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Licensing Documents:

o Transnuclear application for Transportation License (Part 71) for the TN-40 Cask,
dated June 29 2007, docketed under 71-9313.

This application is currently under review and this calculation is prepared to provide a
technical justification to Transnuclear's response to the RAI #2 from the NRC.




A Calculation No.: 10421-51

AREVA Calculation Revision No.: 1
TRANSNUCIEARINC Page: 30f68

TABLE OF CONTENTS

Page
1.0 PURPOSE ... 4
2.0 REFERENGES........o oottt e e e e e e e e e e e e e e e 4
3.0 METHODOLOGY, DESIGN INPUTS AND ASSUMPTIONS.........ccoiiirieeeeeereieee e, 5
3.1 Design INPUES ..oviviiie 7
B N £ -1 | T T O S 7
4.0 ASSUMPTIONS ...ttt eeeeestaeareeeeseseresee e e et eeeeeeteateseseaeaeaesatareseaeseneness 8
5.0 COMPUTATION. ... ..oititiieiiieeieeeeee ettt ettt ee e e et e et et e e e e e e e e e e e e e e e e e e e et e e e e e e e e aeaaaaeaaaeaeaeaeareaees 8
t T B = To 10T To [T Vo 72N o] o] {'o - Vo1 1SN 8
5.2 Direct Difference Method ... 9
6.0 RESULTS AND CONCLUSIONS ......ooiiiiiiiiee e 31
6.1 Bounding APPrOACK ........c.cuiiiiiiiiiiiiiiiiiii e 31
6.2 Direct Difference Method ...............oooviiiiiiiiiiiiiiii 31
6.3 CONCIUSION ......eeiiee et e e e e e e e et e et e e e e e e e e eeeerraae e e e e 32
A0 B N o o = N B T P PP PP 43
7.1 Appendix A Revised Direct Difference SASZH Bias .........ccccoecviieiiiiiiiiiiiicn, 43
7.2 Appendix B Listing of Computer Files............oooiiiiii e, 57
LIST OF TABLES
Page
Table 1 Measured/Calculated Ratio............ooouviiiiiieii e 13
Table 2 M/C Ratio StatistiCs ... 24
Table 3 Benchmark Measured Concentrations .............ccooooviviiiiiiiiii e 25
Table 4 SAS2H Bounding Correction Factors ... 34
Table 5 Direct Difference Evaluation Criticality ReSUltS .............ccoociiiiiiiiieies 35
Table 6 SAS2H Benchmark Case Physical Parameters ............ccccooiiiiiiiiiiiiie e, 38
Table 7 Revised Benchmark Measured Concentrations ............c.ccccoeeiiiiiiiiiiiciiieeee e, 45
Table 8 Revised Direct Difference Evaluation Criticality Results.....................cccooooi. 51
LIST OF FIGURES
Figure 1: Trending CUNVES ..o ettt e e e e re s 41
Figure 2: Akeff DistribUtions ..., 54

Figure 3: Revised Trending CUIVES..........cuiiiiiiiiiiiiiiii e, 55




Proprietary Information Withheld Pursuant to 10 CFR 2.390

A Calculation No.: 10421-51
AREVA Calculation Revision No.: 1
TRANSNUCLEAR INC Page: 4 of 68

1.0 PURPOSE

This calculation is used to validate the methodology for determining the isotopic content of
burned fuel and to determine the appropriate correction(s) required to estimate the actinide
and fission product content in PWR spent fuel for use in subsequent criticality calculations.
The NRC has requested that our methodology for determining “correction factors” for the
depletion isotopes [2.1] be reevaluated and account more rigorously for the uncertainties in
the SAS2H benchmark data. The purpose of this calculation is to reevaluate the published
SAS2H depletion benchmarks and determine a correction methodology that takes into
account uncertainties in the benchmark data.

2.0 REFERENCES

2.2  Transnuclear Calculation 10421-055, rev 1, “TN-40 Supplemental Criticality
Analysis”.

2.3  Oak Ridge National Laboratory, RSIC Computer Code Collection, “SCALE: A
Modular Code System for Performing Standardized Computer Analysis for Licensing
Evaluations for Workstations and Personal Computers,” NUREG/CR-0200, Revision
6, ORNL/NUREG/CSD-2/V2/R6.

2.4 U.S. Nuclear Regulatory Commission, “Strategies for Application of Isotopic
Uncertainties in Burnup-Credit,” NUREG/CR-6811, Published June 2003, ORNL/TM-
2001/257

2.5 “An Extension of the Validation of SCALE (SAS2H) Isotopic Predictions for PWR
Spent Fuel,” ORNL/TM-13317, MD DeHart and OW Hermann, September 1996.

2.6 “Validation of the SCALE System for PWR Spent Fuel Isotopic Composition
Analyses,” ORNL/TM-12667, OW Hermann, SM Bowman, MC Brady, CV Parks,
March 1995.

2.7 “Isotopic Analysis of High-Burnup PWR Spent Fuel Samples From the Takahama-3
Reactor,” ORNL/TM-2001/259 (NUREG/CR-6798), CE Sanders and IC Gauld,
January 2003.

2.8 U.S. Nuclear Regulatory Commission, “Criticality Benchmark Guide for Light-Water-
Reactor fuel in Transportation and Storage Packages,” NUREG/CR-6361, Published
March 1997, ORNL-TM-13211.
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3.0 METHODOLOGY, DESIGN INPUTS AND ASSUMPTIONS

The SAS2H (ORIGEN-S) module with the 44GROUPNDFS5 cross section library of the
SCALE 4.4 computer code system, reference [2.3], is used to calculate the actinide and
fission product concentrations for the spent fuel.

The validation of the SCALE system to predict the isotopic concentrations for the spent
PWR fuel is documented in ORNL/TM-12667 [2.6], ORNL/TM-13317 [2.5] and ORNL/TM-
2001/259 [2.7].
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3.1 Design Inputs

3.2 Analysis
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4.0 ASSUMPTIONS

5.0 COMPUTATION
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5.2 Direct Difference Method

|
|
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Table 1 Measured/Calculated Ratio
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Table 1 Measured/Calculated Ratio
(continued)
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Table 1 Measured/Calculated Ratio
(continued)
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Table 1 Measured/Calcutfated Ratio
(continued)
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Table 1 Measured/Calculated Ratio
(continued)




Proprietary Information Withheld Pursuant to 10 CFR 2.390

Calculation No.: 10421-51

Calculation Revision No.: 1
Page: 18 0of68

Table 1 Measured/Calculated Ratio
(continued)
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Table 1 Measured/Calculated Ratio
(continued)
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Table 1 Measured/Calculated Ratio
(continued)
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Table 1 Measured/Calculated Ratio
(continued)
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Table 1 Measured/Calculated Ratio
(continued)




Proprietary Information Withheld Pursuant to 10 CFR 2.390

Calculation No.: 10421-51

Calculation Revision No.: 1
Page: 23 0of68

Table 1 Measured/Calculated Ratio
(continued)
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Table 2 M/C Ratio Statistics
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Table 3 Benchmark Measured Concentrations
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Table 3 Benchmark Measured Concentration
(continued)
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Table 3 Benchmark Measured Concentration
(continued)
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Table 3 Benchmark Measured Concentration
(continued)
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Table 3 Benchmark Measured Concentration
(continued)
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Table 3 Benchmark Measured Concentration
(continued)
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6.0 RESULTS AND CONCLUSIONS

6.1 Bounding Approach

6.2 Direct Difference Method
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6.3 Conclusion

Analyses have been performed to reevaluate the published SAS2H depletion benchmarks
and determine a correction methodology that takes into account uncertainties in the
benchmark data. The correction methodology combines two techniques; one is determining
bounding correction factors to be utilized with SAS2H calculated isotope concentrations, the
other (direct difference) determines a limiting USL value that reflects the code biases and
uncertainties.
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Table 4 SAS2H Bounding Correction Factors
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Table 5 Direct Difference Evaluation Criticality Results
(continued)
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Table 5 Direct Difference Evaluation Criticality Results
(continued)
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Table 6 SAS2H Benchmark Case Physical Parameters
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Table 6 SAS2H Benchmark Case Physical Parameters
(continued)
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Table 6 SAS2H Benchmark Case Physical Parameters
(continued)
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Figure 1: Trending Curves
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Figure 1 Trending Curves (concluded)
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7.0 APPENDIX
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Table 7 Revised Benchmark Measured Concentrations
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Table 7 Revised Benchmark Measured Concentration
(continued)
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Table 7 Revised Benchmark Measured Concentration
(continued)
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Table 7 Benchmark Measured Concentration
(continued)
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Table 7 Benchmark Measured Concentration
(continued)
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Table 7 Benchmark Measured Concentration
(continued)
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Table 8 Revised Direct Difference Evaluation Criticality Results
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Table 8 Revised Direct Difference Evaluation Criticality Results
(continued)
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Table 8 Revised Direct Difference Evaluation Criticality Results
(continued)
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Figure 2: Akeff Distributions
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Figure 3: Revised Trending Curves
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Figure 3 Revised Trending Curves
(concluded)
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7.2 Appendix B Listing of Computer Files
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