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Appendix 6.10.2
TN-LC-NRUX Basket Criticality Evaluation

NOTE: References in this Appendix are shown as [1], [2], etc. and refer to the reference list in
Appendix 6.10.2.9.1.

The Appendix presents the criticality evaluation of the TN-LC-NRUX basket with a payload of
either 26 NRU or NRX fuel assemblies. The following analyses demonstrate that the TN-LC
package complies with the requirements of IOCFR71.55 and 71.59. The Criticality Safety Index
(CSI), per 10CFR71.59, is 100.

6.10.2.1 Description of the Criticality Design

6.10.2.1.1 Design Features

Criticality control is provided primarily by the TN-LC-NRUX basket. The basket consists of
two bundles of 13 tubes.

Proprietary Information Withheld Pursuant to 10 CFR 2.3 90.

No neutron poisons are required for criticality safety.

6.10.2.1.2 Summary Table of Criticality Evaluation

The upper subcritical limit (USL) for ensuring that the package is acceptably subcritical as
determined in Section 6.10.2.8 is:

USL = 0.9227

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

ks = keff + 2y _< 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 packaging design is shown to meet the requirements of 1OCFR71.55(b). No credit is taken
for fuel element burnup in any models. In both the normal conditions of transport (NCT) and
hypothetical accident condition (HAC) models, water is conservatively modeled in all cavities at
the most reactive density. Maximum allowable fuel element pitch expansion is modeled to
simulate postulated fuel damage in both the NCT and HAC models. In all single package
models, 12 in. of water reflection is utilized.

In the NCT array models, a close-packed array of three packages is utilized. The entire array is
reflected with 12 in. of water. No HAC array models are developed. Therefore, the HAC array
result is the same as the single package result.

TN-LC-0100 6.10.2-1
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The maximum results of the criticality calculations are summarized in Table 6.10.2-1. The
maximum calculated ks is 0.874 which occurs for the NCT array. The maximum reactivity is
below the USL of 0.9227.

6.10.2.1.3 Criticality Safety Index

No HAC array models are developed (2N=l). Therefore, per 1OCFR71.59, N=0.5, and the
criticality safety index (CSI) is 50/N = 100. In the NCT array cases, 5N=2.5, so that 3 packages
are modeled.

TN-LC-0100 6.10.2-2
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6.10.2.2 Fissile Material Contents

The fissile material contents consist of either 26 NRU or NRX fuel elements.

NRU fuel data used as input to MCNP is summarized in Table 6.10.2-2.

Proprietary Information Withheld Pursuant to 10 CFR 2.3 90.

The NRU fuel matrix is a mixture of aluminum and high-enriched uranium. All cladding and
structural materials are fabricated from aluminum. NRU fuel elements may exist with up to
545 g U-235. Therefore, the 545 g U-235 per element is used in the models. An enrichment of
94 weight percent is utilized in the models, which bounds the actual enrichment of 93 weight
percent. Figure 6.10.2-1 shows the MCNP NRU element geometry inside a basket tube.

NRX fuel data used as input to MCNP is summarized in Table 6.10.2-3.

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

The NRX fuel matrix is a mixture of aluminum and high-enriched uranium. All cladding and
structural materials are fabricated from aluminum. The uranium mass per rod is 75 4- 3.1 g
which is bounded by modeling 80 g of uranium per rod (526.4 g U-235 per element). An
enrichment of 94 weight percent is utilized in the models which bounds the actual enrichment of
93 weight percent. Figure 6.10.2-1 shows the MCNP NRX element geometry inside a basket
tube.

TN-LC-0 100 6. 10.2-3
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6.10.2.3 General Considerations

6.10.2.3.1 Model Configuration

The fuel, basket, and packaging are modeled explicitly in the MCNP computer program [1]. The
packaging is conservatively modeled without the neutron shield and impact limiters in both the
NCT and HAC models. The key nominal dimensions are provided in Table 6.10.2-4 for the cask
and Table 6.10.2-5 for the TN-LC-NRUX basket. The TN-LC cask and TN-LC-NRUX basket
dimensions are obtained from the drawings in Chapter 1. The overall model geometry is
illustrated in Figure 6.10.2-2. A view showing the basket is illustrated in Figure 6.10.2-3.

The cask body is modeled with nominal dimensions because the tolerances on the cask body
dimensions would have little effect on the system reactivity. However, key basket dimensions
are modeled considering tolerances in order to maximize the reactivity. The tolerance study is
described in more detail in Section 6.10.2.4.

Several items are neglected for simplicity, including the tube cap, lid spacer plate, and lid spacer
blocks. The bottom of the basket, as well as the bottom spacer, are also neglected. These items
have little effect on the reactivity. Because the bottom spacer and basket bottom are not
modeled, the active fuel length may contact the bottom of the cask in the models which
maximizes neutron reflection from the bottom end of the cask.

Only the active fuel regions of the NRU or NRX elements are modeled, and it is assumed that
any flow tubes are removed. The NRU and NRX fuel element dimensions are given in Table
6.10.2-2 and Table 6.10.2-3, respectively. The majority of the models are for NRU fuel only
because it is demonstrated that NRU fuel is more reactive than NRX fuel.

In both the NCT and HAC models, water is modeled inside the package at the density that
maximizes reactivity. In the fully-flooded models, water is always modeled at the same density
in all basket regions of the model. Above the basket but inside the cavity, water is modeled at
full density to maximize neutron reflection. All single package models are reflected with 12 in.
of water.

Because the cask is designed for wet loading, water drains freely inside the basket, and
preferentialflooding scenarios are not credible. However, the cavity could be partiallyflooded.
Because the baskets drain freely, if the TN-LC cavity is partially flooded, the only credible
scenario is that some fuel would be submerged in water, and the remaining fuel would remain
unsubmerged. Therefore, any partial flooding scenarios would result in less moderation for the
fuel. It is demonstrated that NR U/NRXfuels have very low reactivity in the absence of
moderation. Therefore, any partial flooding would uncover fuel and decrease the reactivity.
The effect ofpartialflooding is demonstrated explicitly.

Under HAC, it is assumed that the fuel, which is loaded as undamaged, may become damaged.
The fuel would not be damaged under NCT, but, to be conservative and simplify the modeling,
fuel damage is also modeled under NCT. For modeling purposes, it is assumed that the fuel rod
pitch may either contract until the rods touch or expand in a uniform manner until constrained by
the basket tubes. Applying this penalizing damage assumption to every fuel element bounds all
credible accident damage scenarios. Both minimum and maximum pitch HAC models are
illustrated in Figure 6.10.2-3.

TN-LC-0 100 6.10.2-4
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For the NCT array, an array of 3 packages is modeled to justify a CSI = 100. Water of variable
density is placed between the packages. No HAC array cases are developed.

TN-LC-0 100 6. 1O.2-4a
TN-LC-0 100 6.10.2-4a
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6.10.2.3.2 Material properties

The fuel pellet number densities for NRU and NRX fuel are provided in Table 6.10.2-2 and
Table 6.10.2-3, respectively. NRU and NRX fuel have aluminum cladding which is modeled as
pure.

Cask lead is modeled as pure with a density of 11.35 g/cm3.

The stainless steel composition is provided in Table 6.10.2-6. Although MCNP is used in the
criticality analysis, the steel composition is the standard composition used for criticality analysis
in SCALE6 [2]. Steel is used in the cask body as well as the basket. The XM-19 stainless steel
that comprises the inner shell, outer shell, and top and bottom forgings is modeled as 304
stainless steel for simplicity.

6.10.2.3.3 Computer Codes and Cross-Section Libraries

MCNP5 vi.40 is used for the criticality analysis [1]. All cross-sections utilized are at room
temperature (293 K). The uranium isotopes utilize preliminary ENDF/B-VII cross-section data
that are considered by Los Alamos National Laboratory to be more accurate than ENDF/B-VI
cross-sections. ENDF/B-V cross-sections are utilized for chromium, nickel, iron, and lead because
natural composition ENDF/B-VI cross-sections are not available for these elements. The
remaining isotopes utilize ENDF/B-VI cross-sections. Titles of the cross-sections utilized in the
models have been extracted from the MCNP output (when available) and provided in Table
6.10.2-7. The S(ct,13) card LWTR.60T is used to simulate hydrogen bound to water in all models.

Single package cases are run with 2500 neutrons per generation for 250 generations, skipping the
first 50. NCT array cases are run with 5000 neutrons per generation for 250 generations,
skipping the first 50. The 1-sigma uncertainty is approximately 0.00 1 for the single package
cases and somewhat less for the NCT array cases.

6.10.2.3.4 Demonstration of Maximum Reactivity

No credit is taken for fuel element burnup. NRU and NRX fuel are modeled with U-235 fuel
loadings and enrichment (94 weight percent) that bound the known values for these fuel types.
A comparison is made between NRU and NRX fuel allowing pitch contraction and expansion
until constrained by the basket tubes. The pitch variation simulates damage to a fuel element
under HAC, although this degree of damage is not expected during HAC. Increasing the pitch
increases the reactivity because the system is undermoderated at the nominal pitch. For both
NRU and NRX fuel, the reactivity increases as the pitch increases. NRU fuel is more reactive
than NRX fuel; thus, additional calculations are performed only for NRU fuel.

Using the NRU fuel, a tolerance study is performed on the basket material thicknesses. It is
demonstrated that the reactivity increases if the tube wall thickness is reduced as the steel tube wall
is acting as a poison. The reactivity also increases if the thickness of the steel plate between the
basket tube assemblies is reduced and the baskets are moved to the closest proximity of each other.
The reactivity also increases slightly if the tube wrap thickness is minimized between the bundles
as this reduces the distance between the bundles. Reactivity increases slightly if the remaining
tube wrap is modeled at the maximum thickness as the tube wrap in this location is acting as a

TN-LC-0100 6.10.2-5
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reflector. Beyond the tube wrap, the results are insensitive to small perturbations in the basket
dimensions. Axial shifting of the fuel has little effect on the results, although the system reactivity
is maximized with the active fuel touching the bottom end of the cask. A variable water density
study within the basket indicates that reactivity is maximized with full-density water.

The NCT array uses the same cask and fuel geometry as the single package case, except with an
array of 3 packages. The reactivity increases in the array configuration compared to the single
package configuration, but only slightly.

Therefore, reactivity is maximized using NRU fuel with a high fissile loading in a flooded cask
with maximum pitch expansion and basket tolerances chosen to maximize the reactivity. NCT
array Case NC1 is the most reactive with ks = 0.874.

TN-LC-0 100 6.10.2-6
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6.10.2.4 Single Package Evaluation

6.10.2.4.1 Configuration

The geometry of the single package model is described in Section 6.10.2.3.1. Both the NCT and
HAC single package cases use the same geometry and moderator assumptions. Initial
calculations are performed for both NRU and NRX fuel. The basket is modeled with nominal
dimensions with the bottom of the active fuel touching the bottom of the cavity. Cases are
generated with a reduced pitch, until the fuel rods contact, and increased pitch, up to the
maximum allowed by the basket tubes, see Figure 6.10.2-3. This pitch variation bounds all
credible fuel damage during HAC.

The results are provided in Table 6.10.2-8. Cases NA1 through NA5 are for NRU fuel, and
Cases NA 10 through NA 18 are for NRX fuel. For both fuel types, the reactivity increases as the
pitch increases. Case NA5 for NRU fuel is the most reactive, with ks = 0.83965. This case has
the maximum NRU pitch. The NRX cases are less reactive than the NRU cases. Therefore, the
remaining cases in this analysis are for NRU fuel only.

In Cases NB I through NB8, the effects of basket tolerances are examined. The results are
presented in Table 6.10.2-9. In Case NB 1, the wall thickness of the tubes is reduced by
increasing the inner diameter. Per ASTM A 312, Table 3, the permitted under tolerance for wall
thickness is 12.5 percent [3]. Therefore, the tube thickness is reduced by this amount, and the
fuel rod pitch is increased slightly to 1.65 cm to fill the additional space. Reactivity increases by
-17 mk (milli-k) compared to the parent case (Case NA5) due to the decreased parasitic
absorption in the steel.

In Cases NB2 and NB3, Case NB 1 is used as the parent case, and the 0.5-in. thick center member
is modeled at the minimum (Case NB2) and maximum (Case NB3) tolerance. Per ASTM A 480,
Table A2.13 for coil processed product, the tolerance is ±0.02 in. while, for Table A2.17 for mill
plate, the tolerance is -0.01/+0.09 in. [4]. Therefore, combining the worst possible tolerances,
Case NB2 uses a tolerance of -0.02 in. while Case N13 uses a tolerance of +0.09 in. In addition,
the tube basket assemblies are moved toward the center to minimize the distance between the
tube baskets. Reactivity increases for both cases compared to the parent case due to shifting of
the baskets, although the increase (-11 Imk) is largerfor Case NB2.

In Cases NB4 and NB5, Case NB2 is used as the parent case, and the 0.25-in. thick tube wrap is
modeled at the minimum (Case NB4) and maximum (Case NB5) tolerance. Per ASTM A 480,
Table A2.13 for coil processed product, the tolerance is ± 0.0 15 in. while, for Table A2.17 for mill
plate, the tolerance is -0.01/+0.085 in. [4]. Therefore, combining the worst possible tolerances,
Case NB4 uses a tolerance of -0.015 in. while Case NB5 uses a tolerance of +0.085 in. In addition,
the tube basket assemblies are moved toward the center to minimize the distance between the tube
baskets. Because it is known from Cases NB2 and NB3 that moving the baskets closer increases
the reactivity, the tube wrap that contacts the center member is modeled at the minimum thickness
in Case NB5, and the remaining five sides are modeled at the maximum thickness. The reactivity
changes little for either case. Case NB5 is slightly more reactive than the parent case, although the
difference is within the statistical variation of the calculation.

TN-LC-0100 6.10.2-7
TN-LC-0100 6.10.2-7
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In Case NB6, Case NB5 is used as the parent case, and the 0.25-in. side guide plates (guide plate
A) are modeled only at the maximum thickness of 0.25+0.085 = 0.335 in. since the results from
Case NB5 imply that the reactivity may increase slightly due to increased reflection from the
steel surrounding the basket tube assemblies. The reactivity increases by -3 mk for this case
compared to the parent case. Because this is the most reactive case, Figure 6.10.2-4 shows the
model geometry for Case NB6. The input file for this case is also included in Section 6.10.2.9.2.

In Case NB7, Case NB6 is used as the parent case, and the 0.375-in. side guide plates are modeled
at the maximum thickness per ASTM A 480 of 0.375+0.09 = 0.465 to increase reflection.
However, reactivity &ecreases by 1 mk, indicating the change is within the statistical variation of
the calculation. Because the tolerance changes have little effect with increasing distance from the
fuel, additional tolerance studies on the basket shell and cask are not performed.

In Case NB8, Case NB6 is used as the parent case, and the active fuel is shifted up 30 cm so that
a layer of water exists between the bottom of the active fuel and the end of the cask. The
reactivity change is within the uncertainty of the calculation.

In Cases NB20 through NB23, Case NB6 is used as the parent case, and it is assumed that the
cavity is partially flooded so that the lower half of the active fuel is moderated with full-density
water, while the voids above this height is filled with water of density 0, 0.25, 0.5, and 0. 75
g/cm3. The geometry is shown in Figure 6.10.2-6. As expected, uncovering the fuel is less
reactive than the fully flooded condition.

In Cases NB9 through NB 12, Case NB6 is used as the parent case, and the density of water
inside the basket region is reduced. The water density above the basket region is conservatively
set at 1.0 g/cm 3 to maximize reflection. Reactivity drops quickly with reduced water density,
indicating that the system is most reactive with full-water moderation.

Therefore, Case NB6 is the most reactive, with k, = 0.87191. This result is less than the USL of
0.9227.

6.10.2.4.2 Results

The single package results are summarized in Table 6.10.2-8 and Table 6.10.2-9. The most
reactive configurations are listed in boldface.

TN-LC-0100 6.10.2-8
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6.10.2.5 Evaluation of Package Arrays under Normal Conditions of Transport

6.10.2.5.1 Configuration

For the package array under NCT, an array of three packages is modeled. The packages are modeled
in a triangular array and reflected with 12 in. of water. No credit is taken for the separation provided
by the impact limiters, although credit could be taken for this distance, if desired, because the impact
limiters are attached during NCT. The NCT array model is shown in Figure 6.10.2-5.

The most reactive single package case is used as the basis for the NCT array model. Therefore,
the package is flooded, and the basket tolerances are modeled at the most reactive values.
Although there is no fuel damage under NCT, the fuel damage assumption from the single
package models (i.e., maximum pitch expansion) is also conservatively employed.

Results are presented in Table 6.10.2-10. In Cases NC1 through NC5, the water density between
the packages is varied while the water density inside the packages is 1.0 g/cm 3. The reactivity of
these cases is nearly identical, indicating that interaction between packages is small. Case NC 1,
with void between packages, has the highest ks value. In Cases NC6 and NC7, void is modeled
between packages while the water density inside the package is reduced. The reactivity quickly
drops as water is removed from the package cavity.

Case NC 1 is the most reactive, with ks = 0.87400. This value is below the USL of 0.9227

6.10.2.5.2 Results

The NCT array results are summarized in Table 6.10.2- 10. The most reactive configuration is
listed in boldface.

TN-LC-0100 6.10.2-9
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6.10.2.6 Package Arrays under Hypothetical Accident Conditions

Because the CSI = 100, no HAC array cases are performed.

TN-LC-0 100 6. 10.2-10
TN-LC-0 100 6.10.2-10



TN-LC Transportation Package Safety Analysis Report

6.10.2.7 Fissile Material Packages for Air Transport

This section does not apply.

Revision 0, 05/11
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6.10.2.8 Benchmark Evaluations

The Monte Carlo computer program MCNP5 vl.40 is utilized for this benchmark analysis [1].
MCNP has been used extensively in criticality evaluations for several decades and is considered
a standard in the industry.

A listing of the cross-section libraries used in the analysis is provided in Table 6.10.2-7. These
cross-sections are consistent with the cross-sections utilized in the benchmarks.

The ORNL USLSTATS computer program [5] is used to establish a USL for the analysis.
USLSTATS provides a simple means of evaluating and combining the statistical error of the
calculation, code biases, and benchmark uncertainties. The USLSTATS calculation uses the
combined uncertainties and data to provide a linear trend and an overall uncertainty. Computed
multiplication factors, keff, for the package are deemed to be adequately subcritical if the
computed value of k, is less than or equal to the USL as follows:

ks = kff + 2a <• 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. This methodology has accepted
precedence in establishing criticality safety limits for transportation packages complying with
1OCFR71.

6.10.2.8.1 Applicability of Benchmark Experiments

The critical experiment benchmarks are selected from the "International Handbook of Evaluated
Criticality Safety Benchmark Experiments" [6] based upon their similarity to the TN-LC
packaging and contents. The important selection parameters are high-enriched uranium fuel with
a uranium aluminide fuel matrix, aluminum cladding, and a thermal spectrum. Sixty-four (64)
benchmarks that meet some or all of these criteria are selected from the Handbook. The titles for
all utilized experiments are listed in Table 6.10.2-11.

Ideally, benchmarks would be limited to those with a fuel matrix of UAI× and aluminum,
aluminum cladding, and no absorbers, consistent with the NRU and NRX criticality models.
However, NRU and NRX fuels are unique, so identical benchmarks are not available.
Experiment set HEU-MET-THERM-006 consists of 23 benchmark experiments. The first 16
experiments are similar to NRU and NRX fuel (except for the shape of the fuel plates, which are
flat), although experiments 17 and 18 utilize thin cadmium sheets, and experiments 19 through
23 utilize uranium in solution in addition to the fuel plates. Experiment set HEU-COMP-
THERM-022 consists of 11 benchmark experiments using flat plates that utilize U0 2 powder
sintered with stainless steel, and stainless steel cladding. Experiments 1 through 5 do not utilize
control rods, while experiments 6 through 11 utilize boron control rods. HEU-MET-THERM-
022 is a detailed model of the Advance Test Reactor core and therefore utilizes flat plates and
absorber materials. Experiment set HEU-COMP-THERM-021 consists of 29 experiments with
high-enriched uranium and thorium oxide in cylindrical fuel elements, aluminum cladding,
without absorbers.

TN-LC-0100 6.10.2-12
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Trending is performed separately on the flat plate and cylindrical fuel element benchmarks, in
additional to a combined set of all benchmark experiments. The USL selected is the minimum of
all experimental sets.

6.10.2.8.2 Bias Determination

The USL is calculated by application of the USLSTATS computer program [5]. USLSTATS
receives as input the keff as calculated by MCNP, the total 1-o- uncertainty (combined benchmark
and MCNP uncertainties), and a trending parameter. Three trending parameters have been
selected: (1) Energy of the Average neutron Lethargy causing Fission (EALF), (2) ratio of the
number of hydrogen atoms in a unit cell to the number of U-235 atoms in a unit cell (H/U-235),
and (3) moderator to fuel ratio (VM/VF).

The uncertainty value, c'total, assigned to each case is a combination of the benchmark uncertainty
for each experiment, obench, and the Monte Carlo uncertainty associated with the particular
computational evaluation of the case, cYMCNP, or:

'total - (abench ±+ OMCNP2)½

These values are input into the USLSTATS program in addition to the following parameters,
which are the values recommended by the USLSTATS user's manual [5]:

* P, proportion of population falling above lower tolerance level = 0.995 (note that this
parameter is required input but is not utilized in the calculation of USL Method 1)

* 1-y, confidence on fit = 0.95

" cc, confidence on proportion P = 0.95 (note that this parameter is required input but is not
utilized in the calculation of USL Method 1)

" Akm, administrative margin used to ensure subcriticality = 0.05.

These data are followed by triplets of trending parameter value, computed ken', and uncertainty
for each case. A confidence band analysis is performed on the data for each trending parameter
using USL Method 1. The USL generated for each of the trending parameters utilized is
provided in Table 6.10.2-12. Trending is performed over the entire benchmark set, the subset of
plate fuel benchmarks, and the subset of fuel rod benchmarks. All benchmark data used as input
to USLSTATS are reported in Table 6.10.2-13.

Energy of the Average neutron Lethargy causing Fission (EALF)

The EALF is used as the first trending parameter. The EALF comparison provides a means to
observe neutron spectral dependencies or trends. Over the range of applicability, the minimum
USL is 0.9255 for the three benchmark sets.

The EALF of the fully-flooded models are within the range of acceptability, and the EALF of the
most reactive case (Case NC1) is 6.89E-08 MeV.

TN-LC-0100 6.10.2-13
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H/U-235 Atom Ratio

The H/U-235 atom ratio is used as the second trending parameter. The H/U-235 atom ratio is
defined here as the ratio of hydrogen atoms to U-235 atoms in a unit cell and is an indication of
the degree of moderation of the system. This parameter is computed by the following equation:

NH*VM/(NU235*VF)

Where:

NH is the hydrogen number density in a unit cell

VM is the fuel volume in a unit cell

NU235 is the U-235 number density in a unit cell

VF is the fuel meat volume in a unit cell

Over the range of applicability, the minimum USL is 0.9259 for the three benchmark sets.

For the most reactive models, this parameter is within the range of applicability, and the
H/U-235 atom ratio for the most reactive case (Case NC 1) is 311.
Moderator to Fuel Ratio (VM__y

The moderator to fuel ratio (VM/VF) is used as the third trending parameter. Over the range of
applicability, the minimum USL is 0.9227 for the three benchmark sets. This parameter is out of the
range of applicability for the most reactive models. The most reactive models have a VMNF = 8.3
while the maximum range of applicability is 5.8. However, the USL for this parameter is trending
upward with increasing VM/VF so that it is conservative to use a USL based on smaller values of this
parameter. Also, this parameter is similar to the H/U-235 parameter, which is within the range of
applicability for the most reactive models. Therefore, this parameter is considered to be acceptable.

Recommended USL

The minimum USL for the three parameters and three different groupings of benchmarks is
0.9227. This USL occurs for the flat plate benchmarks as the fuel rod benchmarks result in a
higher USL. The USLSTATS runs used to develop the limiting USL do not pass the USLSTATS
test for normality. The reason is Case NE24 (see Table 6.10.2-13) has a keff of1. 012. This outlier
causes the normality test to fail. If the flat plate benchmarks are rerun using USLSTATS without
including this data point, the data tests normal and the minimum USL is 0.9242. Therefore, it is
conservative to use the lower USL of 0.9227 that is based on a non-normal distribution.

TN-LC-0100 6.10.2-14



TN-LC Transportation Package Safety Analysis Report Revision 0, 05111

6.10.2.9 Appendix

6.10.2.9.1 References

1. MCNP5, "MCNP - A General Monte Carlo N-Particle Transport Code, Version 5;
Volume II: User's Guide," LA-CP-03-0245, Los Alamos National Laboratory, April 2003.

2. SCALE: A Modular Code System for Performing Standardized Computer Analyses for
Licensing Evaluations, ORNL/TM-2005/39, Version 6, Vols. I-III, January 2009.

3. ASTM A 312/A 312M - 03c, Standard Specification for Seamless and Welded Austenitic
Stainless Steel Pipes.

4. ASTM A 480/A 480M - 03c, Standard Specification for General Requirements for Flat-
Rolled Stainless and Heat-Resisting Plate, Sheet, and Strip.

5. USLSTATS, "USLSTATS: A Utility To Calculate Upper Subcritical Limits For Criticality
Safety Applications," Version 1.4.2, Oak Ridge National Laboratory, April 23, 2003.
Note: USLSTATS is described in Appendix C, User's Manual for USLSTATS V1.0, in
NUREG/CR-6361 Criticality Benchmark Guide for Light-Water-Reactor Fuel in
Transportation and Storage Packages, March 1997.

6. International Handbook of Evaluated Criticality Safety Benchmark Experiments, Nuclear
Energy Agency, NEA/NSC/DOC(95)03, September 2009.
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Table 6.10.2-1
Summary of TN-LC-NRUX Criticality Evaluations

Normal Conditions of Transport (NCT)

Case k,
Single Unit Maximum 0.872

Array Maximum (3 packages) 0.874
Hypothetical Accident Conditions (HAC)

Case ks
Single Unit Maximum 0.872

Array Maximum (1 package) 0.872
USL = 0.9227

Table 6.10.2-2
NRU Fuel Data

Proprietary Information Withheld Pursuant to 10 CFR 2.3 90.
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Table 6.10.2-3
NRX Fuel Data

Proprietary Information Withheld Pursuant to 10 CFR 2.3 90.

Table 6.10.2-4
Packaging Model Dimensions

Proprietary Information Withheld Pursuant to 10 CFR 2.390.
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Table 6.10.2-5
TN-LC-NRUX Basket Nominal Model Dimensions

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

Table 6.10.2-6
Composition of Stainless Steel

Component Wt.%

C 0.08

Si 1.0

P 0.045

Cr 19.0

Mn 2.0

Fe 68.375

Ni 9.5

Density = 7.94 g/cm 3

TN-LC-0100 6. 10.2-23
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Table 6.10.2-7
Cross-Section Libraries Utilized

Isotope/Element Cross-Section Label (from MCNP output)

1001.62c I-h-I at 293.6K from endf-vi.8 njoy99.50

6000.66c 6-c-0 at 293.6K from endf-vi.6 njoy99.50

8016.62c 8-o-16 at 293.6K from endf-vi.8 njoy99.50

13027.62c 13-al-27 at 293.6K from endf-vi.8 njoy99.50

14000.60c 14-si-nat from endf/b-vi

15031.66c 15-p-31 at 293.6K from endf-vi.6 njoy99.50

24000.50c njoy

25055.62c 25-mn-55 at 293.6K from endf/b-vi.8 njoy99.50

26000.55c njoy

28000.50c njoy

82000.50c njoy

92235.69c 92-u-235 at 293.6K from t16 u2351a9d njoy99.50

92238.69c 92-u-238 at 293.6K from t16 u2381a8h njoy99.50
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Table 6.10.2-8
TN-LC-NRUX Single Package Results, Preliminary

Proprietary
Information
Withheld
Pursuant to
10 CFR
2.390.

kS
Pitch (cm) keg Cr (keff+2r)

0.702 0.64421 0.00106 0.64633

1.012 0.75486 0.00100 0.75686

1.323 0.81884 0.00111 0.82106

1.480 0.83528 0.00108 0.83744

1.630 0.83769 0.00098 0.83965

NRX

0.864 0.61138 0.00109 0.61356

1.039 0.66052 0.00113 0.66278

1.213 0.70162 0.00104 0.70370

1.400 0.73718 0.00119 0.73956

1.600 0.77036 0.00107 0.77250

1.800 0.79185 0.00108 0.79401

2.000 0.80657 0.00103 0.80863

2.200 0.81172 0.00099 0.81370

2.400 0.80899 0.00102 0.81103
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Table 6.10.2-9

Single Package Results, Tolerance and Moderation Study

Proprietary
Information
Withheld
Pursuant to
10 CFR
2.390.

Proprietary
Information
Withheld
Pursuant to
10 CFR
2.390.

Water
Density k,

Pitch (cm) (g/cm3) keff o" (kefr+2a)
1.650 1.0 0.85441 0.00094 0.85629

1.650 1.0 0.86509 0.00114 0.86737

1.650 1.0 0.86276 0.00099 0.86474

1.650 1.0 0.86305 0.00091 0.86487

1.650 1.0 0.86626 0.00109 0.86844

1.650 1.0 0.86991 0.00100 0.87191

1.650 1.0 0.86841 0.00103 0.87047

1.650 1.0 0.86971 0.00097 0.87165

1.650 0.25 0.49884 0.00089 0.50062

1.650 0.5 0.69583 0.00108 0.69799

1.650 0.75 0.80678 0.00109 0.80896

1.650 0.9 0.85075 0.00106 0.85287

Cavity Half-filled with Water

Water
Density ks

Pitch (cm) (g/eCr 3) keff a (keft+2r)
1.650 0 0.86199 0.00094 0.86387

1.650 0.25 0.86151 0.00108 0.86367

1.650 0.5 0.86071 0.00108 0.86287

1.650 0.75 0.86154 0.00107 0.86368

Proprietary
Information
Withheld
Pursuant to
10 CFR
2.390.

Table 6.10.2-10
TN-LC-NRUX NCT Array Results

Water Density
Betveen Water Density
Packages Inside Packages k,
(g/cm 3) (g/cm 3) keff o" (keff+2ca)

0 1.0 0.87264 0.00068 0.87400

0.25 1.0 0.87194 0.00067 0.87328

0.5 1.0 0.87137 0.00075 0.87287

0.75 1.0 0.87157 0.00075 0.87307

1.0 1.0 0.87250 0.00071 0.87392

0 0.75 0.81432 0.00071 0.81574

0 0.9 0.85424 0.00072 0.85568
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Table 6.10.2-11
Benchmark Experiments Utilized

Series Title

HEU-COMP-THERM-022 SPERT III Stainless-Steel-Clad Plate-Type Fuel in Water

HEU-MET-THERM-006 SPERT-D Aluminum-Clad Plate-Type Fuel in Water, Dilute
Uranyl Nitrate, or Borated Uranyl Nitrate

HEU-MET-THERM-022 Advanced Test Reactor: Serpentine Arrangement of Highly
Enriched Water-Moderated Uranium-Aluminide Fuel Plates
Reflected by Beryllium

HEU-COMP-THERM-021 Water Reflected and Moderated Uniform Lattice Cores of
Aluminum Clad Uranium Oxide and Thorium Oxide With
and Without Boron Poison

Table 6.10.2-12
USL Results

Trending Minimum USL
Parameter (X) Over Range of

Filename Applicability Range of Applicability

All Benchmarks Proprietary Information Withheld Pursuant to 10 CFR 2.390.

EALF (MeV) Proprietary 0.9256 5.22220E-08 _ X _ 2.89770E-07
Information

H/U-235 Withheld Pursuant 0.9281 65.052 _ X _ 531.02

VM/VF to 10 CFR 2.390. 0.9256 1.3790:5 X: <5.7950

Flat Plate Benchmarks Proprietary Information Withheld Pursuant to 10 CFR 2.390.

EALF (MeV) Proprietary 0.9255 5.22220E-08 < X < 1.58530E-07
Information

H/U-235 Withheld Pursuant 0.9259 65.052 < X < 116.53

VM/VF to 10 CFR 2.390. 0.9227 3.2290 < X < 3.9000

Fuel Rod Benchmarks Proprietary Information Withheld Pursuant to 10 CFR 2.390.

EALF (MeV) Proprietary 0.9302 5.29600E-08 < X < 2.89770E-07
Information

H/U-235 Withheld Pursuant 0.9328 77.985 <X:< 531.02

VM/VF to 10 CFR 2.390. 0.9327 1.3790 < X < 5.7950
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Proprietary
Information
Withheld
Pursuant to
10 CFR
2.390.

Table 6.10.2-13
Benchmark Experiment Data

(Part 1 of 2)
EALF

keff amcny Ubench atotal (MeV) H/U-235 VMNv

0.98895 0.00060 0.0081 0.0081 9.528E-08 65.1 3.229
0.98980 0.00061 0.0081 0.0081 9.665E-08 65.1 3.229
0.98985 0.00063 0.0081 0.0081 9.809E-08 65.1 3.229

0.98856 0.00060 0.0081 0.0081 9.917E-08 65.1 3.229
0.98909 0.00063 0.0081 0.0081 9.587E-08 65.1 3.229
0.98902 0.00059 0.0081 0.0081 9.840E-08 65.1 3.229
0.98963 0.00056 0.0081 0.0081 9.890E-08 65.1 3.229
0.98908 0.00057 0.0081 0.0081 9.951E-08 65.1 3.229
0.98840 0.00056 0.0081 0.0081 9.589E-08 65.1 3.229

0.98845 0.00060 0.0081 0.0081 9.963E-08 65.1 3.229
0.98930 0.00060 0.0081 0.0081 1.001E-07 65.1 3.229
0.99200 0.00087 0.0044 0.0045 8.475E-08 116.5 3.229
0.99292 0.00076 0.0040 0.0041 7.029E-08 116.5 3.229
0.99841 0.00083 0.0040 0.0041 6.318E-08 116.5 3.229
0.99087 0.00078 0.0040 0.0041 6.162E-08 116.5 3.229
0.98917 0.00080 0.0040 0.0041 5.855E-08 116.5 3.229
0.98954 0.00077 0.0040 0.0041 5.592E-08 116.5 3.229
0.98773 0.00073 0.0040 0.0041 5.452E-08 116.5 3.229
0.98393 0.00071 0.0040 0.0041 5.266E-08 116.5 3.229
0.98713 0.00072 0.0040 0.0041 5.222E-08 116.5 3.229
0.99821 0.00081 0.0040 0.0041 8.196E-08 116.5 3.229
0.99105 0.00077 0.0040 0.0041 6.217E-08 116.5 3.229
0.99490 0.00072 0.0040 0.0041 5.442E-08 116.5 3.229
1.01246 0.00087 0.0040 0.0041 8.261E-08 116.5 3.229

0.98556 0.00079 0.0061 0.0062 5.720E-08 116.5 3.229
0.98232 0.00076 0.0040 0.0041 5.671E-08 116.5 3.229

0.99327 0.00080 0.0040 0.0041 6.328E-08 116.5 3.229
0.98924 0.00085 0.0040 0.0041 7.347E-08 116.5 3.229
0.99068 0.00084 0.0040 0.0041 8.053E-08 116.5 3.229
0.99293 0.00071 0.0040 0.0041 5.225E-08 113.9 3.229
0.99215 0.00077 0.0040 0.0041 6.449E-08 113.7 3.229
0.99492 0.00084 0.0040 0.0041 6.942E-08 113.7 3.229
0.99569 0.00078 0.0040 0.0041 7.395E-08 113.6 3.229
0.99798 0.00084 0.0040 0.0041 7.678E-08 113.5 3.229
0.99199 0.00013 0.0035 0.0035 1.585E-07 66.0 3.900
0.99004 0.00063 0.0029 0.0030 2.373E-07 78.0 1.379
0.98905 0.00061 0.0024 0.0025 1.855E-07 92.8 1.642
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Proprietary
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Table 6.10.2-13
Benchmark Experiment Data

(Part 2 of 2)
EALF

keff MCn. 4.bench 
0

total (MeV) HIU-235 VMIVF
0.99847 0.00060 0.0018 0.0019 9.980E-08 166.5 2.945
1.00026 0.00052 0.0016 0.0017 6.698E-08 333.2 3.636
1.00179 0.00044 0.0014 0.0015 5.296E-08 531.0 5.795
0.99183 0.00064 0.0029 0.0030 2.898E-07 78.0 1.379
0.99143 0.00065 0.0029 0.0030 2.672E-07 78.0 1.379
0.99106 0.00064 0.0029 0.0030 2.617E-07 78.0 1.379
0.98912 0.00064 0.0029 0.0030 2.541E-07 78.0 1.379
0.98618 0.00063 0.0029 0.0030 2.474E-07 78.0 1.379
0.98654 0.00063 0.0029 0.0030 2.430E-07 78.0 1.379
0.98504 0.00061 0.0029 0.0030 2.421E-07 78.0 1.379
0.98749 0.00064 0.0029 0.0030 2.382E-07 78.0 1.379
1.00267 0.00065 0.0018 0.0019 1.084E-07 166.5 2.945
1.00265 0.00063 0.0018 0.0019 1.082E-07 166.5 2.945
1.00263 0.00063 0.0018 0.0019 1.064E-07 166.5 2.945
1.00117 0.00064 0.0018 0.0019 1.050E-07 166.5 2.945
1.00118 0.00062 0.0018 0.0019 1.035E-07 166.5 2.945
0.99969 0.00064 0.0018 0.0019 1.021E-07 166.5 2.945
0.99980 0.00063 0.0018 0.0019 1.014E-07 166.5 2.945
1.00072 0.00062 0.0018 0.0019 1.008E-07 166.5 2.945
1.00133 0.00064 0.0018 0.0019 1.008E-07 166.5 2.945
0.99998 0.00053 0.0016 0.0017 6.881E-08 333.2 3.636
0.99916 0.00052 0.0016 0.0017 6.844E-08 333.2 3.636
1.00024 0.00050 0.0016 0.0017 6.805E-08 333.2 3.636
1.00063 0.00051 0.0016 0.0017 6.777E-08 333.2 3.636
1.00057 0.00050 0.0016 0.0017 6.721E-08 333.2 3.636
1.00223 0.00050 0.0016 0.0017 6.713E-08 333.2 3.636
1.00102 0.00051 0.0016 0.0017 6.678E-08 333.2 3.636
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NRU Element NRX Element

Figure 6.10.2-1
MCNP NRU/NRX Fuel Element Models
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Active fuel

17

Close-up View

Figure 6.10.2-2
MCNP TN-LC-NRUX Model, y-z View
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NRU, Minimum Pitch NRX, Minimum Pitch

NRU, Maximum Pitch NRX, Maximum Pitch

Figure 6.10.2-3
MCNP TN-LC-NRUX Model, x-y View
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Minimum
thickness

Maximum
'thickness

Minimum
thickness

Figure 6.10.2-4
MCNP TN-LC-NRUX Single Package Model with Tolerances
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Reflector

Region
between

Figure 6.10.2-5
MCNP TN-LC-NRUX Array Model
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1

Reduced-density water
or void in upper half of
active fuel

Full-density water in
lower half of active fuel

Figure 6.10.2-6
Partially Filled Cavity
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Appendix 6.10.3
TN-LC-TRIGA Basket Criticality Evaluation

TABLE OF CONTENTS

6.10.3.1 Description of the Criticality Design ................................................................... 6.10.3-1
6.10.3.1.1 Design Features ............................................................................................ 6.10.3-1
6.10.3.1.2 Summary Table of Criticality Evaluation .................................................... 6.10.3-1
6.10.3.1.3 Criticality Safety Index ................................................................................ 6.10.3-2

6.10.3.2 Fissile M aterial Contents ..................................................................................... 6.10.3-3
6.10.3.3 General Considerations ........................................................................................ 6.10.3-5

6.10.3.3.1 M odel Configuration .................................................................................... 6.10.3-5
6.10.3.3.2 M aterial Properties ....................................................................................... 6.10.3-5
6.10.3.3.3 Computer Codes and Cross-Section Libraries ............................................. 6.10.3-6
6.10.3.3.4 Demonstration of M aximum Reactivity ...................................................... 6.10.3-6

6.10.3.4 Single Package Evaluation ................................................................................... 6.10.3-8
6.10.3.4.1 Configuration ............................................................................................... 6.10.3-8
6.10.3.4.2 Results .......................................................................................................... 6.10.3-9

6.10.3.5 Evaluation of Package Arrays under Normal Conditions of Transport ............. 6.10.3-10
6.10.3.5.1 Configuration ............................................................................................. 6.10.3-10
6.10.3.5.2 Results ........................................................................................................ 6.10.3-10

6.10.3.6 Package Arrays under Hypothetical Accident Conditions ................................ 6.10.3-11
6.10.3.7 Fissile M aterial Packages for Air Transport ...................................................... 6.10.3-12
6.10.3.8 Benchmark Evaluations ..................................................................................... 6.10.3-13

6.10.3.8.1 Applicability of Benchmark Experiments ................................................. 6.10.3-13
6.10.3.8.2 Bias Determination .................................................................................... 6.10.3-14

6.10.3.9 Appendix ............................................................................................................ 6.10.3-16
6.10.3.9.1 References ......................................... 6.10.3-16

Proprietary Information Withheld Pursuant to 10 CFR 2.390.
6.10.3.9.3 Parametric Evaluations ............................................................................. 6.10.3-31

LIST OF TABLES

Table 6.10.3-1
Table 6.10.3-2
Table 6.10.3-3
Table 6.10.3-4
Table 6.10.3-5
Table 6.10.3-6
Table 6.10.3-7
Table 6.10.3-8
Table 6.10.3-9
Table 6.10.3-10
Table 6.10.3-11
Table 6.10.3-12
Table 6.10.3-13
Table 6.10.3-14
Table 6.10.3-15

Summary of TN-LC-TRIGA Criticality Evaluations ............ 6.10.3-33
Characteristics of TRIGA Fuel Elements ............................................. 6.10.3-33
Number Densities of TRIGA Fuel ........................................................ 6.10.3-34
Dimensions Used in the Cask Model .................................................... 6.10.3-34
Composition of Stainless Steel ............................................................. 6.10.3-35
Composition of Poison Plates ............................................................... 6.10.3-35
Cross-Section Libraries Utilized ........................................................... 6.10.3-36
TN-LC-TRIGA Single Package Results ............................................... 6.10.3-36
TN-LC-TRIGA NCT Array Results ..................................................... 6.10.3-37
Benchmark Experiments Utilized ......................................................... 6.10.3-37
U SL R esults ......................................................................................... 6. 0 .3 -37
Benchmark Experiment Data ................................................................ 6.10.3-38
Evaluation of the Most Reactive Fuel Element .................................... 6.10.3-39
Effect of Water Density on Reactivity .................................................. 6.10.3-39
Evaluation of the Most Reactive Geometry .......................................... 6.10.3-40

TN-LC-0 100 6.10.3-i



TN-LC Transportation Package Safety Analysis Report Revision 0, 05111

Figure 6.10.3-1
Figure 6.10.3-2
Figure 6.10.3-3
Figure 6.10.3-4
Figure 6.10.3-5
Figure 6.10.3-6

Figure 6.10.3-7

LIST OF FIGURES

A Typical Stainless-Steel Clad TRIGA Fuel Element .......................... 6.10.3-41
MCNP Model of the Cask ..................................................................... 6.10.3-42
TRIGA Radial Fuel Configuration ....................................................... 6.10.3-43
TRIGA Axial Fuel Configurations ...................................................... 6.10.3-44
MCNP TN-LC-TRIGA NCT Array Model .......................................... 6.10.3-45
MCNP Model of a Single Compartment with Four TRIGA Fuel
E lem ents ................................................................................................ 6.10.3-46
Radial Geometry Configurations .......................................................... 6.10.3-47

TN-LC-0100 6. 10.3-u
TN-LC-0100 6.10.3-ii



TN-LC Transportation Package Safety Analysis Report Revision 2, 05/12

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 or assemblies. The following analyses demonstrate that the
TN-LC package complies with the requirements of 1OCFR71.55 and 71.59. The Criticality
Safety Index (CSI), per 1OCFR71.59, is 100.

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 5 mg/cm2. Therefore, the minimum B-10 areal density in
the fabricated product is 5.56 g/cm2 if 90 percent B-10 credit is utilized and 6.67 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 (a), is less than or equal to the USL, or:

ks = keff+ 2(y < 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
IOCFR71.55(b). No credit is taken for bumup in any of the analyses, and no credit is taken for
the leak-tight performance of the cask.
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Since the Criticality Safety Index (CSI) of this cask is assumed to be 100, the HAC analysis of
an array of casks is not necessary. Calculations with an array of three casks, the minimum
required for a CSI of 100, were performed as part of the NCT analysis.

The results of the criticality calculations are summarized in Table 6.10.3-1 which includes the
maximum values of each type of analysis. The maximum value of k, calculated in this analysis is
0.896 which is calculated for an array of packages under NCT and is below the USL of 0.9301.

6.10.3.1.3 Criticality Safety Index

No HAC array models are developed (2N=1). Therefore, per 1OCFR71.59, N=0.5, and the criticality
safety index (CSI) is 50/N = 100. In the NCT array cases, 5N=2.5, so that 3 packages are modeled.

TN-LC-O 100 6.10.3-2
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6.10.3.2 Fissile Material Contents

Proprietary Information Withheld Pursuant to 10 CFR 2.3 90.

The fuel assembly consists of a cylindrical active fuel region located between two axial graphite
reflectors. The fuel consists of a matrix that is a mixture of uranium and zirconium hydride.
Therefore, all TRIGA fuel assemblies contain a hydrogen moderator material. TRIGA fuel
assemblies manufactured before 1964 incorporate thin samarium trioxide discs, which serve as a
burnable poison, between the active fuel and graphite reflectors. These discs and the erbium
poison that is present in some TRIGA fuel assemblies have not been included in the models used
for this analysis which is a conservative assumption. Later fuel used a thin molybdenum disc
between the active fuel and the lower reflector. This disc, which has a thickness of 0.031 in, has
a negligible effect on reactivity and is also omitted from the models.

All but one type of TRIGA fuel assembly (type 1) have a 0.225 in. diameter zirconium rod
located in the center of the fuel pellet. The inner diameter of the pellet is assumed to be slightly
larger, with a diameter of 0.25 in, to provide a small clearance between the rod and the fuel.

The design basis payload also includes three types of Fuel Follower Control Rod (FFCR)
assemblies. These assemblies, which consist of a 15 in. boron carbide section, a 15 in. active fuel
section, and upper and lower void sections are longer (with a total length of 45 in.) than standard
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TRIGA fuel assemblies and, therefore, must be held in the longer of the two TRIGA basket
designs, with dimensions labeled "option 2" in the Chapter I drawings. The basket loading
scheme used by the TN-LC package allows only one of these longer baskets in each cask, if it is
present at all. The remaining four baskets in the cask must be short (with the dimensions labeled
"option 1") and contain standard TRIGA fuel assemblies. The three types of FFCR assemblies
have active fuel regions that are similar to the fuel in types 3, 4, and 6 in Table 6.10.3-2. However,
since the FFCR assemblies lack graphite reflectors, contain boron carbide, and in some cases have
lower uranium loadings, they are less reactive than their standard TRIGA assembly counterparts.
Thus, the FFCR assemblies are not modeled since the standard TRIGA fuel types are bounding for
criticality safety analysis.

The TRIGA basket remains intact under HAC, which limits potential fuel damage. Because each
basket location contains four TRIGA fuel assemblies that fill most of the lateral void space (see
Figure 6.10.3-6), lateral bending of the fuel assemblies under HAC would be negligible and
lateral fuel damage is not expected. However, it is conservatively assumed that the upper and
lower plenums axially collapse during an end drop, allowing axial shifting of the fuel. Such an
extreme condition is not expected Therefore, to simulate HAC damage, only the fuel, cladding,
the zirconium rod (ifWpresent), and the two graphite reflectors of the fuel assembly are modeled
explicitly. The upper and lower end fittings have not been included Also, to simplify the model,
the two graphite reflectors are modeled as though they have the same diameter as the fuel
pellets, although they are slightly smaller in size.

The number densities for the seven types of TRIGA fuel are calculated using the information in
Table 6.10.3-2. Only two isotopes of uranium, U-235 and U-238, are included in the model for
simplicity. The number densities of the components of the fuel were calculated from the mass of
uranium, the mass fraction of U-235, the mass of zirconium, the H-to-Zr ratio, and the physical
dimensions of the assembly. The mass fraction of uranium in the fuel given in Table 6.10.3-2 is
a maximum value for each type of fuel assembly and is not used in this calculation. The number
densities are given in Table 6.10.3-3 for all seven types of fuel.
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6.10.3.3 General Considerations

6.10.3.3.1 Model Configuration

The fuel, basket, and packaging are modeled explicitly in the MCNP5 VI.4 computer program
[1]. The TN-LC package model is a simplified representation of the cask and baskets. The body
of the casks is represented by coaxial cylinders of steel and lead, with no effort to model minor
details of the design since they have a negligible effect on the reactivity calculation. The impact
limiters at the ends of the cask and the neutron shield have also been omitted. The entire cask is
surrounded in the model by a reflective region of water that is 12 in. thick.

The model of the cask is shown in Figure 6.10.3-2. The dimensions of the cask that were used to
construct the model are given in Table 6.10.3-4. The cask contains five baskets that hold the TRIGA
fuel. The remaining space in the cask is occupied by a steel spacer which is not included in the
model for simplicity. The length of the spacer in the Chapter 1 drawings is 23.50 in. The model is
based on a spacer that is 1.25 in. shorter, but this should have a negligible effect on the results of
these calculations. Only the short TN-LC-TRIGA basket design, with the dimensions labeled
"option 1," is modeled since the long TN-LC-TRIGA basket is used for FFCR assemblies which are
less reactive than standard fuel assemblies, as discussed in Section 6.10.3.2.

The model of the basket is also simplified, and only the key features of the basket that are relevant to
criticality analysis are included. Thus, the lifting lugs, the steel inserts, and the fasteners are not
modeled. The model of the poison plates includes 1 in. x 1 in. drainage holes at the bottom of the
plates which were present in an earlier version of the design but do not appear in the final drawings.
Thus, the model conservatively underestimates the amount of poison that is in the basket.

The baskets are modeled as undamaged in all calculations performed for this analysis under
both normal conditions of transport (NCT) and hypothetical accident conditions (HAQC).
Although the cask is designed to be sealed to prevent the entrance of water into the cavity and to
remain leak tight under accident conditions, all of the calculations assume that water is present
inside the cask, and the density of this water is allowed to vary to ensure that the calculation that
maximizes reactivity is performed and used for this analysis. The drainage holes in the basket
(although they are not completely represented in the MCNP model) allow water to flow
throughout the inner cavity of the cask. Thus, preferential flooding is not credible, and the
calculations here assume that the density of water is the same everywhere inside the cask. While
it is possible that the cask could be partially filled with water, with some fuel assemblies
submerged and others uncovered, this scenario was not modeled because it is less reactive (due
to less moderation) than the case in which all fuel assemblies are submerged. It is demonstrated
that the reactivity of TRIGA fuels reduces in the absence of moderation. It is demonstrated
explicitly in Section 6.10.2.4 for HEU NRU fuel that a partially flooded cavity results in lower
reactivities, and TRIGA fuel will behave in a similar manner. For these reasons, cases are not
developed for partial and/or preferential flooding.

6.10.3.3.2 Material Properties

The composition of the TRIGA fuel is presented in Table 6.10.3-3. The stainless steel
components, including the cladding of some types of TRIGA fuel assemblies, the basket, and
parts of the cask, are modeled as SS304 using the standard composition provided in the SCALE
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material library [2] (presented in Table 6.10.3-5), which is the standard for criticality analysis.
Although the TN-LC design uses XM-19 stainless steel for the outer steel parts of the cask,
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SS304 is used for all stainless steel components in the model for simplicity. This substitution
has no significant effect on the results.

The other components of the TRIGA fuel are assumed to be pure. That is, the graphite reflectors
are modeled as pure carbon with a density of 2.3 g/cm 3 [2], and the zirconium rod that is present
in many of the TRIGA fuel assemblies is modeled as pure zirconium with a density of 6.5 g/cm3

[2].

Cask lead is modeled as pure with a density of 11.35 g/cm3.

The poison plates are assumed to be a mixture of B4C and aluminum. The composition of these
plates, corresponding to a loading of 5 mg/cm 2 of 101, is given in Table 6.10.3-6. Water, H20,
appears in the model with various densities, up to a maximum of 1.0 g/cm3, inside or outside of
the cask depending on the calculation. The water in the 12 in reflective zone around the model
always has a density of 1.0 g/cm3.

6.10.3.3.3 Computer Codes and Cross-Section Libraries

MCNP5 vl.40 is used for the criticality analysis [1]. All cross-sections utilized are at room
temperature (293 K). The uranium isotopes utilize preliminary ENDF/B-VII cross-section data that
are considered by Los Alamos National Laboratory to be more accurate than ENDF/B-VI cross-
sections. ENDF/B-V cross-sections are utilized for chromium, nickel, iron, and lead because natural
composition ENDF/B-VI cross-sections are not available for these assemblies. The remaining
isotopes utilize ENDF/B-VI cross-sections. Titles of the cross-sections utilized in the models have
been extracted from the MCNP output (when available) and provided in Table 6.10.3-7. The
S(a, 3 ) cards LWTR.60T, H!ZR.60T, and ZR/H.60T are used to properly account for the hydrogen
bound to water and the hydrogen and zirconium in the zirconium hydride in the TRIGA fuel.

All calculations reported here use 250 cycles with 5000 neutrons per cycle. Only the last 200
cycles are used to determine the results (the first 50 are skipped). This configuration yields a 68
percent statistical uncertainty (1 o) that is typically 0.001 or less.

6.!0.3.3.4 Demonstration of Maximum Reactivity

No credit is taken for fuel assembly burnup. An array of packages under NCT is the most
reactive, since the presence of multiple casks increases the reactivity. The reactivity for this
configuration is maximized when no water is present in the space between the casks.

Since water is allowed to enter the cask, the reactivity is maximized when the assemblies in each
compartment are far from each other, allowing water to occupy the center of the compartment.
The most reactive axial configuration is that in which the assemblies in adjacent baskets are
located next to each other with the assemblies arranged so that the ends of the assemblies with
the smaller graphite reflector are facing each other.

Although the calculations show that maximum reactivity is achieved by assuming that the
thicknesses of the poison plates is at its minimum tolerance, the effect of reducing the thickness
of these plates is quite small and is within the statistical uncertainty of the calculations.
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Structural analysis of the cask and basket in Chapter 2 has demonstrated that these items
maintain their structural integrity after an accident. Therefore, these calculations assume that the
cask and basket are undamaged. Fuel is modeled as damaged in both the NCT and HAC
analysis. The damage mode is axial collapse of the plenums, which is modeled by ignoring the
plenums and end fittings.

The most reactive case for TRIGA fuel is the NCT scenario with an array of packages for which
k, = 0.896 which is below the USL of 0.9301.

TN-LC-0100 6.10.3-7



TN-LC Transportation Package Safety Analysis Report Revision 2, 05/12

6.10.3.4 Single Package Evaluation

6.10.3.4.1 Configuration

The bounding fuel assembly is discussed in Section 6.10.3.9.3 where it is demonstrated that the
fifth type of fuel assembly, the FLIP assembly with up to 8.5 wt.% FIEU, is the most reactive of the
fuel types considered in this study. Therefore, all calculations discussed here use this type of fuel.

Since no credit is taken for the leak-tight performance of the cask, it is assumed that water is
present in the basket, and the parametric calculations presented in Section 6.10.3.9.3 demonstrate
that the TRIGA fuel is most reactive when the fuel assemblies are located at the four comers of
each fuel compartment, allowing the water to fill the intermediate space. Thus, all single
package cases use this radial configuration, which is shown in Figure 6.10.3-3.

Because water is assumed to be present during NCT, separate NCT and HAC single package
calculations are not performed.

The calculations are labeled TAOI to TA 12, and their results are presented in Table 6.10.3-8.
The first three cases differ in the axial arrangement of the assemblies. In Case TAO 1, the fuel
assemblies are axially positioned in the basket such that the active fuel region is centered in the
compartment. This case is representative of undamaged fuel because the active fuel is in an
axial location as if supported by the plenums and end caps. In Case TA02, the fuel has been
moved so that the fuel assemblies in adjacent baskets are next to each other in four of the five
baskets, with the graphite reflectors touching the end of the basket. The fuel could not achieve
this configuration without damage to the end regions. The fuel in the remaining basket has been
moved so that it is as close as possible to the other fuel assemblies. The assemblies are oriented
so that the sides of adjacent assemblies with the longer graphite reflector (the "long ends" of the
assemblies) are next to each other. Case TA03 is similar to Case TA02, but the orientations of
the assemblies have been reversed, so that the sides of adjacent assemblies with the shorter
graphite reflector (the "short ends") are next to each other. The three axial configurations are
shown in Figure 6.10.3-4.

Of the first three cases, the last, Case TA03, is the most reactive. Therefore, this axial
configuration is used for the remaining cases. Note that the difference in k, between Case TAO1
(which is representative of undamaged fuel) and Case TA03 (which is representative of damaged
fuel) is 0.013.

In Case TA04, the inner dimensions of each fuel compartment are increased to their maximum
tolerance in each direction from 3.48 in to 3.53 in. The outer dimensions, which are determined
by the size of the basket's wrap and the thickness of the poison plates, remain the same. Thus,
this change has the effect of reducing the thickness of each side wall of the compartment by
0.025 in, or 18.5 percent of its original thickness.

In Case TA05, the thickness of the poison plates is reduced to its minimum tolerance, from 0.31 in
to 0.30 in. The thickness of the walls of the fuel compartments remains unchanged, so that the
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inner dimensions of each fuel compartment increase from 3.48 in to 3.487 in. The density and
composition of the poison plates also remain unchanged (their values are given in Table 6.10.3-6).
Thus, this dimensional change results in a reduction of the amount of poison in the basket.

In Case TA06, the dimensional changes of the previous two cases are combined. Thus, both the
walls of the fuel compartments and the poison plates are reduced in thickness. The space inside
each fuel compartment expands in both directions to 3.537 in.

Reducing the thickness of the walls decreases the reactivity in the cask, since the fuel assemblies,
which are pressed against the compartment walls to maximize the reactivity, are moved closer to
the poison plates between the compartments. Reducing the thickness of the poison plates increases
the reactivity, as the amount of poison in the basket is decreased; however, the observed increase in
reactivity is small and is within the statistical uncertainty of the calculations.

The remaining cases, labeled TA07 to TA12, examine the effect of the density of the water in the
cask. They repeat the conditions in Case TA06 with the density of the water inside the basket
reduced in increments, from 0.9 g/cm3 to 0.4 g/cm 3. Since the system is under-moderated, the
reactivity decreases with decreasing water density. Therefore, the most reactive case is TA05,
with k, = 0.887.

6.10.3.4.2 Results

The tabulated results for the single package cases are presented in Table 6.10.3-8. The most
reactive configuration is indicated by bold type.
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6.10.3.5 Evaluation of Package Arrays under Normal Conditions of Transport

6.10.3.5.1 Configuration

Since the CSI of this package is assumed to be 100, an array of only three packages needs to be
evaluated under NCT. Case TA05, with thin poison plates, is used as the basis for this analysis
to conservatively reduce the amount of poison in the basket.

The three casks are arranged in the triangular configuration shown in Figure 6.10.3-5. This
configuration represents a close-packed array of packages. Since the impact limiters and the
neutron shield are not modeled, this array is a conservative geometry that minimizes the
separation between the casks and therefore increases the reactivity of the array. A 12 in. thick
cylindrical layer of reflective water surrounds the array on the sides, top, and bottom.

Five calculations were performed, which are labeled TBO1 to TB05. The five cases differ in the
density of water in the space between the casks, from Case TBO1 with a density of 1.0 g/cm 3 to
Case TB05 with no water at all.

The results are summarized in Table 6.10.3-9. Case TB05, with no water between the casks, is
the most reactive, with ks = 0.896.

6.10.3.5.2 Results

The tabulated results for the NCT array analysis cases are presented in Table 6.10.3-9. The most
reactive configuration is indicated by bold type.

TN-LC-0 100 6.10.3-10
TN-LC-0 100 6.10.3-10



TN-LC Transportation Package Safety Analysis Report

6.10.3.6 Package Arrays under Hypothetical Accident Conditions

Because the CSI = 100, no HAC array cases are performed.

Revision 0, 05/11
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6.10.3.7 Fissile Material Packages for Air Transport

This section does not apply.

Revision 0, 05/11
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6.10.3.8 Benchmark Evaluations

The Monte Carlo computer program MCNP5 vl.40 is utilized for this benchmark analysis [1].
MCNP has been used extensively in criticality evaluations for several decades and is considered
a standard in the industry.

A listing of the cross-section libraries used in the analysis is provided in Table 6.10.3-7. These
cross-sections are consistent with the cross-sections utilized in the benchmarks.

The ORNL USLSTATS computer program [3] is used to establish a USL for the analysis.
USLSTATS provides a simple means of evaluating and combining the statistical error of the
calculation, code biases, and benchmark uncertainties. The USLSTATS calculation uses the
combined uncertainties and data to provide a linear trend and an overall uncertainty. Computed
multiplication factors, ker, for the package are deemed to be adequately subcritical if the
computed value of k, is less than or equal to the USL as follows:

ks=keff + 2a < 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. This methodology has accepted
precedence in establishing criticality safety limits for transportation packages complying with
1OCFR71.

6.10.3.8.1 Applicability of Benchmark Experiments

The critical experiment benchmarks were selected from the International Handbook of Evaluated
Criticality Safety Benchmark Experiments [4]. Three sets of benchmarks are used which are
listed in Table 6.10.3-10.

The first set consists of two intermediate-enriched (20 percent) TRIGA benchmarks for an entire
Mark II core. These benchmarks include graphite reflectors and absorber materials, both of
which also appear in the TN-LC criticality analysis. These experiments are the most similar
benchmarks that are available.

Since a set of only two benchmarks is insufficient to provide a statistical distribution, two
additional sets of benchmarks were selected: a set of 10 highly enriched (93 percent) uranium
solution benchmarks and set of 9 low-enriched (10 percent) uranium solution benchmarks.
These benchmarks were chosen to simulate fuel intimately mixed with a moderator since the
zirconium hydride fuel in the TRIGA assemblies contains moderator in the fuel matrix.

The 21 benchmark experiments were divided into three groups for computing trends:

" A group consisting of all 21 benchmarks

" A group consisting of the 10 HEU benchmarks and the 2 TRIGA benchmarks

* A group consisting of the 9 LEU benchmarks and the 2 TRIGA benchmarks
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The USL used for the criticality analysis is the minimum of the values calculated for these three
benchmark groups.

6.10.3.8.2 Bias Determination

The USL is calculated by application of the USLSTATS computer program [3]. USLSTATS
receives as input the keff as calculated by MCNP, the total 1-o- uncertainty (combined benchmark
and MCNP uncertainties), and a trending parameter. Three trending parameters have been
selected: (1) Energy of the Average neutron Lethargy causing Fission (EALF), (2) the number
density of U-235, and (3) the ratio of the number of hydrogen atoms to the number of U-235
atoms in the fuel matrix (H/U-235).

The uncertainty value, 'total, assigned to each case is a combination of the benchmark uncertainty
for each experiment, O-bench, and the Monte Carlo uncertainty associated with the particular
computational evaluation of the case, UMCNP, or:

O- 2 O-" 2-¼

'total = (Obench + OMCNP )

These values are input into the USLSTATS program in addition to the following parameters
which are the values recommended by the USLSTATS user's manual [3]:

* P, proportion of population falling above lower tolerance level = 0.995 (note that this
parameter is required input but is not utilized in the calculation of USL Method 1)

* 1-7, confidence on fit = 0.95

* oc, confidence on proportion P = 0.95 (note that this parameter is required input but is not
utilized in the calculation of USL Method 1)

* Akm, administrative margin used to ensure subcriticality = 0.05.

These data are followed by triplets of trending parameter value, computed keff, and uncertainty
for each case. A confidence band analysis is performed on the data for each trending parameter
using USL Method 1. The USL calculated for each of the trending parameters and group of
experiments is provided in Table 6.10.3-11. The data tests normal using USLSTATS. All
benchmark data used as input to USLSTATS are reported in Table 6.10.3-12. The results are
discussed below.

Energy of the Average Neutron Lethargy Causing Fission (EALF):

Using EALF as a trending parameter provides information on neutron spectral dependencies.
The minimum USL in the range of applicability is 0.9301 which is calculated for the group of 12
experiments consisting of the HEU and TRIGA benchmarks.

Most of the cases, including the most reactive case, TB05, fall within the range of applicability
of this parameter. The two exceptions are Cases TA 11 and TA12 (with EALFs of
3.0178 x 10-7 MeV and 3.4775 x 10-7 MeV, respectively) with low-density water inside the cask;
however, these cases resulted in relatively low reactivity. Thus, this parameter is acceptable.
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Number Density of U-235:

The minimum USL in the range of applicability of the second trending parameter is 0.9306 which
is calculated for the group of 12 experiments consisting of the HEU and TRIGA benchmarks.

The 235U number density of the bounding fuel assembly used in the NCT and HAC calculations
(type 5 in Table 6.10.3-3) is 9.119 x 10-4 atom/b-cm which is slightly outside of the range of
applicability. Nevertheless, since this number density is close to the maximum value of the
range, 8.5392 X 10-4 atom/b-cm, this parameter is acceptable.

H/U-235 Number Ratio:

The minimum USL in the range of applicability of the third trending parameter is 0.9318 which
is calculated for the group of 12 experiments consisting of the HEU and TRIGA benchmarks.

The atom ratio in the bounding fuel assembly (type 5 in Table 3.1-2) is 61.9 which is slightly
outside of the range of applicability. Nevertheless, since this ratio is close to the minimum value
of the range, 68.2, this parameter is acceptable.

Recommended USL:

The minimum USL of 0.9301 is calculated using EALF as a trending parameter over the subset
of HEU solution and TRIGA benchmarks. Because the limiting USL of 0.9301 occurs for only
12 benchmarks, a USL is also developed using small sample statistics for these 12 cases using
the method outlined in Section 6.8, Benchmark Evaluations. The 12 benchmark set tests normal
using the Anderson-Darling test (the data also tests normal using USLSTATS) and the USL
computed using small sample statistics is 0.930 7. Therefore, a USL of 0.9301 is conservatively
selected for this analysis.
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6.10.3.9 Appendix

6.10.3.9.1 References

1. MCNP5, "MCNP - A General Monte Carlo N-Particle Transport Code, Version 5;
Volume II: User's Guide," LA-CP-03-0245, Los Alamos National Laboratory, April 2003.

2. SCALE: A Modular Code System for Performing Standardized Computer Analyses for
Licensing Evaluations, ORNL/TM-2005/39, Version 6, Vols. I-II, January 2009.

3. USLSTATS, "USLSTATS: A Utility To Calculate Upper Subcritical Limits For Criticality
Safety Applications," Version 1.4.2, Oak Ridge National Laboratory, April 23, 2003.
Note: USLSTATS is described in Appendix C, User's Manual for USLSTATS V1.0, in
NUREG/CR-6361 Criticality Benchmark Guide for Light-Water-Reactor Fuel in
Transportation and Storage Packages, March 1997.
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6.10.3.9.3 Parametric Evaluations

Determination of the Most Reactive Fuel Type

The seven types of TRIGA fuel assemblies are compared so that a bounding fuel type could be
selected for use in the criticality analysis. For this evaluation, a unit cell consisting of a single
fuel compartment from the basket with four fuel assemblies is modeled in MCNP. This model is
shown in Figure 6.10.3-6. Each of the seven types of fuel in Table 6.10.3-2 is modeled, and all
four assemblies in each model are of the same type. Only the fuel, cladding, the zirconium rod
(if present), and the two graphite reflectors are modeled explicitly. The upper and lower end
fittings are omitted for simplicity.

Reflecting boundary conditions are imposed on the sides, top, and bottom of the model to
simulate an infinite array of fuel compartments with no leakage. Calculations were performed
for both dry conditions (no water present in the model) and wet conditions (water with a density
of 1.0 g/cm3 occupying the spaces between fuel assemblies). No poison is included in the model.

The results are summarized in Table 6.10.3-13. The most reactive dry and wet cases are
highlighted with bold type. The HEU fuel assembly, Type 5, is the most reactive fuel assembly
in both dry and wet conditions. This type of fuel is used as the bounding fuel assembly in the
other calculations reported here.

An additional set of calculations is performed to find the density of water that maximizes the
reactivity with this type of fuel. The results of these calculations are summarized in Table
6.10.3-14. These calculations demonstrate that the maximum reactivity occurs when the water
between the assemblies is absent, indicating that the infinite array of fuel compartments is over-
moderated due to the graphite reflectors and the presence of hydrogen in the fuel. However, the
analysis of the TN-LC-TRIGA basket involves at most three packages, and, in a small array, full-
water moderation is more reactive than dry or reduced water moderation.

Determination of the Most Reactive Fuel Geometry

These parametric calculations are performed to determine the most reactive configuration of fuel in
the TN-LC-TRIGA basket. The bounding fuel type from the previous section is used in this
analysis. To study geometrical configurations, an MCNP model of a TN-LC-TRIGA fuel basket is
constructed. This model includes the fuel compartments (with four fuel assemblies each), the
poison plates, the aluminum rail, the cylindrical sides of the cask, and a 12 in. thick reflective
region of water outside the cask. Only one TN-LC-TRIGA basket is explicitly represented, and
reflective boundary conditions on the top and bottom of the model simulate an infinite array of
casks in the axial direction.

Four cases, labeled TPO1 to TP04, are studied. All four cases assume that the basket is filled
with water (with a density of 1.0 g/cm 3) and have poison plates consisting of a loading of
5 mg/cm2 of '0B. The composition of these plates is given in Table 6.10.3-6...

The results of four radial configurations of fuel assemblies, shown in Figure 6.10.3-7, are
presented here. They are identified by the following labels:
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Spaced The fuel assemblies are evenly spaced so that the distance between adjacent
assemblies and the distance between an assembly and a wall of the compartment
are equal.

Center All fuel assemblies are pushed to the center of each compartment and are touching.

Comers All fuel assemblies are pushed to the four comers of each compartment.

Inside All fuel assemblies are touching and are pushed as close to the center of the basket
as possible.

The results of the calculations are presented in Table 6.10.3-15. The most reactive case is
indicated by bold type.

The most reactive configuration is Case TP03 with the fuel assemblies located at the four comers
of each compartment (labeled "comers"). This geometrical configuration is the recommended
horizontal arrangement of TRIGA assemblies for criticality safety analysis.
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Table 6.10.3-1
Summary of TN-LC-TRIGA Criticality Evaluations

Normal Conditions of Transport (NCT)

Case k,

Single Unit Maximum 0.887
Array Maximum (3 packages) 0.896

Hypothetical Accident Conditions (HAC)

Case k,
Single Unit Maximum 0.887

Array Maximum (1 package) 0.887

USL = 0.9301

Table 6.10.3-2
Characteristics of TRIGA Fuel Elements

Proprietary Information Withheld Pursuant to 10 CFR 2.390.
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Table 6.10.3-3
Number Densities of TRIGA Fuel

Fuel Number Density (atom/b-cm)
Type H Zr 235U 2 3 8U Total

1 4.239 x 10-2 4.239 x 10-2 2.932 x 10-4 1.16 x 10-3 8.622 x 102
2 4.084 x 10-2 4.084 X 10-2 2.826 x 10-4 1.12 x 10-3 8.309 x 10-2

3 6.011 x 10-2 3.536 x 10-2 3.917 x 10-4 1.55 x 10-3 9.740 x 10-2

4 6.696 x 10-2 3.939 x 10-2 2.725 x 10-4 1.08 x 10-3 1.077 x 10-2

5 5.645 x 10-2 3.528 x 10-2 9.119 X 10-4 3.86 x 10-4 9.302 x 10-2

6 5.447 x 10-2 3.405 x 10-2 6.700 X 10-4 2.65 x 10-3 9.183 x 10-2

7 5.168 x 10-2 3.230 X 10-2 1.123 x 10-3 4.44 x 10-3 8.954 x 10-2

Table 6.10.3-4
Dimensions Used in the Cask Model

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

Notes:
1. All units in inches.
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Table 6.10.3-5
Composition of Stainless Steel

Component Wt.%

C 0.08

Si 1.0

P 0.045

Cr 19.0

Mn 2.0

Fe 68.375

Ni 9.5

Density 7.94 g/cm 3

Table 6.10.3-6
Composition of Poison Plates

Component Wt.%

Al 98.37

C 0.354

10B 0.235
I11B 1.04

Density = 2.67 g/cm 3

TN-LC-0 100 6. 10.3-35
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Table 6.10.3-7
Cross-Section Libraries Utilized

Isotope or
Element Cross-Section Description (From MCNP Output)
1001.62c 1-h-1 at 293.6K from endf-vi.8 njoy99.50
5010.66c 5-b-10 at 293.6K from endf-vi.1 njoy99.50
5011.66c 5-b-1I at 293.6K from endf-vi.0 (MOD) njoy99.50
6000.66c 6-c-0 at 293.6K from endf-vi.6 njoy99.50

8016.62c 8-o-16 at 293.6K from endf-vi.8 njoy99.50
13027.62c 13-al-27 at 293.6K from endf-vi.8 njoy99.50
14000.60c 14-si-nat from endf/b-vi
15031.66c 15-p-31 at 293.6K from endf-vi.6 njoy99.50

24000.50c njoy
25055.62c 25-mn-55 at 293.6K from endf/b-vi.8 njoy99.50

26000.55c njoy

28000.50c njoy

40000.66c 40-zr-O at 293.6K from endf-vi.1 njoy99.50
82000.50c njoy
92235.69c 92-u-235 at 293.6K from t16 u2351a9d njoy99.50
92238.69c 92-u-238 at 293.6K from t16 u2381a8h njoy99.50

Table 6.10.3-8
TN-LC-TRIGA Single Package Results

Water
Case Density ks
Id. Geometry (g/cm 3) kerr o" (kff + 2,])

Middle 1.0 0.87207 1 0.00083 0.87373

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

Long touching 1.0 0.87655 0.00084 0.87823
Short touching 1.0 0.88556 0.00081 0.88718
Short touching, thin walls 1.0 0.88290 0.00079 0.88448
Short touching, thin plates 1.0 0.88567 0.00081 0.88729
Short touching, thin walls/plates 1.0 0.88429 0.00081 0.88591
Short touching, thin walls/plates 0.9 0.87270 0.00085 0.87440
Short touching, thin walls/plates 0.8 0.86432 0.00082 0.86596
Short touching, thin walls/plates 0.7 0.85229 0.00081 0.85391
Short touching, thin walls/plates 0.6 0.83700 0.00089 0.83878
Short touching, thin walls/plates 0.5 0.81810 0.00082 0.81974
Short touching, thin walls/plates 0.4 0.79878 0.00090 0.80058
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Table 6.10.3-9
TN-LC-TRIGA NCT Array Results

Ext. Water
Case Density ks

Id. (g/cm 3) keff CT (keff + 20')

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

1.00 0.88864 0.00090 0.89044

0.75 0.88847 0.00084 0.89015
0.50 0.89106 0.00084 0.89274

0.25 0.88931 0.00083 0.89097
0.00 0.89411 0.00087 0.89585

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 Minimum I
Set Parameter (X) USL Range of Applicability

21 Experiments

HEU + LEU +

TRIGA

12 Experiments

HEU + TRIGA

11 Experiments

LEU + TRIGA

0. 9320 3.42760 - 104 <- X < 2.9.5740 X 10-7

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

0.9331 4.33640 x 10-5 < X <8.53920 x 10-4

0.9350 68.2 < X < 1437.5

0.9301 4.29310 x 104 < X:<2.95740 x 10-7

0.9306 1.31030 x 10-4 <s X <8.53920 x 10-4

0.9318 68.2 < XS <499.40

0.9338 3.42760 x 10-8 <_ X <8 7120 x 10-8

0.9339 4.33640 x 10-5 < X <3.68010 x 10-4

0.9340 150.1 < X < 143 7.5

TN-LC-0100 6.10.3-37
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Table 6.10.3-12
Benchmark Experiment Data

Case EALF 235U I 1 1
Id. (MeV) (atom/b-cm) II2U kff J MCNP I (Fbench I ytotaI

8.1466 x 10-' 3.4777 × 10-4 181.8 0.99686 1 0.00068 1 0.0060 0.0060

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

2.7629 x 10-7 8.2771 × 10-4 70.6 0.99418 0.00072 0.0072 0.0072

8.0140 x 10-8 3.4118 x 10-4 185.7 1.00015 0U00067 0.0035 0.0036

2.9574 x 10-7 8.5392 x 10-4 68.2 0.99470 0.00069 0.0053 0.0053

4.2931 x 10-' 1.3103 x 10-4 499.4 0.99727 0.00059 0.0049 0.0049

4.4497 x 10-' 1.4240 x 10-4 458.8 1.00351 0.00057 0.0046 0.0046

7.7095 x 10-' 3.2800 x 10-4 193.3 0.99609 0.00071 0.0040 0.0041

8.1742 x 10-' 3.4777 x 10-4 181.8 0.99648 0.00067 0.0038 0.0039

2.9544 X 10-7 8.5392 x 10' 68.2 0.99068 0.00068 0.0054 0.0054

4.6087 x 10-8 1.5266 x 10-4 427.4 0.99130 0.00055 0.0054 0.0054

8.7120 x 10-8 3.6801 x 10-4 150.1 0.99699 0.00052 0.0056 0.0056

8.6658 x 10-' 3.6801 x 10-
4  150.1 1.00139 0.00052 0.0056 0.0056

4.0984 x 10-' 7.6403 x 10-' 770.3 0.99485 0.00044 0.0039 0.0039

3.9213 x 10-8 6.8143 x 10- 5  877.6 0.99401 0.00042 0.0042 0.0042

3.8855 x 10-8 6.7111 x 10-5  897.0 0.99902 0.00041 0.0042 0.0042

3.8754 x 10-' 6.5820 x 10-' 913.2 0.99249 0.00039 0.0042 0.0042

3.5930 x 10-' 5.2398 x 10-5  1173.4 0.99573 0.00035 0.0048 0.0048

3.5644 x 10-' 5.0849 x 10- 5  1213.1 0.99694 0.00031 0.0049 0.0049

3.5539 x 10-' 4.9817 x 10-5  1239.8 0.99602 0.00031 0.0049 0.0049

3.4471 x 10-' 4.4138 x 10-5  1411.6 0.99930 0.00028 0.0052 0.0052

3.4276 x 10-' 4.3364 x 10-' 1437.5 0.99606 0.00027 0.0052 0.0052
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Table 6.10.3-13
Evaluation of the Most Reactive Fuel Element

Fuel Description
Type 1:8.5 wt.% LEU
14 in, aluminum clad

Case Id.

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

Water
Density
(g/cm )

ks
(kff + 2crkeff aY

Type 2: 8.5 wt.% LEU

15 in, aluminum clad

Type 3:12.5 wt.% LEU

Stainless steel clad

Type 4:12.0 wt.% LEU
Stainless steel clad

0.0 1.09966 0.00081 1.10128

1.0 1.02449 0.00097 1.02643
0.0 1.07874 0.00080 1.08034

1.0 1.01324 0.00095 1.01514

0.0 1.13581 0.00078 1.13737
1.0 1.02260 0.00092 1.02444
0.0 1.08059 0.00075 1.08209

1.0 0.97761 0.00082 0.97925

0.0 1.48748 0.00083 1.48914
1.0 1.34293 0.00100 1.34493
0.0 1.30518 0.00086 1.30690

1.0 1.21059 0.00101 1.21261
0.0 1.35907 0.00094 1.36095

1.0 1.28885 0.00105 1.29095

Type 5: 8.5 wt.% HEU
stainless steel clad

Type 6:20 wt.% LEU
Stainless steel clad

Type 7: 31 wt.% LEU
Stainless steel clad

Table 6.10.3-14
Effect of Water Density on Reactivity

Water
Density k,

Case Id. (g/cm 3) keff _ (keff + 2cr

0.0 1.48748 0.00083 1.48914

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

0.1 1.45905 0.00082 1.46069
0.2 1.43523 0.00089 1.43701

0.3 1.41503 0.00089 1.41681
0.4 1.40042 0.00087 1.40216
0.5 1.38666 0.00091 1.38848

0.6 1.37796 0.00107 1.38010
0.7 1.37008 0.00103 1.37214

0.8 1.35806 0.00099 1.36004
0.9 1.35073 0.00106 1.35285-
1.0 1.34293 0.00100 1.34493

TN-[C-0100 
6.10.3-39
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Table 6.10.3-15
Evaluation of the Most Reactive Geometry

Case

Id.
Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

k, '
Ganmo~trv k.. rT

Spaced 0.86128 0.00088 0.86304
Center 0.83356 0.00085 0.83526

Corners 0.87107 0.00088 0.87283
Inside 0.85305 0.00097 0.85499

TN-LC-0100 6.10.3-40



TN-LC Transportation Package Safety Analysis Report Revision 0, 05/11

Stainless Steel
top end fitting

Graphite (2 places)
thicknesses vary

Samarium Trioxide
disc* (2 places)
0.05 in. thick each

Stainless
Steel tube

Stainless Steel
bottom end fitting'

p
Uranium

Zirconium
Hydride

(3 sections)

Zirconium rod
(3 sections)

0.225 in. dia.

15 in.

0.05 in. thick

Molybdenum disc*
0.031 in.

* molybdenum disc was
introduced several years
after samarium trioxide
discs were discontinued.

Figure 6.10.3-1
A Typical Stainless-Steel Clad TRIGA Fuel Element
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poison plate JJ top view
fuel compartment-Y TRIGA basket

location of
bottom spacer

Figure 6.10.3-2
MCNP Model of the Cas]k

side view
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Figure 6.10.3-3
TRIGA Radial Fuel Configuration
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middle long ends touching short ends touching

Figure 6.10.3-4
TRIGA Axial Fuel Configurations
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cask

h12" water reflector

space between casks
(variable density)

Figure 6.10.3-5
MCNP TN-LC-TRIGA NCT Array Model
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graphite
reflector

cladding -

zirconium rod-

fuel--

steel I

ziconium
f rod

f-fuel

graphite
- reflector

top view

side view

Figure 6.10.3-6
MCNP Model of a Single Compartment with Four TRIGA Fuel Elements
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spaced

corners

nun

center

inside

Figure 6.10.3-7
Radial Geometry Configurations
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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 IFA 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 1OCFR71.55 and 71.59. The Criticality Safety Index (CSI), per
lOCFR71.59, is 100.

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 IFA 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 2.3 90.

The tolerances are important in the analysis to determine the
most reactive configuration. Proprietary Information Withheld Pursuant to 10 CFR 2.390.

The BWR compartment

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

to ensure that the resultant reactivity is
conservative. Proprietary Information Withheld Pursuant to 10 CFR 2.390.

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 I and 2 is
that in Option 1, the corners are rounded and the tubes in the comer 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.

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

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 ,
and if the credit applied is 90 percent, the loading will be 16.7 mg/cm2. The boron loading in the
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poison plates remains the same regardless of whether a PWR assembly, BWR assembly, or
individual pins are transported.

Also shown in Figure 6.10.4.2 are stainless steel bolts that bore through the poison plates. These
bolts attach the aluminum rails to the basket frames and pass through the poison plates. In
Section 6.10.4.4.1 the effect of these stainless steel holes is evaluated by modifying the system
with the most reactive fuel and configuration.

Additionally, Poison Rod Assemblies (PRAs) are required while transporting PWR fuel
assemblies in order to ensure that the maximum reactivity is subcritical and below the Upper
Subcritical Limit (USL). The minimum required B4C content of the absorber rods in the PRAs is
40 percent theoretical density (TD) (75 percent credit is taken in the criticality analysis, or 30
percent TD). The minimum required B4C content of the absorber rods is only 30 percent (in the
KENO input) because assuming a higher B 4C content is not expected to reduce the reactivity of
the system since the absorber rods are already "black" to the neutrons in the system. Note that
the absorber rods are also referred to as PRAs in this Appendix.

The BWR fuel assembly compartment is surrounded by the PWR compartment and the 25 pin
can is placed in the BWR compartment. Additional reactivity control is not necessary for the
BWR and 25 pin can transportation.

6.10.4.1.2 Summary Table of Criticality Evaluation

The upper subcritical limit (USL) for ensuring that the package is acceptably subcritical as
determined in Section 6.10.4.8 is:

USL = 0.9420

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

ks = kff + 2a < 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 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 package design is shown to meet the requirements of 10 CFR 71.55(b). No credit is taken
for fuel burnup; in other words, the fuel rods are modeled as fresh fuel, which ensures that a
highly conservative ks is obtained. The package is evaluated under Normal Conditions of
Transport (NCT) and Hypothetical Accident Conditions (HAC) in accordance with the
requirements of 10 CFR 71.55 and 10 CFR 71.59. In all single package evaluations, water is
modeled in all cavities with the most reactive density for both NCT and HAC conditions. Close
full reflection of the package is achieved using 12 feet of water.

In the NCT array models, a close-packed array of three packages is utilized. The entire array is
reflected with 12 feet of water. No HAC array models are developed. Therefore, the HAC array
result is the same as the single package result.
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The maximum results of the criticality calculations are summarized in Table 6.10.4-1. The
maximum calculated k, is 0.9418, which occurs for HAC with a PWR fuel assembly. The
maximum reactivity is below the USL of 0.9420.

6.10.4.1.3 Criticality Safety Index

No HAC array models are developed (2N=1). Therefore, per lOCFR71.59, N=0.5, and the
criticality safety index (CSI) is 50/N = 100. In the NCT array cases, 5N=2.5, so that 3 packages
are modeled.

TN-LC-O 100 6.10.4-3
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6.10.4.2 Fissile Material Contents

The fissile materials are a single PWR or BWR fuel assembly. Additionally, PWR, BWR, EPR
and MOX fuel pins are allowed in the 25 pin can.

The PWR fuel assemblies and their parameters are provided in Table 6.10.4-2. The KENO
model fuel assemblies are constructed using these parameters.

Similarly, the BWR fuel assembly parameters are provided in Table 6.10.4-3 and Table 6.10.4-
30. As stated, no credit is taken for bum up of fuel in the calculations. A maximum enrichment
of 5.0 wt. percent U-235 is used for all fuel assemblies listed in Table 6.10.4-2, Table 6.10.4-3,
and Table 6.10.4-30, with the following exception. For the CE 15x15 class assemblies, the
maximum enrichment is 3.7 wt. percent U-235.

Each fuel assembly listed for the PWR assemblies is modeled using nominal dimensions within
the cask to obtain a limiting assembly with the highest ks for subsequent analyses. For BWR fuel,
the most reactive fuel assembly for each lattice group is obtained. In addition, since the BWR
LaCrosse fuel assemblies have a much smaller active fuel length than the other lOx 10
assemblies, both are evaluated individually. The two LaCrosse fuel assemblies are Allis
Chalmers and Exxon/ANF.

The ABB fuel assemblies evaluated are provided in Table 6.10.4-30. The table shows three array
types. However, the SVEA 960pt fuel has two fuel pellet andfuel clad options; so using the
maximum pitch of 0. 502 ", two cases are evaluated individually: the fuel pellet OD of 0.346" and
fuel clad OD of 0.406" andfuel pellet OD of 0.323" and fuel clad OD of 0.3 79". The fuel
assemblies are modeled with and without fuel channels. The thickness of the fuel channel is set at
0.025", 0.08", and 0.12".

In order to qualify individual fuel rods for transport, the fuel rods from the most reactive PWR
and BWR assembly calculations are inserted in the fuel rod tubes located in the 25 pin can. The
MOX and EPR fuel rods are modeled according to the parameters provided in Table 6.10.4-4
and Table 6.10.4-5, respectively. Additionally, a generic U0 2 fuel model is considered in the 25
pin can with parameters shown in Table 6.10.4-5. The plutonium isotopic vector provides a
bounding k, and the analysis is performed with three different plutonium concentrations: 6.0, 8.0
and 10.2 wt. percent plutonium.

TN-LC-0 100 6.10.4-4
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6.10.4.3 General Considerations

6.10.4.3.1 Model Configuration

The cask model comprises the fuel, basket, and packaging, which are modeled explicitly in
SCALE [1]. The packaging is conservatively modeled without the neutron shield and impact
limiters in both the NCT and HAC conditions. The length of the cask modeled covers the active
length of the fuel and 12 feet of water is modeled in the axial directions as well as the sides of
the cask. A KENO model of the cask without fuel is shown in Figure 6.10.4-5. The figure on the
left shows the radial cross section of the cask with the 25 pin can. In the same figure, the axial
cross section is also presented on the right.

A more detailed view of the KENO model is shown in Figure 6.10.4-6. In the figure, all the
compartments are shown to provide an overall view of the compartments relative to one another.
The cask model is based on materials and dimensions shown in the drawings in Chapter 1. The
dimensions of the components labeled in Figure 6.10.4-6 are listed in the accompanying Table
6.10.4-6.

In the simulation models, only the lengths of the compartments/components that cover the active
length of the fuels to be transported are modeled.

In both the NCT and HAC models, water is modeled inside the package at the density that
maximizes reactivity. Because the cask is designed for wet loading, water drains freely inside
the basket, and preferential flooding scenarios are not credible. However, the cavity could be
partiallyflooded Because the baskets drain freely, if the TN-LC cavity is partiallyflooded, the
only credible scenario is that some fuel would be submerged in water, and the remaining fuel
would remain unsubmerged. Therefore, any partial flooding scenarios would result in
unmoderated fuel. L WRfuels have very low reactivity in the absence of moderation. Therefore,
any partialflooding would uncover fuel and decrease the reactivity. For these reasons, cases
are not developed for partial and/or preferential flooding.

Normal Conditions of Transport Fuel Models:

The intact fuel models constructed are used for the NCT analysis. The NCT analysis calls for
simulation of single package transport and an array of packages. For BWR and PWR fuels, the
assemblies are modeled, centered in their respective compartments with the fuel rods also
centered in each lattice cell. Water is modeled in the compartment cavity and fuel gap with
Zircalloy as the cladding material. The fuel parameters used are presented in Table 6.10.4-2 and
Table 6.10.4-3. The PWR and BWR fuel models for NCT single package analysis are shown in
Figure 6.10.4-7. The model on the left represents the most reactive BWR fuel assembly for the
IOx 10 assemblies, while the model on the right represents the most reactive PWR fuel assembly
in NCT.

In Figure 6.10.4-8, a model of the three array package used for NCT analysis is shown. The
figure shows that some space exists between the casks by the virtue of the arrangement of the
casks. The three casks are surrounded by 12 feet of water in all directions, while the space
between the casks is modeled with various moderator densities to determine the most reactive
external moderator density for the configuration shown.

TN-LC-0100 6.10.4-5
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Hypothetical Accident Condition Fuel Models:

The analytical results reported in Chapter A.2, Appendix A.2.13.1 demonstrate that the cask
containment boundary and basket structure do not experience any significant distortion under
hypothetical accident conditions. Therefore, the basket and cask geometry remain intact in HAC.

This analysis addresses potential fuel damage scenarios under HAC of transportation. The type
and extent of fuel rod damage under HAC can be broken down into several categories. The worst
case gross damage from a cask-drop accident is assumed to be either a single-ended or double-
ended rod shear with fresh water intrusion. The bent or bowed fuel rod cases assume that the fuel
is intact but not in its nominal fuiel rod pitch. It is possible that the fuel rods may be crushed
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inward or bow outward to a certain degree. Therefore, this will be evaluated by varying the fuel
rod pitch from a minimum pitch that is limited by the clad outer diameter, and a maximum pitch
that is limited by the compartment inner width. All pitch variations assume a uniform rod pitch
throughout the entire fuel matrix.

The single-ended fuel rod shear cases assume that a row of fuel rods shears radially away from
the parent assembly and is displaced to a new location. The fuel pellets are'assumed to remain in
the fuel rod. This case will be evaluated by displacing one row of rods form the base fuel '
assembly matrix at small increments toward the compartment wall. The base fuel assembly will
be at nominal pitch and positioned at the left comer of the compartment to maximize the spacing
of the sheared row of rods. A smaller rod pitch for the base fuel assembly matrix was not chosen
because it has been shown from the pitch cases that decreasing the rod pitch decreases reactivity.
Increasing the rod pitch will increase reactivity; however, the resulting model is similar to and is
bounded by the rod pitch varying cases described above and therefore will not be duplicated
here.

The double-ended fuel rod shear cases assume that a row of fuel rods shears radially from the
parent fuel assembly and then breaks axially into two pieces. The broken fuel rods are then
conservatively modeled with the same length as the intact fuel rods. These two rows of rods are
free to move away or toward the parent fuel assembly. In order to bound all scenarios of this
case, the base assembly is reduced by one row, and two sheared rows are added. The length of
the sheared rods is the same as the remaining rods in the assembly. The two rows of rods are then
shifted toward and away from the base assembly at incremental distances. Pitch and location of
the base assembly remain as described in the single-shear case. Figure 6.10.4-9. illustrates the
typical models used for the (a) single-ended shear analysis, (b) rod pitch analysis, and (c) double-
ended shear analysis. The actual model is the WE 14x14 Std. assembly. These figures are for
illustration purposes only.

Using the most reactive pitch expansion, single shear, and double shear models, a loss of rods
evaluation is performed The selection of the rod loading patterns is aimed at maximizing the
reactivity and those that are investigated are representative. The locations of the missing rods
are selected systematically since not all possible configurations can be practically evaluated. It
is expected that a different placement for the same number of missing rods would produce
reactivity differences that are statistically insignificant. A maximum of 20 rods are removed from
each fuel assembly model and for a given number of missing rods evaluated, the locations are
different for each fuel assembly class. Subsequently, to address scenarios of credible fuel
decladding, the most reactive missing rods models are evaluated with 6" of the fuel rods de-
cladded and evaluated It is assumed that the fuel pellets stay stacked on top of each other and
also retain the lattice configuration of the fuel assembly. Therefore, the bare fuel rods for the
assembly are modeled according to the lattice configuration of the assembly, with no missing rod
locations in the 6" section of the array.

The models shown in Figure 6.10.4-9 are those used in the PWR fuel analysis. Only the rod pitch
analysis is performed for BWR fuels since it is demonstrated that-the most-reactive-fuel is-the ..
PWR, and any BWR damaged fuel will be bounded by that of the PWR fuel.

TN-LC-0 100 6.10.4-6
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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 . See.also the sample input file in Section 0.
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6.10.4.3.3 Computer Codes and Cross-Section Libraries

The CSAS5 control module of the SCALE6 program [1] is used to calculate the effective
multiplication factor of the fuel in the cask. The maximum ks for the calculation was determined
with the following formula:

ks = keff + 2a

The CSAS5 control module allows simplified data input to the functional modules BONAMI,
NITAWL, and KENO V.a. These modules process the required cross sections and calculate the
keff of the system. BONAMI performs resonance self-shielding calculations for nuclides that
have Bondarenko data associated with their cross sections. NITAWL applies a Nordheim
resonance self-shielding correction to nuclides having resonance parameters. Finally, KENO V.a
calculates the keff of a three-dimensional system. A sufficiently large number of neutron histories
are run so that the standard deviation is below 0.00 10 for all calculations. The criticality analysis
used the 44-group cross-section library built into the SCALE6 program. ORNL uses ENDF/B-V
data to develop this broad-group library specifically for criticality analysis of a wide variety of
thermal systems.

6.10.4.3.4 Demonstration of Maximum Reactivity

The criticality analysis methodology used to select the bounding fuel assemblies is as follows:

I. Evaluate the PWR and BWR fuel assemblies shown in Table 6.10.4-2 and Table 6.10.4-3,
respectively, to determine the most reactive fuel. At this stage, the cask component
dimensions will be at their nominal values. The PWR fuels will be evaluated at nominal pitch
and maximum pitch. The maximum pitch is obtained by dividing the inner width value of the
compartment by the number of rods in one row of the assembly. This is done to determine
whether the most reactive fuel in NCT is different from the most reactive fuel in HAC. For
BWR, the most reactive fuel for each fuel category is obtained at nominal pitch.

2. Once the most reactive fuel assemblies are determined, changes in reactivity are assessed for
internal moderator densities between 0.01% and 100%.

3. In Steps I and 2, the fuel assembly is centered in the compartment. A set of calculations is
performed to maximize reactivity by changing the placement of the fuel assembly to the
bottom-center and left comer of the compartment.

4. The manufacturing tolerances on the cask body have a negligible effect on the reactivity.
However, the tolerances on basket dimensions may affect the reactivity and are explicitly
addressed. The stainless steel PWR fuel compartment thickness has a tolerance of ±0.05 in.,
while the poison plate has a thickness tolerance of ±0.05 in. The tolerance for the BWR fuel
compartment is the same as that of the PWR fuel. Also, a gap of 0.1875 in. that exists
between the two compartments is subject to variation. The effect on reactivity of varying
these dimensions is evaluated once the most reactive assembly location is determined in
Step 3.

5. The most reactive fuel under HAC obtained in Step 1 for PWR fuel is used to evaluate the
behavior of this fuel assembly in the various damaged fuel scenarios described in Section
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6.10.4.3.1. These evaluations entail three independent damaged fuel evaluations: Rod Pitch
Variation, Single-Shear Analysis, and Double-Shear Analysis. Only the Rod Pitch Variation
for each fuel category is considered for BWR fuel. The most reactive damaged fuel scenario
obtained is the design basis model to perform criticality calculations for HAC.

6. The PWR fuel assembly results from Steps 1 through 5 exceed the USL, both for NCT and
HAC. Therefore, the PWR fuel assemblies must be poisoned with PRAs that are inserted
into the fuel assembly. The missing rods and de-claddedfuel evaluations are performed with
the PRAs included in the fuel assembly. The BWR fuel assemblies do not require PRAs.

7. For the 25 fuel pin can, the design basis fuel for the most reactive PWR and BWR fuel are
considered. Additionally, MOX and EPR fuel pins are considered

The steps delineated above are followed in order to determine the maximum reactivity under
several postulated scenarios.

PWR Fuel Assembly:

In Step 1, the most reactive PWR fuel assembly is determined. The basket and other components
are modeled using nominal dimensions for the PWR case. The results are presented in Table
6.10.4-8. Note that the results exceed the USL in this and subsequent tables because PRAs are
not modeled.

As shown in Table 6.10.4-8, the most reactive PWR fuel under NCT is the BW 15x15 BIt (Case
ID: P_A010), and for HAC, it is the WE 14x14 Std/LOPAR/ZCA/ZCB (Case ID: P_A045).

In Step 2, internal moderator density for the most reactive fuel assemblies was varied to
determine the density that would result in the highest reactivity. As shown in Table 6.10.4-9, the
PWR fuel is most reactive at 100% internal moderator density, under both NCT and HAC
scenarios. The PWR internal moderator density variation results are performed with nominal
cask and compartment dimensions.

The drawing of the compartment shown in Figure 6.10.4-2 depicts a radial cavity created by
virtue of the presence of the poison plates between the aluminum rail and compartment. As
illustrated in Figure 6.10.4-6, this cavity is not included in the model. Therefore, a scoping
calculation has been performed to quantify the difference in reactivity due to the presence of the
cavity. The WE 17x17 RFA fuel assembly is selected for both NCT and HAC scenarios. In Table
6.10.4-8, the k, for this fuel assembly under NCT condition is 0.9893 without the presence of the
cavity, while it is 0.9830 for the case with the cavity. For HAC, Table 6.10.4-8 indicates that the
ks is 1.0171 for the case without the cavity, and the case with the cavity results in k, of 1.0133.
Therefore, in terms of modeling, it is concluded that the absence of the cavity results in a
bounding analysis.

In Step 3, the effect of varying the fuel assembly position with in the compartment is determined.
The three positions compared are the center, bottom-center, and bottom left-corner positions.
Nominally, the central position result should be the same as the result that was obtained for the
moderator variation cases performed in Step 2 for the 100 percent internal moderator density
case (compare Case P_B0I 1 and P_C002). There exists an inconsistency due to the following
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negligible effect: the fuel rod models used in Step 2 are centered in their lattices regardless of
their position in the assembly (i.e., the outer fuel rods do not touch the compartment). In Step 3,
the outer rods touch the sides of the compartment, which results in a slightly larger pitch. This
will result in slight increase in reactivity. Nevertheless, out of the three positions, the central case
is most reactive and that will be picked as the standard most reactive position for NCT and HAC.
The results are presented in Table 6.10.4-10 with Figure 6.10.4-11 to illustrate the positioning.

In Step 4, the compartment and poison plate dimensions are changed to reflect tolerance effects.

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

The results, presented in Table 6.10.4-11 show that the
nominal compartment thickness and a poison plate thickness of 0.20 in. results in the most
reactive configuration (Case ID: P D001). The B-10 loading is held constant during this
analysis, i.e. the 15 mg B-10/cm2 is modeled in each case. The result in Case ID P_DOOl also
represents the most reactive PWR fuel under NCT.

In Step 5, the compartment and poison plate configuration from Case P_DOOI is used to
obtaining the most reactive fuel for HAC. That is, the most reactive fuel obtained in Table
6.10.4-8 (P A045) is modeled for further analysis in the three damaged fuel scenarios described
in Section 6.10.4.3.1.

In the HAC analysis, the PWR fuels undergo the aforementioned three different damaged fuel
analyses. In Table 6.10.4-12, it is shown that when the PWR fuel (WE 14xI4 Std/LOPARJ
ZCA/ZCB) is at its maximum pitch, reactivity is maximized for the rod pitch study. In Table
6.10.4-13 and Table 6.10.4-14, the single- and double- ended shear scenario results are
presented. The configuration of the cask is at the most reactive state determined thus far.

For single shear and double shear analyses, it is shown that the BW 15x15 B 1I fuel assembly
results in the most reactive configuration. However, the WE 14x 14 Std/LOPAR/ ZCA/ZCB fuel
assembly remains the most reactive for damaged fuel cases, as shown in Table 6.10.4-12.

The results presented thus far exceed the USL. In Step 6, PRAs are added to the fuel assembly
to reduce the reactivity below the USL. The PRA analysis is presented in Section 6.10.4.4.

BWR Fuel Assembly:

The methodology is repeated for BWR fuel. Where the specific step is modified, it is explicitly
stated below. For the BWR case, the most reactive component dimensions are used. In step 1,
the most reactive BWR fuel for each array type is presented in Table 6.10.4-15. For the 1Oxl 0
type, the LaCrosse fuels have a smaller active fuel length and are also more reactive than all the
other array types. Therefore, they are analyzed individually.

In the models, the BWR fuel assembly is modeled in the axial center of the cavity. Since the fuel
assembly is modeled in an axially centered position along the compartment, som-e-ofthe fuel
assemblies were modeled as if they extend to the hold-down ring. As a result, in some cases the
hold down ring is included. The effect of modeling the BWR fuel so that the fuel is not axially
centered and the hold down ring is not included is evaluated. Case BA005, for Group 1
assemblies is rerun without the hold down ring and resulted in a ks of 0.7258 (Case BAO05-1).
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Therefore, modeling the assembly in a central position axially has no effect in reactivity. The
difference between the two models is illustrated in Figure 6.10.4-14. These two cases indicate
that the location of the fuel axially does not affect reactivity and covers the use of spacers placed
either at the top or the bottom of the fuel assembly in the cask.

Not all fuel assemblies in the BWR fuel list given in Table 6.10.4-3 are evaluated. This is due to
the fact that those grouped into one category, such as GE, Group 1, have similar parameters that
allow this grouping process. The groups are as follows: the GE Group I includes GE5, GE-Pres,
GE-Barrier, and GE8 Type I, the GE Group 2 includes GE8 Type II, GE9, and GE 10, and the
Framatome ANP Group represents the 9x9 - 79/2, 72, 80, and 81 fuel assemblies. The most
reactive BWR fuel assembly in each class are highlighted bold in Table 6.10.4-15.

Based on the analyses performed for PWR fuel, it is clear that an internal moderator density of
100 percent and a central fuel assembly position will result in the most reactive states. As a
result, Steps 2 and 3 are skipped, and the dependence of reactivity on tolerance is assessed in
Step 4.

Proprietary Information Withheld Pursuant to 10 CFR 2.390.

As the results in Table 6.10.4-16 indicate, decreasing the size of the gap between the BWR and
PWR compartments (increasing the BWR compartment thickness) increases the k, of the system.
For the 8x8 fuel assembly class, the GE group 1 assembly is selected as the most reactive fuel.
Under NCT, these six assemblies (for further analysis, the GE group 2 assembly is not
considered) are the most reactive fuel assemblies. These assemblies are also considered in HAC.

The most reactive ABB fuel from Table 6.10.4-30 is obtained by evaluating the fuel assemblies in
NCT. As indicated in section 6.10.4.2 the SVEA 960pt fuel has two fuel pellet and fuel clad
options; so using the maximum pitch of 0.502", two cases are evaluated individually: the fuel
pellet OD of 0.346" andfuel clad OD of 0.406" andfuel pellet OD of 0.323" andfuel clad OD of
0.379", along with the SVEA-96 and SVEA Op2 fuel assemblies. For purposes of reference, the
SVEA -96 and SVEA-96+/L are collectively referred to as SVEA-96, since they have the same
fuel parameters. The fuel assemblies are first modeled without fuel channels and the most
reactive fuel assembly model is then evaluated with fuel channel thicknesses of 0. 025 ", 0. 08",
and 0. 12".

The result for the ABB fuel assemblies evaluated for BWR fuel transport is presented in Table
6.10.4-34. The fuel models are under NCT conditions and the results are compared with the
maximum k, of 0. 7806 obtained for the Allis Chalmers fuel presented in Table 6.10.4-16 (Case
ID B C006). As stated, the SVEA 960pt fuel is evaluated with two sets offuel diameter and clad
outer diameter. For convenience, these are labeled parameter set 1 (Fuel OD 0.346" and Clad
OD 0.406') and parameter set 2 (Fuel OD 0.323" and Clad OD 0.379'). The most reactive fuel
- SVEA 960p2 - is further evaluated with three different channel thicknesses in cases (BFO05 -
B FO07) to demonstrate that the presence of the channel does not increase reactivity. The most

TN-LC-0 100 6.10.4-10



TN-LC Transportation Package Safety Analysis Report Revision 2, 05112

reactive case (Case ID B_F004), with a k, of 0. 7509 is less than the most reactive case presented
in Table 6.10.4-16for BWR fuel (k, of 0. 7806).

In the HAC scenario, unlike the three different damaged fuel models analyzed for PWR fuels as
described by Step 5, only the fuel pitch variation analysis is performed. This is sufficient to show
that HAC of PWR fuel transport bounds that of BWR fuels. The results are shown in Table
6.10.4-17.

For BWR fuels, the most reactive fuel for HAC is taken to be the Allis Chalmers - LaCrosse
fuel, as shown in Table 6.10.4-17, which has the highest reactivity. For the BWR fuel
assemblies, PRAs are not required.

25 Pin Can:

Step 7 specifies fuel pins from the most reactive PWR and BWR fuels, as well as fuel parameters
for MOX, EPR and generic U0 2 fuel. The PWR fuel pins modeled are the BW 15x15 Mark BI I
and WE 14x14 Std/LOPAR/ ZCA/ZCB. For BWR fuel pins, the Allis Chalmers Lacrosse was
modeled because it resulted in the highest ks. Since the active fuel height of this fuel assembly is
much smaller than the other BWR fuel assemblies considered, the next reactive fuel assembly,
the Siemens QFA 9x9 fuel pin, is also modeled. The MOX, EPR and generic U0 2 parameters are
obtained from Table 6.10.4-4 and Table 6.10.4-5. The results shown in Table 6.10.4-18 point out
two facts: the highest reactivity is obtained while transporting 25 MOX fuel pins, and this
reactivity is bounded by the reactivity obtained with PWR and BWR fuel assemblies.
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6.10.4.4 Single Package Evaluation

6.10.4.4.1 Configuration

The single package models for both NCT and HAC are described in Section 6.10.4.3.1. The NCT
scenario is modeled with an intact fuel assembly in its compartment flooded with fresh water at
100% density. The BWR fuels will remain subcritical and under the USL without any PRAs. The
PRA requirement for PWR fuels is provided below.

In the material specification, the PRA model has a density that is 30 percent of the theoretical
density of B4C, as provided in SCALE6. As stated earlier, the PRA is composed of B4C with a
theoretical density of 2.52 g/cm3. The minimum required B4C content is 40% of Theoretical
Density (TD). In this analysis 75% credit is taken or 30% of the theoretical density or 0.756
g/cm3. The product of the cross-sectional area of the PRA with the volume density provides the
linear density.

In the KENO models, the PRA is inserted in the guide tube locations. That is, the model consists
of PRA material, PRA cladding, and Guide Tube Material. In all models, the Guide Tube
material is Zircalloy. The PRA diameter modeled is the minimum required to ensure that the
system is under the USL. In order to assess dependence of cladding material and geometry of the
PRAs, three cases are considered: Case 1 is a PRA model with solid zircalloy clad determined by
the size of the guide tube it is inserted in, Case 2 is a zircalloy clad with gap between the clad
and the guide tube wall, and Case 3 is similar to Case 2 except the PRA clad is SS304. In the
four assemblies considered for this sensitivity analysis, the number of PRAs modeled is indicated
in the Table 6.10.4-20. As these cases only evaluate cladding effects, the models do not
represent the final design basis cases. One of the main differences between these cases and the
final results is that the cases evaluated in this table are not at their maximum, most reactive pitch.
The only purpose they serve is to show PRA cladding effects. The results in Table 6.10.4-20
show that the dependence in modeling of clad is negligible. However for consistency, Case 3 is
used to perform the bounding analysis that provides the maximum reactivity for each bounding
assembly considered.

The PRA configuration for the assembly classes that require 5 PRAs is shown in Figure
6.10.4-12. For the WE 14x 14 and WE 15x 15 assembly classes, Configuration I or Configuration
2, shown in Figure 6.10.4-13, is employed. For the B&W 15x15, B&W 17x17, and WE 17x17
assembly classes, Configuration 3 or Configuration 4, shown in Figure 6.10.4-15, is employed.
In general, for the fuel assemblies that require 8 PRAs, the four guide tubes located in the
immediate comers from the instrument tube accept one PRA each. Then the immediate east,
west, north and south guide tube locations relative to the "square" shape created by the four
comers accept one PRA each. Note that in each direction only one PRA is inserted, as shown in
the figures.

As stated in section 6.10.4.3.4, the missing rods and de-cladded rods evaluations are performed
with the PRAs inserted in the fuel assemblies. These two sets of evaluations are performed in the
LINUX operating system. In order to determine the difference in reactivity from the Windows XP
operating systems, the most reactive case (Case ID P_K009) is re-evaluated in the LINUX
operating system. The k, obtained in this evaluation of 0.9347 (Case IDA SO01-]) is less than
the 0.9366 as presented in Table 6.10.4-31. The Windows XP case is reproduced in Table 6.10.4-
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31 for better clarity as Case IDA _SOO]. Although this difference is considered statistically
insignificant the difference of 0. 0019 is added to the final most reactive case.

The model also contains the 12 studs modeled on the poison plates as 2" by 1" volume stainless
steel mentioned in section 6.10.4.1.1. On each poison plate, two rows of 6 studs are modeled.
The number of studs is determined by the active fuel length. The number is held at 6 studs per
row to a total of 12 per poison plate since it has been demonstrated that adding these studs to the
model did not affect the reactivity of the system beyond the statistical uncertainty of 2 a as
described by the evaluation performed in section 6.10.4.4.1. Furthermore, this is not
incorporated in the BWR evaluation since there is a large margin of reactivity between the most
reactive P WR model and B WR model.

The missing rods evaluation for the PWRfuel assemblies is performed for the fuel assembly
classes listed in Table 6.10.4-19 and Table 6.10.4-21. The results are presented in Table 6.10.4-
32. The missing rod model with the highest ksfor each fuel assembly is used to perform a 6" de-
cladding evaluation. The cases are modeled with PRAs and the maximum allowable enrichment
shown in Table 6.10.4-26. The results presented in Table 6.10.4-33 demonstrate that the system
remains under USLfor all the fuel assembly classes at the given maximum enrichment. The
maximum k, obtained for the CE15 (Case ID P NO08) with the Ak due to difference in operating
system is 0.9418 which is bounded by the USL of 0.9420.

The PRA requirement for each assembly class is addressed as follows:

WE 14x14 Class Assemblies:

The WE 14x14 Std fuel assembly utilized for HAC does not have a central instrument tube. This
applies for all WE 14x14 class assemblies. The number of PRAs is selected such that possible
configurations for PRA locations are minimized. This will eliminate any error that will result due
to selection of PRA locations. To this end, the configurations illustrated in Figure 6.10.4-13 are
selected. The reactivity of these configurations as shown in Table 6.10.4-19 is below the USL.
The minimum PRA diameter required is 0.88 cm and a resulting linear density of 0.460 g/cm
B 4C per PRA, at a maximum U-235 enrichment of 5.00 weight percent. The WE 14x14 has a
substantially less ks than other assembly classes evaluated in HAC. This is due to the 8-PRA
requirement and does not change the analysis that it is the most reactive fuel assembly in HAC.
All rotationally symmetric configurations of the absorber rods are also acceptable.

WE 15xl5 Class Assemblies:

For the WE 15xl 5 class assemblies, the most reactive WE 15xl 5 assembly evaluated is the WE
15x15 Std, as shown in Table 6.10.4-8 for HAC results. This class of assembly remains
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subcritical and below the USL with the PRA configuration as shown in Figure 6.10.4-13. The
number of PRAs required is 8, each at a minimum diameter of 0.88 cm. The maximum allowable
U-235 enrichment is 5.00 weight percent. All rotationally symmetric configurations of the
absorber rods are also acceptable.

WE 17x17 Class Assemblies:

The most reactive WE 17x17 assembly evaluated is the WE 17x17 OFA fuel assembly, as shown
in Table 6.10.4-8. These class of assemblies will remain subcritical and below the USL with the.
PRA configuration as shown in Figure 6.10.4-15. The number of PRAs required is 8, each at a
minimum diameter of 0.88 cm. The maximum allowable U-235 enrichment is 5.00 weight
percent. All rotationally symmetric configurations of the absorber rods are also acceptable.

BW 15x15 Class Assemblies:

The most reactive BW 15xl 5 assembly is the BW 15xl 5, Mark B 11 fuel assembly as shown in
Table 6.10.4-8. The number of PRAs required is 8, each at a minimum diameter of 0.88 cm. The
maximum allowable U-235 enrichment is 5.00 weight percent. The configuration of PRA
location is as shown in Figure 6.10.4-15. All rotationally symmetric configurations of the
absorber rods are also acceptable.

CE 14x14 Class Assemblies:

The most reactive CE 14x14 assembly is the Framatome CE 14x14 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. This
translates to a linear density of 0.618 g/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.

CE 15x15 Class Assemblies:

For CE 15xl 5 Class assemblies that have just one location for PRA insertion, the maximum
enrichment is reduced to 3.70 weight percent U-235. The analysis is performed with a PRA
diameter of 0.76 cm or linear density of 0.343 g/cm B4C per PRA.
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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 15x15 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-Proprietary Information Withheld

Pursuant to 10 CFR 2.390. and demonstrates that the effect is statistically insignificant although this represents
the highest calculated ksfor 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. For the transportation of 25 individual fuel rods, HAC is not evaluated. 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 15x15 Mark B 11 fuel assembly from Table 6.10.4-9
(Case ID P BOI 1), eight PRAs are added to the system. Additionally, the most reactive CE
16xl6 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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The most reactive configuration results from the PWR fuel assembly under HAC. In HAC, it has
been shown that the WE 14x14 class assemblies are the most reactive. However, the CE 15xl5
Assembly Class accepts only 1 PRA and would result in a higher k,. The CE 16x16 Assembly
Class with five PRAs is added for completeness in this result, although, without control
components, the WE 14x14 Assembly Class remains the most reactive. For BWR fuel, the Allis
Chalmers - LaCrosse assemblies are the most reactive.

6.10.4.5 Evaluation of Package Arrays under Normal Conditions of Transport

6.10.4.5.1 Configuration

Consistent with the PWR NCT results in Table 6.10.4-8, B&W 15x15 Mark B II fuel is used in
the PWR NCT array calculations. For the package arrays under NCT, only PWR and BWR fuel
assembly transport was considered because transport of 25 fuel rods will be bounded by the
assembly transport conditions. Since CSI is 100, an array of three casks is modeled, as shown in
Figure 6.10.4-8, and the gap between them is filled with water or air. The water density was
varied between 0.01 and 100 percent. The PWR results are presented in Table 6.10.4-23 without
PRAs. Because PRAs are not included in this step, the results exceed the USL. The BWR fuel,
NCT array configuration is similar to that of PWR fuels. Consistent with the BWR NCT results
in Table 6.10.4-15, the most reactive BWR assembly of all types, Allis Chalmers - LaCrosse, is
selected as the design basis BWR fuel.

6.10.4.5.2 Results

The results show that for an external moderator density (EMD) or density of water located
between the casks of 0.01 percent, the most reactive configuration under NCT exists. This
configuration will be subcritical and under the USL with five PRAs located in the prescribed
locations of the CE 16x16 assembly class, one (1) PRA for the CE 15x15 class, and eight (8)
PRAs for the remaining fuel classes. The resulting PWR reactivity for the NCT array with PRAs
is presented in Table 6.10.4-24. For BWR fuel, the most reactive fuel assembly, the Allis
Chalmers LaCrosse fuel assembly, is used to perform the 3-array NCT analysis. As shown in
Table 6.10.4-25, the system remains subcritical.
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6.10.4.6 Package Arrays under Hypothetical Accident Conditions

Because the CSI = 100, no HAC array cases are performed.

Revision 0, 05/11
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6.10.4.7 Fissile Material Packages for Air Transport

This section does not apply.

Revision 0, 05/11
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6.10.4.8 Benchmark Evaluations

In this calculation, the Upper Subcritical Limit (USL) for use in the criticality analysis of the
TN-LC-IFA system is determined. The USL is expressed as a function of the geometrical and
material composition characteristics of the TN-LC-1FA.

The SCALE 6 program [1] is used to perform KENO V.a. keff calculations for the critical
experiments. In the KENO V.a. calculation, the 44 group ENDF/B-V cross section library and
the NITAWL option are used.

The USLSTATS 6 program [2] is used to evaluate the USL functions with the USL method 1 [3].

6.10.4.8.1 Applicability of Benchmark Experiments

The parameters of USL functions are U-235 enrichment, energy of average lethargy of fission
(EALF), H20/UO2 volume ratio, and fuel rod pitch.

The criticality benchmark analysis uses 118 LWR critical experiments provided by Oak Ridge
National Laboratory (ORNL) [3], and 32 MOX experiments obtained from [4, 5]. All 150
experiments are selected for developing H20/UO2 USL function. The volume ratio in the 150
experiments ranges from 0.3830 to 10.750. All 150 experiments are selected for developing
lethargy USL function. The lethargy in the 150 experiments ranges from 0.0826 and 1.4006 eV.
All 150 experiments are selected for developing pitch USL function. The pitch in the
experiments ranges from 1.105 to 3.5204 cm. For U-235 enrichment, all 150 experiments are
used for developing enrichment USL function. The range of enrichment in the 150 experiments
is between 2.35 and 5.74 wt. percent. All 32 experiments are selected for developing the MOX
USL functions. The PUO2 enrichment ranges from 2.0 to 6.60 wt. percent.

6.10.4.8.2 Bias Determination

The USLSTATS inputs are prepared in accordance to User's Manual for USLSTATS V1.0 [2].
The input consists of a title and seven (7) parameters followed by a set of triplets; USL
parameter value, keff and its standard deviation.

The parameter input values are described below:

o P= 0.995

This input is the proportion of population falling above lower tolerance level. The typical value
is 0.995. It is a statistical parameter that isused only in the USL Method 2.

•1 -y = 0.95

This input is the confidence level.

* a= 0.95

This input represents the confidence on the proportion P. The typical value is 0.95.

* XM1NIMUM = 0.0
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The lower limit of the parameter input value. The value of 0.0 indicates that no lower limit is
imposed on the input values.

0 XMAXIMUM = 0.0

The upper limit of the parameter input value. The value of 0.0 indicates that no upper limit is
imposed on the input values.

* GSAMPLE less or greater than 0.0

It is the standard deviation for all keff values. The value of less than 0.0 indicates that each kefr

has its own standard deviation.

* AkM = 0.05

It is the administrative margin.

The SCALE6 runs for the 150 critical experiments are performed such that their keff satisfy the X2

test for the normality at either 95% or 99% level. The SCALE6 calculation results (kerr, a, and
EALF) along with the critical experiment parameters are listed in Table 6.10.4-27. The keff and
standard deviation are needed for the USLSTATS6 calculations.

The USL functions are developed for five USL parameters: U-235 enrichment in wt. percent,
PUO2 content, the fuel rod pitch in cm, the H20/U0 2 volume ratio, and the energy of average
lethargy of fission. The selection of the experiments is made in accordance with each parameter.
Allfive USLSTATS6 runs meet the normality test. In selecting the USL, as shown in Table
6.10.4-29, the lowest USL value is selected. For the parameters of interest the results are
summarized below:

" U-235 Enrichment in wt. percent - The data tests normal.

* PU02 Content - The data tests normal.

" Fuel Rod Pitch - The data tests normal.

• H20/U02 Volume Ratio - The data tests normal.

• Energy of average lethargy offission (EALF) - The data tests normal.

The USL 1 functional forms with their applicable range are given in Table 6.10.4-28. From
these equations, limiting USL values are determined in Table 6.10.4-29 for each of the
parameters examined. The limiting USL of 0.9420 is used in the criticality analysis.
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6.10.4.9 Appendix

6.10.4.9.1 References

1. SCALE: A Modular Code System for Performing Standardized Computer Analyses for
Licensing Evaluations, ORNL/TM-2005/39, Version 6, Vols. 1-III, January 2009.

2. USLSTATS: A Utility to Calculate Upper Subcritical Limits for Criticality Safety
Applications, Version 6, Oak Ridge National Laboratory, January 2009.
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December 2006.

4. DeHart, M.D. and S. M. Bowman "Analysis of Fresh Fuel Critical Experiments
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Table 6.10.4-1
Summary of Criticality Evaluation

Description k, USL

ormal Conditions of Transport: PWR fuel

Single Package Maximum 0.8895 0.9420

3 Package Array Maximum 0.9047 0.9420
,ormal Conditions of Transport: BWR fuel

Single Package Maximum 0.7806 0.9420

3 Package Maximum 0.8202 0.9420
lypothetical Accident Conditions: PWR fuel

Single Package Maximum = 0.9418 0.9420

Infinite Array Maximum 0.9418 0.9420

ypothetical Accident Conditions: BWR fuel

Single Package Maximum 0.8118 0.9420

Infinite Array Maximum 0.8118 0.9420

qormal Conditions of Transport:25 Pin Can

Single Package PWR 0.3782 0.9420

Single Package BWR 0.3865 0.9420

Single Package MOX 0.5210 0.9420
Single Package EPR 0.3616 0.9420
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Table 6.10.4-2
PWR Fuel Assembly Parameters

(Part 1 of 3)

Proprietary Information Withheld Pursuant to 10 CFR 2.390.
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Table 6.10.4-2
PWR Fuel Assembly Parameters

(Part 2 of 3)

Proprietary Information Withheld Pursuant to 10 CFR 2.390.
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Table 6.10.4-2
PWR Fuel Assembly Parameters

(Part 3 of 3)
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Table 6.10.4-3
BWR Fuel Assembly Parameters

(Part 1 of 2)

Proprietary Information Withheld Pursuant to 10 CFR 2.390.
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Table 6.10.4-3
BWR Fuel Assembly Parameters

(Part 2 of 2)
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TN-LC-0100 6.10.4-28
TN-LC-0100 6.10.4-28



TN-LC Transportation Package Safety Analysis Report Revision 0, 05111

Table 6.10.4-4
Parameters Used for MOX Fuel Rods

Value
Parameter Inches cm

Active Length 145.7 370.0
Pellets Diameter 0.33 0.8382
Clad OD 0.38 0.9652
Clad Thickness 0.02 0.0508

Max Density of Oxide 10.96 gm/cm3

Max U-235 0.7 wt.%
Isotopic Vector for Pu Vector
Max. Plutonium wt. %
Pu/(U+Pu)to0  6.0, 8.0, 10.2
Pu-240 wt. % - Pu-240/Putota 5.0
Pu-239 wt. % - Pu-239/Pu10 ,al 94.0
Pu-241 wt. % - Pu-24 I /Puto0ta 1.0

Table 6.10.4-5
Parameters Used for EPR and Generic Fuel Rods
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Table 6.10.4-6
Cask Dimensions for Modeling

Proprietary Information Withheld Pursuant to 10 CFR 2.3 90.

Table 6.10.4-7
Materials Modeled

MIX ID Material Type

I U0 2 Fuel
2 Zircalloy 4 Cladding

3, 5, 10, 13 Water
4 Stainless Steel

6 PRA Material

8 Aluminum
9 Poison Material

11 Lead Shield

TN-LC-0100 
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Table 6.10.4-8
Most Reactive PWR Fuel

(Part 1 of 2)

Normal Conditions of Transport

I Case ID L Manufacturer Arrav Version k.w k.

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

WE 17x!7 LOPAR 0.9875 0.0009 0.9893

WE 17x17 OFA/Van 5 0.9982 0.0009 1.0000

Framatome 17x17 MK BW 0.9915 0.0009 0.9934

WE 17x17 RFA 0.9875 0.0010 0.9893

WE 17x17 RFA .0.9810 0.0010 0.9830

CE 16x16 System 80 0.9719 0.0009 0.9737

CE 16x16 Standard 0.9674 0.0009 0.9691

B&W 15x15 Mark B2 - B8 0.9916 0.0010 0.9936

B&W 15x15 Mark B9 0.9889 0.0009 0.9906

B&W 15x15 Mark BI0 0.9908 0.0009 0.9925

B&W 15x15 Mark B11 0.9995 0.0009 1.0014

B&W 17x17 Mark C 0.9893 0.0009 0.9911

CE 15x15 Palisades 0.9573 0.0009 0.9591

Exxon/ANF 0.9504

(ANP) 15x15 CE 0.0009 0.9522

Exxon/ANF
(ANP) 15x15 WE 0.9853 0.0009 0.9870

WE 15x15 Std/ZC 0.9938 0.0010 0.9958

LOPAR/OFA/
WE 15x15 DRFA/Van 5 0.9702 0.0008 0.9719

CE 14x14 Std/Gen 0.9644 0.0009 0.9662

CE 14x14 Ft. Calhoun 0.9635 0.0010 0.9655

Framatome 14x14 CE 0.9684 0.0009 0.9702

Exxon/ANF
(ANP) 14x14 WE 0.9526 0.0009 0.9544

Exxon/ANF
(ANP) 14x14 Top rod 0.9525 0.0009 0.9543

Std/LOPAR/ 0.0009

WE 14x14 ZCA/ZCB 0.9581 0.9599

WE 14x14 OFA 0.9641 0.0009 0.9660
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Table 6.10.4-8
Most Reactive PWR Fuel

(Part 2 of 2)

Hypothetical Accident Conditions

I Case ID I Manufacturer Arrav Version kI- ltx k-
Array Version lii IL+ -'-- 4 4 -~--- 4 + -i----

WE 17x17 LOPAR 1.0153 1 0.0009 1 1.0171

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

WE 17x17 OFA/Van 5 1.0211 0.0009 1.0229

Framatome 17x17 MK BW 1.0198 0.0009 1.0215

WE 17x17 RFA 1.0153 0.0009 1.0171

WE 17x17 RFA 1.0115 0.0009 1.0133

CE 16x16 System 80 1.0170 0.0010 1.0190

CE 16x16 Standard 1.0154 0.0009 1.0172
Mark B2 -

B&W 15x15 B8 1.0131 0.0008 1.0147

B&W 15x15 Mark B9 1.0110 0.0008 1.0126

B&W 15x15 MarkB1O 1.0130 0.0009 1.0148

B&W 15xl5 Mark BI1 1.0200 0.0009 1.0218

B&W 17x17 Mark C 1.0109 0.0009 1.0127

CE 15x15 Palisades 1.0028 0.0008 1.0045

Exxon/ANF
(ANP) 15x15 CE 0.9984 0.0009 1.0002

Exxon/ANF
(ANP) 15x15 WE 1.0147 0.0009 1.0165

WE 15x15 Std/ZC 1.0213 0.0008 1.0229

LOPAR/OFA
WE 15x15 /DRFAIVan 5 0.9983 0.0010 1.0002

CE 14x14 Std/Gen 1.0065 0.0009 1.0083

CE 14x14 Ft. Calhoun 1.0064 0.0010 1.0084

Framatome 14x14 CE 1.0099 0.0008 1.0115

Exxon/ANF
(ANP) 14x14 WE 1.0168 0.0008 1.0185

Exxon/ANF
(ANP) 14x14 Top rod 1.0179 0.0009 1.0197

Std/LOPAR/
WE 14x14 ZCA/ZCB 1.0276 0.0009 1.0294

WE 14x14 OFA 1.0234 0.0009 1.0252
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Table 6.'10.4-9
Internal Moderator Density Variation Results - PWR Fuels

Case ID Description k, If la
B&W 15x15 MARK BlI

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.396.

0.01 1MD 0.2078 0.0004 0.2086

10 IMD 0.2943 0.0004 0.2952

20 IMD 0.4183 0.0006 0.4195

30 IMD 0.5352 0.0007 0.5365

40 IMD 0.6372 0.0008 0.6388
50 IMD 0.7257 0.0009 0.7276

60 IMD 0.7990 0.0009 0.8008

70 IMD 0.8600 0.0009 0.8618
80 IMD 0.9150 0.0009 0.9167
90 IMD 0.9622 0.0009 0.9639

100 IMD 0.9995 0.0009 1.0014

WE 14x14 Std/LOPAR/ZCA/ZCB
•0.01 IMD 0.1923 0.0004 0.1931

10 IMD 0.2870 0.0004 0.2879
20 IMD 0.4281 0.0006 0.4293

30 IMD 0.5559 0.0007 0.5574

40 IMD 0.6659 0.0009 0.6676
50 IMD 0.7581 0.0008 0.7597

60 IMD 0.8314 0.0008 0.8330

70 IMD 0.8944 0.0008 0.8960

80 IMD 0.9477 0.0008 0.9494

90 IMD 0.9928 0.0009 0.9946

100 IMD 1.0276 0.0009 1.0294

TN- LC-0 100 6.10.4-33
TN-LC-0100 6.10.4-33



TN .LC Transportation Package Safety Analysis Report Revision 0, 05111
TN-LC Transportation Package Safety Analysis Report Revision 0, 05/11

Table 6.10.4-10
Assembly Positioning - PWR Fuels

Case ID Description ke. I la k
Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

I Bottom Center 1 0.9988 1 0.0010 1 1.0008 1
Central 0.9999 0.0009 1.0016
Left Comer 0.9955 0.0009 0.9972

Table 6.10.4-11
Dimension Variation Study - PWR Fuels

I Case ID Description I ke, I la k,

Proprietary Vary Poison Plate Thickness

Information pp-0.20 in, comp-1.00 in 1.0022 0.0009 1.0040

Withheld pp-0.30 in, comp-1.00 in 0.9998 0.0010 1.0018
Pursuant to 10 1 ary Compartment Thickness - poison plate 0.20"
CFR 2.390. pp-0.20in, comp-0.95 in 1.0007 0.0009 1.0025

pp-0.20in, comp-1.05 in 1.0015 0.0009 1.0033

Table 6.10.4-12
Rod Pitch Variation - PWR Fuels

I Case ID

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

I Pitch k.rr Icr k.
0.559 0.9627 0.0009 0.9646
0.582 0.9896 0.0010 0.9915

0.605 1.0092 0.0009 1.0110

0.627 1.0250 0.0009 1.0269

0.634 1.0290 0.0010 1.0310
0.650 1.0331 0.0009 1.0349
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Table 6.10.4-13

Single-Ended Shear Analysis - PWR Fuels

Separation
Case ID Distance (in) keff 1• k,

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

BW15x15Bll

0.000 0.9924 0.0009 0.9942

0.165 0.9979 0.0009 0.9996
0.330 1.0030 0.0010 1.0049

0.494 1.0057 0.0008 1.0074
0.659 1.0053 0.0009 1.0072

0.494 - Shifted Up 1.0050 0.0010 1.0070

0.659 - Shifted Up 1.0042 0.0008 1.0059
WE 14x14 Std/LOPAR/ZCA/ZCB

0.000 0.9422 0.0009 0.9440
0.340 0.9580 0.0009 0.9598
0.680 0.9678 0.0009 0.9696
1.019 0.9678 0.0009 0.9696
1.360 0.9588 0.0009 0.9605

Table 6.10.4-14
Double-Ended Shear Analysis - PWR Fuels

Separation
Case ID Distance (in) keff la k,

BW 15x15Bll

0.000 1.0016 0.0009 1.0033
Proprietary 0.122 1.0049 0.0009 1.0067
Information 01109 .9 i6
Withheld 0.243 1.0070 0.0008 1.0087

Pursuant to 10 0.243 - Shifted Up 1.0079 0.0009 1.0097
CFR 2.390. WE 14x14 Std/LOPAR/ZCA/ZCB

0.000 0.9568 0.0010 0.9587
0.470 0.9774 0.0009 0.9791
0.940 0.9776 0.0010 0.9796
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Table 6.10.4-15
Most Reactive BWR Fuel in Each Fuel Category

Case ID IManufacturer I Version I I la I

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

7 x 7 array

GE GEl, 2, 3 -0.7168 0.0009 0.7185
Exxon/ANF ENC 111-A 0.7118 0.0009 0.7136
Exxon/ANF ENC III 0.7092 0.0009 0.7110

8 x 8 array

GE GE4 0.7126 0.0008 0.7143
GE Group 1 0.7240 0.0009 0.7258
GE Group 1 0.7240 0.0009 0.7258

GE Group 2 0.7268 0.0010 0.7288
ENC Va and

Exxon/ANF Vb 0.6951 0.0009 0.6969
Framatome ANP 8x8-62/2 0.7173 0.0008 0.7189

9 x 9 arrayGE GEll/13 0.7222 0.0009 0.7240
Framatome ANP Group 0.7215 0.0009 0.7232

ABB-8-1,2,
ABB SVEA -64 0.7070 0.0009 0.7088

Siemens QFA 0.7258 0.0008 0.7275
10 x 10 arra

GE GE12/14 0.7248 0.0008 0.7264
ATRIUM 10,
ATRIUM

Framatome-ANP 10XM 0.7222 0.0010 0.7242
ABB-10-1,2,

ABB SVEA-92 0.7219 0.0009 0.7237
ABB-10-3,4,

ABB SVEA-96 0.7018 0.0009 0.7036
ABB-10-5,6,

ABB SVEA-100 0.6911 0.0009 0.6929
OPTIMA,

ABB OPTIMA 2 0.7154 0.0009 0.7172

10 x 10 array - Lacrosse

Allis Chalmers LaCrosse 0.7691 0.0009 0.7709

lExxon/ANF LaCrosse 0.7570 0.0009 0.7588

Note: Poison plate thickness is 0.20 in. with B-10 areal density of 15 mg/cm 2.
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Table 6.10.4-16
Dimension Variation Study - BWR Fuels

Case ID IDescription ke.f I l I ks
Poison Thickness: 0.20in, PWR Comp. Thickness: 1.00in, Gap:

0.1 25in

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

7x7 0.7258 0.0008 0.7275

8x8 Group 1 0.7331 0.0009 0.7348
8x8 Group 2 0.7323 0.0009 0.7342

9x9 0.7346 0.0009 0.7363

1OxlO 0.7314 0.0008 0.7330
Allis Chalmers 0.7788 0.0009 0.7806

Exxon!ANF-LaCrosse 0.7664 0.0009 0.7682

TN-LC-0l00 
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Table 6.10.4-17
Rod Pitch Variation - BWR Fuels

(Part 1 of 2)

CaseID Pitch I keff Il k

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

7x7 Array Assembi Group
0.563 0.5488 0.0008 0.5503

0.597 0.5880 0.0008 0.5895

0.632 0.6232 0.0009 0.6250

0.666 0.6624 0.0010 0.6643
0.700 0.6939 0.0009 0.6957

0.738 0.7271 0.0009 0.7288
0.769 0.7488 0.0009 0.7505

0.803 0.7696 0.0009 0.7713

0.838 0.7863 0.0009 0.7880

0.872 0.7964 0.0008 0.7980
0.906 0.8025 0.0009 0.8043

8x8 Array Assembiy Group

0.483 0.5541 0.0008 0.5556

0.514 0.5919 0.0009 0.5937
0.544 0.6331 0.0009 0.6349

0.575 0.6673 0.0008 0.6690
0.605 0.7012 0.0009 0.7031
0.640 0.7349 0.0009 0.7368
0.666 0.7544 0.0009 0.7561

0.697 0.7741 0.0009 0.7758
0.727 0.7906 0.0009 0.7924

0.758 0.7980 0.0009 0.7998

0.788 0.8028 0.0010 0.8047

9x9 Array Assembly Group
0.433 0.5828 0.0008 0.5844

0.459 0.6168 0.0008 0.6184
0.486 0.6524 0.0008 0.6541

0.512 0.6812 0.0008 0.6829
0.538 0.7084 0.0009 0.7102

0.569 0.7346 0.0009 0.7363
0.591 0.7489 0.0009 0.7507

0.617 0.7631 0.0010 0.7650

0.643 0.7700 0.0008 0.7717
0.670 0.7729 0.0009 0.7747

0.696 0.7685 0.0008 0.7702

TN-LC-0100 
6.10.4-38
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Table 6.10.4-17
Rod Pitch Variation - BWR Fuels

(Part 2 of 2)

I Case ID I Pitch I 1y k.

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

1OxlO Array Assembly Group
0.404 0.5840 0.0008 0.5856
0.426 0.6183 0.0008 0.6199
0.448 0.6502 0.0008 0.6518
0.469 0.6803 0.0010 0.6823
0.491 0.7084 0.0010 0.7104
0.513 0.7346 0.0009 0.7364
0.535 0.7542 0.0009 0.7560
0.556 0.7724 0.0009 0.7742
0.578 0.7854 0.0009 0.7872
0.600 0.7947 0.0008 0.7963
0.622 0.7969 0.0009 0.7987

LaCkosse - Allis Chalmers Assemblv Tvye

0.396 0.5485 1 0.0007 0.5500

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

0.419 0.5844 0.0009 0.5861
0.464 0.6558 0.0008 0.6574
0.487 0.6865 0.0008 0.6882

0.509 0.7181 0.0009 0.7198

0.532 0.7454 0.0009 0.7471
0.555 0.7679 0.0009 0.7697
0.565 0.7752 0.0008 0.7768
0.577 0.7867 0.0010 0.7886

0.600 0.8014 0.0009 0.8032
0.623 0.8099 0.0009 0.8118

LaCrosse - Exxon/ANF
0.394 0.5477 0.0008 0.5492

0.417 0.5835 0.0008 0.5851
0.440 0.6196 0.0008 0.6212

0.463 0.6540 0.0009 0.6558
0.486 0.6873 0.0010 0.6892
0.508 0.7177 0.0009 0.7195

0.531 0.7445 0.0010 0.7465
0.557 0.7703 0.0008 0.7720

0.577 0.7852 0.0009 0.7870
0.600 0.8011 0.0009 0.8029

0.623 0.8093 0.0010 0.8113
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Table 6.10.4-18
25 Pin Can Analyses

Case ID Description I knf [ l y k,
BW15: Mark Bll 0.3770 0.0006 0.3782

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

EPR 0.3604 0.0006 0.3616
Allis Chalmers: LaCrosse 0.3653 0.0007 0.3667

MOX - 10.2 % Pu 0.5194 0.0008 0.5210
MOX - 6.0 % Pu 0.4648 0.0007 0.4662

MOX - 8.0 % Pu 0.4957 0.0007 0.4971
Siemens: QFA 0.3851 0.0007 0.3865

U0 2  0.3495 0.0006 0.3507
WE14: Std/LOPAR/ ZCA/ZCB 0.3827 0.0006 0.3839

Table 6.10.4-19
Possible PRA Configuration for WE 14x14 Class Assemblies

Case ID Description k.r, I la I k. I
I I I - I

Proprietary
Infornation
Withheld
Pursuant to 10
CFR 2.390.

Configuration 1 0.9090 0.0009 0.9108
Configuration 2 0.9086 0.0009 0.9104

TN-LC-0100 6.10.4-40
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Table 6.10.4-20
Evaluation of Effects due to PRA Clad Variation, Single Package

Case ID Description keff lcr k

BW 15x15 Fuel Assembly - Single Package NCT, 5 PRAs

Case I - PRA Clad: solid zirc 0.9110 0.0008 0.9126
Case 2 - PRA Clad: zirc-with gap 0.9111 0.0010 0.9131
Case 3 - PRA Clad: ss304-with gap 0.9128 0.0009 0.9146

Proprietary CE 15x15 Palisade Fuel Assembly HAC, 1 PRA
Information Case 1 - PRA Clad: solid zirc 0.9295 0.0008 0.9311
Withheld Case 2 - PRA Clad: zirc-with gap 0.9294 0.0008 0.9310
Pursuant to 10 Case 3 - PRA Clad: ss304-with gap 0.9270 0.0009 0.9288
CFR 2.390. Exxon/ANP 15x15 CE Fuel Assembly HAC, I PRA

Case 1 - PRA Clad: solid zirc 0.9235 0.0008 0.9251
Case 2 - PRA Clad: zirc-with gap 0.9231 0.0009 0.9249
Case 3 - PRA Clad: ss304-with gap 0.9254 0.0010 0.9274

WE 14x14 Fuel Assembly HAC, 6 PRAs
Case I - PRA Clad: solid zirc 0.9316 0.0009 0.9334
Case 2 - PRA Clad: zirc-with gap 0.9353 0.0010 0.9373
Case 3 - PRA Clad: ss304-with gap 0.9350 0.0008 0.9366

Table 6.10.4-21
Design Basis PRA Configuration for Various PWR Assemblies, HAC Single Package

Case ID I Description I kff Ila k,
BW 15x15, 8 PRAs 0.8914 0.0010 0.8934

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

CE 15x15,
1 PRA 0.9331 0.0010 0.9351
CE 16x16,
5 PRAs 0.9231 0.0009 0.9249
Framatome, CE,
14x14,5 PRAs 0.9243 0.0009 0.9261
BW I7xl7,
8 PRAs 0.9225 0.0008 0.9241
Framatome, MK
BW 17x17, 8 PRAs 0.9127 0.0009 0.9145
WE 15x15,
8 PRAs 0.9119 0.0009 0.9137
WE 17x17,
8 PRAs 0.9168 0.0009 0.9186

CE 15xl5, I PRA-
Poison Plate Bolt
Holes 0.9348 0.009 1 0.9366
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Table 6.10.4-22

NCT and HAC Results for Single Package Transport

Case ID Description I k I Iy kNormal Conditions of Transport: PWR fuel
Single Package Maximum, 8
PRAs 0.8596 0.0008 0.8612

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

Single Package Maximum, 1
PRAj 0.8875 0.0010 0.8895
Single Package Maximum, 5
PRAs 0.8724 0.0009 0.8742

Normal Conditions of Transport: BWR fuel

Single Package Maximum 10.77881 0.0009 0.7806
Hypothetical Accident Conditions: PWR fuel

Single Package Maximum I0.9379 0.0010 0.9399
Hypothetical Accident Conditions: BWR fuel

Single Package Maximum I0.80991 0.0009 0.8118
Normal Conditions of Transport: 25 Pin Can

Single Package Maximum 1 0.5194 [ 0.0008 0.5210

Table 6.10.4-23
NCT Package Array Results at Varying External Moderator Density - PWR Fuels (no PRAs)

I Case ID Description la
AIR 1.0172 0.0009 1.0190

Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

0.01% EMD 1.0177 0.0009 1.0195
10%EMD 1.0116 0.0009 1.0133

20%EMD 1.0092 0.0010 1.0112

30%EMD 1.0092 0.0009 1.0110

40%EMD 1.0079 0.0010 1.0098
50%EMD 1.0073 0.0010 1.0093

60% EMD 1.0077 0.0009 1.0095

70% EMD 1.0063 0.0009 1.0080

80% EMD 1.0061 0.0009 1.0079
90% EMD 1.0044 0.0009 1.0063
100%EMD 1.0049 0.0009 1.0067
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Table 6.10.4-24
NCT Package Array Results with PRAs for the Most Reactive PWR Configuration

Case ID Description keff I a ký
Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

13 Array. CE 15x15. 1 PRA 1 0.9029 10.0009 1 0.9047 1
3 Array, CE 16x16, 5 PRAs 0.8867 0.0010 0.8887 1IA~ay, BW 15x15, 8 PRAs 0.8925 0.0009 0.8943

Table 6.10.4-25
NCT Package Array Results at Varying External Moderator Density - BWR Fuels

Case ID Description [ k, I Icy k_
Proprietary
Information
Withheld
Pursuant to 10
CFR 2.390.

0.01% EMD 0.8184 0.0009 0.8202
10%EMD 0.8175 0.0009 0.8193
20%EMD 0.8157 0.0009 0.8174

30%EMD 0.8146 0.0009 0.8163
40%EMD 0.8155 0.0009 0.8173
50% EMD 0.8146 0.0009 0.8164
60%EMD 0.8131 0.0009 0.8148
70%EMD 0.8144 0.0008 0.8161
80%EMD 0.8132 0.0009 0.8151
90%EMD 0.8129 0.0009 0.8146
100%EMD 0.8130 0.0010 0.8150
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Table 6.10.4-26
Summary of PRA Requirements Under all Conditions of Transport for PWR Fuel Assembly

Classes

Minimum Max U-235
Number of Diameter of B4C Content Enrichment

Assembly Class PRAs PRAs (cm) (g/cm) (wt %)
WE 17x17 8 0.88 0.613 5.00
CE 16x16 5 1.02 0.824 5.00
BW 15x15 8 0.88 0.613 5.00
CE 15x15 1 0.76 0.475 3.70
WE 15x15 8 0.88 0.613 5.00
CE 14x14 5 1.02 0.824 5.00
WE 14x14 8 0.88 0.613 5.00
BW 17x17 8 0.76 0.475 5.00
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Table 6.10.4-27
Criticality Experiment Benchmark Results

(Part I of 4)

Fuel
U-235 Rod H2 0/U0 2  Boron Separation

Experiment Enrichment Pitch in Volume Loading Distance in EALF
ID in wt%/o cm Ratio in PPM cm PUO 2  in eV KEFFECTIVE G

b1645sol 2.46 1.41 1.015 1068 1.78 - 0.4088 0.9958 0.0009

b1645so2 2.46 1.41 1.015 1156 1.78 - 0.4159 0.9999 0.0009

bwl23lbl 4.02 1.511 1.139 1152 - - 0.73 0.9953 0.0008

bw1231b2 4.02 1.511 1.139 3389 - 1.1985 0.9961 0.0007

bw1273m 2.46 1.511 1.376 1675 - - 0.5209 0.9952 0.0007

bw1484al 2.46 1.636 1.841 15 1.64 - 0.1952 0.9975 0.0008

bwl484a2 2.46 1.636 1.841 72 4.92 - 0.153 0.9922 0.0008

bwl484bl 2.46 1.636 1.841 1037 - - 0.2498 0.9982 0.0008

bw1484b2 2.46 1.636 1.841 769 1.64 - 0.1924 0.9964 0.0008

bwl484b3 2.46 1.636 1.841 143 4.92 - 0.1481 0.997 0.0007

bw1484cl 2.46 1.636 1.841 - 1.64 - 0.1901 0.9924 0.0009

bw1484c2 2.46 1.636 1.841 - 1.64 - 0.1486 0.9951 0.0009

bwl484s1 2.46 1.636 1.841 432 1.64 0.1968 0.9987 0.0007

bwl484s2 2.46 1.636 1.841 514 1.64 - 0.1933 0.9991 0.0008

bw1484sl 2.46 1.636 1.841 - 6.54 - 0.1387 0.9954 0.0009

bwl645s1 2.46 1.209 0.383 746 1.78 - 1.3362 0.9981 0.0008

bwl645s2 2.46 1.209 0.383 886 1.78 - 1.4006 1.0018 0.0007

bwl8lOa 2.46 1.636 1.841 1239 - - 0.2478 0.999 0.0006

bwl8lOb 2.46 1.636 1.841 1170 - 0.2463 0.9991 0.0006

bwl8lOc 2.46 1.636 1.841 1499 - - 0.3321 0.9984 0.0008

bwl8IOd 2.46 1.636 1.841 1654 0.18973 - 0.3386 0.9963 0.0008

bwl8lOe 2.46 1.636 1.841 1579 - - 0.3319 0.9982 0.0008

bwl8lOf 2.46 1.636 1.841 1337 - 0.2463 1.0034 0.0008

bwl8lOg 2.46 1.636 1.841 1776 - 0.3581 0.9977 0.0007

bw8l10h 2.46 1.636 1.841 1899 0.3585 0.9993 0.0008

bwl8lOi 2.46 1.636 1.841 1250 0.2471 1.0017 0.0007

bwl8lOj 2.46 1.636 1.532 1635 0.3343 0.9991 0.0008

epru65b 2.35 1.562 1.196 463 0.319 0.9986 0.001

epru65 2.35 1.562 1.196 - 0.2571 0.9966 0.001

epru75b 2.35 1.905 2.408 568 0.1421 0.9992 0.001

epru75 2.35 1.905 2.408 - - 0.1 131 0.9966 0.0008

epru87b 2.35 2.21 3.687 286 - 0.093 0.9999 0.0007

epru87 2.35 2.21 3.687 - 0.0826 0.9983 0.0008

nse7lsq 4.74 1.26 1.823 - 0.2465 0.9999 0.001

nse7lwl 4.74 1.26 1.823 - 0.2243 0.9989 0.001

nse7lw2 4.74 1.26 1.823 - 0.1916 0.9979 0.001
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Table 6.10.4-27
Criticality Experiment Benchmark Results

(Part 2 of 4)

Fuel
U-235 Rod H20/U0 2  Boron Separation

Experiment Enrichment Pitch Volume Loading Distance in EALF
ID in wt% in cm Ratio in PPM cm PUO2  in eV KEFFECTIVE

p2438ba 2.35 2.032 2.918 - 5.05 0.098 0.9972 0.0009
p2438slg 2.35 2.032 2.918 - 8.39 0.0957 0.996 0.0008

p2438ss 2.35 2.032 2.918 - 6.88 0.0963 0.9969 0.0008

p2438zr 2.35 2.032 2.918 - 8.79 0.0955 0.9958 0.0007

p2615ba 4.31 2.54 3.883 - 6.72 - 0.1155 0.9973 0.001

p2615ss 4.31 2.54 3.883 - 8.58 - 0.1143 0.9991 0.0009
p2615zr 4.31 2.54 3.883 - 10.92 - 0.1139 0.9996 0.001

p282 711  2.35 2.032 2.918 - 13.72 - 0.0972 1.0014 0.0007
p282 712  2.35 2.032 2.918 - 11.25 - 0.0948 0.9991 0.0008
p282 713  4.31 2.54 3.883 - 20.78 - 0.1169 1.01 0.0009
p282714 4.31 2.54 3.883 - 19.04 - 0.1151 1.0075 0.0008

p2827slg 2.35 2.032 2.918 - 8.31 - 0.0949 0.9957 0.001
p3314ba 4.31 1.892 1.6 - 4.8 - 0.3252 1.0007 0.0009

p3314bc 4.31 1.892 1.6 - 3.53 - 0.3188 1.0004 0.001
p3314bfl 4.31 1.892 1.6 - 3.6 - 0.3158 1.0027 0.0009

p3314bf2 4.31 1.892 1.6 - 4.94 - 0.3197 1.0024 0.001

p3314bsl 2.35 1.684 1.6 - 3.86 - 0.1746 0.9952 0.0009

p3314bs2 2.35 1.684 1.6 - 3.46 - 0.176 0.9936 0.0008
p3314bs3 4.31 1.892 1.6 - 7.23 - 0.2941 0.9979 0.0011

p3314bs4 4.31 1.892 1.6 - 6.63 - 0.298 0.9996 0.0009

p3314slg 4.31 1.892 1.6 - 10.86 - 0.2337 0.9974 0.0009

p3 3 14ssl 4.31 1.892 1.6 - 3.38 - 0.2372 0.9988 0.0009

p3314ss2 4.31 1.892 1.6 - 11.55 - 0.2568 1.0018 0.0009

p3314ss3 4.31 1.892 1.6 - 4.47 - 0.2436 0.9985 0.001
p3314ss4 4.31 1.892 1.6 - 8.36 - 0.2572 0.9969 0.0009

p3314ss5 2.35 1.684 1.6 - 7.8 - 0.168 0.9957 0.0011
p3314ss6 4.31 1.892 1.6 - 10.52 - 0.2819 1.0009 0.0009

p3314wl 4.31 1.892 1.6 - - - 0.1996 1.001 0.0009

p3314w2 2.35 1.684 1.6 - - - 0.1501 0.9974 0.0008

p3314zr 4.31 1.892 1.6 - 2.83 - 0.2397 1.0004 0.0009

p3602bb 4.31 1.892 1.6 8.3 - 0.3056 1.003 0.0009

p3602bsl 2.35 1.684 1.6 4.8 - 0.1785 1.0003 0.0008
p3602bs2 4.31 1.892 1.6 9.83 - 0.3026 1.0035 0.0011

p3602nl1 2.35 1.684 1.6 - 8.98 - 0.1795 1.0029 0.001

p3602n12 2.35 1.684 1.6 - 9.58 - 0.1739 1.0039 0.0009
p3602n13 2.35 1.684 1.6 - 9.66 0.1672 1.0006 0.0009

p3602n14 2.35 1.684 1.6 - 8.54 0.1617 0.9987 0.0009
p3602n21 2.35 2.032 2.918 - 10.36 0.0957 0.9997 0.0009
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Table 6.10.4-27
Criticality Experiment Benchmark Results

(Part 3 of 4)

U-235 H2 0/UO2  Boron Separation
Experiment Enrichment Fuel Rod Volume Loading Distance in EALF

ID in wt% Pitch in cm Ratio in PPM cm PUO2  in eV KEFFECTIVE a

p3602n22 2.35 1.892 2.918 - 11.2 0.0983 1.0016 0.0009

p3602n31 4.31 1.892 1.6 - 14.87 0.3169 1.0083 0.001

p3602n32 4.31 1.892 1.6 - 15.74 0.3042 1.0069 0.0009

p3602n33 4.31 1.892 1.6 - 15.87 0.2945 1.0064 0.001

p3602n34 4.31 1.892 1.6 - 15.84 0.2871 1.0045 0.001

p3602n35 4.31 1.892 1.6 - 15.45 0.2819 1.0049 0.0009

p3602n36 4.31 2.54 1.6 - 13.82 0.2761 1.0021 0.0009

p3602n41 4.31 2.54 3.883 - 12.89 0.1237 1.0126 0.0009

p3602n42 4.31 2.54 3.883 - 14.12 0.1168 1.0098 0.0008

p3602n43 4.31 1.684 3.883 - 12.44 0.114 1.0038 0.0008

p3602ssl 2.35 1.684 1.6 - 8.28 0.1718 1.0011 0.0008

p3602ss2 4.31 1.892 1.6 - 13.75 - 0.2937 1.0039 0.001

p3 9 2 6 11  2.35 1.684 1.6 - 10.06 0.1741 1.0003 0.0008

p3 9 2 6 12  2.35 1.684 1.6 - 10.11 - 0.1676 1 0.0007

p3 9 2 6 13  2.35 1.684 1.6 - 8.5 - 0.1601 0.9977 0.0008

p392614 4.31 1.892 1.6 - 17.74 - 0.3045 1.0069 0.0009

p392615 4.31 1.892 1.6 - 18.18 - 0.2951 1.0058 0.0009

p392616 4.31 1.892 1.6 - 17.43 - 0.2837 1.0024 0.0009

p3926sll 2.35 1.684 1.6 - 6.59 - 0.1597 0.9945 0.0008

p3926s12 4.31 1.892 1.6 - 12.97 - 0.278 1 0.0009

p4267bl 4.31 1.89 1.59 2150 - - 0.5539 0.9969 0.0008

p4267b2 4.31 1.89 1.59 2550 - - 0.6135 1.0022 0.001

p4267b3 4.31 1.715 1.09 1030 - 0.7892 1.0042 0.0009

p4267b4 4.31 1.715 1.09 1820 - 0.9554 0.9987 0.0009

p4267b5 4.31 1.715 1.09 2550 - 1.1237 1.0005 0.0008
p4267sll 4.31 1.89 1.59 - - 0.2894 1.001 0.001

p4267s12 4.31 1.715 1.09 - - 0.5452 0.9989 0.0009

p62ft231 4.31 1.891 1.6 - 5.67 0.3636 1.0026 0.0009

p71MO4f3 4.31 1.891 1.6 - 5.19 0.3796 1.0002 0.0009

p71f14v3 4.31 1.891 1.6 - 5.19 0.3677 0.9988 0.0009

p71 f14v5 4.31 1.891 1.6 - 5.19 " 0.3707 0.9989 0.0009

p71f214r 4.31 1.891 1.6 - 5.19 0.3673 0.9975 0.0009

pat8011 4.74 1.6 3.807 - 2 0.1486 1.0008 0.0009

pat8012 4.74 1.6 3.807 - 2 0.1438 0.9964 0.0009

pat80ssI 4.74 1.6 3.807 - 2 - 0.1506 0.9992 0.0009

pat80ss2 4.74 1.6 3.807 - 2 - 0.1442 0.9941 0.0009

w3269a 5.7 1.422 1.93 - - - 0.3093 0.9967 0.001

w3269c 3.7 1.105 1.432 - 0.268 0.9978 0.0009

w3269sll* 2.72 1.524 1.494 - 0_3281 -0.9954 0.0010
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Table 6.10.4-27

Criticality Experiment Benchmark Results

(Part 4 of 4)

U-235 H20/UO2  Boron Separation
Enrichment Fuel Rod Volume Loading Distance in EALF

Experiment ID in wt% Pitch in cm Ratio in PPM cm PUO 2  in eV KEFFECTIVE

w3269s12 5.7 1.422 1.932 - - - 0.3179 1.0038 0.0009

w3269wl 2.72 1.524 1.494 - - - 0.3112 0.9975 0.0009

w3269w2 5.7 1.422 1.932 - - - 0.3063 1.001 0.001

w3385sll 5.74 1.422 1.933 - - - 0.2983 0.9965 0.001

w3385s12 5.74 2.011 5.067 - - - 0.1031 1.0019 0.0009

epri70un 0.71 1.778 1.2000 - - 2 0.56944 0.99937 0.00078

epri70b 0.71 1.778 1.2000 - - 2 0.76425 0.99967 0.00094

epri87b 0.71 2.2098 1.5300 - - 2 0.27909 1.00765 0.00073

epri99un 0.71 2.5146 3.6400 - - 2 0.13497 1.00879 0.00086

epri99b 0.71 2.5146 3.6400 - - 2 0.18214 1.00823 0.00070

saxton52 0.71 1.3208 1.6800 6.6 0.88355 0.99856 0.00094

saxton56 0.71 1.4224 2.1600 6.6 0.53825 0.99948 0.00098

saxton56b 0.71 1.4224 2.1600 - 6.6 0.64213 1.00008 0.00092

saxtn735 0.71 1.8669 4.7000 6.6 0.18694 1.00090 0.00100

saxtn792 0.71 2.01168 5.6700 6.6 0.15417 1.00270 0.00100

saxtnl04 0.71 2.6416 10.7500 - - 6.6 0.09961 1.00523 0.00089

mct-007-cOl 0.72 2.3622 2.4878 - - 2 0.19439 1.00202 0.00036

mct-007-c02 0.72 2.667 3.5152 - - 2 0.13932 0.99888 0.00038

mct-007-c03 0.72 2.90322 4.3970 - - 2 0.11753 1.00152 0.00031

mct-007-c04 0.72 3.3528 6.2819 - - 2 0.09532 1.00192 0.00035

mct-007-c05 0.72 3.52044 7.0541 - - 2 0.09052 1.00099 0.00032

mct-007-c06-A 1 0.72 2.667 3.5152 - - 2 0.13823 0.99687 0.00038

mct-007-c07-B 1 0.72 2.667 3.5152 - 2 0.13988 0.99383 0.00034

mct-007-c08-B2 0.72 2.667 3.5152 - 2 0.13935 0.99521 0.00034

mct-007-c09-B3 0.72 2.667 3.5152 - 2 0.13909 0.99611 0.00036

mct-007-clO-B4 0.72 2.667 3.5152 - 2 0.13864 0.99619 0.00033

mct-008-cOl 0.72 2.032 1.5154 - 2 0.39526 0.99309 0.00026

mct-008-c02 0.72 2.3622 2.4878 - 2 0.19679 0.99665 0.00025

mct-008-c03 0.72 2.667 3.5152 - 2 0.13996 0.99825 0.00026

mct-008-c04 0.72 2.90322 4.3970 - 2 0.11796 1.002 0.00026

mct-008-cO5 0.72 3.3528 6.2819 - 2 0.09557 1.00415 0.00025

mct-008-c06 0.72 3.52044 7.0541 - 2 0.09046 1.00379 0.00024

mct-008-c07-AI 0.72 2.667 3.5152 - 2 0.13920 0.99896 0.00027

mct-008-cl3-B4 0.72 2.667 3.5152 2 0.13940 0.99619 0.00026

mct-008-cl4-B3 0.72 2.667 3.5152 2 0.13988 0.99607 0.00026

mct-008-cl5-B2 0.72 2.667 3.5152 2 0.14014 0.99555 0.00028

mct-008-cl6-B1 0.72 2.667 3.5152 12 0.14040 0.99464 0.00026

Correlation 0.20 0.23 0.19 0.11 0.70 0.16 0.02 1 1 1
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Table 6.10.4-28
USL Functions

Parameter Applicable Range USL Function

EALF in eV [0.0826, 1.4006 0.9430 - 3.6859E-05*X

Boron Loading in PPM [15, 3389] 0.9431 + 3.5320E-07*X

0.9402 + 5.7045E-04*X X < 7.7875

Separation Distance in cm [0.18973, 20.78] 0.9446 X > 7.7875

0.9419 -# 4.9961E-04*X X < 3.4323

U-235 Enrichment in wt% [2.3500, 5.7400] 0.9437 X > 3.4323

0.9415 + 5.1558E-04*X X < 2.9015

H20/UO2 Volume Ratio [0.3830, 10.750 ] 0.9430 X > 2.9015
0.9397 + 1.8566E-03*X X < 2.0761

Pitch in cm [1.1050 , 3.5204] 0.9435 X > 2.0761

0.9411+3.6394E-04*X X < 3.4172

PUO2 [2.0, 6.6] 0.9423 X >3.4172

Table 6.10.4-29
USL Determination for Criticality Analysis

Value From Limiting
Parameter Analysis Bounding USL

EALF in eV 0.4210 0.9430
U-235 Enrichment in wt% 2.00 0.9429

H20/UO2 Volume Ratio 1.52(') 0.9423

PUO2  6.00 0.9423

Pitch in cm 1.2598(2) 0.9420

Notes:

(1) Framatome 9x9 from Table 6.10.4-3.

(2) WE 17x17 from Table 6.10.4-2.

TN-LC-0 100 
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Table 6.10.4-30
Parameters for ABB Assemblies for Shipment

Part (1 of 2)

Active Fuel Number of Fuel
Manufacturer Arra Version Rod pery Length (in) Assembly

SVEA-96
ABB 4x(5x5-1) SVEA-96+/L 151 96

4x(5x5-3)/
ABB 4x(5x5-1) SVEA 960pt 151 96 (64+12/4/8/8)

4x(5x5-4)/
4x(5x5-2)/

ABB 4x(5x5-1) SVEA 960p2 151 96 (64+12/4/8/8)

Table 6.10.4-30.
Parameters for ABB Assemblies for Shipment

Part (2 of 2)

Clad
Version Pitch (in) Fuel Pellet OD (in) Clad OD (in) Thickness

(in)
SVEA-96

SVEA-96+/L 0.488 0.323 0.378 0.0228

SVEA 960pt 0.500/0.496/0.502 0.346/0.323 0.406/0.379 0.0230

SVEA 96Op2 0.512/0.496/0.484 0.334 0.387 0.0240

TN-LC-O 100 6.10. 4-49a
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Table 6.10.4-31
Windows XP - Linux Benchmark

Case ID Description

A SOO] WindowsXP
A SOO-1 LINUX

I

±
keff

0.9348

0.9329

I-
t

i0"
0.0009

0.0009

ks

0.9366

0.9347

TN-LC-0 100 6.10. 4-49b
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Table 6.10.4-32
Missing Rod Evaluation

(Part 1 of 4)

Case ID Description keff 1o- ks
WE 17xl7 Fuel

P MOO] minus 0 0.9156 0.0009 0.9174
P M002 minus 2 0.9186 0.0009 0.9204

P M003 minus 4 0.9155 0.0009 0.9173

P M004 minus 6 0.9166 0.0009 0.9184

P M005 minus 8 0.9154 0.0009 0.9172

P M006 minus 10 0.9149 0.0009 0.9167

P M007 minus 12 0.9163 0.0009 0.9181

P M008 minus 14 0.9129 0.0010 0.9149

P M009 minus 16 0.9142 0.0009 0.9160

P MO0O minus 18 0.9148 0.0010 0.9168
P MO]] minus 20 0.9157 0.0010 0.9177

CE 15 x 15 Fuel

P M912 minus 0 0.9329 0.0009 0.9347

P M913 minus 2 0.9338 0.0008 0.9354

P M014 minus 4 0.9339 0.0009 0.9357

P M915 minus 6 0.9361 0.0009 0.9379

P M016 minus 8 0.9369 0.0009 0.9387

P M017 minus 10 0.9369 0.0010 0.9389

P M018 minus 12 0.9370 0.0009 0.9388

P M919 minus 14 0.9366 0.0009 0.9384

P M020 minus 16 0.9370 0.0010 0.9390

P M021 minus 18 0.9328 0.0009 0.9346
P M022 minus 20 0.9346 0.0009 0.9364

BW15 15 Fuel

P M023 minus 0 0.9010 0.0008 0.9026

P M024 minus 2 0.8989 0.0010 0.9009

P M025 minus 4 0.8995 0.0009 0.9013

P M026 minus 6 0.9009 0.0008 0.9025

P M02 7 minus 8 0.8986 0.0009 0.9004
P M028 minus 10. 0.9017 0.0010 0.9037

P M029 minus 12 0.8984 0.0009 0.9002

P M030 minus 14 0.9008 0.0008 0.9024
P M031 minus 16 0.8982 0.0009 0.9000
P M032 minus 18 0.8974 0.0008 0.8990

P M033 minus 20 0.8980 0.0009 0.8998

Revision 2, 05/12
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Table 6.10.4-32
Missing Rod Evaluation

(Part 2 of 4)

Revision 2, 05112

Case ID Description keff 1]a k
WIE 14x14 Fuel

P M056 minus 0 0.9075 0.0008 0.9091
P M057 minus 2 0.9068 0.0009 0.9086

P M058 minus 4 0.9074 0.0009 0.9092

P M059 minus 6 0.9039 0.0009 0.9057

P M060 minus 8 0.9038 0.0008 0.9054

P M061 minus 10 0.9027 0.0010 0.9047

P M062 minus 12 0.8995 0.0009 0.9013

P M063 minus 14 0.8962 0.0010 0.8982

P M064 minus 16 0.8946 0.0009 0.8964

P M065 minus 18 0.8946 0.0009 0.8964

P M066 minus 20 0.8931 0.0009 0.8949

B W 17xl 7 Fuel
P M067 minus 0 0.9244 0.0008 0.9260

P M068 minus 2 0.9265 0.0009 0.9283

P M069 minus 4 0.9261 0.0009 0.9279

P MO70 minus 6 0.9274 0.0009 0.9292

P M071 minus 8 0.9217 0.0009 0.9235
P M072 minus 10 0.9265 0.0009. 0.9283

P M073 minus 12 0.9261 0.0009 0.9279

P M074 minus 14 0.9264 0.0009 0.9282
P M075 minus 16 0.9235 0.0009 0.9253

P M076 minus 18 0.9275 0.0010 0.9295

P M077 minus 20 0.9272 0.0009 0.9290

TN-LC-O 100 6.10. 4-49d



TN-LC Transportation Package Safety Analysis Report

Table 6.10.4-32
Missing Rod Evaluation

(Part 3 of 4)

Case ID Description keff l u ks

CE 14x14 Fuel
P M078 minus 0 0.9251 0.0008 0.9267
P M079 minus 2 0.9241 0.0010 0.9261
P M080 minus 4 0.9220 0.0009 0.9238
P M081 minus 6 0.9162 0.0009 0.9180

P M082 minus 8 0.9224 0.0010 0.9244
P M083 minus 10 0.9201 0.0008 0.9217

P M084 minus 12 0.9200 0.0009 0.9218
P M085 minus 14 0.9195 0.0009 0.9213
P M086 minus 16 0.9177 0.0009 0.9195
P M087 minus 18 0.9179 0.0009 0.9197

P M088 minus 20 0.9146 0.0009 0.9164

WE 15x15 Fuel
P M089 minus 0 0.9110 0.0010 0.9130
P M090 minus 2 0.9117 0.0010 0.9137

P M091 minus 4 0.9135 0.0010 0.9155
P M092 minus 6 0.9134 0.0009 0.9152
P M093 minus 8 0.9113 0.0009 0.9131
P M094 minus 10 0.9121 0.0009 0.9139
P M095 minus 12 0.9102 0.0009 0.9120

P M096 minus 14 0.9110 0.0010 0.9130
P M097 minus 16 0.9090 0.0009 0.9108
P M098 minus 18 0.9094 0.0009 0.9112
P M099 minus 20 0.9097 0.0010 0.9117

Revision 2, 05112
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Table 6.10.4-32
Missing Rod Evaluation

(Part 4 of 4)

Case ID Description keff I cr k,
CE 16xl6 Fuel

P M100 minus 0 0.9233 0.0009 0.9251

P M101 minus 2 0.9230 0.0009 0.9248

P M102 minus 4 0.9219 0.0010 0.9239

P M103 minus 6 0.9234 0.0009 0.9252
P M104 minus 8 0.9256 0.0009 0.9274

P M105 minus 10 0.9240 0.0009 0.9258

P M106 minus 12 0.9230 0.0010 0.9250

P M107 minus 14 0.9240 0.0010 0.9260

P M108 minus l6 0.9206 0.0009 0.9224

P M109 minus 18 0.9226 0.0009 0.9244

P MllO minus 20 0.9231 0.0009 0.9249

TN-LC-0 100 6 104-49f
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Table 6.10.4-33
6" Bare Rod Evaluation

Case ID Description keff la k,
P NO01 CE l6x16 0.9257 0.0009 0.9275

P N002 BW15x15 0.9000 0.0009 0.9018

P N003 WE 15x15 0.9139 0.0009 0.9157

P N004 WE 17x17 0.9162 0.0008 0.9178

P NO05 CE 14x14 0.9240 0.0009 0.9258

P N006 BW17x17 0.9271 0.0008 0.9287
P N007 WE 14x14 0.9060 0.0009 0.9078

P N008 CEJ1x15 0.93 79 0.0010 0.9399

TN-LC-O 100 6.10. 4-49g
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Table 6.10.4-34
ABB Fuel Evaluation

Case ID Description keff 1 o- ks

Most Reactive Fuel Evaluation

B FOOl SVEA-96 0.7319 0.0008 0.7335

SVEA 960pt
B F002 Parameter Set 1 0.7346 0.0009 0.7364

SVEA 960pt
B F003 Parameter Set 2 0.7456 0.0009 0.7474

B F004 SVEA 96 0p 2  0.7491 0.0009 , 0.7509

Most Reactive Channel Evaluation SVEA 9 6Op2

B FO05 CW- 0.025" 0.7352 0.0009 0.7370

B F006 CW- 0.080" 0.7209 0.0009 0.7227

B F007 CW- 0.120" 0.7106 0.0010 0.7126
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D

E
B

Label Description Material

A Rail Aluminum 6061
Poison Plate (highlighted in Boron Enriched Aluminum Alloy/

B blue in Figure 6.10.4-2) Metal Matrix Composite/Natural
Boron Aluminum

C PWR fuel Compartment SA-204 Type 304
D BWR fuel Compartment SA-204 Type 304
E 25 Pin Can SA-204 Type 304

Figure 6.10.4-1
IFA Basket with All Functional Components
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Aluminum
Rail

Stainless Steel
Top Frame

AV Poison Plate

Figure 6.10.4-2
PWR Compartment Components

TN-LC-0l0O 6.10.4-51
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6

I.

0

L.J.
L.J
-J

Figure 6.10.4-3
BWR Compartment Sleeve and Hold-Down Ring

TN-LC-0 100 6.10.4-52
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OF 0 0 1

0

0I

0 Pin Can Side
Wall

0

-7-
0 / 0 'A

Stainless Steel
Tubes

Figure 6.10.4-4
25 Pin Can and Fuel Rod Tubes
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Figure 6.10.4-5
Radial and Axial Cross Sections of the IFA Basket KENO Model
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Figure 6.10.4-6
TN-LC 1 FA Basket KENO Model
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BWR PWR

Figure 6.10.4-7
BWR and PWR Fuel Models

TN-LC-0 100 6.10.4-56
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Figure 6.10.4-8
Array of Casks for NCT Analysis
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(a) Single Shear Model (b) Rod Pitch Variation Model

(c) Double Shear Model

Figure 6.10.4-9
Damaged Fuel Models

TN-LC-O 100 6.10.4-58
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Figure 6.10.4-10
25 Pin Can Model with PWR Fuel

TN-LC-0100 6.10.4-59
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Figure 6.10.4-11
Assembly Positioning
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Figure 6.10.4-12
PRA Locations for PWR Fuel Requiring 5 PRAs
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Configuration I Configuration 2

Figure 6.10.4-13
Possible PRA Configuration for WE 14x 14 and WE 15xl 5 Class Assemblies -NCT and HAC
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Hold Down
Ring

B-AO05

BA005-I

BWR
CompartmentI,ft

Figure 6.10.4-14
BWR Modeling Cases to Assess Hold Down Ring Effects
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Configuration 3 Configuration 4

Figure 6.10.4-15
PRA Configuration for BW 15x15, BW 17x17 and WE 17x17 Class Fuel Assemblies

- NCT and HAC
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Figure 6.10.4-16
KENO Model of the Most Reactive Case with Poison Plate Bolt Holes
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Chapter 7
Package Operations

NOTE: References in this Chapter are shown as [1], [2], etc., and refer to the reference list in
Section 7.5. A glossary of terms used in this Chapter is provided in Section 7.6.

This Chapter contains TN-LC cask loading and unloading procedures that are intended to show
the general approach to cask operational activities. The procedures in this chapter are intended
to show the types of operations that will be performed and are not intended to be limiting. Site-
specific conditions and requirements may require the use of different equipment and ordering of
steps to accomplish the same objectives or to meet acceptance criteria to ensure the integrity of
the package.

A separate operations manual (OM) will be prepared for the TN-LC cask to describe the
operational steps in greater detail. The OM, along with the information in this chapter, will be
used to prepare the site-specific procedures that will address the particular operational
considerations related to the cask.

7.1 TN-LC Package Loading

The use of the TN-LC cask to transport fuel offsite involves (1) preparation of the empty cask for
use; (2) verification that the fuel assemblies or fuel rods to be loaded in the TN-LC cask with the
appropriate fuel-specific basket meet the criteria set forth in this document; (3) installation of a
basket into the cask; and (4) loading fuel or placing loaded fuel buckets or pin cans in an empty
TN-LC cask with the appropriate fuel-specific basket.

Offsite transport involves (1) preparation of the loaded cask for transport; (2) assembly
verification leakage-rate testing of the package containment boundary; (3) placement of the cask
onto a transportation vehicle; (4) installation of the impact limiters and (5) closure of the
transportation container.

During shipment, the package contains any one of the TN-LC basket designs with its authorized
contents as described in Chapter 1, Appendices 1.4.2 through 1.4.5. Procedures are provided in
this section for (1) transport of the cask directly from a site spent fuel pool and (2) transport of
the cask directly from a site hot cell. Appendix 7.7 contains a sub-appendix for each basket
design detailing its loading procedures.

7.1.1 TN-LC Cask Preparation for Loading

Procedures for preparing the cask for use after receipt at the loading site are provided in this
section and are applicable for shipment of casks loaded with any one of the basket designs and
its respective approved contents.

1. Upon arrival of the empty TN-LC Package at the receiving site, perform receipt
inspection. Inspect for damage, verify tamper-indicating seal is intact and perforriz-- -

radiation survey.

2. Open the transport container, and remove the empty TN-LC package.
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3. Remove the tamper-indicating seals.

4. Remove the impact limiters from the cask.

5. Prior to removing the lid, sample the cask cavity atmosphere.

6. Remove the skid tie-down assembly.

7. Take contamination smears on the outside surfaces of the cask. If necessary,
decontaminate the cask.

8. 0-ring seals shall be discarded after each use.

9. Remove the trunnion and pocket trunnion plugs.

10. Install the two lifting trunnions in place of the front trunnions plugs. Install the trunnion
bolts and torque them to 400-450 ft-lbs following the torquing sequence shown in Figure
7-1.

11. For the specific payload to be transported as part of the TN-LC package, verify that the
basket type (TN-LC-NRUX, TN-LC-MTR, TN-LC-TRIGA, or TN-LC-1FA) and spacers,
if required, are appropriate for the fuel to be transported.

12. The candidate intact fuel assemblies/elements or fuel rods to be transported in a specific
basket must be evaluated to verify that they meet the fuel qualification requirements of the
applicable fuel specification as listed in Table 7-1.

7.1.2 TN-LC Cask Wet Loading

NOTE: The wet loading procedure described in this section is applicable only when using the
TN-LC cask for loading fuel from a fuel pool into any one of the baskets listed in Chapter 1,
Table 1-2.

Site-specific conditions or procedures may require the use of different equipment and ordering of
steps than those described below to accomplish the same objectives or to meet acceptance
criteria which ensure the integrity of the package.

1. Prior to being placed in service, the cask is to be cleaned or decontaminated, as necessary.

2. Remove the bottom plug assembly, inspect the sealing surfaces, replace the old seals with
new seals, lubricate and reinstall the bottom plug assembly (Chapter 1, Appendix 1.4.1,
drawing 65200-71-01), torquing the bolts to 40-48 ft-lbs. The option 2 bottom plug
assembly MUST only be used when the TN-LC-1FA basket with the 25 pin can is
employed.

3. Engage the cask trunnions with the cask lifting yoke.

4. Rotate the cask to a vertical orientation, lift the cask, and place the cask in the designated
preparation area.
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NOTE: Alternatively, the cask may be lifted in a horizontal orientation and placed on an
onsite transfer trailer or upending frame; or the cask/transportation skid may be lifted
together and placed in the appropriate location.

5. Install the shear key plug assembly and the pocket trunnion plugs.

6. If the cask lid has not already been removed, remove the bolts from the lid and lift the lid
from the cask.

7. Depending on the basket design being loaded, verify that a cask spacer of appropriate
height is placed at the bottom of the cask cavity and/or bolted to the underside of the lid.

8. Insert the basket appropriate for the fuel to be transported into the cask, as listed in Table
7-2.

Notes:

" Install a bottom spacer in the basket if required by Chapter 1, Appendix 1.4.1 basket
drawings.

* If loading a BWR fuel assembly in a TN-LC- 1FA basket, place a BWR sleeve with a
BWR hold down ring in the basket as shown in drawing 65200-71-96.

" If loading fuel rods in a TN-LC-1FA basket, place a 25 pin can inside the BWR sleeve
with a hold down ring in the basket as shown in drawing 65200-71-102.

9. Fill the cask cavity with fuel pool water.

10. Lift the cask and position it over the cask loading area of the fuel pool.

11. Lower the cask into the fuel pool.

12. Place the cask in the fuel pool cask loading area.

13. Disengage the lifting yoke from the cask trunnions and move the yoke clear of the cask.

14. The operations for loading fuel into a specific basket type are described in detail in
Appendices 7.7.1 through 7.7.4 as listed in Table 7-2.

15. Lower the lid into place

16. Visually verify that the lid is properly seated in the cask.

17. Raise the cask to the pool surface using the cask trunnions and the lifting yoke.

18. Verify that the lid is properly seated on the cask. If not, l6W&r th6 cask-and eposition the
lid. Repeat the above steps as necessary.

19. Continue to raise the cask from the pool until the top region of the cask is accessible.
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20. Perform a radiological survey of the cask as it is raised out of the pool.

21. Install at least two lid bolts hand tight.

22. When the cask drain plug is accessible, open the drain plug and drain the cavity until no
appreciable water is noted. Optionally, the cavity may be drained after securing the cask
in the site work area. For loading a PWR/BWR fuel assembly, consistent with NUREG-
1536 [6] guidance, helium at 1-3 psig is used to backfill the cask cavity with an inert gas
(helium) as water is being removed from the cask cavity.

23. Move the cask to the site designated preparation area and secure the cask, as required.

The cask is now ready to be prepared for downending as described in Section 7.1.2.1 below.

7.1.2.1 Preparing the TN-LC Cask for Downending

1. Discard the drain port seal, and install a new drain port seal. Torque the drain port plug to
60-70 ft-lbs and install the drain port plug cover.

2. Verify the lid O-ring seals are new.

3. Install the cask lid. Follow the torquing sequence shown in Figure 7-1, torque the lid bolts
to 400-450 ft-lbs.

4. Discard cavity test port seal, and install new cavity test port seal.

CAUTION: During vacuum pump system operation, personnel should be in the area of loading
operations, or in nearby low dose areas, in order to take proper action in the event of a
malfunction.

5. Using the vacuum pump system, evacuate the cask cavity to 3 torr or less to ensure that

the cask cavity has no free standing water and is essentially dry.

6. Backfill with helium to 2.5 + psig.

7. Perform the assembly verification leakage test following the procedure given in Section
7.4.1.

7.1.2.2 TN-LC Cask Downending

NOTE: Alternate procedures may be developed for plants with unique requirements.

1. Remove the shear key plug assembly and the pocket trunnion plugs from the cask.

2. Lift the cask over the transportation skid.

3. Lower and rotate the cask from vertical to horizontal and secure it to the skid.

4. Prepare the cask for transportation in accordance with the procedure described in Section
7.1.4.
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7.1.3 TN-LC Cask Dry Loading

NOTE: The dry loading procedure described in this section is applicable only when using the
TN-LC cask for loading fuel from a hot cell into any one of the baskets listed in Chapter 1, Table
1-2.

The procedure for loading the cask from a hot cell is highly dependent on the design of the
facility. The procedure described below is intended to show the type of operations that will be
performed and is not intended to be limiting. Site-specific conditions or procedures may require
the use of different equipment and ordering of steps than those described below to accomplish
the same objectives or to meet acceptance criteria which must be met to ensure the integrity of
the package.

Steps 1 through 8 for preparation of the TN-LC cask for dry loading are the same as those
described above in Section 7.1.2, TN-LC Cask Wet Loading.

1. Place the cask in the location of the hot cell designated as the cask loading area or mate
the cask opening with the hot cell portal. Note that this may require downending the cask
into a horizontal orientation.

2. If the cask lid has not already been removed, remove the bolts from the lid and, using
appropriate slings and/or the cask yoke with appropriate slings, lift the lid from the cask.

3. Disengage the lifting yoke or other lifting device from the trunnions and move the yoke clear
of the cask.

4. The operations for loading fuel into a specific basket type are described in detail in
Appendices 7.7.1 through 7.7.4 as listed in Table 7-2.

5. Install the lid on the cask. Verify that the lid is properly seated in the cask. If not,
reposition the lid.

6. Install and torque the lid bolts to 400-450 ft-lbs following the torquing sequence shown in
Figure 7-1.

7. Remove the loaded cask from the hot cell or disengage it from the hot cell portal. Perform

a radiological survey of the cask as it is removed.

8. Move the cask to the site designated preparation area and secure the cask, as required.

The cask is now ready to be prepared for downending as described in section 7.1.2.1 above.

7.1.4 TN-LC Cask Preparation for Transport

Once the TN-LC cask has been loaded using either the wet loading procedure described in ..... _
Section 7.1.2 or the dry loading procedure described in Section 7.1.3 above, the following tasks
are performed to prepare the cask for transportation. The cask is assumed to be seated
horizontally on the transportation skid. Alternate procedures may be developed for plants with
unique requirements.
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1. Verify that the cask surface removable contamination levels meet the requirements of
49CFR173.443 [2] and 1OCFR71.87 [3].

2. Verify that the assembly verification leakage testing specified in Section 7.4.1 has been
performed.

7.1.4.1 Placing the TN-LC Cask onto the Conveyance

The procedure for placement of the cask on the conveyance is given in this section. If the cask is
on the transportation skid, but the skid is not on the conveyance, rig the cask/skid, lift and place
them onto the conveyance.

1. Install the transportation skid tie-down straps.

2. Install the pocket trunnion plugs.

3. Remove the two trunnions, and install the trunnion plugs.

4. Install the impact limiters on the cask, torqueing the attachment bolts to 330-375 ft-lbs.

5. Remove the impact limiter hoist rings and replace them with hex bolts.

6. Install the tamper-indicating seals.

7. Perform a final radiation survey to ensure the cask radiation levels do not exceed
49CFR173.441 [2] and 1OCFR71.47 [3] requirements.

8. Place the TN-LC Package in the shipping container.

9. Verify that the temperature on all accessible surfaces is < 1850 F.

10. Verify that placards, labels, markings and seals are in place and correct.

11. Close the transport container.

12. Prepare the final shipping documentation and release the TN-LC Package for shipment.
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7.2 TN-LC Package Unloading

Unloading the TN-LC Package after transport involves removing the cask from the conveyance
and removing the fuel from the cask. The cask is designed to allow the fuel to be unloaded from
the cask into a hot cell and provisions exist to allow wet unloading in a fuel pool. The necessary
procedures for these tasks are essentially the reverse of those described in Section 7.1.

7.2.1 Receipt of Loaded TN-LC Package from Carrier

Procedures for receiving the TN-LC Package after shipment are described in this section.
Procedures for preparing an empty package are provided in Section 7.1 .1.

1. Upon arrival of the loaded TN-LC Package at the receiving site, perform receipt
inspection. Inspect for damage, verify tamper-indicating seal is intact and perform
radiation survey.

2. Open the transport container, and remove the TN-LC package.

3. Remove the tamper-indicating seals.

4. Remove the hex bolts from the impact limiters and replace them with the impact limiter
hoist rings provided.

5. Remove the impact limiters from the cask.

6. Remove the transportation skid tie-down straps.

7. Prior to removing the lid, sample the cask cavity atmosphere

CAUTION: Check for the presence of damaged or oxidized fuel. This can be achieved byfirst
obtaining gas sample at the vent or siphon port fittings, which permits an evaluation of the
atmosphere within the cask cavity before removal of the cask lid.

If the cask has retained the helium atmosphere and no airborne radioactive particulates have
been detected, then operations may proceed normally with fuel removal. However, if air or
airborne radioactive particulates are present within the cask cavity, then appropriate filters
should be used to preclude the uncontrolled release of any potential airborne radioactive
particulate from the cask. This will protect both personnel and the operations area from
potential contamination. For the accident case, personnel protection in the form of respirators
or supplied air should be considered in accordance with licensee's Radiation Protection
Program.

8. Take contamination smears on the outside surfaces of the cask. If necessary,
decontaminate the cask.

9. Remove the pocket trunnion plugs and trunnion plugs.

10. Install the two trunnions in place of the trunnion plugs, torquing the trunnion bolts to 400-
450 ft-lbs in the sequence shown in Figure 7-1.
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11. Rotate the cask to a vertical orientation, lift the cask, and place the cask in the designated
location.

12. Install the shear key plug assembly and the pocket trunnion plugs.

13. Transfer the cask to the fuel pool or a hot cell interface and unload using the procedures
described in the following sections.
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7.2.2 Removal of Contents from TN-LC Cask

7.2.2.1 Unloading the TN-LC Cask in a Fuel Pool

The procedure for unloading the cask in a fuel pool is summarized in this section. Site-specific
conditions and requirements may require the use of different equipment and ordering of steps
than those descried below to accomplish the same objectives or to meet acceptance criteria to
ensure the integrity of the package.

1. Verify that the TN-LC cask receipt process in Section 7.2.1 has been completed.

2. Using the cask port tool, install a pressure gauge, isolation valve and vent line to the site
radwaste system on the vent port. Open the cask cavity vent to the site radwaste system
and sample the cask cavity atmosphere. Flush the cask cavity if necessary.

3. Remove the drain port plug and install an appropriate fitting in the drain port.
Alternatively, cask port tool may be used to perform flooding and draining activities.

4. Install a pressure gauge, isolation valve, check valve, and a supply of clean water to the
drain port/fitting.

5. Slowly feed water to enter the cask cavity.

6. Maintain the pressure in the cask cavity below 20 psig.

7. When the cask is filled with water, remove the vent and supply lines.

8. Loosen the lid bolts, leaving the threads engaged. Reverse the torquing sequence shown
in Figure 7-1.

9. Slowly lower the cask into the pool until the lid is just above the surface.

10. Remove the lid bolts and lower the cask to its unloading position in the pool.

11. Detach the yoke from the trunnions and lift the lid from the cask.

12. Follow the fuel-specific unloading procedure as listed in Table 7-3 and described in
Appendix 7.7.1 through 7.7.4.

13. Following removal of the fuel assemblies or fuel rods and lift the cask from the spent fuel
pool.

14. Open the drain and drain the pool water from the cavity. Continue draining the cavity
until no appreciable water is noted. Optionally, the cavity may be drained after securing
the cask body in the site work area.

15. Decontaminate the cask as necessary and replace the lid.

16. Move the cask to the site designated preparation area and secure the cask, as required.
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7.2.2.2 Unloading the TN-LC Cask to a Hot Cell

The procedure for unloading the cask to a hot cell is highly dependent on the design of the dry
cell. The procedure described below is intended to show the type of operations that will be
performed and is not intended to be limiting. Site-specific conditions and requirements may
require the use of different equipment and ordering of steps than those descried below to
accomplish the same objectives or acceptance criteria which must be met to ensure the integrity
of the package.

NOTE: See Section 7.2.2.3 for dry unloading of a 25 pin can.

1. Verify that the TN-LC cask receipt process in Section 7.2.1 has been completed.

2. Using the cask port tool, install a pressure gauge, isolation valve and vent line to the site
radwaste system on the vent port. Vent the cask cavity to the site radwaste system and
sample the cask cavity atmosphere. Flush the cavity gases if necessary.

3. Place the cask on a designated transfer cart if required.

4. Move the cask to the hot cell cask unloading area or mate the cask opening with the hot
cell portal.

5. Remove the lid from the cask. Reverse the torquing sequence shown in Figure 7-1.

6. Follow the specific unloading procedure as listed in Table 7-3 and described in
Appendices 7.7.1 through 7.7.4.

7. Retrieve the cask from the hot cell loading area and decontaminate the cask if necessary.

8. Move the cask to the site-designated preparation area and secure the cask, as required.

7.2.2.3 Horizontal Unloading of a 25 Pin Can from the TN-LC Cask

This procedure is for handling a TN-LC cask with a 25 pin can in a IFA basket at a facility with
a hot cell. The procedure described below is intended to show the type of operations that will be
performed and is not intended to be limiting. Site-specific conditions and requirements may
require the use of different equipment and ordering of steps than those descried below to
accomplish the same objectives or acceptance criteria which must be met to ensure the integrity
of the package.

1. Verify that the TN-LC cask receipt process in Section 7.2.1 has been completed.

2. Using the cask port tool, install a pressure gauge, isolation valve and vent line to the site
radwaste system on the vent port. Vent the cask cavity to the site radwaste system and
sample the cask cavity atmosphere. Flush the cavity gases if necessary.

3. Lift the cask and downend it to a horizontal position on an unloading cradle.

4. Move the cask to the hot cell and mate the cask to the hot cell.
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5. Remove the lid from the cask.

NOTE: Alternatively, the lid may be removed from the cask prior to mating the cask with the hot
cell portal, provided that shielding and personnel dose requirements are met.

6. Follow the specific unloading procedure as listed in Table 7-3 and described in
Appendices 7.7.1 through 7.7.4.

7. Replace the lid and disconnect the cask from the hot cell.

8. Decontaminate the cask if necessary.

9. Upend the cask and move it to the cask preparation area.
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7.3 Preparation of Empty Package for Transport

Previously used and empty TN-LC casks shall be prepared for transport in accordance with the
requirements of 49CFR173.427 [2].
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7.4 Other Operations

7.4.1 Assembly Verification Leakage Testing of the Containment Boundary

The procedure for leakage testing of the cask containment boundary prior to shipment is given in
this section. Assembly verification leakage testing shall conform to the requirements of ANSI
N14.5 [1] or ISO -12807 [5]. A flow chart of the assembly verification leakage testing is
provided in Figure 7-2. The order in which the leakage test of the various seals are performed
may vary. If more than one leakage detector is available, then more than one seal may be tested
at a time. Personnel performing the leakage testing shall be specifically trained in leakage
testing in accordance with SNT-TC-1A [4].

Vent Port Plug Seal Leakage Test

1. Remove the vent port plug cover. Install the cask port tool in the vent port.

2. Open the vent port plug.

3. Attach a suitable vacuum pump to the cask port tool.

4. Reduce the cask cavity pressure to below 1.0 psia.

5. Fill the cask cavity with helium to atmospheric pressure.

6. Close the vent port plug, torquing it to 60-70 ft-lbs.

7. Remove the helium-saturated cask port tool and install a clean (helium free) cask port tool.

8. Connect a mass spectrometer leak detector to the cask port tool.

9. Evacuate the vent port until the vacuum is sufficient to operate the leakage detection
equipment.

10. Perform the leakage test. If the leakage rate is greater than lxl0-7 ref cm 3/s, repair or
replace the vent port seal as required and retest.

NOTE: Upon removing the vent port plug and seal, it will be necessary to reduce the
cask cavity pressure below 1.0 psia and refill with helium through the vent port.

11. Remove the leakage detection equipment.

12. Remove the cask port tool and replace the vent port plug cover.

Lid O-ring Leakage Test

13. Remove the lid test port plug cover.

14. Install the cask port tool in the lid test port.

15. Open the lid test port plug.
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16. Connect the vacuum pump to the cask port tool.

17. Connect the leakage detector to the cask port tool.

18. Evacuate the lid test port until the vacuum is sufficient to operate the leakage detection
equipment per the manufacturer's recommendations. Perform a pressure rise leakage test
to confirm leakage rate past the outer seal is less than 7x1 0-7 ref cm 3/s.

19. Perform the helium leakage test. If the leakage rate is greater than lxl0-7 ref cm 3/s, repair
or replace the cask lid or the cask lid 0-ring seals as required and retest.

NOTE: Upon removing and reinstalling the cask lid, it will be necessary to reduce the
cask cavity pressure below 1.0 psia and refill with helium through the vent port. The vent
port assembly verification leakage test must also be redone as described above.

20. Remove the leakage detection equipment.

21. Close lid test port plug. Remove the cask port tool from the lid test port and replace the
lid test port plug cover.

Drain Port Plug Seal Leakage Test

22. Remove the cask drain port plug cover.

23. Verify that the cask drain port is closed and torqued to 60-70 ft-lbs.

24. Install the cask port tool in the cask drain port.

25. Connect the vacuum pump to the cask port tool.

26. Connect the leakage detector to the cask port tool.

27. Evacuate the drain port until the vacuum is sufficient to operate the leakage detection
equipment.

28. Perform the leakage test. If the leakage rate is greater than 1x10-7 ref cm 3/s, repair or
replace the drain port seal as required and retest.

NOTE: Upon removing the drain port plug and seal, it will be necessary to reduce the
cask cavity pressure below 1.0 psia and refill with helium through the vent port. The vent
port assembly verification test must also be redone as described above.

29. Remove the leakage detection equipment.

30. Remove the cask port tool from the cask drain port and replace the drain port plug cover.

Bottom Plug 0-ring Leakage Test

31. Remove the bottom test port plug cover.
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32. Install the cask port tool in the bottom test port.

33. Open the bottom test port plug.

34. Connect the vacuum pump to the cask port tool.

35. Connect the leakage detector to the cask port tool.

36. Evacuate the bottom test port until the vacuum is sufficient to operate the leakage
detection equipment per the manufacturer's recommendations. Perform a pressure rise
leakage test to confirm leakage rate past the outer seal is less than 7x10-7 ref cm 3 /s.

37. Perform the helium leakage test. If the leakage rate is greater than 1xl0-7 ref cm 3/s, repair
or replace the bottom plug or the bottom plug O-ring seals as required and retest.

NOTE: Upon removing and reinstalling the bottom plug, it will be necessary to reduce
the cask cavity pressure below 1.0 psia and refill with helium through the vent port. The
vent port assembly verification leakage test must also be redone as described above.

38. Remove the leakage detection equipment.

39. Close bottom test port plug. Remove the cask port tool from the bottom test port and
replace the bottom test port plug cover.

This concludes the assembly verification leakage test procedure.
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7.6 Glossary

The terms used in the above procedures are defined below.

cask lifting yoke: Passive lifting yoke used for vertical lifts and upending of the cask.

conveyance: Any suitable conveyance such as a railcar, heavy haul trailer, barge, ship, etc.

ram: rod with threaded end used to insert/withdraw 25 pin can to/from hot cell.
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7.7 Appendices

7.7.1 TN-LC-NRUX Basket Wet and Dry Loading and Unloading

7.7.2 TN-LC-MTR Basket Wet and Dry Loading and Unloading

7.7.3 TN-LC-TRIGA Basket Wet and Dry Loading and Unloading

7.7.4 TN-LC-1FA Wet and Dry Loading and Unloading
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Table 7-1
Applicable Fuel Specification for Various Fuel Types

Basket Design Applicable Fuel Specification from
Chapter 1

TN-LC-NRUX Table 1.4.2-1 and 1.4.2-2
TN-LC-MTR Table 1.4.3-1 thru Table 1.4.3-3
TN-LC-TRIGA Table 1.4.4.1 thru 1.4.4-5
TN-LC-IFA Table 1.4.5-1 thru 1.4.5-14

Table 7-2
Appendices Containing Loading Procedures for Various TN-LC Baskets

Bottom
Basket Type Subbasket Type Appendix Spacer

Required?
- 7.7.1, Sections Yes

- 7 . .1 , S e ct o n sY e s7.7.1.1-2
TN-LC-NRX - 7.7.1, Sections

7.7.1.1-2

T- 7.7.2, SectionsTN-LC-MTR__ 7.7.2.1-2 Yes
T-- 7.7.3, Sections Yes

7.7.3.1-2
1-PWR 7.7.4, SectionsYe

7.7.4.1-2 _ _ _ _ _ _

25 Pin Can 7.7.4, Sections No
7.7.4.1-2

Table 7-3
Unloading Procedures for Various TN-LC BasketsAppendices Containing

Basket Type Subbasket Type Appendix

TN-LC-NRUX 7.7.1, Sections 7.7.1.3-4
-- 7.7.1, Sections 7.7.1.3-4

TN-LC-MTR - 7.7.2, Sections 7.7.2.3-4
TN-LC-TRIGA - 7.7.3, Sections 7.7.3.3-4

1-PWR 7.7.4, Sections 7.7.4.3-4
TN-LC-IFA 1-BWR 7.7.4, Sections 7.7.4.3-4

25 pin can 7.7.4, Sections 7.7.4.3-4
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Figure 7-1
TN-LC Packaging Torquing Patterns
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Figure 7-2
Assembly Verification Leakage Test
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Appendix 7.7.1
TN-LC-NRUX Basket Wet and Dry Loading and Unloading
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Appendix 7.7.1
TN-LC-NRUX Basket Wet and Dry Loading and Unloading

NOTE: References in this Appendix are shown as [1], [2], etc., and refer to the reference list in
Section 7.5. A glossary of terms used in this Appendix is provided in Chapter 7, Section 7.6.

Site-specific conditions and requirements may require the use of different equipment and
ordering of steps than those described below to accomplish the same objectives or to meet
acceptance criteria to ensure the integrity of the package.

7.7.1.1 TN-LC-NRUX Basket Wet Loading

The starting condition for the following steps assumes completion of the cask preparation steps
in Section 7.1.1 and steps 1-14 of Section 7.1.2 of Chapter 7.

The wet loading procedure described in this section is applicable when loading NRU and/or
NRX fuel from a fuel pool into the TN-LC cask (containing a TN-LC-NRUX basket) which is
submerged in a fuel pool.

The procedure described below assumes that each of the two TN-LC-NRUX basket
subassemblies is loaded and staged prior to placement into the TN-LC cask. Alternately, the
subassemblies may be pre-placed in the TN-LC cask and loaded in situ.

Prior to the loading, verify that the TN-LC-NRUX basket is in place and that the basket spacer
plate has been bolted to the TN-LC lid.

1. Stage the empty TN-LC-NRUX basket subassemblies.

2. The potential for fuel misloading is essentially eliminated through the implementation of
procedural and administrative controls. The controls instituted to ensure that acceptable
spent fuel assemblies (SFA) are placed into the TN-LC cask will typically consist of the
following:

A cask loading plan is developed to verify that the candidate intact SFAs meet the
fuel qualification requirements of the applicable sections as listed in step 12 of
Section 7.1.1.

o The loading plan is independently verified and approved before fuel load.

A fuel movement schedule is then written, verified, and approved based on the
loading plan. All fuel movements from any storage cell location are performed under
strict compliance with the fuel movement schedule.

3. Prior to loading an SFA into a TN-LC-NRUX basket subassembly, the identity of the SFA
is to be verified by two individuals using a video camera or other means;- Read and record-
the identification number from the SFA and check this identification number against the
site loading plan which indicates which SFAs are acceptable for transport.

TN-LC-0 100 7.7.1-1
TN-LC-0100 7.7.1-1



TN-LC Transportation Package Safety Analysis Report Revision 0, 05111

4. Position the SFA for insertion into the selected TN-LC-NRUX subassembly compartment
and load the SFA. Repeat steps 2 and 3 for each SFA to be transported in the specific TN-
LC cask shipment. Record the compartment position of each SFA.

5. Use the TN-LC-NRUX basket subassembly lifting fixture to place the loaded TN-LC-
NRUX basket subassembly into the TN-LC-NRUX basket.

6. Install the TN-LC-NRUX basket subassembly top tube cap.

7. Repeat steps 4 through 6, for the second TN-LC-NRUX basket subassembly.

Following completion of above listed steps, the TN-LC-NRUX basket wet loading is continued in
step 15, Section 7.1.2 of Chapter 7.

TN-LC-0100 7.7.1-2



TN-LC Transportation Package Safety Analysis Report Revision 0, 05111

7.7.1.2 TN-LC-NRUX Basket Dry Loading

The starting condition for the TN-LC-NRUX basket dry loading following steps assumes
completion of the cask preparation steps in Section 7.1.1 and steps 1-4 of Section 7.1.3 of
Chapter 7.

The dry loading procedure described in this section is applicable when using the TN-LC cask for
loading NRU and/or NRX fuel from a hot cell (or other dry storage location) into the TN-LC
cask with TN-LC-NRUX basket which is accessible from the hot cell.

The procedure described below assumes that each of the two TN-LC-NRUX basket
subassemblies is loaded and staged prior to placement into the TN-LC cask. Alternately, the
subassemblies may be pre-placed in the TN-LC cask and loaded in situ.

Prior to the loading, verify that the TN-LC-NRUX basket is in place and that the basket spacer
plate has been bolted to the TN-LC lid.

1. Stage the empty TN-LC-NRUX basket subassemblies.

2. The potential for fuel misloading is essentially eliminated through the implementation of
procedural and administrative controls. The controls instituted to ensure that acceptable
SFAs are placed into the TN-LC cask will typically consist of the following:

* A cask loading plan is developed to verify that the candidate intact SFAs meet the
fuel qualification requirements of the applicable sections as listed in step 12 of
Section 7.1.1.

* The loading plan is independently verified and approved before fuel load.

" A fuel movement schedule is then written, verified, and approved based upon the
loading plan. All fuel movements from any rack location are performed under
strict compliance with the fuel movement schedule.

3. Prior to loading an SFA into a TN-LC-NRUX basket subassembly, the identity of the
assembly is to be verified by two individuals using a video camera or other means. Read
and record the identification number from the SFA and check this identification number
against the site loading plan which indicates which SFAs are acceptable for transport.

4. Position the SFA for insertion into the selected TN-LC-NRUX basket subassembly
compartment and load the SFA. Repeat steps 2 and 3 for each SFA to be transported in
the specific TN-LC package shipment. Record the compartment position of each SFA.

5. Use the TN-LC-NRUX basket tube assembly lifting fixture to place the loaded TN-LC-
NRUX basket tube assembly into the TN-LC-NRUX basket.

6. Install the TN-LC-NRUX basket tube assembly top tube cap.

7. Repeat steps 4 through 6, for the second TN-LC-NRUX basket tube assembly.

Following completion of the above listed steps, the TN-LC-NRUX dry loading is continued in
step 5, Section 7.1.3 of Chapter 7.
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7.7.1.3 TN-LC-NRUX Basket Wet Unloading

The starting condition for the following steps assumes completion of the cask unloading
preparation steps in Section 7.2.1 and steps 1-12 of Section 7.2.2.1 of Chapter 7.

The NRUX SFAs may be unloaded directly from the TN-LC cask, or the TN-LC-NRUX basket
tube assembly may be removed from the cask, staged, and unloaded away from the cask. The
sequence below assumes that the SFAs are unloaded directly from the cask.

1. Remove the TN-LC-NRUX basket tube assembly top tube cap.

2. Unload the SFAs using the appropriate grapple or handling system.

3. Replace the TN-LC-NRUX basket tube assembly top tube cap.

4. Repeat steps 1 though 3 above for the second TN-LC-NRUX basket tube assembly.

Following completion of the above steps, the TN-LC-NRUX basket wet unloading is continued in
step 13, Section 7.2.2.1 of Chapter 7.
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7.7.1.4 TN-LC-NRUX Basket Dry Unloading

The starting condition for the following steps assumes completion of the cask unloading
preparation steps in Section 7.2.1 and steps 1-6 of Section 7.2.2.2 of Chapter 7.
The loaded TN-LC-NRUX basket tube assembly is unloaded directly from the TN-LC cask,

using a dry shielded transfer system.

1. Lower the transfer system radiation shield over the TN-LC cask.

2. Access the TN-LC cask cavity by removing the lid, if necessary.

3. Using the transfer system lifting mechanism, lift a loaded TN-LC-NRUX basket tube
assembly from the basket and transfer it to the staging pit.

4. After disengaging from the basket subassembly, repeat step 3 to remove the second loaded
basket subassembly from the basket.

5. Return the cask to its prescribed empty configuration (this may include reinstalling the
empty basket subassemblies and installing the TN-LC cask lid).

Following completion of the above listed steps, the TN-LC-NRUX basket dry unloading is
continued in step 7, Section 7.2.2.2 of Chapter 7.
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Appendix 7.7.2
TN-LC-MTR Basket Wet and Dry Loading and Unloading

TABLE OF CONTENTS

7.7.2.1 TN-LC-MTR Basket Wet Loading ........................................................................ 7.7.2-1
7.7.2.2 TN-LC-MTR Basket Dry Loading ........................................................................ 7.7.2-3
7.7.2.3 TN-LC-MTR Basket Wet Unloading .................................................................... 7.7.2-4
7.7.2.4 TN-LC-MTR Basket Dry Unloading .................................................................... 7.7.2-5

TN-LC-O 100 7.7.2-i
TN-LC-0100 7.7.2-i



TN-LC Transportation Package Safety Analysis Report Revision 0, 05111

Appendix 7.7.2
TN-LC-MTR Basket Wet and Dry Loading and Unloading

NOTE: References in this Chapter are shown as [1], [2], etc., and refer to the reference list in
Section 7.5. A glossary of terms used in this Chapter is provided in Chapter 7, Section 7.6.

Site-specific conditions and requirements may require the use of different equipment and
ordering of steps than those described below to accomplish the same objectives or to meet
acceptance criteria to ensure the integrity of the package.

7.7.2.1 TN-LC-MTR Basket Wet Loading

The starting condition for the following steps assumes completion of the preparation steps in
Section 7.1.1 and steps 1-14 of Section 7.1.2 of Chapter 7.

The wet loading procedure described in this section is applicable only when using the TN-LC
cask for loading MTR spent fuel elements (SFE) from a fuel pool into the TN-LC cask with
TN-LC-MTR basket, which is submerged in a fuel pool.

Each TN-LC-MTR basket is comprised of a basket structure with three slots which are each
filled with a stack (column) of up to six fuel buckets. The procedure described below assumes
that each of the fuel buckets is staged and loaded prior to placement into the TN-LC cask.
Alternately empty fuel buckets may be placed in the TN-LC cask and loaded in situ.

1. Stage the empty TN-LC-MTR fuel buckets.

2. The potential for fuel misloading is essentially eliminated through the implementation of
procedural and administrative controls. The controls instituted to ensure that acceptable
SFEs are placed into the TN-LC cask will typically consist of the following:

* A package loading plan is developed to verify that the candidate intact SFEs meet the
fuel qualification requirements of the applicable sections as listed in step 12 of Section
7.1.1.

o The loading plan is independently verified and approved before fuel load.

* A fuel movement schedule is then written, verified, and approved based upon the
loading plan. All fuel movements from any rack location are performed under strict
compliance with the fuel movement schedule.

3. Prior to loading an SFE into a TN-LC-MTR fuel bucket, the identity of the SFE is to be
verified by two individuals using a video camera or other means. Read and record the
identification number from the SFE and check this identification number against the site
loading plan which indicates which SFEs are acceptable for transport.

4. Position the SFE for insertion into the selected TN-LC-MTR fuel bucket compartment and
load the SFE. Repeat step 3 for each SFE to be loaded in the specific TN-LC-MTR fuel
bucket. After the fuel bucket has been fully loaded, check and record the identity of each
of the SFEs.
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5. Use the TN-LC-MTR fuel bucket lifting fixture to place a loaded TN-LC-MTR fuel
bucket into the TN-LC cask.

6. Repeat steps 3, 4 and 5 to load one complete stack of TN-LC-MTR fuel buckets. After the
uppermost fuel bucket in a stack has been loaded, install the appropriate top tube cap.

7. Repeat steps 3, 4, 5 and 6 as required, for the remaining two fuel bucket stacks.

Following completion of above listed steps, the TN-LC-MTR basket wet loading is continued in
step 15, Section 7.1.2 of Chapter 7.
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7.7.2.2 TN-LC-MTR Basket Dry Loading

The starting condition for the following steps assumes completion of the preparation steps in
Section 7.1.1 and steps 1-4 of Section 7.1.3 of Chapter 7.

The dry loading procedure described in this section is applicable only when loading MTR spent
fuel elements (SFEs) from a hot cell (or other dry storage location) into the TN-LC cask with
TN-LC-MTR basket.

Each TN-LC-MTR basket is comprised of a basket structure with three slots which are each
filled with a stack (column) of up to six fuel buckets. The procedure described below assumes
that each of the fuel buckets is staged and loaded prior to placement into the TN-LC cask.
Alternately empty buckets may be placed in the TN-LC cask and loaded in situ.

1. Stage the empty TN-LC-MTR fuel buckets.

2. The potential for fuel misloading is essentially eliminated through the implementation of
procedural and administrative controls. The controls instituted to ensure that acceptable
SFEs are placed into the TN-LC cask will typically consist of the following:

* A loading plan is developed to verify that the candidate intact SFEs meet the fuel
qualification requirements of the applicable sections as listed in step 12 of Section
7.1.1.

o The loading plan is independently verified and approved before fuel load.

" A fuel movement schedule is then written, verified, and approved based upon the
loading plan. All fuel movements from any rack location are performed under strict
compliance with the fuel movement schedule.

3. Prior to loading an SFE into a TN-LC-MTR fuel bucket, the identity of the assembly is to
be verified by two individuals using a video camera or other means. Read and record the
identification number from the SFE and check this identification number against the site
loading plan which indicates which SFEs are acceptable for transport.

4. Position the SFE for insertion into the selected TN-LC-MTR fuel bucket compartment and
load the SFE. Repeat step 3 for each SFE to be loaded in the specific TN-LC-MTR fuel
bucket. After the fuel bucket has been fully loaded, check and record the identity of each
of the SFEs.

5. Use the TN-LC-MTR fuel bucket lifting fixture to place a loaded TN-LC-MTR fuel
bucket into the TN-LC cask.

6. Repeat steps 3, 4 and 5 to load one complete stack of TN-LC-MTR fuel buckets. After the
uppermost bucket in a stack has been loaded, install the appropriate top tube cap.

7. Repeat steps 3, 4, 5 and 6 as required, for the remaining two fuel bucket stacks.

Following completion of the above listed steps, the TN-LC-MTR basket dry loading is continued
in step 5, Section 7.1.3 of Chapter 7.
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7.7.2.3 TN-LC-MTR Basket Wet Unloading

The starting condition for the following steps assumes completion of the unloading preparation
steps in Section 7.2.1 and steps 1-12 of Section 7.2.2.1 of Chapter 7.

The MTR SFEs may be unloaded directly from the cask or the TN-LC-MTR fuel buckets may be
removed from the cask, staged, and unloaded away from the cask. The sequence below assumes
that the SFEs are unloaded directly from the cask.

1. Remove the TN-LC-MTR fuel bucket top tube cap.

2. Unload the SFEs using the appropriate grapple or handling system. Use the TN-LC-MTR
fuel bucket handling fixture to remove the empty fuel bucket.

3. Alternately, use the TN-LC-MTR fuel bucket handling fixture to remove the loaded TN-
LC-MTR fuel bucket from the cask, secure the fuel bucket, and unload the SFEs from the
bucket.

4. Stage the unloaded TN-LC-MTR fuel buckets.

5. When a complete column of fuel buckets is unloaded, stack the empty TN-LC-MTR fuel
buckets and top tube cap in the cask, if appropriate.

6. Repeat steps 1 through 5 for each of the remaining stacks to complete the unloading.

Following completion of the above steps, the TN-LC-MTR basket wet unloading is continued in
step 13, Section 7.2.2.1 of Chapter 7.
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7.7.2.4 TN-LC-MTR Basket Dry Unloading

The starting condition for the following steps assumes completion of the unloading preparation
steps in Section 7.2.1 and steps 1-6 of Section 7.2.2.2 of Chapter 7.

The MTR SFEs are unloaded directly from the TN-LC cask using a dry shielded transfer system.

1. Lower the transfer system radiation shield over the TN-LC cask.

2. Access the TN-LC cask cavity by removing the lid, if necessary.

3. Using the transfer system lifting mechanism, lift a loaded TN-LC-MTR fuel bucket from
the basket and transfer it to the staging pit.

4. After disengaging from the basket subassembly, repeat step 3 as necessary to remove all of
the loaded fuel buckets from the basket.

5. Return the cask to its prescribed empty configuration (this may include reinstalling the
empty fuel buckets and installing the TN-LC cask lid).

6. Remove the transfer system radiation shield.

Following completion of the above listed steps, the TN-LC-MTR basket dry unloading is
continued in step 7, Section 7.2.2.2 of Chapter 7.
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Appendix 7.7.3
TN-LC-TRIGA Basket Wet and Dry Loading and Unloading
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Appendix 7.7.3
TN-LC-TRIGA Basket Wet and Dry Loading and Unloading

NOTE: References in this Chapter are shown as [1], [2], etc., and refer to the reference list in
Section 7.5. A glossary of terms used in this Chapter is provided in Chapter 7, Section 7.6.

Site specific conditions and requirements may require the use of different equipment and
ordering of steps than those described below to accomplish the same objectives or to meet
acceptance criteria to ensure the integrity of the package.

Each TN-LC package containing a TN-LC-TRIGA basket is comprised of a basket structure
which is a stack (column) of up to five TN-LC-TRIGA basket subassemblies. Each TN-LC-
TRIGA basket has a three by three array of fuel compartments with each compartment capable
of accommodating four TRIGA SFAs.

7.7.3.1 TN-LC-TRIGA Basket Wet Loading

The starting condition for the following steps assumes completion of the preparation steps in
Section 7.1.1 and steps 1-14 of Section 7.1.2 of Chapter 7.

The wet loading procedure described in this section is applicable only when loading TRIGA
spent fuel assemblies (SFA) from a hot cell (or other dry storage location) or fuel pool into the
TN-LC cask containing a TN-LC-TRIGA basket which is submerged in a fuel pool.

The procedure described below assumes that each of the TN-LC-TRIGA baskets is staged and
loaded prior to placement into the TN-LC cask. Alternately, empty baskets may be placed in the
TN-LC cask and loaded in situ, sequentially.

1. Stage an empty TN-LC-TRIGA basket consisting of a stack of five basket subassemblies.

2. The potential for fuel misloading is essentially eliminated through the implementation of
procedural and administrative controls. The controls instituted to ensure that acceptable
fuel assemblies are placed into the TN-LC cask will typically consist of the following:

• A package loading plan is developed to verify that the candidate intact SFAs meet the
fuel qualification requirements of the applicable sections as listed in step 12 of Section
7.1.1.

• The loading plan is independently verified and approved before fuel load.

" A fuel movement schedule is then written, verified, and approved based upon the
loading plan. All fuel movements from any'rack location are performed under strict
compliance with the fuel movement schedule.

3. Prior to loading of an SFA into a TN-LC-TRIGA basket, the identity-of-the-assembly is to
be verified by two individuals using a video camera or other means. Read and record the
identification number from the fuel assembly and check this identification number against
the site loading plan which indicates which SFAs are acceptable for transport.
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4. Position the SFA for insertion into the selected TN-LC-TRIGA basket compartment and
load the SFA.

5. Repeat steps 3 and 4 for each SFA to be transported in the specific TN-LC package
shipment. After the TN-LC-TRIGA basket has been fully loaded, check and record the
identity of each of the SFAs.

6. Install the TN-LC-TRIGA basket top spacer.

7. Use the TN-LC-TRIGA basket lifting lugs to place the loaded basket into the TN-LC cask.

8. Following completion of above listed steps, the TN-LC cask is ready for draining as
described in step 15, Section 7.1.2 of Chapter 7.
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7.7.3.2 TN-LC-TRIGA Basket Dry Loading

The starting condition for the TN-LC-TRIGA basket dry loading assumes completion of the
preparation steps in Section 7.1.1 and steps 1-4 of Section 7.1.3 of Chapter 7.

The dry loading procedure described in this section is applicable only when loading TRIGA
spent fuel assemblies (SFA) from a hot cell (or other dry storage location) into the TN-LC cask
containing a TN-LC-TRIGA basket.

The procedure described below assumes that each of the TN-LC-TRIGA baskets is staged and
loaded prior to placement into the TN-LC cask. Alternately, empty baskets may be placed in the
TN-LC cask and loaded in situ, sequentially.

1. Stage an empty TN-LC-TRIGA basket consisting of a stack of five basket subassemblies.

2. The potential for fuel misloading is essentially eliminated through the implementation of
procedural and administrative controls. The controls instituted to ensure that acceptable
SFAs are placed into the TN-LC cask will typically consist of the following:

* A package loading plan is developed to verify that the candidate intact SFAs meet the
fuel qualification requirements of the applicable sections as listed in step 12 of Section
7.1.1.

" The loading plan is independently verified and approved before fuel load.

" A fuel movement schedule is then written, verified, and approved based upon the
loading plan. All fuel movements from any rack location are performed under strict
compliance with the fuel movement schedule.

3. Prior to loading of a SFA into a TN-LC-TRIGA basket, the identity of the assembly is to
be verified by two individuals using a video camera or other means. Read and record the
identification number from the SFA and check this identification number against the site
loading plan which indicates which SFAs are acceptable for transport.

4. Position the fuel assembly for insertion into the selected TN-LC-TRIGA basket
compartment and load the SFA.

5. Repeat steps 3 and 4 for each SFA to be transported in the specific TN-LC package
shipment. After the TN-LC-TRIGA basket has been fully loaded, check and record the
identity of each of the SFAs.

6. Install the TN-LC-TRIGA basket top spacer.

7. Use the TN-LC-TRIGA basket lifting fixture to place the loaded basket into the TN-LC
cask.

Following completion of the above listed steps, the TN-LC-TRIGA basket dry loading is continued
in step 5, Section 7.1.3 of Chapter 7.
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7.7.3.3 TN-LC-TRIGA Basket Wet Unloading

The starting condition for the following steps assumes completion of the package unloading
preparation steps in Section 7.2.1 and steps 1-12 of Section 7.2.2.1 of Chapter 7.

The TRIGA SFAs may be unloaded directly from the cask or the TN-LC-TRIGA baskets may be
removed from the cask, staged, and unloaded away from the cask. The sequence below assumes
that the SFAs are unloaded directly from the cask.

1. Remove the TN-LC-TRIGA basket top spacer.

2. Unload all SFAs from the basket using the appropriate grapple or handling system. Use
the TN-LC-TRIGA basket handling fixture to remove the empty fuel basket.

3. Repeat Step 2 until all TN-LC-TRIGA baskets have been emptied and removed from the
TN-LC cask.

4. Stage the unloaded TN-LC-TRIGA baskets.

Following completion of the above steps, the TN-LC-TRIGA basket wet unloading is continued
in step 13, Section 7.2.2.1 of Chapter 7.
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7.7.3.4 TN-LC-TRIGA Basket Dry Unloading

The starting condition for the following steps assumes completion of the cask unloading
preparation steps in Section 7.2.1 and steps 1-6 of Section 7.2.2.2 of Chapter 7.

The TRIGA SFAs may be unloaded directly from the cask, or the TN-LC-TRIGA basket
subassemblies may be removed from the cask, staged, and unloaded away from the cask. The
sequence below assumes that the SFAs are unloaded directly from the cask.

1. Remove the TN-LC-TRIGA basket top spacer.

2. Unload all SFAs from the basket using the appropriate grapple or handling system. Use
the TN-LC-TRIGA basket handling fixture to remove the empty fuel basket.

3. Repeat Step 2 until all TN-LC-TRIGA baskets have been emptied and removed from the
TN-LC cask.

4. Stage the unloaded TN-LC-TRIGA baskets.

5. Following completion of the above listed steps, the TN-LC-TRIGA basket dry unloading is
continued in step 7, Section 7.2.2.2 of Chapter 7.
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Appendix 7.7.4
TN-LC-1FA Basket Wet and Dry Loading and Unloading

NOTE: References in this chapter are shown as [1], [2], etc., and refer to the reference list in
Section 7.5. A glossary of terms used in this chapter is provided in Chapter 7, Section 7.6.

Site-specific conditions and requirements may require the use of different equipment and
ordering of steps than those described below to accomplish the same objectives or to meet
acceptance criteria to ensure the integrity of the package.

7.7.4.1 TN-LC-1FA Basket Wet Loading

The starting condition for the following steps assumes completion of the preparation steps in
Section 7.1.1 and steps 1-14 of Section 7.1.2 of Chapter 7.

The wet loading procedure described in this section is applicable only when using the TN-LC
cask for loading LWR spent fuel assemblies (SFA) or fuel rods from a fuel pool into the TN-LC
cask with TN-LC-1FA basket, which is submerged in a fuel pool.

A TN-LC cask with a TN-LC-IFA basket may be configured in one of three configurations:

* A TN-LC-1FA basket for transporting a PWR SFA,

" A BWR sleeve and hold-down ring placed inside the TN-LC-1FA basket when
transporting a BWR SFA, or

" A TN-LC-1FA 25 pin can placed inside the BWR sleeve when transporting individual
LWR fuel rods.

Spacers may be required for shorter SFAs/rods. The TN-LC-1FA 25 pin can may be loaded
prior to placement in the cask or loaded while in the cask.

1. Verify that the TN-LC- 1 FA basket is configured appropriately for one of the three
payloads as listed above.

2. The potential for fuel misloading is essentially eliminated through the implementation of
procedural and administrative controls. The controls instituted to ensure that acceptable
SFAs or rods are placed into the TN-LC cask consist of the following:

• A package loading plan is developed to verify that candidate SFAs or rods meet the fuel
qualification requirements of the applicable sections as listed in step 12 of Section 7.1.1.

" The loading plan, including the number of locations of PRAs if required, is
independently verified and approved before fuel load.

" A fuel movement schedule is then written, verified, and approved based upon the
loading plan. All fuel movements from any rack location are performed under strict
compliance with the fuel movement schedule.
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3. Prior to loading SFAs or fuel rods into a TN-LC-1FA basket, the identity of the spent fuel
is to be verified by two individuals using a video camera or other means. Read and record
the identification number from the SFA/fuel rods, if applicable, and check this
identification number against the site loading plan which indicates which SFAs/fuel rods
are acceptable for transport.

4. Position the SFA or fuel rod for insertion into the TN-LC-IFA basket compartment:

0 If loading an SFA,

" Load the PWR or BWR SFA as applicable into the TN-LC-1FA basket.

" Record the identity of the SFA.

* If loading fuel rods,

" Load the fuel rods to be transported into the TN-LC-1FA 25 pin can.

" After the TN-LC-1FA 25 pin can has been loaded, check and record the
identity of the fuel rods.

" Place a fuel can spacer as required.

" Install the pin can lid.

Following completion of above listed steps, the TN-LC cask is ready for draining as described in
step 15, Section 7.1.2 of Chapter 7.
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7.7.4.2 TN-LC-1FA Basket Dry Loading

The starting condition for the TN-LC-1FA basket assumes completion of the preparation steps in
Section 7.1 and steps 1-4 of Chapter 7, Section 7.1.3.

A TN-LC cask with a TN-LC-1FA basket may be configured in one of three configurations:

* A TN-LC-1FA basket for transporting a PWR SFA,

* A BWR sleeve and hold-down ring placed inside the TN-LC-1FA basket when
transporting a BWR SFA, or

* A TN-LC-IFA 25 pin can placed inside the BWR sleeve when transporting individual
LWR fuel rods.

Dry loading of a PWR!BWR fuel assembly must be conducted in a helium environment. Spacers
may be required for shorter SFAs/rods. The TN-LC-IFA 25 pin can may be loaded prior to
placement in the cask or loaded while in the cask. This procedure assumes the TN-LC- I FA 25
pin can is loaded with fuel rods prior to loading the can into the TN-LC cask.

1. Verify that the TN-LC-IFA basket is configured appropriately for one of the three
payloads as listed above.

2. The potential for fuel misloading is essentially eliminated through the implementation of
procedural and administrative controls. The controls instituted to ensure that acceptable
SFAs or rods are placed into the TN-LC cask consist of the following:

* A package loading plan is developed to verify that candidate SFAs or rods meet
the fuel qualification requirements of the applicable sections as listed in step 12 of
Section 7.1.1.

* The loading plan is independently verified and approved before fuel load.

" A fuel movement schedule is then written, verified, and approved based upon the
loading plan. All fuel movements from any rack location are performed under
strict compliance with the fuel movement schedule.

3. Prior to loading SFA or fuel rods into a TN-LC-1FA basket, the identity of the spent fuel
is to be verified by two individuals using a video camera or other means. Read and
record the identification number from the SFA/fuel rods, if applicable, and check this
identification number against the site loading plan which indicates which SFAs/fuel rods
are acceptable for transport.

4. Position the SFA or TN-LC-1FA 25 pin can for insertion into the TN-LC-1FA basket
compartment:

* If loading an SFA,
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m Load the PWR or BWR SFA as applicable into the TN-LC-1FA basket.

m Record the identity of the SFA.

If loading a TN-LC-1FA 25 pin can,

" Load the fuel rods to be transported into the TN-LC-1FA 25 pin can.

" After the TN-LC-1FA 25 pin can has been fully loaded, check and record
the identity of the fuel rods.

" Place a fuel can spacer as required.

" Install the pin can lid.

" Position the TN-LC- I FA 25 pin can for insertion into the TN-LC cask.
Note that this step is done with the TN-LC cask oriented horizontally.

" The TN-LC-1FA 25 pin can is inserted into the cask cavity using site
transfer equipment.

" Assemble the loaded TN-LC cask as required prior to upending.

• Upend the TN-LC cask.

Following completion of the above listed steps, the TN-LC-1FA basket dry loading is continued in
step 5, Section 7.1.3 of Chapter 7.
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7.7.4.3 TN-LC-1FA Basket Wet Unloading

The starting condition for the following steps assumes completion of the unloading preparation
steps in Section 7.2.1 and steps 1-12 of Section 7.2.2.1 of Chapter 7.

The TN-LC-1FA contents may be unloaded directly from the cask or the TN-LC-1FA basket
may be removed from the cask, staged, and unloaded away from the cask. The sequence below
assumes that the contents are unloaded directly from the cask.

1. If unloading BWR or PWR SFAs:

* If necessary, remove fuel spacer.

* Remove TN-LC-1FA BWR hold-down ring if unloading a BWR SFA.

* Unload the PWR or BWR SFA as applicable using the appropriate grapple.

* Place the SFA in the appropriate location in the pool.

" Replace the BWR hold-down ring, if necessary.

2. If unloading fuel rods:

* Remove TN-LC- I FA BWR hold-down ring if necessary to gain access to the TN-
LC-1FA 25 pin can lid.

* Remove the TN-LC-1FA 25 pin can lid.

* Unload the fuel rods from the TN-LC-1FA 25 pin can using the appropriate
handling tool.

* After all fuel rods have been removed, replace the TN-LC-1FA 25 pin can lid.

• Replace the TN-LC-1FA BWR hold-ring if necessary.

Following completion of the above steps, the TN-LC-1FA basket wet unloading is continued in
step 13, Section 7.2.2.1 of Chapter 7.
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7.7.4.4 TN-LC-1FA Basket Dry Unloading

The starting condition for the following steps assumes completion of the unloading preparation
steps in Section 7.2.1 and steps 1-6 of Section 7.2.2.2 or Section 7.2.2.3 of Chapter 7 for SFA or
fuel rod unloading, respectively.

1. If unloading BWR or PWR SFAs:

* If necessary, remove fuel spacer.

* Remove the TN-LC-1FA BWR hold-down ring if unloading a BWR SFA.

* Unload the PWR or BWR SFA as applicable using the appropriate grapple.

* Place the SFA in the appropriate location in the hot cell.

* Replace the BWR hold-down ring, if necessary.

Following completion of the above listed steps, the TN-LC-IFA dry unloading is continued in step
7, Section 7.2.2.2 of Chapter 7.

2. If unloading fuel rods from the TN-LC-1FA 25 pin can:

Note that the TN-LC-1FA 25 pin is unloaded while the TN-LC cask is horizontal.

" Install temporary shielding around the bottom plug and remove the bottom plug.

* Attach the transfer system ram to the base of the TN-LC-1FA 25 pin can and push
the TN-LC-lFA 25 pin can out of the TN-LC cask.

" Stage the TN-LC-1FA 25 pin can as required for removal of the fuel rods.

* Retract the TN-LC-1FA 25 pin can back into the TN-LC cask. Alternately, the
ram may be disconnected, and the TN-LC-1FA 25 pin can may be left in the hot
cell work area.

* Remove the transfer system ram as necessary to allow reattachment of the bottom
plug.

* Reattach the bottom plug.

Following completion of the above listed steps, the TN-LC-1FA dry unloading is continued in step
7 Section 7.2.2.3 of Chapter 7.
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Chapter 8
Acceptance Tests and Maintenance Program

NOTE: References in this Chapter are shown as [1], [2], etc. and refer to the reference list in
Section 8.3.

8.1 Acceptance Tests

The following reviews, inspections, and tests shall be performed on the TN-LC packaging prior
to initial transport. Many of these tests will be performed at the fabricator's facility prior to
delivery of the TN-LC cask for use. Tests will be performed in accordance with written
procedures.

8.1.1 Visual Inspection and Measurements

Visual inspections are performed at the fabricator's facility to ensure that the packaging
conforms to the drawings and specifications. The visual inspections include:

" cleanliness inspections,

" visual weld inspections as required by ASME Boiler and Pressure Vessel (BP&V) Code [1],

" inspection of sealing surface finish, and

" dimensional inspections for conformance with the drawings included in Chapter 1,
Appendix 1.4.1.

8.1.2 Weld Examinations

The structural analyses performed on the packaging are presented in Chapter 2. To ensure that
the packaging can perform its design function, the structural materials are chemically and
physically tested to confirm that the required properties are met.

To the maximum extent practical, all welding is performed using qualified processes and
qualified personnel according to the ASME BP&V Code. Base materials and welds are
examined in accordance with the ASME BP&V Code requirements. NDE requirements for
welds are specified on the drawings provided in Appendix 1.4.1. All NDE is performed in
accordance with written procedures. The inspection personnel are qualified in accordance with
SNT-TC- 1A [2].

The containment welds of the TN-LC cask are designed, fabricated, tested and inspected in
accordance with ASME B&PV Code Subsection NB [1]. Welds of the noncontainment cask
structure are inspected as per the NDE acceptance criteria of ASME B&PV Code, Subsection NF
[1].

The TN-LC cask baskets are designed, fabricated, and inspected in accordance with the ASME
B&PV Code Subsection NG [1].

Alternatives to the Code are described in Chapter 2, Section 2.1.4 and Appendix 2.13.13.
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8.1.3 Structural and Pressure Tests

8.1.3.1 Load Tests

One set of trunnions is provided for the TN-LC transport package lifting. The trunnions have a
single shoulder (single failure proof). The trunnions are fabricated and tested in accordance with
ANSI N14.6 [3]. A load test of 3.0 times the design lift load (for single failure proof trunnions)
is applied to the trunnions for a period often minutes to ensure that the trunnions can perform
satisfactorily.

A force equal to 1.5 times the impact limiter weight will be applied to the hoist rings of each
impact limiter for a period often minutes. At the conclusion of the test, the impact limiter hoist
rings will be examined visually for defects and permanent deformation.

8.1.3.2 Pressure Tests

A pressure test is performed on the TN-LC cask at a pressure between 45.0 and 50.0 psig. This
is well above 1.5 times the maximum normal operating pressure of 16.9 psig (Chapter 3, Table
3-8). The test pressure is held for a minimum often minutes. The test is performed in
accordance with ASME B&PV Code, Section III, Subsection NB, Paragraph NB-6200 or NB-
6300. All visible joints and surfaces are examined visually for possible leakage after application
of the pressure.

In addition, a bubble leakage test is performed on the neutron shield enclosure. The purpose of
this test is to identify any potential leakage paths in the enclosure welds.

8.1.4 Containment Boundary Leakage Tests

8.1.4.1 TN-LC Cask Leakage Tests

Leakage tests are performed on the TN-LC cask containment boundary prior to first use,
typically at the fabricator's facility. The fabrication verification leakage test can be separated
into the following five tests: 1) cask leakage integrity, 2) vent port plug seal integrity, 3) drain
port plug seal integrity, 4) lid seal integrity, and 5) bottom plug (Option 1 or 2) seal integrity.
These tests are usually performed using the helium mass spectrometer method. Alternative
methods are acceptable provided that the required sensitivity is achieved. The leakage test is
performed in accordance with ANSI N14.5 [4] or ISO-12807 [5]. The personnel performing the
leakage test are qualified in accordance with SNT-TC-1A [2].

8.1.4.1.1 Cask Leakage Integrity Test

Prior to lead pour and final machining of the inner shell, the containment boundary, including
containment boundary base metal and welds, will be leakage tested in accordance with the
requirements of ANSI N14.5 or ISO-12807 using temporary closures and seals, as necessary, for
the bottom plug and lid. As the inner shell will not be accessible for leakage testing after lead-is--
poured, leakage testing will be performed during the fabrication process as permitted by ANSI
N 14.5 Table 1. As one means of performing a portion of this test, the interior of the cask cavity
may be flooded with a helium atmosphere while a vacuum is drawn on the lead cavity to

TN-LC-0100 8-2



TN-LC Transportation Package Safety Analysis Report Revision 0, 05/11

determine the leakage rate. If a leak is discovered, the source will be determined and repaired,
and the shell will be retested to ensure that the measured leakage rate is less than 1 x 10-7 ref
cm 3/s.

Similarly, the lid forging will not be accessible for leakage testing after lead is poured into the
forging or after a machined lead piece is installed and captured with the gamma shielding cap.
The lid forging will be leak tested using temporary closures and seals. If leakage is found, the
leak will be repaired and the forging retested, as described above for the inner shell, prior to lid
gamma shielding installation.

The leakage tests will be performed in conjunction with the fion-destructive examination of the inner
shell welds in accordance with ASME B&PVC Code, Section III, Subsection NB. Liquid penetrant
examination of all final machined weld surfaces of the inner shell will be performed per the Code.

8.1.4.1.2 Fabrication Verification Leakage Tests

The fabrication verification leakage tests include the following:

* Cask vent port plug seal integrity

" Cask drain port plug seal integrity

* Cask lid seal integrity

" Bottom Plug (Option 1 or 2) seal integrity

The tests will be performed as described in Chapter 7, Section 7.4.1, in accordance with the
ANSI N 14.5 or ISO-12807. The acceptance criterion requires each component to be individually
leak tight, that is, the leakage rate must be less than 1 x 10-7 ref cm 3/s.

8.1.5 TN-LC Cask Component and Material Tests

8.1.5.1 Valves, Rupture Discs, and Fluid Transport Devices

There are no valves, rupture discs, or couplings in the containment of the TN-LC packaging.

8.1.5.2 Gaskets

The lid and all the other containment penetrations are sealed using O-ring seals. Leakage testing
of the seals is described in Section 8.1.4.1.

8.1.5.3 Impact Limiter Leakage Test

Prior to initial use, after all the wood blocks have been installed and the seal welds have been
completed, the following test will be performed on the impact limiter to verify that the impact
limiter wood is completely enclosed, thereby preventing any moisture exchange with the ambient
environment.
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Each impact limiter container will be pressurized to a pressure between 2.0 and 3.0 psig. All the
weld seams and penetrations will be tested for leakage using a soap bubble test. If bubbles are
detected, the weld will be repaired and the test re-performed.

8.1.5.4 Functional Tests

The following functional tests will be performed prior to the first use of the TN-LC package.
Generally these tests will be performed at the fabrication facility.

(a) Installation and removal of the lid, bottom plug, vent and drain port plugs,
and other fittings will be observed. Each component will be checked for
difficulties in installation and removal. After removal, each component will
be visually examined for damage. Any defects will be corrected prior to the
acceptance of the cask.

(b) Each TN-LC-1FA basket as well as each TN-LC-MTR, TN-LC-TRIGA and
TN-LC-NRUX fuel assembly/element compartment will be checked by
gauge to demonstrate that the fuel assemblies or elements, as applicable, will
fit in the basket.

8.1.6 Shielding Tests

Chapter 5 presents the analyses performed to ensure that the TN-LC package shielding design is
adequate.

8.1.6.1 Gamma Shield Test

The TN-LC cask poured lead gamma shielding shall be inspected via gamma scanning at the
intersections of a grid no larger than 6 x 6 inches on the outside of the shell prior to installation
of the neutron shield.

The acceptance criterion for the gamma scan is based on dose rate measurements of a test block
constructed to replicate the layers of stainless steel, lead, and stainless steel in the TN-LC cask.
The thickness of each stainless steel layer in the test block shall be no less than the minimum
specified thickness of the corresponding cask shell, and the thickness of the lead layer in the test
block shall be no less than 95% of the nominal thickness of lead specified for the cask. The dose
rate measured using the test block shall be the maximum acceptable reading for the inspected
cask.

The source/detector distance used in the cask inspection shall be the same as that used in
establishing the maximum dose rate limit. Inspection results which exceed this limit will be
evaluated to ensure that the regulatory dose rate limits will not be exceeded.
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8.1.6.2 Neutron Shield

The radial neutron shield is protected from damage or loss by the aluminum tubes and steel
enclosure. The neutron shield material, VYAL-B, is a proprietary vinyl ester resin mixed with
alumina hydrate and zinc borate, which are added for their fire retardant properties. Alternately,
Resin-F, a borated reinforced polymer may be used for neutron shield material.

The primary function of the resin is to shield against neutrons, which is performed primarily by
the hydrogen content in the resin. The sole function of the boron is to suppress n-y reactions
with hydrogen. The resin also provides some gamma shielding, which is a function of the
overall resin density, and is not sensitive to composition.

The proprietary process for the VYAL-B and Resin-F mixing and installation is described in the
SAR Chapter 5, Section 5.3.3.

The following are acceptance values for density and chemical composition for the VYAL-B resin.
The reference values bounded by those used in the shielding calculations of Chapter 5 are
included for comparison.

Reference values VYAL-B Acceptance Testing Values
Acceptance range

Element Minimum wt % Element Wt % (wt %)
H 4.59 H 5.0 ±8
B 0.82 B 0.9 ± 10

The minimum VYAL-B resin density in acceptance testing is 1.75 g/cm 3. Each VYAL-B resin
batch is tested for acceptable density. This test is performed to ensure all resin placed into the
cavities has consistent density and will provide uniform shielding. Resin composition or density
test results which fall outside of this range will be evaluated to ensure that the shielding
regulatory dose limits are not exceeded.

The following are acceptance values for density and chemical composition for the alternate
Resin-F shielding material. The values used in the shielding calculations of Chapter 5 are
included for comparison. From a shielding standpoint, Resin-F bounds VYAL-B.

Chapter 5 values Resin-F Acceptance Testing Values
Element Minimum wt % Element wt % Acceptance range

(wt%)
H 4.44 H 5.05 -10/+20
B 0.82 B 1.05 + 20

The minimum Resin-F density in acceptance testing is 1.76 g/cm 3. Resin-F composition or
density test results which fall outside of this range will be evaluated to ensure that the shielding
regulatory dose limits are not exceeded.
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Density testing will be performed on every mixed batch of Resin-F. Chemical analysis will be
made on the first batch mixed with a given set of components and each time a new lot of one of
the major components is introduced. Major components are aluminum oxide, zinc borate and the
polyester resin, which combined make up 92% of Resin-F by weight.

The individual aluminum tubes containing the resin are then installed around the outside of the
cask as shown in TN-LC SAR drawing (Chapter 1, Appendix 1.4.1). The installation of the
tubes into the annulus between the cask outer shell and the neutron shield shell is controlled to
maximize the tube-to-tube contact, thus minimizing gaps between adjacent tubes.

Tests are performed at loading to ensure that the radiation dose limits are not exceeded for each

TN-LC package.

8.1.7 Neutron Absorber Tests

The neutron absorber used for criticality control in the TN-LC cask baskets may consist of any of
the following types of material:

(a) Borated aluminum

(b) Boron carbide/Aluminum metal matrix composite (MMC)

(c) Boral®

The TN-LC package safety analyses do not rely upon the tensile strength of these materials. The
radiation and temperature environment in the TN-LC package is not sufficiently severe to
damage these metallic/ceramic materials. To assure performance of the neutron absorber's
design function only the presence of B 10 and the uniformity of its distribution need to be
verified, with testing requirements specific to each material. The boron content of these three
types of materials is given in Appendix 1.4 for each basket type.

References to metal matrix composites throughout this Chapter are not intended to refer to
Boral®, which is described later in this section.

8.1.7.1 Borated Aluminum

The material is produced by direct chill (DC) or permanent mold casting with boron precipitating
primarily as a uniform fine dispersion of discrete A1B 2 or TiB 2 particles in the matrix of
aluminum or aluminum alloy (other boron compounds, such as A1B 12, can also occur). For
extruded products, the TiB2 form of the alloy shall be used. For rolled products, A1B 2, TiB2, or a
hybrid may be used.
Boron is added to the aluminum in the quantity necessary to provide the specified minimum B 10

areal density in the final product, with sufficient margin to minimize rejection, typically 10 %
excess. The amount required to achieve the specified minimum B-l:0-areal-density-will depend on
whether boron with the natural isotopic distribution of the isotopes B 10 and B 11, or boron
enriched in B1O is used. In no case shall the boron content in the aluminum or aluminum alloy
exceed 5% by weight.
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The criticality calculations take credit for 90% of the minimum specified B 10 areal density of
borated aluminum. The basis for this credit is the B 10 areal density acceptance testing, which
shall be as specified in Section 8.1.7.7. The specified acceptance testing assures that at any
location in the material, the minimum specified areal density of B10 will be found with 95%
probability and 95% confidence.

8.1.7.2 Boron Carbide/Aluminum Metal Matrix Composites (MMC)

The material is a composite of fine boron carbide particles in an aluminum or aluminum alloy
matrix. The material shall be produced by direct chill casting, permanent mold casting, powder
metallurgy, or thermal spray techniques. It is a low-porosity product with a metallurgically
bonded matrix. The boron carbide content shall not exceed 40% by volume. The boron carbide
content for MMCs with an integral aluminum cladding shall not exceed 50% by volume.

The final MMC product shall have density greater than 98% of theoretical density demonstrated
by qualification testing, with no more than 0.5 volume % interconnected porosity. For MMC
with an integral cladding, the final density of the core shall be greater than 97% of theoretical
density demonstrated by qualification testing, with no more than 0.5 volume % interconnected
porosity of the core and cladding as a unit of the final product.

At least 50% by weight of the B4C particles in MMCs shall be smaller than 40 microns. No
more than 10% of the particles shall be over 60 microns.

Prior to use in the TN-LC baskets, MMCs shall pass the qualification testing specified in Section
8.1.7.8 and shall subsequently be subject to the process controls specified in Section 8.1.7.9.

The criticality calculations take credit for 90% of the minimum specified B 10 areal density of
MMCs. The basis for this credit is the B 10 areal density acceptance testing, which is specified in
Section 8.1.7.7. The specified acceptance testing assures that at any location in the final product,
the minimum specified areal density of B 10 will be found with 95% probability and 95%
confidence.

8.1.7.3 BORAL®

This material consists of a core of aluminum and boron carbide powders between two outer
layers of aluminum, mechanically bonded by hot-rolling an "ingot" consisting of an aluminum
box filled with blended boron carbide and aluminum powders. The core, which is exposed at the
edges of the sheet, is slightly porous. Before rolling, at least 80% by weight of the B 4C particles
in Boral® shall be smaller than 200 microns. The nominal boron carbide content shall be limited
to 65% (+ 2% tolerance limit) of the core by weight.

The criticality calculations take credit for 75% of the minimum specified B 10 areal density of
Boral®. B10 areal density will be verified by chemical analysis and by certification of the B10
isotopic fraction for the boron carbide powder, or by neutron transmission testing. Areal density
testing is performed on a coupon taken from the sheet produced from each ingot. If the measured
areal density is below that specified, all the material produced from that ingot will be either
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rejected, or accepted only on the basis of alternate verification of B 10 areal density for each of
the final pieces produced from that ingot.

8.1.7.4 Visual Inspections of Neutron Absorbers

Neutron absorbers shall be 100% visually inspected in accordance with the Certificate Holder's
QA procedures. Material that does not meet the following acceptance criteria shall be reworked,
repaired, or scrapped. Blisters shall be treated as non-conforming. Inspection of MMCs with an
integral aluminum cladding shall also include verification that the matrix is not exposed through
the faces of the aluminum cladding and that solid aluminum is not present at the edges. For
Boral, visual inspection shall verify that there are no cracks through the cladding, exposed core
on the face of the sheet, or solid aluminum at the edge of the sheet.

8.1.7.5 Other Visual Inspections Criteria

For borated aluminum and MMCs, visual inspections shall follow the recommendations in
Aluminum Standards and Data, Chapter 4 "Quality Control, Visual Inspection of Aluminum Mill
Products" [6]. Local or cosmetic conditions such as scratches, nicks, die lines, inclusions,
abrasion, isolated pores, or discoloration are acceptable.

8.1.7.6 Thermal Conductivity Testing

Testing shall conform to ASTM E1225 [8], ASTM E1461 [9], or equivalent method, performed
at room temperature on coupons taken from the rolled or extruded production material. Previous
testing of borated aluminum and metal matrix composite shows that thermal conductivity
increases slightly with temperature. Initial sampling shall be one test per lot, defined by the heat
or ingot, and may be reduced if the first five tests meet the specified minimum thermal
conductivity.

If a thermal conductivity test result is below the specified minimum, at least four additional tests
shall be performed on the material from that lot. If the mean value of those tests, including the
original test, falls below the specified minimum, the associated lot shall be rejected.

After twenty five tests of a single type of material, with the same aluminum alloy matrix, the
same boron content, and the same primary boron phase, e.g., B4C, TiB2, or AIB2, if the mean
value of all the test results less two standard deviations meets the specified thermal conductivity,
no further testing of that material is required. This exemption may also be applied to the same
type of material if the matrix of the material changes to a more thermally conductive alloy (e.g.,
from 6000 to 1000 series aluminum), or if the boron content is reduced without changing the
boron phase. The measured thermal conductivity values shall satisfy the minimum required
conductivities as specified in SAR Chapter 3, Section 3.2.2.2. In cases where the specified
thickness of the neutron absorber may vary, the equations introduced in Section 3.2.2.2 shall be
used to determine the minimum required effective thermal conductivity.

The thermal conductivity test requirement does not apply to aluminim that is paired with the
neutron absorber.
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8.1.7.7 Specification for Acceptance Testing of Neutron Absorbers by Neutron Transmission

a) Neutron Transmission acceptance testing procedures shall be subject to approval by the
Certificate Holder. Test coupons shall be removed from the rolled or extruded production
material at locations that are systematically or probabilistically distributed throughout the lot.
Test coupons shall not exhibit physical defects that would not be acceptable in the finished
product, or that would preclude an accurate measurement of the coupon's physical thickness.

A lot is defined as all the pieces produced from a single ingot or heat or from a group of billets
from the same heat. If this definition results in lot size too small to provide a meaningful
statistical analysis of results, an alternate larger lot definition may be used, so long as it results in
accumulating material that is uniform for sampling purposes.

The sampling rate for neutron transmission measurements shall be such that there is at least one
neutron transmission measurement for each 2000 in2 of final product in each lot.

The B 10 areal density is measured using a collimated thermal neutron beam up to 1 inch
diameter.

The neutron transmission through the test coupons is converted to B 10 areal density by
comparison with transmission through calibrated standards. These standards are composed of a
homogeneous boron compound without other significant neutron absorbers. For example, boron
carbide, zirconium diboride or titanium diboride sheets are acceptable standards. These
standards are paired with aluminum shims sized to match the effect of neutron scattering by
aluminum in the test coupons. Uniform but non-homogeneous materials such as metal matrix
composites may be used for standards, provided that testing shows them to provide neutron
attenuation equivalent to a homogeneous standard.

Standards will be calibrated, traceable to nationally recognized standards, or by attenuation of a
monoenergetic neutron beam correlated to the known cross section of B 10 at that energy.

The minimum areal density specified shall be verified for each lot at the 95% probability, 95%
confidence level or better. If a goodness-of-fit test demonstrates that the sample comes from a
normal population, the one-sided tolerance limit for a normal distribution may be used for this
purpose. Otherwise, a non-parametric (distribution-free) method of determining the one-sided
tolerance limit may be used. Demonstration of the one-sided tolerance limit shall be evaluated
for acceptance in accordance with the Certificate Holder's QA procedures.

b) The following illustrates one acceptable method and is intended to be utilized as an example.
The acceptance criterion for individual plates is determined from a statistical analysis of the test
results for their lot. The B 10 areal densities determined by neutron transmission are converted to
volume density, i.e., the B 10 areal density is divided by the thickness at the location of the
neutron transmission measurement or the maximum thickness of the coupon. The lower
tolerance limit of B 10 volume density is then determined, defined as the mean value of B 10
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volume density for the sample, less K times the standard deviation, where K is the one-sided
tolerance limit factor with 95% probability and 95% confidence [7].

Finally, the minimum specified value of B 10 areal density is divided by the lower tolerance limit
of B 10 volume density to arrive at the minimum plate thickness which provides the specified
B10 areal density.

Any plate which is thinner than the statistically derived minimum thickness or the minimum
from 8.1.7.7.a or the minimum design thickness, whichever is greater, shall be treated as non-
conforming, with the following exception: local depressions are acceptable, so long as they total
no more than 0.5% of the area on any given plate, and the thickness at their location is not less
than 90% of the minimum design thickness. Edge effects due to manufacturing operations such
as shearing, deburring, and chamfering, need not be included in this determination.

Non-conforming material shall be evaluated for acceptance in accordance with the Certificate
Holder's QA procedures.

8.1.7.8 Specification for Qualification Testing of Metal Matrix Composites

8.1.7.8.1 Applicability and Scope

MMCs acceptable for use in the TN-LC cask baskets are described in Section 8.1.7.2.

Prior to initial use in a spent fuel transport system, such MMCs shall be subjected to
qualification testing that will verify that the product satisfies the design function. Key process
controls shall be identified per Section 8.1.7.9 so that the production material is equivalent to or
better than the qualification test material. Changes to key processes shall be subject to
qualification before use of such material in a spent fuel dry storage or transport system.

ASTM test methods and practices are referenced below for guidance. Alternative methods may
be used with the approval of the Certificate Holder.

8.1.7.8.2 Design Requirements

In order to perform its design functions, the product must have, at a minimum, sufficient strength
and ductility for manufacturing and for both normal and accident conditions of the transport
system. This is demonstrated by the tests in Section 8.1.7.8.4. It must have a uniform
distribution of boron carbide. This is demonstrated by the tests in Section 8.1.7.8.5.

8.1.7.8.3 Durability

There is no need to include accelerated radiation damage testing in the qualification. Such
testing has already been performed on MMCs, and the results confirm what would be expected
of materials that fall within the limits of applicability cited above. Metals and ceramics do not
experience measurable changes in mechanical properties due to fast neutron fluernces ty-l ical over
the lifetime of spent fuel transport, about 1015 neutrons/cm2.

Thermal damage and corrosion (hydrogen generation) testing shall be performed unless such
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tests on materials of the same chemical composition have already been performed and found
acceptable. The following paragraphs illustrate two cases where such testing is not required.

Thermal damage testing is not required for unclad MMCs consisting only of boron carbide in an
aluminum 1100 matrix because there is no reaction between aluminum and boron carbide below
842°F, well above the basket temperature under normal conditions of transport [10].

Corrosion testing is not required for MMCs (clad or unclad) consisting only of boron carbide in
an aluminum 1100 matrix, because testing on one such material has already been performed by
Transnuclear [ 11].

8.1.7.8.3.1 Delamination Testing of Clad MMC

Clad MMCs shall be subjected to thermal damage testing following water immersion to ensure
that delamination does not occur under normal conditions of storage.

8.1.7.8.4 Required Qualification Tests and Examinations to Demonstrate Mechanical Integrity

At least three samples, one each from approximately the two ends and middle of the qualification
material run shall be subject to:

(a) room temperature tensile testing (ASTM- B557) [12] demonstrating that the
material has the following tensile properties:

• Minimum yield strength, 0.2% offset: 1.5 ksi

* Minimum ultimate strength: 5 ksi

" Minimum elongation in 2 inches: 0.5%

As an alternative to the elongation requirement, ductility may be demonstrated by bend
testing per ASTM E290 [13]. The radius of the pin or mandrel shall be no greater than three
times the material thickness, and the material shall be bent at least 90 degrees without
complete fracture.

(b) Testing to verify more than 98% of theoretical density for non-clad MMCs and 97% for the
matrix of clad MMCs. Testing or examination for interconnected porosity on the faces and
edges of unclad MMC, and on the edges of clad MMC shall be performed by a means to be
approved by the Certificate Holder. The maximum interconnected porosity is 0.5 volume %.

And for at least one sample,

(c) for MMCs with an integral aluminum.cladding, thermal durability testing demonstrating
that after a minimum 24 hour soak in either pure or borated water, then insertion into a
preheated oven at approximately 825°F for a minimum of 24 hours, the specimens are free
of blisters and delamination and pass the mechanical testing requirements described in test
'a' of this section.
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8.1.7.8.5 Required Tests and Examinations to Demonstrate BlO Uniformity

Uniformity of the boron distribution shall be verified either by:

(a) Neutron radioscopy or radiography (ASTM E94[14], E142[15], and E545[16]) of material
from the ends and middle of the test material production run, verifying no more than 10%
difference between the minimum and maximum B 10 areal density, or

(b) Quantitative testing for the B 10 areal density, B 10 density, or the boron carbide weight
fraction, on locations distributed over the test material production run, verifying that one
standard deviation in the sample is less than 10% of the sample mean. Testing may be
performed by a neutron transmission method similar to that specified in Section 8.1.7.7 or
by chemical analysis for boron carbide content in the composite.

8.1.7.8.6 Approval of Procedures

Qualification procedures shall be subject to approval by the Certificate Holder.

8.1.7.9 Specification for Process Controls for Metal Matrix Composites

8.1.7.9.1 Applicability and Scope

Key processing changes shall be subject to qualification prior to use of the material produced by
the revised process. The Certificate Holder shall determine whether a complete or partial re-
qualification program per Section 8.1.7.8 is required, depending on the characteristics of the
material that could be affected by the process change.

8.1.7.9.2 Definition of Key Process Changes

Key process changes are those which could adversely affect the uniform distribution of the boron
carbide in the aluminum, reduce density, reduce corrosion resistance, reduce the mechanical
strength or ductility of the MMC.

8.1.7.9.3 Identification and Control of Key Process Changes

The manufacturer shall provide the Certificate Holder with a description of materials and process
controls used in producing the MMC. The Certificate Holder and manufacturer shall identify
key process changes as defined in Section 8.1.7.9.2.

An increase in nominal boron carbide content over that previously qualified shall always be
regarded as a key process change. The following are examples of other changes that are
established as key process changes as determined by the Certificate Holder's review of the
specific applications and production processes:

(a) Changes in the boron carbide particle size specification that increase the average particle
size by more than 5 microns or that increase the amount of particles larger than 60 microns
from the previously qualified material by more than 5% of the total distribution but less than
the 10% limit,
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(b) Change of the billet production process, e.g., from vacuum hot pressing to cold isostatic
pressing followed by vacuum sintering,

(c) Change in the nominal matrix alloy,

(d) Changes in mechanical processing that could result in reduced density of the final product,
e.g., for PM or thermal spray MMCs that were qualified with extruded material, a change to
direct rolling from the billet,

(e) For MMCs using a magnesium-alloyed aluminum matrix, changes in the billet formation
process that could increase the likelihood of magnesium reaction with the boron carbide,
such as an increase in the maximum temperature or time at maximum temperature,

(f) Changes in powder blending or melt stirring processes that could result in less uniform
distribution of boron carbide, e.g., change in duration of powder blending, and

(g) For MMCs with an integral aluminum cladding, a change greater than 25% in the ratio of
the nominal aluminum cladding thickness (sum of two sides of cladding) and the nominal
matrix thickness could result in changes in the mechanical properties of the final product.

In no case shall process changes be accepted if they result in a product outside the limits

established in Sections 8.1.7.8.1 and 8.1.7.8.4.

8.1.8 Thermal Tests

The thermal evaluation of the TN-LC package described in Chapter 3 is performed using very
conservative and bounding assumptions. Gaps between the components are modeled in the
thermal analysis to account for possible gaps expected during fabrication. Gaps are assumed to
be present during NCT and HAC post-fire cases when calculating heat flow out of the cask, and
gaps are assumed closed when calculating heat flow into the cask (i.e., during the HAC fire).
The calculated cladding temperatures are much lower than the cladding temperature limit,
assuring a large margin of safety.

For these reasons, thermal acceptance testing is not required for the TN-LC package

8.1.9 Impact Limiter Wood Test

Mechanical properties of the energy absorbing wood used in the impact analysis are listed in the
following table:

Specified Properties of Impact Limiter Wood

Wood Type Density Moisture Content Crush Stress Parallel to Minimum
(lb/fft) (%) Grain Lockup Strain

(psi) (in/in)
Balsa 10-12 6-10 1498-1900 0.8
Redwood 18. 7-27.5 6-10 5000-7500 0.6
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This table identifies the wood properties parameters and establishes the specification values for
these parameters that are measured and controlled for wood procurement. The crush stress
values are directly related to density and wood and moisture content. The crush stress values
listed cover the range of expected values of crush stress for density and moisture content
specified.
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8.2 Maintenance Program

8.2.1 Structural and Pressure Tests

Within 14 months prior to any lift of a TN-LC package, the trunnions shall be subject to either of
the following:

" A test load equal to 300% of the maximum service load per ANSI N14.6 [3], paragraph
7.3.1 (a) for single failure proof trunnions.

* Dimensional testing, visual inspection and nondestructive examination of accessible critical
areas of the trunnions including the bearing surfaces in accordance with Paragraph 6.3.1 (b)
of ANSI N14.6 [3].

8.2.2 Leakage Tests

The following containment boundary components shall be subject to periodic maintenance, and
preshipment leakage testing in accordance with ANSI N 14.5 [4] or ISO- 12807 [5]:

* Lid and seals

* Bottom Plug (Option 1 and 2) and seals

* Vent Port Plug Seal

" Drain Port Plug Seal

Typical Method
(ANSI N14.5

Test Frequency Acceptance Criteria TABLE A.1 [41)

Periodic Within 12 months prior to Each component individually < (He)
shipment l X 10-7 ref cm 3/s A.5.3

A.5.4
A.5.1

Before each shipment, after No detected leakage, sensitivity A.5.2

Pre-shipment the contents are loaded and of 10-3 ref cm 3/s or better, unless A.5.2
the package is closed seal is replaced. A.5.8

A.5.9
After maintenance, repair, (He)

Maintenance or replacement of Each component individually <containment components, 1 X 10-7 ref cm 3/s A.5.3

including inner seals A.5.4

No leakage tests are required prior to shipment of an empty TN-LC packaging.

8.2.3 Component and Material Tests

The TN-LC cask shall be inspected in accordance with the requirements of 10 CFR Part 71.87,
Routine determinations, part (b) prior to each shipment. Any defects or signs of degradation
discovered by these inspections for any component or feature would be repaired and brought
into compliance with the licensing drawings prior to shipment of the loaded package.
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8.2.3.1 Fasteners

All threaded fasteners and port plugs shall be inspected at the time of use for deformed or
stripped threads. Damaged parts shall be evaluated for continued use and replaced as required.

At a minimum, the TN-LC lid and bottom plug bolts shall be replaced at least every 75

shipments (round trip) to ensure adequate fatigue strength is maintained.

8.2.3.2 Impact Limiters

A visual examination of the impact limiters before each shipment will be performed to ensure
that the impact limiters have not degraded. If there is no evidence of weld cracking or other
damage which could result in water in-leakage, the wood performance is assured. If there is
visual damage, the impact limiter will be removed from service, repaired, if possible, and
inspected for degradation of the wood. Impact limiters will be leakage tested once every five
years to ensure that water has not entered the impact limiters. If the leakage test indicates that
the impact limiters have a leak, a humidity test will be performed to verify that there is no free
water in the impact limiters.

8.2.3.3 Valves, Rupture Discs, and Gaskets on Containment Vessel

If the bottom plug or the lid is removed, the seals are replaced prior to transport of a loaded
TN-LC package. The seals will be leakage tested after retorquing the bolts in accordance with
Chapter 7, Section 7.4.

O-ring seals may be reused for transport of an empty TN-LC packaging. O-ring seals shall be
replaced prior to each shipment of a loaded TN-LC package. For shipments with a loaded TN-
LC-JFA basket the O-ring seals shall be replaced within six months of the shipping date or prior
to the next shipment, whichever comes first.

There are no valves, rupture discs, or couplings on the containment of the TN-LC packaging.

8.2.3.4 Shielding

There are no periodic tests or inspections required for the TN-LC gamma or neutron shielding.
As described in Chapter 7, radiation surveys will be performed on the package exterior to ensure
that the limits specified in IOCFR71.47 are met prior to each shipment.

The material composition of the VYAL-B or Resin-F neutron shielding resin employed in the
shielding calculations is based on minimum guaranteed values that are determined by extensive
tests under various (including extreme) environmental conditions. These tests indicate that the
neutron shielding resin does not degrade under normal conditions and is durable over extended
periods of time. The shielding calculations employed are based on conservative models and
design basis source terms and demonstrate that the dose rate criteria are satisfied with sufficient
margin. The comparisons of calculated and measured dose rate have indicated that the
calculated dose rates are highly conservative. The 1OCFR71 dose rate _compliance measurements
serve to indicate the shielding effectiveness of the package. Therefore, periodic tests for the
neutron shielding resin are not necessary.
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8.2.4 Periodic Thermal Tests

There are no periodic tests or inspections required for the TN-LC package heat transfer
components.

8.2.5 Miscellaneous Tests

There are no additional maintenance tests required for the TN-LC package.
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Chapter 1 General Information

1.1 Address the reason(s) for inconsistent statements about high burn up fuel with zirconium
cladding that appear throughout the application, and provide a detailed description of the
licensing basis for the Model No. TN-LC package.

As indicated in this RAI letter, several inconsistencies appear to indicate that this
application does not establish a clear understanding of the licensing basis for high burn
up fuel with zirconium cladding. For example, only criticality analyses consider bounding
re-configured/damaged fuel geometries in accident conditions, thus taking no credit for
the structural integrity of the fuel, without addressing reconfigured shielding and thermal
sources. It is not clear why the statement that the fuel assemblies will "maintain their
structural integrity during accident conditions of transportation" is then made. Similarly,
the structural integrity of the payload fuel assemblies and elements during NCT side and
end drops are evaluated but the material properties for high burn up fuel cladding are
"unknown". The rationale for conjecturing "unknown" material properties for research
reactor fuel data and using material properties after wet storage for dry transportation of
commercial high burnup fuel needs to be addressed. In addition, a justification must be
made on how the effects of vibration under NCT will not alter the geometric form of the
high-burn up zirconium fuel cladding.

Thus, the application should describe the licensing basis of the package and justify
every assumption made.

This information is required by the staff to determine compliance with 10 CFR 71.31 (a),
71.33(b), 71.35(a), 71.47, and 71.51, 71.55(d)(2) and 71.71(c)(5).

RAI 1.1 Response

Section 1.1.2 is added to Chapter 1 of the SAR to describe the licensing basis for high
burnup commercial fuel with zirconium based cladding and for research reactor fuel. The
evaluations performed to support the licensing basis are based on the proposed
approaches discussed with NRC staff on 11/30/2011 and are listed in Table 1 and 2 for
reference.
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Licensing Drawings

1.2 Amend all the engineering notes which permit deviations from the licensing drawings in
the application. Include language requiring that the change meet the code of
construction and with approval of the Certificate of Compliance (CoC) holder (TN). This
includes alternate welding configurations. Examples of these engineering notes include
notes 10 and 19 from drawing 65200-71-01.

Any changes to the design of the packaging should be in compliance with the
code of construction and be approved by the CoC holder.

This information is required by staff to demonstrate compliance with 10 CFR 71.31(c)
and 71.33(a)(5)(iii).

RAI 1.2 Response

The drawings have been revised to include language requiring that any deviation meets
the code of construction and has the approval of the Certificate of Compliance holder.
The following are the latest drawing versions:

65200-71-01 Rev. 2
65200-71-20 Rev. 2
65200-71-40 Rev. 2
65200-71-50 Rev. 2
65200-71-60 Rev. 2
65200-71-70 Rev. 2
65200-71-80 Rev. 2
65200-71-90 Rev. 2
65200-71-96 Rev. 2
65200-71-102 Rev. 2

1.3 Justify the use of plate material and castings for the inner and outer shell, cited on
Engineering note 24 on Licensing Drawing No. 65200-71-01. Limit the fabrication of the
shell to only one material per TN-LC package.

The staff is concerned about the reduction of the strength and ductility that may occur
when using alternative material processing techniques to produce safety related
components, particularly of castings.

This information is required by staff to demonstrate compliance with 10 CFR
71.33(a)(5)(iii).

RAI 1.3 Response

In order to ensure that using alternate material processing techniques to produce
safety-related components will not result~in areduction of strength or ductility in
the inner and outer shells, note 24 of drawing 65200-71-01 has been amended to
read:
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"Inner and outer shells (items 1 & 2) can also be made from plates or castings,
provided strength and ductility is equal to or greater than those of the original
specification".

1.4 Provide all the minimum weld thickness on the licensing drawings.

All of the welds on the licensing drawings should indicate a minimum weld thickness
that conforms to structural analysis in the safety analysis report and with the code of
construction.

This information is required by staff to determine compliance with 10 CFR
71.33(a)(5)(iii).

RAI 1.4 Response

Note 19 of drawing 65200-71-01 specifies that "Minimum weld sizes are specified
on all drawings". This requirement is repeated in:

" Note 14 of drawing 65200-71-40,
" Note 11 of drawing 65200-71-50,
" Note 14 of drawing 65200-71-60,
" Note 10 of drawing 65200-71-70,
" Note 16 of drawing 65200-71-80,
" Note 17 of drawing 65200-71-90,
" Note 13 of drawing 65200-71-96, and
" Note 12 of drawing 65200-71-102.

1.5 Define equivalency for the glue used to fasten the wood together for the impact limiters.

The term "Equivalent" on Engineering note 7 of Licensing Drawing No. 65200-71-20
should be justified by listing the critical characteristics of the glue. The licensing
drawings should specify that the CoC holder's approval is required for approval of
equivalent glues.

This information is required by staff to determine compliance with 10 CFR
71.33(a)(5)(iii).

RAI 1.5 Response

The Wood Handbook [1.5.1] mentions that "Adhesively bonded wood assemblies
typically increase in strength with wood density up to a range of 44 to 50 ft/lb 3

(moisture content 12%). Below this level, adhesion is usually easy and the
strength of wood limits the assembly strength." The maximum density specified
for the wood of the impact limiters in drawing 65200-71-20 is 27.5 ft/Ib 3 , which is
well below 44 ft/lb 3, and the maximum moisture-content is 10%. .

Furthermore, the woods used in the impact limiters (balsa and redwood) are
classified by the Wood Handbook as "bond easily" (which is the category that
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bonds best). Therefore, the impact limiter wood assembly strength is limited by
the wood and not by the adhesive.

Additionally, the glue specified for fastening wood together on drawing 65200-71-
20 is of the phenol-resorcinol type. Phenol-resorcinol is classified within the
Wood Handbook as "more resistant than wood to high temperature and chemical
aging". The Wood Handbook also mentions that "Wood properties degrade faster
under heat and moisture than do rigid thermo-setting adhesives like resorcinol"
and that "Products made with (...) phenol-resorcinol-formaldehyde adhesives
have proven to be more durable than wood when exposed to warm and humid
environments, water, alternate wetting and drying, and even temperatures high
enough to char wood".

Therefore, using any phenol resorcinol adhesive type as specified on drawing
65200-71-20 ensures that the resistance to high temperature (including
temperatures high enough to char wood), chemical aging and moisture (which is
very limited since the wood is confined by the inner and outer shells) is also
limited by the wood and not by the adhesive.

Finally, the structural analysis does not take credit for the glue within the impact
limiters.

Therefore, it is not necessary to list the critical characteristics of the glue or to
require CoC holder's approval of equivalent glues, because as demonstrated
above, the performance of the impact limiter wood is limited by the wood and not
by the adhesive.

1.5.1 U.S. Department of Agriculture, Forest Services, "Wood Handbook: Wood
as an Engineering Material," General Technical Report, FPL-GTR-1 90,
2010.

1.6 Clarify the consequences if the corners of the support spacer specified in Engineering
note 20 on Licensing Drawing No. 65200-71-80 extended beyond the rail diameter.

Note 20 on Licensing Drawing No. 65200-71-80 makes an ambiguous statement that the
"corners should not protrude past rail diameter."
This information is required by staff to determine compliance with 10 CFR 71.43(f).

RAI 1.6 Response

Note 20 of licensing drawing 65200-71-80 was amended to read: "Corners shall
not protrude past rail diameter".

1.7 Edit the Engineering Notes on the Licensing Drawings so that backing bars are removed
prior to all weld examination techniques. Alternatively, justify (using the applicable code
of construction) that retaining the backing bars after welding is an acceptable practice.
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Backing bars are meant to be temporary construction aids, not permanent attachments
to weldments.

This information is required by staff to determine compliance with 10 CFR 71.31(c).

RAI 1.7 Response

The Inner shell closure weld (containment) in Note 31 is a circumferential weld classified
as a Category B weld per paragraph NB-3351.2 and Figure NB-3351-1. As such this
weld must meet the fabrication requirements of NB-4242 which states that integral
backing bars may be left in place provided that they meet the requirements of NB-
3352.2. This sub-paragraph requires volumetric plus PT examination in accordance with
NB-5220.

The Outer Shell closure weld is classified as a Class 1 subsection NF primary support
weld meeting the requirements of NF-3226.1 (a) which permits butt welds to be made
with or without permanent backing rings provided the requirements of NF-4240 for
undesirable welds or welds subjected to corrosion are met. NF-4240 only requires that
backing rings be removed if their presence will result in an undesirable condition. For
the Outer shell closure weld there are no undesirable affects due to the configuration
and the interior of the shell is not subjected to a corrosive atmosphere; therefore, the
backing ring does not need to be removed provided the joint meets the examination
requirements of NF-5212 (RT).

As written, Note 31 permits the use of permanent backing bars provided the finished
article meets the examination requirements of NB-5000 or NF-5000 and is in compliance
with subsection NB and NF requirements. In accordance with Note 31, and as explained
above, the fabricator will be required to demonstrate full code compliance if he elects to
employ the use of backing rings.

1.8 Specify a welding code, (e.g., Section III, Subsection NF of the ASME Code or AWS) for

the construction of the impact limiters.

No welding code is specified for impact limiters.

This information is required by staff to determine compliance with 10 CFR 71.31(c).

RAI 1.8 Response

Welding code AWS D1.6:2007 "Structural Welding Code - Stainless Steel" has
been specified as the welding code on drawing 65200-71-20 Note 16.

1.9 Specify a welding code, (e.g., Section III, Subsection NG of the ASME Code) for the TN-

LC-1 FA basket on the licensing drawings.

No construction code is specified for the basket-- . - - - --

This information is required by staff to determine compliance with 10 CFR 71.31(c).
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RAI 1.9 Response

Note 9 of drawing 65200-71-90, note 5 of drawing 65200-71-96, and note 1 of
drawing 65200-71-102 specify Section III Sub-Section NG of the ASME Boiler &
Pressure Vessel Code, 2004 Edition with Addenda through 2006 as the code of
construction.

1.10 Justify why the ASME SA-193 B8 bolts do not comply with Section III, Subsection NG of
the ASME Code and do not have a Safety Category A. Clarify what the acronym
"SHCS" means. See Licensing Drawing No. 65200-71-50, sheet 1 of 5.

The ASME SA-193 B8 bolts appear to be an integral part of the basket assembly,
functioning to keep the contents in place and should therefore be constructed to similar
level of quality. The term "SHCS" does not appear in the application.

This information is required by staff to determine compliance with 10 CFR 71.31(c) and
71.33(a)(5)(iii).

RAI 1.10 Response

The ASME SA-193 B8 bolts (items 9 and 10 of drawing 65200-71-50) are part of
an assembly that maintains the basket gap within the cask internal cavity. They
are not part of the basket assembly itself and do not support the fuel assemblies.
Therefore, they do not need to comply with Section II, Subsection NG of the
ASME Code and to have a safety category A.

The term "SHCS" is an acronym for "Socket Head Cap Screw". Drawing 65200-
71-50 has been revised to clarify this acronym.

1.11 Identify on what sheet of Licensing Drawing No. 65200-71-40 the "Pipe" is shown.

Although listed in the Bill of Materials, the staff has not located Item #9, "Pipe."

This information is required by staff to determine compliance with 10 CFR
71.33(a)(5)(iii).

RAI 1.11 Response

Item 9 (Pipe) is shown on sheet 5 of drawing 65200-71-40, area B-4, and is part
of the spacer assembly.

1.12 Justify why the support spacer and other spacer components of the TN-LC-TRIGA
basket do not comply with Section III, Subsection NG, of the ASME Code~as Safety
Category of A.

The support spacer and other spacers appear to be integral parts of the basket
assembly and should therefore be constructed to a similar level of quality.
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This information is required by staff to determine compliance with 10 CFR 71.31(c).

RAI 1.12 Response

The support spacer and other spacer components of the TN-LC-TRIGA basket
are part of an assembly that maintains the total basket gap within the cask
internal cavity. They are not part of the basket assemblies themselves (except
some Item 17s, which are welded at the bottom of each basket but do not
provide any support to any fuel assemblies) and do not support the fuel
assemblies. Therefore, they do not need to comply with Section II, Subsection
NG of the ASME Code and have a safety category A.

1.13 Describe, on the licensing drawings, the Poison Rod Assemblies (PRAs) used for
criticality control for the PWR fuel assemblies.

Only components which are listed in the licensing drawings or adequately described in
the CoC can be given credit for criticality control.

This information is required by staff to determine compliance with 10 CFR 71.33(a)(5)(ii).

RAI 1.13 Response

The specifications for the Poison Rod Assemblies (PRAs), including
configuration, geometry and poison material requirements, used for criticality
control for the PWR fuel assemblies are adequately covered in the CoC.

1.14 Justify the code of construction and Safety Classification for the ASME SA-540
Gr. B23 Class1 impact limiter attachment bolts.

The impact limiter bolts are made of ferritic steel, which are susceptible to nil-ductility
temperature embrittlement. Acceptance testing under a code of construction, e.g.,
Subsection NB, of the bolt material should be conducted to ensure that the bolts have
adequate ductility at low temperatures. The SA-540 Gr.B23 bolts for containment will
undergo low-temperature impact testing according to Subsection NB of the code. It is
necessary that the impact limiter attachment bolts also undergo similar testing, since
their ductility is necessary to maintain the function of the impact limiters during HAC.

This information is required by staff to determine compliance with 71.73(c)(1).

RAI 1.14 Response

The impact limiter attachment bolts are designed to meet the ASME Code Subsection
NF requirements (Drawing 65200-71-20, item 21). The bolting Cv values (Charpy V-
Notch Test) for Subsection NF (Table NF-2333-1) and Subsection NB (Table NB-2333-
1) are identical for the impact limiter attachment bolts. -Therefore, the design and
fabrication of the attachment bolts per Subsection NF have adequate ductility at low
temperature. The drawing is revised to add note 16 "The impact limiter bolt material
shall meet the C, values as specified in Subsection NF, Table NF-2333-1 with the lowest
service temperature of -400F".
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1.15 Remove the reference to MT on the code exception to NB-5221 and clarify the
number of PT layers that will be used in lieu of a volumetric examination.

The inner and outer shells are non-magnetic, therefore MT is not an applicable
inspection technique. The number of PT layers used in lieu of a volumetric
examination should be clarified to ensure its adequacy.

This information is required by staff to determine compliance with 10 CFR 71.31(c) and

71.33(a)(5)(iii).

RAI 1.15 Response

Table 2.13.13-1 of ASME Code alternatives is revised to remove MT and add
"PT examination shall be performed at root, every W" layer, and final".

1.16 Justify the 1.0 joint equivalency factor for the tube longitudinal welds of the fuel basket.

Additional supporting documentation should be provided to the staff to make a safety
evaluation, e.g., ASME Code cases, demonstrating that a joint equivalency factor 1.0 is
a valid engineering assumption.

This information is required by staff to determine compliance with 10 CFR 71.31(c) and

71.33(a)(5)(iii).

RAI 1.16 Response

A joint efficiency factor of 1.0 is justified based on the following considerations:

1. The longitudinal seam welds of the fuel compartment tubes are full penetration
welds performed on thin gauge (0.135") tube material.

2. The longitudinal seam welds are autogeneous and are made in a single pass using
automated welding equipment.

3. The longitudinal seam welds are made on the flat sides of the tube.
4. Both, the inside and outside surfaces of the weldment receive 100% VT

examination.

The welding process and examination described above ensures sound quality and
uniformity of the finished weld.

In addition, the fuel compartments have no pressure retaining function and the tube
material consists of stainless steel which is very ductile. Also, as shown on drawing
65200-71-80, the 3.38" square tubes are full length and trapped between the 304
stainless wrap and poison plates and are also fully supported by the aluminum rail at the
peripheries.

For all the considerations described above a joint efficiency factor of 1.0 is acceptable
and justified.
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1.17 Remove Engineering note 21 and note 22 from Licensing Drawing No. 65200-71-01, and
all such similar notes on other licensing drawings. Clarify why the statement of note 21
"all welds shall be visually inspected to verify compliance with the requirements of NB-
4424 or NF-4424" contradicts note 2 of drawing 65200-71-40 "All welds shall be visually
examined in accordance with NG-5361 and NG-5362, as applicable."

References to sub-tier sections of ASME Code are already incorporated into the
code of construction and can be misinterpreted such that these specific sub-tier
sections are used at the exclusion of other sub-tier sections of the code of
construction.

The visual acceptance is also more stringent than NB-4424 or NF-4424. The applicant
must specify which is the prevailing code.

This information is required by staff to determine compliance with 10 CFR 71.31(c) and
71.33(a)(5)(iii).

RAI 1.17 Response

The containment boundary of the cask is designed, fabricated, and inspected per NB.
The noncontainment boundary of the cask is designed, fabricated, and inspected per
NF. The basket is designed, fabricated, and inspected per NG. Since the codes of
construction are already specified in the drawings, references to sub-tier sections of the
ASME code are not required. Therefore, note 21 and note 22 from drawing 65200-71-01
are removed. And, similar to note 2, reference to NG-5361 and NG-5362 is also
removed from drawings 65200-71-40, 65200-71-50, 65200-71-60, 65200-71-70, 65200-
-71-80, and 65200-71-102. Note 10 from drawing 65200-71-90 and Note 6 from drawing
65200-71-96 are also removed.

Chapter 2 Structural Evaluation

2.1 Provide a summary description of the impact limiter design criteria to clarify how the
lock-up strain limits for the balsa wood and redwood are considered so that they can
properly be modeled in the LS-DYNA cask analysis for the free drop tests and
conditions. See page 2-7, Impact Limiters, of the application.

Section 2.1.2 of the application makes reference to Appendix 2.13.12 for the design of
the impact limiters. The stress-strain curves of Figure 2.13.12-20 for the balsa display a
lock-up strain of about 80%. The lock-up strain for the redwood shown in Figure
2.13.12-22 is about 60%. It is unclear how the lock-up strain limits are considered as
design criteria and modeled in the LS-DYNA analysis of the package free drop tests and
conditions.

This information is required by staff to determine compliance with 10 CFR 71.71 (c)(1)

and 71.73(c)(3)

RAI 2.1 Response - -- .

Description of the lock-up strain and its implementation in the material model has been
added to Appendix 2.13.12, Section 2.13.12.4.1.
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2.2 Identify and tabulate individual weights and centers of gravity for all relevant package
components, including applicable basket and payload configurations.

The application states that the center of gravity of the package is located on the axial
centerline between 88.87 inches and 110.6 inches from the base of the package,
depending on the basket in use. This characterization of the package weights
configuration is insufficient for a safety evaluation. For instance, as reviewed in a latter
RAI for the baseline cask rigid body decelerations calculated by the impact limiter finite
element analysis, the information for the package's centers of gravity, including
bounding locations, must be properly considered.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.2 Response

The cited sentence has been revised to communicate clearly the information regarding
variability of the center of gravity location for TN-LC cask shipping configurations. In
addition, Table 2-10 has been added to Chapter 2 with detailed information about the
weight and centers of gravity for individual baskets and individual shipping
configurations. The impact of variability of the center of gravity onto the baseline cask
rigid body decelerations has been assessed in the SAR evaluations and is addressed in
the response to RAI 2.25.

2.3 Identify and re-assess the weakest part of the load path.

Section 2.5.1 of the application states that, for excessive load evaluation, "...the lowest
safety margin occurs at the trunnion." However, based on the stress summary
tabulated in page 2-16 and in Table 2.13.5-6, the lowest stress safety margin of 0.47
occurs at the outer cask shell, which is structurally an integral part of the package.

This information is required by staff to determine compliance with 10 CFR 71.45(a).

RAI 2.3 Response

The trunnion has been redesigned so that the TN-LC Cask Assembly would have the
lowest safety margin for 6g load at the single shoulder trunnion component. The
trunnion material has been changed from SA-182 Type F6MN to SA-182 FXM19, while
the trunnion shoulder diameter increased from 4.0 inches to 4.25 inches.

The trunnion shoulder stress bolt evaluations have been modified to address the
demands of the revised design. Additional sketches of the trunnion shoulder and
trunnion flange have been added (Figures 2.13.5-1 and 2.13.5-2) to enhance the clarity
of presentation and to address RAI 2.16 recommendations. Appendix 2.13.5 has been
reviewed and revised to correctly evaluate stress in the trunnion and shear key
assemblies. SAR drawings and SAR sections that address trunnion design parameters
and stress results are also revised.

2.4 Clarify the inconsistent description presented in Section 2.6.7.1, "The load combination
performed to evaluate these drop events are indicated in Table 2-8. In all cases, bolt
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preload effects and fabrication stress are included," by noting that the fabrication stress
is not included in Table 2-8, "Summary NTC Load Combinations."

Table 2-8 does not appear to have considered fabrication stress, such as that of pouring
lead into the annulus between the package's inner and outer shells. See also the RAI
below on considering fabrication stresses for cask component stress evaluation.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.4 Response

The cited sentence in Section 2.6.7.1 has been deleted since it is inconsistent with the
up-to-date SAR information referring to fabrication stress evaluation. Responses to RAI
2.6 and RAI 2.10 describe the SAR changes that address TN-LC transport cask
fabrication stresses.

2.5 Clarify and remove, as appropriate, the use of the terminology, "combined stress
intensities," for describing load combination stress intensity results in Section 2.6.7.1.

Use of the subject undefined terminology is confusing. Load combination stress
intensities are often computed for the cask containment boundary evaluation by the
ASME Code, Section III, Division 1, Subsection NB stress criteria. The terminology,
"combined stress intensities," however, has no meaning and should be modified to
recognize proper use of ASME Code provisions.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.5 Response

Terminology consistent with the ASME Code provisions has been integrated into the
SAR and all instances of the expression "combined stress intensities" were removed.
The term "combined stress intensities" has been replaced with the term "Load
combination stress intensities."

Revisions to the SAR include the following:

Section 2.6.7.1 (Transportation Task) was revised in three locations including
modifications to the third, fourth, and fifth paragraphs. The phrase "combined stress
intensities" was removed and replaced by the "load combination stress intensities"
phrase.

Section 2.7.1.1 (End Drop) was also modified in the second paragraph. The phrase
"combined stress intensities" was replaced by the "load combination stress intensities"
phrase.

Section 2.7.1.2 (Side Drop) was modified in the first paragraph. The phrase "combined
stress intensities" was replaced by the load combination-stress, intensities" phrase.

Section 2.7.1.3 (Corner Drop) was modified in the second paragraph. The phrase
"combined stress intensities" was replaced by the "load combination stress intensities"
phrase.
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Section 2.7.1.4 (Oblique Drop) was modified in the second paragraph.

In paragraph 2, the phrase "combined stress intensities" was replaced by the "load
combination stress intensities" phrase.

In Section 2.7.4.3 (Stress Calculations) was modified in the first paragraph. In the
second sentence, the phrase "combined stress intensities" was replaced by "load
combination stress intensities" phrase.

2.6 Provide a summary clarification for the statement in Section 2.6.11, "[t]he fabrication
stresses remaining in the cask components at the time the cask will be used for
transportation will be insignificant," regarding the lead pouring between the inner and
outer shells.

Position 1.5 in Regulatory Guide 7.8, "Load Combinations for the Structural Analysis of
Shipping Casks for Radioactive Material," states that fabrication stresses should be
considered in determining the maximum resultant vessel stress. The applicable stress
as related to lead pouring should be quantified even if it is considered insignificant in the
context of fabrication stresses evaluation.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.6 Response

The SAR has been revised to address appropriately the fabrication stress issue. The
TN-LC cask fabrication stresses are quantified in the new Appendix 2.13.14. The
stresses are considered for NCT in the Section 2.6.11 (revised section) and for HAC in
the Section 2.7.9 (new section). Fabrication stresses are determined to be insignificant
and not included in the load combinations for NCT and HAC. Relevant footnotes are
added to tables specifying load combinations for NCT and HAC (Appendix 2.13.1) to
indicate that determination.

2.7 Clarify the statement found in Section 2.7.1.4, "For cask body structural evaluation, the
top and bottom ends of the cask are analyzed for 130 g acceleration... Therefore, the
middle portion of the cask is bounded by the 75 g side drop evaluation."

Provide a free-body diagram sketch to identify how the 130 g is applied as a side impact
load for the cask analysis.

This information is required by staff to determine compliance with 10 CFR 71.73(c)(1).

RAI 2.7 Response

Section 2.7.1.4 as well as Appendix 2.13.1, Sections 2.13.1.6.1.4, 2.13.1.6.2.4,
2.13.1.6.3.4, and 2.13.1.8.3 have been updated. to-clarify-the methodology used for the
oblique (slapdown) analysis. Furthermore, a confirmatory analysis using more realistic
loading was performed to show that the methodology used to evaluate the oblique drop
down evaluation using more realistic loading. The confirmatory analysis has been
added in Appendix 2.13.1, Section 2.13.1.10.1.
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2.8 Clarify the statement found in Section 2.11, "The structural adequacy of the fuel rods in
the various baskets is not relied upon to provide containment of radioactive material
under hypothetical conditions," by noting that if analyzed fuel configurations are relied on
for demonstrating criticality safety, it should also be recognized in this section of the
application.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.8 Response

Section 2.11 has been revised to reference Chapter 1, Section 1.1.2 for the Licensing
approach of the TN-LC package.

2.9 Replace the word "or' by "and" for the HAC (Level D) stress limits, in Table 2-3, "Cask
Stress Limits," for the P,, P,, and (Pm + PI) + Pb stresses by recognizing that both stress
limit criteria are considered in the stress evaluation in accordance with ASME Code,
Section III, Appendix F, provisions.

This information is required by staff to determine compliance with 10 CFR 71.73(c)(1).

RAI 2.9 Response

The word "or" has been replaced by the word "and" in ASME code stress limit criteria
cited in the SAR, when appropriate, to cite accurately ASME code requirements.

2.10 Add a footnote to the tables, as appropriate, if the residual stress, including the lead
pouring fabrication stress, is determined to be insignificant and needs not to be
considered for meeting the Regulatory Guide 7.8 load combinations provisions.

Position 1.5, Regulatory Guide 7.8, provides that fabrication stresses should be

considered in load combination evaluation of the package performance.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.10 Response

Pertinent footnotes have been added to tables specifying load combinations for NCT and
HAC in Appendix 2.13.1 to address the fabrication stresses. In the revised SAR,
fabrication stresses are quantified and discussed in the (modified) Section 2.6.11 for
NCT and in the (new) Section 2.7.9 for HAC. The stresses are determined insignificant
and are not included in the load combinations. Quantification of fabrication stresses is
provided in Appendix 2.13.14.

Appendix 2.13.1 TN-LC Cask Body Structural Analysis

2.11 Define which portion of the cask body shell is considered as the top and the bottom ends
for stress analysis and reporting for the baseline 130 g side impact analysis in Section
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2.13.1.6.1.4, "Slap Down Drop Evaluation." Additionally, provide a confirmatory analysis
using a more realistic loading assumption of linearly distributed side impact to
demonstrate that the inner shell containment boundary stress is conservatively
evaluated.

Tables 2.13.1-46 and 2.13.1-53 list stress results, based on plastic analysis, for the cask
subject to the side impact of 75 g and 130 g, respectively. While maximum stress in the
outer shell for the former load case is seen about 15% less than the latter, the maximum
stresses in the inner shell are seen barely different at 49.9 ksi and 48.5 ksi for the two
side impact conditions. Furthermore, the inner shell maximum stress of 49.9 ksi
associated with the 75 g impact, shouldn't be shown to be higher than that of 48.5 ksi of
the case of 130 g side impact.

This information is required by staff to determine compliance with 10 CFR 71.73(c)(1).

RAI 2.11 Response

A confirmatory analysis using more realistic loading assumptions has been performed.
See response to RAI 2.7.

2.12 Revise Tables 2.13.1-19 through 2.13.1-22 and Tables 2.13.1-37 through 2.13.1-40 to
ensure all weight units are properly used.

The weight unit, kip, does not appear to be consistent with the listed values.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.12 Response

Tables 2.13.1-19 through 2.13.1-22 and Tables 2.13.1-37 through 2.13.1-40 were
examined for the correctness of their contents.

Tables 2.13.1-19 through 2.13.1-22 are updated in the column under the sections
"Transverse Forces", "Axial Forces," and "Total Reaction Force" to contain "Ibs" units in
place of "kip" unit to account for the proper weight units.

Table 2.13.1-37 is updated in the second column under the sections "Payload Weight"
and "Front Impact Limiter Weight" to contain "lbs" units in place of "kips" units to account
for the proper weight units.

Table 2.13.1-38 is updated in the second column under the sections "Payload Weight"
and "Rear Impact Limiter Weight" to contain the "lbs" units in place of "kip" units to
account for the proper weight units.

Tables 2.13.1-39 through 2.13.1-40 are revised entirely to provide correct information for
weight load magnitudes for HAC.

2.13 Verify the stress allowables for the package top and bottom flanges and re-evaluate
stress margins for the package components, as appropriate, in Tables 2.13.1-46 and
2.13.1-48.
There appears to be errors in entering the stress allowables into these tables.
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RAI 2.13 Response

Stress allowables in Tables 2.13.1-46 and 2.13.1-48 for the top and bottom flanges have
been corrected.

Previous values of "92.7" have been replaced with "83.4" located in rows relating to
stress allowables values for the top and bottom flanges of Tables 2.13.1-46 and 2.13.1-
48. The revised allowables are based on non-linear elastic-plastic analysis at 350°F hot
temperature conditions.

Appendix 2.13.5 TN-LC Cask Lifting and Tie-Down Devices Structural Evaluations

2.14 Clarify the statement in Section 2.13.5.1.1, "10 CFR 71.45(a) requires that a minimum
factor of safety of three and five are needed against material yields and ultimate
strengths, respectively ...." by removing the reference to evaluate the factor of safety
against material ultimate strength.

The regulation is incorrectly noted to also include an evaluation of stress factor of safety

evaluation against material ultimate strength.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.14 Response

Statement in Section 2.13.5.1.1 has been revised to correctly address regulatory
requirements stated in the 10 CFR 71.45(a).

2.15 Correct, as appropriate, the underscored typographical error on page 2.13.5-2, in
particular, by recognizing that the cited trunnion drawing should read, "...drawing 65200-
71-01, sheet 5."

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.15 Response

The cited typographical error on page 2.13.5-2 has been corrected and the sentence has
been revised to specify properly the appropriate drawing identifications.

2.16 Revise the sketch in Figure 2.13.5-1, "Trunnion Flange Stresses," by providing the
section cut A-A with sufficient annotations to depict the details and locations considered
for trunnion stress analyses presented in pages 2.13.5-2 through 2.13.5-8.

Section A-A, as identified, is not presented in Figure 2.13.5-1. Sufficient details should

be provided to facilitate staff review of the trunnion analysis.

This information is required by staff to determine-compliance with 10 CFR 71.17.
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RAI 2.16 Response

Sketches of the trunnion shoulder and trunnion flange have been added (Figures 2.13.5-
1 and 2.13.5-2) to enhance the clarity of presentation and depict the details and
locations for trunnion analyses. Appendix 2.13.5 has been reviewed and revised, where
necessary, to provide the correct trunnion and shear key assembly stresses.

Appendix 2.13.7 TN-LC Lid Closure Evaluation Due to Delayed Impact

2.17 Clarify the statement, in page 2.13.7-6, regarding the bolt shear stress plot presented in
Figure 2.13.7-16: "For the lid end drop there are no shear stresses; thus the tension plus
shear stress limit is bounded by the tension limit," by noting that, if the "shear stress" at
the bolt periphery is used as an indirect reference in the computational software for
calculating the primary bending stress intensity, P1 +Pb, it should clearly be described
and evaluated in the application.

As annotated in Figure 2.13.7-16, contrary to the "no shear stresses" assessment, the
maximum shear stress is reported to be at 76.654 ksi. This inconsistency in reporting
bolt shear stress or lack of it is confusing.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.17 Response

The statement on page 2.13.7-6 is in reference to the shear stress across the bolt; as
stated there is no shear stress across the bolt. Figure 2.13.7-16 shows the plot of
maximum shear stress which is being used to calculate stress intensity. As seen by the
maximum shear stress equation for a biaxial stress state:

Tmnax = 2 oY 'J+

For a case with no shear stress and only normal stresses, the maximum shear stress will
still be half of the maximum stress intensity. Thus maximum shear stress is used to
calculate maximum stress intensity in the bolts. To clarify the evaluation, the titles of
Figures 2.13.7-16, -17 and -19 have been revised.

Appendix 2.13.8 TN-LC Basket Structural Evaluation

2.18 Provide the basis for the ASME Code bolt shear stress allowables of 0.8Sm and 0.6SY for
the evaluation of the 1 FA basket in NCT and HAC conditions, respectively. See Section
2.13.8.5.5, "Frame/Sleeve Bolt Evaluation."
The application summarizes ASME Code, Section III, Subsection NG, stress allowables
for stress evaluation of basket components except the bolts. It is unclear whether the
ASME Code bolt stress acceptance criteria, including shear stress- have been properly
considered for demonstrating the structural integrity of all 1 FA basket components.

This information is required by staff to determine compliance with 10 CFR 71.17.
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RAI 2.18 Response

Evaluations addressing 1FA basket frame fastener configurations in Sections 2.13.8.5.5
and 2.13.8.5.4 (bolts and welds alternatives) have been reviewed and modified to
address concerns raised in the RAI. Criteria of structural assessment for the 1 FA basket
bolts have been revised and identified in the table at the beginning of Section 2.13.8.5.5.
The revised stress criteria for the bolts are based on Subparagraphs NG-3232. 1, NG-
3232.2, and F-1440 (c)(1) of the ASME code and represent stress limits for high strength
threaded fasteners subjected to the jurisdiction of Subsection NG. The number of 1 FA
basket bolts has been increased from 16 to 32. Stress results for bolts are summarized
in Table 2.13.8-19 (NCT) and Table 2.13.8-20 (HAC). In addition, a summary of weld
stress limits is documented in the table at the beginning of Section 2.13.8.5.4, while
stress results for welds are summarized in the Table 2.13.8-21 (NCT and HAC).

2.19 Provide sketches depicting structural design attributes, including mechanical properties
of the grid spacers as well as the clad and the U-AL fuel materials, for the NRU fuel
assembly considered in the package side- and end-drop analyses.

The application notes the Young's modulus, E, of 9.1 x 106 psi and the yield stress, Sy,
of 8,000 psi for evaluating the NRU/NRX fuel assembly. Table 2.13.11-3 lists a 0.03-
inch thick clad and the U-AL fuel, which suggests that the fuel clad alone is counted for
load resisting purpose. However, page 2.13.11-5 states, "For NRU/NRX, the fuel rod is
modeled by beam elements since the fuel rod is solid." It is unclear whether the clad-
fuel composite action is considered in the modeling for analyzing fuel rod response. The
staff notes that, if a composite action assumption, as an artifact, is made for the fuel rod,
to markedly increase the fuel rod load-resisting capability, such an assumption must be
properly justified.

This information is required by staff to determine compliance with 10 CFR 71.73(c)(1).

RAI 2.19 Response

The NRU fuel assembly sketches depicting structure design attributes are provided in
Chapter 1, Figure 1.4.2-1. The NRU fuel assembly consists of twelve cylindrical
elements in a bundle. These twelve elements are located in a circle array and are held in
the position by one end plate and six spacers.

The fuel cladding of NRU/NRX fuel elements used for research reactors are made of
Aluminum alloy of Alcan 6102/Alcan 2S or Al-1 100, and the fuels are made of U-
AI/SS/Alcon, uniformly distributed in aluminum matrix by melting and casting techniques.
The enriched U-Al precipitates increase the stiffness and yield strength of matrix alloy
compared to Al 1100-0 alloy. Also metallurgical bonding between the cladding and the
fuel is achieved through high temperature extrusion. Therefore, the materials of both
NRU fuel cladding and NRX fuel are assumed to be the same as Al 1100-0 alloy
material; and the fuel cladding and fuel are assumed to be perfectly bonded.

The fuel drop analysis of the NRU fuel rod is performed by modeling a circular solid
beam element made of Al 1100-0 alloy. SAR Appendix 2.13.11 is updated accordingly.
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2.20 Verify the statement in Section 2.13.11.1.2.2, "Side Drop Analysis." "The... NRU fuel
cladding modeled by solid element..." by comparing it with the Section 2.13.11.1.3.3
statement, "the fuel cladding is modeled using beam elements."

Those two statements provide a different modeling description for the NRU fuel rod.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.20 Response

NRU fuel is modeled as a circular solid beam. SAR Sections 2.13.11.2.2 and 2.13.11.3.3
are updated accordingly.

2.21 Verify that correct fuel clad thickness reported in Tables 2.13.11-1 and 2.13.11-14 is
considered for the PWR 16 x 16 fuel assembly in evaluating the fuel rod drop accidents.

Table 2.13.11-1 lists a clad thickness of 0.0198 inches for the PWR 16 x 16 fuel while
Table 2.13.11-14 reports 0.0250 inches for the same fuel.

This information is required by staff to determine compliance with 10 CFR 71.17.

RAI 2.21 Response

The original fuel cladding thickness for PWR CE 16x16 SCE fuel assembly is 0.0250
inch. To be conservative, the side drop evaluation performed assumes a reduction in
cladding thickness of 0.0027 inches to account for oxidation. Therefore, a cladding
thickness of 0.0223 inches was used in the evaluation. SAR Table 2.13.11-1 and Table
2.13.11-4 are updated accordingly for the CE 16x16 SCE fuel.

2.22 Provide calculations to demonstrate that the end fitting lateral and rotational spring
constants of 40,000 and 20,000 as Real Constants 9 and 10, respectively, are
conservatively implemented for calculating peak bending stresses for the BWR fuel
clads. See Figure 2.13.11-5, Finite Element Model Setup for BWR.

As depicted in Figure 2.13.11-6 for the model constraints assumed for the BWR fuel
assembly and Figures 2.13.11-18 through 2.13.11-21 for the calculated bending stress
diagrams, an inflection point is introduced to the "cantilevered" segment of the fuel rod
beyond the last hinge support. As such, the curvature reversal associated with the
prescribed translational and rotational constraints in the respective UY and ROTZ
degrees of freedom appear to have significantly brought down the calculated bending
stresses of the rod. Since calculated maximum bending stresses may vary markedly,
depending on the boundary conditions imposed, the constraints associated with the
subject translational and rotational spring stiffness must be conservatively estimated.

This information is required by staff to determine compliance with 10 CFR 71.73(c)(1).

RAI 2.22 Response

At the top and bottom ends of the fuel assembly model, the fuel cladding is linked
together in the lateral and rotational directions with spring elements to simulate the end
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fittings constraint condition. The spring stiffness for the lateral spring is K = P/6 = 3EI/L3 .
The elastic modulus, E, is 1.38 x 107 psi, the moment of inertia, I = rD04/64, where D =
0.31 in. and I is calculated to be 4.53 x 10-4 in4.The minimum spring length is taken as
0.84 in. The resulting spring stiffness is 31,600 lb/in, and 40,000 lb/in is used
conservatively. The spring stiffness for the rotational spring is K = M/0 = EI/L. The
resulting spring stiffness is 7,442 Ib/rad and 20,000 lb/in is used conservatively.
Therefore the transitional and rotational spring stiffnesses are conservatively estimated.
The SAR Section 2.13.11.3.2 has been updated accordingly.

2.23 Verify that the maximum principal strain is used for the subject time-history response
plot. See Figure 2.13.11-37, Maximum Principal Strain Time-History of NRU Rod.

It is unclear what the "maximum value data" labeled for the vertical plot axis stand for.
The plot appears to suggest, however, that the complete fuel rod is always subject to
compressive stress as the maximum principal strain is the algebraically largest, which
reads "zero," in the plot. Given that a rod bowing of 0.01 inches is prescribed for the
model, the rod is expected to also respond with positive maximum principal maximum
strain during the end-drop event.

This information is required by staff to determine compliance with 10 CFR 71.73(c)(1).

RAI 2.23 Response

The "maximum value data" label in Figure 2.13.11-37 is the axial compressive strain.
The absolute maximum value is the same as maximum principal strain, since the fuel is
modeled by cylindrical solid beam elements. The plot has been updated in the SAR.

2.24 Provide appropriate "bolt strain" time-history response plots, for the package free drop
with maximum calculated bolt stress of 148.6 ksi, to demonstrate that the high-strength
bolts will not exceed the elongation limits upon the secondary impact of the tail impact
limiter. The elongation capability of the SA-540 Gr. B23, Class 1, bolts should be shown
bounding the calculated strains for demonstrating the bolt adequacy.

Page 2.13.12-12 notes the at-temperature bolt tensile strength, Su, of 165 ksi at 3000F.
The maximum calculated bolt stress of 148.6 ksi, however, exceeds the at-temperature
bolt yield strength of 140.3 ksi. Given that elongation capability of the SA-540 Gr. B23,
Class 1, bolts may be relatively limited and that the impact limiter components may have
undergone a large deformation, a simple stress margin evaluation against the ASME
Code, Section III, stress based acceptance criteria may not be sufficient for
demonstrating the bolt structural adequacy.

This information is required by staff to determine compliance with 10 CFR 71.73(c)(1).

RAI 2.24 Response

A more detailed bolt assembly model.was created to analyze the impact limiter bolts
during the drop event to accurately capture combined stresses in the impact limiter
attachment bolts. The updated bolt assembly model includes both the bolt tunnel and
diameters of the bolt sleeve in addition to the impact limiter bolt. The bolt tunnel and
sleeve are modeled with beam elements and run the length of the impact limiter in
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series. In addition to comparing the tensile stress against its allowable value, shear
stress and combined axial and shear stress are evaluated. Also, minimum, average,
and maximum strain values are obtained and compared against the minimum elongation
values for SA-540 GR. B23 CL. 1 bolting material. SAR Appendix 2.13.12, Section
2.13.12.6 has been updated with the detailed bolt assembly analysis. Only the bounding
axial stress, shear stress, and plastic strain plots are provided in Appendix 2.13.12.
However, plots for axial and shear stresses for each bolt and minimum, average, and
maximum integration point strain values for each of the bolts that exceed a strain of 0.1
are provided in Enclosure 14.

2.25 Re-evaluate the slapdown drop analyses, as appropriate, which were used for
determining the baseline rigid body decelerations for cask structural evaluation in view of
the bounding shift of the cask center of gravity location between 88.75 inches and
110.65 inches from the base of the package. See page 2.13.12-6 of the application.

Section 2.1.3 of the application notes the cask center of gravity location, on the axial
centerline, at between 88.75" and 110.65" from the cask base. However, as noted in
"Cask Model," the cask drop analysis considers a uniform weight distribution with the
center of gravity located at the geometric center, 98.75," from either end. Effects of this
varied center of gravity location on slapdown drops can be significant and should be
addressed accordingly.

This information is required by staff to determine compliance with 10 CFR 71.73(c)(1).

RAI 2.25 Response

The center of gravity location, on the axial centerline, lies between 98.12 in to 100.58 in
(See response to RAI 2.2 and SAR Table 2-10). A sensitivity study was performed
varying the center of gravity from 98 in to 101 in. The results show only slight changes
in the cask decelerations. The study has been added to Appendix 2.13.12, Section
2.13.12.5.1.

2.26 Clarify the statement on page 2.13.12-6, "The bulk modulus which defines the unloading
curve is taken to be the same as the modulus of elasticity," by providing a sketch
depicting both the loading and unloading branches of the stress-strain curves for the
cited wood properties presented in Tables 2.13.12-3 and -4.

Also explain, for instance, why the bulk modulus for balsa wood at 10,800 psi, which is
interpreted as the modulus of elasticity, is necessarily reported to be smaller than the
shear modulus of elasticity at 763,800 psi.

The modulus of elasticity, E, of a given material is known to be always greater than its
shear modulus of elasticity, G. It is unclear how these two material constants are being
considered in the finite element modeling of the wood in implementing the LS-DYNA
Code.

This information is required by staff to determine compliance with 10 CFR 71.17.
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RAI 2.26 Response

The stress-strain curve depicting loading and unloading branches is illustrated in the
following figure. The loading and unloading curves are parallel. For clarifications all bulk
modulus references have been changed to Elastic modulus.

Yield
1Lock-up

Stress Strain

Loa~dina Unloading

Strain

Sensitivity analyses were performed to assess the influence of the shear modulus and
perpendicular strength. The results of the study showed that neither of these values
have significant effect on the peak acceleration or deformation results for hypothetical
drops. The sensitivity analyses have been added in Appendix 2.13.12, Section
2.13.12.5.2 and Section 2.13.12.5.4.

2.27 Provide a sketch of finite element discretization details for the critical bolt-beam section
between the impact limiter shell and the bolt boss as depicted in Figure 2.13.12-15.
Provide also the corresponding stress analysis. On the basis of the stress analysis
results, re-evaluate the structural performance of the attachment bolts, as appropriate.

The impact limiter attachment bolt may also fail in combined stress other than just
average tensile stress as evaluated in Section 2.13.12.6.1. The attachment bolts have
only been evaluated for tensile stress performance for the part not beyond the impact
limiter casing. If they are also subject to other stress states, the applicant must re-
evaluate the attachment bolts to ensure that the impact limiters will not become
dislodged from the package body after the 30-ft drop test.

This information is required by staff to determine compliance with 10 CFR 71.73(c)(1).

RAI 2.27 Response

Please see the response to RAI 2.24.

2.28 Provide the impact limiter attachment bolts (LS-DYNA Beam Part IDs 18, 19, 31, and 32)

time history results for axial force, axial stress, axial strains, and plastic strains.

Staff was unable to "post-process" the attachment bolt resultant stresses or strains of the
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submitted 30 Slapdown-1Odeg-firm\d3plot model that was contained in the
Structural\2.13.12 folder.

It was noted that Table 2.13.12-8 tabulates the bolt forces results during the 10 degree
slap down condition. However, staff was unable to duplicate the axial forces that are
listed in this table during secondary impact of the impact limiter at time step (0.065s) with
the highest deceleration value (130g) (reference Figure 2.13.12-32).

Table 2.13.12-8 lists the maximum axial force as 86434 lb at the location of impact
surface. Staff noted (via LS-DYNA post processing) that the secondary impact limiter
attachment bolt at an angle 450 from the impact surface (element 237656) had an axial
force resultant of 385000 Ib, which was the largest axial force.

This information is required by staff to determine compliance with 10 CFR 71.73.

RAI 2.28 Response

Plots of the bolt stresses and strain are provided. Please see the response to RAI 2.24.

2.29 Justify the use of a beam element with a *MATELASTICSPRINGDISCRETEBEAM
material definition to model the impact limiter attachment bolts.

The selection of this type of element is of concern because a "spring" element may not
be able to provide a physical representation of bending or shear loading conditions,
which may arise during the slap down drop orientation. Staff noted for this type of
element, "Failure can [only] occur in either compression or tension based displacement
values of CDF and TDF, respectively." Reference Material Model 74: Elastic Spring for
the Discrete Beam of the LS-DYNA theory Manual (page 19.107 of March 2006 version)
and *MAT_074 and *SECTIONBEAM in the LS-DYNA Users Manual (version 971) for
the capabilities of this element.

This information is required by staff to determine compliance with 10 CFR 71.73.

RAI 2.29 Response

The analysis has been updated to model the bolts with a beam element. Please see the
response to RAI 2.24.

2.30 Explain how the potential bending and kinking of the attachment bolts next to the cask
flange edge can adequately be modeled simply with "spring," in lieu of beam, elements.
See Figure 2.13.12-55, "30-ft Side Drop Soft Maximum Deformation."

The subject plot on impact limiter deformation suggests that either the impact limiter
casing has been torn open or the bolts have suffered fracture failure. The calculated
impact limiter failure modes and corresponding design functions as sacrificial material
and/or thermal protection of the package must be clearly evaluated in relevant Appendix
2.13.12 sections, including the Section 2.13.12.6.4 "Conclusions."

This information is required by staff to determine compliance with 10 CFR 71.73(c)(1).
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RAI 2.30 Response

The analysis has been updated to model the bolts with a beam element. Please see the
response to RAI 2.24.

2.31 Justify that an upper limit of -31°C on the temperature of retraction of the
elastomer seal is sufficient to maintain containment at -40°C.

Discussions with vendors of elastomer seals have led the staff to find that a temperature
of retraction no greater than -350C is necessary to maintain a static seal at -40°C. The
maximum temperature of retraction for the elastomeric seal on a package such as the
Model No. HI-STAR 60 package was -35°C.

The references cited by the applicant state that a temperature of 80C lower than the
lowest temperature of operation was acceptable for a static seal. The upper limit of
-31'C would still not meet this limit. In addition, the TN-LC seal is a static seal that will

be subjected to vibration; therefore the staff does not find a -31 °C temperature of
retraction acceptable.

This information is required by staff to demonstrate compliance with 10 CFR 71.43(f).

RAI 2.31 Response

The V0835-75 material previously specified for the TN-LC 0-rings has been changed to
FKM V1289-75. This low temperature fluorocarbon provides improved performance of
the V0835-75 at low temperatures while retaining the 400 OF high temperature
capabilities. An 0-ring made from FKM V1289-75 material is able to maintain static
sealing capability at temperatures as low as -55 OF based on a TR-10 of -40 OF. Note
that the static sealing limit is defined to be 15 OF below the TR-10 value.

Parker "Technical Bulletin, No. ORD5743, Low Temperature FKM V1289-75" and
"CEETAK LTD Test Report for Low Temperature of Parker V1289-75 0-rings" are
provided as Enclosures 15 and 16, respectively.

The TN-LC SAR (Chapter 4, Section 4.1.1.3 and Section 4.5), including drawings, has
been revised to reflect this change.

2.32 Justify that the absorbed dose will not significantly affect the elastomer seals
used for containment, citing sources in literature. Alternatively, limit the
transportation time to a maximum of 6 months.

In general, the staff finds that the radiation damage threshold for elastomer materials is
106 rads. However, the radiation threshold for fluoropolymers is significantly lower,
approximately 1 x 104 rads. The 0-ring containment seal will be subjected to the
combined effects of heat and radiation damage.

This information is required by staff to demonstrate compliance with 10 CFR 71.43(d).
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RAI 2.32 Response

The maximum calculated radiation dose to the elastomer seals is based on the TN-LC-
1 FA basket. The maximum dose from other basket types is significantly lower and is
below the radiation threshold for fluoropolymers. Therefore, the transportation time for
TN-LC-1FA basket is restricted to maximum 6 months as requested by the staff. SAR
Chapter 8, Section 8.2.3.3 is revised to reflect this requirement.

2.33 Provide an analysis that shear key bearing blocks fabricated from multiple pieces will
have the same mechanical properties specified in the structural analysis. Also clarify if
impact testing of the martensitic steel used to fabricate the shear key bearing blocks will
be conducted to confirm the ductility of the temperature at low temperatures.

The staff is concerned about a potential reduction of mechanical properties that may
occur in the shear key bearing block if it is fabricated from multiple pieces. The staff
notes that the shear blocks are made of martensitic stainless steel, which is not known
for good welding characteristics.

This information is required by staff to demonstrate compliance with 10 CFR

71.33(a)(5)(iii).

RAI 2.33 Response

The proposed material of construction is SA-182 F6NM, a low-carbon martensitic
stainless steel forged product form of heat treat type normalize and temper. This
material is considered weldable by the American Welding Society provided adequate
preheat and interpass temperature controls (in the range of 400 to 600 OF) are
employed. Martensitic stainless steels may exhibit an increase in hardness and a
decrease in ductility in the heat affected zone. In general, welded joints in martensitic
stainless steels should be given a postweld heat treatment to develop optimum weld
properties. Notch toughness testing of Grade F6NM is not required by the SA-182
product specification.

Note 34 on sheet 2 of Drawing 65200-71-01 is revised to add "If a welded subassembly
is selected, the completed weldment shall be subject to a postweld heat treatment to
restore its specified base material mechanical properties."

2.34 Explain how the following statement in Section 2.13.12.4.1 of the application is relevant
to the properties of balsa wood under NCT.

Balsa properties at 150°F are also calculated by factoring the room temperature
properties based on the temperature effect contained in Figure 15 of the JPL Technical
Report (reproduced as Figure 2.13.12-19). A factor of 0.9 is calculated.

Depending on the packaging contents, the impact limiters are subject to temperatures
above 150°F under NCT.

This information is required by staff to determine compliance with 71.73(c)(1).
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RAI 2.34 Response

The thermal evaluation presented in Chapter 3, Table 3-1.0 shows that the maximum
temperature in the wood is 200 OF and 169 OF with and without the ISO shipping
container, respectively, during normal condition of transport. The maximum temperature
occurs at the inner surface of the impact limiter and is lower on the outer surface. The
average temperature in the impact limiter is about 150 OF.

2.35 Use bounding conservative estimates for the thermal expansion of zirconium and
aluminum based alloys used for cladding materials which include the effects of
irradiation growth to ensure proper fitting of the assemblies/rods in the TN-LC baskets.

The effects of irradiation growth do not appear in any of the calculations in Section
2.13.10.2. This is of particular concern for M5 fuel claddings and MOX clad fuel. The
applicant should cite supporting documentation.

The irradiation growth of zirconium alloys should be based on conservative estimates
from more recent documentation on the irradiation growth of zirconium alloys, e.g.,
NUREG/CR-7024.

This information is required by staff to determine compliance with 10 CFR 71.43(f).

RAI 2.35 Response

The thermal expansion evaluation to determine the maximum allowable irradiated length
of the fuel assemblies documented in the SAR, Appendix 2.13.10. Section 2.13.10.2 has
been updated based on data in NUREG/CR-7024 as requested. The effect of this
revision results in an additional 0.2" in the calculated thermal growth of the fuel
assemblies. In addition, drawing 65200-71-102 is revised to provide a fourth option for
the Pin-can basket to accommodate thermal and irradiation growth for EPR fuel rods.
The maximum unirradiated length of EPR fuel rod is defined in Table 1.4.5-3 of
Appendix 1.4.5.
It should be noted that the thermal expansion evaluation in Section 2.13.10.2 determines
the maximum allowable irradiated length of a fuel assembly at room temperature that
can be loaded into a basket as described in SAR, Section 2.13.10.2.1 and listed in Table
2.13.10-7. The specified maximum length of the fuel assembly in Table 2.13.10-7
includes the irradiation growth. This approach has been taken in the SAR since the
irradiation growth of different fuel assembly types depend on the burnup, cladding
material, etc., which are too complex to be bounded in the SAR. The licensee can
determine the irradiation growth based on operating data and calculate the maximum
irradiated length of fuel assembly at room temperature (fuel assembly length prior to
irradiation at room temperature + irradiation growth). A simple comparison as described
below shows the available clearance in the PWR and BWR baskets for irradiation
growth.
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Maximum MaximumMaximm MaimumAvailable Clearance
Irradiated Fuel Unirradiated Fuel Avaiable C rance

Fuel Assembly Type Assembly Length Assembly Length for irradiation Growth
(in) (in) (in)

PWR 182.06 178.3 3.76-[Table 2.13.10-7] [Table 1.4.5-1]

BWR 182.06 176.6 5.46[Table 2.13.10-7] [Table 1.4.5-6]

As seen in the above table, large clearances are provided in the TN-LC-1 FA basket to
accommodate irradiation growth for PWR and BWR fuel assemblies.

2.36 Use the most conservative values for the thermal conductivities of the fuels loaded into
the TN-LC-FA1 basket, or justify that there is a sufficient temperature margin for the
loaded PWR assembly before thermal degradation of the cladding occurs.

The reference cited for the thermal conductivities of high burn up fuel do not appear to
be the most conservative or comprehensive when compared to guidance prepared for
the staff, e.g., FRAPCON-3 (NUREG/CR-6534), "FRAPCON-3 Code Updated with MOX
Fuel Properties."

This information is required by staff to determine compliance with 71.73(c)(4).

RAI 2.36 Response

Section 2.3.1 of NUREG/CR-7024, which also includes the models from NUREG/CR-
6534, provides the following model for the U0 2 fuel pellet conductivity.

A + BT + f(Bu) + (1- 0.9exp(-0.04Bu))g(Bu)h(T) exp(-F/T)

where
K95  = thermal conductivity, W/m-K
T = temperature, K
Bu = burnup, GWd/MTU
f(Bu) = effect of fission products in crystal matrix (solution)

= 0.00187 * Bu
g(Bu) = effect of irradiation defects

= 0.038 * Bu°28
h(T) = temperature dependence of annealing on irradiation defects

=1 /[1396 exp(-Q/ T)]
Q = temperature-dependent parameter ("Q/R") = 6380 K
A = 0.0452 m-K/W
B = 2.46 x 10-4m-K/W/K
E = 3.5 x 109 W-K/m
F = 16,361 K

The irradiated U0 2 conductivity reported in the SAR, Section 3.2.1 (3) is used only to
calculate the effective properties of the fuel rods in a TN-LC-1 FA fuel pin basket as
described in the SAR, Section 3.6.6.
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The maximum burnup of the fuel pins are 90 GWd/MTU as specified in the SAR,
Sections 1.4.5.2.3. The fuel pellet conductivities for the maximum burnup of 90
GWd/MTU calculated using the model from NUREG/CR-7024 is compared to the SAR
data in Table 1 provided in response to question 2.37 below.

2.37 Confirm the thermal properties of zirconium alloy using the current version of MATPRO.

The applicant is citing Version 11, Rev.2, of NUREG/CR-0497, "MATPRO" for the
thermal properties of the zirconium, published in 1983. More recent versions of
MATPRO are available.

This information is required by staff to determine compliance with 71.73(c)(4).

RAI 2.37 Response

Section 3.2.1 of NUREG/CR-7024 provides the following model for the thermal
conductivity of Zircaloy for temperatures less than 2098 K.

k=7.51+2.09x10- 2 T-1.45x.10-5 T 2 + 7.67x10-9 T3

where
k = thermal conductivity of Zircaloy (W/m* K)
T = temperature (K)

The conductivity of Zircaloy used in calculation of the effective fuel properties is reported
in the SAR, Section 3.2.1(4). The conductivity of Zircaloy calculated using the model
from NUREG/CR-7024 is compared to the SAR data in Table 1.

Table I Comparison of Zircaloy Conductivities

Temperature kzr kzr
[NUREG/CR-7024] [SAR, Section 3.2.1 (4)]

(OF) (K) (W/m-K) (Btu/hr-in-°F) (W/m-K)
200 366 13.6 0.654 13.6
300 422 14.3 0.690 14.3
400 478 15.0 0.726 15.1
500 533 15.7 0.756 15.7
600 589 16.4 0.786 16.3
800 700 17.7 0.852 17.7

As seen in Table 1, the conductivities calculated from NUREG/CR-7024 and those used
in the SAR are identical. This confirms that the Zircaloy conductivities used in the SAR
are equivalent to the most recent documents.

2.38 Justify that the wood used in the impact limiters will have energy-absorbing
characteristics bounded by the stress/strain (crush) curves presented in the application
and demonstrate how the mechanical proprieties of the woods listed in the application
are used to generate the stress/strain (crush curves) used in the structural analysis.

Wood is highly variable material. The staff has reviewed the Wood Handbook (FPL-
GTR-1 13), NASA Technical Report 32-944, NUREG/CR-0322, and the compression
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testing data presented in the SAR. It is not clear how all of the properties values listed in
Tables 2.13.12-3 through 2.13.12-6 of the SAR were derived from these sources, how
these values are necessarily conservative when compared to the values listed in the
aforementioned documents, or (most importantly) how these values were used to
generate the stress/strain (crush) curves in the SAR. The moisture contents and testing
temperature of the wood samples used to generate the plots in Figures 2.13.12-16 and
Figure 2.13.12-21 are also not stated.

Section 2.12.13.4 of "Balsa" states, "Similar testing [compared to the testing used to
establish the proprieties of balsa wood parallel to the grain] were [sic] performed to
determine the average crush stress perpendicular to the grain." There is no description
of this testing in the application.

The document, "Compression Tests of Redwood Samples," is not readily available from
the Forest Product Laboratory as cited and should be provided to the staff for
verification.

This information is required by staff to determine compliance with 71.73(c)(2).

RAI 2.38 Response

The following procedure is used to generate the "firm" and "soft" stress-strain curves for
redwood and balsa:

1. Determine upper and lower bound crush strength of the wood depending on the
highest and lowest density/moisture values.

a. The crush stress values are directly related to density of the wood and
moisture content and values used cover the range of expected values of crush
stress for density and moisture content specified.

b. Since the variability of wood is high, acceptance tests of the wood will ensure
that samples used to fabricate the impact limiters will fall within the specified
range. (See response to RAI 8.4)

2. Scale up the upper bound crush strength to account for the increase in material
properties due to the cold ambient temperature.

3. Scale down the lower bound crush strength to account for the decrease in
material properties due to the hot condition.

4. Generate the "firm" and "soft" stress-strain curves based on the scaled upper and
lower bound properties, respectively. Each stress strain curve contains three
parts:

a. First part: Stress increases linearly with strain up to the crush strength.

b. Second part: Stress remains constant at crush strength until strain reaches
lock-up strain.

c. Third part: After lock-up strain is reached, stress increases linearly with
additional strain.
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d. The numerical values of the "firm" and "soft" stress-strain curves are presented
in Tables 2.13.12-5 and 2.13.12-6 and are shown in Figures 2.13.12-20 and
2.13.12-22.

Reference [6] of Appendix 2.13.12, "Compression Tests of Redwood Samples," is
included as Enclosure 12.

2.39 Provide a technical data sheet for RILSAN BMN-68.

The staff was unable to find an up-to-date technical data sheet for RILSAN BMN-68.

This information is required by staff to determine compliance with 71.73(c)(4).

RAI 2.39 Response

The original data sheet for RILSAN is in French; an English translation is provided
below:

The SAR drawing 65200-71-20 is revised to correct the material designation from

"RILSAN BMN-68" to "Rislan BMN G8".

English Translation of RILSAN Data Sheet

i - Order Specification
Quantity: According to the purchase order
Designation: "Rilsan" BMN G8
Dimension: According to the purchase order
Characteristics:
Tensile Test (at 250C)

* Elastic elongation: 2.7%
* Yield stress: 3 kg/mm 2

0 Fracture stress: 4 kg/mm 2

0 Fracture strain: 30%
Hardness

* Shore D: 73
Deformation Temperature

* 4.6 kg/cm2 = 163 OC
* 18.5 kg/cm 2 = 62 °C

Shear resistance
* Fracture stress: 4.3. kg/mm 2

Certificate:
Supplier must provide a certificate of conformance

2 - Reception ..
Verification of the required certificate and completion of inspection form
ROBATEL STPI
The material that does not conform to this specification will be rejected.
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2.40 Provide the properties for NITRONIC 60 (321800) stainless steel which were used in the
analyses in the SAR.

The properties of the NITRONIC 60 (S21800) used for the railing are not found in the
SAR.

This information is required by staff to determine compliance with 10 CFR
71.33(a)(5)(iii).

RAI 2.40 Response

The sliding rail component made of steel material SA 240 Nitronic 60 (drawing 65200-
71-102, sheet 1, item 3) is not modeled or used in the SAR analyses. Drawing 65200-
71-102, sheet 1, has been revised to provide the correct qualification of this component.

2.41 Justify the statement, "The bulk modulus which defines the unloading curve is
taken to be the same as the modulus of elasticity" in Section 2.13.12.4.1 of the
SAR.

The bulk modulus and elastic modulus (Young's modulus) are fundamentally
different material parameters.

This information is required to demonstrate compliance with 10 CFR and

71.33(a)(5)(iii).

RAI 2.41 Response

It is agreed that the bulk modulus and elastic modulus are fundamentally different
material parameters. Therefore, the term bulk modulus was changed into elastic
modulus wherever applicable in the SAR chapter 2.13.12 since the bulk modulus is not
explicitly used as the input for the wood material model. Hence the statement "The bulk
modulus which defines the unloading curve is taken to be the same as the modulus of
elasticity" is removed from the SAR.

2.42 Remove all references to the use of digital image analysis as a methodology to
demonstrate the areal density of boron in the neutron absorber materials.

No documentation has been provided to the staff that this method has been used to
demonstrate the area density of B10 in neutron absorber materials for spent nuclear fuel
applications.

This information is required by staff to determine compliance with 10 CFR 71.31(c).

RAI 2.42 Response

The application is revised to remove all-referencesto-the-use of digital image analysis as
a methodology to demonstrate the areal density of boron in the neutron absorber
materials. Section 8.1.7.7 of Chapter 8 is revised for this purpose.
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2.43 Provide the mechanical properties of 6063-0 aluminum alloy in the application.
Alternatively, state that the neutron shield holders were not incorporated into the
FEA model used for the drop analysis.

The mechanical properties of the neutron shield holders on the TN-LC should be
stated in the SAR if they influence the drop analysis.

This information is required by staff to determine compliance with 10 CFR
71.33(a)(5)(iii) and 71.73(c)(1).

RAI 2.43 Response

The 6063-0 aluminum alloy is not credited structurally or modeled explicitly in the FEA
models used in structural evaluations of TN-LC cask. The aluminum 6063-0 containers
and neutron shield resin components are not modeled, but their weights are accounted
for in the analyses.

The FEA model descriptions documented in the SAR address the presence of neutron
shield holders as follows:

Section 2.13.1.2.2 of the SAR addresses the ANSYS model descriptions used in the TN-
LC cask for NCT and HAC evaluations. The FEA model description on page 2.13.1-3
states that only "Model 3" of the TN-LC cask provides a simplified explicit representation
of neutron shield shell and cap components. In "Model 1" and "Model 2", the entire
weight of the TN-LC cask neutron shield is modeled as a surface mass load. Table
2.13.1-1 identifies the equivalent density of the neutron shield component representation
used in "Model 1" and "Model 2".

Section 2.13.3.2 of the SAR addresses the ANSYS model description used in the TN-LC
cask lead slump and containment boundary buckling analysis. The section indicates that
the neutron shield assembly is not modeled, but its mass is accounted for as a surface
mass load.

Section 2.13.4.4.1 of the SAR addresses the ANSYS model description used in the
Neutron Shield Shell evaluation and specifies that aluminum boxes are not modeled, but
their weights are accounted for in the analyses.

2.44 Clarify if the fuel cladding for the various fuel elements is the only material to take
structural credit during NCT and HAC. Explicitly clarify the type of fuel cladding
materials used for the various fuel elements.

It is unclear if the proprieties of the composite fissile-aluminum material in the non-power
reactors are credited for maintaining the integrity of the fuel elements during NCT and
HAC. The SAR uses the properties of annealed 6061-0 for the proprieties of the
cladding material, but, in some instances, e.g., TRIGA fuel, the weaker 1100-0 alloy
may have been used as cladding.

This information is required by the staff -todetermine compliance with 10 CFR
71.73(c)(1).
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RAI 2.44 Response

For TRIGA fuel elements structural credit is taken only for fuel cladding and uses weaker
Aluminum 1100-0 alloy properties as cladding material in the evaluation.

The aluminum based fuel material is characterized as a dispersion of uranium
compounds in an aluminum matrix. The fuel elements are clad with one of the aluminum
alloys 1100, Alcan 2S/Alcan 6102 or their foreign equivalent. Metallurgical bonding
between the clad and the fuel meat is achieved through high temperature rolling or
extrusion. Thus NRU/NRX and MTR fuel rod is assumed to be solid beam and solid
plate respectively. However, the material properties of Aluminum 1100-0 alloy are used
for both cladding and fuel. These research reactor fuels are made of high enriched
aluminum or Alcan 2S/Alcan 6102 which has higher yield than Aluminum 1100-0
material. Thus, conservative assumptions were made in the conjecturing of the material
properties, giving credence to the conclusion of fuel integrity.

SAR Chapter Appendix 2.13.11 has been modified accordingly by adding clarification to
the analysis for using Aluminum 1100-0 material properties.

Chapter 3 Thermal Evaluation

3.1 Provide the basis for the reduced long-term peak cladding temperature limit for
aluminum-clad fuel. Demonstrate that the long term limit is sufficient to assure long-
term stability of this type of cladding.

The thermal design criteria for the Model No. TN-LC package (see p. 3-1 , Section 2.1)
appropriately references ISG-1 1, Rev. 3, for fuel cladding temperature limits for LWR
fuel assemblies and 25-pin packages (i.e., maximum cladding temperature long-term
limit of 7520F (4000C), short-term limit of 10580 F (5700C), plus limitations on thermal
cycling in vacuum drying).

For NRUX/MTR/TRIGA fuel, the maximum cladding temperature limit is reduced to
400°F (2040C) for long-term conditions, and the short-term limit is defined as 1140OF
(613 0C) - the melting point of 11 00°F and 6063 aluminum alloys used as cladding in this
type of fuel. No limitations are noted for thermal cycling. The basis for the limits for the
research reactor fuels listed above has not been provided, and the staff requires a basis
in order to make a finding on the adequacy of the temperature limits provided.

This information is required by staff to determine compliance with 10 CFR 71.33(a)(5)(v).

RAI 3.1 Response

ISG-1 1, Rev. 3 provides guidelines for acceptance criteria in consideration of zirconium-
based cladding of commercial spent fuel. This guideline does not indicate any
considerations for the aluminum-based cladding of research reactor fuel assemblies.
ASME code provides mechanical properties for aluminum alloys for temperatures up to
4000 F. For research reactor fuel assemblies with aluminum cladding loaded in the TN-
LC-NRUX/MTR/ITRIGA baskets a limit of 400°F is considered for NCT to ensure the
integrity of the aluminum cladding as specified in Section 3.1. The maximum research
reactor fuel cladding temperature calculated for NCT is 2660 F as reported in the SAR,
Table 3-2 and is 134 0F lower than the assumed limit of 400'F for aluminum-based
cladding.

Page 35 of 57



Responses to Request for Additional Information (Public Version) TN E-32623 Enclosure 9

The hydride reorientation described in ISG-1 1 is applicable to zirconium-based cladding
of commercial spent fuel. Nevertheless, as described in the SAR, Section 3.3.4.1, the
fuel assemblies do not experience a thermal cycling during the wet loading/unloading
operations since helium is used as the medium either to replace air during draining or to
force the water out of the cask cavity. The subsequent vacuum drying occurs with a
helium environment in the cask cavity and the vacuum drying operation does not reduce
the pressure sufficiently to reduce the thermal conductivity of the helium in the cavity.,
The presence of helium during blowdown and vacuum drying operations eliminates the
thermal cycling of fuel cladding during helium backfilling of the cask cavity subsequent to
vacuum drying. Therefore, the limitations for repeated thermal cycling for short-term
operations set by ISG-1 1, Rev.3 is satisfied for wet loading/unloading operations in the
TN-LC transport cask.

As shown in Section 3.3.4.2 for the dry loading/unloading, the maximum fuel cladding
temperature for the bounding case of a commercial fuel assembly increases by 1770 F
during dry loading/unloading operations (See SAR, Table 3-20) when the fuel is
transferred from the low temperature under helium backfill gas to the high temperature
under air or vice versa. Since this change in temperature occurs only once during
loading/unloading steps, this change is not considered as repeated cycling of fuel
cladding temperature and, therefore, the limitations for repeated thermal cycling limit for
short-term operations set by ISG-1 1, Rev.3 is satisfied.

As described previously, ISG-1 1, Rev. 3 does not provide guidelines for acceptance
criteria in consideration of aluminum-based cladding of research reactor fuels. The only
objective in the thermal evaluation of the research reactor fuels under HAC is to
demonstrate the fuel cladding does not melt such that the conditions of the criticality
evaluations described in the SAR, Chapter 6 are satisfied. Therefore, for the research
reactor fuel assemblies with aluminum cladding loaded in the TN-LC-NRUX, -MTR, and -
TRIGA baskets, the lowest melting point of 1100 and 6063 aluminum alloys, 1140°F
(6130C), is considered as the cladding temperature limit for research reactor fuels under
HAC.

Proprietary Information Withheld Pursuant to 10 CFR 2.390
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Proprietary Information Withheld Pursuant to 10 CFR 2.390

It should be noted that the maximum fuel cladding temperature for research reactor fuels
under HAC is 6940 F, which is 4460 F lower than the melting point of 1140OF for 1100 and
6063 aluminum alloys.

3.2 Justify the use of a linear extrapolation of burnup effects for fission gas inventory for
package overpressure calculations and the determination of MNOP. Confirm that the
B&W 15 x 15 fuel assembly remains the bounding fuel assembly for higher burnups.

Fission gas inventory predictions for cask overpressure calculations and to determine
maximum normal operating pressure (MNOP) rely on linear extrapolation of fuel burnup
effects from 55 GWd/MTU to 70 GWd/MTU, using data from Ref. 231. Given the age of
the reference cited, the staff believes that modern analysis tools, such as FRAPCON
and modern isotopic depletion codes, could be used to effectively predict what the
fission gas inventory could be without extrapolations from data for fuels with lower
burnups. In addition, a linear extrapolation is believed to be potentially non-conservative
in this application.

This information is required by staff to determine compliance with 10 CFR 71.33(b)(5).

RAI 3.2 Response

Proprietary Information Withheld Pursuant to 10 CFR 2.390

3.3 Provide justification for the assumption that 'cold' dimensions are bounding for both NCT
and HAC.

Dimensions of components and gaps in the ANSYS models provided for thermal
analyses are based on 'cold' dimensionsy-as documented in the licensing mechanical

Plannel, et al., Topical Report, Extended Fuel Bumup Demonstration Program. Transport Considerations for

Transnuclear Casks,Project 1014, DOE/ET 34014-11, TN-E-4226, Transnuclear Inc., 1983.
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drawings included in Chapter 1. This is presented in the application as a conservative
assumption, as it does not account for reduction of gaps due to thermal expansion.
However, given the dissimilar materials in the body of this package, and the wide
rangeof geometries of the baskets it may contain, it is possible that thermal expansion
could increase some gap widths in some geometries.

This information is required by staff to determine compliance with 10 CFR 71.33(a)(5)(v).

RAI 3.3 Response

The following cold gaps are considered in the TN-LC transport cask model as described
in Section 3.3.1.1:

(a) 0.0625 in. gap is considered on either side of the top and bottom gamma shieldings.

(b) 0.0625 in. radial gap is considered between the gamma shielding and the top lid /
bottom flange.

(c) 0.125 in. radial gap is considered between the top lid and the top flange.

(d) 0.06 in. axial gap is considered between the top lid and the top flange.

(e) 0.019 in. radial gap between gamma shield and cask outer shell.

(f) 0.01 in. radial gaps between neutron shield boxes and surrounding shells.

(g) 0.01 in. axial gap between the top lid/bottom flange and impact limiter shell.

The 0.0625 in. air gaps in (a) and (b) are assumed between adjacent components of the
gamma shielding and the top lid/bottom flange. These gaps account for contact
resistance and fabrication imperfection between adjacent plates. To minimize the axial
heat transfer through the cask top and bottom ends and maximize the radial heat
transfer through the cask inner shell as discussed in SAR, Section 3.3.1.1. Since the
thermal expansion coefficient for lead is larger than stainless steel alloys [1], the axial
gap will be reduced during NCT when the cask is heated by the content. Therefore,
using 0.0625 in. air gap for contact resistance for top/bottom gamma shieldings is
conservative.

The 0.125 in. radial gap in (c) is considered between the top lid and the top flange and
the 0.06 in. axial gap in (d) is considered between the top lid and the top flange are
equal to the nominal cold gaps. These gaps are conservative since the hot gaps at
thermal equilibrium would be reduced because thermal expansion coefficient of the lid
(SA-182 Grade F304) is higher than the flange (ASME SA-182 FXM19) as listed in SAR,
Chapter 2, Table 2-4.

The 0.06 in. axial gap in (d) considered between the top lid and the top flange is also
conservative for contact resistance between the lid and top flange because the top lid
and the top flange is bolted by 20 lid bolts (SA-540 Grade B23) with lower thermal
expansion coefficient than both top lid andtop-flange.-:..

Since the geometry of the gamma shield and cask shells for the TN-LC are
similar to the MP197HB cask, the 0.019 in. radial gap in (e) between gamma

Page 38 of 57



Responses to Request for Additional Information (Public Version) TN E-32623 Enclosure 9

shield and cask outer shell is justified by the methodology described in MP197 SAR,
Appendix A, Section A.3.6.7.1 [Ref. 21 from SAR, Section 3.5]. The dimensions of the
"lead cavity" are calculated based on cask body temperature. For a temperature of
1750F considered for the cask body, the calculated air gap is 0.017 in. which is below
the assumed 0.019 in. in gap (e). Since the gamma shield temperature (237 OF) for hot
NCT listed in SAR, Chapter 3, Table 3-1 is higher than 1750 F, using a gap of 0.019 in. is
conservative to maximize the TN-LC TC component temperatures.

The contact air gaps in (f) and (g) between adjacent components are related only to the
flatness and roughness tolerances of the plates. The micro gaps related to these
tolerances are non-uniform and provide interference contact at some areas and gaps on
the other areas as shown schematically in Figure 3-10 from SAR, Chapter 3. For the
purpose of thermal evaluation, surfaces of intermittent contact between adjacent
components are conservatively modeled as a uniform gap of 0.01 in. As noted in SAR
Section 3.3.1.1, the justification of these gaps is based on the MP197 SAR, Appendix A,
Section A.3.6.7.2 [Ref. 21 from SAR, Section 3.5]. The assumed air gap size of 0.01 in.
is at least two times larger than the contact resistances between the adjacent
components and is therefore conservative.

The gap between the gamma shield and cask outer shell and the gaps between the
neutron shield boxes and surrounding shells are removed and replaced with adjacent
metallic component conductivities to maximize the heat input.during the fire period and
restored to the same gaps as in NCT during the cool-down period for HAC evaluation.
Therefore, the sizes of these gaps do not affect the thermal performance of the TN-LC
TC as evaluated in the SAR.

The following gaps are considered in the TN-LC fuel basket model as described in
Section 3.3.1.4:

The nominal cold radial gap of 0.25 in. between basket rail/shell and the cask inner shell
is assumed. This cold gap is conservatively used for the hot conditions in the fuel basket
models. Since the aluminum basket rail expands more than the stainless steel shell at
thermal equilibrium for NCT, the hot gap will be smaller due to basket thermal
expansion.

For the TN-LC-MTR basket model, a helium gap of 0.01 in. is considered between the
basket rail and the outer plate to calculate effective conductivities of the outer plate in
the cross section of the basket. The basket rails are bolted to the outer plate. Since the
aluminum basket rail expands more than stainless steel, the connection between the rail
and the outer plate will not be loosened at thermal equilibrium for NCT.

For the TN-LC-TRIGA basket model, 0.01 in. gaps on either side of the poison plates
and wrap plates, and between any two adjacent plates are considered to calculate
effective conductivities for these components in the cross section of the basket.

For the TN-LC-1 FA basket models (including 1 PWR, 1 BWR and Pin-Can Types), 0.01
in. gaps on either side of the poison plates and between the basket rail and the frame
plate are considered to calculate effective conductivities for these components in the
cross-section of the basket.

The above 0.01" helium contact gaps between adjacent basket components are related
only to the flatness and roughness tolerances of the plates. No physical gap exists in

Page 39 of 57



Responses to Request for Additional Information (Public Version) TN E-32623 Enclosure 9

fabrication of these adjacent plates. Therefore, the assumption of using 'cold'
dimensions for both NCT and HAC has no adverse effect on thermal evaluation in the
SAR.

Since the aluminum/poison plate expands more than the surrounding stainless steel
plates, the overall gap between the basket and the cask inner shell will be reduced at
thermal equilibrium for NCT.

Reference:

1. Perry, Robert H., 5th Edition, Chemical Engineers' Handbook, McGraw-Hill
Inc., 1973.

3.4 Justify the use of a linear charring rate of 55 mm/hr for exposed wood in Section
3.4.2, "Fire Test Conditions."

The linear charring rate is known to vary with density, moisture content, heat flux,
hardwood-softwood classification, and species. However, the variation in these
parameters is not clearly addressed in the SAR. The SAR should address the
possibility of exposed balsa wood, in addition to redwood. Because balsa wood
is classified as a hardwood with a very low density, the linear charring rate may
exceed that proposed for redwood.

This information is required by staff to determine compliance with 10 CFR 71.73(c)(4).

RAI 3.4 Response

The effect of density, moisture content, heat flux, hardwood-softwood classification, and
wood species on the char rate data are discussed in Chapter 17 of [Ref. 8 from SAR
Section 3.5].

Table 17-4 [Ref. 8 from SAR Section 3.5] summarizes the char rate data for typical wood
species exposed to ASTM El 19 fire and a constant heat flux based on the initial
average moisture contents of 8% to 9%. The average moisture content of both balsa and
redwood is 8% noted in SAR Drawing 65200-71-20.

As shown in Table 17-4 [Ref. 8 from SAR Section 3.5], the liner char rate is between 23
mm/hr to 79 mm/hr (0.76 min/mm and 2.56 min/mm) for both softwood and hardwood.
The average value of the maximum and minimum char rates for exposed hardwood or
softwood is about 51 mm/hr.

Redwood is clarified as softwood with a char rate of 46 mm/hr [Ref. 26 from SAR
Section 3.5] while balsa wood is a lightweight hardwood with the char rate in the upper
range of the hardwood.

Therefore, the use of the average charring rate of 55 mm/hr for exposed wood in the
Section 3.4.2 is acceptable. It should be noted that the assumed charring time of 30
minutes in the SAR bounds the lower observed charring rate of hardwood
conservatively.

SAR Section 3.4.2 is updated with additional clarification.
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1

3.5 Verify that the calculated specific heat values align with the referenced
guidelines in Section 3.2.1, "Wood Properties."

The wood property specific heat values tabulated in Section 3.2.1 appear to be
incorrect due to a unit discrepancy, Celsius versus Fahrenheit. Correct the
specific heat values, corresponding density values, and any inconsistencies that
result in the SAR as a result of these corrections. Alternatively, correct the
"Temperature (°C)" heading to read "Temperature (OF)" and verify that these
values were used appropriately in the analysis.

This information is required by staff to determine compliance with 10 CFR 71.43(g),

71.71 and 71.73.

RAI 3.5 Response

The values for specific heat and density listed in Section 3.2.1 are calculated based on
unit of degree Fahrenheit by using Equation 3-8b of SAR Reference 8. These values are
correctly applied in the input files used for analysis of TN-LC packaging.

The typo in heading of Section 3.2.1(12) for "Wood Properties" is corrected accordingly.

Questions related to ANSYS analysis files

3.6 Provide an analysis that demonstrates the package's correct limiting configurations for
both NCT and HAC.

Based on confirmatory analyses done by the staff, the limiting configurations for the
Model No. TN-LC package under NCT and HAC have been incorrectly identified in the
application. For the HAC condition, the staff believes that the identification of the fuel pin
basket as the limiting configuration is incorrect. The limiting basket configuration under
NCT is assumed to also be limiting for HAC, and therefore, the subsequent analyses
completed for the limiting configuration in HAC are incorrect. In addition, the peak fuel
cladding temperature for the TN-LC under HAC has been shown to occur with the
package in the ISO container, due to the thermal inertia of the package in the fire
transient, as demonstrated in NUREG/CR-6894, Rev. 1. This behavior is in contrast to
the assumption in the application that the limiting configuration for the TN-LC package
under HAC is without the ISO container. While the temperatures presented in the
application's analysis are generally conservative, the staff believes that the use of a "de-
coupled" analysis approach for this package has led to the misidentification of the
limiting configurations. This should be corrected in the current application, as well as for
any future submittals.

This information is required by staff to determine compliance with 10 CFR 71.33(a)(5)(v).

RAI 3.6 Response

Pursuant staff request, multiple coupled models considering TN-LC package with and
without ISO container were developed using ANSYS computer code. The configurations
listed in Table 1 are considered to perform the evaluations. The maximum fuel cladding
temperature is used as the criterion to determine the limiting configuration of the TN-LC
package for NCT and HAC.
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Table 1 List of Evaluated Cases to Determine the Bounding Configuration

Run Operating Heat Load FuelType Impact ISO
# Condition (kW) Limiters Smoldering (1) Container

N1 PWR Intact No Yes
N2 25 Pin-Can Intact No Yes
N3 PWR Intact No No
N4 30 25 Pin-Can Intact No No
H1 PWR Intact No Yes
H2 25 Pin-Can Intact No Yes
H3 PWR Damaged Yes No

H4 25 Pin-Can Damaged Yes No
Note (1): Immediately after the end of the fire, a 0.5-hour wood smoldering process is

considered with a char wood temperature of 900*F, which is directly applied over
the damaged impact limiter inner skin as described in Chapter 3, Section 3.4.2 of
the SAR.

The maximum fuel cladding temperatures resulting from the above evaluations for NCT
(configurations N1 through N4) are summarized in Table 2.

Table 2 Maximum Fuel Cladding Temperatures in TN-LC TC for NCT

NCT

Decoupled Model Coupled Model
LoadingSAR Value

Loading (Table 3-16 of SAR) with ISO Container without ISO Container
Condition (al - fSR

with ISO without ISO N1 (PWR) N2 (25 Pin-Can) N3 (PWR) N4 (25 Pin-Can)
Container Container

Tmrx Tmax Tmrx Tmax Tmax Tmax
Fuel (F) (F) (F) (F) °F) (F)
Cladding 543 (Pin-Can)/ N/A 522 512 508 495

520 (PWR)

As shown in Table 2, the limiting configuration for NCT is the TN-LC package with PWR
fuel assemblies with ISO container. The maximum fuel cladding temperature for the
limiting configuration resulting from the coupled model remains bounded by the
maximum value reported in Table 3-2 of the SAR.

Based on NCT evaluations summarized in Table 2, the maximum fuel cladding
temperature for fuel pins is bounded by the maximum fuel cladding temperature for PWR
fuel assemblies. Configuration H2 is evaluated to provide further evidence for this
conclusion. The maximum fuel cladding temperatures resulting from the evaluations
listed in Table 1 for HAC (configurations H1 through H4) are summarized in Table 3.
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Table 3 Maximum Fuel Cladding Temperatures in TN-LC TC for HAC

HAC

Loading Decoupled Model Coupled Model

Condition SAR Value with ISO Container without ISO Container
(Table 3-7 of SAR)

H4
H1 H2 H3 H

with ISO without ISO (PWR) (25 Pin-Can) (PWR) (25 Pin-
Container Container Can)

Cladding Tmax Tmax Tmax Tý Tmax Th Tmax Th
(OF) (OF) (OF) °F (OF) "F ("F) F) Bounded

--- 694 575 at 556 570 at 3 583 at 536 by H3
6 8.4 hr 5 8.5 hr 8.6 hr 53 b

As shown in Table 3, the limiting configuration for HAC is the TN-LC package with PWR
fuel assemblies with ISO container. The maximum fuel cladding temperature for the
limiting configuration resulting from the coupled model remains bounded by the
maximum value reported in Table 3-7 of the SAR.

As noted in RAI question 3.6, the temperatures presented in the SAR are generally
conservative and are bounding for the temperatures resulting from the coupled model.
Section 3.6.8 is added to the SAR to include the discussion of the coupled model.

3.7 Provide the text log and/or input file(s) used to generate the TN-LC-ISO-NCT-100F.db
(and similar) files.

ANSYS database files do not allow the staff to complete even an audit review of the
analysis approach used to generate the model geometry or meshing parameters. As
stated in ISG 21 "Computational Modeling" the staff prefers text input files to database
files, as it expedites the review of the analysis models in question.

This information is needed to ensure compliance with 10 CFR 71.33 (a)(5)(v).

RAI 3.7 Response

The Enclosure 11 to the RAI response includes following input files and macro to
generate TN-LC-ISO-100F.db.

TN-LC-IsoModel.inp,
TN-LC-IsoRAD.inp,
TN-LC-ISO-NCT-1 OOF.inp,
MatTN LC.inp,
Mat TN ISO.inp,
HTOTVPL.mac, and
HCROOF.mac.

The process to generate the database file TN-LC-ISO-NCT-1 OOF.db is as follows:

1) Run the input file TN-LC-IsoModel.inp

This run generates a database file called TN-LC-IsoModel.db.
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2) Run the input file TN-LC-IsoRAD.inp in the same directory

This run reads database file TN-LC-Iso_Model.db and generates a second database
file with radiation super-element called TN-LC-Iso_RAD.db and a super-element file
called TN-LCRADISO.sub.

3) Run TN-LC-ISO-NCT-100F.inp in the same directory

This run reads database file TN-LC-Iso_RAD.db and the super-element file and calls
the macros MatTNLC.inp, MatTNISO.inp, HTOTVPL.mac, and
HCROOF.mac to perform the analysis of the TN_LC within ISO container under
NCT and creates the TN-LC-ISO-100F.db and TN-LC-ISO-1OOF.rth.

The comment title in the macro file "HCROOF.mac" is updated as requested in RAI
question 3.9.

3.8 Correct the error in specifying the impact limiter attachment block temperature which
was found twice in analysis input file TN-LC-ISO-NCT-100F.inp, at approximately line
224. Update temperatures reported in the SAR as needed, and correct any other files
that may have been impacted by this error.

While reviewing the ANSYS input files provided to the staff, it was discovered that in file
TN-LC-ISO-NCT-100F.inp, at approximately line 224, the elements and nodes
associated with material number 3011 were selected in order to determine the maximum
temperature of that component, which is defined in file MatTNLC.inp as the trunnion
block. In the file LC-ISO-NCT-100F.inp, the maximum temperature is incorrectly
assigned to the parameter for the impact limiter attachment block (ILAttach_), duplicating
the previous assignment of this parameter to the maximum temperature for the elements
and nodes associated with material 3010 (from line 222 of this file). This leads to an
incorrect reporting of the maximum temperature for the impact limiter attachment block
and no reporting for the maximum temperature of the trunnion block.

This information is required by staff to determine compliance with 10 CFR 71.33(a)(5)(v).

RAI 3.8 Response

TN agrees that the maximum temperatures of the impact attachment block and trunnion
block are incorrectly post-processed. However, the maximum temperatures for the
impact limiter attachment and the trunnion block are not reported in the SAR and are not
used in any structural evaluation. The structural evaluations of the impact attachment
block and trunnion block are reported in Appendix 2.13.5 of the SAR. A temperature of
300°F is considered for the evaluation of these components as described in Table
2.13.5-1. The assumed temperature of 300OF is higher than the maximum temperatures
of any cask components under NCT as reported in Chapter 3, Table 3-1. Therefore, the
error in the input file does not have any effect on the thermal or structural evaluations in
the SAR. -

3.9 Correct the comment title of the file HC-ROOF.MAC to address Convection Coefficients
for the TN-LC package.
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The ANSYS macro file HCROOF.MAC, at line 6 states, "Total Convection Coefficients
for HSM Roof." This should be corrected to refer to the TN-LC ISO container roof.

This information is required by staff to determine compliance with 10 CFR 71.33(a)(5)(v).

RAI 3.9 Response

The comment title of the macro file HCROOF.MAC, at line 6 is corrected to "Total
Convection Coefficients for Roof'. This file is included in Enclosure 11 in Response to
RAI questions.

This change for HCROOF.MAC macro doesn't affect the results since it corrects the
comment title without any change in the commands and formula used for computation.

Chapter 5 Shielding Evaluation

5.1 Provide a detailed description of the benchmark experiments and a tabulated
comparison of important parameters (such as isotopes used in the SAS2H source term
calculation analysis) between these experiments to those used for the Model No. TN-LC
package shielding design.

Section 5.6.4.2.5.1 of the application states that "Several references in published
literature [4, 5, 6] were used to generate ratios for isotopes important to shielding in the
form of the calculated value from SAS2H (C) over the measured value of the isotope
(M). This is herein referred to as the CIM ratio. Activities of each isotope important to
shielding were scaled by the C/M ratio. Radiological sources are adjusted based on the
modified activities. Using response functions, the effect on the dose rates can be
quantified." However, there is no description of the applicability of such referenced
benchmark experiments to the Model No. TN-LC package.

This information is required by staff to determine compliance with 10 CFR 71.47.

RAI 5.1 Response

The source term calculation methodology documented for the TN-LC-1 FA basket
contents is revised in its entirety to consider the use of TRITON/T-DEPL module for
depletion. The validation of the TRITON methodology for this purpose is documented in
detail in Section 5.6.4.2.5 of Appendix 5.6.4. A "direct difference" based approach is
employed for this purpose. The benchmark calculations performed for the validation of
the TRITON methodology are based on comparison to publicly available isotopic assay
data and result in the calculation of conservative estimates (upper bound) of the
uncertainty for neutron and gamma dose rates.

5.2 Define the neutron response function and how it affects the neutron dose calculations.

Section 5.6.1.2.2 of the application states that the neutron source was comprised of both
spontaneous fission and (a,n) reactions with the aluminum in the fuel matrix. Like the
gamma calculation, a neutron response function was also generated for NCT. No
details are provided on this neutron response function.
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This information is required by staff to determine compliance with 10 CFR 71.47

RAI 5.2 Response

The response function methodology employed in the analysis of the TN-LC
transportation system is derived from underlying assumptions regarding the
mathematical analysis of the transport of neutral particles through materials. Rather than
numerically solve the transport equation for every possible source, either by Monte Carlo
or discretely, it is possible to develop a series of response functions that collapse the
physical properties of the system into a set of energy dependent linear factors for
specific reaction types of interest. These linear response function factors are per source
particle, allowing any source activity to be implemented.

The MCNP model for NCT was utilized to calculate a response function at 2 meters from
a closed transport vehicle. Response functions are calculated with MCNP for shielding
configuration.

Entries of the response functions are essentially source to dose conversion factors as a
function of energy, (for gamma). The neutron source energy distribution used in the
shielding analysis is based on the Cm-244 Watt fission spectrum in the MCNP models.
Cm-244 spontaneous fission represents approximately 90% of the neutron source in the
active fuel region of the used nuclear fuel. The "conversion factors" corresponding to
neutron radiation source are multiplied by "adjustment" factors to account for the axial
burn-up profile of the fuel and neutrons subcritical multiplication to obtain the response
functions that are used for the fuel qualification evaluation. The axial burn-up profiles
utilized in BWR and PWR fuel qualification analysis are employed. For neutrons and
associated (n, y) radiation, since a bounding energy spectrum is used, the response
function calculated is just a total source to dose factor. Before using the response
functions for the fuel qualification, dose rates predicted with response functions were
verified against dose rates obtained with explicit MCNP calculation. Both calculations
utilize the same demonstration sources. The demonstration sources are treated in the
explicit MCNP calculations in the same manner as in the models used for the bounding
shielding evaluation described in Chapter 5. Predicted with response functions and
calculated with the explicit MCNP calculations, dose rates at the location of interest are
in agreement within a methodology uncertainty of ±10% (including the discrepancies
between the MCNP response functions' model and the explicit MCNP model).

5.3 Explain why the NRX fuel with heavy water source was the bounding source used in the
dose rate calculations.

Section 5.6.2.2.2 states that the NRX fuel with heavy water source was the bounding
source used in the dose rate calculations for the NRU and NRX fuels. However, there is
no clear explanation on how the heavy water can give the bounding source for the NRX
fuel.

This information is required by staff to determine compliance with 10 CFR 71.47

RAI 5.3 Response

NRX is a heavy water moderated and light water cooled nuclear research reactor at the
Canadian Chalk River Laboratories. The NRU reactor was built as the successor to the
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NRX reactor. This reactor uses heavy water as both moderator and coolant. To bound
the actual NRX reactor, TN created the NRX depletion models using both heavy and
light water (heavy moderator-heavy coolant and light moderator-light coolant cases). The
results are presented in Table 5.6.2-6. Normalized results from the table are also plotted
on a figure below. Using heavy water results in a harder neutron spectrum than light
water and results in more U-238 transmutation. As can be observed from the results, the
heavy water resulted in a higher neutron source as well as harder spectrum. Therefore,
the NRX neutron source with heavy moderator and heavy coolant is conservative.
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5.4 Clarify the uncertainty evaluation for the total dose rate.

Section 5.6.4.2.1 of the application states that adjusting radiological sources using the
C/M ratios obtained from the references does not result in a dose rate increase more
than 18%. However, the application reports dose rates as high as 9.12 mrem/hr at 2 m
from the side of the transport vehicle. If this 18% in uncertainty is applied to such dose
rates, regulatory limits could be exceeded.

This information is required by staff to determine compliance with 10 CFR 71.47.

RAI 5.4 Response

The results of the shielding evaluation show that the maximum calculated NCT dose rate
for the TN-LC-1 FA basket at 2m is approximately, 8.9 mrem/hr. This dose rate includes
uncertainties on the response function methodology (approximately 10%) and on MCNP
dose rate calculations (approximately 1%).

The method by which the gamma and neutron source term uncertainties are evaluated is
documented in Section 5.6.4.2.5 of Appendix 5.6.4. The final results obtained justify the
use of 10.0 % and 5.0 % uncertainty for gamma and neutron dose rates, respectively in
the TN-LC-1FA shielding analysis.
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Therefore, the maximum calculated NCT dose rate for the TN-LC-1 FA basket at 2m is
approximately, 9.5 mrem/hr and includes all uncertainties. This indicates that there is a
minimum margin of 5% to the regulatory limits after conservatively accounting for all
sources of uncertainty in the dose rate calculations.

5.5 Clarify why the 9 EPR MOX fuel yields a higher dose rate (9.12 mrem/hr) than the 25
EPR MOX fuel (9.06 mrem/hr), at 2 m from the vehicle.

Section 5.6.2.6.1 states that, at 2 m from the vehicle, the maximum dose rate of any fuel
type is calculated for 25 EPR MOX rods to be 9.06 mrem/hr while it is 9.12 mrem/hr for
the 9 EPR MOX rods.

This information is required by staff to determine compliance with 10 CFR 71.47.

RAI 5.5 Response

The source term and shielding analysis documented in Chapter 5, Appendix 5.6.4 is
revised in its entirety to be consistent with the licensing basis described in Chapter 1,
Section 1.1.2 (see response to RAI 1.1). Accordingly, the maximum calculated dose
rate for the various contents authorized for the TN-LC-1 FA basket is for the PWR fuel
assembly and is equal to 8.92 mrem/hour at 2m. The revised dose rates for all the other
contents are less than that for the PWR fuel assembly and are shown in Table 5.6.4-2 of
Appendix 5.6.4, for NCT.

The fuel qualification is the process by which the acceptable combinations of burnup,
enrichment and cooling time of the various contents are determined that ensures that the
resulting (calculated) dose rates are below the regulatory limits.

The source strength (and, as a result, the dose rate) is a function of not only of the
number of the fuel rods but also of the cooling time of those rods. Because of this, it is
possible that a larger number of fuel rods could still result in a lower dose rate if they are
cooled for a long enough time

Chapter 6 Criticality Evaluation

6.1 Explain the basis for assuming an intact fuel when damage to the cladding exceeds a
-pinhole leak or hairline crack.

Page 1.4.2-2 states that, for NRU/NRX fuel, "Damaged fuel assemblies with cladding
damage in excess of pin hole leaks or hairline cracks are authorized. The extent of the
damage is limited such that the total surface area of the damaged cladding does not
exceed 5% of the total surface area of each rod." Page 1.4.3-4 states that, for MTR fuel,
"MTR fuel elements with damaged cladding are authorized, provided the total surface
area of the damage does not exceed 5% of the total surface area of the damaged
element." It is unclear what the basis is for using 5% of the total surface area of the rod
or fuel element as a determination of the_"allowable" damage for a rod or fuel element
without canning the rod(s)/fuel element(s) in a damaged fuel container when the damage
exceeds a pinhole leak or hairline crack.
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This information is required by staff to determine compliance with 10 CFR 71.55 and
71.59.

RAI 6.1 Response

SAR Section 1.1.2 describes the licensing basis employed in the application and outlines
the methodology employed in the safety analyses. Accordingly, the criticality analyses
for the MTR elements and NRU/NRX fuel assemblies are performed assuming that the
fuel is modeled in the most reactive configuration for both NCT and HAC with full
moderation. Since these fuel elements / assemblies are based on metallic fuel, the
effect of cladding damage does not increase the potential for release of volatiles or fines
commonly associated with ceramic (sintered U0 2) fuel pellets.

The "damage" described in the application is intended to authorize fuel assemblies /
elements subjected to "pitting" corrosion normally associated with aluminum cladding
that does not significantly affect the integrity of the cladding. Further, both the NRUX
and MTR baskets are designed such that all the fuel assemblies / elements are confined
within their respective compartments. This obviates the need for a damaged fuel
container for fuel assemblies / elements with limited damage.

In addition, the use of a limiting surface area criterion as a means to limit the damage of
MTR fuel elements has been approved for the NAC-LWT cask under CoC 71-9225 per
condition 5.(b)(2)(iv)(d) which states "MTR fuel elements with degraded or mechanically
damaged cladding are authorized, provided the total surface area of through-clad
corrosion and/or mechanical damage does not exceed 5% of the total surface area of
the damaged element."

6.2 Explain the basis for the statement on page 6.10.3-8 of the application that a
configuration with the graphite reflectors of the TRIGA assemblies touching the end of
the basket "can be considered to be a bounding geometry for a scenario under HAC in
which the fuel is damaged."

It is unclear how not modeling the end fittings of the TRIGA fuel assemblies and allowing
the graphite reflectors of the TRIGA assemblies to touch the end of the basket is a
"bounding geometry for a scenario under HAC in which the fuel is damaged." The
damaged fuel condition represents a potential loss of geometry control under
transportation conditions, and fuel geometries other than that described for the TRIGA
fuel have the potential to be much more reactive.

This information is required by staff to determine compliance with 10 CFR 71.55 and
71.59.

RAI 6.2 Response

The TRIGA basket remains intact under HAG, which limits potential fuel damage.
Because each basket location contains four TRIGA fuel assemblies that fill most of the
lateral void space (see Figure 6.10.3-6), lateral bending of the fuel assemblies under
HAC would be negligible and lateral fuel damage is not expected. However, it is
conservatively assumed that the upper-and-lower plenums axially collapse during an end
drop, allowing axial shifting of the fuel. Such an extreme condition is not expected.

The text in the SAR has been revised for clarity and consistency on pages 6.10.3-4,
6.10.3-5, 6.10.3-7, and 6.10.3-8.
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6.3 Explain the basis for the statement on page 6.10.4-9: "For single shear and double shear
analyses, it is shown that the BW 15 x 15 B111 fuel assembly results in the most reactive
configuration. However, the WE 14 x 14 Std/LOPAR/ ZCA/ZCB fuel assembly remains
the most reactive for damaged fuel cases, as shown in Table 6.10.4-12."

It is unclear what fuel the case ID's correspond to in the application. Also Table 6.10.4-
13, "Single-Ended Shear Analysis- PWR Fuels," and Table 6.10.4-14, "Double-Ended
Shear Analysis- PWR Fuels," (and elsewhere) refer to case ID's (e.g., PFO01) that
have not been defined in the application (i.e., it is not clear what PWR fuel is being
modeled). Finally, the case ID's in the application do not correspond to the case ID's of
sample inputs and outputs that were provided on a disk to the staff.

This information is required by staff to determine compliance with 10 CFR 71.55 and
71.59.

RAI 6.3 Response

With regard to the results presented in Table 6.10.4-13 and Table 6.10.4-14, the cases
pertaining to BW 15x15 B131 and WE 14x14 StdlLOPARIZCAIZCB fuel are not identified.
These tables are modified to include the distinctions. Finally, a table of Case IDs cross
referenced with the criticality analyses performed is included in section 6.10.4.9.2. The
sample input and output files that were provided on a disk to the staff are also
referenced with the case IDs used in the application. Table 1 below lists the sample
input and output files and corresponding Case IDs.
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Table 1
Sample Input and Output File Cross Reference with Case IDs

Sample Input and Output Files Case IDs
25pin-mox-U070-Pu102-p150-imdl00 Pin 04
bwl 5bl 1-e500-p150-3array-imd100-air P H001
bwl 5bl 1-e500-p 150-hac-08pras-imdl00-case3 P K001
bwl5bll-e500-pl5O-nct-08pras-imdlOO This is P BO11 with 8 PRAs
bwl 5bI 1-e500-p 150-nct-imd 100 P B01I1
bwl 7mkc-e500-p 150-O8pras-hac-imd100-case3 P K005

This is P NCT3A1 with 0.1%
ce 15pal-e370-p 150-3array-01 pra-imd 100-emdO0I external moderator density
cel 5pal-e370-p 150-hac-01 pras-imd100-case3 P K002
ce 16s80-e5OO-p 150-hac-08pras-imd 1O0-case3 P K003
ftm 14ce-e500-pI 50-hac-08pras-imd10O-case3 P K004
ftm 17mkb-e500-p 1 50-hac-08pras-imd100-case3 P K006
laclO-e500-p150-3array-imdlOO-emdOO10 B E001
lac 10-e500-p 150-P623-imd 100 B D055
wel4std-e500-p1 50-hac-08pras-imd100-case3 conl P 1001
we 14std-e500-p 150-hac-08pras-imd,100-case3 con2 P 1002
wel4std-e500-p150-hac-imdl00 P B022
we I 4std-e5OO-p I 50-P650-imd 100 P E006
we 15 std-e500-p 150-hac-08pras-imd 100-case3 P K007
we I 7ofa-e500-p 1 50-hac-08pras-imd 1 00-case3 P K008
we 17rfa-e500-p 150-hac-imd 100-w-cavity P A004-1
ce I 5pal-e3 70-p 1 50-hac-0 1 pras-imd 1 00-case3-ss304hole A S001
CaseID-A SOO-Linux-Benchmark A S001-1
wet 7ofa-e5OO-hac-08pras-r02-imd 100 P M002
cel5pal-e370-hac-Olpras-r16-imdlOO P M020
bwl5bl 1-e500-hac-08pras-rl0-imdl00 P M028

bw15b 1l-e500-hac-ds-r20-imd 100 P M044
bwl 5bl 1-e500-hac-ss-rl 8-imdl 00 P M054
we 1 4std-e500-hac-08pras-r04-imd100 P M058
bwl 7mkc-e500-08pras-hac-r14-imd 100 P M076
ftm 14ce-e500-hac-05pras-rOO-imd 100 P M078

we 15std-e500-hac-08pras-r04-imd 100 P M091
cel6s80-e500-hac-05pras-r08-imdl00 P M104
cel 5pal-e370-hac-01pras-r16-bare-imd100 P N008
svea96Op2-e500-mrf-nct-imd 100 B F004
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6.4 Revise the damaged fuel configuration for the TN-LC-1 FA basket to consider loss of
rods from the lattice after modeling pitch expansion.

The TN-LC-1 FA basket criticality analysis considers only single- and double-ended rod
shear and pitch expansion in the damaged fuel criticality analysis. The application
should be revised to either demonstrate that these configurations are more reactive for
the TN-LC-1 FA. Alternatively, revise the evaluation to also consider loss of rods from
the lattice.

This information is required by staff to determine compliance with 10 CFR 71.55 and
71.59.

RAI 6.4 Response

The analysis for the missing rods is presented in Table 6.10.4-32. Up to 20 rods are
systematically removed from the base assemblies at maximum pitch. The PRAs are
modeled with the minimum allowable as noted in Table 6.10.4-26. The maximum cases
are highlighted in Table 6.10.4-32. These highlighted cases are further evaluated to
consider bare fuel. A maximum of 6" of fuel pellets are modeled stacked up at the
bottom of the cask to address the scenario of credible fuel decladding. The results are
presented in Table 6.10.4-33. The results demonstrate that the maximum U-235
enrichments specified in Table 6.10.4-26 for each fuel assembly class remain
unchanged. These results are added to Appendix 6.10.4.

6.5 Revise the application to provide the most limiting fuel assembly parameters for the
spent fuel assemblies to be transported in the TN-LC package (e.g., maximum fuel pellet
outer diameter, minimum clad thickness, maximum pitch, etc.).

The application includes only nominal values for the spent fuel designs considered in the
criticality safety analysis. The application should be revised to identify bounding fuel
assembly parameters that will be listed in the Certificate of Compliance to identify the
allowable contents of the package.

This information is required by staff to determine compliance with 10 CFR 71.55 and
71.59.

RAI 6.5 Response

The limiting fuel assembly parameters are generated for the PWR and BWR fuel that
can be inserted in Appendix 1.4.5. These tables contain minimum and maximum
dimensions as applicable for each fuel type to be listed in the Certificate of Compliance
to identify allowable contents of the package. Table 1.4.5-2 and Table 1.4.5-7 are
modified to reflect these changes for PWR and BWR fuel, respectively.

6.6 Revise Sections 6.10.1.8.2, 6.10.2.8.2, 6.10.3.8.2, and 6.10.4.8.2 of the application to
provide the results of the normality tests toensure the applicability of the statistical
approach for the selected benchmarking data set.

For USLSTATS analysis, the results of the normality tests, whether those from
USLSTATS or other statistical packages, need to be provided to ensure applicability of
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statistical approach for the selected data set. Also, the applicant states on page 6.10.4-
18 that USL functions are developed for five USL parameters, but then states that "all
four USLSTATS6 runs meet the normality test." Explain the apparent discrepancy.

This information is required by staff to determine compliance with 10 CFR 71.55 and
71.59.

RAI 6.6 Response

The total number of experiments utilized in Appendix 6.10.1 is 35. Out of the 35
experiments, 17 were declared as directly applicable to the criticality analysis. As the
number of experiments is less than the 25 required for USLSTATS, the normality test is
performed using the Anderson-Darling test which is explained in detail in Chapter 6. The
17 keff values obtained from the directly applicable experiments tested normal using the
Anderson-Darling test.

The total number of experiments in Appendix 6.10.2 is 64. The final USL is obtained
using the first 35 experiments. The USLSTATS output indicated that the data do not test
normal even though more than the minimum required 25 experiments are utilized.
Removing an outlier from the set (Case ID NE24, Table 6.10.2-13, Appendix 6.10.2), the
experiments are reevaluated using USLSTATS. The data test normal for the 34
experiments and the USLSTATS output is provided. The new USL obtained using the 34
experiments: 0.9242 is not less than the USL obtained with the 35 experiments: 0.9227
presented in Table 6.10.2-12, Appendix 6.10.2. Therefore the USL value presented in
Table 6.10.2-12, Appendix 6.10.2 is selected. The input and output files for USLSTATS
are also included in Enclosure 11 to provide the results of the normality test performed
using the USLSTATS software.

The total number of experiments in Appendix 6.10.3 is 21. The final USL is obtained
using 12 out of the 21 experiments. The normality test for the 12 experiments is
performed using the Anderson-Darling test. The Anderson-Darling normality test
demonstrates that the data test normal.

In the application, it is incorrectly stated in page 6.10.4-18 that "all four USLSTATS6
runs meet the normality test". The intended statement is "all five USLSTATS6 runs meet
the normality test" with the discrepancy being the number of USLSTATS6 runs. This has
been updated in page 6.10.4-18 by changing "four" to "five".

In selecting the USL, as shown in Table 6.10.4-29 of the application, the lowest USL
value is selected. The input and output files for USLSTATS are also included in
Enclosure 11 to provide the results of the normality test performed using the USLSTATS
software. For the parameters of interest the results are summarized below:

* U-235 Enrichment in wt. percent - The data tests normal.

* PUO 2 Content - The data tests normal.

* Fuel Rod Pitch - The data tests normal.

* H20/UO2 Volume Ratio - The data tests normal.

* Energy of average lethargy of fission (EALF) - The data tests normal.

6.7 Revise the USL for the allowed contents of the TN-LC-MTR and TN-LC-TRIGA baskets
to include a bias uncertainty derived from nonparametric methods.
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The number of benchmark data is insufficient for establishing a normal distribution: only
17 benchmarks were directly applicable for the contents of the TN-LC-MTR basket
(Note: Applicant stated 17, but text in Section 6.10.1.8.1, "Applicability of Benchmark
Experiments," only supports 16 as being directly applicable). The applicant only used 21
benchmarks for the contents of the TN-LC-TRIGA basket, for which only two were
directly applicable. Less than 25 benchmarks would normally require the applicant to
use a nonparametric margin to calculate the USL. Revise the application accordingly, or
show the number of experiments used to calculate the USL fits a normal distribution.

This information is required by staff to determine compliance with 10 CFR 71.55 and
71.59.

RAI 6.7 Response

For the TN-LC-MTR and TN-LC-TRIGA baskets, the small sample statistics
methodology described in Chapter 6 is utilized to obtain the USL values.
For the TN-LC-MTR, Appendix 6.10.1, as the number of experiments is less than the 25
required for USLSTATS, the normality test is performed using the Anderson-Darling test
and the small sample statistics methodology is used to obtain the USL value. The 17
benchmark set (16 from HEU-MET-THERM-006 and 1 from HEU-MET-THERM-022)
tests normal using the Anderson-Darling test (the data also tests normal using
USLSTATS) and the USL computed using small sample statistics is 0.9224. The
minimum USL for the five parameters and two different groupings of benchmarks is
0.9213 as presented in Table 6.10.1-20 of Appendix 6.10.1. Therefore, a USL of 0.9213
is conservatively selected for this analysis.
For the TN-LC-TRIGA, Appendix 6.10.3 the normality test for the 12 experiments is
performed using the Anderson-Darling test and the small sample statistics methodology
is used to obtain the USL value. The 12 benchmark set tests normal using the
Anderson-Darling test (the data also tests normal using USLSTATS) and the USL
computed using small sample statistics is 0.9307. Therefore, a USL of 0.9301 presented
in Table 6.10.3-11, Appendix 6.10.3 is conservatively selected for this analysis.
The input and output files for USLSTATS are also included in Enclosure 11 to provide
the results of the normality test performed using the USLSTATS software.

6.8 Revise the application to clearly state whether TRIGA fuel is considered damaged or not
for NCT and HAC.

The application states that the TRIGA fuel is modeled as damaged for both NCT and
HAC. For example, page 6-2 states: "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." However, page 6.10.3-5 states: "Since the fuel
assemblies are held in fairly small compartments, without much room to move during an
accident, the baskets and fuel are assumed to be undamaged in all calculations
performed for this analysis under both normal conditions of transport (NCT) and
hypothetical accident conditions (HAC)." Page 6.10.3-7 states: "Structural analysis of
the cask and basket in Chapter 2 has demonstrated that they maintain their structural
integrity after an accident. Therefore, these calculations assume that both the basket
and the fuel are completely undamaged and intact." Revise the application to clear up
this discrepancy.
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This information is required by staff to determine compliance with 10 CFR 71.55 and

71.59.

RAI 6.8 Response

The TRIGA fuel is modeled as damaged during NCT and HAC. The damage mode is
axial collapse of the plenums. The text on page 6-2 is acceptable, although the
descriptions on pages 6.10.3-4, 6.10.3-5, 6.10.3-7, and 6.10.3-8 have been revised for
clarity and consistency.

Chapter 7 Operating Procedures

7.1 Provide procedures for (i) loading a PWR fuel assembly with Poison Rod Assemblies
(PRAs) prior to loading the fuel assembly into the TN-LC-1 FA basket and (ii) ensuring
the PRAs are loaded as prescribed by the requirements in Table 6.10.4-26 and Figures
6.10.4-12, 6.10.4-13, and 6.10.4-15 of the application.

Chapter 7 of the application provides operating procedures for all contents. However,
staff noted that the procedures do not include loading procedures for the PRAs that are
required to ensure subcriticality of a PWR fuel assembly for NCT and HAC. The
procedures also do not specify a verification to determine the required number of PRAs
are installed as stated in Table 6.10.4-26 or that they are installed in the proper locations
as identified in Figures 6.10.4-12, 6.10.4-13, and 6.10.4-15 of the application. Because
this is a new content and new configuration, procedures for loading and verifying the
new content are needed.

This information is required by staff to determine compliance with 10 CFR 71.55, 71.59,
and 71.87.

RAI 7.1 Response

Step 12 of 7.1.1 states that "The candidate intact fuel assemblies/elements or fuel rods
to be transported in a specific basket must be evaluated to verify that they meet the fuel
qualification requirements of the applicable fuel specification as listed in Table 7-1 ". For
PWR assemblies transported in the TN-LC-1 FA basket Table 7-1 references the fuel
qualification Tables in Appendix 1.4.5 and the supporting Figures (Figure 1.4.5-1 to
Figure 1.4.5-4) in this appendix provide the requisite locations for all PRA inserts.
The actual method employed for loading PRA's into individual PWR fuel assemblies is
controlled by plant procedures. Once a fuel assembly is designated for transportation in
the TN-LC-1 FA basket the number and location of the PRA's must be evaluated as
described in Chapter 7, Section 7.7.4.1 steps 2 and 3. These processes and controls
will ensure only qualified fuel assemblies are loaded into the TN-LC-1 FA basket.
A verification step for the PRA's number and location has been added to 7.7.4.1, Step 2.

Chapter 8 Acceptance Tests and Maintenance Program

8.1 Provide acceptance testing or mixing methods for Resin F in the application and CoC by
reference.
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Acceptance tests and preparation procedures for preparation of the neutron absorbers

VYAL B, but not Resin F, are included in the application and CoC by reference.

This information is required by staff to demonstrate compliance with 10 CFR 71.31(c).

RAI 8.1 Response

The acceptance tests for the Resin-F are provided in Section 8.1.6.2 following those for
VYAL-B. The notes on mixing and installation procedures for VYAL-B, provided in
Section 5.3.3 of Chapter 5 are also applicable to Resin-F. The application is revised to
provide this clarification in Chapter 5 and Chapter 8.

8.2 Specify that accessible welds will be inspected prior to package loading use for signs of
degradation and brought into compliance with the licensing drawings before shipment of
a loaded package.

The maintenance program requires that threaded fasteners will be examined prior to the
use of the TN-LC, and should include accessible welds as well.

This information is required by staff to determine compliance with 10 CFR

71.33(a)(5)(iii).

RAI 8.2 Response

A paragraph is added to Chapter 8, Section 8.2.3 to establish inspection requirement per
10 CFR Part 71.87,. Routine determinations, part (b) prior to each shipment. The
maintenance program for fasteners is specified in Section 8.2.3.1.

8.3 Describe the determination process for the acceptability of wood performance if the
impact limiters are damaged and verify that the impact limiter will pass leak testing using
the same acceptance criteria as the original leak tests.

The application states that if the impact limiter is damaged, that the internal wood will be
examined for degradation. It is not clear how the wood will be examined to ensure that it
has maintained its performance. In addition, it is not clear how the presence of free
water (as determined by a humidity test) verifies that a repaired impact limiter
adequately meets its original function.

This information is required by staff to determine compliance with 71.73(c)(2).

RAI 8.3 Response

As listed in Chapter 8, Section 8.1.9, in response to RAI question 8.4, the mechanical
properties of the woods specified in the table will be measured and tested in a controlled
environment. The impact limiter wood blocks made from these woods are installed into
the stainless steel shell compartments and seal-welded in the controlled environment.
After the impact limiter fabrication is completed, the only parameter which can change
the wood properties is the moisture content. Therefore, controlling the moisture content
of the wood is a key parameter in the qualification of the wood acceptable for inclusion in
the impact limiter. Therefore, if an impact limiter is damaged the evaluation for

Page 56 of 57



Responses to Request for Additional Information (Public Version) TN E-32623 Enclosure 9

acceptability of the damage involves inspection of the wood immediately inside the
damaged surface by drilling suitable holes and use of a bore scope and determination of
the moisture content of the wood.

If the wood surface immediately inside the damaged section shows no signs of visible
degradation, then it is reasonable to assume that the damage is limited to the shell,
which will be repaired using similar procedures to those employed during initial
fabrication. Should the wood surface have any surface damage, the volume will be
determined and an analysis performed to determine if the impact limiter will meet its
original design criteria. If not, then the damaged section of wood will be removed and
replaced. If any free water is detected, or the moisture content is outside the design
basis range of 6 to 10%, then steps will be taken to dry the wood by careful application
of heat until the optimum moisture content is achieved.

8.4 Establish acceptance tests in Chapter 8 of the application to verify the density, moisture
content, and mechanical proprieties of the impact limiter wood.

The acceptance tests should include mechanical testing of the impact limiting wood to
ensure that the wood will have the same impact characteristics stress/strain as the wood
used in the impact analyses.

This information is required by staff to determine compliance with 71.73(c)(2).

RAI 8.4 Response

Section 8.1.9 in Chapter 8 is added to establish acceptance tests for impact limiter
wood.
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Listing of Computer Files Contained in Enclosure 11

Disk ID No. File Series Number
(size) Discipline System!Component (topics) of Files

Structural-2.13.1-HAC LC37- Directory

Cask (A.2.13.1.10.1 - input and output files for CaskOblique Drop Confirmatory Analysis - ANSYS
analysis)

Structural-2.13.12- Bolt Stress -Directory
(Enclosure x) (A.2.13.12.6 input and output files for 30 foot 50 2,799

Slap down LS-DYNA analysis)

One Portable
Hard Drive Structural-2.13.12-CG Sensitivity-Directory

(A.2.13.12.5.1 input and output files for Firm
Structural Wood 30' Slap Down 100 Angle Drop-101" from

Folder bottom LS-DYNA analysis)

(10. GB) Structural
(l Impact Limiter Structural-2.13.12-Increased Perpendicular Wood

(Part 1 of 2) Strength Sensitivity -Directory
(A.2.13.12.5.4 input and output files 30 foot End 38
Drop for Increased Perpendicular Wood Strength

Sensitivity LS-DYNA analysis)

Structural-2.13.12-Wood Material Shear
Sensitivity Directory 38

(A.2.13.12.5.2 input and output files for 30 foot
End Drop LS-DYNA analysis)

Structural-2.13.11-NRU Side Drop- Directory
Fuel (A.2.13.11.5.5 input and output files for NRU Side 5

Drop for Normal Condition - ANSYS analysis)
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Listing of Computer Files Contained in Enclosure 11

r t

001-ConfirmatoryCoupledModel - Directory

Confirmatory
Evaluation with
Coupled Model

TN-LC Cask
Models

1-1 FAModel - Folder

3D Finite element model of the TN-LC-1 FA 8

basket

2-TN-LC-IsoCP - Folder

Coupled 3D Finite element model of the
TN-LC transport cask with TN-LC-1 FA
model in ISO container

6

3-TN-LC-ISO-N1- Folder

17TN-LC Cask Normal Conditions of Transport
with PWR Fuel Assembly in ISO Container(Enclosure 11)

One Portable
Hard Drive

Thermal
Folder

(25.8 GB)
(Part 1 of 3)

Confirmatory
Evaluation with
Coupled Model

TN-LC Cask
Normal Conditions of

Transport

4-TN-LC-ISO-N2- Folder

TN-LC Cask Normal Conditions of Transport 20

with 25 Pin Can Assembly in ISO Container
5-TN-LC-NISO-N3- Folder

TN-LC Cask Normal Conditions of Transport 17
with PWR Fuel Assembly without ISO
Container

Thermal

6-TN-LC-NISO-N4- Folder

TN-LC Cask Normal Conditions of Transport
with 25 Pin Can Assembly without ISO
Container

20

I. ________

7-TN-LC-ISO-H1 - Folder

TN-LC Cask Hypothetical Accident
Conditions with PWR Fuel Assembly in ISO
Container

19

Confirmatory
Evaluation with
Coupled Model

TN-LC Cask
Hypothetical Accident

Conditions

8-TN-LC-ISO-H2 - Folder

TN-LC Cask Hypothetical Accident 21
Conditions with 25 Pin Can Assembly in ISO
Container
9-TN-LC-NISO-H3 - Folder

TN-LC Cask Hypothetical Accident
Conditions with PWR Fuel Assembly without
ISO Container

17
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Listing of Computer Files Contained in Enclosure 11

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

002-HighBurnupFuel- Directory
High Burnup

Reconfigured Fuel 1-TN-LC-ISO-NT1 - Folder
Evaluation with

(Enclosure 11) Coupled Model TN-LC Cask Normal Conditions of Transport 18

One Portable TN-LC Cask with reconfigured PWR Fuel Assembly in

Hard Drive Normal Conditions of ISO Container

Thermal Transport
Thermal
Folder High Burnup

Reconfigured Fuel 2-TN-LC-ISO-HT1 - Folder
(25.8 GB) Evaluation with

(Part 2 of 3) Coupled Model TN-LC Cask Hypothetical Accident -19

TN-LC Cask Conditions with reconfigured PWR Fuel

Hypothetical Accident Assembly in ISO Container

Conditions

(Enclosure 11)

One Portable TN-LC Cask 003-RAI-3-7- Directory
Hard Drive

Thermal TN-LC Cask Macros to create a TN-LC Cask Model within
Thermal Model within ISO ISO Container with Radiation between the
Folder container and thermal cask and the ISO container and to perform a

evaluation for NCT NCT evaluation.
(25.8 GB)

(Part 3 of 3)
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Listing of Computer Files Contained in Enclosure 11

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

TN-LC-1 FAT-CIA 001 -1 FA - Folder 24
Criticality Analysis

TN-LC-MTR
Enclosure 11 USL Evaluation 002-USL-Appendix-6.10.1 - Folder 10

One Portable
Hard Drive TN-LC-NRU/NRX 003-USL-Appendix-6.10.2 - Folder 6

Nuclear Criticality USL Evaluation

Folder
TN-LC-TRIGA

(6.237 MB) USL Evaluation 004-USL-Appendix-6.10.3 - Folder 6

TN-LC-1 FAUSL Evaluation 005-USL-Appendix-6.10.4 - Folder 10

Disk ID No. Number

(size) Discipline System/Component File Series (topics) of files

Enclosure 11 TN-LC-I FAOnelosure Response Fun s 001-1 FA Response Function - Folder 120
One PotableResponse Functions

Hard Drive
TN-LC-1 FA

Nuclear Shielding Shielding Analysis 002-lEA NCT-HAC Shielding - Folder 186
Folder

TN-LC-1 FA
(36.493 MB) Fission Gas Release 003-Fission Gas Release- Folder
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TN-LC Impact Limiter Analysis Plots

(associated with RAI 2.24)
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TN LC IMPACT LIMITER ANALYSIS
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0.02 TN LC IMPACT LIMITER ANALYSIS
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No. ORD5743

Low Temperature Performance
Parker's V1289-75 low temperature fluorocarbon compound
offers the best low temperature sealing performance of any
fluorocarbon rubber material available In the market.

Low temperature performance has long been the Achilles'
heel of fluorocarbon elastomer technology. Standard
fluorocarbon copolymer compounds can seal down to about
-15°F (-26°C). Low temperature (GLT-type) fluorocarbon
compounds offer low temperature flexibility down to -40TF
(-40°C) but sacrifice resistance to alcohol-containing fuels.
Low temperature / low swell fluorocarbons (GFLT-type) offer
excellent resistance to alcohols, but only seal down to about
-35°F (-37°C.) Parker's Fluorocarbon Fact Sheet has more
Information about these other grades of fluorocarbon rubber.

With a TR-10 of -40°F (-400C), V1289-75 offers reliable
dynamic sealing down to -40°F and static sealing down to
-55°F (-48°C) In the most demanding seal applications.

FKM Low Temp Performance

U-tol

2

91

V1289-75
-55°F to +4001F (-48°C to +2000C)

V1289-75 has significant advantages compared with
other elastomer seal materials:

Compared to GLT fluorocarbon:
• Better low temperature rating than GLT fluorocarbon
* Lower volume swell than than GLT fluorocarbon

Compared to GFLT fluorocarbon
" Better low temperature rating than GFLT fluorocarbon
* Better compression set than GFLT fluorocarbon

Compared to standard A-type fluorocarbon
" Better low temperature rating than standard FKM
" Lower volume swell than standard fluorocarbon

Compared to low temperature nitrile
" Better compression set than nitrile
" Lower swell than nitrile
" No dry-out shrinkage
" Better high temperature rating than nitrile

Compared to fluorosilicone
" Better wear resistance than fluorosillcone
* Better high temperature rating than fluorosillcone
" Better mechanical properties than fluorosilfcone
" Lower volume swell than fluorosIlicone

Typical Applications Include:
* Low temperature hydraulics

* Jet fuel

" HTS turbine oils (MIL-L-23699)

o Automotive fuel systems

• Automotive engine oil and transmission fluids

Parker Hannifin Corporation AS9100 / IS09001 / QS9000
O-Ring Division Registered
2360 Palumbo Drive
PC Box 11751
Lexington, KY 40512-1751 www.parkerorings.com
Phone: (859) 269-2351 Fax: (859) 335-5128
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V1 289-75 Typical Test Data
Date: June 20, 2005

V1289-75
PROPERTY 2-214 O-Ring Results

Original Physical Properties ASTM D1414, D2240, D297 00

Shore A hardness 78

Tensile strength, min., psi 1497

Ultimate elongation, min., % 163

Specific Gravity 1.88

Low Temperature Retraction, D2137 5g,
TR-10, °F -40

Compression Set (22h @ 3920F) ASTM D395 Method B P

Loss of Original Deflection, % 17

Fluid Resistance ASTM Fuel B (70h @ 75-F) ASTM D471 as

Hardness change, pts. -3-

Tensile strength change, max., % -30

Ultimate elongation change, max., % -12

Volume change, % +5

Fluid Resistance ARM 300 (70h @ 392°F) ASTM D471 ._ + . ."ON

Hardness change, pts. -3

Tensile strength change, max., % -16

Ultimate elongation change, max., % -9

Volume change, % +6

Compression set, % 0395 Method B (modified) 16

Fluid Resistance Dexron III ATF (500h @ 3020F) ASTM D471 VAN

Hardness change, pts. -3

Tensile strength change, max., % -18

Ultimate elongation change, max., % -8

Volume change, % +1.3

Heat Age (70h @ 4820F) ASTM D573 "TNMP+IE "•'• . .

Hardness change, pts. +1

Tensile strength change, max., % +11

Ultimate elongation change, max., % +9

Copyright 2-006, Parker Hannlfln Corporallon, Cleveland, OH. All rights reserved.

Parker Hanniftn Corporation AS9100 / ISO9001 / QS9000 / TS1 6949
O-Ring Division Registered
2360 Palumbo Drive
PO Box 11751
Lexington, KY 40512-1751 www.parkerorings.com
Phone: (859) 269-2351 Fax: (859) 335-5128 Printed In the USA.
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Low Temperature testing of Parker V1289-75 0-rings

Summary

A sample of 3 V1289-75 O-rings were fitted to the pressure rig supplied and subjected to a
cooling cycle to determine the temperature at which seal integrity was lost. For one of the three
O-rings, the temperature was subsequently increased in order to determine the temperature at
which an effective seal was restored. The results indicate that V1289 O-rings, runs 1 and 2, lost
seal integrity at a temperature of approximately -50'C. The O-ring for run 3 lost seal integrity at
around -54°C and re-sealed at around -52'C.

Materials and methods

Pressure test rig was supplied by our customer. Ref details as follows:
Test Rig drawing No. R8097-200/201 (Issue A), Vent Plug drawing No. R8097-203 (Issue A)

The reference details of the V1289-75 O-rings were as follows: Ceetak ref. 42870, Batch No.
80082263, Product code P2-117 V1289-75, Description 20.29 x 2.62, cure date 1Q08.

The reference details of the silicone O-rings were as follows: Ceetak ref. 42870, Batch No.
31002469, Product code P2-126 S383-70, Description 34.59 x 2.62 Silicone 70, cure date 1Q09.

All o-rings conformed to ISO 3601/1 tolerances and ISO 3601/3 Surface Imperfection control.

All instruments used e.g. pressure gauge, temperature sensors and torque wrench were calibrated
before use.

A thermocouple was inserted down the centre of the testplug (marked P for pressure testing) and
positioned with the thermocouple tip located within the vent port; as illustrated in Figure 1. The
thermocouple was in close proximity to the inner o-ring.

A V1289-75 O-ring (black) was fitted in the inner groove and a Silicone 70 0-ring (red) was
fitted in the outer groove, as illustrated in Figure 1. The plug was screwed into the test rig and
tightened to a torque of 2kg.m.

The nominal section of the O-ring, in combination with the nominal depth of the vessel groove,
resulted in a squeeze of 24%. This is deemed typical and conforms to typical sealing design
guidelines.
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Thennocouple Tip

4--

Figure 1 Position of thermocouple within plug fixture

Fittings were attached to enable the test rig to be pressurised and connected to a digital pressure
meter. These are illustrated in Figure 2. The rig was placed within the test chamber (a modified
Instron environmental test chamber) as illustrated in Figure 3. Gaseous CO2 was used as the
cooling medium and the chamber was connected to a CO2 cylinder, as illustrated in Figure 4. The
thermocouple was attached to a data-logging unit. The thermocouple, located within the test rig,
was calibrated together with the data-logging unit prior to conducting studies with a pressurised
system.

The digital pressure meter was attached to a T piece as illustrated in Figure 2. The system was
pressurised to approximately 1 Bar using a hand pump attached to a section of rubber hose. The
system was sealed with a clamp. The system was typically left for a period of at least 5 to 10
minutes, to check for system integrity, prior to chilling the test rig.

The target temperature of the control chamber was set to -55°C for the first run. The first run was
used to provide an indication of the temperature range associated with loss of seal integrity. The
second and third runs were more carefully controlled. They were intended to give more detailed
information in the critical temperature range associated with loss of seal integrity.

The target temperature was initially set to -50'C for the second and third runs. This resulted in
rapid cooling of the test rig. The target temperature was altered as the test proceeded, to reduce
the rate of cooling of the rig as the temperature approached that associated with loss of seal
integrity. The aim was to maintain the temperature at close to -45'C for a period of at least 20
minutes and to monitor for seal integrity at this temperature. The temperature was then-lowered
slowly to determine when seal integrity was lost. The temperature of the chamber was
subsequently increased, following loss of seal integrity (for run 3), in order to determine the
temperature at which an effective seal was restored.
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Figure 2 Test rig, pressurising system and digital pressure monitor

Figure 3 Close up of enviromnental test chamber
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Figure 4 Test Chamber with CO 2 cylinder attached

Results

The results show that the VI 289-75 0-rings lost seal integrity at temperature of -50 to -54 0C. A
sharp decrease in pressure, as illustrated in Figure 5, was recorded. On subsequently increasing
the temperature, run 3, the temperature at which seal integrity was restored was -52 0C.

A shallow decrease in pressure was noted during the initial cooling cycle, prior to loss of seal
integrity. This was attributed to the air, within the pressurised system, obeying the gas laws;
pressure decreasing with decreasing temperature. The small increase in pressure recorded for run
3, firom 0.68 to 0.72 Bar, on heating the system would tend to support this.

The temperature and pressure profiles for the 0-rings are included. These have been plotted as a
function of elapsed time and are illustrated in figure 6 to 8. In addition to showing a sharp
decrease in pressure at around -50'C, figures 6 and 7 also indicate that there was no loss in
pressure over a 20 minute period at a temperature of around -45'C. The loss recorded for run 3
over the same region of the profile, 0.01 Bar was not significant.



Effect of temperature on seal integrity of V1289-75 o-ring
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Figure 5 Effectof temperature on seal integrity of V1289-75 O-rings
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V1289-75 run I
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Figure 6 Temperature - Pressure profile for V1289-75 O-ring (Run 1)
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V1289-75 run 2

401.1 --*--Temperature
--s-M Pressure

30 1
200 0.9.0. -- )

.Jr.
.20"100

0.3

10-I

0.7 CD

-400. ,

00
0.6-

00

d) ~-0.5 U
CIL -- i

1- 0.4 m
-30- 

- .

-40 -0.2

-50- 0.1

:0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210

Elapsed Time (min)

Figure 7 Temperature - Pressure profile for V1289-75 O-ring (Run 2)
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V1289-75 run 3
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Figure 8 Temperature - Pressure profile for V1289-75 O-ring (Run 3)
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