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1.0 Introduction

The HalfPACT package is used to transport contact-handled transuranic waste. The license is being
modified to allow three (3) Shielded Containers filled with waste of potentially high activity. Because
the material is more active than the previously approved payloads for the HalfPACT package, shielded
containers have been designed to provide the required additional shielding.

This calculation documents the thermal safety basis for adding the Shielded Containers as an alternative
payload configuration for the HalfPACT packaging. The analysis confirms that the package design
complies with all thermal acceptance criteria specified in 10 CFR 71[1].

1.1 Objective
The objectives of this calculation are:
e develop a thermal model of three Shielded Containers within the HalfPACT packaging,

e determine the combined thermal performance of the Shielded Containers and the HalfPACT
packaging under NCT conditions of transportation and for a variation in the decay heat
distribution within the containers, and

o ensure that the HalfPACT packaging temperatures remain bounded by the previous safety
evaluations for NCT.

e provide reasoned arguments as to why the package performance during the HAC event would
be bounded by that seen for the HalfPACT SAR [2] payload.

1.2 Purpose

The purpose of this calculation is to demonstrate compliance with the applicable regulatory
requirements for the HalfPACT packaging with a payload of up to three shielded containers. The
applicable regulatory requirements are specified in 10 CFR 71 [1] for Normal Conditions of Transport
(NCT). Evaluations under Hypothetical Accident Conditions (HAC) are not required since the
maximum mass of the Shielded Container payload is equal to the maximum mass of the HalfPACT SAR
[2] payload, but it has an equal or lower decay heat load. As such, the transient thermal behavior of the
Shielded Containers during the HAC fire event will be bounded by that seen for the HalfPACT SAR [2]
payload.

Further guidance for the calculation is taken from NUREG-1609 [3] and Regulatory Guide 7.8 [4].

1.3 Scope

The scope of this calculation is limited to the transportation of the HalfPACT packaging with a
payload of up to three (3) Shielded Containers. The decay heat within any single Shielded
Container may range from zero to 30 watts, but the cumulative decay heat from all three
Shielded Containers cannot exceed 30 watts total.
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2.0 Design Input

The HalfPACT packaging is comprised of an outer containment assembly (OCA) that provides the
primary containment boundary, and an inner containment vessel (ICV) that provides the secondary
containment boundary. Two aluminum honeycomb spacer assemblies are used within the ICV, one
inside each ICV torispherical head. This section presents a description of the HalfPACT packaging and
the shielded containers, their design features, the payload configurations, and the thermal load
conditions evaluated.

2.1 Geometry

Design drawings of the HalfPACT packaging are presented in the HalfPACT SAR [2]. Design
information for the Shielded Container, its associated pallet, and the axial and radial dunnage
components are provided by their associated SAR drawings [14].

2.2 Principal Design Features

The HalfPACT packaging is fabricated primarily of Type 304 stainless steel, 6061-T6 aluminum
(optionally 7075 aluminum), polyurethane foam, and ceramic fiber paper insulation (trade name
Lytherm or Fiberfrax). The HalfPACT packaging, illustrated in Figure 2-1 and Figure 2-2, is designed
with a totally passive thermal system. The principal thermal characteristic of the packaging is that it
utilizes two relatively thin containment vessels with shell thicknesses of 0.1875 and 0.25 inch. Use of
thin shells means that the thermal response of the packaging shells to transient heat input is more rapid
than for conventional, heavy walled packages. This characteristic is significantly offset by the
insulating capability of the polyurethane foam tending to isolate, or decouple, interior responses from
temperature variations due to exterior transients. While the outer surface of these shells may be painted,
the analyses herein assume unpainted surface (i.e., bare stainless steel) thermal properties. Since
painted surfaces have higher emissivities that allow for better decay heat rejection than unpainted
surfaces, the use of unpainted surface thermal properties is conservative.

Both the inner containment vessel (ICV) and the outer containment vessel (OCV) are constructed of
Type 304 stainless steel. The ICV has a 72.625 inch inside diameter and the OCV has a 73.625 inch
inside diameter and is completely encased in polyurethane foam with a density of approximately 8.25
Ib/ft® (pcf). The foam provides impact protection for the NCT and HAC drop events and thermal
protection during a HAC thermal event. The 0.25 to 0.375 inch thick outer shell of the outer
containment assembly (OCA) is comprised of Type 304 stainless steel that serves to protect the
polyurethane foam from damage encountered during normal handling and shipping operations. Ceramic
paper insulation is used as a liner between the polyurethane foam and the inner and outer shell surfaces of
the outer containment assembly (OCA).

Figure 2-1 presents an overview of the HalfPACT packaging components, while Figure 2-2 illustrates
the design details at the package closure. The external dimensions of the package are 91.5 inches high
and 94.375 inches in diameter. End spacers, fabricated of perforated aluminum honeycomb, support the
payload within the packaging and provide a useable payload space that is 44.75-in high and 72.625-in in
diameter. While the HalfPACT packaging is designed to carry a variety of different payload
configurations, this calculation is limited to the transport of the Shielded Container payload.
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The Shielded Containers will be used to ship TRU wastes contained within a standard 30-gallon drum.
The Shielded Container is a vented container fabricated of carbon steel and lead that is designed to
provide the additional radiological shielding required by the more active material to be transported
within the containers. Up to three Shielded Containers will be bundled for shipment within the
HalfPACT packaging.

As illustrated in Figure 2-3, the Shielded Container is a 23-inch diameter, 35%-inch tall cylindrical
vessel with lead shielding in the sidewall. The container, having a gross weight of 2,260 pounds, is
designed to carry a 30-gallon payload drum. The shielded container uses a bolted lid that includes a
filter port and a silicone rubber gasket between the lid and the body.

Figure 2-4 and Figure 2-5 illustrate the layout of the Shielded Containers within the HalfPACT
packaging. The Shielded Containers will be loaded on a triangular spaceframe pallet with radial
dunnage, axial dunnage, and top reinforcing plate and bottom slipsheet. The three Shielded Containers
may optionally be plastic shrink-wrapped after positioning on the triangular spaceframe pallet.
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Figure 2-1 - HalfPACT Package Overview
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Figure 2-5 - Sectioned View of the Shielded Container Payload Assembly

2.3 Design Basis Thermal Load Conditions

The Shielded Container and HalfPACT package combination is evaluated in accordance with 10 CFR
71 [1] and Regulatory Guide 7.8 [4] for the applicable NCT thermal loads. Table 2-1 summarizes the
design basis conditions considered in these evaluations. The load conditions are defined as follows:

NCT Hot: An ambient temperature of 100 °F is used to evaluate the maximum temperatures
within the cask with maximum decay heat and 10 CFR §71.71(c)(1) prescribed insolation.

NCT Hot, No Solar: Same as NCT Hot, but without insolation. This case serves as the basis for
evaluation of the maximum temperature at the accessible surfaces of the package in accordance
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with 10 CFR §71.43(g). 10 CFR §71.43(g) stipulates that for exclusive use packages, the
maximum accessible surface temperature must be less than 185 °F for this condition.

e NCT Cold: An ambient temperature of —20 °F is used to evaluate the temperatures within the
cask with maximum and minimum decay heat and with no insolation.

e NCT Cold Environment: A —40 °F steady-state ambient temperature without decay heat. This
analytically trivial case addresses the minimum material temperature capabilities.

2.4 Design Basis Thermal Loads

2.4.1 Insolation Loads

Maximum steady-state package temperatures with insolation are determined by using a combination of
solar heating values. An analysis is made using the insolation values delineated in 10 CFR §71.71(c)(1),
averaged over 24 hours. This action is intended to simulate the slow thermal response that the payload and
internal package components have to a varying (i.e., cyclic) solar load. The relatively large thermal mass
on the inside of the polyurethane foam insulation isolates (i.e., decouples) the thermal response of the
internal components from the 12 hour on / 12 hour off” solar step function cycle applied to the outside of
the package. Thus, the peak temperatures of the components on the inside of the polyurethane foam are
determined by applying the insolation values of 10 CFR §71.71(c)(1), averaged over 24 hours, to the
exterior of the package.

In contrast, the outer sections of the polyurethane foam and the OCA outer shell will respond more
quickly to varying external solar loads. Therefore, the maximum steady-state temperatures of the
polyurethane foam and OCA outer shell are estimated using the 10 CFR §71.71(c)(1) insolation values
averaged over 12 hours applied to the exterior of the package.

2.4.2 Payload Decay Heat

The maximum payload decay heat within any single Shielded Container may range from zero to 30
watts, but the cumulative decay heat from all three Shielded Containers cannot exceed 30 watts total.
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Table 2-1 - Transportation Package Design Basis Thermal Load Conditions

Applicable Conditions
Ambient Insolation Decay Heat
Temperature
Condition Description (°F) Max." | Zero Max. Zero
1 NCT Hot @ 100 x x
2 NCT Hot (no solar) ©® 100 x x
3 NCT Cold ¥ -20 x x x
4 NCT Cold Environment © -40 x x
Notes:

(1) Insolation in accordance with 10CFR71.71(c)(1) averaged over 12 or 24 hours as applicable (see Section 2.4.1).
(2) Thermal conditions used to evaluate thermal acceptance criteria and for structural load combinations.

(3) NCT Cold Environment load condition is evaluated without decay heat to establish minimum material temperatures
for material compatibility.

(4) Condition evaluated with maximum decay heat to establish the worst-case thermal gradients.
(5) NCT Hot (no solar) used to assure compliance with 10CFR71.43(g) criteria for accessible surface temperature.

Table 2-2 - Insolation Data per 10CFR71.71(c)(1)

Total Insolation for a 12-hour
Form and Location of Surface Period (g-cal/cm?)®
Flat surfaces transported horizontally; base surface None
Flat surfaces transported horizontally; all other surfaces 800
Flat surfaces not transported horizontally 200
Curved surfaces 400

Notes:

(1) The 12-hour period covers the daylight hours. Insolation for the remaining 12 hours (nights) is zero. The
12-hour insolation values are converted to equivalent 24-hour averaged values for evaluation of package
temperatures. 12 hour averaged values are used to compute the maximum foam and OCA surface temperatures.



AFS CALCULATION SHEET

Title HalfPACT Shielded Container Thermal Analysis Calc No P04F.M2.02-03 Rev 2
Project Name __HalfPACT Shielded Container Project Number __P04F.M2.02 Page 16 of 45

3.0 Material Specifications

This section presents the thermal properties used in the heat transfer model of the Shielded Container
within the HalfPACT packaging. The HalfPACT packaging is fabricated primarily of Type 304
stainless steel, 6061-T6 aluminum (optionally 7075 aluminum), polyurethane foam, and ceramic fiber
paper insulation (trade name Lytherm or Fiberfrax). The thermal properties for these HalfPACT
packaging components are taken from the HalfPACT SAR [2]. The thermal properties for the Shielded
Containers are provided below.

The Shielded Container is fabricated of carbon steel and lead. The dunnage is fabricated of
polyurethane foam and 6061-T6 aluminum and the pallet is fabricated of aluminum.

The materials used in the HalfPACT packaging that are considered temperature sensitive are the butyl
O-ring seals and the polyurethane foam. The temperature sensitive components include the lead and
silicone foam seal used in the Shielded Containers, and the polyurethane foam used in the dunnage
components.

3.1 Summary of Thermal Properties

The inner and outer shells of the Shielded Containers are fabricated of ASTM A1011, Grade 45 carbon
steel, while the base and lid are fabricated of ASTM A516, Grade 70, or ASTM A266, Grade 2 carbon
steel. For the purposes of this evaluation, the thermal properties of ASTM A516, Grade 70 carbon steel
are assumed. ASTM B29 lead is used to provide additional shielding in the container sidewall. The
pallet and dunnage assembly used to position and support the Shielded Containers within the ICV are
fabricated principally of 6061-T6 aluminum, 13 Ib/ft’ (pcf) and 6 pcf polyurethane foam.

The thermal properties for the carbon steel, lead, and 6061-T6 aluminum are presented in Table 3-1.
The thermal properties for the ASTM A516, Grade 70 carbon steel and the 6061-T6 aluminum are taken
from Table TCD of the ASME Boiler and Pressure Vessel Code [6]. Since NCT analysis requires
evaluations for ambient temperatures down to -40 °F, the ASME table values were extrapolated to
provide data for this temperature condition. The thermal properties for lead are taken from the
Thermophysical Properties of Matter [7]. The density of ASTM A516, Grade 70 carbon steel, 6061
aluminum, and the B29 lead are taken from an online database [5].

Table 3-2 presents the material properties for the plastic slipsheets and reinforcing plates and the
polyurethane foam used for the radial and axial dunnage. The material properties for the plastic
slipsheets and reinforcing plates are based on the generic properties for HDPE as taken from an online
materials database [5]. The properties for the 13 1b/ft’ (pcf) and 6 pef polyurethane foam used for the
radial and axial dunnage for the Shielded Containers are taken from the vendor’s online database [§].
Because the process used to manufacture the foam can produce density variations of +15% from the
target density, the thermal data presented in Table 3-2 represents those for the lower bound densities of
11 and 5 pcf since their associated thermal conductivity is lower.

The void spaces within the payload, the ICV, and between the ICV and OCV are filled with air at a
pressure of one atmosphere at the time of closure. Table 3-3 presents the thermal conductivity of air as
obtained from curve fits [9]. Because the thermal conductivity of air varies significantly with
temperature, the computer model calculates the thermal conductivity as a function of the mean film
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temperature. The void spaces within the Shielded Containers, the ICV, and between the ICV and OCV
are assumed to be filled with air at one atmosphere.

The payload within the Shielded Containers is conservatively assumed to be crumpled paper with zero
mass and to exhibit the thermal conductivity of air (see Table 3-3). This conservative representation of
the payload bounds the potential temperature rise and temperature limit within a generic payload whose
makeup prevents significant heat transfer via radiation and where its thermal conductance is dominated
by trapped air spaces. This analysis approach is consistent with the prior thermal evaluations performed
for all other authorized HalfPACT payload configurations.

3.2 Emissivity, Absorption, & Transmittance Data

Table 3-4 presents the important parameters in radiative heat transfer, emissivity (&) for each radiating
surface and solar absorptivity (o) value for the exterior surfaces. The outer shell of the containment
assembly (OCA) conservatively uses a lower value of emissivity (i.e., € = 0.25) and an upper value for
solar absorptivity (i.e., a = 0.5) for the NCT analyses to conservatively bound the package internal
temperatures. Weathered stainless steel typically exhibits a surface emissivity of approximately 0.45 [11].
The use of the optional white paint for the OCA outer surface would significantly increase the emissivity
(i.e., € = 0.85) and decrease the solar absorptivity (i.e., a = 0.3). Therefore, the assumption of an uncoated
package is conservative and bounding of the thermal results expected for a coated package.

The aluminum used to enclose the polyurethane foam of the radial and axial dunnage assemblies is
assumed to be unpolished, thus an emissivity of 0.15 is assumed. The surface of the honeycomb spacers is
assumed to be oxidized and roughed up from use, so an emissivity of 0.25 is assumed.

Polyethylene plastic shrink wrap may be used to restrain the Shielded Containers prior to installing the
radial dunnage assembly. The impact of the shrink wrap on the radiative heat transfer within the ICV
wall was examined in Appendix 3.6.2.3, Polyethylene Plastic Wrap Transmittance Calculation, of the
HalfPACT SAR [2] and found to have a negligible effect on the heat transfer process. Therefore, its
presence is ignored for the purposes of this calculation.

3.3 Technical Specification of Components

The materials used in the HalfPACT packaging that are considered temperature sensitive are the butyl
O-ring seals and the polyurethane foam. The HalfPACT SAR [2] presents the basis for the temperature
limitations of the butyl rubber O-ring seals and the polyurethane foam. Per the HalfPACT SAR [2], the
butyl rubber O-ring seals have a working temperature range of -65 °F to 225°F and a short duration (8
hours) temperature range of 400°F, while the polyurethane foam material has an operating temperature
range of -40°F to 300°F. The upper temperature limit for the Type 304 stainless steel is 800°F [13].

The melting point for aluminum is approximately 1,100 °F [5], however for strength purposes the
normal operating temperature should be limited to 400°F or less.

Polyethylene plastic shrink wrap has a melting temperature of approximately 250°F and the high density
polyethylene used to fabricate the slipsheets has a melt temperature of 230 to 275 °F [5]. Since these
components have a negligible, but slightly restrictive effect on the heat transfer within the ICV, their
potential loss due to elevated temperatures is of no consequence to the safety of the HalfPACT package.

The payload within the Shielded Containers is conservatively assumed to be paper and to exhibit the
thermal conductivity of air in order to bound the potential temperature rise and temperature limit within
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the payload. The silicone foam rubber seal used in the container’s lid had a recommended service
temperature of -75°F to 450°F [18]. The lead used in the container sidewalls has a melting temperature
of approximately 620°F [5] and the carbon steel used for the container base, inner/outer sidewalls, and
the lid is assumed to have an upper temperature limit of 700°F based on the ASME BPVC
recommended limits [13].



AFS CALCULATION SHEET

Title HalfPACT Shielded Container Thermal Analysis Calc No P04F.M2.02-03 Rev 2
Project Name __HalfPACT Shielded Container Project Number __P04F.M2.02 Page 19 of 45

Table 3-1 - Thermal Properties of Solid Materials

Temperature Thermal Conductivity Density” | Specific Heat
Material (°F) (BTU/hr-ft-°F) (Ibfin® | (BTU/Ib-°F)
ASTM A516 Gr 70 -40 26.2 0.093
Carbon Steel ? 70 27.3 0.105
100 27.6 0.108
150 27.8 0.112
200 27.8 0.284 0.116
250 27.6 0.119
300 27.3 0.122
350 26.9 0.125
400 26.5 0.127
ASTM B29 Lead © -58 21.7 0.030
32 20.4 0.030
80.6 20.0 -
158 19.9 0.031
248 - 0.410 0.032
261 19.4 -
428 18.4 0.033
608 - 0.033
621 16.4 -
6061-T6 -40 93.2 0.208
Aluminum @ 70 96.1 0.214
100 96.9 0.216
150 98.0 0.220
200 99.0 0.0975 0.222
250 99.8 0.224
300 100.6 0.227
350 101.3 0.230
400 101.9 0.231

Table 3-1 Notes:

(1) Single value is shown since this material property does not vary significantly with temperature.

(2) Material properties are obtained from ASME B&PVC [6]. Value for -40°F extrapolated from values for 70 and 100°F.
(3) Material properties are obtained from [7].
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Table 3-2 - Properties of Miscellaneous Solids

. Thermal .
Material Temperature DenS|3ty Conductivity Specific Heat
(°F) (Ib/ft®) o (Btu/lb-°F)
(Btu/hr-ft-°F)
HDPE Slipsheet " 72.4 0.225 0.526
13 pcf Polyurethane Foam - 11 0.0194 0.353
6 pcf Polyurethane Foam - 5 0.0168 0.353

Notes:

(1) Properties based on a combination of generic HPDE [5].

(2) Thermal conductivity and specific heat for 13 Ib/ft® (pcf) polyurethane foam taken from vendor’s online database [8].
To account for possible variability in foam density, the thermal properties of 11 pcf foam are used for this calculation.

(3) Thermal conductivity and specific heat for 6 Ib/ft’ (pcf) polyurethane foam taken from vendor’s online database [8].
To account for possible variability in foam density, the thermal properties of 5 pcf foam are used for this calculation.

Table 3-3 - Properties of Air

Specific Dynamic Thermal Coef. Of
Temperature | Density Heat Viscosity |Conductivity Prsgdtl Thermal Exp.
(°F) Ibn/in®) |(Btu/lbn-F)| (Ibm fft-hr) |(Btu/hr-ft-oF) ' CRY)
-40 0.240 0.0367 0.0121
0 0.240 0.0395 0.0131

50 0.240 0.0429 0.0143
100 0.241 0.0461 0.0155

Use Ideal
200 0.242 0.0521 0.0178

Gas Law
300 w/ 0.243 0.0576 0.0199
400 0.245 0.0629 00220 |Computeas) Compute as

Molecular{ : : Pr = cou/ k |B=1/(°F+459.67)
500 wt = 0.248 0.0678 0.0240
600 28.966 0.251 0.0724 0.0259

g/mole

700 0.253 0.0768 0.0278
800 0.256 0.0810 0.0297
900 0.259 0.0850 0.0315
1000 0.262 0.0889 0.0333

Note: Data taken from [9] curve fit equations on pp 2.4
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Table 3-4 — Surface Emissivity for NCT

Material Assumed Condition Emissivity (g)
Painted Carbon Steel V slightly oxidized, < 250°F 0.85
Aluminum Honeycomb @ oxidized, roughed surface 0.25
Aluminum " bright surface 0.15
Lead " oxidized surface 0.60
Plastic slipsheets and reinforcing plates dark color HPDE 0.85
Ambient Environment - 1.00

Notes:

(1) Properties based on values in Thermal Radiation Properties Survey [12].

(2) Thermal Radiation Properties Survey [12] gives an emissivity of 0.20 for oxidized aluminum; 0.25 is

used to account for roughed up surface due to use.

(3) Based on representative values for a ‘dark’ surface from Handbook of Heat Transfer [9] and Thermal

Radiation Properties Survey [12].
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4.0 Thermal Evaluations for NCT Conditions

This section presents the thermal analysis methodology and the evaluation of the thermal performance
for the Shielded Containers and HalfPACT packaging combination under NCT conditions to
demonstrate compliance with the requirements of 10 CFR §71.43(g) and §71.71. The thermal
evaluations are performed using conservative analytical techniques to assure that all materials are
maintained within their applicable minimum and maximum allowable temperature during all modes of
operation. These conservative techniques include ignoring the potential presence of convective heat
transfer, use of bounding low thermal conductivity for the polyurethane foam in the payload dunnage,
use of bounding low surface emissivity, and the assumption that the payload properties are those of air.

4.1 Thermal Model for NCT

The analytical thermal model of the HalfPACT packaging developed for the HalfPACT SAR [2] is re-
used for the purposes of this calculation. Details of this modeling can be found in the HalfPACT SAR
[2] and in Appendix 6.2.1. The original two-dimensional, lumped-parameter thermal model
representing a 30° symmetry model along the package’s vertical axis was expanded into a three-
dimensional, 180° symmetry model by repeating the original 2-D modeling six times and then thermally
connecting the individual segments via circumferential conductors to form a combined model.

The thermal modeling of the Shielded Container payload and its pallet assembly was accomplished
within this calculation using a ‘solids’ approach to create a three-dimensional, finite-difference, 180°
symmetry model. This model of the payload was thermally connected to the HalfPACT packaging
thermal model via conduction and radiation conductors to allow the combined thermal performance of
the package to be evaluated.

See Appendix 6.2 for details of the thermal modeling used for NCT conditions.

4.2 Thermal Evaluations for Normal Conditions of Transportation

The thermal performance of the Shielded Containers within the HalfPACT packaging under NCT
conditions is examined for 2 payload heat load distributions and 3 ambient conditions. The 2 payload
heat load distributions evaluated are:

1) a maximum total decay heat loading of 30 Watts evenly distributed among the payload of 3
containers, and

2) adecay heat loading of 30 Watts within a single Shielded Container, with the
remaining 2 containers assumed to dissipate zero watts of decay heat.

4.2.1 Maximum Temperatures for NCT Conditions

Two ambient conditions are evaluated for NCT conditions: NCT Hot (i.e., 100 °F with regulatory solar
averaged over 24 hours) and NCT Hot, No Solar (i.e., 100 °F with no insolation loading). See Section 2.3
for a description of each ambient condition. Table 4-1 presents the resulting package temperatures for the
case with equal decay heat distribution among the 3 Shielded Containers, while Table 4-2 presents the
resulting temperatures for the case where the decay heat loading is concentrated within a single Shielded
Container. The results demonstrate that all of the component temperatures are within their respective limits.
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Figure 4-1 illustrates the NCT Hot temperature distribution within the Shielded Containers, their pallet,
the ICV shell, and the 30-gallon drum payload for the case with equal decay heat distribution among the
3 containers. Figure 4-2 presents the same temperature distribution, except that the 30-gallon drum
payload has been removed in order to improve the visibility of temperature variations in the other
components. Figure 4-3 and Figure 4-4 present the NCT Hot temperature distributions for the case
where the decay heat loading is concentrated within a single Shielded Container.

4.2.2 Minimum Temperatures For NCT Conditions

The minimum temperatures within the packaging are evaluated for an ambient condition of —20 °F and
no insolation and with the maximum payload decay heat load for the evaluated payload configurations.
The resulting temperatures for this condition are summarized in Table 4-1 and Table 4-2. In addition,
the analytically trivial cases of minimum ambient temperatures and zero decay heat load are considered
for Load Conditions #3 and 4 (see Table 2-1). Given sufficient time, the package temperatures will
approach the —20 °F and —40 °F ambient temperatures, respectively, assumed for these load conditions.

All of the assumed conditions for minimum temperatures yield component temperature levels that are
within the allowable temperature limits.

4.3 Maximum Internal Pressure

The design maximum pressure in the ICV under normal conditions of transport is 50 psig. The major
factors affecting the ICV internal pressure are radiolytic gas generation, thermal expansion of gases, and
the vapor pressure of water within the ICV cavity. The determination of the maximum normal operating
pressure (MNOP) is not within the scope of this calculation.

4.4 Evaluation of Package Performance for Normal Conditions of Transport

The combined thermal performance of the Shielded Containers within the HalfPACT packaging has
been evaluated for the applicable NCT conditions of transportation and for a variation in the decay heat
distribution within the containers. The evaluations found that the resulting component temperatures
remained within their specified allowable limits for all cases. Further, the computed temperatures for
the HalfPACT packaging components were essentially the same as those predicted in the HalfPACT
SAR [2] for similar ambient conditions. Thus the Shielded Container payload will not impact the safety
basis of the HalfPACT packaging.
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Table 4-1 - NCT Temperatures with Evenly Distributed 30 Watts of Decay Heat

Temperature (°F)
NCT Hot, No Maximum
Location NCT Hot Solar NCT Cold | Allowable ®

Payload Drum Centerline

 Shielded Container #1 222 207 105 N/A

 Shielded Container #2&3 222 207 105 N/A
Payload Drum Bulk Avg.

 Shielded Container #1 179 164 54 N/A

 Shielded Container #2&3 178 163 54 N/A
Shielded Container #1

e Base 155 139 24 700

e Lid/ Seal 156 140 25 450

* Sidewall 156 140 25 620
Shielded Container #2&3

» Base 155 139 24 700

e Lid / Seal 156 140 25 450

¢ Sidewall 156 140 25 620
ICV Wall

e Maximum 150 134 16 800

e Average 149 132 14 800

e Minimum 148 131 12 N/A
ICV Air

e Average 154 138 22 NA
ICV Main O-ring Seal

¢ ICV Maximum 148 131 12 225

e OCV Maximum 147 130 10 225
OCV Wall

¢ Maximum 149 132 13 800

» Average 147 130 11 800
Polyurethane Foam ®

¢ Maximum (12 hr avg.) 152 - - 300

» Bulk Avg. (24 hr avg.) 128 112 -8 300
OCA Outer Shell ®

¢ Maximum (12 hr avg.) 152 102 -18 NA

Notes: (1) Based on 30 watts of decay heat evenly distributed between the three Shielded Containers.

(2) Maximum polyurethane foam and OCA outer shell temperatures based on 12-hour averaged regulatory insolation. All
other temperatures based on 24-hour averaged regulatory insolation.

(3) See Section 3.3 for basis for ‘Maximum Allowable’ temperatures.

(4) All temperature results rounded to the nearest whole °F.
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Table 4-2 - NCT Temperatures with Unevenly Distributed 30 Watts of Decay Heat

Temperature (°F)
NCT Hot No Maximum
Location NCT Hot Solar NCT Cold | Allowable ®

Payload Drum Centerline

 Shielded Container #1 342 329 244 N/A

 Shielded Container #2&3 155 139 24 N/A
Payload Drum Bulk Avg.

 Shielded Container #1 224 210 109 N/A

 Shielded Container #2&3 154 138 23 N/A
Shielded Container #1

e Base 156 140 26 700

e Lid/ Seal 158 143 28 450

* Sidewall 158 142 28 620
Shielded Container #2&3

» Base 155 139 24 700

e Lid / Seal 155 139 23 450

¢ Sidewall 155 139 24 620
ICV Wall

e Maximum 150 134 16 800

e Average 149 132 14 800

e Minimum 148 131 12 N/A
ICV Air

e Average 154 138 22 NA
ICV Main O-ring Seal

¢ ICV Maximum 148 131 12 225

e OCV Maximum 147 130 10 225
OCV Wall

¢ Maximum 149 132 13 800

» Average 147 130 11 800
Polyurethane Foam ®

¢ Maximum (12 hr avg.) 152 - - 300

» Bulk Avg. (24 hr avg.) 128 112 -8 300
OCA Outer Shell ®

¢ Maximum (12 hr avg.) 152 102 -18 NA

Notes: (1) Based on 30 watts of decay heat in one Shielded Container and zero watts in the remaining two containers.

(2) Maximum polyurethane foam and OCA outer shell temperatures based on 12-hour averaged regulatory insolation. All
other temperatures based on 24-hour averaged regulatory insolation.

(3) See Section 3.3 for basis for ‘Maximum Allowable’ temperatures.
(4) All temperature results rounded to the nearest whole °F.
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Figure 4-1 - Shielded Container Payload Temperature Distribution with Evenly
Distributed 30 Watts of Decay Heat
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5.0 Thermal Evaluations for HAC Conditions

No safety evaluations for the Hypothetical Accident Conditions (HAC) are required for the Shielded
Container payload since the results are bounded by those presented in the HalfPACT SAR [2]. The
basis for this conclusion is as follows:

1y

2)

3)

4)

the level of heat input into the HalfPACT package during the HAC event is a function of the
package’s exterior surface area, the thermal mass of the package components, etc. It is
essentially unaffected by the makeup of the payload.

the temperature response within the payload is a function of its thermal mass and the amount of
heat passed to it by the HalfPACT packaging.

since the heat input to the HalfPACT packaging during the HAC event is essentially the same
between a package containing a base payload evaluated in the HalfPACT SAR [2] and a package
containing a payload of three Shielded Containers, the thermal HAC response of the HalfPACT
package will be bounded by that presented in HalfPACT SAR [2].

given a similar temperature response for the ICV shell under HAC conditions for either the base
payload or the Shielded Container payload, the thermal response of the Shielded Container will
be inversely proportional to the thermal mass and directly proportional to the surface area of the
Shielded Container payload versus that existing for the base payload. The maximum payload
mass (i.e., the packaging contents which includes the payload containers, waste contents,
dunnage, pallets, etc) of the Shielded Container payload is identical to the maximum base
payload mass. However, the combined surface area of the Shielded Container payload is lower
than the combined surface area of the base payload drum payload. As such, the rate of heat
transfer between the ICV and the Shielded Containers will be lower under HAC conditions than
seen with the base payload due to the lower area for radiation and convection/conduction heat
transfer. A lower rate of heat transfer combined with an equal payload mass means the
temperature rise experienced by the Shielded Container payload will be bounded by that
experienced by the base payload.

As such, the transient thermal behavior and the rise in the temperatures for the Shielded Containers
within the HalfPACT packaging during the HAC fire event is bounded by that (i.e., AT = 156°F to
290°F = +134°F) reported for the base payload in the HalfPACT SAR [2].
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6.2 Thermal Model Details

6.2.1 Thermal Model for HalfPACT Package

The analytical thermal model of the HalfPACT packaging was developed under the HalfPACT SAR [2]
for use with the SINDA/FLUINT [16] computer program. The SINDA/FLUINT computer program is a
general purpose code suitable for either finite difference or finite-element models. The code can be
used to compute the steady-state and transient behavior of the modeled system. SINDA/FLUINT has
been validated for simulating the thermal response of spent fuel packages [17] and has been used in the
safety analysis of numerous packages for spent nuclear fuel and nuclear material.

The thermal model of the Shielded Containers within the HalfPACT packaging is a composite of a newly
generated ‘solids’ model of the Shielded Containers, the waste contents, and the associated dunnage,
pallets, etc. and an existing 2-D lumped parameter model of the HalfPACT packaging. Using a feature of
the SINDA/FLUINT computer program, these ‘submodels’ are combined into a single thermal model and
solved simultaneously to generate a unified thermal solution. The details of the thermal modeling used to
simulate the HalfPACT packaging are presented in the HalfPACT SAR [2]. The two-dimensional
thermal model represents a 30°, lumped parameter, symmetry model along the package’s vertical axis.
This same two-dimensional lumped parameter representation can be used to generate a three-
dimensional lumped parameter representation of the HalfPACT packaging by joining the individual
30°angular segments via circumferential conductors.

Since the thermal model of the Shielded Container payload and its pallet assembly represents a three-
dimensional, 180° symmetry model, six (6) segments of the two-dimensional, lumped parameter
HalfPACT packaging model, each encompassing a 30° wide segment of the package circumference, are
combined to form a matching 180° symmetry model of the packaging. Thermal connections between
the metallic components of the individual 30° wide, two-dimensional segments are computed based on
the model dimensions associated with each model node and the circumferential distance between
adjacent segments. Given the low thermal conductivity of polyurethane foam, the circumferential
thermal conductors between the various two-dimensional foam segments are ignored in the construction
of the three-dimensional model. Figure 6-1 illustrates the layout of the thermal nodes at each of these
six circumferential segments. The depicted nodal layout and the material properties for the package’s
components are identical to that used for the HalfPACT SAR analysis.

Figure 6-2 illustrates the layout of the six (6) two-dimensional, lumped parameter SAR thermal model
segments used to simulate a 180° segment of the packaging. Figure 6-3 illustrates the numbering
scheme applied to differentiate between similar nodes within the 30° segments. Not shown in the figure
are the circumferential conductors added to tie the six two-dimensional models together to form the
three-dimensional model of the packaging. Approximately 620 thermal nodes are used to simulate the
temperature distribution in the outer containment assembly (OCA), the outer containment vessel (OCV),
the inner containment vessel (ICV), and the honeycomb spacers.

6.2.2 Thermal Model for the Shielded Containers

The analytical thermal model of the Shielded Container payload and its pallet assembly are developed
for use with the Thermal Desktop® [15] and the SINDA/FLUINT [16] computer programs. The
Thermal Desktop® program is designed to function with the SINDA/FLUINT program to build,
exercise, and post-process a thermal model. The Thermal Desktop™ computer program is used to
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provide graphical input and output display function, as well as computing the radiation exchange
conductors for the defined geometry and optical properties. Thermal Desktop® is designed to run as an
AutoCAD™ application. As such, all of the CAD tools available for generating geometry within
AutoCAD™ can be used for generating a thermal model. In addition, the use of the AutoCAD™ layers
tool presents a convenient means of segregating the thermal model into its various elements.

The layout of the Shielded Containers within the HalfPACT packaging (see Figure 2-4 and Figure 2-5)
requires that a 180° symmetry model be used to allow the simulation of both an even distribution of
decay heat loading as well as a case where all the decay heat is concentrated in a single container. This
level of model requires the modeling of 1-1/2 Shielded Containers. Figure 6-4 illustrates the 180°
symmetry thermal modeling for the Shielded Containers. The modeling uses a combination of surface
and solid elements to simulate the base, the inner and outer shells, the lead shielding, and the lid of the
containers. The base and lid components are modeled as 2.75-in thick based on an earlier design
concept instead of the SAR drawing [14] thickness of 3-in. This difference is not thermally significant
because of the low decay heat loads and because the majority of the heat transfer between the containers
and the ICV occurs from the container sidewalls and not through their base.

Approximately 2,300 nodes, 36 solid elements, and 30 planar elements are used to provide geometric
and thermal resolution for the simulated containers. The modeling conservatively assumes a uniform air
gap between the lead and the outer shell of the containers due to differential shrinkage between the lead

and the carbon steel following the lead pour. The gap is assumed to be 0.007-in at room temperature
and 0-in at 620°F.

The 30-gallon drum payload is simulated as a solid with homogenous thermal properties and a
volumetric heat generation. Figure 6-5 illustrates modeling of the payload drum within the Shielded
Container. The interior dimensions of a generic 30-gallon drum (i.e., 18.25-in ID and 27.5-in height)
are used to set the volume and surface areas of the payload drum. The waste material within the 30-
gallon drum is conservatively assumed to be crumpled paper with zero thermal mass and to exhibit the
thermal conductivity of air (see Table 3-3). This modeling approach is used to bound the potential
temperature rise and temperature limit within a generic payload. Approximately 530 nodes and 3 solid
elements are used to provide geometric and thermal resolution for the simulated payload.

The payload drum is assumed to be centered in the radial direction and resting on the bottom of the
Shielded Container. However, since the payload drum is assumed to have a rolled rim, no direct contact
is assumed between the base of the payload drum and the container. Instead, the heat transfer between
the payload drum and the container is assumed to be via conduction and radiation across an air gap, with
gap dimensions of 1-in at the top, 1.075-in at the sides, and 0.45-in at the bottom. The radiation
exchange conductors are calculated by Thermal Desktop® using the modeling geometry and the
specified surface emittances.

A pallet and dunnage assembly is used to provide radial and axial restraint of the containers during
transportation and during drop events and to provide a means of inserting and removing the containers
from the HalfPACT packaging. The geometry of the pallet and dunnage assembly (see Figure 2-4 and
Figure 2-5) is captured in the model using a combination of approximately 1710 nodes, 325 solids
elements, 13 FD solid (a Thermal Desktop entity consisting of multiple solid elements), and 440 planar
elements. Figure 6-6 illustrates an isometric view of the Shielded Containers with the simulated pallet
and dunnage assembly. As seen from the figure, the axial and radial dunnage components are captured
by the model, including the aluminum encasement of the 13 and the 6 pcf polyurethane foam. In
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addition, the triangular pallet assembly is simulated as a tubular structure with a cover sheet. The
modeling also includes the 0.125-in thick HDPE slipsheets which are modeled as planar surfaces with
an implied surface thickness and properties. The heat transfer between the Shielded Containers and the
components of the pallet and dunnage assembly are modeled as conduction and radiation across the air
gaps. The size of the air gaps are determined by the geometry of the design with the exception that a
minimum air gap of 0.75-in is assumed between the surfaces of the Shielded Containers and the radial
dunnage components. The radiation exchange conductors are calculated by Thermal Desktop® using
the modeling geometry and the specified surface emittances.

The heat transfer between the Shielded Containers and the inner surfaces of the HalfPACT packaging is
via conduction and radiation. These thermal connections are handled within the Thermal Desktop™
model by simulating the inner surface of the ICV and the inside sheets of the honeycomb spacers.
Figure 6-7 repeats the model layout shown in Figure 6-6 but with the addition of the ICV shell and the
honeycomb spacer surfaces. These surfaces represent the boundary with the HalfPACT modeling
obtained from the HalfPACT SAR [2]. Heat transfer between the Shielded Containers, the pallet, and
the axial and radial dunnage and the ICV surfaces is simulated as conduction and radiation across the
intervening air gaps. The air gaps are simulated using a combination of solids and surface-to-surface
conductance across a specified gap thickness. The radiation exchange conductors are calculated by
Thermal Desktop® using the modeling geometry and the specified surface emittances.
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(Note: the positive z-axis is oriented towards the top of the package and the positive x-axis towards the right)

Figure 6-1 - Layout of Thermal Nodes at Typical HalfPACT Model Segment
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Figure 6-2 - Circumferential Layout of 2-D Model Segments Around HalfPACT
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Figure 6-4 - Isometric View of Modeled Shielded Containers
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Figure 6-5 - Isometric View of Shielded Container with Simulated Payload
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Figure 6-6 - Isometric View of Shielded Containers with Pallet and Dunnage Assembly
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Figure 6-7 - Isometric View of Shielded Container Payload Assembly within ICV Shell
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6.3 Computer Run Record

A COMPUTER RUN RECORD
AREVA

Computer Run ID Case 1: HalfPACT Shielded Container NCT Hot with Even Heat Distribution

Software Verification Verified under QP 3-2.

Analysis Software Thermal Desktop™ & SINDA/FLUINT™, Version 4.8

Hardware Description Xeon & Pentium IV PCs, Windows XP operating system

Disk Storage Description All files stored on CD-ROM in folder named: NCT 30W Evenly Distributed
File Description File Name Creator
ASCII Input NCT_Hot _Cond 30W_Even Rev0.inp G Banken

NCT _Hot_Cond_Rev0.cc
HP-SCA_Conduction_Rev0.rad
HP-SCA_Conduction_Rev0.inc
HP-SCA_Materials_Rev0.rco
HP-SCA_Materials_Rev0.tdp
HP Rev0.tm

HP Rev0.tc

frevv.f

frevveyl.f

frevhu.f

frcvhd.f

Disk File Storage

Binary Database HalfPACT-SCA_NCT_ Rev0.dwg G Banken

NCT Hot 30W_Even Rev0.out

ASCII Output NCT Hot 30W Even Rev0.usrl G Banken
Binary Output NCT _Hot 30W_Even Rev0.sav G Banken
Spreadsheets

Printed Attachments Description

None
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A

AREVA

COMPUTER RUN RECORD

Computer Run ID

Case 2: HalfPACT Shielded Container NCT Hot with No Solar & Even Heat
Distribution

Software Verification

Verified under QP 3-2.

Analysis Software

Thermal Desktop™ & SINDA/FLUINT™, Version 4.8

Hardware Description

Xeon & Pentium IV PCs, Windows XP operating system

Disk Storage Description

All files stored on CD-ROM in folder named: NCT 30W Evenly Distributed

File Description File Name Creator
ASCII Input NCT_HotNS Cond 30W_Even Rev0.inp G Banken
- plus files from Case 1
Disk File Storage Binary Database HalfPACT-SCA_NCT Rev0.dwg G Banken
NCT_HotNS 30W_Even Rev0.out
ASCII Output NCT_HotNS_30W_Even RevO.usrl G Banken
Binary Output NCT_HotNS 30W_Even Rev0.sav G Banken
Spreadsheets
Printed Attachments Description
None

A

AREVA

COMPUTER RUN RECORD

Computer Run ID

Case 3: HalfPACT Shielded Container NCT Cold & Even Heat Distribution

Software Verification

Verified under QP 3-2.

Analysis Software

Thermal Desktop™ & SINDA/FLUINT™, Version 4.8

Hardware Description

Xeon & Pentium IV PCs, Windows XP operating system

Disk Storage Description

All files stored on CD-ROM in folder named: NCT 30W Evenly Distributed

Disk File Storage

File Description File Name Creator

ASCII Input NCT_Cold _Cond 30W_Even Rev0.inp G Banken
- plus files from Case 1

Binary Database HalfPACT-SCA_NCT_Rev0.dwg G Banken

ASCLOWPM | Ne1 Cold 30W pren Revous G Barken

Binary Output NCT_Cold 30W_Even Rev0.sav G Banken

Spreadsheets

Printed Attachments

Description

None
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A

AREVA

COMPUTER RUN RECORD

Computer Run ID

Case 4: HalfPACT Shielded Container NCT Hot & Uneven Heat Distribution

Software Verification

Verified under QP 3-2.

Analysis Software

Thermal Desktop™ & SINDA/FLUINT™, Version 4.8

Hardware Description

Xeon & Pentium IV PCs, Windows XP operating system

Disk Storage Description

All files stored on CD-ROM in folder named: NCT 30W Unevenly Distributed

File Description File Name Creator
ASCII Input NCT_Hot_Cond _30W_Uneven Rev0.inp G Banken
- plus files from Case 1
Disk File Storage Binary Database HalfPACT-SCA_NCT Rev0.dwg G Banken
NCT _Hot 30W_Uneven RevO0.out
ASCII Output NCT Hot 30W Uneven Rev0.usrl G Banken
Binary Output NCT_Hot 30W_Uneven_Rev0.sav G Banken
Spreadsheets
Printed Attachments Description
None

A

AREVA

COMPUTER RUN RECORD

Computer Run ID

Case 5: HalfPACT Shielded Container NCT Hot with No Solar & Uneven Heat

Distribution

Software Verification

Verified under QP 3-2.

Analysis Software

Thermal Desktop™ & SINDA/FLUINT™, Version 4.8

Hardware Description

Xeon & Pentium IV PCs, Windows XP operating system

Disk Storage Description

All files stored on CD-ROM in folder named: NCT 30W Unevenly Distributed

Disk File Storage

File Description File Name Creator

ASCII Input NCT_HotNS_Cond_30W_Uneven_Rev0.inp G Banken
- plus files from Case 1

Binary Database HalfPACT-SCA_NCT_Rev0.dwg G Banken

T e e e

Binary Output NCT HotNS 30W_Uneven Rev0.sav G Banken

Spreadsheets

Printed Attachments

Description

None
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A

AREVA

COMPUTER RUN RECORD

Computer Run ID

Case 6: HalfPACT Shielded Container NCT Cold & Uneven Heat Distribution

Software Verification

Verified under QP 3-2.

Analysis Software

Thermal Desktop™ & SINDA/FLUINT™, Version 4.8

Hardware Description

Xeon & Pentium IV PCs, Windows XP operating system

Disk Storage Description

All files stored on CD-ROM in folder named: NCT 30W Unevenly Distributed

File Description File Name Creator
ASCII Input NCT_Cold Cond 30W_Uneven Rev0.inp G Banken
- plus files from Case 1
Disk File Storage Binary Database HalfPACT-SCA_NCT Rev0.dwg G Banken
NCT_ Cold 30W_Uneven_RevO0.out
ASCII Output NCT Cold 30W Uneven Rev0.usrl G Banken
Binary Output NCT_ Cold 30W_Uneven_ Rev0.sav G Banken
Spreadsheets
Printed Attachments Description
None

A

AREVA

COMPUTER RUN RECORD

Computer Run ID

Case 7: HalfPACT Shielded Container NCT Hot with Even Heat Distribution & 12
Hour Averaged Solar

Software Verification

Verified under QP 3-2.

Analysis Software

Thermal Desktop™ & SINDA/FLUINT™, Version 4.8

Hardware Description

Xeon & Pentium IV PCs, Windows XP operating system

Disk Storage Description

All files stored on CD-ROM in folder named: NCT 30W Evenly Distributed

Disk File Storage

File Description File Name Creator

ASCII Input NCT_Hot_12HrAvgSolar 30W_Even Rev0.inp G Banken
- plus files from Case 1

Binary Database HalfPACT-SCA_NCT_ Rev0.dwg G Banken

Binary Output NCT _Hot_12HrAvgSolar 30W_Even Rev0.sav G Banken

Spreadsheets

Printed Attachments

Description

None






