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In the NCT array models for the TN-LC-MTR, TN-LC-NRUX, and TN-LC-JFA (PWR fuel
assembly payload), an array of three packages is utilized The entire array is reflected with 12
in. of water. For the TN-LC-TRIGA and TN-LC-JFA (BWR fiel assembly and 25pin can
payloads), the NCT infinite array analysis is bounded by the HAC infinite array analysis.

The maximum results of the criticality calculations are summarized in Table 6-1. No HAC array
models are developedfor the TN-LC-MTR, TN-LC-NRUX, and TN-LC-1FA (PWR fuel assembly
payload). Therefore, for these baskets, the HAC array results listed are simply the same as the
HAC single package maximum results. For the TN-LC-TRIGA and TN-LC-1FA (BWR fiuel
assembly and 25 pin can payloads), explicit HAC calculations are performed for an infinite
array.

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

In the TN-LC-MTR, TN-LC-NRUX, and TN-LC-TRIGA basket analyses, fuel damage is
conservatively modeled in both the NCT and HAC models for convenience. In the TN-LC-1FA
basket analysis, fuel is modeled as undamaged in the NCT cases and damaged in the HAC cases.

6.1.3 Criticality Safety Index

Per 10 CFR 71.59, the criticality safety index (CSI) is determined by dividing the number 50 by
the value of"N" that is derived based on the criticality evaluations performed on package arrays.
For the TN-LC-MTR, TN-LC-NRUX, and TN-LC-1FA (PWR payload), no HAC array
calculations are peiformed. For these payloads, the maximum number of damagedpackages per
10 CFR 71.59(a)(2) is 1 (two times "N" = 1), ensuring that the value of "N" = 0.5. This is
consistent with the minimum value of "N"per 10 CFR 71.59(a)(3). An array of three
undamaged packages is conservatively evaluated to comply with the 10 CFR 71.59(a)(1) limit of
2.5 (five times "N') packages. Therefore, the CSIfor these payloads is 100.

For the TN-LC-TRIGA and TN-LC-1FA (BWR payload and 25 pin can payloads),
HAC calculations are performed for an infinite array. The infinite array HAC calculation
bounds an infinite array NCT calculation. Therefore, "N" is infinite and the CSI for these
payloads is 0.

The CSIs for the various payloads are summarized in Table 6-1.

TN-LC-O 100 6-2
TN-LC-0 100 6-2
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Appendix 6.10.3
TN-LC-TRIGA Basket Criticality Evaluation

NOTE: References in this appendix are shown as [1], [2], etc. and refer to the reference list in
Appendix 6.10.3.9.1.

The appendix presents the criticality evaluation of the TN-LC-TRIGA basket with a payload of
up to 180 TRIGA fuel assemblies. The following analyses demonstrate that the TN-LC package
complies with the requirements of 10 CFR 71.55 and 71.59. The criticality safety index (CSI),
per 10 CFR 71.59, is 0.

6.10.3.1 Description of the Criticality Design

6.10.3.1.1 Design Features

The cask holds five TN-LC-TRIGA baskets that are used to contain and properly position the
fuel during transport.

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

The design includes poison plates between adjacent compartments containing the TRIGA fuel.
The B-10 areal density is modeled at 8 mg/cm 2. Therefore, the minimum B-10 areal density in
the fabricated product is 8.9 g/cm 2 if 90 percent 13-10 credit is utilized and 10. 7 g/cm 2 if 75
percent B-10 credit is utilized. Criticality safety is maintained by the combination of the neutron
poison and the separation provided by the packaging.

6.10.3.1.2 Summary Table of Criticality Evaluation

The upper subcritical limit (USL) for ensuring that the package is acceptably subcritical, as
determined in Section 6.10.3.8 is:

USL = 0.9301

The package is considered to be acceptably subcritical if the computed ksafe (ks), which is defined
as keffective (keff) plus twice the statistical uncertainty (T), is less than or equal to the USL, or:

ks = keff + 2ay < USL

The USL is determined on the basis of a benchmark analysis and incorporates the combined
effects of code computational bias, the uncertainty in the bias based on both benchmark-model
and computational uncertainties, and an administrative margin. The results of the benchmark
analysis indicate that the USL is adequate to ensure subcriticality of the package.

The results of this analysis demonstrate that the packaging design meets the requirements of
10 CFR 71.55(b). No credit is taken for burnup in any of the analyses, and no credit is taken for
the leak-tight performance of the cask.

TN-LC-0100 6.10.3-1
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Table 6.10.3-10
Benchmark Experiments Utilized

Series Title
IEU-COMP-THERM-003 TRIGA Mark II Reactor: U(20) - Zirconium Hydride

Fuel Rods in Water with Graphite Reflector

HEU-SOL-THERM-001 Minimally Reflected Cylinders of Highly Enriched
Solutions of Uranyl Nitrate

LEU-SOL-THERM-003 Full and Truncated Bare Spheres of 10% Enriched
Uranyl Nitrate Water Solutions

Table 6.10.3-11
USL Results

Experiment Trending

Set Parameter (X)

21 Experiments

HEU + LEU +

TRIGA

12 Experiments

HEU + TRIGA

11 Experiments

LEU + TRIGA

Proprietary
Information
Withheld
Pursuant to
10 CFR 2.390.

Minimum

USL Range of Applicability

0.9320 3.42760 × 10-' <• X S 2.95740 . 10-7

0.9331 4.33640 × 10-' < X < 8.53920 × 10-4

0.9350 68.2 < A': 1437.5

0.9301 4.293 10 x 10-8 < X < 2.95740 . 10-7

0.9306 1.31030 x 10-4 <sX _< 8.53920 x 10-4

0.9318 68.2 <A X s 499.40

0.9338 3.42760 Xl0- 8 < X _< 8.7120 x 10-8

0.9339 4.33640 x l0-5 X < 3.68010 x l
0.9340 150.1 < X:5 1437.5

TN-LC-01 00 6.JO.3-37b
TN-LC-0 100 6.10.3-37b
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Appendix 6.10.4
1FA Basket Criticality Evaluation

NOTE: References in this appendix are shown as [1], [2], etc. and refer to the reference list in
Appendix 6.10.4.9.1.

This appendix presents the criticality evaluation of the IFA basket. The I FA basket allows the
transportation of one intact PWR or BWR fuel assembly, or up to 25 intact individual PWR,
BWR, EPR or MOX fuel pins. The following analyses demonstrate that the TN-LC complies
with the requirements of 10 CFR 71.55 and 71.59. The criticality safet, index (CSI), per 10 CFR
71.59, varies with payload. For the P WR fiuel assembly payload the CSI is 100, while for the
BWR fiel assembly and 25 pin can payloads the CSI is 0.

6.10.4.1 Description of the Criticality Design

6.10.4.1.1 Design Features

Light water reactor (LWR) assemblies and individual pins are transported by the I FA basket, as
shown in Figure 6.10.4-1. Components labeled B through E in this figure are shown in further
detail in subsequent figures.

The PWR compartment is attached to the aluminum rail as shown in Figure 6.10.4-2.

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

The tolerances are important in the analysis to determine the
most reactive configuration.

The BWR compartment

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

to ensure that the resultant reactivity is
conservative.

The 25 pin can accommodates PWR, BWR, MOX or EPR fuel rods. Two types of pin can are
available, with different cavity lengths and end lead shielding. Because axial details are ignored
in the criticality models, these two types are equivalent for criticality analysis. There are two
fabrication options that exist for the 25 pin can. The option used in the calculation models is
Option 2, which is displayed in Figure 6.10.4-4. A notable difference between Options 1 and 2 is
that in Option 1, the comers are rounded and the tubes in the corner positions fit without the gaps
as shown for Option 2. The choice of one option over the other does not make a difference in the
criticality results. Option 2 is used to simplify the modeling.
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The Boron-10 content represents the minimum loading
specification after either 75 percent or 90 percent credit is applied, depending on the poison plate
material used. Therefore, if a 75 percent credit is applied, the loading will actually be 20 mg/cm2 ,
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25 Pin Can Fuel Models:

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

Only the active fuel length of the tubes is modeled. A model of the can with
25 PWR fuels is displayed in Figure 6.10.4-10.

6.10.4.3.2 Material Properties

In Table 6.10.4-7, the different materials, the mixture number as shown in KENO inputs, and
other relevant parameters are shown. Water has more than one entry in the material data cards
because it is important to distinguish between water in the fuel lattice and water that exists
between the casks, as shown in Figure 6.10.4-8. The materials used are part of the Standard
Composition Library with built-in densities. Only the poison plate definition required an explicit
density definition of 2.693 g/cm3 .
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CE 16x16 Class Assemblies:

The most reactive CE 16x16 assembly is the CE 16x16 System 80 fuel assembly as shown in
Table 6.10.4-8. The number of PRAs required is 5, each at a minimum diameter of 1.02 cm. The
maximum allowable U-235 enrichment is 5.00 weight percent. The configuration of PRA
location is as shown in Figure 6.10.4-12.

BW 17x17 Class Assemblies:

In the case of B&W 17x17 Mark C, a PRA diameter of 0.76 cm or a linear density of 0.343 g/cm
is required. The maximum allowable enrichment is 5.00 weight percent U-235. The PRA
configuration is as illustrated in Figure 6.10.4-15.

For each class, the result is shown in Table 6.10.4-21 with HAC scenario. As a resultant, the
PRA requirement under all conditions of transport is as summarized in Table 6.10.4-26. This
table contains the number of PRAs necessary for each assembly class, maximum enrichment
allowed, the linear density of each PRA before the 75% credit is applied for analysis, or the
actual minimum 40% TD required, and the minimum diameter of each PRA. Note that in Table
6.10.4-21; only PRA Configuration 1 is evaluated, since it has been shown that both
Configurations I and 2 are acceptable in Table 6.10.4-19.

Under HAC, the PRA configuration is not expected to change. All rotationally symmetric
configurations of the absorber rods are also acceptable.

The most reactive HAC case (based on the CE 15x1 5 class fuel assembly) from Table 6.10.4-21

is employed to determine the effect of the poison plate bolt holes as shown in Figure 6.10.4-2.

Proprietary Information Withheld Pursuant to 10 CFR 2.390. This is shown

in Figure 6.10.4-16. The result of this evaluation is also shown in Table 6.10.4-21 Proprietary Information Withheld
Pursuant to 10 CFR 2.390.

and demonstrates that the effect is statistically insignificant although this represents the
highest calculated k, for the TN-LC-1FA basket.

As the results in Table 6.10.4-17 demonstrate, BWR fuels will remain subcritical and under the
USL for HAC. NCT single package results for the 25 pin can are provided in Table 6.10.4-18.
For the transportation of 25 individual fuel rods, damaged fuel rods are not considered because
the margins to the USL are very large compared to PWR and BWR fitel. This is due to the fact
that the reactivity of the system is bounded by PWR fuel assembly transportation by more than
0.30 in Ak for NCT, and any postulated HAC is also bounded by PWR fuel rod pitch expansion
analysis performed. These scenarios have been explored for PWR and BWR fuels to show that
the 25 fuel rods are bounded.

6.10.4.4.2 Results

The results for single package transport are presented in Table 6.10.4-22. In this table, taking the
most reactive fuel under NCT, the B&W 15xl 5 Mark B111 fuel assembly from Table 6.10.4-9
(Case ID P_B1011), eight PRAs are added to the system. Additionally, the most reactive CE
16x16 and CE 15x15 fuel assemblies are selected and evaluated with five PRAs and one PRA,
respectively, to demonstrate that they remain subcritical and under the USL. The remaining
cases presented in this table are reproduced with their original Case IDs.
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Enclosure 5 to TN E-36596

Listing of Computer Files Contained in Enclosure 6

Number of
Disk ID No. (size) Discipline System/Component File Series (topics) files

files

1-TN-LC-TRIGA - Directory

1.1-tol - Directory 6

1.2-ex - Directory 20

One DVD TN-LC-TRIGA
(22.6 MB) Nuclear/Criticality 1.3-win - Directory 20

1.4-cons - Directory 24

1.5-side - Directory 32

TN-LC-1FA 2-TN-LC-1FA - Directory 22


