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Tennessee Valley Authority, Post Office Box 2000, Decatur, Alabama 35609-2000

August 17, 2001

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

Gentlemen:
In the Matter of ) Docket Nos. 50-259
Tennessee Valley Authority ) 50-260

50-296

BROWNS FERRY NUCLEAR PLANT (BFN) -JUSTIFICATION FOR THE
NOT USING LEAD TEST ASSEMBLIES (LTA) IN THE BFN BLENDED LOW
ENRICHED URANIUM (BLEU) PROGRAM.

On January 11, 2001, NRC and TVA met and discussed the
status of the use of excess DOE reactor fuel in TVA owned
plants. This letter addresses comments made by NRC during
this meeting that were summarized in the NRC meeting summary
report dated January 29, 2001.

The staff requested that a case be presented to demonstrate
that sufficient information was available for use in
evaluating BLEU material without using LTAs. TVA tasked the
vender for the BLEU project, Framatome ANP Richland, Inc.,
to evaluate the need for LTAs. The Enclosure provides the
technical justification for concluding that sufficient lead
test data has been collected to allow the safe use of BLEU
fuel in the BFN reactors without the use of LTAs.

If you have any questions concerning this report, please call
me at (256) 729-2636.
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ENCLOSURE

Blended Low Enriched Uranium Program — Lead Test Assemblies

TVA plans to use Blended Low Enriched Uranium (BLEU) fuel in its Browns Ferry BWR
reactors beginning in 2005. A question that has been raised is whether the use of the fuel in
reload quantities should be proceeded by lead test assemblies (LTAs). This question has
been evaluated and the conclusion reached is that LTAs in the Browns Ferry reactors are not
necessary. This conclusion is based on a review of the BLEU LTA experience in the
Sequoyah 2 reactor (a PWR) and scoping sensitivity studies for the use of the fuel in the
Browns Ferry reactors.

The potential impact of the use of BLEU material on reactor operation and safety is through
the impact of the high concentration of U-236 on the power distributions. There are no other
significant impacts on fuel behavior. U-236 has a high absorption cross section and affects
the reactivity of the assembly. The U-235 enrichment must be increased about .34 w/o in
order to achieve the same energy as a virgin uranium assembly of equivalent reactivity. The
lattice depletion codes and 3D core simulator codes used by Framatome include the isotope U-
236 and are able to adequately model the impact of the high U-236 concentration. The LTA
program at Sequoyah and the BWR sensitivity studies described below confirm this
expectation.

Lead Test Assembly Experience at Sequoyah Unit 2

TVA loaded four LTAs in the Sequoyah (SQN) Unit 2 Cycle 10 (U2C10) core. The LTASs’
physical characteristics were identical to the rest of the reload batch with the exception of the
uranium isotopes and use of uniform enrichment fuel stack (no axial blanket). The uranium
contained in the LTAs was obtained by blending down recycled, highly enriched uranium from
the USA nuclear weapons production program with natural uranium. The resulting blended
uranium met the commercial grade uranium specification of ASTM C996-96 with the exception
of the concentrations of the uranium isotopes U-232, U-234, and U-236. The use of this
material in the SQN U2C10 core was approved by the NRC on April 12, 1999 as Technical
Specification Change 98-04 (Amendment Number 234).

The four blended low enriched uranium (BLEU) LTAs were loaded in Sequoyah 2 Cycle 10 in
1999. The LTAs were loaded near the center of the core as shown in Figure 1. Startup physics
testing was performed at hot-zero-power conditions to verify that the reload core behaved as
expected and complied with technical specification requirements. These tests included initial
critical conditions evaluation, boron endpoint determination, isothermal temperature coefficient
measurement, boron worth measurement, and control rod bank worth measurements. The
results of these tests were as predicted and in compliance with the test requirements.

Power distribution flux maps were taken and analyzed during power ascension to further
insure that the core was behaving as expected and that technical specification requirements
are met. These flux maps were taken at approximately 4%, 30%, 75%, and 100% power. The
flux map for 100% power is provided in Figure 2. A plot of full power hot channel factors F-
delta H and F-Q predictions and measurements for the LTAs is shown in Figures 3 and 4,
respectively. The differences between measured and calculated power distributions for the
LTAs are within the normal expected range of differences. This supports the conclusion that
the lattice depletion code and 3D core simulator code can adequately model high
concentrations of U-236.



U-236 Sensitivity Studies for Browns Ferry

Neutronics calculations for Browns Ferry BLEU fuel will be performed using Framatome’s
approved CASMO-4 / MICROBURN-B2 methodology. The CASMO-4 code has a significant
amount of experience for a wide variety of fuel designs including PWRs and BWRs with either
UO2 or MOX fuel. The results of CASMO-4 have been benchmarked against MCNP
calculations, measured critical experiments, measured isotopic data and measured doppler
experimental data. In addition, the CASMO-4 / MICROBURN-B2 methodology has been
benchmarked extensively against commercial reactor operating data.

The primary neutronic concern for BLEU fuel is the higher concentration of U-236. The
CASMO-4 methodology explicitly models all aspects of U-236 with a full compliment of cross-
sections for a range of temperatures and U-236 is included in the depletion chains for burnup
calculations. The cross sections are based upon the JEF-2.1 data base . Comparisons of
individual cross sections for U-236 between JEF-2.1, JEF-2.2 and ENDF/B-6 show very close
agreement (< 1%). Comparisons of isotopic data from the Yankee Rowe measurements
indicate very good agreement for the concentrations of U-236 for all burnups measured (up to
about 35 GWd/MTU). The concentrations observed at higher burnups (about 25 GWd/MTU)
are a significant fraction of the initial concentrations expected in the BLEU fuel (about 40%).

A scoping sensitivity study (not formally documented) was performed to evaluate the ability of
the lattice depletion code and 3D core simulator code to model high concentrations of U-236.
A potential uncertainty in the cross section is the most likely issue with respect to the ability of
the codes to model high concentrations of U-236. A conservative maximum uncertainty of
+30% on the U-236 capture cross section was assumed in the studies. The cross section
uncertainty was modeled by varying the U-236 concentration in the BLEU fuel +30%.
Calculations were performed using the CASMO3/MICROBURN-B methodology, which explicitly
models the U-236 isotope. Comparisons were made between a base case equilibrium cycle
design for Browns Ferry loaded with BLEU ATRIUM™-10" fuel and corresponding designs with
the fresh batch U-236 concentration initialized 30% higher than the base case and 30% lower
than the base case.

Results of the sensitivity study show negligible effects on core power distribution, cold
shutdown margin, and core reactivity. Differences in the core maximum nodal peaking factor
for the three cases were limited to less than 3%, and differences in core maximum radial
peaking factor were just over 1%. Both of these are well within the power distribution
uncertainty of the methodology. Core k-effective differences among the three cases were
about 2 mk, which is much less than the Technical Specification +1.0% Ak reactivity anomaly
criterion. Finally, differences in cold shutdown margin between the three cases were limited to
less than 0.1% Ak.

The sensitivity studies show that the uncertainty in the U-236 cross section uncertainty has
negligible effect on core power distribution and core reactivity. This confirms the ability of the
lattice depletion code and 3D core simulator to adequately model high U-236 concentrations.

" ATRIUM is a trademark of Framatome ANP.



Operational Experience with Elevated U-236 Concentrations

In both PWRs and BWRs operating with standard uranium fuel, U-236 levels increase as a
function of burnup to a significant fraction of the levels initially present in the BLEU.
Framatome's design methods have an excellent record of accuracy over the full cycle length of
plants operating with 12-, 18-, and 24-month cycles. This is particularly evident in the
comparisons of measured-vs.-calculated Beginning-of-Cycle shutdown margins showing a less
than 0.5% Ak/k variation for a wide range of BWR cores including variations in core power
density, cycle lengths, and numerous combinations of fuel assembly types and vendor
products.

In addition to addressing the levels of U-236 encountered during operations of standard fuel,
Framatome has had a range of experiences with enriched uranium initially containing elevated
concentrations of U-236. These experiences from operations both in the US and Europe have
shown no operational problems. Framatome has delivered fuel for six BWRs and four PWRs
in the US and one BWR and nine PWRs in Europe with initial U-236 concentrations up to 18
times the ASTM limit.

Conclusions

The rigorous benchmarking of the analytical tools to be used in developing fuel assembly and
cycle designs for Browns Ferry demonstrate the adequacy of these tools to accurately predict
the fuel performance of assemblies utilizing BLEU. This will assure that cycle designs can be
developed to provide adequate margins to limits. Additionally, shutdown margin can be
established with confidence to assure safe reactor operations. The accuracy of these methods
has been validated in their application in reloads utilizing standard uranium with elevated U-
236. Further, the experience with the Sequoyah LTA's provides specific validation of CASMO-
based methods for material directly representative of the BLEU material. Therefore, the
capability to accurately predict the operational performance and safety margin of BLEU fuel
has been adequately established and there is no need for LTA's to precede reload fuel supply
of BLEU fuel to Browns Ferry.
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Figure 1 Summary of Unit 2 Cycle 10 Final Core Loading Pattern
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Figure 2 Summary of 100% Power Flux Map Analysis
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Figure 3 Hot Channel Factor (F-DH) at Full Power
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Figure 4 Hot Channel Factor (FQ) at Full Power
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