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1. PURPOSE

Reference 1 presents an AREVA methodology for determining the safety limit minimum critical power
ratio (SLMCPR) that was approved by the NRC. The methodology is an update or extension of the
previously approved methodology presented in Reference 2. The SLMCPR methodology was updated to
incorporate full implementation of the ACE critical power correlation (References 3 and 9), a realistic fuel
channel bow model (Reference 4), and expanded coupling with the MICROBURN-B2 core simulator
(Reference 5). More detailed descriptions of these improvements are discussed in Reference 1. The
purpose of this report is to provide SLMCPR results for Browns Ferry Unit 3 Cycle 19 using the Reference
1 methodology to support extended power uprate (EPU) at Browns Ferry Units for two-loop operation
(TLO) and single-loop operation (SLO).

2. METHODOLOGY

The analysis presented in this document used the methodology presented in Reference 1. The SLMCPR
is defined as the minimum value of the critical power ratio which ensures that at least 99.9% of the fuel
rods in the core are expected to avoid boiling transition during normal operation or an anticipated
operational occurrence (AOO). The SLMCPR is determined using a statistical analysis that employs a
Monte Carlo process that perturbs key input parameters used in the calculation of MCPR. The set of
uncertainties used in the statistical analysis include both fuel-related and plant-related uncertainties.

The SLMCPR analysis is performed with a power distribution that conservatively represents expected
reactor operating states that could both exist at the operating limit MCPR (OLMCPR) and produce a
MCPR equal to the SLMCPR during an AOO. [
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In the AREVA methodology, the effects of channel bow on the critical power performance are accounted
for in the SLMCPR analysis. Reference 1 discusses the application of the realistic channel bow model
found in Reference 4.

3. ANALYSIS

The final core design and step-through, developed by AREVA to meet the operating requirements
specified by TVA (Reference 10), was used in the BFE3-19 MCPR safety limit analysis. The BFE3-19
design supports licensed rated power of 3,952 MWt and operation to licensing end of cycle (EOC) cycle
exposure of approximately 20,238.3 MWd/MTU. The design includes extensions for final feedwater
temperature reduction (FFTR) and coastdown. Figure 1 presents the core loading, the cycle the fuel was
originally loaded, and the number of assemblies. The BFE3-19 core is made up of ATRIUM™ 10XM* and
ATRIUM-10 fuel. Analyses were performed [

] for the Browns Ferry power/flow map for MELLLA operation as shown in
Figure 2. The radial power distribution [ ]lis
presented in Figure 3 and Figure 4.

The calculated fast fluence gradients for the BFE3-19 core design have been compared to the upper and
lower bounds of the channel bow database. As shown in Figure 5, there are [

] the upper/lower bound of the channel bow database. The channel bow model uncertainty
for the assemblies that experience fluence gradients outside the bounds of the measurement database
was augmented with the same approach as demonstrated in the Response to SNPB RAI-6 in Reference
8.

The ACE/ATRIUM 10XM critical power correlation (References 3 and 9) is used for the ATRIUM 10XM
fuel while the SPCB critical power correlation (Reference 6) is used for ATRIUM-10. The fuel- and plant-
related uncertainties used in the BFE3-19 SLMCPR analysis are presented in Table 1. The radial and
nodal power uncertainties used in the analysis include the effects of up to 40% of the TIP channels out-of-
service, up to 50% of the LPRMs out-of-service, and a 2500 effective full power hour (EFPH) LPRM
calibration interval.

[

*  ATRIUM is a trademark of AREVA Inc.
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]

The BFE3-19 SLMCPR analysis supports a TLO SLMCPR of 1.05 and an SLO SLMCPR of 1.06. Table 2
presents a summary of the analysis results including the SLMCPR and the percentage of rods expected
to experience boiling transition. The percentages of the total number of fuel rods predicted to experience
boiling transition in the overall Monte Carlo statistical evaluation associated with each nuclear fuel type
are presented in Table 3. The results are for the [

]. The BFE3-19 fuel design is presented in Figures 7 through 9.

4, DISCUSSION OF RESULTS

Compared to the TLO and SLO SLMCPR limits at the current licensed thermal power (105% OLTP) ,
results show a small increase in both the TLO and SLO SLMCPR limits. The SLMCPR differences are a
direct result of extended power uprate. To maintain the same design margin, power distributions from the
design step-through at EPU power are flatter relative to power distributions at the 105% OLTP thermal
power and flatter radial power profile is more likely to produce rods in boiling transition.
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Table 1 Fuel- and Plant-Related
Uncertainties
MCPR Safety Limit Analyses

Standard
Parameter Deviation
Fuel-Related
Uncertainties
[
]
Plant-Related
Uncertainties
Feedwater flow rate 1.8%
Feedwater temperature 0.8%
Core pressure 0.7%
Total core flow rate
TLO 2.5%
SLO 6.0%
]
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Table 2 Results Summary
for MCPR Safety Limit Analysis

Percentage of
Rods in Boiling
SLMCPR Transition
TLO-1.05 0.0820
SLO -1.06 0.0978

Table 3 Contribution of Total Predicted Rods

in BT by Nuclear Fuel Type

Contribution of Total Rods
Predicted to be in BT (%)

i Fuel Burnup TLo SLO
Type Design Status ] [ ]
14 ATRIUM-10 Twice burned
16 ATRIUM-10 Twice burned
17 ATRIUM-10 Twice burned
18 ATRIUM-10 Twice burned
19 ATRIUM 10XM Once burned
20 ATRIUM 10XM Once burned
21 ATRIUM 10XM Once burned
22 ATRIUM 10XM Fresh
23 ATRIUM 10XM Fresh
24 ATRIUM 10XM Fresh ]
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Nuclear Fuel Cycle Number of
Fuel Type Description Loaded Assemblies
14 ATRIUM-10 16 1*

16 ATRIUM-10 17 67
17 ATRIUM-10 17 14
18 ATRIUM-10 17 26
19 ATRIUM 10XM 18 88
20 ATRIUM 10XM 18 152
21 ATRIUM 10XM 18 64
22 ATRIUM 10XM 19 224
23 ATRIUM 10XM 19 96
24 ATRIUM 10XM 19 32

Figure 1 Browns Ferry Unit 3 Cycle 19
Core Loading Map

* This fuel assembly is a reinsert that has been withheld from plant operation one cycle for inspection purposes.
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Figure 3 Radial Power Distribution Map for
Browns Ferry Unit 3 Cycle 19
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Figure 5 Channel Fluence Gradient Distribution for Browns Ferry Unit 3 Cycle 19
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Figure 6 Browns Ferry Unit 3 Cycle 19 Reference Full Core Loading Pattern
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