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U.S. Nuclear Regulatory Commission 
Attention: Document Control Desk 
Washington, DC 20555-0001

Subject: Duke Energy Corporation 
Oconee Nuclear Station, Units 1, 2 and 3 
Docket Numbers 50-269, 50-270 and 50-287 

Supplementary Information Re: Proposed Technical Specification 
Amendment - Spent Fuel Storage Racks (TSCR 2000-01)

By letter dated December 28, 2000, Duke Energy Corporation (Duke) submitted a request to 

revise the Oconee Nuclear Station, Units 1, 2, and 3, Technical Specifications related to 

controls used to ensure acceptable margins of subcriticality in the Spent Fuel Pools (SFP) to 

account for Boraflex degradation. By letter dated April 11, 2001, the NRC requested 

additional information concerning the Duke request. Duke provided a response to the 

request by letter dated April 26, 2001.  

The enclosure to this letter provides Duke's response to NRC information requests identified 

in telephone conferences in May and June of 2001.  

Please contact R. C. Douglas at 864-885-3073 for addition information or questions 

concerning these submittals.  

Very Truly Yours, 

W. R. McCollum, Jr 
Site Vice Preside 
Oconee Nuclear Station 

Enclosure a/s 

cc: L. A. Reyes 
M. C. Shannon 
D. E. LaBarge 
V. R. Autry
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AFFIDAVIT 

W. R. McCollum, Jr., states that he is Site Vice President of Duke Energy Corporation; that 
he is authorized on the part of said corporation to sign and file with the Nuclear Regulatory 
Commission this amendment to the Oconee Nuclear Station Facility Operating License Nos.  
DPR-38, DPR-47, and DPR-55 and Technical Specifications; and that all statements and 
matters set forth therein are true and correct to the best of his knowledge.  

W. R. McCollum, Jr., Site Vice7 P dent

Subscribed and sworn to me:
Q, NDate 

£Notary Public

My Commission Expires:

SEAL

Date
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RESPONSES TO 
REQUEST FOR ADDITION INFORMATION 

Question 1: 

Provide additional details about the Duke Energy supporting calculations that 
determined larger axial burnup reactivity biases than those previously reported by 
Westinghouse. Explain, also, why the criticality analyses were performed in 2-D 
instead of 3-D. What difficulties are associated with performing all the evaluations in 
3-D? 

RESPONSE: 

While performing the supporting analyses for the McGuire spent fuel pool boron credit 
License Application Request (LAR) in 1999, Duke Energy Corporation (Duke) determined 
larger (more conservative) 2-D to 3-D axial burnup biases than Westinghouse reported in 
WCAP-14416-NP-A. Duke contacted Westinghouse about this discrepancy, and 
Westinghouse performed its own re-analysis of these biases. Westinghouse eventually 
concluded that the original sets of axial biases they had reported were in fact non
conservative in many instances. Westinghouse informed its customers of this non
conservatism via a Nuclear Safety Advisory Letter (NSAL-00-015, dated November 2, 2000).  
Since Duke's own calculations for both Oconee and McGuire show more conservative axial 
biases than even the updated Westinghouse results, Duke has, appropriately, applied its 
own calculated biases in determining boron credit requirements to achieve a total 95/95 ke, 
less than 0.95 for fuel storage at McGuire and Oconee. The remaining discrepancies 
between Duke and Westinghouse axial burnup biases are most likely attributable to 
differences in fuel irradiation histories and spent fuel pool storage rack designs.  

The main criticality calculations that Duke performed in support of the McGuire and Oconee 
boron credit LARs were carried out using a radial (2-D) model of the fuel assemblies in the 
spent fuel pool storage racks. This modeling method was used mainly because the 2-D 
model was much easier to set up and much faster to execute than a full 3-D model.  
Typically, in criticality analyses, detailed refinements to a computational model are employed 
when it is desired to reduce excess conservatism associated with the more simplistic 
"bounding" model. However, there is a large degree of variability in the axial burnup profiles 
of actual irradiated fuel assemblies, depending on their reactor core locations, power 
histories, and presence or absence of burnable poisons. In lieu of determining worst-case 
axial burnup profiles and then performing all criticality calculations with explicit, 
computationally expensive 3-D models, it is much more efficient to develop a set of 
bounding axial biases/uncertainties as a function of fuel enrichment and burnup. Then, all 
the main criticality calculations can be performed in two dimensions, and the tabulated axial 
biases/uncertainties can be included as reactivity penalties. This is certainly a conservative 
approach, but given the relatively small amount of reactivity worth associated with the 2-D to 
3-D axial burnup bias, it is evident that there is no real advantage to employing an explicit 3
D model for all criticality calculations.  

The axial biases computed for the Oconee Spent Fuel Pools were determined by first 
choosing a range of axial burnup profiles for individual fuel assemblies. These burnup
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profiles were taken from actual "core-follow" calculations that modeled recent Oconee 
reactor operating cycles. The axial burnup profiles were then used in a series of 3-D spent 
fuel pool rack reactivity computations using the SIMULATE nodal code. Each of the final 
"bounding" SIMULATE cases modeled an infinite array (in the radial direction) of an 
individual fuel assembly, using the representative axial burnup profile that tended to 
maximize the reactivity of the actual 3-D model, as compared with the reactivity of a 2-D 
slice at the average burnup of the fuel assembly. All of the SIMULATE 3-D calculations also 
included specific top and bottom axial reflectors, which were modeled as mixtures of water 
and fuel assembly nozzle / spent fuel pool rack support structure material. The 2-D 
comparison cases simply specified perfect reflection for the axial boundary conditions. The 
fact that the 3-D computations account for axial neutron leakage explains the negative 
biases listed in the tables below for fresh fuel.  

A comparison of the tables below with Table 6 from WCAP-14416-NP-A shows that, for fuel 
burnup greater than 20,000 MWD/MTU, the biases calculated by Duke are significantly more 
positive than those determined by Westinghouse. The nodal mesh size used in the Duke 3
D calculations (3 inches axially) is half that used by Westinghouse in producing its Table 6 
data, which indicates that Duke employed a more detailed model to calculate axial burnup 
biases. Westinghouse, in its January 17, 1996 response to Question 5 in a second round of 
NRC review questions concerning this WCAP, also re-determined axial biases with 3.6-inch 
axial nodes, and found slightly more negative biases as compared with those using 6-inch 
nodes.  

Note that, for the reactivity equivalence curves for Unrestricted fuel storage in the Oconee 
spent fuel pools (see Table 7 in Attachment 6 of the LAR), the largest associated axial 
burnup biases occur at the burnup limit for 5.00 wt % U-235 fuel. In fact, the biases are 
positive only for enrichments greater than approximately 4.00 wt % U-235 fuel on the 
reactivity equivalence curves. As Duke stated on page 14 of the LAR and in its response to 
RAI question No. 1, the axial burnup biases corresponding to 5.00 wt % U-235 fuel were 
conservatively used as a constant reactivity penalty for all fuel enrichments in the 
calculations for the boron credit 95/95 keffs. For the Oconee spent fuel pools, the amount of 
boron credit needed solely to account for this axial burnup penalty was approximately 60 to 
70 ppm.  

Based on the approval of Westinghouse's use of boron credit to account for burnup-related 
uncertainties in WCAP-14416-NP-A (instead of including these uncertainties in the 
development of the reactivity equivalence curves), Duke decided to treat the axial burnup 
biases in the same way. If, instead, the results of the specific 3-D burned fuel calculations 
were applied as penalties to the reactivity equivalence curves in Attachment 6/Table 7 of the 
LAR, such accounting would effectively add about 0.2, 0.5, and 1.0 GWD/MTU, respectively, 
to the tabulated minimum burnup limits for 4.00, 4.50, and 5.00 wt % U-235 fuel. The 
minimum burnup limits for fuel assemblies at 3.50 wt % U-235 and lower would remain 
unchanged.
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Oconee Unit 1/2 Spent Fuel Pool Axial Burnup Biases 
Fuel Assembly 3.0 wt % 4.0 wt % 5.0 wt % 

Burnup Enrichment Enrichment Enrichment 
(MWD/MTU) Bias (pcm) Bias (pcm) Bias (pcm) 

0 -285 -299 -309 
10,000 -543 -557 -531 
20,000 +36 -371 -552 
30,000 +1879 +1022 +304 
40,000 +3717 +3013 +1894 
50,000 +3896 +4182 +3199 

Oconee Unit 3 Spent Fuel Pool Axial Burnup Biases 
Fuel Assembly 3.0 wt % 4.0 wt % 5.0 wt % 

Burnup Enrichment Enrichment Enrichment 
(MWD/MTU) Bias (pcm) Bias (pcm) Bias (pcm) 

0 -287 -301 -312 
10,000 -544 -558 -528 
20,000 +28 -383 -568 
30,000 +1887 +1020 +295 
40,000 +3740 +3034 +1908 
50,000 +3938 +4215 +3217

Question 2: 

Discuss why Duke Energy employed the CASMO / SIMULATE codes for the bulk of its 
criticality analyses, instead of SAS2 / KENO. Please also provide details about the 
benchmarking that has been performed with the CASMO I SIMULATE codes.  

RESPONSE: 

The CASMO / SIMULATE methodology is preferred to SAS2 / KENO, especially for 
criticality calculations involving irradiated fuel, for two reasons: 1) the two-dimensional 
CASMO transport code provides a more accurate model of a fuel assembly lattice; and 2) it 
is simpler to port CASMO isotopic data to the SIMULATE nodal code.  

SAS2/SAS2H is a one-dimensional transport code, currently requiring fuel assembly pin 
lattices to be smeared into approximate 1-D fuel and moderator zones. This approximation 
may be inaccurate in cases where, for example, the analyst is attempting to model the 
reactivity effects of the discrete burnable poisons used in Oconee fuel assemblies. CASMO, 
on the other hand, is a full two-dimensional depletable transport program, and can directly 
assess the effects of instantaneous changes to a fuel assembly lattice.  

For the burnup credit computations performed in support of this LAR, the CASMO code 
generates isotopic data and nodal discontinuity factors for unit fuel assemblies. These data 
are then used by the SIMULATE code in its nodal diffusion computations, for fuel storage
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configurations involving checkerboarding, as well as models with variable axial enrichments 
or burnups.  

KENO is used for limited applications in support of this LAR, particularly for configurations of 
fresh fuel assemblies checkerboarded with empty cells. This type of configuration is not 
readily amenable to a CASMO / SIMULATE model.  

Although KENO can also be used to model irradiated fuel, it requires the input of isotopic 

concentrations of actinides and fission products. The actinide isotopic data can be taken 
from either CASMO or SAS2/SAS2H. However, the individual fission product isotopes 
important to reactivity must be generated by SAS2/SAS2H calculations, because CASMO 
lumps several of these fission products into pseudo-isotopes. Thus, it can be a good deal 
more cumbersome to generate the necessary burned-fuel isotopic data for KENO 
calculations than it is to generate these for SIMULATE.  

For fresh fuel (as noted on LAR Attachment 6, page 3), Duke has benchmarked the CASMO 
/ SIMULATE codes to the B&W critical experiments performed at the CX-10 facility. From 
this benchmarking effort a reactivity bias and uncertainty were derived. These are factored 
into the overall 95/95 kef calculation for each evaluated Oconee fuel storage configuration.  

For irradiated fuel storage, the response to Question 3 in Duke's April 26, 2001 RAI 
response described Duke's determination of a Calculational Burnup Uncertainty, by 
comparing reactor operational data to computational predictions. This uncertainty analysis 
was performed using the CASMO / SIMULATE codes, and benchmarked predicted core 
reactivities to measured data. However, for the final 95/95 kef calculations, the resulting 
bias / uncertainty from this benchmark evaluation was discarded in favor of the more 
conservative Westinghouse Calculational Burnup Uncertainty, which was derived from 
PHOENIX-P comparisons to irradiated fuel isotopic measurements.


