change. Duke considered the NRC’s
implementation of the recommended Technical Specification changes to be implicit
approval of DPC-RD-2018.

Removal of Fq" from DNBR analyses-was justified in DPC-RD-2018 based on WCAP-
8202 and CENPD-207. The WCAP-8202 evaluation concluded that the data and analysis
clearly indicate no effect on the minimum DNBR due to large local heat flux spikes. The
spikes tested were in the region of MDNBR and were 20% greater than the heat flux in
the immediate vicinity. The conclusion of these reports is that the local heat flux spikes
associated with fuel densification have no affect on DNBR. This effect is generic to
PWR fuel types and was confirmed to be applicable by the fuel vendor. Additionally, the
magnitude of Fq" calculated by the vendor for Mark-B11 fuel is much smaller, [ ].
Based on this information and the approved reload report submittal, the Fq" factor was
omitted from the Mark-B11 analyses and, therefore, Table D-4.
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Non-Proprietary

¢) Table A-2 includes the parameter Fq (rod power HCF), which is an uncertainty to
account for rod power increases due to manufacturing tolerances. This parameter
also includes the uncertainty in calculating the pin peak from the assembly radial
peak, and has a value off [+2.27 percent] (with standard deviation [+1.38 percent])
Sfor Mark-B10 fuel. In Table D-4, this parameter has the value of [+2.40 percent]
(with standard deviation of [+1.46 percent]) for Mark-B1 1 fuel. How was this
uncertainty determined, and why is it larger for Mark-B11 fuel than for Mark-B10
Suel? '

A rod power hot channel factor of [ ] was specified in the original issue of DPC-
NE-2005 for Mark-B10 fuel. This value has increased to [ ] for the Mark-B10 fuel
(beginning with Oconee 1, 2, and 3 Batch 17) and | ] for the Mark-B11 fuel to
account for dry blending of UO, powder to achieve the desired enrichment. The
Statistical Design Limit (SDL) given in DPC-NE-2005: was shown to still be valid for
Mark-B10 fuel using the increased rod power hot channel factor evaluated as per the
process described in Table 7 of DPC-NE-2005P-A.

The value for F, used in the SCD analysis is calculated as follows based on the rod power

hot channel factor of [ ] for Mark-B11 provided by the fuel manufacturer and the
radial peak uncertainty of [ ] per DPC-NE-1004P-A.
F% = [ ]

The standard deviation is calculated as follows:

oF)%= [ 1
1.645

=0 1
The 1.645 is the one-sided 95/95 statistical K factor for an infinite number of points.

The rod power hot channel factor, Fq, is provided as part of the fuel fabrication process
and is formally transmitted in batch specific design and fabrication data supplied by the
fuel manufacturer for each reload batch. If the rod power hot channel factor were greater
than | ], then the fuel manufacturer would notify Duke Power and the impact on
the SDL will be evaluated.
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Non-Proprietary

d) The HCF area uncertainty is reported as [-3.00 percent] in Table D-4, unchanged
from the value in Table A-2, for Mark-B10 fuel, even though there are significant
differences in the assembly geometry of Mark-B11 fuel. In addition, the value
reported for the parameter Fq indicates that there are significant differences in the
manufacturing tolerances for the fuel rods in Mark-B11 fuel, which would seem to
imply that there should also be significant differences in the flow channel geometry
variations. What is the justification for using the value of [-3.00 percent] for this
parameter? '

The value listed in Table D-4 was provided by the fuel manufacturer. The fuel fabricator
will verify through inspection of the final fuel assemblies and components that the
uncertainty on flow area assumed in the analysis is valid. The same inspection techniques
employed in earlier designs will be used for the Mark-B11 fuel. Comparison to

acceptance criteria for the Mark-B11 fuel will ensure compliance with the [ ] flow area
uncertainty. Water channel data taken on the Mark-B11 lead test assemblies were

evaluated and found to be acceptable. If the flow area uncertainty is greater than [ ],
then the fuel manufacturer will notify Duke Power and the impact on the SDL will be
evaluated as per the process described in Table 7 of DPC-NE-2005P-A.
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2. The description of how transition cores will be treated is unclear. Please provide
additional information, addressing the following points:

a) What is a "transition core penalty, " and how is it determined?

A generic transition core penalty is determined by comparing the DNBR results from a
full core of Mark-B11 fuel with the DNBR results from a conservative Mark-B11/Mark-
B10 transition core. The 9 channel transition core model licensed in DPC-NE-2003 and
described in Appendix D of DPC-NE-2005 is used in this analysis. The MDNBR (or
allowable radial peaking) is calculated with both models for a range of fluid conditions
and axial peaking combinations. The largest penalty calculated from this matrix of
conditions is used as the transition core penalty.

The process for determining a generic transition core penalty is as follows:

1. Develop an 8 channel Mark-B11 full core model and a 9 channel Mark-B11/Mark-
B10 transition core model (per DPC-NE-2003P-A and described in Appendix D of -
DPC-NE-2005).

2. Evaluate each model] for a range of fluid conditions (shown below) that is
representative of fluid conditions for which the Maximum Allowable Peaking limits
are developed using VIPRE-01. These fluid conditions are evaluated at the axial
peaking conditions shown below.

Parameter Maximum Minimum
Core Power (% RTP) 110 80
RCS Flow (% Design Flow) 107.5 80.3

T inlet (deg F) 872.8 529.2
Pressure (psia) 2242 1830
Fz (normalized axial peak) . 1.1,1.4,1.7,2.1

z (location of axial peak) 0.2,0.4,0.6,0.8

The radial peaking results from VIPRE-01, for both the Mark-B11 full and transition
core models at each fluid condition, were compared to determine the limiting fluid
condition. Then a complete set of MAP curves were developed for both the full core
Mark-B11 and the transition core models. These peaking results were compared, and
a maximum transition core peaking penalty was determined. In addition, the axial
dependency of the transition core penalty was determined. The response to question
2c) specifies the options for the application of the transition core penalty.
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b) The local pressure drop differences between the Mark-B10 and Mark-B11 fuel

assemblies mean that the local assembly flow distributions may be very different in

a mixed core, due to differences in inter-assembly crossflow patterns. The
departure from nucleate boiling (DNB) behavior of a mixed core may, therefore,
significantly different from that of a full core of Mark-B11 fuel only. Justify the
assumption that the BWU-Z CHF correlation can be applied to Mark-B11 fuel in
core containing both Mark-B10 and Mark-B11 fuel

In mixed cores, the possibility of large axial velocity upsets at or around dissimilar grids
exists. These upsets imply different local thermal-hydraulic conditions in surrounding
subchannels. It has been questioned as to whether traditional steady state CHF
correlations are applicable in this instance.

The FCF CHF correlation form (BWU) is composed of three parts: a uniform part
dependent solely on the local thermal-hydraulic conditions of pressure, mass velocity and
thermodynamic quality at the axial location of CHF, a non-uniform F factor modification
dependent on the shape of the axial heat flux input, and a multiplicative geometric factor
dependent on the overall fuel assembly grid spacing and heated length. It is with the
uniform, local conditions part that the mixed core conditions question surfaces.

CHF correlations are developed from data from full length electrically heated bundles in
5-by-5 rod arrays. For each data point, the inlet conditions of coolant mass velocity,
pressure and temperature are known, as is the power (heat flux) required to produce a
DNB event. The local thermal-hydraulic conditions at the axial location of CHF must
then be calculated with a computer code.

The proof of applicability of a CHF correlation, then, is how well it can predict the
critical heat flux that was measured in the DNB event using the calculated local
conditions. Thus, the applicability of a CHF correlation is dependent not only on its
form and data base, but on the accuracy with which the local conditions can be calculated
in any given situation. Because of the size of the test section (a 5-by-5 rod array) and
the use of a series of single spacer grids (axially), normal CHF tests do not exhibit large
hydraulic axial differences. FCF, however, has performed one test with widely varying
subchannel axial resistances producing the large velocity upsets representative of mixed
core conditions. This test was a 5-by-5 test of the Mark B zircaloy grid modeled as the
comer intersection of four fuel assemblies. LDV testing of the intersection grid showed
velocity depressions as large as 50% between the intersection subchannel and the
surrounding unit cell subchannels. This test was conducted at the Babcock & Wilcox
Alliance Research Center and is documented in BAW:10143P-A (BWC correlation of
Critical Heat Flux, April, 1985). In the topical, the measured to predicted (M/P) CHF
results were compared for two traditional test bundles and the intersection bundle. The
guide tube bundle (B15) had an average M/P of 0.971, the unit cell bundle (B16) 0.985
and the intersection bundle (B17) 0.976. The difference in M/P results is statistically
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insignificant. This qualified the BWC correlation for use with the Mark B fuel assembly
design. '

The local conditions necessary for the BWC correlation were calculated with a thermal-
hydraulic computer code. The local conditions for the normal unit and guide tube

bundles had very little axial upset, while the intersection bundle (which produces
conditions representative of a mixed core) had severe upsets resulting from the two to one
velocity upsets. The fact that the BWC correlation performed consistently on conditions
representative of both homogeneous and mixed cores confirms that the FCF local
conditions CHF correlations are valid for both homogeneous and mixed core applications
as long as the local conditions can be accurately predicted by the subchannel thermal-
hydraulic computer code.

In this particular application, the velocity upsets calculated in the Mark-B11 transition
core analysis are on the order of 10%. These calculations assume the limiting geometry (a
single Mark-B11 assembly surrounded by Mark-B10 fuel). Since the test data included
local depressions as large as 50%, the FCF test results bound by a significant amount the
transition core configuration.
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¢) Two options are described (see p. D-7) that will be used to "conservatively
compensate"” for the transition core penalty. The report states that they will be
applied "as necessary” to determine the DNB effect of a transition core. What are
the criteria for selecting one or the other of the two options? How will it be
determined that the selected option is "conservative” for a given transition core?

The three methods for penalizing a transition core are to

1) Penalize the DNBR limit used in the analyses directly or

2) Penalize the Maximum Allowable Peaking Total (MATP) limits
determined for a transition core

3) Use a combination of the two above.

The penalty applied using either method 1 or 2 is based on the most limiting transition core
statepoint determined as described in the response to Question 2(a) above. This ensures
either option is conservative for the transition core.

Option 3) listed above is the current one selected to provide a bounding, conservative
transition core penalty while maximizing core design flexibility. As described in
Question 2(a), the transition core penalty was evaluated with a subset of axial peak

~ locations (Fz, Z) over a wide range of fluid conditions. Then, the fluid condition with the
largest penalty was evaluated with a complete set of axial peaks (Fz from 1.1 t0 2.1, Z
Jrom 0.01 to 1.0). This is the same set of axial peak locations used to generate the MATP
limits and resulting curves described in DPC-NE-2003.

In this analysis, the transition core penalty shows axial shape dependence. Due to this
relationship, it is reasonable to include part of the penalty directly in the applicable

MATP limits. Based on the analysis described above the transition core penalty is
applzed as follows:

1. A 0.5% peaking penalty (1.5% DNB penalty) is applied to the retained DNB margin
availablebetween the SDL and the DDL for Mark-B11 transition cores. This directly
applies the penalty to all DNB calculations.

2. A 1% radial peaking penalty is applied to selected axial peak locations. These are
generally the large axial peaks (Fz of ~1.4) in the top half of the core (at Z ~ 0.6).
Again, these axial peak locations were determined by comparison of a complete set of

MATP curves. This penalty will be applied to all Mark-B11 MATP's limits at the
axial peaking locations necessary.

Duke will retain the option of applying any of the three methods described as a
conservative transition core penalty such that cycle design impact is minimized.
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d) One option of the two described on p. D-7 is to explicitly apply a penalty to the
Mark-B11 fuel generic peaking limit based on a full Mark-B11 core. What is the
penalty? How is it determined? How will it be determined that the penalty
adequately accounts for the effects of a mixed core on DNB behavior?

The transition core penalty is determined as described in the response to Question 2(a)
above. This adequately accounts for the mixed core effect as explained in the response to
Question 2(b). As stated in the response to Question 2(c), the transition core penalty can
be applied to the maximum allowable peaking (MAP) limits calculated for a full Mark-
B11 core. This reduces the allowable peaking in the transition core to account for the
hydraulic and geometry effects. This also ensures that the MDNBR in all transition core
analyses is greater than the licensed SDL.

As with previously licensed transition core methods, the transition core geometry for a
reload cycle can be specifically modeled using the 64 channel model described in DPC-
NE-2003. This larger model allows analyses of the actual cycle loading pattern to
determine the impact of a mixed core on the maximum allowable peaking limits for the
transition cycle.
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3. Table D-2 (p. D-14) claims a pressure range of 400 to 2465 psia for the BWU-Z

correlation with the Mark-B11V multiplier. The database supporting this form of the
correlation includes tests only over the pressure range 695 to 2425 psia. In addition,
there is a distinct nonconservative bias evident in the correlation’s predictions with

decreasing pressure (See Figure D-3, p. D-11). The BWU-Z correlation for Mark-

BW17 fuel (as documented in BAW-10199-4) has demonstrated bias with decreasing

pressure, and the SER for this correlation specifies a separate design limit DNBR of

1.59 for pressures below 700 psia. If the BWU-Z correlation with the Mark-B11V

multiplier is to be applied to conditions where the pressure is below 700 psia, what

value will be used for the design limit DNBR and how will it be determined?

See Question 5 for response.

4. The SER for DPC-NE-2005P-A requires that the selected state points for an

application of the SCD methodology shall be justified to be appropriate, on a plant-
specific basis. Documentation of this justification in Appendix D consists only of the
statement on p. D-1 "... state point ranges were selected to bound the unit and cycle-

specific values of the Oconee Station." However, the document also notes that the
values of key parameter ranges used to define the state points (Table D-6, p. D-21)
are "based on the currently analyzed state points,” and further notes that "ranges
are subject to change based on future state point conditions." The procedure and
Justification for selecting state points is unclear, and additional information is
needed. Specifically, please provide a more detailed description of how the state
points are selected for the Oconee plant-specific data, with particular attention to
how bounding values are to be determined for Bl1 and mixed B10/B11 cores.

The power/flow/pressure/temperature ranges for the SCD analyses are determined by the

steady state and transient analyses for which DNBR is calculated. The Safety Analysis
group provides the statepoint conditions to be evaluated in the SCD analysis. These
statepoints represent expected ranges of operation in Chapter 15 transients. The

statepoints shown in Table D-6 currently bound the range of conditions for Oconee where

the SCD methodology is used to calculate DNBR. As necessary, additional statepoints

from Safety Analysis are evaluated using the approved methodology in DPC-NE-2005 to

verify that the Statistical DNB Limit determined is still bounding for the new set of
conditions. ’
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5. The calculation with the VIPRE-01 code using BWU-Z correlation form for B11 fuel
show essentially the same results as those obtained with LYNX over the correlation's
database (as documented in Addendum 1 of BAW-10199). However, the BWU-Z
correlation as modified for analysis of B11 fuel has not yet been approved by the
staff, and the topical report describing this correlation, Addendum 1 of BAW-10199,
is still being reviewed. This means that the design limit DNBR for the parameter
ranges stated in Table D-2 may not be the final approved value or range of
applicability. Specifically, the database for the form of the correlation spans a
pressure range of 700 to 2400 psia, not 400 to 2465 psia range stated in Table D-2.
Also, the plot in Figure D-3 (see p. D-11) shows a distinct nonconservative bias with
decreasing pressure (which is identical to the trend shown for the correlation in the
Addendum 1 submittal). There is also a nonconservative bias with the increasing
power, clearly shown by plot of measured versus predicted Critical Heat Flux (CHF)
in Figure D-1. What would be the effect on the thermal-hydraulic statistical core
design analysis for Oconee if the DNBR design limit of the CHF correlation for B11
Suel were to be increased, or if the range of applicability of the correlation were to be
limited to pressures of 700 to 2400 psia?

The pressure range reported in Table D-2 is consistent with the conclusion made in
Addendum 1 of BAW-10199. The Addendum 1 conclusion states that the correlation
parameter range for the BWU-Z correlation with the Mark-B11V multiplier is the same as
the BWU-Z correlation. The data base for the Mark-B11 fuel included a pressure range
of 595 psia to 2425 psia as stated in Table E-7 of Addendum 1 to BAW-10199. Also,
Figure D-3 shows a slight conservatism with decreasing pressure. Likewise, Figure D-1
shows aslight conservatism with increasing power.

The pressure range for the statepoints evaluated in Appendix D is 1600 psia to 2242 psia.
The pressure/temperature conditions for these statepoints were selected to bound the
range of fluid conditions at Oconee which will use the statistical DNBR methodology.
Other DNB calculations are performed via the non-statistical DNB method. Non-
statistical DNB calculations will use the applicable design limit DNBR (from the
approved BWU-Z correlation, see table below). The correlation design limit DNBR
(1.19) applies only at or above a nominal pressure of 1000 psia (Reference D-5 of
Appendix D). In the lower pressure region (below a nominal pressure of 1000psia) the
design limit DNBR in the following table will be used (Reference D-5):

Pressure Design Limit DNBR
400 to 700 psia . 1.59
700 to 1000 psia 1.20

Attached is Table D-2 which has been updated to clarify the pressure dependency of the
design limit DNBR. Also, references D-2 and D-5 have been updated to reflect the
current revision of the approved topicals.
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If a statepoint with pressure less than 1600 psia were identified, it would be propagated
using the applicable CHF correlation standard deviation. A statepoint with pressure less
than 1000 psia is not expected for Oconee SCD analyses. If a statepoint with a pressure
less than 1000 psia were analyzed, the applicable design limit DNBR will be used and the
impact of the higher correlation standard deviation on the statistical design limit would be
directly calculated. This verifies the statistical design limit for the statepoint is bounded.
If the SDL for the new statepoint is greater than the licensing limit, the higher SDL will
be used when analyzing the lower pressure conditions. This is in accordance with the
methodology as described in Table 7 of DPC-NE-2005.

Any changes to the CHF correlation or restrictions in its application resulting from the
NRC review process will be communicated to Duke Power by the fuel vendor. If the
Mark-B11 CHF correlation range of applicability is changed, the SCD analysis would be
revised as needed to reflect the modification. The correlation will not be used for DNB
calculations outside the parameter range stated in the approved correlation topical. If the
correlation standard deviation increases above the value used in the analyses, the limiting
statepoint will be re-propagated to verify the SDL given in Appendix D.
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TABLE D-1 MARK-B1ll FUEL ASSEMBLY DATA

(TYPICAL)
GENERAL FUEL SPECIFICATIONS
Fuel rod diameter, in. (Nom.) - 0.416
Thihble tube diameter, in. (Nom.) 0.536
Instrument guide tube diameter, in. (Nom.) 0.554Y/0.567%
Fuel rod pitch, in (Nom.) 0.568
Fuel assembly pitch, in. (Nom.) 8.587
Fuel rod length, in. (Nom.)\ E 154.16
(1) Above lowest mixing vane grid (MV) and between MV gridé.

(2) Below the first mixing vane grid and above the top of the
last mixing vane.

GENERAL FUEL CHARACTERISTICS

Grids: Material Quantity Location Type
Inconel 2 Upper and Lower Non-Mixing
Vane
Zircaloy 6 Intermediate 1 Non-Mixing
Vane, 5

Mixing Vane

Fuel Rods: Material Quantity

Zircaloy-4 208

Fuel Cycle Design Assembly Features

Fuel Assy. Mark

Designation: Bl1 »

Features: Smaller clad outside diameter and wmixing vane
grids.



TABLE D-2 VIPRE-01 BWU-Z Correlation with Mark-B11lV Multiplier
Verification

CHF Test Database Analysis Results

VIPRE-01/LYNXT Statistical Results

VIPRE-01  LYNXT
n, # Of data 216 216
N, degrees of freedom (n-1) 215 215
M/P, Average measured to predicted CHF 1.0084 1.0040
¢ (M/P/N) 0.0859 0.0868
K(215,0.95,0.95) ,one sided tolerance factor Ref. D-2) 1.830 1.830
DNBR(L)= 1/(M/P - Ko)= 1/([1.0040 - 1.830(0.0868)]1 ) 1.175 1.183
Par;meter Ranges

Pressure, psia 400 to 2465

Mass Velocity, Mlbm/hr-ft? : 0.36 to 3.55

Thermodynamic Quality at CHF less than 0.74

Thermal-Hydraulic Computer Code VIPRE—bl

Spacer Grid . Mark-B1l1l 15x15 Mixing

Vane
Design Limit DNBR, VIPRE-01 1.19%

* The correlation design limit DNBR (1.19) applies only at or above a
nominal pressure of 1000 psia (Reference D-2). In the low pressure
region (below a nominal pressure of 1000 psia) the design limit DNBR
in the following table will be used (Reference D-2):

Pressure Design Limit DNBR
400 to 700 psia _ 1.59
700 to 1000 psia 1.20
D-14



Non-Proprietary

TABLE D-4 Oconee Statistically Treated Uncertainties

Parameter -Type
Reactor System
Core Power* Measurement
Core Flow Measurement
Pressure Measurement
Temperature Measurement
Nuclear
FAH Calculation
Fz Calculafion
z Calculation
Fg Calculation
Hot Channel Measurement
Flow Arga
DNBR Correlation
DNBR Code
* Percentage of 100% RTP

Type of
Distribution Uncertainty

Normal +/-2.0%FP

4 Pump:~+/—2.0%
Normal

3 Pump: +/-3.2%

2 Pump: +/-4.2%

design

Normal +/-30.0 psi
.Normal +/-2.0°F
Normal ---
Normal ---
Uniform +/-6 inches
Normal [
Uniform [ ]
Normal ---
Normal

(69.75 MWth wherever applied).

Standard
Deviation

+/-1.0%FP

+/-1.0%
+/-1.6%
+/-2.1%
design

+/-15.0 psi

+/-1.0°F

+/-2.84%

+/-2.91%

9.268%
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This Appendix contains the plant specific data and statistical
DNB limits for the McGuire and Catawba Nuclear Stations with the
Advanced Mark-BW fuel design using the BWU-Z/MSM critical heat flux
correlation. The thermal-hydraulic statistical core design analysis
was performed as described in the main body of this report (DPC-Né-
2005) .

This appendix details the fuel assembly structural and thermal-
hydraulic features unique to the Advanced Mark-BW fuel design. Two
separate fuel pellet materials can be used in this structure. When
used with uranium fuel pellets, the fuel assembly is called Advanced
Mark-BW. If used with mixed oxide fuel pellets, the fuel assembly is
called Mark-BW/MOX1. The fuel mechanical structure and grids are
identical in each case, therefore the same critical heat flux
correlation is applicable to both designs. The nuclear uncertainties
used in this analysis bound both uraniuﬁ and mixed oxide fuel rods.
Therefore, the SCD analysis documented here is applicable to and
bounds both the Advanced Mark—QW and the Mark-BW/MOX1l fuel designs.
For simplicity in this appendix, the term Advanced Mark-BW will be

used.

Plant Specific Data

This analysis is for the McGuire and Catawba plants (four loop
Westinghouse PWR's) with the Advanced Mark-BW fuel. This fuel design
incorporates a 17x17 fuel lattice with 0.374 inch outside diameter

(oD) fuel rods, M5™ cladding, and three additional non-structural Mid-




Span Mixing (MSM) grids in the upper fuel assembly spans to improve
DNB performance. All the parameter uncertainties and statepoint
‘ranges used in this analysis were selected to bound the unit and cycle

specific system values at the McGuire and Catawba stations.

Thermal Hydraulic Code and Model

The VIPRE-01 thermal-hydraulic computer code described in Reference
E-3 and the McGuire/Catawba eight channel model approved in Reference
E-1 are used in this analysis. The reference pin power distribution
is the same as that used for the Westinghouse RFA fuel described in
Appendix G of this report (DPC-NE-2005). The VIPRE-01 models,
approved in Reference E-1 for the Mark-BW fuel, are used to analyze
the Advanced Mark-BW fuel design with the following changes:

1) The Advanced Mark-BW fuel assembly geometry information is 1isted'
in Table E-1. Aéplicable form loss coefficients as per the vendor
were used in the model.

2) The bulk void fraction model was changed from the Zuber-Findlay
model to the EPRI model. Correspondingly, the subcooled void model
was changed from LEVY to the EPRI model.

The Zuber-Findlay bulk void model is applicable only to qualities

below approximately 0.7 (void fractions of 0.85) and is discontinuous

at a quality equal to 1.0 (Reference E-3). The EPRI bulk void model is
esgsentially the same as the Zuber-Findlay bulk void model except for

the equation used to calculate the drift velocity (Reference E-3).

This eliminates the discontinuity at high qualities and void

fractions. Therefore, the EPRI model covers the full range (i.e.,



void fraction range, 0 - 1.0) of void fractions required for
performing DNB calculations. Also, for overall void model
compatibility, the subcooled void model was changed from the Levy
model, as specified in Reference E-1, to.the EPRI correlation. This
change has been previously submitted and approved by the NRC for both
the Westinghouse RFA fuel‘design (Appendix G of this report) and the

Mark-B11l fuel design (Appendix D of this report).

Critical Heat Flux Correlation

1

The BWU-Z/MSM critical heat flux correlation described in’
Reference E-2 is used for all statepoint analyses. This correlation
was developed by AREVA NP and is applicable to the Advanced Mark-BW
fuel design. The analysis in Reference E-2 was performed with the
LYNXT thermal-hydraulic computer code. This correlation was
programmed into the VIPRE-01 thermal-hydraﬁlic computer code and the
Advanced Mark-BW fuel database was analyzed in its entirety. The
results of this analysis are shown in Table E-2. The resulting
average measured to predicted (M/P) value and data standard deviation
are within 1% and the CHF correlation limit with VIPRE-01 is 2% lower
than the values in Reference E-2, péée F-5 (also shown on Table E-2
under the LYNXT_column).

Figures E-1 through E-4 graphically show the results of this
evaluation. Figure E-1 shows there is no bias of measured CHF values
to VIPRE-01 predicted vaiues for the database. Figures E-2 through E-4
show there is no bias with the VIPRE-01 calculated M/P ratios with

respect to mass velocity, pressure, or thermodynamic quality. These



figures compare closely with the same parameter representations in
Reference E-2.

Based on the results shown in Table E-2 and Figures E-1 through
E-4, the BWU-Z form of the BWU CHF application correlation can be used

in DNBR calculations with VIPRE-01 for Advanced Mark-BW fuel.

© Statepoints

The statepoint conditions evaluated in this analysis are listed
in Table E-3. These statepoints represent the range of conditions to

which the statistical DNB analysis limit will be applied.

Key Parametersg and Uncertainties

The key parameters and their uncertainty magnitude and associated
distribution used in this analysis are listed on Table E-4. The
uncertainties were selected to bound the values calculated for each
parameter at McGuire and Catawba. As noted in Table E-4, the nuclear
uncertainties used in this analysis bound both uranium and mixed oxide
fuel. The resulting range of key parameter values generated in this

analysis is listed on Table E-6.

Mixed Core Application

The mixed core model determines the impact of the geometric and
hydraulic differences between the resident 17x17 Westinghouse RFA fuel
described in Appendix G of this report (DPC-NE-2005) and the new

Advanced Mark-BW design. The 8‘channel model described in



Reference E-1 is used to evaluate the impact of mixed cores containing
Westinghouse RFA fuel and the Advanced Mark-BW fuel. 1In Figure 5 of
Reference E-1, Advanced Mark-BW fuel is used instead of Mark-BW fuel.
Therefore, the limiting assembly in Channels 1 through 7 are modeled
as Advanced Mark-BW fuel and the remaining core, Channel 8, is modeled
as Westinghouse RFA fuel. The mixed coreianalysis models each fuel
type in those respective locations with the correct geometry. The
form loss coefficients for each fuel design are input so the effect of
'crossfléw between the different fuel types by e1e§ation is calculated.
This conservativé mixed core model is ﬁsed for all analyses since the

equilibrium core reload cycles will contain both fuel types.

DNB Statistical Design Limits

The statistical design limit for each statepoint evaluated is
listed on Table E-5. Section 1 of Table E-5 contains the 500 case
runs and Section 2 contains the 6000 case runs. The number of cases
was increased from 5000 to 6000 as described in Attachment 1 of
Revision 0 of DPC-NE-2005. The DNBR distributions for all statepoints
in this analysis were normally distributed. It is seen from Section 2

of Table E-5 that the maximum statepoint statistical DNBR value 1is
[ ] . Therefore, the statistical design limit using the .BWU-2Z/MSM
CHF correlation for Advanced Mark-BW fuel at McGuire/Catawba was

conservatively determined to be 1.36. _This limit also applies to

mixed cores with Advanced Mark-BW and Westinghouse RFA fuel.



f

Measured CHF, MBtu/hr-ft2

FIGURE E-1

Measured CHF versus Predicted CHF

Advanced Mark-BW Fuel Database
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TABLE E-1 Advanced Mark-BW Fuel Assembly Data

(TYPICAL)

GENERAL FUEL SPECIFICATIONS

Fuel rod diameter, inches (Nominal)
Guide tube diameter, inches (Nominal)
Fuel rod pitch, inches (Nominal):
Fuel Assembly pitch, inches (Nominal)

Fuel Assembly length, inches (Nominal)

GENERAL FUEL CHARACTERISTICS

Component Material Number Location

Grids Inconel 2 Upper and Lower
Zircaloy 6 Intermediate
(M5™)
Zircaloy 3 Intermediate
(M5™)
Nozzles 30488 1 Bottom
304SS 1 Top
E- 10

0.374
0.482
0.496
8.466

160.0

Type

Non-Mixing Vane
S5 Vaned, 1 Vaneless
Mid-Span Mixing
(Non-structural)
Fine Mesh

Quick Disconnect



TABLE E-2 CHF Test Database Analysis Results With VIPRE-01
Advanced Mark-BW Fuel, BWU-Z/MSM CHF Correlation

VIPRE-01/LYNXT Statistical Results

VIPRE-01 LYNXT
n, # Of data 148 148
N, degrees of freedom (n-1) 147 | 147
M/P, Average measured to predicted CHF 1.0214 1.0138
G (M/P/N)  0.0883 0.0920
K(147,0.95,0.95) ,one sided tolerance factor Ref. E-2) 1.872 1.872
DNBR(L)= 1 /(M/P - K * ©) 1.168 1.188
BWU-Z Parameter Ranges

Pressure, psia 400 to 2465

Mass Velocity, Mlbm/hr-ft? 0.47 to 3.55

Thermodynahic Quality at CHF Less than 0.68

Thermal-Hydraulic Computer Code VIPRE-01

Spacer Grid Advanced Mark—BW,

Fmey = 1.18

Design Limit DNBR, VIPRE-01 ' 1.19*
* The correlation desién limit DNBR (1.19) applies only at or
above the nominal pressure of 594 psia (Reference E-z). In the

low pressure region (400 to < 594 psia) the design limit is 1.59

(Reference E-2).

E-11



Stpt
No.

Power*
(% RTP)

TABLE E-3

RCS Flow
(K gpm)

McGuire/Catawba SCD Statepoints

Core Inlet
Pressure Temperature Axial Peak
(psia) (°F) (F, @ 2)

W O N U s W N R

NONON NN R B R B R R R
B W N O W O d G U R W N P O

N
wn

100% RTP = 3411 Megawatts Thermal
FAH is maximum pin peak

E-12

Radial Peak®
(FAH)




TABLE E-4

Parameter
Core Power*

Core Flow

Measurement +/- 2.2% / +/- 1.34%
Bypdass Flow +/- 1.5%
Pressure +/- 30 psi
Temperature +/- 4 deg F
FNAx
Meésurement +/- 4.0% / 2.43%
FEAy +/- 3.5% / 2.13%
Spacing +/- 2.0% / 1.22%
Fy +/- 4.4% / 2.68%
Z +/- 6 inches
DNBR
Correlation 15.3% / +/- 9.27%
Code/Model
* - DPercentage of 100% RTP (68.22 MWth wherever

Standard
Uncertainty / Deviation

+/- 2% / +/- 1.22%

E-13

McGuire/Catawba Statistically Treated Uncertainties

Type of
Distribution

Normal

Normal
Uniform
Uniform

Uniform

Normal

Normal

Normal

Normal

Uniform

Normal

Normal

applied).



TABLE E-4 Continued McGuire/Catawba Statistically Treated

Parameter

Core Power

Core Flow
Measurement

Bypass Flow

Pressure

Temperature

Uncertainties

Justification

The core power uncertainty was calculated by
statistically combining the uncertainties of the
process indication and contrel channels. The
uncertainty is calculated from normally distributed
random error terms such as sensor calibration accuracy,
rack drift, sensor drift, etc. combined by the square
root sum of squares method (SRSS). Since the
uncertainty is calculated from normally distributed
values, the parameter distribution is also normal.

Same approachias Core Power.

The core bypass flow is the parallel core flow paths in
the reactor vessel (guide thimble cooling flow, head
cooling flow, fuel assembly/baffle gap leakage, and hot
leg outlet nozzle gap leakage) and is dependent on the
driving pressure drop. Parameterizations of the key
factors that control AP, dimensions, loss coefficient
correlations, and the effect of the uncertainty in the
driving AP on the flow rate in each flow path, was
performed. The dimensional tolerance changes were
combined with the SRSS method and the loss coefficient
and driving AP uncertainties were conservatively added
to obtain the combined uncertainty. This uncertainty
was conservatively applied with a uniform distribution.

/

The pressure uncertainty was calculated by
statistically combining the uncertainties of the
process indication and control channels. The
uncertainty is calculated from random error terms such
as sensor calibration accuracy, rack drift, sensor
drift, etc. combined by the square root sum of squares
method. The uncertainty distribution was
conservatively applied as uniform.

Same approach as Pressure.

E-14



TABLE E-4 Continued McGuire/Catawba Statistically Treated

rameter

Pa

FNAH

Measurement

FE

AH

Spacing

Uncertainties .

Justification

This uncertainty is the measurement uncertainty for the
movable incore instruments. A measurement uncertainty
can arise from instrumentation drift or reproducibility
error, integration and location error, error associated
with the burnup history of the core, and the error
associated with the conversion of instrument readings
to rod power. The uncertainty distribution is normal.
This uncertainty is bounding for both uranium and mixed
oxide fuel. ’

This uncertainty accounts for the manufacturing

variations in the variables affecting the heat
generation rate along the flow channel. This
conservatively accounts for possible variations in the
pellet diameter, density, and Uj3g enrichment. This

uncertainty distribution is normal and was
conservatively applied as one-sided in the analysis to
ensure the MDNBR channel location was consistent for
all cases. This uncertainty bounds both uranium and
mixed oxide fuel pellets.

This uncertainty accounts for the effect on peaking of
reduced hot channel flow area and spacing between
assemblies. The power peaking gradient becomes steeper
across the assembly due to reduced flow area and
spacing. This uncertainty distribution is normal and
was conservatively applied as one-sided to ensure
consistent MDNBR channel location.

This uncertainty accounts for the axial peak prediction

uncertainty of the physics codes. The uncertainty
distribution is applied as normal.

This uncertainty accounts for the possible error in
interpolating on axial peak location in the maneuvering
analysis. The uncertainty is one physics code axial
node length. The uncertainty distribution is
conservatively applied as uniform.

E- 15




TABLE E-4 Continued McGuire/Catawba Statistically.Treated

Parameter

DNBR
Correlation

Code/Model

Uncertainties

Justification

This uncertainty accounts for the CHF correlation's
ability to predict DNB. The LYNXT value was used since
the VIPRE-01 value was smaller. The uncertainty
distribution is applied as normal.

This uncertainty accounts for the thermal-hydraulic
code uncertainties and offsetting conservatisms. This
uncertainty also accounts for the small DNB prediction

differences between the various model sizes. The

uncertainty distribution is applied as normal.

E- 16



TABLE E-5

Statepoint #

[Co R S T NS B U PR SR

O I S T R R R R R e T T s o e
U b WD P O VW ® 3 60 0 s W NP o

McGuire/Catawba Statepoint Statistical Results

SECTION 1
BWU-Z/MSM Critical Heat Flux Correlation
500 Case Runs

Coefficient

Mean of Variation

o]

Statistical
DNBR




TABLE E-5 Continued

Statepoint #

SECTION 2
BWU-Z/MSM Critical Heat Flux Correlation

6000 Case Runs

Coefficient Statistical
of Variation DNBR

Mean

a

McGuire/Catawba Statepoint Statistical Results



TABLE E-6 McGuire/Catawba Key Parameter Ranges

Parameter Maximum Minimum

*
Core Power (% RTP)
Pressure (psia)
T inlet (deg. F)

RCS Flow (Thousand GPM)

FAH, Fz, Z

* 100% RTP = 3411 Megawatts Thermal

All values listed in this table are based on the currently analyzed
Statepoints. Ranges are subject to change based on future statepoint

conditions.

~
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A Dube Energy Compatty ECO8H
PO, Box 1006
(704) 3824712 oFfce
_g;: s. (;aqwdy (704) 3827852 Fax
Nuclear Engincering

August 14, 2002

U. S. Nuclear Regulatory Commission
Document Control Desk
Washington, DC 20555-000!

Subject: McGuire and Catawba Nuclear Station, Units 1 and 2
Docket Nos. 50-369, 50-370, 50-413, 50-414
Topical Report DPC-NE-2005P, Thermal-Hydraulic Statistical Core Design
Methodology, Revision 3 (Appendix E); Request for Additional Information

Reference:  U.S. Nuclear Regulatory Commission letter dated August 1, 2002, Request for
Additional Information - Review of Duke Topical Report DPC-NE-2005P, (TAC
Nos. MB3105, MB3106, MB3173 and MB3175)

Duke Power Company’s hercby submits its response to the Nuclear Regulatory Commission
(NRC) Request for Additional Information (RAI) transmitted by the reference letter. This
submittal consists of two attachments; Attachument 1 is a proprietary version of Duke’s response
to the RAI and Attachment 2 is a non-proprietary version. The proprietary information in
Attachment 1 is enclosed in brackets [ ]. In accordance with 10 CFR 2.790, Duke requests that
this proprietary information be withheld from public disclosure, An affidavit that attests to the
proprietary nature of this information is included with this letter.

Also included in this submistal is a revised References page (E-20) for DPC-NE-2005P reflecting
NRC approval of Framatome ANP Topical Report BAW-10199P-A, Addendum 2.

Inquiries on this matter should be directed to G.A Copp at (704) 373-5620.

Very truly yours,

K.'S. Canady

Attachments

PROPRIETARY
Material Attached



U.S. Nuclear Regulatory Commission
August 14, 2002
Page 2

x¢ w/attachments:

L. A. Reyes .

U. S. Nuclear Regulatory Commission
Regional Administrator, Region Il
Atlanta Federal Center

61 Forsyth 8t., SW, Suite 23T85
Atlanta, GA 30303

C. P. Patel (addresses onty)

NRC Senior Project Manager (Catawbz)
U. 8. Nuclear Regulatory Commission
Mail Stop O-8 H12

Washisigton, DC 20555-0001

S.M. Shaeffer
NRC Senior Resident Inspector
MeGuire Nuclear Station

D.J. Roberts
NRC Senior Resident Inspectar
Catawba Nucleat Station

xc w/5 copies of attachments;

R. E. Martin { Addressee only)

NRC Senior Project Manager (McGuire)
U. S. Nuclear Regulatory Conenission
Mail Stop O-8 Hi2

Washington, DC 20555-0001



AFFIDAVIT OF K.S. CANADY

. MynameisK.S. Canady. I am Vice President of Duke Energy Corporation, and as such have

the responsibility of nevxcwmg the proprietary information sought to be withheld from public
disclosure in connection with nuclear plant licensing, am authorized to apply for its withholding
_on behalf of Duke. X

. 1am making this affidavit in conformance with the provisions of 10 CFR 2.790 of the

regulations of the Nuclear Regulatory Commission (NRC) and in conjunction with Duke’s
application for withholding which accompanies this affidavit.

. T have knowledge of the criteria used by Duke in designating information as proprietary or

confidential.

. Pursuant to the provisions of paragraph (b)}4) of 10 CFR 2.790, the following is furnished for

consideration by the NRC 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 by Duke and has
been held in confidence by Duke and its consultants.

(ii) The information is of a type that would customarily be held in confidence by Duke. The
information consists of analysis methodelogy details, analysis results, supporting data, and
aspects of development programs, refative 10 a2 method of analysis that provides a competitive
advantage to Duke.

(iii) The information was transmitted to the NRC in confidence and under the provisions of 10
CFR 2.790, it is to be received in confidence by the NRC.

(iv) The information sought to be protected is not available in public to the best of our
knowledge and belief.

(v) The proprietary information sought to be withheld in this submiteal is that which is marked
in the attachment to Duke Energy Corporation letter dated August 15, 2002; Response to
Request for Additional Information Re: Topical Report DEC-NE-2005P, Revision 3, Duke
Power Thermal-Hydraulic S(ausumt Core Design (SCD) Methodology This information

mblcs Duke to:

{a) Respond to Generic Letter 83-11, “Licensee Qualification for Performing Safety
Analyses in Suppont of Licensing Actions.”

.

 RASmay Y
{cominued) -



(b) Support license amendment and Technical Specification revision requests for Duke
reactors to support the use of Advanced Mk-BW or Mk-BW/MOX1 fizel assemblies.

(c) Perfonm safety reviews per 10 CFR 50.59.

(dy Evaluate core thermal-hydraulic performance and support the establishment of core
operating limits.

(vi) The proprietary information souglit to be withheld from public disclosure has substan{za,l
cormmercial value to Duke.

(a) It allows Duke to reduce vendor and consultant ¢xpenses associated with supporting the
operation and hccnsmg of nuclear power plants.

(b) Duke intends to sell the information to nuclear utilities, vendors, and consultants for the
purpose of supporting the operation and licensing of nuctear power plants.

{c) The subject information could only be duplicated by competitors at similar expense 1o
that incurred by Duke.

5. Public disclosure of this information is likely to cause harm to Duke because it would allow
competitors in the puclear industry to benefit from the results of a significant development
program without requiring a commensurate expense or aflowing Duke to recoup a portion of i its
expenditures or benefit from the sale of the information.

K. 8. Canady, being duly swom, on his oath deposes and says that he is the person who subscribed

his mecmﬁm%mt.mdmatthemanersandfmtssetfoxmmﬂxesmtemmtm'm;

S

K. S. Gaindy , /

Swomm to and subscribed beforeme his_ /4 % dayof qus T 2002
Witness my hand and official seal.

Notary%. Ablic’ -

My commission expires: \{AM 22, 2006

SEAL



NON-PROPRIETARY
Attachment 1
Duke Response to NRC Request for
Additional Information on DPC-NE-2005, Revision 3 (Appendix E)

Thé staff has reviewed Duke Power’s submittal dated September 13, 2001, “Appendix E to DPC-
NE-2005P, Duke Power Thermal-Hydraulic Statistical Core Design (SCD) Methodology
(Proprietary)” and has identified a need for the following additional information.

1.

The submittal states that Appendix E contains the plant specific data and statistical departure
from nucleate boiling (DNB) limits for the McGuire and Catawba Nuclear Stations with the
Advanced Mark-BW fuel design using the BWU-Z critical heat flux (CHF) correlation and -
provides the fuel assembly structural and thermal-hydraulic features unique to the Advanced
Mark-BW fuel design. However, the submittal also states that its SCD analysis is applicable to
and bounds both the Advanced Mark-BW and the Mark-BW/MOX] fuel designs. It appears that
the data provided in the submittal are only applicable to the Advanced Mark-BW fuel design.
Please clarify whether the methodology described in Appendix E to DPC-NE-2005P will be
applied to both the Advanced Mark-BW and the Mark-BW/MOX1 fuel designs. If it is
applicable to both designs, then additional data sets for the Mark-BW/MOX1 should be provided.
Also, please identify those differences between the Advanced Mark-BW and Mark-BW17 fuel
design. . .

Response:

To clarify the terminology, a separate description of all three fuel types listed in the question is
provided below.

Mark-BW17 Fuel

The Mark-BW17 fuel design is a l7xl7 fuel assembly design for operation in Westinghouse
NSSS systems by Framatome/ANP. The Mark-BW17 fuel assembly was introduced in 1991
and is currently operating in the McGuire, Catawba, and Sequoyah units. The Mark-BW1 7
includes the following features:

0.374 fuel rod outer diameter
Debris resistant bottom nozzle

‘Zircaloy mixing vane spacer grids

Removable top nozzle

Advanced Mark-BW Fuel

The Advanced Mark-BW fuel design is an evolutionary improvement on the successful Mark-
BW17 fuel assembly design. The only thermal-hydraulic difference between the Mark-BW17
fuel and the Advanced Mark-BW fuel is the addition of three mid-span mixing grids to the
Advanced Mark-BW design. All other features listed above are the same between Mark-BW17

and the Advanced Mark-BW. Therefore, the Advanced Mark-BW design is the Mark-BW17
fuel with mid-span mixing grids.



NON-PROPRIETARY
Attachment 1
Duke Response to NRC Request for
Additional Information on DPC-NE-2005, Revision 3 (Appendix E)

Mark-BW/MOX1 Fuel Design
The Mark-BW/MOX1 design is virtually identical to the Advanced Mark-BW. The only

difference between the designs other than the title is in the fuel rod design. There are two
specific differences, namely:

1. The Mark-BW/MOX1 fuel design contains mixed oxide fuel pellets and Advanced
Mark-BW fuel design contains UO; fuel pellets.

2. The Mark-BW/MOX1 overall fuel rod length is 152.40 inches, 0.24 inches longer than
the Advanced Mark-BW fuel rod length of 152.16 inches.

All other fuel assembly hardware, features, and dimensions are the same. The extra fuel rod
length described in Item 2 is at the top of the fuel assembly above the end of the heated length
and does not impact the DNBR calculations. Therefore, from a thermal-hydraulic fuel feature
perspective, there is no difference between the Advanced Mark-BW and the Mark-B/MOX1
fuel designs. ‘

Since the thermal-hydraulic features are the same, the only impact the different fuel rod designs
could have on the statistical DNBR limit is the radial and axial nuclear uncertainties. These
uncertainties are listed under the headings FN .y and F in Table E-4 of the submittal. The
uncertainty values listed on Table E-4 and used in the analysis bound both mixed oxide and UO,
fuel rods. Since a larger uncertainty is conservative for the SCD analyses and since both UO,
and mixed oxide uncertainties are bounded, the methodology and the calculated SCD limit of
1.36 is equally valid for the Advanced Mark-BW and the Mark-BW/MOX1 fuel designs.

As stated in the last sentence of paragraph 2 on page E-1, the term Advanced Mark-BW was
used throughout the report for simplicity. The term Advanced Mark-BW in the report means
both the Mark-BW/MOX1 and the Advanced Mark-BW design.



NON-PROPRIETARY
Attachment 1
Duke Response to NRC Request for
Additional Information on DPC-NE-2005, Revision 3 (Appendix E)

2. Provide the Advanced Mark-BW fuel database used in Table E-2 of the September 13, 2001,
submittal and describe the process used to obtain the 148 new data points in the two tests. Also,
please demonstrate that the new data are duplicate and close to the old data used in the topical
report, BAW-10199P, Addendum 2, “Application of the BWU-Z CHF Correlation to the Mark-
BW17 Fuel Design with Mid-Span Mixing Grids”, and justify that the data base is sufficient for
this application.

Response:

The 148 data points analyzed by Duke Energy with the BWU-Z CHF correlation in Appendix E
of DPC-NE-2003 are exactly the same 148 data points analyzed in BAW-10199P-A, Addendum
2 by Framatome/ANP. Duke Energy analyzed the exact same data base with the VIPRE-01
thermal-hydraulic code. The resulting data in Table E-2 of the report shows how the correlation
statistics with VIPRE-01 compared to the LYNXT analysis of the data shown in BAW-10199P-
A. The VIPRE-01 code results had a smaller standard deviation compared to LYNXT for the
same database. The SCD calculation in DPC-NE-2005, Appendix E, conservatively bounded the
larger LYNXT value for the correlation uncertainty.



NON-PROPRIETARY
Attachment 1
Duke Response to NRC Request for -
Additional Information on DPC-NE-2005, Revision 3 (Appendix E)

3. Provide details of the calculation procedure used to evaluate the effect of crossflow between the
different fuel types as well as the form loss coefficients used as inputs for the mixed core
analysis. Also, describe the real test data available for this application to McGuire and Catawba
and justify that the DNB statistical design limit of 1.36 is sufficient for McGuire and Catawba
using the BWU-Z CHF correlation for Advanced Mark-BW fuel mixed with Westinghouse robust
fuel assembly fuel.

~ Response:

The procedure used to account for the effects of crossflow between different fuel types in the
analysis was to use a conservative mixed core model for all calculations. As stated in Mixed
Core Application on page E-4 of the submittal, the 8 channel model was used. The center hot or
highest powered assembly, consisting of Channels 1 through 7, is modeled as an Advanced
Mark-BW. The remaining core, 192 fuel assemblies, is modeled as Westinghouse RFA fuel in
Channel 8. The mixed core analysis models each fuel type in those respective locations with the
correct geometry and form losses. The forms loss coefficients by fuel design from top to bottom
are as follows:

_COMPONENT ADVANCED MARK-BW | WESTINGHOUSE RFA

Top Nozzle

Top Inconel

Mixing Vane Zirc Grids

IFM / MSMG Grid

Non-Mixing Vane Zirc Grid

Bottom Inconel

Bottom Nozzle

—

(1) Inconel grid plus Protective grid

The process for evaluating crossflow is to model the core conservatively with the correct
geometry and design data and allow VIPRE-01 to calculate the crossflow in each axial node
based on the data. In this manner, the core is accurately modeled and the results represent a
conservauve mixed core.

With respect to real test data available for this application to McGuire and Catawba, the test data
is just as applicable to mixed core configuration as a full core. The Framatome ANP CHF
correlation form (BWU) is composed of three parts:

1) a uniform part dependent solely on the local thermal-hydraulic conditions of pressure,
mass velocity and thermodynamic quality at the axial location of CHF,



NON-PROPRIETARY
Attachment 1
Duke Response to NRC Request for
Additional Information on DPC-NE-2005, Revision 3 (Appendix E)

2) anon-uniform F factor modification dependent on the shape of the axial heat flux input,
and

3) amultiplicative geometric factor dependent on the overall fuel assembly grid spacing and
heated length. It is with Item 1 (the local conditions thermal-hydraulic conditions) that
the mixed core conditions question surfaces. The other two items are unaffected by
mixed cores. :

CHF correlations are developed from data from full length electrically heated bundles in 5-by-5
rod arrays. For each data point, the inlet conditions of coolant mass velocity, pressure and
temperature are known, as is the power (heat flux) required to produce a DNB event. The local
thermal-hydraulic conditions at the axial location of CHF must then be calculated with a
computer code.

The proof of applicability of a CHF correlation, then, is how well it can predict the critical heat
flux that was measured in the DNB event using the calculated local conditions. Thus, the
applicability of a CHF correlation is dependent not only on its form and data base, but on the

_ accuracy with which the thermal-hydraulic code calculates local conditions. Because of the size

of the test section (a 5-by-5 rod array) and the use of the same spacer grids and elevations,
normal CHF tests do not exhibit large hydraulic differences. Framatome ANP, however, has
performed one test with widely varying subchannel resistances producing the large velocity
upsets representative of mixed core conditions. This test was a 5-by-5 test of the Mark B
zircaloy grid modeled as the comner intersection of four fuel assemblies. Laser Doppler
Velocimetry (LDV) testing of the intersection grid showed velocity depressions as large as 50%
between the intersection subchannel and the surrounding unit cell subchannels. This CHF test
was conducted at the Babcock & Wilcox Alliance Research Center and is documented in BAW-
10143P-A (BWC correlation of Critical Heat Flux, April, 1985). In the topical, the measured to
predicted (M/P) CHF results were compared for two traditional test bundles and the intersection
bundle. The guide tube bundle (B15) had an average M/P of 0.971, the unit cell bundle (B16)
0.985 and the intersection bundle (B17) 0.976. The difference in M/P results is statistically
insignificant.

The predicted local conditions for the unit and guide tube bundles had very little hydraulic upset,
while the intersection bundle (conditions representative of a mixed core) had severe predicted
upsets, similar to the measured data. The fact that the CHF correlation performed consistently
on conditions representative of both homogeneous and mixed cores confirms that the thermal-
hydraulic codes predict the right conditions even with large velocity upsets. This confirms the
Framatome ANP CHF correlations are valid for both homogeneous and mixed core applications.
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This appendix contains the plant-specific data and limits for the Oconee Nuclear Station with-
Mark-B-HTP fuel using the BHTP critical heat flux correlation. Below the first intermediate grid
the BWU-N critical heat flux correlation is used. The thermal-hydraulic statistical core design

analysis was performed as described in the main body of this report.

Plant-Specific Data

" This analysis is for the Oconee Nuclear Station (two-loop Babcock and Wilcox PWR) as
described in Reference F-1. The parameter uncertainties and statepoint ranges were selected to
bound the Oconee unit and cycle-specific values. This analysis models the 0.430 inch diameter
fuel rod Mark-B-HTP fuel assembly design.

Thermal-Hydraulic Code and Model

The VIPRE-01 thermal-hydraulic computer code described in Reference F-2 and the Oconee
eight and nine channel models approved in Reference F-1 are used in this analysis. Due to the
fuel assembly design change, some specific data supplementary to Table 3-1 in Reference F-1
requires updating. This data is listed in Table F-1 in this appendix. Table F-1 includes fuel rod,
control rod, and instrument guide tube diameters, the number and design of the grids, and the fuel
rod length.

The VIPRE-01 models approved in Reference F-1 are usea to analyze the Mark-B-HTP fuel with
the following exceptions: v
1) The Mark-B-HTP fuel assembly dimensional information is listed in Table F-1.

.‘2) The turbulent mixing factor has been changed to [ - ] for the Mark-B-HTP fuel
assembly design due to the presence of HTP grid mixing features, and | ] for
the HMP grid. The numerical value was determined and provided by the fuel
supplier.

3) The bulk void fraction model was changed from the Zuber-Findlay model to the
EPRI model. The Zuber-Findlay bulk void model is applicable only to qualities
below approximately 0.7 and is discontinuous at a quality equal to 1.0 (Reference F-
2). The EPRI bulk void model is essentially the same as the Zuber-Findlay bulk void
model except for the equation used to calculate the drift velocity (Reference F-2).
This eliminates the discontinuity at a quality equal to 1.0. Therefore, the EPRI model

F-1



provides a full range (i.e., void fraction range, 0 - 1.0) of applicability required for
performing DNB calculations. Also, for overall model compatibility, the subcooled
void model was changed from LEVY, as specified in Reference F-1, to the EPRI
correlation for the Mark-B-HTP fuel.

Critical Heat Flux Correlation

The NRC-approved BHTP critical heat flux correlation in Reference F-3 is used for all Mark-B-
HTP analyses, with the exception that below the first intermediate grid the BWU-N critical heat
flux correlation (Reference F-4) is used. The BHTP correlation was developed by AREVA NP
for appli‘cation to the Mark-B-HTP fuel design. The éhalysis in Reference F-3 was performed
with the LYNXT thermal-hydraulic computer code (Reference F-5). This correlation was
programmed into the VIPRE-01 thermal-hydraulic computer code and the Mark-B-HTP data base
analyzed in its entirety. The results of this analysis are shown in Tables F-2 and F-3. The
resulting average P/M value, data standard deviation, and CHF correlation limit are within 1% of

the values reported in Reference F-3 (also shown in Table F-2 under LYNXT column).

Figures F-1 through F-4 graphically show the results of this evaluation. Figure F-1 shows there is
no bias of VIPRE-01 predicted CHF values to measured values for the data base. Figures F-2
through F-4 show there is no bias with the VIPRE-01 calculated P/M ratios with respect to mass
velocity, pressure, or thermodynamic quality. These figures compare closely with the same

parameter representations in Reference F-3.
Based on the results shown in Tables F-2 and F-3 and Figures F-1 through F-4, the BHTP CHF

correlation licensed in Reference F-3, can be used in DNBR calculations with VIPRE-01 for
Mark-B-HTP fuel.
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Statistical Core_ Design Analysis

Statepoints
The statepoint conditions evaluated in this analysis are listed in Table F-4. These statepoints
represent the range of conditions to which the statistical DNB analysis limit will be applied. The

range of key parameter values analyzed is listed in Table F-7.

Key Parameters and Uncertainties

The key parameters and their uncertainty magnitude and associated distribution used in this
analysis are listed in Table F-5. The uncertainties were selected to bound the values calculated
for each parameter. The uncertainties have not changed from Reference F-1 except for the rod
power hot channel factor (Fq), core flow measurement, and CHF correlation. The uncertainty for
Fq has chahged due to fuel design c};anges. The core flow measureméht uncertainty was
increased to ensure that it is bounding. This results in a more conservative SDL. The DNBR
correlation uncertainty is a bounding value as compared to Reference F-3. It is noted that the Fz
parameter uncertainty distribution in Table F-5 is treated as a normal distribution. The nuclear
uncertainty database for Fz is actually characterized as nearly normal, with the data more skewed
than normal. It is judged that the data can be treated as normal for the purposes of the SCD
methodology.

DNB Statistical Design Limits

The statistical DNBR limit for each statepoint evaluated is listed in Table F-6. Section 1 of Table
F-6 contains the 500 case runs and Section 2 contains the 5,000 case runs. All of the DNBR
distributions are normally distributed. The maximum statistical DNBR value in Table F-6 (full
core of Mark-B-HTP fuel) for 5,000 propagations is | ]. Therefore, the statistical design- |
limit, using the BHTP CHF correlation for Mark-B-HTP fuel at Oconee, is [ ] for the range of
parameters given in Table F-7. This result is also valid below the first intermediate grid using the

BWU-N correlation.
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Transition Cores

The transition core model determines the impact of the geometric and hydraulic differences
between the resident Mark-B11 fuel and the new Mark-B-HTP design. The 9 channel model
described in Reference F-1 is used to evaluate the impact of transition cores containing Mark-B-
HTP fuel. Referring to Figure 4-5 in Reference F-1, Mark-B-HTP fuel is modeled instead of
Mark-B6/7, and Mark-B11 fuel is modeled instead of Mark-B5. Therefore, Channels 1 - 7 are
modeled as Mark-B-HTP fuel, Channel 8 is modeled as Mark-B11 fuel, and Channel 9 is
modeled as Mark B-HTP fuel. The transition core analysis models each fuel type in those
respective locations with the correct geometry. The form loss coefficients and geometry for each

fuel design are input so the effect of crossflow between fuel designs is calculated.

A transition core penalty is evaluated by determining the DNBR impact on a Mark-B-HTP
limiting assembly when analyzed with the 9 channel model. Once determined, several methods
are available to conservatively account for the penalty. One method of accounting for the
reduction in DNB performance due to the hydraulic effects of the conservatively modeled
transition core is to explicitly apply a penalty to the Mark-B-HTP fuel generic peaking limits
based on a full Mark B-HTP core. Another option is to calculate maximum allowable peaking
limits specifically modeling the transition core loading pattern in the detailed 64 channel model
approved in Reference F-1. These methods will be used, as necessary, to determine the DNB

effect of transition cores.

To evaluate the impact of the transition core on the statistical DNB analysis, the most limiting
statistical DNB statepoint (Statepoint 17 in Table F-6) was evaluated using the 9 channel model.
This statepoint is designated 26-T in Table F-6. At 5,000 cases, the statistical DNBR for
statepoint 26T 1s lower than the statistical design limit, [ 1 Therefore, the statistical design
limit[ ] is bounding for Mark-B-HTP/Mark-B11 transition cores, as well as for full Mark-B-
HTP cores.
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Table F-1

Mark-B-HTP Fuel Assembly Data

Dimensions (nominal inches)

Fuel rod diameter 0.430

Guide tube diameter [ ]

Instrument guide tube diameter | ] A
Fuel rod pitch [ ]

Fuel assembly pitch 8.587

Fuel rod length 155.0

Design Characteristics

Material Quantity Location Type

Grids Inconel 718 1 Lower HMP non-mixing

Ms5® 7 Intermediate  HTP non-mixing

and upper
Fuel Rods Ms5® 208
Guide Tubes ~ MS5® 16
Instrument M5® 1
Tube
F-6




Table F-2

VIPRE-01 BHTP Correlation Verification

\Y -0 istical Resu
VIPRE-01
n, # of data points ) [ ]AD
P/M, average predicted to measured CHF [ JAD
c (M/P/N) [ ]AD
DNBR correlation limit ! 1.120
Table F-3

CHF Test Database Analysis Results

Parameter Ranges
Pressure (psié)
Mass flux (MIbm/hr-ft?) .
Thermodynamic quality at CHF
Thermal-hydraulic computer code
Spacer grid

Correlation design limit DNBR

F-7

LYNXT

1.132

1385 to 2425
0.492 to 3.549

Less than 0.512

. VIPRE-01

Mark-B-HTP 15x15

1.132



Table F4

Oconee SCD Statepoints

Core Inlet
Statepoint ~ Power”  RCSFlow® Pressure  Temperature  Axial Peak  Radial Peak
Number  (%RTP) % DF sia CF) F,@2 FAH

00 AWV H W —

SESe

N NN = = = s s
N — O W oo O R

N NN
[V N oY

®26 D

Notes:
1) 100% RTP = 2568 MWt
2) 100% design flow = 352,000 gpm
3) Statepoint 17 was rerun with the mixed Mark-B-HTP/Mark-B11 core Oconee
9 channel model as per Reference F-1
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Parameter

Reactor System
~ Core Power
Core Flow
Pressure
Temperature
| Nuclear
FAH

Fz

Fq

Hot Channel Flow
Area

DNBR

DNBR

Table F-5

Oconee étatistically Treated Uncertainties

R

Measurement

Measurement

Measurement

Measurement

Calculation

Calculation

Calculation

Calculation

Measurement

Correlation

Code

Type of

Distribution

Normal
Normal
Normal

Normal

Normal
Normal
Unifoxrin
Noml

Uniform

Normal

Normal

F-9

Uncertainty

+/-2.0%FP

+/-4.2% design

+/-30.0 psi

+/-2.0°F

+/-6 inches

Standard
Dewviation

+/-1.0%FP

+/-2.1% design

+/-15.0 psi

+/-1.0°F

+/-2.84%

+/-2.91%




Table F-5 (cont.)

Oconee Statistically Treated Uncertainties

Parameter - Justification

System Pressure This uncertainty accounts for randgm uncertainties in various instrumentation
' components. Since the random uncertainties are normally distributed, the square
root of the sum of the squares (SRSS) that results in the pressure uncertainty is
also normally distributed.

Inlet Temperature ~ Same approach as pressure uncertainty.

Core Power The core power uncertainty was calculated by statistically combining various
: random uncertainties associated with the measurement of core power. Since the
random uncertainties are normally distributed, the SRSS that resuits in the core
power uncertainty is also normally distributed.

Core Flow Same approach as core power uncertainty.

Radial Power This uncertainty accounts for the error associated in the physics code's calculation
of radial assembly power (FAh) and the measurement of the assembly power. This
. uncertainty distribution is normal.

Axial Peak Power This uncertainty accounts for the axial peak (Fz) prediction uncertainty of the
physics codes. The uncertainty is assumed normally distributed.

Axial Peak Location  This uncertainty accounts for the possible error in interpolating on axial peak
location (Z) in the maneuvering analysis. The uncertainty is based on the axial
node length in the physics code. The uncertainty distribution is conservatively
applied as uniform.

Rod Power HCF This - uncertainty accounts for the increase in rod power due to manufacturing
tolerances. The uncertainty in calculating the peak pin from assembly radial peak
is also statistically combined with the manufacturing tolerance uncertainty to
arrive at the correct value. The uncertainty is normally distributed and
conservatively applied as one-sided in the analysis to assure the MDNBR channel
location is consistent for all cases.

Hot Channel Flow Area This uncertainty accounts for manufacturing variations in the instrument guide
. tube subchannel flow area. This uiicertainty is uniformly distributed and is
conservatively applied as one-sided'in the analysis to ensure the MDNBR channel
location is consistent for all cases.

DNB Correlation This uncertainty accounts for the CHF correlation's ability to predict DNB. The
uncertainty distribution is applied as normally distributed.

Code/Model This uncertainty accounts for the thermal-hydraulic code uncertainties and
offsetting conservatisms. This uncertainty also accounts for the small DNB
prediction differences between the various model sizes. The uncertainty
"distribution is normally distributed.
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Statepoint #
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Table F-6

Oconee Statepoint Statistical Results
BHTP Critical Heat Flux Correlation

500 Case Runs

Coefficient of

Mean Variation

ia

€

F-11-

Statistical
DNBR




Table F-6 (cont.)

Oconee Statepoint Statistical Results
BHTP Critical Heat Flux Correlation

5000 Case Runs

Coefficient of Statistical
Statepoint # Mean Variation DNBR

9T T
11-T

15-T
16-T
17-T
18-T
20-T
24-T
25-T ,
26-T D

le]
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Parameter
Core power (Y%RTP)
RCS flow (% Design)
Pressure (psia)
T inlet (°F)

FAH, Fz, Z

Table F-7%

Oconee Key Parameter Ranges

Maximum

Minimum

Note: All values listed in this table are based on the currently analyzed statepoints. Ranges are

subject to change based on future statepoint conditions.
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Figure F-1

VIPRE-01 Predicted CHF Versus Measured CHF
Mark-B-HTP Data Base

A,D
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Figure F-2

VIPRE-01 Predicted-to-Measured CHF vs. Mass Velocity
Mark-B-HTP Data Base

F-15

A,D



Figure F-3

VIPRE-01 Predicted to Measured CHF vs. Pressure
Mark-B-HTP Data Base

F-16

A,D



Figure F4

VIPRE-01 Predicted to Measured CHF vs. Quality
Mark-B-HTP Data Base

F-17

A,D



The NRC request for additional information is provided on the
following pages. However, the questions pertain to DPC-NE-2015, which

"is the Mk-B-HTP transition methodology report. Consequently, several

questions do not pertain to DPC-NE-2005. In fact, only one gquestion
pertains to DPC-NE-2005 (question 8). The response to that question
is provided herein while the responses to the other questions are not.




DAVE BAXTER
k Vioe President
EMYQ . Gconee MNuttesr Statioi

Ouie Envegy Corporation .
ONO1YP{78GO Rocheter Highmvay
Seneca, SC 20672

864-88S-446¢
B64-885-4208 fax
AsdaterFaukeensoy, com

September 17, 2008

U. 8. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D. C. 20555-0001

Sobject: Duke Bnergy Carolinas, LLC
QOconee Nuclear Site, Unitg 1,2, and 3
Deocket Numbers 50-269, 50-270, and 50-287
Requests for Additional Information for Proposed License Amendment Request to Revise
the Technical Specifications for AREVA NP Mark-B-HTP Fuel and for Mecthodology
Report DPC-NE-2015-P “Mark-B-HTP Fuel Transition Methodology”
License Amendment Request No. 2007-12

Duke Energy Carolinas, LLC (Duke) submitted a license amendment request (LAR) dated
October 22, 2007, for the Oconee Nuclear Station Renewed Facility Operating License (FOL)
and Technical Specifications (TS) pursuant to 10 CFR 50.90. Specifically, Duke requested NRC
review and approval of methodology report DPC-NE-2015-P, “Mark-B-HTP Fuel Transition
Methodology™ and revisions to Technical Specifications 2.1.1.2 and 5.6.5.b. Associated
revisions to associated Technical Specification Bases B.2.1.1 and B.3.4.] are provided. Thess
revisions will allow the use of the AREVA NP Mark-B-HTP fuel design at the Oconee Nuclear
Station beginning with Oconee Unit 2 Cycle 24 in December 2008. The Mark-B-HTP design is
currently in use at several B&W design reactors.

Duke met with the NRC on March. 3, 2008 to facilitate the LAR review. In emails dated May 8,
2008 and May 28, 2008, Duke received requests for additional information (RAY). Dake
submitted responses to this RAI on July 14, 2008,

On August 27, 2008, following a conference call between Duke and the NRC, additional
clarification was requested to the eatlier responses to questions 6,9, and 10. This submittal
supersedes Duke's earlier RA1 submittal dated July 14, 2008, and includes the revisions to these
questions a3 well as a restatement of Duke's prior responses to the remaining questions.

. Attachment 1 contains information that is proprietary to Duke and AREVA NP. In accordance

with 10 CFR 2.390, Duke requests that this information be withheld from public disclosure.
Affidavits are included (Enclosures 2 and 3) from each organization attesting to the proprietary
nature of the information in the report. The specific information that is proprietary to each

Aunschmont 1 1o this letier containg sensitive information
Withhold Froim Public Disclosure Under 10 CER 2.390(d)(1).
Upon removal of Attackunent 1, this leiter is uncontrolled.

o lizkg- Oy VI



Nuclear Regulatory Commission
License Amendnient Request No. 2007-12
September 17, 2008 ‘ Page2

organization is identified in the report. A non-proprietary version of this report is included in
Attachment 2 that is suitable for public diszemination.

As communicated earlier, Duke requests approval of the LAR by September 30, 2008 with the
amendment to become effective commencing with Oconee Unit 2 Cycle 24. This response is
bounded by the initial review and approval of the Plant Operations Review Commitice and
Nuclear Safety Review Board; therefore, additional reviews wete not required. Additionally, a
copy of this response is being sent to the State of South Carolina in accordance with 10 CFR
50.91 requirements.

Inquirics on this proposed amendment request should be directed to Reene’ Gambrell of the
Oconee Regulatory Compliance Group at (864) 885-3364. ,

Sincerely, .

Dave Bax; Vice President

QOconee Nuclear Site

Enclosures:
1. Notarized Affidavit of Dave Baxter
2. Notarized Affidavit of T. C. Geer
3. Notarized Affidavit of Gayle F. Elliott

Attachment: A
1. Oconee Nuclear Station, Mark-B-HTP Fuel Transition Methodology, Response to NRC
Request for Additional Information [Proprietary Version - Withhold from Public
Disclosure]

2. Oconee Nuclear Station, Mark-B-HTP Fuel Transition Methodology, Response to NRC
Request for Additional Information [Non-Proprietary Version).

Auachment 1 1o this lstter contains sensitive information
Withhold From Public Disclosure Under 10 CER 2.390(d)(1).
Upon removal of Attackment 1, dns letter is uncontrolied.

’



Nuclear Regulatory Commission
License Amendment Request No. 2007-12

September 17, 2008

be w/enclosures and attachments:

Mr. Luis Reyes, Regional Administrator

U. S. Nuclear Regulatory Commission - Region IT
Atlanta Federal Center

61 Forsyth St., SW, Suite 23T85

Atlanta, Georgia 30303

Mr. Lenny Olshan, Project Manager
Office of Nuclear Reactor Regulation
U. 8. Nuclear Regulatory Commission
Mail Stop O-14 H25

Washington, D, C. 20555

Mr. Andy Hutto

Senior Resident Inspector
Qcones Nuclear Site

Ms. Susan E. Jenkins, Manager, :
Infectious and Radioactive Waste Management Section -

2600 Bull Street

Columbia, SC 29201

Attachmumnt 1 io this letter contains sensitive informution
Withhold From Public Disclosure Under 10 CFR 2,390(d)(1).
Upon removal of Arachment 1, this letter is uncontrolled.

Page3




Nuclear 'Rcé.ﬂatory Commission
License Amendment Request No. 2007-12
September 17, 2008

bee w/enclosures and attachments:

R.J. Freudenberger
. G. Davenport
V. Gambrell

R
B
R.
L.
C.
J.

D
C.
D.
8.
8.
R

K. R. Ashe - MNS

G. B. Swindleburst - NED

A R. James - NED

NSRB, ECOSN

BLL, BCO50

File - T.S. Working

ONS Document Management

Antachrnent 1 o this letter containg sengitive information

Withhold From Public Disclosure Under 10 CFR 2.390(d)(1).

Upon removal of Attachment 1, this leter is uncontrolled,

Page 4




ENCLOSURE 1

AFFIDAVIT OF DAVE BAXTER



Enclosure 1 - Notarized Affidavit of Dave Baxter
License Amendment Request No. 2007-12
Septemnber 17, 2008 Page 1

AFFIDAVIT

Dave Baxter, being duly sworn, states that he is Vice President, Oconee Nuclear Site, Duke
Energy Carolinas, LLC, that he is authorized on the part of said Company to sign and file with
the U. S. Nuclear Regulatory Commission this revision to the Renewed Facility Operating
License Nos. DPR-38, DPR-47, and DPR-53; and that all statements and matters set forth herein
are true and correct to the best of his knowledge.

i

Dave Baxtér, Vice President
Oconee Nuclear Site

Subscribed and swom to before me this 4 :Z . day of. QMOOS ,

;o
otary Public

My Commission Expires:

oo (2= 201D

Date

SEAL



L2

ENCL
AFFIDAVIT OF T. C. GEER



AFFIDAVIT OF THOMAS C. GEER

1. 1am Vice President of Duke Energy Corporation and as-such hava the responsibility of
reviewing the propriatary information sought to be withheld from public disclosure in
connaclion with nuclear plant ficensing and am authorized 0 apply for its withho!ding on
behalf of Duke.

2. 1 am making this affidavit in oom‘ofmanoe with the provisions of 10 CER 2.380 of the
regutations of the Nuclear Regulatory Commission (NRC) and in conjunciion witty Duke's
application for withholding which accompanies this affidavit.

3. 1.have knowledge of the criterla used by Duke in designaling information as proprietary
or corifidentiat.

4. Pursuant to the provisions of paragraph (b) (4) of 10 CFR 2.380, the following is
tumished for consideration by the NRC in determining whether the informafion sought to
be withheld from public disclosure should be withheid.

(i) The information sought to be withheld from public disclosure is owned by Duke and
has bean held in confidence by Duke and iis consultants.

{ii) The information is of a type that would custornanily be held in confidence by Duke.
The information consists of analysis melhodology details, analysis results, supporting
data, and aspects of development programs, relative to & method of analysis that
provides a competitive advantage {o Duke.

(i) The information was transmiltad 1o fhe NRC in confidence and under the provisions
of 10 CFR 2.390. it is to be received in confidence by the NRC.

(iv) The information sought to be protecied is not ava:labie in public to the best of cur
knowledge and befief,

(v} The proprietary infosmalion sought to be withbeld in the submittal is that whichis
marked in the proprietary version of the response to the Requiest for Addiional
information from the Nuclear Reguiatory Commission concerning Revision 0 to the Duke
methodology report DPC-NE-2015-P, Oconee Nuclear Station Mark-B-HTP Fus!
Transition Methodalogy. This information enabiles Duke to:

{a) Suppart license amendment and Technical Specification revision requests for its
Qconee reactors.

(b) Perlonm puciear design caloulations on Oconee reactor cores containing low
errichaed uranium fuel,

. <
{Continued) T, C. Geer



(Vi) The proprietary information sought to be withheld from pubfic disclosure has
substantial commercial value {o Duke.

{a) Duke usss this information to reduce vendor and consultant expenses
associated with supporling the operation and licensing of nuclear power
plants,

{b) Duke can sell the information to nuclear utilities, vendors, and consuitants for
the purpose of supporting the operation and licensing of nuclear power
plants.

{c) The subject information could only be duplicated by competifors at similar
expense (o that Incurred by Duke.

5. Public disclosure of this information is likely to cause harm to Duke because it would
allow competitors in the nuclear indusiry to bénefit from the resulls of a significant
development program without requiring a commensurate expanse or gllowing Duke to
recoup a portion of its expenditures or benefit from the sale of the information.

Thomas C. Geer affirms that he is the persan who subscribed his name to the fovégoing
statement, and that all the matters and facts set forth herein are true and correct to the
best of his knowledge.

i M

Thomas C. Gsaer

Subscribed and swom to me: Sune lq &008
Date

g ?f;lZ!' Debovah S. Qq me
Notary Public :

My Commission Expires: __{ecembper 1 2J00F

\‘ “A S .r
Ky é’ i”f-
§§' 5



ENCLOSURE 3
AFFIDAVIT OF GAYLE F. ELLIOTT



AFFIDAVIT

COMMONWEALTH OF VIRGINIA )
CITY OF LYNCHBURG ; =

1. My name is Gayle F. Effott. 1 am Manager, Product Licensing, for AREVA
NP inc. and as such | am authorized to execute this Affidavit.

2. 1 am famiBar wilh the criteria applied by AREVA NP to determine whether
certain AREVA NP information is pmpmry | am familiar with the policies astaﬂimgd by
AREVA NP to ensure the proper application of these critaria. |

3, | am famillar with the AREVA NP information contained in the Rasponse to
NRC RAl on hPC»NBZMS-P. Revision 0, *Oconge Nudlear Station Mark-B-HTP Fus!
Transition Methodology,” dated June 2008 and raferred to harein as “Document.” Information
contained In this Document has been classified by AREVA NP as proprietary in accordance with .
the policies established by AREVA NP for the contro} and pratection of proprietary and
confidential information. ‘ ;

4. This Document contains information of a proprietary and confidential nature
and is of the type custornarily held in confidence by AREVA NP and not mada -avéﬂalﬂa to the
public. Based on my experience, | am aware that other companies regard information of the
kind contained in this Documsnt as proprietary and confidential.

L This Document has been made avallabls to the U.S. Nuciear Regulatory
Commission In confidence with the requast that the information conlained in this Documsni be

withheld from public disclosure. The request for withholding of proprietary information is made in
accordance with 10 CFR 2.390. The information for which withhotding from disclosure is



requested qualifies under 10 CFR 2.300(a)(4) “Trade secrets and commercial or financial

information.”

The following ¢riterla are customarily applied by AREVA NP to determine

whether Enfomalicm should be clagsified as proprietary.

(@

®)

©

)

(e}

The information reveals details of AREVA NP’s research and development
plans and programs or their results.

Use of the information by a competitor would permit the competitor fo
sigrificantly reduca its expenditures, in time or résources, to design, preduce,
of market a similar product or sesvice.

The information inciudes test data or analytical techniques conceming a
process, methodology, or componamt, the application of which results ina
competitive advantage for AREVA NP,

The information reveals certain distinguishing aspacis of a process,

. methodology, or camponent, the exclusive use of which pravides a
competitive advantage for AREVA NP i prodisct optimization or marketabifty.

The information is vital to a competitive advantage held by AREVA NP, would
be helpfid to competitors to AREVA NP, and would likely cause substantiat
harm to the competitive position of AREVA NP.

The information In the Document is considered proprietary for the reasons set farth in
paragraphs 8(b) and 8(c) above.

7.

in accordance with AREVA NP’s policies governing the protecion and contro)

of information, proprietary information contained in this Documnent have been made available,

on a limited basis, to others outside AREVA NP only as required and under suitabte agresment

providing for nondisciosure and limited use of the information.

8,

AREVA NP policy requires that proprietary information be kept in 8 secured

file or area and distribuled on a need-to-know basls.



9, The foregoing statements are true and coarrect fo the best of my knowledge.

information, and belief,

oy .
&G7—7 i 14

SUBSCRIBED betoreme this_ | T

day of }\U;lru/ , , 2008,
O

Sherry L, McFaden
NOTARY PUBLIC, COMMONWEALTH OF VIRGINIA

MY COMMISSION EXPIRES: 10/31/10
Reg. # 7078129
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RAI Question # 8
Provide justification that the use of BHTP CHF correlation meets the Limitations and Conditions
described in the SE of BAW-10241P, Revision 1.

Response

As discussed on page 6-9 of DPC-NE-2015 (Appendix F of DPC-NE-2005-P), the complete
BHTP CHF correlation database, including the additiénal [ ] data points used to justify
extension of the

range of application of the correlation (Reference 1), was analyzed with the VIPRE-01 code.
The predicted CHF to measured CHF (P/M) ratios are plotted against mass velocity, pressure and
thermodynamic quality in attached Figures 1, 2 and 3. Figures 1-3 show (1) that there is no bias
of VIPRE-01 predicted to measured CHF values with respect to mass velocity, pressure and
thermodynamic quality, and (2) the BHTP correlation in VIPRE-01 conservatively predicts CHF
for the extended range of independent parameters. Figures 1-3 compare closely with the same
parameter representations in Reference 1 (Figures A.3, A.6 and A.7).

The BHTP CHF correlation will be used for DNBR analyses of Mark-B-HTP fuel using VIPRE-
01 and the BHTP correlation will be applied within the range of independent variables given in
Table F-3 (pg. 6-14) of DPC-NE-2015. The range of variables in Table F-3 is identical to the
extended range of variables given in Table 1 of Reference 1. If operating conditions require
extrapolations beyond the approved pressure or quality ranges, the limitations and condltlons
listed in Section 4 of Reference 1 will be adhered to:

e When pressure greater than the pressure limit of 2425 psia, but less than 2600 psia, is
encountered, all of the local coolant conditions are calculated at the upper pressure limit of
2425 psia using the NRC-approved VIPRE-01 thermal-hydraulic code and then used in the
calculation of the BHTP CHF.

o Extrapolation below the minimum quality range is performed with no lower limit, consistent
with EMF-92-153(P)(A) Revision 1, “HTP: Departure from Nucleate Boiling Correlation for
High Thermal Performance Fuel”.

No other parameter extrapolations are performed.

Reference

Letter, H. N. Berkow (USNRC) to R. L. Gardner (Framatome ANP), Final Safety Evaluation for
Framatome ANP (FANP), Appendix A to Topical Report (TR) BAW-10241(P), Revision
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1, “Extension of the BHTP CHF (Critical Heat Flux) Correlation Ranges”, TAC No. MC6374,
July 25, 2005.
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This Appendix contains the plant specific data and statistical DNB limits for the McGuire and
Catawba Nuclear Stations with the Westinghouse RFA fuel design using the WRB-2M critical
heat flux correlation. Unless otherwise noted, all previous modeling inputs in VIPRE-01 listed in
Reference G-1 for the 17x17 fuel at McGuire and Catawba are unchanged. The thermal-hydraulic
statistical core design analysis was performed as described in the main body of this report (DPC-
NE-2005).

Plant Specific Data

This analysis is for the McGuire and Catawba plants (four-loop Westinghouse PWR's) with the
RFA design. The Robust fuel design includes 0.374 oD fuel rods and non-structural Intermediate
Flow Mixing (IFM) grids in the upper three spans to improve DNB performance. This design also
includes the fuel reliability features of a debris filtering bottom and a protective grid between this
nozzle and the first structural grid.

The parameter uncertainties and statepoint ranges were selected to bound the McGuire and

Catawba unit and cycle-specific values (see Statepoints and Key Parameters and Uncertainties).

Thermal-Hydraulic Code and Model
The VIPRE-01 thermal-hydraulic computer code described in Reference G-3 and the

McGuire/Catawba eight channel model approved in Reference G-1 are used in this analysis. The
VIPRE-01 models approved in Reference G-1 for the Mark-BW fuel are used to analyze the RFA
design with the following changes:

1) The RFA design geometry information is listed in Table G-1. Applicable form loss
coefficients as per the vendor were used in the models. Also, the axial noding was
adjusted to be compatible with the Westinghouse WRB-ZM CHF correlation.

2) The bulk void fraction model was changed from the Zuber-Findlay model to the EPRI
model. Correspondingly, the subcooled void model was changed from the Levy to EPRI
model.

3) The reference pin peak described in Reference G-1 was increased from 1.60 to 1.67. The
associated pin power distribution was also updated based on this higher value.

4) The reference axial power profile (symmetric chopped cosine) peak to average value

described in Reference G-1 was increased from 1.55 to 1.60.




With respect to Item 2), the Zuber-Findlay bulk void model is applicable only to qualities below
approximately 0.7 (void fractions of 0.85) and is discontinuous at higher values (Reference G-3).
The EPRI bulk void model is essentially the same as the Zuber-Findlay bulk void model except
for the equation used to calculate the drift velocity (Reference G-3). This eliminates the
discontinuity at high qualities and void ﬁactions. Therefore, the EPRI model covers the full range
(i.e., void fraction range, 0 - 1.0) of void fractions required for performing DNB calculations.
Also, for overall void model compatibility, the subcooled void model was changed from the Levy

model, as specified in Reference G-1, to the EPRI correlation.

To evaluate the impact of changing bulk void models on DNB predictiohs, fifty-one RFA critical
heat flux test data points (Reference G-2) were compared using both the Levy/Zuber-Findlay and
EPRI/EPRI subcooled void / bulk void model combinations in VIPRE-01. These data points
cover a pressure range of 1519 to 2426 psia and an inlet temperature range 397.4 to 617.6°F. The
mass flux at the MDNBR location varied from 1.48 to 3.02 Mibm/hr-ft. The void fraction at the
MDNBR location varied from 0.309 to 0.697. The equiiibrium quality at the MDNBR location

varied from 0.07 t0 0.254. The results of this comparison are as follows:

Levy/Zuber-Findlay EPRI/EPRI
Minimum DNBR (Avg.) 1.029 1.028

The minimum DNBR results show a minimal difference of 0.1% (0.001 in DNB). Therefore, the
EPRI bulk void model and EPRI subcooled void correlation will be used in RFA analyses.

The changes related to Items 3) and 4) above are due to the RFA fuel design containing significant
DNBR margin due to the addition of the IFM grids. This DNB margin is applied in core design
space by increasing the reference radial and axial peaking. With respect to radial peaking, all
three models described in Reference G-1 (8, 12, and 75 channel models) are based on the
maximum pin power value. Therefore, all three models were updated to the new peak pih value of

1.67. The resulting pin power distributions from this change are shown in Figures G-1, G-2, and
G-3.

G-2



Critical Heat Flux Correlation

The WRB-2M critical heat flux correlation described in Reference G-2 is used for all statepoint
analyses. This correlation was develdped by Westinghouse for application to the RFA design. As
discussed in Reference G-2 the WRB-2M correlation was developed with the VIPRE-01 thermal-
hydraulic computer code. This correlation was programmed into the Duke Energy version of
VIPRE-01 and will be used in all DNBR calculations for the RFA design, except for the

following:

1. steam line break transient described in Reference G-S.

2. the non-mixing vane span of the RFA fuel (below the first mixing vane Zircaloy grid).
For this region of the fuel, the BWU-N CHF correlation will be applied (Reference G-4)
to the RFA fuel.

Statepoints
The statepoint conditions evaluated in this analysis are listed in Table G-2. These statepoints

cover the range of conditions to which the statistical DNBR limit will be applied. The range of

key parameter values evaluated in this analysis are listed on Table G-5.

Key Parameters and Uncertainties

The key parameters and their uncertainty magnitude and associated distribution used in this
analysis are listed on Table G-3. The uncertainties were selected to bound the values calculated

for each parameter at McGuire and Catawba.

DNB S;atistical Design Limit .
The statistical DNBR value for each statepoint evaluated is listed on Table G-4. Section 1 of
Table G-4 contains the 500 case runs and Section 2 contains the 5000 case runs. The number of
cases was increased from 3000 to 5000 as described in Attachment 1 of the main body of this

. report. The DNBRs calculated for all of the statepoints are normally distributed. As shown in
Section 2 of Table G-4 the maximum statepoint statistical DNBR value is | ]. Therefore, the
statistical design limit (SDL) using the WRB-2M CHF correlation for the RFA design at

McGuire/Catawba is conservatively determined to be 1.30.

G-3
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Transition Cores ‘

A transition core model is used to determine the impact of the geometric and hydraulic differences
between the resident FCF Mark-BW fuel and the Westinghouse RFA design. The 8 channel
mode] described in Reference G-1 is used to evaluate the impact of transition cores containing the
RFA design. In Figure 5 of Reference G-1, the RFA design is used instead of Mark-BW fuel.
Therefore, the limiting assembly (Channels 1 through 7) is modeled as the RFA design and the
remainder of the core (Channel 8) is modeled as Mark-BW fuel. The transition core analysis
models each fuel type in their respective locations with the correct geé_metry. The form loss
coefﬁc;ents for each fuel design are input so the effect of crossflow out of the IFM grid spans in

the limiting channel is calculated.

To evaluate the impact of the transition core on the statistical DNBR limit, the most limiting full
core statepoint (Statepoint 12 on Table G4) was evaluated using the 8 channel transition core
model. This case is designated as statepoint 12TR in Sections 1 and 2 of Table G-4. The
statistical DNBR calculated using the transition core model (statepoint 12TR) is slightly geafer
than the Statistical DNBR value for the full RFA core (statepoint 12) at both the 500 and 5000
cases levels. As shown in Section 2 of Table G-4, this value is still less than 1.30. Therefore, the

statistical design limit of 1.30 is bounding for RFA/Mark-BW transition cores as well as full RFA

cores.

For initial transition reload cycles, a transition core DNBR penalty is determined for the RFA
design using the 8 channel RFA/Mark-BW transition core model. For subsequent cycles where
the RFA fuel composes greater than 80% of the assemblies incore, the 75 channel model shown in
Figure G-3 and described in Reference G-1 is used to determine a transition core penalty. In either

case, a conservative penalty is applied for all DNBR analyses in transition cycles to bound the

effects of mixed cores.
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TABLE G-1
RFA Design Data

(TYPICAL)

GENERAL FUEL SPECIFICATIONS

Fuel rod diameter, inches (Nominal)

0.374
Guide tube diameter, inches (Nominal) 0.482
Fuel rod pitch, inches (Nominal) 0.496
Fuel Assembly pitch, ﬁnches (Nominal) 8.466
Fuel Assembly length, inches (Nominal) 159.8
GENERAL FUEL CHARACT ERISTICS
Component M m Location/Type
Grids Inconel 1 Lower Protective
Inconel 2 Upper and Lower Non-Mixing Vane
ZIRLO™ 6 Intermediate Mixing Vane
ZIRLO™ 3 Intermediate Flow Mixer

(Non-structural)

Nozzles - 30488 1 Debris Filtering Bottom

304S8S 1 Removable Top
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TABLE G-2

McGuire/Catawba SCD Statepoints, WRB-2M Correlation

Core Inlet
Stpt Power*  RCS Flow** Pressure Temperature Axial Peak Radial Peak

No. (%RTP) (Kgom)  (psia) CR) E@2) (FAH)
— -

DN NN N e e et b pet e e ek e
W N = O O 00 ~1I O U b W N = O

24
12TR***

*  100% RTP = 3411 Megawatts Thermal
** Mass flow rate should be calculated using the given core inlet temp.
**+* TR - transition core mode!



Parameter
Core Power*
Core Flow
Measurement
Bypass Flow
Pressure
Temperature

FNAH

Measurement

FEAH

Spacing
Fz
Z
DNBR

Correlation

Code/Model

TABLE G-3

McGuire/Catawba Statistically Treated Uncertainties

Uncertainty / Standard Deviation Type Of Distribution
+/-2%171.22% N Normal
+/-2.2%/1.34% Normal
+/-1.5% Uniform
+/- 30 psi Uniform
+/-4 deg F Uniform
+/-4.0%/2.43% Normal
+/-3.0%/ 1.82% Normal
+/-2.0%1/1.22% Normal
+/-4.41%/2.68% Normal
+/- 6 inches Uniform
+/-10.73%/ 6.52% Normal
[ 1D ) Normal

* Percentage of 100% RTP (3411 MWth).




Parameter

Core Power

Core Flow
Measurement

Bypass Flow

Pressure

Temperature

FNAl

Measurement

TABLE G-3 (Continued)

McGuire/Catawba Statistically Treated Uncertainties

Justification

The core power uncertainty was calculated by statistically combining the
uncertainties of the process indication and control channels. The
uncertainty is calculated from normally distributed random error terms such
as sensor calibration accuracy, rack drift, sensor drift, etc. combined by the
square root sum of squares method (SRSS). Since the uncertainty is
calculated from normally distributed values, the parameter distribution is
also normal. '

Same approach as core power.

The core bypass flow is the parallel core flow paths in the reactor vessel
(guide thimble cooling flow, head cooling flow, fuel assembly/baffle gap
leakage, and hot leg outlet nozzle gap leakage) and is dependent on the
driving pressure drop. Parameterizations of the key factors that control AP,
dimensions, loss coefficient correlations, and the effect of the uncertainty in
the driving AP on the flow rate in each flow path, was performed. The
dimensional tolerance changes were combined with the SRSS method and
the loss coefficient and driving AP uncertainties were conservatively added
to obtain the combined uncertainty. This uncertainty was conservatively
applied with a uniform distribution.

The pressure uncertainty was calculated by statistically combining the
uncertainties of the process indication and control channels. The
uncertainty is calculated from random error terms such as sensor calibration
accuracy, rack drift, sensor drift, etc. combined by the square root sum of
squares method. The uncertainty distribution was conservatively applied as
uniform.

Same approach as pressure.

This uncertainty is the measurement uncertainty for the movable incore
instruments. ‘A measurement uncertainty can arise from instrumentation -
drift or reproducibility error, integration and location error, error associated
with the burnup history of the core, and the error associated with the
conversion of instrument readings to rod power. The uncertainty
distribution is normal.




Parameter

FE AH

Spacing

DNBR
Correlation

Code/Model

TABLE G-3 (Continued)
McGuire/Catawba Statistically Treated Uncertainties

Justification

This uncertainty accounts for the manufacturing variations in the variables

affecting the heat generation rate along the flow channel. This
conservatively accounts for possible variations in the pellet diameter,
density, and U35 enrichment. This uncertainty distribution is normal and

was conservatively applied as one-sided in the analysis to ensure the
MDNBR channel location was consistent for all cases.

This uncertainty accounts for the effect on peaking of reduced hot channel
flow area and spacing between assemblies. The power peaking gradient
becomes steeper across the assembly due to reduced flow area and spacing.
This uncertainty distribution is normal and was conservatively applied as
one-sided to ensure consistent MDNBR channel location.

This uncertainty accounts for the axial peak prediction uncertainty of the
physics codes. The uncertainty  distribution is applied as normal.

This uncertainty accounts for the possible error in interpolating on axial
peak location in the maneuvering analysis. The uncertainty is one half of
the physics code's axial node. The uncertainty distribution is conservatively
applied as uniform. -

This uncertainty accounts for the CHF correlation's ability to predict DNB.
The uncertainty distribution is applied as normal.

This uncertainty accounts for the thermal-hydraulic code uncertainties and
offsetting conservatisms. This uncertainty also accounts for the small DNB
prediction differences between the various model sizes. The uncertainty
distribution is applied as normal.
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Table G-4‘

McGuire/Catawba Statepoint Statistical Results

TR - transition core model

SECTION 1
WRB-2M Critical Heat Flux Correlation
500 Case Runs
Coefficient
Mean o of Variation
G-11

Statistical
DNBR
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Table G-5

McGuire/Catawba Key Parameter Ranges

WRB-2M CHF Correlation

Parameter Maximum ' Minimum

Core Power™ (% RTP)
Pressure (psia)
T inlet (deg. F)
RCS Flow (Thousand GPM)

FAH, Fz, Z

* 100% RTP = 3411 Megawatts Thermal

All values listed in this table are based on the currently analyzed statepoints (Table 5-2). Ranges

are subject to change based on future statepoint conditions.
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FIGURE G-1
8 CHANNEL MODEL - GEOMETRY AND REFERENCE
POWER DISTRIBUTION
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FIGURE G-2
12 CHANNEL MODEL - GEOMETRY AND REFERENCE
POWER DISTRIBUTION
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FIGURE G-3
75 CHANNEL MODEL - GEOMETRY AND REFERENCE
POWER DISTRIBUTION

G-16



Revision 0 of Appendix G
RAI Letters and Responses




f.,.g ua,,z"

% UNITED STATES
w NUCLEAR REGULATORY COMMISSION
% _ WASHINGTOK, 0.0, sess-gom

.f'lrh

.i'*.. Deceﬂlbef 9. 1998

Mr, Gary R. Peterson

Site Vice Presilent

Catawba Nuciear Station

Duke Energy Corporation

4800 Concord Road

York, South Caroling 25745-9635

SUBJECT: CATAWBA NUCLEAR BTATION - REQUEST FOR ADDITIONAL INFORMATION
ON YOUR AMENDMENT REQUEST OF JULY 22, 1838
(TAC NOS, MA2259 AND MA2361)

Dear Mr. Petorson:
By lstter dated July 22, 1998, Dutm Corporation (DEC) propased to amond the Catawba
Nuclear Station, Units 1 and 2, Te Bpecifications to pemiit use of Wastinghouse fusl,

Topical Report DPG-NE2005F/ DPC-NE-2009, *Duke Powar Company Westinghouse Fuel
Transiton Report” was pait of DEC's submittel. The original submittal was supplemented by
fetter dated Octabear 22, 1688. :

The statf Is reviawing DEC's submittals, and has found that addiional information is needed to
the revipw {enclosod). We have disciissed this raquest for additional information with

Mr. Stevy Warren of your staff, and agraed that the resgonse would be due on or before

Jaruary 31, 1993, We will be glad {0 disauss the questions with you upon your requast.

Sincarely, o
B
Patar 8. Tam, Sentor Prclect Managor
Project Diractorate 112
Diviston of Reactor Peajects - 1At
Otfice of Nuclear Reactor Regulation
Docitet Nos, 50413 and 50-414
Enclosure: Raquest for Additional

¢ w/anck: Sae noxt page




{Refarance: Letter, M. 8. Tuckman to NRC, July 22, 1998)

1. Section 3.2 of DPC-NE-2009P states that concaptual transition core designs using the
Acbust Fuel Assembly (RFA) dasign have been evaluated and show that current reload
fimits remain bounding with respoect fo key physica parameters, and that in the event that
ane of the key parameters la excedded, the evaluation process described in
DPC-NE-3001-PA would be performed. :

{8) Describe the evaluation and the result of the conceptual transition corg dasign.

{b) Based on the stalernent, # eppears that the evaluation process descrided in
DPC-NE-3001-PA will not be parformed unfess ane of the key paramaeters Is exceeded.
Without ectual analysis of the RFA transitional ar full cores, how is it determined that
any of tha key paiiumieters Is exceeded?

. To damonsirate thal the currantly approved CASMO-3/SIMULATE-SP mathods and nuciear
uncertainties in DPC-NE-1004-PA are applicedle to the RFA design, Section 3.2 cites the
analyses parformed using Sequaysh Unit 2 Cycles 5, 6, and 7, as well as a 10 CFR 50.59
unreviowed safely question (USQ) evaluation. it is stated that the Sequoyah cotes wate
chosen because they are similar to McGuire and Catawba and contained both integral Fue!
Bumable Absorber (IFBA) and Wet Anmutar Burnable Absotber fual. Table 3-1 provides
the statistical analysls resilts of nuclear uncenainty factors, which ghow they are bounded
by the uncertainty factors of DPC-NE-1004A.

{a) Desoribe any diffarence between the Catawba RFA cores and tha Sequoyah .cores
anslyzed. Describa why thase differences would not affect the applicabiiity of the
analyses of the Sequoyaty cotes to Catawba.

(b} Provide tha comparigon of the analysis results with moasurad data of boton
conecantrations, rod worths, and isothermal temporeture coefficients.

{0) Describe tha details and results of the 10 CFR 50,58 USQ evaluation,

. Section 3.2 states that (1) in all nuclear dasign analysis, both the RFA and the Mark-BW
fue! ara explicitly modeled in the transition corss, and (2) when ootablishing operating and
reactor protaction cystam fimits (0., loss-of-costant acckient (LOCA) kwitt, departure from
nuoteate bolling (ONB), containment fallure mods, transient strain), the fuel specific limits or
& congervative averday of the imits are used, Please slaborate on the mixad cove modet for
rictear dagign analyses, and how fuel-specific limits are used,

Enclogure



.9.

4. Section 5.2 states that in using the VIPRE-01 code for the reactor care thermal-hydraulic
.analysis, tha refarence power distribution based on a 1.60 paak pin from DPC-NE-2004P-A,
Revislon 1, was used.

(a) ‘The report states that this reference pin power distribution “wes” used. Will it be used
Jor future RFA reload analyses?

(b) Does the raference pin power distribution uaedin the cote mammlb analyges
bound all power distribution for the RFA cares for future relead cycles?

5. Section 5.2 states that In the thermal-hydraulic analysls of the RFA dosign using VIFRE-O1,
the two-phase flow comelations will be changed from the Levy subcocled vold correlation
and the Zuber-Findley bulk void conelation to the EPRI stbeoeled and btk void
cotrelations, respectively, While the sensitivity study provided in the report shows 8 minimal
differonce of 0.1 peroent between tha minimum DNB ratios (DNBRs) of 51 RFA oritical heat
flux {CHF) tes! data points calcisiated wilh both sets of correlations, it was stafed in .
DPC-NE-2004 that the Levy/Zuber-Findlay combination compared most favorably with the
Mark-BW tast resulis as the DNBRs of the tests calculated with this combination yielded
conearvative results relafive to the EPRI correlations,

{a) Discuss whether the EPRI correlations will be usad for the AFA design only, or i they
will eiso be used for the Mark-BW design.

(b) i the EFRI corulations will also be used for Mark-BW dasign, provide justification tor
their use.

(c)  the Levy/ZuberFindiay comelations wili continue (o be usad for the Mark-BW fuet
design, discuss how the VIPRE-01 code will be usad to analyze transiant mixed ocres
having both Mask-BW and RFA fuel daaigne. :

6. Seoction 5.7 describes the uso of a tranaition 8-shannef RFA/Mark-8W core model to
determine the impact of the geometric and hydraulic ditferences betwaen the resident
MarkBW fuel and the RIFA desion, and detanmine a conservative DNBR penalty to be
applied for the transition cores. Table 5+4 presentad the siatistical DNBRS for the 500 and
5000 case auns for various slatapolnts Inclucng the transition core case of the most Bmiting
stalapoint 12. The statistical design Emit I8 chosan fo bound hoth the full RFA cores and
HEAMark-BW transition coms for the 5000 case runs.

(8) Why s the statistical dasign fim value proprietary information?

(b) With respect to the slatistical core daesign methodology, describe how the uncertaintes
of the CHF oomrelation and the VIFRE code/modal are propagated with the uncertainties
of the selectad parameters of sach statepoint for the calculadon of the slatistical ONBR
tor sach statepolnt in Tablo 5-4, .

(c) With the statistical design imit specified In Saction 5.7, is # your intention to tse & ful
core of RFA in tha thermal-hydraufic analysis for tha transition ¢ore withaut the transition
core ONBR penalty tactor? »




7.

-3

Section 2.0 states that the RFA is designed to be mechanically and hydraulically compatible
with the Mark-8W fuel, Tehle 2.4 providos a comparison of the basic-design parameters of
the two fuel designe, but doas not provide a comparison of tha hydraufic characierstics of
spacer grids. Section 5.2 aiates that the VIPRE-Q1 coro thermal-hydraulio.analyses were -
performed with applicable form loss cosfficlents acconding to the vendor. Tabla 5.1
provides general AFA fuel spedifications and characteristics without the hydreutic
characteristics of the spacar grids.

{8) Provide comparicons far the thickness, height, and fom foss coefficlents of the RFA and
Mark-BW fuel spacer grida, inchuding mixing-vane and nonmixing vane structural grids,
and intsrmediate flow mixing grids.

() Pravide the form loss coefficierts of the spacer gride used in the analyses and In the
RFA CHF test assemblias f they are different from the values described in item (a).

{c} Describe the pmaduma tc:sénwre that the form loss coefficients of the RFA giids are
compareble to those used In the stetistical core dasign analysis and the CHF tests so
that both the WRB-2M CHF exrratation DNBR firmit and the statistical core design imit
ars valid.

Bection 6.1,3 states that the thermal-hydraufic methodology described In DPC-NE-3000-PA,
Ravision 1, with a simplified core model wit be used for thermal-hydmaulic analysis of

the Updated Fina! Safety Analysis Report Chapter 15 nor-LOCA transients and accidents
for the BFA design. it also states that (1) no transition cors transient anaiyses are
performed gs the restits determined In Chapter 6 also apply for transient anafyses, (2} the
gimpittisd core model of DRC-NE-3000-PA used for ransient analyses was originally
developed with additional consarvatiom over the 8-chantiel model used for steady-state
analyses to spacificelly minimize the impact of changes in core refoad design methods or
fuel assembly design, and (3} should & be determined in the future thet transhtion core
fransient analyses are warranted, thay will be perforrned accordingly.

(a) Expiain what sdditional conservetism {s provided in using the simplified core model of
DPC-NE-3000-PA.

(b) What is the criterionfcriteria usad to detsrmine ¥ transition core transient analyses are
warranted? How would i be detarrnined that the orlteria have been exceeded without
RFA transition core analyses?

Regarding rod ¢jection analysie using SIMULATE-SK, Saclion 6.6.2.2.1 statea that the
wansient racponse is mado more conservative by increasing the figsion eross sections In the
ejactad rod looation and In gach assembly end by sppling “factors of consorvatiam® in the
moderator tamparature cosflicient, control rod worths for withdrawal and Insartion, Doppler
tempearature coatficiont, effective dolay neutron fraction, and sjectod rod warth, ete.

{a) What are the valuas of the muftiplication factore used for fission cross sections, and how
are thoy datomiined?
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{b) How are the hput mesttipiors *VAL" In Equaﬁona 5.1 arx! 6.2 determined? Does “VAL®

have a different value for differort pammetcrs. such as MTC or DTC? What ara the
values for these VALy?

{c} In Equation 8.1, the X's are described as *moderater temparatures.” Should they be
maderator temperansre coefficients?

10,

1.

12

Reganding the SIMULATE-3K cods, there i an eptional Hrequency tra.ns!om
approach, undar the *Temporal Integration M * that can be chosan to Esparate the
fluxes Into expanential ime vaning and predomkiately spatial components, thus
acesierating convemance of the tranglent neutronic solution and p«mMng accuracy on

a coarser ima mash {sa6 Pagoe B, Rel, 6-9)
(2) What determines whan the requancy transform’™ approach should b used?

{b) What gre tha gonsequences of exercising (or not mreislng) this option? Pieasa
provide technical justfication and comparisons of res|

The licansinp analyses of reload coras with MRFAdoﬁgnwﬂl use the mothoedologisa
described in various toplcal reports and revisions Tor the unalyses of fuel design, core
reload design, physics, tharmal-iydraulics, and transieints and accidents, which were
approved by NRC for analyses of civent Catawba cores not having the RFA deslign.
For example, DPC-NE-1004A, DPC-NE-2011-PA, DPGNF2010A, and
DPC-NE-3001-PA are used for the nuciaar degign caleulations, DPC-NE-2004-PA,
DPC-NE-2005-PA, and the VIPRE-01 code are used for the cara thamal-hydraudic
anabses and statistica! core dasign. DPC-ME-3000-PA, DPC-NE-3001-PA,

LA, arnd RETRAN-02 code are used for fionLOCA transient and acsident
analyses. Westinghouge small- and LOCA evaluation models described in
WOEAP-10054-P-A and WCAP-10288-P-A, and retated topical raporis, are used for the
small- and large-braak LOCA analyses. Soma of these mathodologies have inhorent
Imhations, and some have conditions or limitations Impossd by the NRC safety
evaluation reporte in their gpplications. Provide g Bst of the inharant imitations,
conditions, or reatrictions applicable to the RFA oore design from afl the mathodologies
mwmurmnmwmmmwmmwm;wm
limRations, conditions, and restrictions in the applcations to the RFA corag and the

transitional RFA/Mark£8W cores.

Section 8.0 states that TS Figure 2.1.1-1 for tho raactor corm satoty fimita will be
mocied by deleting the 2455 psia safety imit Ene and making the 2400 psia safoty limit
Firie s the upper bound pressurs aliowed for power oparation. Since the upper ranga of
applicabity of the WRDB-2M CHF correlation for the AFA design is 2426 psia, the

2400 psia safety limt line s within the rangs of the CHF comelations for the Mark-BwW

and RFA fuet designs.

Howavar, the safety limh lines in Figure 2.1.1-1 were based on the CHF correlation for
the Mark-8W fuef destgn, In addition to the hot lag bolling il Has an anafys!s bean
periormed 1o ensure thase safety imit Sines bound the safety Smit for the DNBR fmit of
the WREB-2M correlation fot the RFA design®
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T8 Surveifiance Requirements (8Re) 3.2.1.2, 3.2.1.3, and 3.2,2.2, raspactively, require
the heat flux hot channe! factor F, {x.y,z) and the eathaipy rise hot channel factor £y,
{xy) lo be measured periodically Lsing the Incore datector system to ansure that the
values of the total paaking factor and the anthalpy rige factor assumed in the accident
analysos and the reactor protecfion systern limits are not violated, To avoid the
passibiiity that these kot channal factons may increase beyond thelr allowable imits
betwaen survelllances, these SRs currantly speclfy a ponalty factor of 1.02 for thw hoat
thix and enthalpy rige hot channel tagtors if the margin to the F, (xy.2) or F, (&g)m
decreased since the previous survelitance. For the reactor core mmng.‘&e FA fus!
design with intogral bumable absorbers, a larger penalty may be required over cartain
bumup ranges early In the cycie dus to the rate of burmout of this polson. Saction 8.1
pﬁoses 10 remove the 2 percent panalty value from these surveiltance requiraments

and replace them with {ables of panalty values as functions of burnup in the Core
Qperating Limits Rsport (COLR) to facilitate cycle-speoific updates. Tables 8-1 and -2,
raspeciively, provide “typlcal values” for the bumup-depeandent margin-décraase penally
factors for the heat fiux and onthalpy rise hot channel factors,

{a) Provide the aciual values of the margin-decrease penalty factors, as well as the
bases, for these values,

(b) Provide references for the approved methodologies used to caleulate thess values,
and to be Iriciuded in T8 6.6.5 as a part of acoeptabiiity for COLR. ‘



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHIMGTON, D.C. $6555.0001 .
January S, 1999

Mr. H. B. Barron

Vice President, MoQuira Site
Duke Energy Gormoration
12700 Hagers Fenry Road
Huntersville, NC 26078-8985

SUBJECT: MCGUIRE NUCLEAR STATION - REQUEST FOR ADDITIONAL INFORMATION
ON YOUR AMENDMENT REQUEST OF JULY 22, 1898 (TAC NOS. MA2411

AND MA2412) .
Oear Mr. Barron: '

By letter dated July 22, 1068, Duke Energy Corporation (DEC) proposed to emend the McGuire
Nuciear Station, Units 1 and 2, Technical Specifications to permit use of Westinghause fuel.
Topical Report DPC-NE-2009P/OPC-NE-2008, “Duke Power Company Westinghouse Fuel
Transition Raport™ was part of DEC's submittal. The original submittal was supplemented by
letter dated October 22, 1988, :

The staff Is reviewing DEC's eubmittals, and has found that additional information is needed to
complete tia review (enclosed). We have discussed this request for additional Information with
Mr. Stave Warren of your staff, and agread that the respongs woulid be due on or before
January 31, 1699, We will be glad to discuss the questions with you upon your request.

Slnoeréw,

' Frank Rinaldi, Project Manager
Project Directorate 1-2
Oivision of Reactor Projects - Y
Office of Nuciear Reacter Regutation

Docket Nos. §0-369 and 50-370

Enclosure: Request for Additionat
Information

cc wendt: See next page
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(Roferance: Letter, M. 8. Tuckman to NAC, July 22, 1998)

Section 3.2 of DRC-NE-2009P states that conceptual transition core dasigns using the
‘Hobust Fuel Assembly (RFA) design havs been avaluated and show that current reload
imits rermatn bounding with respect to key physica prrameters, and that in the event that
ona of the key paramatars la exgeoded, the evaluation process described in

" DPC-NE-3001-PA would be performed.

{a) Describe the evaluation and the resuft of the conceptual transition core design,

(b) Based on the stetemeri, & appaars that the evaluation process descrived in
DPC-NE-8001-PA Will not be parformed wnlass one of the key paramaters Is exceeded,
Without astial analysis of the RFA transitional or full ms.bowis it detarmined that
anyofihe koy pararneters is excoeded?

. To demeonstrate that the currently approved CASMO-/SINMULATE.SP methods arvd nuciear

uncertainties in DPC-NE-1004-PA are applicable to tha RFA dasign, Section 3.2 cites the
anatysas performed using Sequoysh Unit 2Cycles 5, 6, and 7, as well as 8 10 CFR 50,59
unresiewed safely queation (USQ) evaluation. itis stated that the Sequoyah cores were
chosan hecause thoy ane similar to McQulre end Catswha and contalned both Integral Fuet
Bumable Absarbar (IFBA) and Wet Anmular Burnable Absorbor fual.  Table 3-1 provides
the statistical analysls results of nuciear unceartalnty factors, whiﬁh show thoy are bounded
by the uncertainty factots of DPC-NE-1004A.

{a) Wwdﬁemb«tmmmom:RFAmmdma uoyaheatos
anatyzed. mamwmmmmdmaﬂmmwuydm
snalysas of the Sequoyah cores to Catawba,

{b} Provide the comparison of the analysis results with measured deta of boron
cancentrations, rod worths, aad Iecthermal temperature coeflicients.

{¢) Descritys the detalls and resuits of the 10 OFR 50.58 USQ evalustion.

. Section 3.2 atates that {1) in all nuclear dasign analysis, both the RFA and the Mark-BW

fuel are axplicitly modsied in the transiticn cores, and {2) when establishing operating and

rexctor protaction gystom mite (L.e., loss-af-coctant accident (LOCGA) kwm.depam:e from
moieate bofling (ONB), contalnmant fallure mode, transfent strain), the fuel spacific fimits or
8 conservative overiay of the imits are used. Please elabovate on the mixsd core modat for

nuciear design amlysos, and how fuel-spedfic imits are used,

]

Enclosure
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4. Section 5.2 states that In using the VIPRE-01 code for the reactor core thermal-hydraulic

analysis, the reference power distribution based cn a 1680 paak pin from DPC-NE-2004P-A,
Revislon 1, was used.

{8) The repot states that this teference pin power tistribution “was” used. WIE it bs used
for tuture AFA roload analyses?

{b) Does the referonce pin power distribution used in the core thermal-hydraufic analyses
bound all power distribution for the RFA cores for future reload cyclas?

A sm&cn 6.2 states that In the thermal-hydraulic analysis of tho RFA dasign uging VIPRE-01,

the two-phase flow correlations will be changad from the Lavy subeoolad vold comelation
and the Zubenr-Findlay bulk void conelation to the EPRI subcagled and bulk void
correlations, respectively. While the sensitivity study provided In the report shows a minimal
difference of 0.1 peroent between the minimum DNB ratios (DNBRs) of 51 RFA critical heat
flux (CHF) test dala palits caleutated with both sats of correlations, It was statod In
DPC-NE-2004 that the LevyiZuber-Findtay combinalion compared most favorably with the
Mark-BW test results as the DNBRSs of the lests caldated with this combination y:e&ded
consenvative results relative to the EPRI correlations. ,

“{a) Discuss whethar the EPRI correlations will be usad for tha RFA gesign only, or if they

will also be used for the Mark-BW dasign.

o) ¥ g;e EPRI correlations will also ba used for Mark-BW dasign, provide justification for
their use.

{c) It the Lavy/Zuber-Findiay comelations wilt continue to be used for the Mark-BW fuel
deslgn, discuss how the VIPRE-01 code will ba uced to analyze transient mixed ocores
having both Mark-BW and RFA fupl designs.

. Section 5.7 describes the uss of & transhtion 8-channe! RFA/Mark-BW core modsl to

delarmine the impect of the geometric and hydradic differences betwesn the resident
Mark-BW fuel and the RFA design, and detamine & conservative DNBR panalty to be
applied for the transltion cores. Table 84 presented the statisticat DNBHs for the 500 and
8000 casa nms for varicus statepoints inciuding the trancition core case of the mosat Emiting
statepoint 12. The statistical dasign limit s chosen o bound both the full RFA cores and
RFAMark-BW transition cores for the 5000 case nms,

{8) Why {s the stafistical design Emit value proprietary tnformation?

{b) With respeci to the statistical core design methadalogy, descriie how the uncertainties
of the CHF cometation and the VIPRE coda/modal are propagatad with the uncedainties
of the selected parametons of cach statapoint for the calolation of the statistical DNBR
for sach statepolnt in Tabls 54, _

(c) With the statisioal design fimit specified In Section 5.7, is it your mtenoon to use a full
core of AFA in the thermal-hydrautic analysis for the transition coro without the transition
core DNBR penally factor?
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Section 2.0 states that the RFA is designad to bs mechanicatty and hydraulically compatitie
with the Mark-BW fuel, Table 2.1 provides a camparison of the basic-design paramelers of
the two tuol designe, but does nat provide & comparison of the hydraulic characleristics of
epacer grids. Section 5.2 sintes that the VIPRE-01 core thenmat-tiydrautic anslyses ware
performed with applicable form loss cosfficients according to the vendor. Tabie §,1
provides genoral AFA (us! sppcificalions and characietistics without the hydraulic
characteristics of the spacer gritls.

{a) Provide comparisons far the thicknaas, helght, and form loss coefficlents of the RFA and
Mark-BW fuat apacer grids, including mixing-vane and nonmilxing vane etructural grids,
and intermediate fiow mbdng grids.

{b) Provide the form foss coafficianta of the spacer grids used In the analyees andin the
RFA CHF tast assemblies if they are different irom the values descdbed in item (a).

{¢) Describe the pracedures to ensure that the fam loss ooefficients of the RFA grids are
comparebls fo those used In the statistical vore design analysls and the CHF tests so
that both the WRB-2M CHF comrelation ONBR Emit and the statistical core design imit
ars valid, . .

Seciion 6,1.3 states that the thermal-hydreulic methodology describad In DPC-NE-3000-PA.
Revision 1, with & simpiified core model will be used for thermal-tydraific analysis of

the Updated Fina! Safety Analysls Report Chapter 16 nend.OCA transients and accldents
for the RFA design. It also states that (1) no transition oara transient analyses are
performed as the resulls datermined in Chapter 6 also apply for transient analyses, (2) the
simpiifiad core model of DPC-NE-3000-PA used for tranciont analyses was originally
daveloped with additional congervafism over the 8-channel model used for stoady-state
snalysos o spocifically minimize the impact of changes in core reload dasign methods or
tuel assembly deslgn, and (3) should & ba detammined in the future that transition core
transiant analyses are womantad, they will be performed accordingly.

(s) Explain what edditional consarvatism Is provided in Using the simplified core mode! of
DPC-NE-3000-PA.

(b) What is the criterion/criteria used to detentine if transition core transient analyses are
- warmrted? How would # be determined that the criteria have bsen exceeded without
RFA tmansiton ¢coro anelyses? .

. Regarding tod ejection analysis using SIMULATE-3K, Soclion 6.6.2.2.1 states that the

transient reaponss s mado more consarvative by increasing the tission cross sections in the
eojocted rod location and in each asaerbly and by applying factors of conservatisnt” in the
moderator temperature coefficient, control rod worths for withdrawal and insanion, Doppler
temparatire coefficient, sflective delay neutron fraction, and ejected rod worth, etc. :

{a) What are the values of the muttipfication factors used for fission ¢ross sections, and how
are thoy determined?
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(5) How are the Input mutipidrs “VAL® In Equations 6.1 and 8.2 determined? Does “VAL®

have a diffatent value for difforent paramaters, such as MTC or DTC? What are tha
valuos for these VALY?

{¢) In Equation §.1, the X's are describad as “modorator temperatures,” Should they be

101

it
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modarator temperature toefficiants?

Regarding the SIMULATE-JK code, there is an optional *frequency transform®™
approach, under the "Temporal integration Models,” that can ba chioson to aaparate the
fiuxes into exponential time varying and predominataly spatial componants, thus
accefarating convargence of the transient neutronilc solution and preserving accuracy on

a coarser ime mash (gee Page 5, Rel. 6:9).

{a) What determines when the Yrequency transforn”™ approach should be used?

(b} What are ths consequences of exercising (or not exercising} this option? Plaase
provide technkal justification and compariacns of resuits.

The ficensing anatyses of reload coras with the RFA dasign will uge the mathodologies
describad in various topical roports and revisions for the anslyses of fuel design, core
reload design, physics, tharmal-hydraufics, and transients and accidents, which wers
approvesd by NRC for analyses of curmant Catawba cores not having the RFA design.
For axample, DPC-NE-1004A, DPC-NE-2011-FA, DPC-NF.20104, and
OPC-NE-3001-PA are used for the nucloar design calculations. DPC-NE-2004-PA,
DPC-NE-2005-PA, and the VIPRE-01 code are used for the core themnal-hydradiic
analyzes and statisticat core dasign. DRC-NE-3000-PA, DPC-NE-3001-PA,
DPC-NE-3002-A, and REVRAN-02 cade are used fot hon-LOCA translent and accident
enalyses. Westinghouse small- and larsge-bireak LOCA evaluation modals describeain
WOCAP-10054-P-A and WCAP-10206-P-A, and related toplcal reparts, are used for the
smalb and large-break LOCA analyses. Some of these mathodolegits havo inherent
Imttations, and some have conditions or fimitations imposad by tha NRC safety
evaluation reports in their applications. Provide a list of tha inhacent limitations,
conditions, ot restrictions appiicable to the RFA core design from alf the methodologies
to be used for the RFA refoad dealgn enalyses, and describe tha resclutions of thase
limitations, conditions, and restictions in the epplications to the RFA cotas and the
transitional RFA/Mark-BW cores, : \

Section 8.0 states that TS Figure 2.1.1-1 for the 1eactor cors eafaty imita wil be
modified by deleting the 2455 pela eatety imit ino and making the 2400 psia satety limk
line &5 the upper bound presture ellowed for power operation. Since the upper range of
epplicabiity of the WRB-2M CHF coaslation for the RFA dasign Is 2426 psla, the

2400 psia saloly limit fina 1s within the range of the CHF cotrelations Tor the Mark-Bw
and RFA fual designs.

Howavar, the safely limit ines in Figute 2.1.1-1 were hasad on the CHF correlation or
the Mark-BW fusl dasign, in addition to the hot lag beiling Smil. Has an analysts baan
perionmed 10 ensure these safety Imil finas bound the safaty imit tor the DNBA kmit of
the WRS-2M correlation for the AFA design?
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T8 Surveillance Raquirements (SRs) 3.2.1.2, 3.2.1.3, and 32.2.2, respactively, raquire
the heat flux hot channet factor F, (xy,2) and the enthalpy rise hot channel facter Fy,
{x.y) to be measured periodically using the Incore detector system to ensure that the
vaives of the totat peaking factor and the enthalpy rise factor assumed in the accident
analyses and the reactor protection system Hmits are not viclated. To avoid the
possibiiity that these hot channal factors may incrasasa beyond thalr aliowabile fimits
between surveliiances, thess SRs currently specity a penatty factor of 1.02 for the heat
flux and enthalpy rise hot channe! factors if the margin to the Fq (6y.2) or Fy, (x,y) has
decreased since the previcus surveliiance, For the reactar core contaling the RFA fuel
design with integral bumable absorbera, & largor penaity may be required over certain
bumup ranges early In the cycle dua to the rate of bumout of this poison. Section 8.1
proposes to remave the 2 percent pensity value from these surveillance requirements
and replace them with tables of penalty values as functions of bumup in the Core
Opetating Limits Raport {COLR) to facllitate cycle-specific updates. Tables 8-1 and 8-2,
respactively, provide Typlcal values® for the burnup-dependent margin-decraase penally
factors for the heat flux and enthalpy rise hot channel factors,

{a) Provide the ectual values of the margin-dacrease penally factors, as well as the
bases, for theae values,

{b) Pravide references far the approved mathodolagiss used to caloulate these values,
and 1o be Inciuded In TS 6.8.5 as a part of acceptabliity for COLR. ‘



P DUke . Puke Energy Corporation
o ' 526 Sonth Cliandh Stieer
& Ener gy. . PO, B 10006 (4024 1)

Chartowe, NC 282051006

) (704) 382-2200 ey
M. S‘;Txuct’:‘n:;:m e . (7)) 38343000 Fax

Muclear Creneration

January 28, 1939

U. S. Nuclear Regulatory Commission
Washington, D. €. 20555-0001

ATTENTION: DPocument Control Desk
Subject: Duke Energy Corporation’

McGuire Nuclear Station Units 1 & 2
Docket Nos. S0~368, S0-370

Catawba Muclear Station Units 1 & 2
Docket Nos., 50-413, S0-41i4

Response to NRC Requests for Additional Infeormation
on License Amendment Regquests for McGuire and
Catawba Nuclear Stations

This submittal contains information that Duke Energy
Corporation considers PROPRIETARY and is being made pursuant
to 10CFR 2.790.

By letters dated December 9, 1998 and January 5, 1999 the NRC
requested additional information on Duke Energy Corporation’s
July 22, 1998 license amendment requests (LARs) for the
McGuire Nuclear Station, Units 1 & 2; and the Catawba Nuclear

_ Station, Units )l & 2 Technical Specifications. These LARs
would permit use of Westinghouse fuel at McGuire and Catawba.
Topical Report DPC-NE-2000P/DPC-NE-2009 was also included in
the July 22, 1998 Duke submittal.

The thirteen questions contaimed in the December 9, 1998 NRC
letter, and the corresponding Duke answers, are provided in
the attachments to this letter. A proprietary version and a
non-proprietary version of the Duke response are attached ro .
this letter.

Some of the information contained in Attachment 1 is
considered proprietary. In accordance with 10CPR 2.790, Duke
Energy Corporation regquests that this information be witrhheld
from public disclosure. An affidavit which attests to the




U. S. Nuclear Regulatory Commission
January 28, 1999
Page 2

proprietary nature of the affected intormation is included
with this letter. A non-proprietary version of the Duke
response is included as Attachment 2 to this letter.

Please address any comments or questions regarding this matter
to J. 8. Warren at {704) 382-498¢.

Very truly yours,

- S . i S ———— . T = AT =

M S Vel

M. S. ‘Tuckman
Attachments

xc {(w/o Attachment 1):

Mr. L. A. Reyes, Regional Administrator

U. S§. Nuclear Regulatoxy Commission - Region II
Atlanta Pederal Center

61 Forsyth St., SW, Suite 23T8S

Atlanta, Georgia 30303

Mr. F. Rinaldi, Senior Project Manager
Office of Nuclear Reactor Regulation
U. 8. Huclear Regulatory Commission
Mail Stop 0-14H25

Washington, D, C. 20555-0001

Mr. P. S§. Tam, Senior Pxoject Manager
Office of Nuclear Reactor Regulation
U. S, Nuclear Regulatory Commission
Mail Stop 0-14 H2S .
Washington, D. C. 20555%-0001

Mr. S. M. Shaeffer
MRC Senior Resident Inspactor
MeGuire Nuclear Station

Mr. D. J. Roberts
NRC Senior Resident Inspector
Catawba Nucleaxr Station

-._-/!‘.l.'..'....‘.“...".......‘_......."‘..“
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 AFFIDAVIT

I am Executive Vice President of Duke Energy
Corporation; and as such have the respensibilicy for
reviewing information sought to be withheld from public
disclosure in connection with nuclear power plant

———edrrenr@aiigs —afd ani-avthorized on the part of said

2.

Corporation (Duke) to apply for this withholding.

T am making this affidavit in conformance with the
provisions of 10CFR 2.780 of the regulations of the
Nuclear Regulatory Commission (NRC) and in conjuriction
with Duke’s application for withholding., which
accompanies this affidavit.

I have knowledge of the criteria used by bDuke in
designating information as proprietary or confidential.

Pursuant to the provisions of paragraph (b){(4) of 1OCFR
2.790, the following is furnished for consideration bwy
the NRC in detexrmining 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 by Duke and has been held in
confidence by Duke and its consultants.

(ii) The information is of a type that would customarily
be held in confidence by Duke. The information
consists of analysis methodology details, analysis
results, supporting data, and aspects of
development programs relative to a method of
analysis that provides a competitive advantage to
Duke.

H- 3(\:&‘&%\

M. S. Tuckman

{Continued)
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(1ii)The information was transmitted to the NRC in

(iv)

(v)

confidence and under the provisions of 10CFR 2.790,
it is to be received in confidence by the NRC,

The inforxrmation sought to be protected is not
available in public to the best of our knowledge
and belief.

The proprietary information sought to be withheld
in this submittal is that which is marked in the
proprietary version of the Duke response to NRC
requests for additional information dated December
9, 1998 and Januvary 5, 1999. The subject of these
requests for additional information is a Duke
license amendment request dated July 22, 1998 and
accompanying tapical report designated DPC-NE-
2009P, Duke Power Company Westinghouse Fuel

Transition Report. The information of concern is

omitted from the non-proprietary version of the
buke response. Thi® information enables Duke to:

(A) Respond to Generic Letter 83-1l1, Licensee
Qualification for Performing Safety Analyses
in Support of Licensing Actions,

{(b} Perform c¢ore design, fuel rod design., and
thermal-hydraulic analyses for the
Westinghouse Robust Fuel Assembly design.

{c} Simulate UFSAR Chapter 15 transients and
accidents for McGuire and Catawba Nuclear
Stations.

{d) Perform safety evaluations per 10CFR50.59.

{e} Support Facility Operating Licenses/Technical
Specifications amendments for McGuire and

Catawba Nuclear Stations.
'i- ); ‘Mivm—u

M. S. Tuckman

{Continued})
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{vi) The proprietary information sought to be withheld
from public disclosure has substantial commercial
value to Duke.

{(a)

(b)

(c)

It allows Duke to reduce vendor and consultant
expenses associated with supporting the
operation and licensing of nuclear power
plants.

Duke intends to sell the information to
nuclear utilities, vendors, and consultants
for the purpose of supporting the operation
and licensing of nuclear power plants.

The subject information c¢ould only be
duplicated by competitors at similar expense
to that incurred by Duke.

Public disclosure of this information is likely to cause

haxm to Duke because it would allow competitors in the
nuclear industry to benefit from the results of a

significant development program without requiring

commensurate expense or allowing Duke to recoup a
portion of its expenditures or benefit from the sale of

the information.

M Y veale

M. S. Tuckman

{Continued)



U. S. Nuclear Regulatory Commission
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M. 8. Tuckman, being duly sworn, states that he is the person
who subseribed his name to the foregoing statement, and that
all the matters and facts set forth within are true and
correct to the best of his knowledge.

M. S. Tuckman, Executive Vice President

Subscribed and sworn to before me this ,gﬁ,g day of
ﬁﬁdaﬁ-ﬁu , 1999 |

Nocg}y Hublic

My Commission Expires:

Jan_ 22, 200]

SEAL
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bxc {w/o Attachment 1):

L. A. Keller

M. T. Cash

G. D. Gilbert

K. L. Crane

XK. E. Nicholson
R. H. Clark

G. B. Swindlehurst

D. E. Bortz

Catawba Owners: NCMPA-1, NCEMC, PMPA, SREC
Catawba Document Control File (T. K. Pasour)
Catawba RGC File 801.0) (T. K. Pasour)

ELL
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Response to NRC Requests for Additional Information Dated December 9, 1998 and
January 5, 1999 Applicable to Duke Energy Carolinas License Amendment Requests
Dated July 22, 1998

Note: Only the responses relating to DPC-NE-2005 are provided on the following pages, which
pertain to questions 4, 5, 6, 7, and part of 11 of the NRC RAI References to Sections in DPC-
NE-2009 have been edited to reference the appropriate sections in DPC-NE-2005.
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4.  Section 5.2 (Duke edit: Section 5.2 is the Thermal-Hydraulic Code and Model section of
Appendix G to DPC-NE-2005) states that in using the VIPRE-01 code for the reactor
core thermal-hydraulic analysis, the reference power distribution based on a 1.60
peak pin from DPC-NE-2004P-A, Rev.1, was used.

a. The report states that this reference pin power distribution “was” used. Will it be
used for future RFA reload analyses?

b. Does the reference pin power distribution used in the core thermal-hydraulic
analyses bound all power distribution for the RFA cores for future reload cycles?

Response 4a:

The reference power distribution given in DPC-NE-2004P-A, Rev. 1 will be used in all future
RFA analyses. This radial pin power distribution (the relationship of the peak pin to the
remaining fuel pins in the highest power fuel assembly) used in DPC-NE-2009 and previous
topical reports will not be modified. This maintains the relative radial power distribution the
same as previously approved. There are no plans to change this distribution.

The peak pin value, however, could be increased in the future to utilize the increased thermal
performance available in the RFA design. For DNB analyses using the Maximum Allowable
Peaking (MAP) methodology described in DPC-NE-2004, Rev. 1, the key DNB parameter is the
reference power distribution, not the peak pin power. The peak pin power is only meaningful
when all other DNB parameters are specified (axial peak location and magnitude, core power
level, RCS pressure, flow rate, and temperature). The reference power distribution is used to
create the Maximum Allowable Peaking (MAP) limits that ensure the required level of DNBR
protection is provided. The MAP limits define the maximum allowable peak pin as a function of
axial peak. The reference power distribution is used consistently in all DNB analyses (core DNB
limit lines, transient analyses, SCD statepoint determinations, etc.). Any change in the peak pin
value will be evaluated in all DNB analyses and will be reflected in the Maximum Allowable
Peaking limits provided in the COLR for each reload cycle.

The ability to increase the peak pin value is a result of a new fuel design, additional design
features, a new or modified CHF correlation, or changes to the analysis conditions. If the
performance improvement is related to fuel hardware of correlation change, a submittal is made
to the NRC and approval require prior to use. If the change is to the analysis conditions and no
methodology is modified, the change can be 1mp1emented through the 10CFR50.59 process. In
either case, any increase in the peak pin value is not made unless all analyses and related
licensing limits are verified to be conservatively satisfied.

Response 4b:

The reference power distribution used to create the Maximum Allowable Peaking (MAP) limits is
used in all steady state generic analyses. This distribution is verified each reload by performing
DNB calculations with cycle specific predicted radial pin power distributions. This specific pin
distribution comparison between what is predicted for a particular cycle and the generic analysis
reference power distribution verifies the conservatism of the reference distribution.
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S. Section 5.2 (Duke edit: Section 5.2 is the Thermal-Hydraulic Code and Model section
of Appendix G to DPC-NE-2005) states that in the thermal-hydraulic analysis of the
RFA design using VIPRE-01, the two-phase flow correlations will be changed from
the Levy subcooled void correlation and the Zuber-Findlay bulk void correlation to
the EPRI subcooled and bulk void correlations, respectively. While the sensitivity
study provided in the report shows a minimal difference of 0.1% between the
minimum DNBRs of 51 RFA CHF test data points calculated with both set of
correlations, it was stated in DPC-NE-2004 that the Levy/Zuber-Findlay
combination compared most favorably with the Mark-BW test results as the DNBRs
of the tests calculated with this combination yielded conservative results relative to
the EPRI correlations.

a. Discuss whether the EPRI correlations will be used for the RFA design only, or
they will also be used for the Mark-BW design

b. If the EPRI correlations will also be used for Mark-BW desngn, provide
justification for their use.

¢. If the Levy/Zuber-Findlay correlations will continue to be used for Mark-BW
fuel design, discuss how the VIPRE-01 code will be used to analyze transient
mixed cores having both Mark-BW and RFA fuel designs.

Response Sa:

The EPRI correlations will only be used in the RFA models in VIPRE-01. The Levy/ Zuber-
Findlay combination will be used when modeling Mark-BW fuel.

Duke considers the selection of the two-phase flow correlations to be a very minor effect on
DNBR analyses. Mark-BW CHF test data was analyzed with both Levy/Zuber-Findlay and
EPRVEPRI in the same manner as the RFA with comparable results.

Response 5b:
See 5(a) above.
Response 5c:

The transition core models use the simplified (8 Channel) models to maximize the impact of
different fuel types. In the transition core model, the limiting assembly is modeled as an RFA
and the rest of the core is modeled as Mark-BW fuel. Since the MDNBR occurs in the limiting
assembly, the void correlations are input for the fuel type modeled as the limiting assembly. For
the RFA/Mark-BW transition core model the RFA de81gn is the lumtmg assembly; thus the EPRI
set of correlations are used. \

The transition analyses covered a wide range of statepoint fluid conditions and 3-dimensional
core power distributions. This matrix of conditions were analyzed using both the EPRI and
Levy/Zuber-Findlay correlations with minimal difference in transition core results using either set
of void correlations (average difference of < 1% in peaking).
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6. Section 5.7 (Duke edit: Section 5.7 is the Transition Cores section of Appendix G to
DPC-NE-2005) describes the use of a transition 8-channel RFA/Mark-BW core
model to determine the impact of the geometric and hydraulic differences between
the resident Mark-BW fuel and the RFA design, and determine a conservative
DNBR penalty to be applied for the transition cores. Table 5-4 (Duke edit: Table G-
4) presented the statistical DNBRs for the 500 and 5000 case runs for various
statepoints including the transition core case of the most limiting statepoint 12. The
statistical design limit is chosen to bound both the full RFA cores and RFA/Mark-
BW transition cores for the 5000 case runs. ’

a. Why is the statistical design limit value proprietary information?

b. With respect to the statistical core design methodology, describe how the
uncertainties of the CHF correlation and the VIPRE code/model are propagated
with the uncertainties of the selected parameters of each statepoint for the
calculation of the statistical DNBR for each statepoint in Table 5-4.

¢. With the statistical design limit specified in Section 5.7, is it your intention to use
a full core of RFA in the thermal hydraulic analysis for the transition core
without the transition core DNBR penalty factor?

Response 6a:

The Statistical Design Limit (SDL) will be changed to non-proprietary. This change will be
included when the approved versions of the report are issued.

Response 6b:

When a statepoint is selected all key parameters, including CHF correlation and code/model
uncertainties, are randomly varied based on the uncertainty distribution and magnitude. The
resulting values of power, pressure, temperature, flow, and 3-D power distribution are used to
create the VIPRE-01 input for the cases. After the code is executed and the DNBR calculated for
each case, the DNBR value is multiplied by the propagated values for the CHF correlation
uncertainty and the VIPRE code/model uncertainty. This final DNBR value for each case (500 or
5000 cases are run for each statepoint) is used to determine the statepoint’s statistical DNBR
value.

Response 6¢:

The analysis discussed in the last paragraph of Section 5.7 verified that the statistical DNB limit
developed with a full core RFA model is valid for transition RFA/Mark-BW cores. The limiting
statepoint (12TR) was evaluated using the RFA/Mark-BW transition core model, confirming that
the same SDL can be used for transition and full core analyses.

The transition core DNB penalty factor is determined separately using the RFA/Mark-BW
transition core model described in Section 5.7. The DNB penalty is determined by evaluating the
effect of the transition core hydraulic behavior on the Maximum Allowable Peaking (MAP) limits
calculated for a full RFA core. The resulting DNB penalty is then accountcd for in all
RFA/Mark-BW transition core DNB. analyscs .
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7. Section 2.0 states that the RFA is designed to be mechanically and hydraulically
compatible with the Mark-BW fuel. Table 2.1 provides a comparison of the basic
design parameters of the two fuel designs, but does not provide a comparison of the
hydraulic characteristics of spacer grids. Section 5.2 (Duke edit: Section 5.2 is the
Thermal-Hydraulic Code and Model section of Appendix G to DPC-NE-2005) states
that the VIPRE-01 core thermal-hydraulic analyses were performed with applicable
form loss coefficients as per the vendor. Table 5.1 (Duke edit: Table G-1) provides
general RFA fuel specifications and characteristics without the hydraulic '
characteristics of the spacer grids.

a. Provide comparisons for the thickness, height, and form loss coefficients of the
RFA and Mark-BW fuel spacer grids, including mixing-vane and non-mixing
vane structural grids, and intermediate flow mixing grids. ‘

b. Provide the form loss coefficients of the spacer grids used in the analyses and in
the RFA CHTF test assemblies if they are different from the values described in
item (a) above.

¢. Describe the procedures to ensure that the form loss coefficients of the RFA
grids are comparable to those used in the SCD analysis and the CHF tests so
that both the WRB-2M CHF correlation DNBR limit and the statistical core
design limit are valid.

Response 7a:

The grid data is shown in the following table:
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Response 7b:

* The RFA CHF tests used Mixing Vane (MV) and intermediate flow mixing (IFM) grids

representative of the production RFA design fuel assembly. The CHF test sections are.a 5x5 rod
bundle with either all typical (unit) cells or typical cells with a thimble (guide tube) cell in the
center. The form loss coefficients for the CHF test section are calculated for these subchannels
and are based on the total 5x5 bundle flow area. Likewise, the fuel assembly subchannel form
loss coefficients are calculated based on the fuel assembly flow area. The ratio of thimble/typical
cell form loss coefficients, to which DNBR is sensitive, is equivalent for the CHF test section and
the production grid (for both MV and IFM grids). Therefore, the CHF test section and production
RFA grids are identical with respect to DNBR analyses. '

In comparing the test versus production geometry, the vanes and strap features of the respective
grid types are consistent. There is one slight difference between one of the CHF test sections and
the production fuel assemblies. The thimble OD was 0.474 inches for the thimble CHF rod
bundle section tested. The production assembly will have thimbles with an OD of 0.482 inches.
The difference in thimble tube OD has negligible impact on the correlation’s predictive
capability. This difference was addressed in WCAP-15025 and determined to be acceptable.

Response 7c:

The RFA analysis was completed with the form loss coefficients supplied in response to Question
7a. The transition core analysis used the RFA and Mark-BW values listed in the table in the

respective model locations to accurately capture the hydraulic differences between the fuel types
side-by-side incore.

For each batch of fuel manufactured, critical RFA grid dimensions and form loss coefﬁci]ents are
supplied by the vendor to Duke Power. This data, along with other critical reload analysis
parameters, are transmitted to Duke, on a batch basis, in 2 QA document known as the Databook.
Upon receipt of the Databook, the fuel design is frozen and may not be changed without Duke
Power concurrence. This design notification process, including the process for changes occurring
after the batch is frozen, is described in Duke Power Nuclear Engineering Workplace Procedure
XSTP-101. The batch specific design information, transmitted in the Databook, will be used to
ensure the validity of the Duke VIPRE-01 RFA models and associated SCD limit.

Any changes in the design data will be evaluated to vérify that the genéric analyses remain valid
or the analyses will be revised using the new design data.
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11. The licensing analyses of reload cores with the RFA design will use the methodologies
described in various topical reports and revisions for the analyses of fuel design, core
reload design, physics, thermal-hydraulics, and transients and accidents, which were
approved by NRC for analyses of current Catawba cores not having the RFA deign.
For example, DPC-NE-1004A, DPC-NE-2011-PA, DPC-NF-2010A and DPE-NE-3001-
PA are used for the nuclear design calculations. DPC-NE-2004-PA, DPC-NE-2005-PA,
and the VIPRE-01 code are used for the core thermal-hydraulic analyses and statistical
core design. DPC-NE-3000-PA, DPC-NE-3001-PA, DPC-NE-3002-A, and RETRAN-02
code are used for non-LOCA transient and accident analyses. Westinghouse small- and
large-break LOCA evaluation model described in WCAP-10054-P-A and WCAP-
10266-P-A, and related topical reports, are used for the small- and large-break LOCA
analyses. Some of these methodologies have inherent limitations, and some have
conditions or limitations imposed by the NRC safety evaluation reports in their
applications. Provide a list of the inherent limitations, conditions, or restrictions
applicable to the RFA core design from all the methodologies to be used for the RFA
reload design analyses, and describe the resolutions of these limitations, conditions and
restrictions in the applications to the RFA cores and the transitional RFA/Mark-BW
cores.

Response:

DPC-NE-2005P-A, Thermal-Hydraulic Statistical Core Desgm Methodology”, Revision 1,
November 1996.

The limitations, conditions or restrictions identified in the SER and TER for DPC-NE-2005P-A,
are:

a. The statistical core design (SCD) methodology developed by DPC, as described in the
submittal (DPC-NE-2005), is direct and general enough to be widely applicable to any
pressurized-water reactor (PWR) fuel or reactor, provided that the VIPRE-01 methodology i is
approved with the use of the core model and correlations including the critical heat flux
(CHF) correlation subject to the conditions in the VIPRE safety evaluation report (SER).
DPC committed in their topical report that its use of specific uncertainties and distributions
will be justified on a plant specific basis, and also that its selection of statepoints used for
generating the statistical design limit will be justified to be appropriate. The methodology is
approved only for use in DPC plants.

Resolution: Addressed in Chapter 5 of DPC-NE-2009. The RFA analysis presented in DPC-
NE-2009 is only for McGuire and Catawba. (edit for inclusion to DPC-NE-2005: Chapter 5
of DPC-NE-2009 is now Appendix G of DPC-NE-2005)

b. Of the two DNBR limits, only the use of the single, most-conservative DNBR limit is
-approved.

Resolution: Use of two DNBR limits was not requested in this submittal. The single DNBR
limit stated for the RFA design in full cores or transition cores will be used for all statepoints
within the conditions listed in Table 5-5 (edit for inclusion to DPC-NE-2005: Table G-5).
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NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20855:0003
July 26, 2002

Mr. M. 8. Tuckman
Executive Vice Presidant
Nudlear Generation
Duke Energy Comoration
528 South Church St
Charlottte, NC 28202

SUBJECT: CATAWBA NUGCLEAR STATION, UNITS 1 AND 2 AND MCGUIRE NUCLEAR
STATION, UNSTS 1 AND 2 RE; REQUEST FOR ADDITIONAL _
INFORMATION - REVIEW OF DUKE TOPICAL REPORT DPC-NE-2009,
REVISION 2 (TAC NOS, MB4502, MB4503, MB4504 AND MBA505)

Dear Mr. Tuckman:

The Nuclsar Regulatory Commission is reviewing your application dated February 28,

2002, entitied “Topical Repart DPC-NE-20089, Revisich 2 - Updates 1o Chapters 2, 4, and 5" and

has identilied a need for additional information as Idantifiad in the Enclosure. These issues

were discussed with your staff on July 24, 2002, ﬁlwe provide a responss to this request

within 45 days of receipt of this letter so that we may complete our review.

Sincerely,
5/%@1'5. Maﬁanéor Project Manager, Section 1
Project Directorate I

Division of Licensing Project Management
Office of Nuzlear Reactor Regulation

Docket Nos, 50-413, §0-414, 50-369 and 60-370
Enclosure: Requaest for Additional information

cowlanci: Saea next page

P.@2/03




DUK Y CORP

The staff has reviewad Duke Energy Corporations’s submittal dated Febuary 28, 2002, “Topical
Report DPC-NE-2009, Revision 2 - Lipdates to Chapters 2, 4, and 5™ and has ideniified a need
for the lollowing additional Information.

1. Section 5.3 of DPC-NE-2009, Revision 2, states that the WRB-2M critical heat flux
{CHF) correlation will be used for the robust fuel assembly (RFA) design, whereas the
BWL-N CHF carrelation will be applied for the non-mixing vane span of the RFA fuel.

A. Discuss the applicablility of the BWU-N correlation to the RFA non-mixing vane
span. The discussion should Include whether the RFA fuel design is within the
range of the test assemblies data base used to develop the BWU-N corralation.
The test assemblies data base parameters include tfse fuel diameter, pitch,
hydraulic diameters, grid design (grid thickness, height, and vane design), grid
spacing, and heated length.

B. The WRB-2M ¢orrelation described in WCAP-15025-P-A, *Modified WRB-2
Corralation, WRB-2M, for Predicting Critical Heat Flux in 17 x 17 Rod Burndles
with Modified LPD Mixing Vane Grids,” is applicable to the 17 x 17 fusl with
0.374 inch outer diameter rods and modified low pressure drop grids, with or
without moditied intermediate flow mixing grids. s the WREB-2M correlation not
applicable to the RFA non-mixing vane apan? Why is the BWU.N correlation

¥

C. Discuss how two different correlations are applied to the different spans of a fuel
assembly. is the VIPRE-01 code programmed to automaticatly parform the
switch in the correlations? Has verification and validation been done to ensure
correciness of VIPRE-01 in the correlation switch?

2. For the transition cores with co-existence of the RFA and Mark-BW fuel designs,
Seclion 5.7 of Revision 2 of the rgport; states that a transition core departure from
nucleate bolling ratio penalty for the RFA design is determined using the 8 channel
RFA/Mark-BW transition core model for Initial transition reload cycles, and using the 75
channel modet for subsequant cycles where the RFA fuel composes greater than 80
percent of the assemblies in the core,

Explain why it is necessary to use different core modals depending on whether the RFA
fuel composes greater than 80 percent of the assemblies.



. D I Duke Energy Corporation

‘ E,’ergy 526 South Church Servet

- £O. Box 1006 (EQO7H)

i Charlotre, 1SC 28201- 1006
. (709} 382-2200 arfice

M. §, Tuckman ;
Exeeririte Vice Presidint (704) 382. 4360 jax
Niclrar Cpneraiion

September 9, 2002

U.5. Nuclear Regulatory Commiassion
Washington, D.{, 20555-0001

{
ATTENTION: Document Control Pesk

SUBJECT: Duke Energy Corporation
McGuire Nuclear Station - Units 1 and 2
Docket Nos. 50-369 and 50-370
Catawba Nuclear Statiom -~ Units 1 and 2
Docket Nos. 50-413 and 50-414
Topical Report DRPC-NE-200%, Revision 2 - Updates to
Chapters 2, 4, and 5 (TAC Nos. MB4502, MB4503,
MB4504, MB4505)

Response to NRC Reguest for Additional Information

By letter dated July 26, 2002, the NRC requested additional
information regarding Topical Report DPC~-NE-2009, Reviaion 2,
"Updates to Chapters 2, 4, and 5.” The questions contained in
the July 26, 2002 NRC letter, and the corresponding Duke
answers, are provided in the attachment to thisz letter.

If there are any questions or additional information is
needed on this matter, please call A. Jones-Young at (704)
382-3154.

Very truly yours,
AT S Taetbme,
M.5. Tuckman

ATTACHMENT



U.S. NRC
Seplember 9, 2002
Page 2

xXC:

L.A. Reyes, Regional Administrator

U.S. Nuclear Regulatory Commission, Region II
Atlanta Federal Center

61 Forsyrh St., SWW, Suite 23T8S

Atlanta GA 20303

C.P. Patel, NRC Project Manager (CNS)
U.S. Nuglear Regulatory Commisaion
Office of Nuclear Reactor Regulation
Mail Stop 0B-H12

washington, DC 20585

R.E. Martin, NRC Project Manager (MNS)

U.S8. Nuclear Requlatory Commisaion

Office of Nuclear Reactoxr Regulation

Mail Stop 08-H12

washington, DC 20555 )

D.J. Roberts, NRC Senior Resident Inspector (CNS)

S.M. Shaeffer, NRC Senior Resident Inspector (MNS)
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bxc:

M., T. Cash

R. M. Gribble
D/K‘ R. Epperson

G. D. Gilbert

2. J. Thomas

L. B. Nicholson

A. D. Jones-Toung
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ATTACHMENT

(reference to Sections in DPC-NE-2009 have been edited to
reference the appropriate sections in DPC-NE-2005)



REQUEST FOR ADDITIONAL INFORMATION
LICENSE AMENDMENT REQUEST APPLICABLE TO
REVISIONS TO TOPICAL REPORT DPC-NE-2009, REVISION 2
CATAWBA NUCKEAR STATION, UNITS 1 AND 2
MCGUIRE NUCLEAR STATION, UNITS 1 AND 2
DUKE ENERGY CORPORATION

The staff has reviewed Duke Energy Corporation’s submittal
dated February 28, 2002, “Topical Report DPC-NE-2009,
Revision 2 - Updates to Chapters 2, 4, and 5” and has
identified a need for the following information.

1. Section 5.3 of DPC-NE-2009, Revision 2, (Duke edit:
Section 5.3 is now the Critical Heat Flux section in
Appendix G of DPC-NE-2005) states that the WRB2-M
critical heat flux (CHF) correlation will be used for
the robust fuel assembly (RFA) design, whereas the BWU-
‘N CHF correlation will be applied for the non-mixing
vane span of the RFA fuel.

A. Discuss the applicability of the BWU-N
correlation to the RFA non-mixing vane span.
The discussion should include whether the RFA
fuel design is within the range of test
assemblies data base used to develop the BWU-N
correlation. The test assemblies data base
parameters include the fuel diameter, pitch,
hydraulic diameters, grid design (grid
thickness, height, and vane design), grid
spacing, and heated length.

B. The WRB-2M correlation described in WCAP-15025-
P-A, “Modified WRB-2 Correlation, WRB-2M, for
Predicting Critical Heat Flux In 17x17 Rod
Bundles with Modified LPD Mixing Vane Grids,” is
applicable to the 17x17 fuel with 0.374 inch
outer diameter rods and modified low pressure
drop grids, with or without modified
intermediate flow mixing grids. Is the WRB-2M
correlation not applicable to the RFA non-mixing
vane span? Why is the BWU-N correlation used?



C. Discuss how two different correlations are
applied to the different spans of a fuel
assembly. Is the VIPRE-01 code programmed to
automatically perform the switch in the
correlations? Has verification and validation
been done to ensure correctness of the VIPRE-01
in the correlation switch?

2. For the transition cores with co-existence of the RFA
and Mark-BW fuel designs, Section 5.7 of Revision 2 of
the report (Duke edit: Sectibén 5.7 is now the
Transition Cores section in Appendix G of DPC-NE-2005),
states that a transition core departure from nucleate
boiling ratio penalty for the RFA design is determined
using the 8 channel RFA/Mark-BW transition core model
for the initial transition reload cycles, and using the
75 channel model for subsequent cycles where RFA fuel
composes greater than 80 percent of the assemblies in
the core.

Explain why it is necessary to use different core
models depending on whether the RFA fuel composes
greater than 80 percent of the assemblies.



1. Section 5.3 of DPC-NE-2009, Revision 2 (Duke edit:
Section 5.3 is now the Critical Heat Flux section in
Appendix G of DPC-NE-2005), states that the WRB2-M
critical heat flux (CHF) correlation will be used for
the robust fuel assembly (RFA) design, whereas. the BWU-

N CHF correlation will be applied for the non m1x1ng
vane span of the RFA fuel.

A. Discuss the applicability of the BWU-N correlation
to the RFA non-mixing vane span. The discussion
should include whether the RFA fuel design is
within the range of test assemblies data base used
to develop the BWU-N correlation. The test
assemblies data base parameters include the fuel
diameter, pitch, hydraulic diameters, grid design
(grid thickness, height, and vane design), grid
spacing, and heated length.

The BWU-N correlation is based on local conditions
(pressure, mass flux, local quality) that bound the
operation of the RFA fuel at McGuire and Catawba. The
following table compares the geometry parameters for the
RFA design agalnst the BWU-N correlation:

Parameter RFA Fuel BWU-N Database
Fuel Diameter 0.374 0.379 - 0.430
Rod Pitch 0.496 0.501 - 0.590
Hydraulic 0.375 - 0.39 = 0.60
Diameter 0.464
*Grid Spacing 20.5 21.0
(inches)

Heated Length 12 6 - 12
(feet)

* - In the span of interest

BWU-N is one of a series of CHF correlations developed to
apply to PWR cores with mixing or non-mixing vane spacer
grids. In each of the approved correlations, the
correlated independent variables were the thermal-
hydraulic local conditions (pressure, mass velocity and
equilibrium thermodynamic quality at CHF), axial flux
shape (via the F factor), heated length, and the grid
axial spacing. The geometric independent variables such
as rod diameter, pitch to diameter ratio, hydraulic or
heated diameters were found to be non-correlated (that
is, there was no sensitivity :in CHF level for geometric
independent variables) and thus these parameters were not
needed as part of the correlation.



Even though the geometric variables were found to be non-
correlated, it would be improper to make large
extrapolations of these geometric variables. Only very
small extrapolations are necessary to apply BWU-N to RFA
fuel. This is shown in the following table:

Geometric Variable RFA BWU-N Data Difference,
‘ Application Base %
Pin Pitch, in. 0.496 0.501 1.0
Rod Diameter, in. 0.374 0.379 1.3
Pitch to Diameter 0.496/0.374 = | 0.501/0.379 = 0.3
Ratio 1.326 1.322
Unit Hydraulic 0.4635 0.4642 0.2
Diameter, in.

The grid design is the same in that BWU-N is being
applied to the RFA fuel only above a non-mixing vane
grid. There are no vanes present on the grid in
question. The grid heights and thickness are within
0.026 and 0.003 inches respectively. As explained above,
" these parameters have no significant impact on the CHF
performance in a non-mixing vane span.

Table 4-3 of Reference 1 limits BWU-N to Non-Mixing
Grids. Thus the use of BWU-N is based on:
1. the geometric similarity of the designs
2. the fact that the geometric variables are not
included {needed) in the base BWU correlations
and
3. the fact that BWU-N results in conservative
levels of CHF compared to the mixing vane
correlations.

In summary, CHF performance is influenced by the presence
or absence of mixing vanes and the local conditions.
There are no specific grid features to enhance thermal
- performance in the span of interest and the local
conditions are bounded. Therefore, BWU-N can be applied
to the non-mixing vane span of the RFA assembly and will
predict lower CHF (conservative) than the mixing vane
grid correlations.

B. The WRB-2M correlation described in WCAP-15025-P-
A, “Modified WRB-2 Correlation, WRB-2M, for
Predicting Critical Heat Flux In 17x17 Rod Bundles



with Modified LPD Mixing Vane Grids,” is
applicable to the 17x17 fuel with 0.374 inch outer
diameter rods and modified low pressure drop
grids, with or without modified intermediate flow
mixing grids. Is the WRB-2M correlation not
applicable to the RFA non-mixing vane span? Why
is the BWU-N correlation used?

The WRB-2M correlation was developed from fuel with
mixing vane modified LPD mid-grids, modified LDP IFM
grids, and non-vaned end grids. All the CHF data from
the test program documented in WCAP-15025-P-A was in a
region above one of the mixing vane grid types.
Therefore, the WRB-2M correlation is directly applicable
to regions of the fuel above a modified LPD mixing vane
grid of either type. The very bottom span of the RFA
fuel assembly (lower ~21 inches of the heated length) is
above an Inconel grid without any type of mixing wvane.
For this region of the fuel assembly, Duke considers the
use of the BWU-N non-mixing vane grid correlation to be
appropriate and conservative as discussed in the answer
to question 1 (A).

C. Discuss how two different correlations are applied
to the different spans of a fuel assembly. Is the
VIPRE-01 code programmed to automatically perform
the switch in the correlations? Has verification
and validation been done to ensure correctness of
the VIPRE-01, in the correlation switch?

The VIPRE-01 computer code solves the sets of equations
for the geometry modeled and the boundary conditions
specified to determine a converged fluid solution. This
converged fluid solution yields the local conditions at .
each node and elevation modeled. After the fluid
solution is converged, all the inputs for the CHF
correlation (local pressure, mass flux, enthalpy, etc.)
are fixed and the DNBR calculation is performed.
Therefore, the calculation of CHF and DNBR has no effect
on the converged fluid solution.

Due to this, VIPRE-01 has the built-in capability to
calculate DNBR with multiple CHF correlations. Each
correlation is applied to all channels at all elevations.
Since the switch in this case is based solely on grid
type and elevation, two options are available to apply
the BWU-N correlation:



- manually overlay the output of the code after
gelecting both correlations .

- program the code to automatically switch based on
grid elevation inputs

For the current application of BWU-N on the RFA fuel, the
manual process was used. The automatic switching from
WRB-2M to BWU-N was not programmed into VIPRE-01.
However, the VIPRE-01 code has been programmed by Duke to
automatically perform the switch in other applications
such as the Mark-BW (BWU-N to BWU-Z) and the Advanced
Mark-BW (BWU-N to BWU-Z/MSM) and may be added to this
application (RFA) in the future.

The verification and validation of the manual overlay
process is performed by the independent review of the
calculation results in the standard quality assurance
process. The verification and validation of an automatic
switchover by elevation is performed in the code revision
process by performing independent calculations of the

- correct critical heat flux value from the local fluid
conditions in the channel. This independent calculation
by elevation of the critical heat flux is compared
against the code output for cases to confirm the switch
is being performed correctly.

2. For the transition cores with co-existence of the RFA and

Mark-BW fuel designs, Section 5.7 of Revision 2 of the
report (Duke edit: Section 5.7 is now the Transition Cores
section in Appendix G of DPC-NE-2005), states that a
transition core departure from nucleate boiling ratio
penalty for the RFA design is determined using the 8
channel RFA/Mark-BW transition core model for the initial
transition reload cycles, and using the 75 channel model
for subsequent cycles where RFA fuel composes greater than
80 percent of the assemblies in the core.

Explain why it is necessary to use different core models
depending on whether. the RFA fuel composes greater than 80
percent of the assemblies.

The RFA fuel assembly contains 3 extra grids, the IFM
grids, compared to the Mark-BW assembly. These extra
grids in the upper span force flow out of the RFA
assemblies and into the surrounding Mark-BW assemblies.



In the 8 channel model, the single hot assembly (RFA) is
modeled by the first 7 channels and the remainder of the
core (Mark-BW fuel) is lumped into one single channel.
Therefore, in the 8 channel transition model, there is
one RFA assembly surrounded by 192 Mark-BW assemblies.
This maximizes the hydraulic difference in transition
cores and creates a very bounding penalty for the RFAs.

The loss of flow in the upper spans of the RFA is the
major element of the DNB penalty. This hydraulic effect
of flow reduction in the RFA is a direct function of the
number of RFA and Mark-BW assemblies incore. As
subsequent cores of RFA fuel are loaded, only a few Mark- .
BW assemblies remain. As fewer Mark-BWs are present, the
simple 8 channel model becomes overly conservative for
the RFAs in transition. The only option to better
reflect the physical effects of the last transition
cycles is to increase the detail in VIPRE-01 to the 75
channel model. This more detailed model better :
represents the hydraulic effects of cores where most of
the fuel is RFA where a small fraction (less than 20% or
fewer than 38 assemblies) of the core is Mark-BW. The
80% value was selected because it corresponds to
approximately two batches of RFA fuel residing incore.
With this more detailed 75 channel model, a conservative
penalty is still determined in the same manner as with
the 8 channel mcdel.

This approach of using a more detailed transition core
model was discussed previously in Reference 2 [response
to Question 2] for Mark-BW/OFA transition at
McGuire/Catawba and Reference 3 [response to Question
2(d)] for the Mark-Bll/Mark-Bl0 transition at Oconee.
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