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10 CFR 50.46 
0CAN052102 
 
May 10, 2021  
 
 
ATTN: Document Control Desk 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 
 
 
 
Subject: Annual 10 CFR 50.46 Report for Calendar Year 2020 

Emergency Core Cooling System Evaluation Changes 
 
 Arkansas Nuclear One, Units 1 and 2 

NRC Docket Nos. 50-313, 50-368, and 72-13 
Renewed Facility Operating License Nos. DPR-51 and NPF-6 

Reference: Entergy Operations, Inc. (Entergy) letter to the U. S. Nuclear Regulatory 
Commission (NRC), Annual 10 CFR 50.46 Report for Calendar Year 2019 
Emergency Core Cooling System Evaluation Changes, (0CAN042003) 
(ML20120A421), dated April 29, 2020. 
 

  
10 CFR 50.46(a)(3)(ii) requires licensees to report annually each change to, or error discovered 
in an acceptable evaluation model, or in the application of such model for the emergency core 
cooling system (ECCS) that affects the peak cladding temperature (PCT).  Entergy Operations, 
Inc. (Entergy), has reviewed the small and large break loss-of-coolant accident (LOCA) PCT 
evaluations for Arkansas Nuclear One, Units 1 and 2 (ANO-1 and ANO-2). 
 
There were three Evaluation Model (EM) error corrections, changes, or application errors 
incurred in 2020 for the ANO-1 analyses.  No issues were identified for ANO-2 in 2020 that 
impacted the results reported for the calendar year 2019 referenced above. 
 
A summary / overview of the information required to be submitted each year is provided in 
Attachment 1 to this submittal.  A detailed discussion of the three EM error corrections, 
changes, or application errors is provided in Attachment 2. 
 
This submittal fulfills the reporting requirements referenced above. 
 

Entergy Operations, Inc. 
1448 S.R. 333 
Russellville, AR  72802 
Tel  479-858-4826 

Riley D. Keele, Jr. 
Manager, Regulatory Assurance 
Arkansas Nuclear One 
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This report contains no new regulatory commitments. 
 
Should you have any questions or require additional information, please contact Riley Keele, 
Manager, Regulatory Assurance, at (479) 858-7826. 
 
 
Respectfully,  
 
ORIGINAL SIGNED BY RILEY D. KEELE, JR. 
 
 
 
RDK/rwc 
 
 
Attachments:  
 

1. Summary / Overview of Information for Arkansas Nuclear One, Units 1 and 2 
10 CFR 50.46 Annual Report for 2020 
 

2. Discussion of Evaluation Model (EM) Error Corrections, Changes, or Application Errors 
 

 
cc: NRC Region IV Regional Administrator 

NRC Senior Resident Inspector – Arkansas Nuclear One 

NRC Project Manager – Arkansas Nuclear One
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Summary / Overview of Information for Arkansas Nuclear One, Units 1 and 2 10 CFR 50.46 Annual Report for 2020 
 
 

 

Analysis of Record (AOR) 
Peak Clad Temperature 

(PCT), (°F) 

Evaluation Model (EM) Used 

AOR Date 

Adjustment as 
of End-of-Year 

(EOY) 2019, 
(°F) 

Net PCT at the 
EOY 2019, (°F) 

New 
Adjustments for 
Calendar Year 

2020, (°F) 

Net PCT at the 
EOY 2020, (°F) 

ANO-1 

Small-Break 
Loss-of-Coolant 
Accident 
(SBLOCA) 

1459 

RELAP5 / MOD2-B&W 

February 2011 

None 
1459 

(estimated) 
None 

1459 

(estimated) 

Large-Break 
Loss-of-Coolant 
Accident 
(LBLOCA) 

1991 

RELAP5 / MOD2-B&W 

July 2005 (Note 1) 

None 
1991 

(analyzed) 
+ 14 

2005 

(analyzed) 

ANO-2 

SBLOCA 

2111 

S2M 

October 2007 

None 
2111 

(analyzed) 
None 

2111 

(analyzed) 

LBLOCA 

2144 

1999 EM 

January 2008 

None 
2144 

(analyzed) 
None 

2144 

(analyzed) 

 
 
Reference: 
 

1. Framatome Letter FS1-0055147-1.0, Transmittal of Input for ANO-1 50.46 Report for 2020, dated February 24, 2021. 
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Discussion of Evaluation Model (EM) Error Corrections,  
Changes, or Application Errors 

 
 
The Babcock & Wilcox Nuclear Technologies (BWNT) Loss of Coolant Accident (LOCA) 
Evaluation Model (EM) inside cladding initial base metal reacted thickness model change 
 
BACKGROUND: 
 
An EM change to the initial M5 cladding inside oxidation thickness model used in 177-FA (Fuel 
Assembly) LOCA analyses was made.  The inside oxidation model in the NRC-approved BWNT 
LOCA EM was shown to be non-conservative based on the current understanding of the inside 
oxide growth during normal plant operation.  A revised initial inside oxidation input model was 
developed for use in future LOCA analyses for M5 clad fuel.  A lower bound initial thickness is 
used as an input to the LOCA analysis-of-record (AOR) peak clad temperature (PCT) analyses 
because it increases the metal-water reaction energy for the rupture fuel segment only.  This 
change reduces the local oxidation value marginally in un-ruptured segment, but it has no 
impact on the PCT in unruptured segments. 
 
RESULTS: 
 
The current full core Mark-B-HTP Arkansas Nuclear One, Unit 1 (ANO-1) Large Break LOCA 
(LBLOCA) PCT is produced in a ruptured cladding segment.  The analysis and evaluation 
performed determined that the limiting LBLOCA PCT increased by 14°F.  The changes in local 
oxidation and in whole core hydrogen generation are negligible considering a substantial margin 
to the local oxidation and whole core hydrogen criteria.  Therefore, all analyses remain in 
compliance with the acceptance criteria. 
 
The Small Break LOCA (SBLOCA) analyses do not predict rupture so they are un-ruptured 
segment limited.  Only the ruptured segment PCT has the potential to increase from the inside 
oxidation change.  Therefore, the SBLOCA PCT was not impacted by this EM change.  An 
impact on PCT is 0°F for SBLOCA licensing basis analyses. 
 
 
LBLOCA EM method change for the lower plenum pressure in the BEACH analyses 
 
BACKGROUND: 
 
A simple modification to the analytical approach was made in performing LBLOCA analyses 
using the BWNT LOCA EM (Reference 1) as modified by Supplement 1 to the EM (Reference 
2).  The EM change adds the downcomer (DC) liquid elevation head to the REFLOD3B core 
upper DC pressure used in the BEACH code lower plenum time-dependent volume to assure 
the volume remains at liquid conditions during the reflooding phase consistent with the 
REFLOD3B code calculations. 
 
This change assures the fluid state entering the core during the reflooding phase is 
appropriately calculated.  This change accurately reflects the pressure in the lower plenum and 
it precludes the unrealistic phase change that can occur after the PCT was predicted.  While this 
change was needed for only the 177-FA raised loop (RL) Babcock & Wilcox (B&W)-designed 
plant, it was implemented in the EM generically.  
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RESULTS: 
 
This EM change was already included in the thermal conductivity degradation (TCD) LBLOCA 
analyses, but it was not reported as an EM change via 10 CFR 50.46 letters to utilities in 2018, 
when it was first implemented.  This EM change, which only applies to LBLOCA analyses, is 
being reported at this time.  Since there is no PCT impact for this EM change, it is reported to be 
0°F.  This EM change was included in the ANO-1 TCD LBLOCA analyses so the results include 
the EM change.  Since the analyses used this EM change there is no change in the local 
oxidation or whole core hydrogen generation rates. 
 
Since the REFLOD3B and BEACH codes are not used in B&W plant SBLOCA methods, this 
EM change is not applicable to SBLOCA analyses, and therefore no change is required for 
SBLOCA analysis results. 
 
 
LBLOCA EM method change for the adjustment of the refill period adjustment to account 
for the RELAP5 Core Flood Tank (CFT) temperature 
 
BACKGROUND 
 
A change was made to the EM that increased the length of the BEACH refill period to offset a 
slight non-conservatism in the accumulator discharge rate associated with a minimum nitrogen 
gas temperature limit in the RELAP/MOD2-B&W code.  For LBLOCA analyses, the 
RELAP/MOD2-B&W code has a minimum cap of 250°K (~ -9.7°F) for the CFT.  If the 
calculations are performed beyond the time that this minimum temperature is achieved, the CFT 
gas pressure can be slightly higher than it would be calculated if the gas temperature was 
allowed to continue to decrease, which could reduce the PCT if it occurs near the bottom of core 
recovery (BOCR) time. 
 
The EM change required an assessment of the impact on the limiting case PCT.  A generic EM 
change is included to adjust the refill period if the CFT temperature limit is reached prior to the 
end of blowdown for future LBLOCA analyses.  There is no impact on the PCT if the minimum 
CFT temperature limit is not reached during the RELAP5 blowdown analyses. 
 
RESULTS: 
 
A review of the ANO-1 LBLOCA analyses was performed.  For the ANO-1 LBLOCA TCD 
analyses, the CFT minimum temperature was not reached during blowdown.  Therefore, there is 
no impact or 0°F for this EM change.  This EM change does not impact the analyzed PCTs or 
peak local or whole core hydrogen generation calculated for the LBLOCA TCD analyses for 
ANO-1.  Therefore this does not impact compliance with the 10 CFR 50.46 regulatory limits. 
 
Since the REFLOD3B and BEACH codes are not used in the B&W plant SBLOCA methods, this 
EM change is not applicable to SBLOCA analyses; therefore, no PCT change is required for 
SBLOCA analysis results. 
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