AREVA

December 16, 2011
NRC:11:119

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

10 CFR 50.46 Report for the U.S. EPR Design Certification

Ref. 1: Letter, Sandra M. Sloan (AREVA NP inc.) to Document Control Desk (NRC), “Application for
Standard Design Certification of the U.S. EPR (Project No. 733)", NRC:07:070, December 11,
2007.

Ref. 2: Letter, Getachew Tesfaye (NRC) to Sandra M. Sloan (AREVA NP Inc.), “AREVA NP Inc. —
Acceptance of the Application for Standard Design Certification of the U.S. EPR,” February
25, 2008.

Ref. 3: Letter, Sandra M. Sloan (AREVA NP Inc.) to Document Control Desk (NRC), “10 CFR 50.46
Report for the U.S. EPR Design Certification,” NRC:10:101, November 5, 2010.

AREVA NP Inc. (AREVA NP) submitted its application for a Standard Design Certification of the U.S.
EPR in Reference 1. The NRC accepted the application for review in Reference 2 and assigned
Docket Number 52-020 to the application.

In accordance with 10 CFR 50.46, “Acceptance Criteria for Emergency Core Cooling Systems for
Light Water Reactors,” AREVA NP is submitting this report of the emergency core cooling system
(ECCS) evaluation model changes and errors for the U.S. EPR Standard Design. This is the third
annual report for the U.S. EPR Standard Design. The second annual report was submitted in
Reference 3. Since a number of the individual error absolute magnitudes and the sum of the
absolute magnitudes of the errors is greater than 50 degrees F this report also represents a thirty day
report. A letter addressing the requirement in 10 CFR 50.46 to provide a proposed schedule for
providing a reanalysis or taking other action as may be needed to show compliance with 10 CFR
50.46 requirements will be provided by January 31, 2012.

This report is made in accordance with 10 CFR 50.46 for the U.S. EPR (Docket 52-020). The report
addresses two evaluation models, one for the small break loss of coolant accident (SBLOCA) and
one for the large break loss of coolant accident (LBLOCA). The summary of the changes and errors
identified and evaluated between October 1, 2010 and September 30, 2011 for the LBLOCA
evaluation model is provided in Attachment A. The summary of the changes and errors identified and
evaluated between October 1, 2010 and September 30, 2011 for the SBLOCA evaluation model is
provided in Attachment B.

The first error reported for LBLOCA was identified in May 2010 and inadvertently omitted from the last
annual report. It is therefore being reported in this annual report. This error and a number of the
other errors have absolute magnitudes greater than 50 degrees F and were not reported within thirty
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days as required by 10 CFR 50.46. The lack of timely reporting has been entered into the AREVA
NP Corrective Action Program.

The information included in this letter is generic and applies to all COL applications referencing the
U.S. EPR Design Certification as of the date of this letter. The COL applicants are hereby notified (by
copy of this letter) of the changes and errors in the U.S. EPR evaluation models as required by 10
CFR 50.46(a)(3)(iii).

If you have any questions related to this submittal, please contact me by telephone at 434-832-2369
or by e-mail at sandra.sloan@areva.com.

Sincerely,

Sandra M. Sloan, Manager
New Plants Regulatory Affairs

AREVA NP Inc.
Enclosures
cc: G. Tesfaye

Docket No. 52-020
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Attachment A

Large Break Loss of Coolant Accident (LBLOCA) Evaluation Model

A report of changes and errors in the LBLOCA evaluation model for the period of October 1, 2010 to
September 30, 2011 is presented below. The first error reported below was identified in May 2010
and inadvertently omitted from the last annual report. It is therefore being reported in this annual
report.

The LBLOCA evaluation model for the U.S. EPR™ plant is described in the topical report ANP-
10278P, Revision 1, which is currently under NRC review.

1. A recent methodology change was implemented to address the potential for non-physical flow
behavior in the upper plenum (UP) during the core reflood phase. This non-physical flow
behavior may manifest itself by producing both liquid and vapor flow spikes from upper
plenum to the hot channel (HC) as well as to the surrounding ring that represents the six fuel
assemblies. Even though CCFL modeling was applied at the hot channel exit junction, the
code does not prevent liquid fall back when the flow is co-current downward. To correct the
non-physical flow behavior, high reverse form loss coefficients are applied to the hot channel-
to-UP and central core-to-UP junctions at the beginning of the core reflood phase.

In addition to correct this non-physical behavior, changes to the upper plenum noding are
implemented. The UP nodalization was not consistent with plant geometry which contributed
to the non-physical flow behavior. The UP nodalization for the U.S. EPR™ was revised to
make it consistent with plant geometry.

The estimated impact of this change on the LBLOCA analyses for the U.S. EPR is
-5 degrees F on the calculated peak cladding temperature.

2. The Realistic Large Break LOCA (RLBLOCA) methodology uses a conservative bias on
interphase friction at the steam generator tube sheet entrance to insure an appropriate
amount of liquid is entrained into the steam generator tubes during a large break. The bias
determination is performed by comparing calculated results from S-RELAPS with measured
data from the Upper Plenum Test Facility (UPTF) Tests 10 and 29. The UPTF test facility
represents a full scale, four loop PWR complete with the necessary hardware that can be
used to represent geometry specific phenomena that occurs during a large or small break
LOCA. The magnitude of the bias is determined by adjusting the S-RELAP5 RLBLOCA
Multiplier “FIJ” until S-RELAPS over-predicts the entrainment observed in UPTF Tests 10 and
29. An error was discovered in the calculation of the amount of entrained liquid in the original
evaluation. The re-evaluation of the S-RELAP5 conservative bias on interphase friction at the
steam generator tube sheet entrance yielded a value of 5.0 for the FIJ multiplier.

The estimated impact of this error correction on the LBLOCA analyses for the U.S. EPR is
+56 degrees F on the calculated peak cladding temperature.

3. The U.S. EPR has an axial economizer in the secondary side of the steam generator (SG)
which partitions the downcomer into two sides. At power, the MFW injects solely onto the cold
side (downside) of the SG tube bundle, establishing a recirculation pattern in the SG in which
more of the recirculated flow from the separator goes to the hot side. In order to obtain that
flow distribution in the S-RELAPS SG model, k-factors are adjusted in some of the junctions.
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A split downcomer was also modeled. This modeling resulted in a non-physical circulation
pattern in the bundle region of SG following reactor trip and termination of MFW. Because of
this non-physical circulation pattern, no EFW enters the cold side of the tube bundle. The
high loss coefficient at the entrance to the cold side downcomer additionally acts to
unrealistically impede downflow to the cold side of the tube bundle.

An adjustment was made to change the loss coefficients in the SG downcomer to reduce the
non-physical behavior.

The estimated impact of this change on the LBLOCA analyses for the U.S. EPR is
-79 degrees F on the calculated peak cladding temperature.
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Table 1 LBLOCA Margin Summary Sheet — Annual Report
Plant Name: U.S. EPR Standard Design Certification
Evaluation Model: RLBLOCA (ANP-10278P Revision 1)
Initial Peak Cladding Temperature (PCT) = 1695 °F
Net PCT Absolute
Effect PCT Effect
A. Current 10 CFR 50.46 Changes: - This Report
1. High reverse K in the hot assembly and APCT = -5°F +5°F
surrounding six assemblies and changes in
upper plenum nodalization
2. FIJ changes in the Hot Leg APCT = +56°F +56°F
3. Modify the SG Secondary circulation APCT= -79°F +79°F
Sum of 10 CFR 50.46 Changes APCT = -28°F +140°F

Estimate of PCT including changes and errors = 1695 -28 = 1667°F,

The sum of the PCT from the most recent analysis using an acceptable evaluation model and the
estimates of PCT impact for changes and errors identified since this analysis is less than 2200°F.

The sum of the absolute values of the errors is greater than 50 degrees F.
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Attachment B
Small Break Loss of Coolant Accident (SBLOCA) Evaluation Model

A report of changes and errors in the SBLOCA evaluation model for the period of October 1, 2010 to
September 30, 2011 is presented below.

The SBLOCA evaluation model for the U.S EPR is described in the topical report ANP-10263PA and
in the topical report EMF-2328PA. The primary computer code in the SBLOCA evaluation model is
S-RELAPS.

The U.S. EPR has an axial economizer in the secondary side of the steam generator (SG) which
partitions the downcomer into two sides. At power, the MFW injects solely onto the cold side
(downside) of the SG tube bundle, establishing a recirculation pattern in the SG in which more of the
recirculated flow from the separator goes to the hot side. In order to obtain that flow distribution in the
S-RELAPS SG model, k-factors are adjusted in some of the junctions. A split downcomer was also
modeled. This modeling resulted in a non-physical circulation pattern in the bundle region of SG
following reactor trip and termination of MFW. Because of this non-physical circulation pattern, no
EFW enters the cold side of the tube bundle. The high loss coefficient at the entrance to the cold side
downcomer additionally acts to unrealistically impede downflow to the cold side of the tube bundle.

An adjustment was made to change the loss coefficients in the SG downcomer to reduce the non-
physical behavior.

The estimated impact of this change on the SBLOCA analyses for the U.S. EPR is -124 degrees F on
the calculated peak cladding temperature.
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Table 2 SBLOCA Margin Summary Sheet — Annual Report

Plant Name: U.S. EPR Standard Design Certification

Evaluation Model:  SLBLOCA (ANP-10263PA and EMF-2638PA)
Initial Peak Cladding Temperature (PCT) = 1638°F

Net PCT Absolute
Effect PCT Effect
A. Prior 10 CFR 50.46 Changes or Error Corrections — APCT = - 18°F + 26°F
Previous Years
B Current 10 CFR 50.46 Changes: - This Report
SG recirculation error APCT = -124°F +124°F
Sum of 10 CFR 50.46 Changes APCT = -142°F + 150°F

Estimate of PCT including changes and errors = 1638 — 142 = 1496°F

The sum of the PCT from the most recent analysis using an acceptable evaluation model and the
estimates of PCT impact for changes and errors identified since this analysis is less than 2200°F.

The sum of the absolute values of the errors is greater than 50 degrees F.



