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Revision of Technical Specifications to allow utilization of AREVA NP
fuel and associated analysis methodologies

Safety Limit Minimum Critical Power Ratio

Attached is the non-proprietary version of safety limit MCPR analyses results supporting
120% OLTP operation.
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Browns Ferry Unit 1 Cycle 9 MCPR Safety Limit Analysis (120% OLTP)

1.0  Summary and Results

This report presents the Browns Ferry Unit 1 Cycle 9 (BFE1-9) MCPR safety limit analysis results for
120% original licensed thermal power (OLTP) conditions. The MCPR safety limit analysis results
presented are applicable in all the equipment out-of-service scenarios and extended operating domains
identified in Reference 1.

The MCPR safety limit results presented support 1.07 for two-loop operation (TLO) and 1.10 for
single-loop operation (SLO). Therefore, updates to the Browns Ferry Unit 1 Technical Specifications
would be required for the BFE1-9 120% OLTP MCPR safety limit.

Reactor system measurement uncertainties are statistically convolved with MCPR calculational
uncertainties to determine a MCPR safety limit that ensures that at least 99.9% of the fuel rods in the
reactor core would not be expected to experience boiling transition during normal operation or an
anticipated operational occurrence. [ '

] The MCPR
safety limit is used in conjunction with transient analysis results to establish the MCPR operating limit.
The MCPR safety limit methodology is described in Reference 2.

The final 120% OLTP core design and step-through, developed by AREVA NP* to meet the operating
requirements specified by TVA, was used in the BFE1-9 120% OLTP MCPR safety limit analysis. The
BFE1-9 120% OLTP design supports licensed rated power of 3,952 MWt and operation to licensing end
of cycle (EOC) cycle exposure of approximately 19,635 MWd/MTU. The design includes extensions for
final feedwater temperature reduction (FFTR) and coastdown.

The BFE1-9 120% OLTP MCPR safety limit analysis used the SPCB critical power correlation additive
constants and additive constant uncertainty reported in Reference 3" for ATRIUM™-10* fuel. [

] The impacts of channel bow were explicitly accounted for in the analysis
consistent with the process described in Reference 2. The local power peaki'ng uncertainty is based
upon the monitoring computer code as reported in Reference 4. The relationship between assembly
flow rate and assembly power was determined for each fuel type using the methodology and assembly
flow rate uncertainty reported in Reference 2.

*  AREVA NP Inc. is an AREVA and Siemens company

T AREVA has submitted an addendum to the NRC for Reference 3. It is Addendum 1 Revision 0 titled, SPCB
Additive Constants for ATRIUM-10 Fuel. It addresses Condition Report 2007-3653 regarding the CPR test
loop power error. Analyses for BFE1-9 120% OLTP incorporate this addendum.

*  ATRIUM is a trademark of AREVA NP.
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Browns Ferry Unit 1 Cycle 9 MCPR Safety Limit Analysis (120% OLTP)

The analysis supports:

Fuel- and plant-related uncertainties for BFE1-9 120% OLTP presented in Table 1.
50% of the LPRMs out of service (LPRM bypass model on or off).

Up to 2 TIP machines out of service, or the equivalent number of TIP channels.
2500 EFPH LPRM calibration interval.

No reused channels.

]

Table 2 presents a summary of the analysis results including the MCPR safety limit and the percentage
of rods expected to experience boiling transition for both TLO and SLO. Analyses were performed
using the power distributions from each exposure in the design step-through. The safety limit radial
power histograms for the limiting TLO and SLO cycle exposures of [

], respectively (i.e., the exposures that results in the highest number of rods
expected to experience boiling transition) are presented in Figures 1 and 2. The BFE1-9 120% OLTP
core loading and fuel design are presented in Table 3 and Figures 3 through 7.
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51-9121246-000

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%
| 1
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Browns Ferry Unit 1 Cycle 9 MCPR Safety Limit Analysis (120% OLTP)

Table 2 Results Summary
for MCPR Safety Limit Analysis

Percentage of

Rods in Boiling
SLMCPR Transition
TLO -1.07 0.0687
SLO-1.10 0.0731
Table 3 Core Loading
Nuclear Total Serial
Fuel Cycle Fuel Number of Number
Description Loaded Type Assemblies Prefix
GE14 7 4 24 JLX
GE14 7 5 12 JLX
GE14 7 6 17 JLX
GE14 7 9 _ 32 JLX
GE14 7 10 12 JLX
GE14 7 11 8 JLX
GE14 8 14 48 JYE
GE14 8 15 96 JYE
GE14 8 6 64 JYE
GE14 8 17 48 JYE
GE14 8 18 71 JYE
ATRIUM-10 9 19 192 FAA
ATRIUM-10 9 20 40 FAA
ATRIUM-10 9 21 100 FAA
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Fuel Type

Description

GE14-P10DNAB157-NOCG

GE14-P10DNAB377-16GZ
GE14-P10DNAB402-16GZ
GE14-P10DNAB419-16GZ
GE14-P10DNAB368-15GZ
GE14-P10DNAB402-19GZ
GE14-P10DNAB406-16GZ
GE14-P10DNAB400-17GZ
GE14-P10DNAB406-15GZ
GE14-P10DNAB417~-16GZ
GE14-P10DNAB418-16GZ
A10-3761B-14GV80-FAA
Al10-3831B-12GV80-FAA
A10-4171B-14GV80-FAA

Figure 4 Lower Right Quarter Core Layout

Cycle Loaded
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By Fuel Type

No. Per
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