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1. INTRODUCTION
1.1 Objective

The objectives of this calculation are to develop a thermal model of the NUHOMS® 0S200 On-site
Transfer Cask (TC) and to determine the thermal performance of the 0S200 TC under a combination
of heat loads, operating assumptions, and ambient conditions.

The thermal model of the NUHOMS® 0S200 TC provides a 3-D representation of the cask and its
32PTHI dry shielded canister (DSC) payload. The thermal model also includes the heat transfer
mechanisms between the DSC and the inner shell of the cask with and without forced air circulation.
Under the forced air circulation option, air from an external fan enters through the ram access hole at
the base of the cask, flows in the annular space between the DSC and the inner shell of the cask, and
exits out slots in the closure lid. Besides improving the heat transfer coefficients from the air to the
DSC and the inner shell of the cask, the forced air system will remove a significant amount of the
decay heat via a mass transport process.

The thermal performance of the NUHOMS® 08200 TC is to be evaluated under normal, off-normal,
and accident conditions of operation. If forced air circulation is required to maintain the system
temperatures within normal operational limits for steady-state operations, the available time to initiate
the forced air circulation or to re-store the forced air circulation in case of system failure is to be

determined.

1.2 Purpose

The purpose of these evaluations is to demonstrate compliance with the applicable regulatory
requirements for the NUHOMS® 0S200 TC and its 32PTH1 DSC payload and to provide design data
for associated calculations.

1.3 Scope

This scope of this calculation is limited to the OS200 TC loaded with a 32PTH1 DSC and with a
maximum heat dissipation of 40.8 kW. The thermal performance of the TC under the option for
helium gas backfill is not covered by this calculation.
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2. DESIGN INPUTS & ASSUMPTIONS

2.1 Design Configuration

The NUHOMS® 08200 TC is used to transfer the 32PTH1 DSC between the fuel building and the
horizontal storage module (HSM) at the ISFSI site. If the provision for forced air circulation is not
needed, then the OS200 TC outfitted with a standard top cover may be used to accomplish the
transfer. However, if the need for forced air circulation is anticipated due to the combination of decay
heat load and the fuel basket configuration of the 32PTH1 DSC payload exceeding the limits
established in this calculation, then the 0S200 cask must be outfitted with a top cover that offers the
design provisions necessary to accommodate the forced air circulation with the 32PTH1 DSC. A full
description of the design requirements for the NUHOMS®-32PTH1 DSCs is provided in [6.1].

e et

Proprietary Information Withheld
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The TC is designed to function in both the vertical and horizontal orientation. The vertical orientation
typically occurs during canister loading and closure operations, while the horizontal orientation
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2.2 Design Assumptions

The principal assumptions used in this calculation are as follows:

< i B g9 For
conservatism, only the lowest pair of canister rails is assumed to {l;eﬂin contact with the DSC,
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o The effective density and specific heat of the combined fuel and fuel basket thermal mass

conservatively .
idered for

bounds the values computed in [6.4] for the range of fuel baskets and fuel

the 32PTH1 DSC

¢ Due to differences in thermal expansion between lead and stainless steel, a gap will tend to
form at the outer surface of the lead shield after the lead pour. For conservatism, this
calculation assumes the potential gap is uniform over the entire outer surface of the lead shield.

Proprietary Information Withheld
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F or conservatlsm, the short DSC length is assugléd for this calculation since
this conﬁguratlon results in the highest surface heat flux on the DSC shel

23 Design Criteria

The design criterion for the TC is established by the thermal limits associated with its most
temperature sensitive components. These components are the lead in the gamma shield, the water in
the neutron shield, and the NS-3 solid neutron shielding material. The temperature limits associated
with the elastomeric seal used with the alternate cask closure lid design are not applicable to this
calculation since operation of the TC when this closure lid is used is not addressed by this calculation.

The ASTM B29 lead used in the gamma shield has a nﬁélting point of approximately 620°F.,
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24 Design Load Cases

The thermal performance of the TC is evaluated for a range of thermal load cases. These load cases
involve normal (i.e., 106 °F and 0 °F) and off-normal (i.e., 117 °F) ambient temperatures, with and
without insolation, and with and without forced air circulation. Operations within the fuel handling
building assume a peak ambient temperature of 120 °F for normal conditions and 140 °F for
off-normal conditions. No solar loads are considered for operations within the fuel handling building.

Four accident scenarios are also evaluated for the TC. The first accident scenario involves the loss of
the forced air circulation system. The time to re-establish the forced air circulation, complete the
transfer operation, or initiate some other recovery mode is established. The second accident scenario
involves the loss of both the forced air circulation system and the water in the neutron shield. The
evaluation establishes the transient heat up trend and the ultimate temperatures achieved under steady-
state conditions. The third accident scenario involves a 15-minute hypothetical fire. The maximum
duration of the fire event will be controlled by limiting the available fuel sources within the vicinity of
the TC. The evaluation establishes the maximum temperatures reached as a result of the fire event, as
well as the post-fire, steady-state conditions. The fourth final accident scenario involves an
undamaged TC under an elevated ambient condition of 133 °F. The evaluation addresses the
maximum steady-state temperatures that would be achieved.
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2.5 Thermal Loads

The thermal loads imposed on the TC arise from the decay heat within the DSC and insolation on its
exterior. As described in [6.1], the 32PTH1 DSC has 3 possible heat zone configurations for the
various fuel basket designs with a maximum heat load of 40.8 kW. Alternative designs for the fuel -
basket are qualified for maximum heat loads of 31.2 and 24.0 kW. Since the combination of the
32PTH1 DSC and 0S200 TC permits steady-state operations for some combinations of fuel basket
design and decay heat loading, but not others, the results presented in Section 5 establish the
operational time limits that address the thermal requirements of the various combinations of fuel
basket design and decay heat loadmg

The insolation loading is varied by the surface orientation and absorpt1v1ty, w1t vertical surfaces
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Table 2-1 - Design Load Cases for 32PTH1 Basket and HZC #1
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Table 2-2 - Design Load Cases for 32PTH1 Basket and HZC #2
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Table 2-3 - Design Load Cases for 32PTH1 Basket and HZC #3
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Figure 2-1 - Elevation View of NUHOMS® 05200 Transfer Casks
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Figure 2-2 - Cross-Section through NUHOMS® 05200 Transfer Cask
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' Flgure2-3 ] Locatlon of Neutron Shleld Support Rxs
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Flgure 24 - Enlarged View of Typlcal Neutron Shield Support ng
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Figure 2-5 - Cone Adapter for Forced Air Entrance at Ram Access Cover
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Figure 2-6 - Illustration of Wedge Segments at Bottom of TC
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Figure 2-7 - Cask Lid with Slots for Air Exhaust, Plan, X-Section, & Detail Views
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3. MATERIAL THERMAL PROPERTIES

Table 3-1 lists the thermal conductivity and specific heat as a function of temperature for SA-240
pe 304/304L stamless steel ASTM B29 lead, and the NS-3 neutron shieldin materlal

Proprietary Information Withheld
in accordance with 10 CFR 2.390

i.e., an air-filled

shield and for the h yp othetical fire event) are presented in Table 3-5 ;




A

TRANSNUCLEAR

AN AREVA COMPANY

REVISION: 0

PROJECT NO: NUH32PTHI1
CALCULATION NO: NUH32PTH1-0450 PAGE: 21 of 124

der a and;

g

the various surface finish types un
gz = 3 oy R

assumed for

TP E R S

Table 3-6 lists the surface emissivity
accident conditions. §& i

Proprietary Information Withheld
in accordance with 10 CFR 2.390




AN AREVA COMPANY

TRANSNUCLEAR

22 0f 124

PAGE

NUH32PTH1

PROJECT NO

: NUH32PTH1-0450

CALCULATION NO

Table 3-1 - Material Properties, Solids

ithheld

ion W
th 10 CFR 2

-
©
£
|-

b

£
Py
©

]

Proprie
in accor

390

.

dance w




AN AREVA COMPANY

TRANSNUCLEAR

0

REVISION:
PAGE:

230f124

NUH32PTHI

PROJECT NO

NUH32PTH1-0450

CALCULATION NO:

Table 3-2 - Effective Thermal Properties for 32PTH1 Basket
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Table 3-4 - Effective Water Filled Neutron Shield Thermal Conductivity for
Normal Conditions
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Table 3-5 - Effective Neutron Shield Thermal Conductivity for Acci&ent Conditions
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Table 3-6 - Material Emissivity Values

Proprietary Information Withheld
in accordance with 10 CFR 2.390




A

“TRANSNUCLEAR
- AN AREVA CompANY
PROJECT NO: NUH32PTH] ‘ REVISION: 0
CALCULATION NO: NUH32PTH1-0450 PAGE: 28 of 124
4. CALCULATION METHODOLOGY

4.1 General Code Description

The analytical thermal model of the NUHOMS® 05200 TC and its 32PTH1 DSC payload is
developed for use with the Thermal Desktop® [6.21] and SINDA/FLUINT [6.22] computer programs.
These programs, validated for safety basis thermal analysis [6.23], are designed to function together to
build, exercise, and post-process a thermal model. The Thermal Desktop® computer program is used
to provide graphical input and output display function, as well as to compute the radiation exchange
conductors for the defined geometry and optical properties. Since Thermal Desktop® runs as an
extension module under the AutoCAD™ design program, 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 provides a convenient means of segregating the thermal model into its various
elements.

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 and has been used in the safety analysis of numerous packages for both spent
nuclear fuel and nuclear material.

The Thermal Desktop® and SINDA/FLUINT codes provide the capability to simulate steady-state and
transient temperatures using temperature dependent material properties and heat transfer via
conduction, convection, and radiation. Complex algorithms may be programmed into the solution
process for the purposes of computing heat transfer coefficients as a function of the local geometry,
gas thermal properties as a function of species content, temperature, and pressure, or, for example, to
estimate the effects of forced air circulation in the cask-DSC annulus as a function of the flow
geometry.

42 0S200 Transfer Cask Thermal Model

The thermal model used to simulate the thermal response of the 0S200 TC represents a 180° segment
of the cask. The use of a 180° model permits the accurate simulation of the temperature distribution
within the cask when the cask is in the horizontal orientation and the axis of the DSC is eccentric to
that of the cask.
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4.2.1 Gap between Lead Shield and Cask Outer Shell

The OS197FC and 0S200 Transfer Cask designs incorporate a lead gamma radiation shield. The
shield is formed by a controlled pour of molten lead into the annular gap between the inner liner and
structural shell. Under this controlled lead pour procedure the inner liner and structural shell are
heated to a temperature above the melting point of lead before the lead is introduced into the annular
gap. This ensures that a complete fill is accomplished with no cavities as a result of pre-mature
solidification of the lead. However, due to differences in thermal expansion between lead and
stainless steel, a gap will tend to form at the outer surface of the lead shield as the lead solidifies. For
conservatism, the potential gap is assumed to exist uniformly over the entire outer surface of the lead
shield since just the lack of intimate contact between the lead and the outer shell will introduce a
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significant thermal resistance. The same difference in thermal expansion will keep the interface
between the inner steel shell and the lead shield in intimate contact.
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42.2 Forced Air Circulation Simulation

The NUHOMS® 05200 Transfer Cask contains design provisions for the use of forced air circulation
to improve its thermal performance. For heat loads and/or time periods exceeding values determined
in Section 5, the normal operating conditions will require that a fan system be connected to the cask
and operating. The system will consist of redundant, industrial grade pressure blowers and power
systems, ducting, etc. When operating, the fan system is expected generate a flow rate of 450 cfm or
greater which will be ducted to the ram access cover location at the bottom of the cask, flow in the
annulus between the DSC and the cask’s inner liner, and exit through ‘slots’ in the cask lid. The
thermal benefit of the forced flow arises from an increase in the heat transfer rate from the DSC and
cask liner surfaces and from the mass transport of a significant portion of the decay heat from the cask
via the exiting airflow.
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