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3.0 THERMAL EVALUATION

-.'This chapter presents the thermal design and analyses of the Universal Transport Cask for the 10
CFR 71 normal conditions of transport and hypothetical accident’ conditions. - The analyses
include consideration of design basis PWR and BWR .fuel. Results of the analyses-demonstrate
that with the design basis payloads, the Universal Transport Cask meets the thermal performance
requirements of 10 CFR 71 [1] and IAEA-Safety Series No. 6 [2].

3.1 Discussion

The Universal Transport Cask is de51gned to transport one of three classes of PWR fuel or one of
two classes of BWR fuel, whicha ady sealed:in a Lransportable Storage Canister (canister).
' Only -the bounding evaluation for the PWR and BWR classes of fuel is reported herein. The
;bounding case is represented by a configuration consisting of the shortest canister, :shortest fuel

tube, :and rshortest fuel assemblies with the .lowest effective ‘thermal conductivity. The fuel
.assemblies are confined within the fuel basket. - The shortest fuel basket contains. the fewest
support disks .and longest space in the bottom of the cask cavity. The result is greater
concentration of heat and maximized thermal resistance for rejection of heat through the cavity
top and bottom. The shorter fuel tube results in reduced axial conductance. -

I The design basis heat loads are 20 kW, for [t 24 PWR assemblies and 16 kW for Bip.to 56
:BWR fuel assemblies. [[he individual PWR assembly decay heat is limited to 0.83 kW and the

“3.1-1
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Heat transfer from the Universal Transport Cask to the environment is by passive means only.
No forced cooling is necessary. Conduction and radiation are the means by which heat is
transferred from the fuel assemblies to the fuel tubes and through the tubes to the support disks
and heat transfer disks. Heat is transferred through the support disks and heat transfer disks by
conduction and radiation. Radiation and conduction are the means by which heat is transferred
from the support disks and heat transfer disks to the canister wall and then to the cask cavity
inner wall. From the Universal Transport cask cavity inner shell surface, heat is conducted
through the lead (gamma shield) and then through the cask outer shell.

The neutron shield region surrounding the outer shell along most of the cask’s length conducts
heat to the neutron shield shell, primarily through the Cuw/SS fins located within the NS-4-FR
radial neutron shield material. The stainless steel shell that encloses the radial neutron shield is
exposed to the environmental ambient temperature. Heat is removed from the surface of the
neutron shield shell by convection and radiation. Heat transfer through the cask lid at the top of
the cask and through the bottom forging and enclosed neutron shield material at the bottom of the
cask is by conduction. Because of the insulating characteristics of the impact limiters, essentially
no heat is removed from the ends of the cask. The bounding thermal conditions for the analysis
required by 10 CFR 71 and IAEA Safety Series No. 6 under normal conditions of transport are
presented in Table 3.1-1.

During normal conditions of transport and hypothetical accident conditions, the cask must reject
the fuel decay heat to the environment without exceeding the operational temperature ranges of
the cask seals or other components important to safety. In addition, to maintain fuel rod integrity
for normal conditions of transport, the fuel must be maintained at‘a sufficiently low temperature

in an inert atmosphere such that thermally induced fuel rod cladding deterioration js:precluded
aradatxon@mammmn %allowéble« temperatures g,cgrresgondmg*~ to ?dlff reni

Tomreclude%uel”de

with pressure and mechanical load stresses, must be below allowable stress levels.

The temperatures for the various components of the fuel, canister, basket, and cask during normal
conditions of transport and hypothetical accident condition fire are calculated by using finite
element methods. For both normal conditions and the hypothetical accident conditions, the cask

——
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loaded with PWR fuel and the cask loaded with BWR fuel are analyzed by using separate finite
element models: For each fuel configuration, the thermal analyses of the cask for normal
conditions of transport are performed by using three-dimensional finite element models of the
loaded cask. The cask is transported in a horizontal orientation. Figures 3.1-1 and 3.1-2 show
the gaps in the cask for PWR and BWR configurations, respectively. These models are described
in Section 3.4.1.1 and 3.4.1.2. The thermal analyses of the cask for the hypothetical accident fire
condition are performed by using two-dlmensmnal models of the cask. These models are
descnbed in Section 3.5.1.1. T P .

Tk

i

\

Results of thermal ana1y51s of the package are presented in Sections E J% and 3.5.6. The results

conditiong m The therfnally induced stresises, combined with pressure and mechanical
load stresses, are within the allowable levels, as-demonstrated in Chapter 2.0. Therefore, the
cask design and operation are in eonfonnz{nce with tetnperatuge and thermal stress criteria.

The thermal results presented in this chapter,: and other properties evaluated herein, are used in
other analyses included in this Safety Anal;}sis Report. The material properties and allowable
stresses at the corresponding temperatures are. used m the structural calculations presented in
Chapter 2.0. The structural evaluation of components also incorporates stresses resulting from
differential thermal expansion and temperature effects on the cask internal pressure as applicable.

3.1-3
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Figure 3.1-1 Definition of Gap Between Basket, Canister, and Inner Shell for Horizontal
Position of the Universal Transport Cask Containing PWR Fuel
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Table 3.2-12 Thermal Properties of Redwood (Air Dry)

- - B w s AL AcTa a m b A ) e mmweeRa v vegs A v e b A e waer 1 e

Propé”rty (units) ~ ° ’ o Value

Conductivity (Btwhr-in-°F): o
Parallel to Grain [23] 0.012 -

Transverse to Grain [23] 0.005
Density (Ibm/in’) [23] < |o0.014

3.2-17
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34 Thermal Evaluation for Normal Conditions of Transport

The finite element method is used to evaluate the thermal performance of the Universal
Transport Cask for normal conditions of transport as specified in 10 CFR 71. The general-
purpose finite element analysis program ANSYS Revision E [E] is used to-perform the finite
element evaluations. - P

il

The normal conditions of transport used in the thermal evaluation of the cask are as follows:
1. Hot Conditions: maximum decay heat generation, ambient temperature = 100°F, solar
insolance (solar insolance applied according to Table 3.1-1)
2. Cold Conditions: maximum decay -heat generation, ambient temperature =-40°F, no

-solar insolance

3. Minimum Temperature Conditions: no decay heat generation, ambient temperature =
-40°F, no solar insolance (no analysis is performed for this condition . because all
component temperatures will be -40°F for steady state conditions).

The objectives of the cask thermal analyses under normal conditions of transport are as follows:

1. Demonstrate that the cask can safely maintain the design basis temperatures required for
fuel cladding integrity under the range of thermal conditions expected during normal
conditions _

. - ot -

2. Demonstrate that cask components important to safety are maintained within their safe
operating temperature ranges

3. Provide thermal input to the structural analyses.

i
} - [ S

The first objective is met by demonstrating that the cask maintains maximum fuel rod cladding
temperatures below ficallowable femperatures during normal conditions.

3.4-1
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The second objective is met by comparing the results of the analyses with the safe operating
ranges established in Section 3.3.

The third objective is met by using the results of the thermal analyses (as direct import of
ANSYS temperature data, as maximum and minimum component temperatures, or as allowable
look-up temperatures) as input to the structural analyses, which demonstrate that the combined
load stresses are within allowable limits.

3.4.1 Thermal Models

The finite element method is used to evaluate the Universal Transport Cask for exposure to
normal conditions of transport as specified in 10 CFR 71. This section describes the finite
element models used in the thermal evaluation of the cask under normal conditions of transport.
Separate three-dimensional finite element models are used to evaluate the cask loaded with PWR
fuel and the cask loaded with BWR fuel. In addition, a separate model is used to determine the
volumetric average temperature of the cask impact limiter for normal conditions. The analyses

for normal conditions of transport consider the transport cask oriented horizontally.

For each fuel-loading configuration, the cask is evaluated for normal conditions of transport
using a three-dimensional half-symmetry (180°) finite element model of the loaded: cask
including internal components. The three-dimensional finite element models of the cask/internal
components both comprise five parts: basket with fuel tube and fuel assembly; canister, spacer
(between canister bottom and shell bottom forging); transport cask body; and gases between
components. To model the cask in a horizontal orientation, thé fuel basket in each model is
modeled in contact with the canister on one side which, in turn, is in contact with the inner shell
of the cask on one side—thus simulating no gap on one side of the basket and canister and a
maximum gap at the opposite side (see Figure 3.1-1 for the PWR fuel configuration and Figure
3.1-2 for the BWR fuel configuration).

Gaps within the models are adjusted to account for differential expansion on the basis of thermal
and defined physical contact conditions. Solar insolance, natural convection and thermal
radiation boundary conditions based on ambient temperature are applied to the outer surface of

3.4-2
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the correspondihg total heat is only 15.7 kW and the heat density is 88% of the 20 kW over 144
inches. The 20kW over 144 inches is considered to be controlling. -
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3.4.1.1.2 Two-Dimensional Fuel Assembly Model: PWR Fuel

The effective conductivity of the fuel is determmed by a detat]ed two drmenswnal ﬁnlte element

thermal model of the PWR 14x14 fuel assembly Taklng advantage of the symmetry of the -

cross-section of the fuel, the finite element model represents a one- quarter sectron of the fuel.
The model includes the fuel pellets, claddlng, gas between the fuel rods and gas occupying the
gap between the fuel pellets and claddmg Modes of heat transfer modeled include conduction
and radlatlon between individual fuel rods for the steady-state condltlon The model is shown in

Frgure 3.4-3. Thermal analyses of the other PWR fuel assemblles (1 e., l7x17 16x16 and -

15x15) are performed however, because the PWR 14x14 fuel assembly results m the lowest
effective thermal conductivities, only the analysrs of that fuel assembly is presented in this

. section.

L

ANSYS PLANE 55 conduction elements and LINK31 radiation ‘elements are used i 1n the model,
i whtch mcludes a total of 49 fuel rods (representmg a total of 196 fuel rods for the full cross-
sectlon) "Each fuel rod con51sts of the pellet ercaloy cladding; and a gap between thé pellet and
clad. The gas in the gap between the pellet and clad, as well as the’ gas between the fuel rods, is
modeled as [ helium [
boundary of the model (inside surface of the fuel tube). Radiation across the gap between the

. Radiation elements are deﬁned between rods’ and from rods to the

pellet and clad is conservatively ignored. Effective emissivities are determined by using the

formula shown in Section 3.4.1.1.1. -

The effective conductivity for the fuel is determined by using a two-step proéedure. Using the
fuel assembly'model, a uniform‘temperature is applied to the exterior of the model (see Figure
"3:4-3) in conjunction with'the volumsétri¢ heat 'génération: From thi§ analysis, the maximum
temperature located at the center of the fuel assembly is determined. This maximum temperature
occurs at the corner of the model, which represents the'center of the entire fuel assembly.

A Sandia National Laboratory Report [10] defines an expression for use in determining the

maximum temperature of a square cross section of an isotropic homogeneous fuel with uniform

volumetric heat generation. . At the boundary of this square cross section, the temperature is
-constrained to be uniform. The expression for the maximum temperature is given by: .
aoe ' Lt s oo i

2
T =T 4020468221 - S _
Kefl' )

3.4-11
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where:

T. = temperature at center of fuel (°F)

T. =temperature applied at exterior of fuel (°F)
Q = volumetric heat generation rate (Btl}l/hr-in3 )
a = half-length of square cross section of fuel (inch)

K. = effective thermal conductivity for isotropic homogeneous fuel material (Btwhr-in-°F).

. i ) .
Using the maximum temperature, located at the center of the fuel, from the detailed fuel
assembly model, the preceding expression is used to determine the Ky for an isotropic

homogeneous representation of the fuel assembly.

Volumetric heat generation based on the design heat load of 20 kW with a peaking factor of 1.1
is applied to the fuel pellets. The temperature at the boundary of the model is constrained to be
uniform. The effective conductivity is determined on the basis of the heat generated and the
temperature difference from the center of the model to its edge. The temperature-dependent
effective properties are established by using different boundary temperatures. The effective
conductivity in the axial direction of Fhe fuel assembly is calculated on the basis of a weighted

average of the axial cross sectional area.

34.1.13 Two-Dimensional Fuel Tube Model: PWR Fuel

The effective conductivity of the fuel tube and BORAL plate, which is used in the three-
dimensional canister model, is determined by the two-dimensional fuel tube model. As shown in
Figure 3.4-4, this model includes the fuel tube, the BORAL plate (including the core matrix
sandwiched by aluminum claddings), @ gaps on both sides of the BORAL plate, and a §§ gap
between the stainless steel cladding for the BORAL plate and the support disk or heat transfer
disk. The BORAL plate in the PWR fuel tube is composed of 62.34% B4C and 37.66%

aluminum.

ANSYS PLANESS conduction elements and LINK31 radiation elements are used to construct
the model, which consists of eight layers of conduction elements and six radiation elements that
are defined at the {4

gaps (two per gap). The thickness of the model (x-direction) is the distance
measured from the inside dimension of the fuel tube to the inside dimension of the slot in the
support disk (assuming that the fuel tube is located at the center of the disk slot). The tolerance

3.4-12
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of the BORAL plate core thickness, 0.003 inch, is used as the gap size for both sides of the
. BORAL plate. The model height is defined to be the same dimension as the model thickness.

A heat flux is applied at the left side of the model and the temperature at the right boundary of
the model is constrained. The heat flux is determined on the basis of design heat load 'of 20 kW
with a peaking factor of 1.1. The maximum temperature of the model (at the left boundary where
the heat flux is applied) is calculated by using ANSYS. -The effective conductivity through-the
thickness of the tube is determinéd by using the following equation: :

q=Ke(A/L) AT, or
Kerr = qL/(A AT)

where:
_q ='heat rate applied to inner surface of fuel tube (Btu/hr)
A = area (in’)
L = thickness of composite tube model (in)
AT = temperature difference across the model (°F)
" Ko = effective conductivity (Btu/ﬁr—in-°F)."

4 - 0 -

The -temperature-dependent conductivity for heat conduction through the wall (Ker) -is
determined by varying the temperature constraint at the boundary of the model and-then re-
solving for the temperature difference. The effective conductivity for heat conduction parallel to
the axis of the cask body or in the plane of the tube wall is calculated on the basis of the weighted

average of the thickness and conductivity of the individual layers.

3.4.1.2 Analvtical Models: Cask with BWR Fuel Canister. .

The finite element ANSYS models used in the thermal analysis of the cask transporting BWR
fuel are similar to those used in the thermal analysis of the cask .with PWR fuel.canister |
discussed in previous sections. A three-dimensional model is employed to evaluate the cask in a
horizontal position with the basket in contact.with the canister, which, in turn, is in contact with
the cask inner shell. The fuel regions and the fuel tubes with BORAL plates are modeled by
using effective conductivities. A detailed two-dimensional thermal model of the fuel assembly is -
used to determine the effective conductivity of the fuel. A two-dimensional thermal model of the -
fuel tube is used to calculate the effective conductivities of the fuel tube wall and BORAL plate. -
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Another two-dimensional thermal model for the fuel tube is used to calculate the effective
conductivity of the fuel tube wall with no BORAL plate present. These four ANSYS thermal
models are described in the following sections.

3.4.1.2.1 Three-Dimensional Cask Model: Cask with BWR Fuel Canister

The three dimensional Universal Transport Cask model is a half-symmetry finite element model
constructed by using ANSYS Revision 5:3. The model considers the fuel assemblies, fuel tubes,
stainless steel support disks, aluminum heat transfer disks, canister shell, lids and bottom plate,
spacers at the bottom of the canister, cask inner shell, lead, outer shell, neutron shield, and
neutron shield shell. The ANSYS model is shown in Figure 3.4-5. As shown in the figure, the
internal cavity of the canister contains the active fuel region: the top and bottom fittings of the
fuel assemblies, fuel tubes enclosing the top and bottom fittings, and the first stainless steel
support.

For the BWR configuration, @ gas inside the canister andithe cask cavity is modeled as helium
because the cavity will be backfilled with helium prior to transport. Conduction and radiation are
modeled by using ANSYS “SOLID70” and “LINK31” elements, respectively. The principal
gaps applied to the model are shown in Figure 3.1-2 and are described in Section 3.2.2.3. In
establishing these gaps, the differential thermal expansion between the components is

considered.

Because the canister is in horizontal position during transport, the elements for the canister shell
are shifted downwards to simulate contact with the inner shell of the cask. Similarly, the support
disks and the heat transfer disks are shifted downward to simulate contact with the canister shell.
As shown in Figure 3.1-2, a 2-degree contact is considered for the gaps between the canister shell
and the cask inner shell and between the support disk and the canister shell. This contact is
simulated by using appropriate conductivity (100 Btwhr-inch-°F) for elements at the contact
locations. The aluminum heat transfer disks are assumed to have only a line contact with the
canister shell because the heat transfer disks are not subjected to any loads other than their own
weight.

To account for differential expansion, gaps within the model are adjusted on the basis of
temperature and defined physical contact conditions. Solar insolance and ambient temperature
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-conditions .are applied to the neutron shield shell when appropriate. ..Insolance is used at the
exterior surface of the cask and is based on the amount of insolation required by 10 CFR 71 to be -
applied over a 12-hr period evaluated in the steady state (applied over 24 hr simulating 12-hr
period ofsolar exposure and 12-hr period of no solar exposure). The heat flux resulting from |
‘insolation on a curved surface is calculated as follows: ' :

.. - Bt 12hr 1fP-
1475 x 0.427 Btw/hr-in’
12hr-f¢ | 24hr- . 144 in’ E

Multiplying this value by the emissivity of the cask surface, € = 0.36, gives a heat flux resulting
from insolance on curved surfaces of 0.154 Btwhr-in®. Using the same method and a heat flux of
2,950 Btw/12 hr-ft2 (0.853 Btwhr-in?), gives a heat flux resulting from insolance on flat surfaces ‘
of 0.307 Btwhr-in v : :

The model is analyzed to determine the maximum temperatures for the basket, canister, cask
shells, radial shielding, and surface conditions under normal conditions of transport. All material
properties are shown in Tables 3.2-1 through 3.2-13.

The fuel regions (inside tubes) are modeled as homogeneous regions with" effective
conductivities determined by the two dimensional fuel model as described in Section 3.4.1.2.2.
All sides of the BWR fuel tubes do not contain the BORAL plate. Therefore, two different two-
dimensional BWR fuel tube models are analyzed to establish the effective conductivities used in
the three dimensional analysis of the cask with BWR fuel. The models consist of the BORAL
plate .(where :applicable), including gas 'gaps on both sides of the BORAL sheet (where
- applicable), and the gap between the stainless steel cladding for the BORAL and-the: support
. disks and heat transfer disks. These models are discussed in Section 3:4.1.2.3. ~ -

The radial neutron shield of the transport cask for.the BWR ‘configuration is identical to PWR
configuration. The modeling of the radial'neutron shield is described in Section 3:4.1.1.

In the model, radiation heat transfer is considered from the top of the fuel region to the bottom
surface of the canister shield lid, from the bottom of the fuel region to the top surface of the
canister bottom plate, and from the exterior surfaces of the fuel tubes to the inner surface of the
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canister shell. This radiation is modeled by using LINK31 radiation elements. Radiation across

gaps in the model is described in Sections 3.2.2.3 and 3.2.2.4.

Radiation at the neutron shield shell surface to ambient is combined with the convection effect by
using the method described in Section 3.2.2.2. The convection heat transfer coefficient is
calculated on the basis of the formula shown in Section 3.2.3. Effective emissivities are used for
all radiation calculations, with the form factor taken to be unity. Effective emissivity is
computed by using the following formula [9] based on corresponding material emissivities:

Eqr = I/ (l/gy + 1/, - 1)

shield shell surface on the basis of the 1,475 Btwhr-ft*> heat flux for a curved surface.
Calculation of the heat flux resulting from insolation on a curved surface is discussed earlier in

this section.

Volumetric heat generation (Btu/hr-inch®) is applied to the active fuel region on the basis of a
total heat load of 16 kW, a shortest active fuel rod length of 144 inches, and an axial power with

a peaking factor of 1.22 as shown in Figure 3.4-6.

3.4.1.2.2 Two-Dimensional Fuel Assembly Model: BWR Fuel

The effective conductivity of the fuel is determined by a detailed two-dimensional finite element
thermal model of the BWR 9x9 fuel assembly. Taking advantage of the symmetry of the cross-
section of the fuel, the finite element model represents a one-quarter section of the fuel. The
model includes the fuel pellets, cladding, gas between the fuel rods, and gas occupying the gap
between the fuel pellets and cladding. Modes of heat transfer modeled include conduction and
radiation between individual fuel rods for the steady-state condition. The model is shown in
Figure 3.4-7. Thermal analyses of the other BWR fuel assemblies (i.e., 7x7 and 8x8) are
performed; however, because the BWR 9x9 fuel assembly results in the lowest effective thermal

conductivities, only the analysis of that fuel assembly is presented in this section.
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ANSYS PLANESS conduction elements and LINK31 radiation elements are used in the model,
which includes a total of 20.25 fuel rods (representing a total of 81 fuel rods for the full cross- .
section). Each fuel rod consists of the pellet, Zircaloy cladding, and a gap between the pellet and
. clad. The gas in the gap between the pellet and clad; as well as the gas between the fuel rods, is |
modeled"as § helium. Radiation elements are defined between rods and from rods to the
boundary of the model (inside surface of the fuel tube). .Radiation effect at the gaps between the
pellet and clad is conservatively ignored. Effective emissivities are determined by using the
formula shown in Section 3.4.1.1.1.

The effective conductivity for the fuel is determined by using a two-step procedure. Using the ‘
fuel assembly model, a uniform temperature is applied to the exterior of the model (see Figure
. 3.4-7) in conjunction with the volumetric heat generation. From this analysis; the maximum
temperature located at the center of the fuel assembly is determined.. This maXimum temperature
occurs at the corner of the model, which represents the center of the entire fuel assembly. -

A Sandia National Laboratory Report [10]: defines an expression for use .in determining the
maximum temperature of a square cross section of an isotropic homogeneous fuel with uniform
volumetric heat generation. At the boundary of this square cross section, the temperature is

constrained to be uniform. The expression for the maximum temperature is given by:

T.=T,+0.29468 &
Keff

where:

T. = temperature at center of fuel (°F)

Te =temperature apphed at exterior of fuel (°F)

Q = volumetnc heat generatlon rate (Btu/hr-m )

a =half- length of square cross sectlon of fuel (mch) ,

Ker = effective thermal conduct1v1ty for ISOII'OplC homogeneous fuel materlal (Btu/hr -in-
°F).

Using' the maximum temperature, located at the center of the fuel, from.the detailed fuel
assembly model; the preceding expression-is ‘used to determine the K.y for an isotropic
- homogeneous representation of the fuel assembly. '
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Volumetric heat generation based on the design heat load of 16 kW with a peaking factor of 1.22
is applied to the fuel pellets. The temperature at the boundary of the model is constrained to be
uniform. The effective conductivity is determined on the basis of the heat generated and the
temperature difference from the center of the model to its edge. The temperature-dependent
effective properties are established by using different boundary temperatures. The effective
conductivity in the axial direction of the fuel assembly is calculated on the basis of the material

area ratio.

3.4.1.2.3 Two-Dimensional Fuel Tube Models: BWR Fuel

The fuel tubes in the BWR fuel basket differ from those in the PWR fuel basket in that not all
sides of the fuel tubes contain BORAL. Therefore, two effective conductivity models are
necessary—one fuel tube model with the BORAL plate (a total of 10 layers of materials) and
another fuel tube model with a gas gap replacing the BORAL plate (a total of 4 layers of
materials). Additionally, the BORAL plate in the BWR fuel tube is composed of 16.46% B4C
and 83.54% aluminum, whereas the BORAL plate in the PWR fuel tube is composed of a

62.34%—37.66% composition of B4C and aluminum.

The effective conductivity of the fuel tube and BORAL plate, which is used in the three-
dimensional canister model, is determined by a two-dimensional fuel tube model. As shown in
Figure 3.4-8, this model includes the fuel channel, gas gaps between the fuel channel and fuel
tube. the fuel tube, the BORAL plate (including the core matrix sandwiched by aluminum
claddings), gas gaps on both sides of the BORAL plate, and a gas gap between the stainless steel
cladding for the BORAL plate and the support disk or heat transfer disk.

Additionally, the effective conductivity of the fuel tube without the BORAL plate, which 1s used
in the three-dimensional canister model, is determined by another two-dimensional fuel tube
model. As shown in Figure 3.4-9, this model includes the fuel channel, gas gaps between the
fuel channel and stainless steel fuel tube, the fuel tube, and a gas gap between the stainless steel
cladding and the support disk or heat transfer disk.

ANSYS PLANESS conduction elements and LINK31 radiation elements are used to construct
the models. The model with the BORAL plate consists of 10 layers of conduction elements and
8 radiation elements that are defined at the gas gaps (two per gap). The model without the

BORAL plate consists of four layers of conduction elements and four radiation elements that are
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.defined at the gas gaps (two per gap). The thickness of the models (x-direction) is the distance
.'measured from the inside dimension of the fuel channel to the inside dimension of the slot in the
support disk (assuming that the fuel tube is located at the center of the disk slot). - In the model
containing the BORAL plate, the tolerance of the BORAL plate core thickness, 0.0045 inch,:is
used as the gap size for both sides of the BORAL plate. The height of the models is defined to

be the same dimension as the thickness of the models.

In each analysis, a heat flux is applied at the left side of the model and the temperature at the
: right boundary of the model is constrained. The heat flux is determined on the basis.of the
. design heat .load of 16 kW with a peaking factor of-1.22. The maximum’temperature of the
'model (at the left boundary) and the temperature difference (AT) across the model are calculated
'by using ANSYS. The effective conductivity is determined by using the following formula:

q=Ken(A/L) AT
or. , | ‘

Ketr = qL/(A AT)
where:

q = heat rate applied to inner surface of fuel tube (Btu/hr)

- A=area (in® )

L = hlckness of composrte tube model (in)

AT, = temperature difference across the model (°F)

I{m = effective conductivity (Btwhr-in-°F).

The Itt‘emperature-dependent conductivity (Ker) in each analysis is determined by varying the
temperature constraint at the boundary of the model and then re-solving for the femperature
difference. The effective conductivity for the parallel path is calculated on the basis of area ratio
- of material.

3.4.13 Cask Impact Limiter Thermal Model ©

As described in Sections 3.4.1.1 and 3.4.1.2, the cask impact limiters are not explicitly modeled
_ in the 3D cask models. In these models, the cask ends enclosed by the 1mpact limiters are
modeled as being adlabatlc surfaces The cask lmpact llmlters are evaluated thermally for
normal operatmg condltlons in this sectlon Specrﬁcally, the volumetrrc average temperature of
the redwood material m the cask 1mpact limiters is calculated usmg an ANSYS ﬁmte element
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model. Taking advantage of the symmetrical geometry of the cask impact limiters about the
major axis of the cask, the finite element model is an axisymmetric representation of one of the
impact limiters with the cask oriented in a horizontal position. This represents the orientation of
the impact limiters during normal transport. The cask impact limiter thermal model is shown in
Figure 3.4-10.

The finite element model of the cask impact limiter is constructed of PLANESS axisymmetric
thermal elements, and radiation and conduction heat transfer across air gaps within the model are
accounted for using effective thermal conductivity properties for air using the method described
in Section 3.2.2.3. Air gaps are modeled between the cask and impact limiter based upon

nominal dimensions. Additionally, a 0.125-in. thick layer of Fiberfi i
modeled between the impact limiter redwood and the cask mating surface of the impact limiter.
A heat flux of 0.13 Btwh-in?, which represents the package contents, is applied to the interior
surface of the cask lid. This heat flux is obtained from the thermal results for the 3D cask model
with the PWR canister and air as the canister cover gas (described in Section 3.4.1.1) by
conservatively assuming the heat transfer rate to the cask lid is equal to the heat transfer rate to
the canister shield lid.

Heat fluxes representing the normal conditions solar heat loads are applied to the cylindrical and
vertical flat end surfaces of the impact limiter as shown in Figure 3.4-10. The solar heat flux
applied to the vertical flat surfaces of the impact limiter 0.0769 Btu/h-in?> model (which is in the
normal transport orientation) are calculated in the same manner described in Section 3.4.1.1.1
using the prescribed solar heat flux value of 737 Btw/12-hr-fi2. A solar heat flux of 0.154 Btu/hr-
in? is applied to the cylindrical portions of the cask and impact limiter modeled.

A steady-state heat transfer analysis is performed using the ANSYS model described in this
Section. The volumetric average temperature of the cask impact limiter redwood material (Tayg)
is calculated from the results of the thermal steady state analysis.

34.14 Personnel Barrier Thermal Model

According to 10 CFR 71. 43(g), a package must be designed, constructed, and prepared for
transport such that in still air at 100°F and shade, no accessible surface of the package has a
lusiye use shipment. Compliance with 10 CFR 71.43(g)
is demonstrated by performing a computational fluid dynamics (CFD) analysis on a finite

temperature exceeding T83°F in An.exclus
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portlon of the model correspondmg to the cask surface constrains both the honzontal and vertical
components of the velocity to be zero. ‘ ‘ '

The cask and personnel barrier are not explicitly modeled in thls analysxs—only the air

surrounding the cask is modeled. It is conservative | atith
modeled because it W111 not have a temperature greater than the temperature of the air in contact

nodes in the model that correspond to the air adjacent to the Eask

By erafure‘s“%”’é'”

"{mﬂ

linearlv: dlstnbut£ A 'thyfﬂf“‘bottom Zand:

" Fespectively] - ' I

Since the personnel barrier is not explicitly modeled, its temperature is considered to be the
temperature of the air at'coordinates that correspond the location of the personnel barrier surface.
The maximum temperature of the personnel bamer occurs at the top most location at the

e ts: from:the Ausing idhe;model

3415 Test Model .. -

The methods previously described have been used in previous transport cask licensing and are
sufficient to show that the Universal Transport Cask meets the criteria set forth in Section 3.4.
Therefore, no thermal test model is created.
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3.4.2 Maximum Temperatures

Using the thermal models described in Sections 3.4.1.1 and 3.4.1.2, temperatures for the PWR and
BWR cask body, canister, basket, and fuel rod cladding are determined for three normal conditions
of transport: (1) maximum decay heat, 100°F ambient temperature, and solar insolance; (2)
maximum decay heat, -40°F ambient temperature, and no insolance; and (3) no decay heat, -40°F
ambient temperature, and no insolance. The maximum temperatures of the principal PWR and
BWR cask components, canister, basket components, and fuel rod cladding are shown in Tables
3.4-1 and 3.4-2 for the first two environmental conditions listed above. For the third environmental
condition (i.e., no decay heat, -40°F ambient temperature, and no insolance), no analysis is
necessary because all package temperatures will equilibrate to -40°F. The cask body maximum
allowable component temperatures are shown in Section 3.3.2 and Table 3.4-3.

1

Using the thermal model described in Section 3.4.1.3, the volumetric average temperature of the

redwood in the impact limiters is 135°F.

it

2 120ﬁ “”;Sr.
Docket Numb”é"”ﬂ

claddmg temgerature hmlts”are not exceeded fcr aanuel%assembl ;iunl?ésx all’oﬁthe‘desmnatea
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343 Minimum Temperatures

The minimum temperatures of the ‘cask and components occur with no heat load and -40°F.
These conditions yield a uniform -40°F temperature throughout the Universal Transport Cask
package. All package components are capable.

3.4.4 Maximum Internal Pressures

In the following sections, the maximum internal operating pressures for normal conditions of
transport are calculated for the PWR and BWR Transportable Storage Canisters and for the
Universal Transport Cask cavity. The maximum

| operating pressure for the canister and cask
cavity are summarized in Table 3.4-4.
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3.4.5 Maximum Thermal Stresses

The ANSYS computer code is used to obtain temperatures for use in the structural analyses of
Chapter 2.0. These temperatures are presented in Tables 3.4-1 and 3.4-2. The thermal stress
calculations for normal conditions of transport are performed in Sections 2.6.1 and 2.6.2.
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n.of fill gas'and fission gas.

T TR P T
are calculated using the ideal gas law:

BV.=NRT.

where:

i Y sy

T = Temperature of the gas

P, wi

The number of fioles of fill gas are added to the Fission gas quanfity and converted to a cladding

internal pressure at storage conditions.

g hasis of the burmup

D A e

The fission pas quantiny pressurizing the Fl TR Clouaedon,

ot

and a fission £as release fraction,  While the amount of fission gas produced.is a predictable

A

quantity (directly correlated to_the number of fissions required to produce the desired burnup),

the release fraction of the gas from the pellet into the pellet-cladding void depends on fill gas
pressure and reactor operating conditions.

The number of fissions (Z) is related to the burnup by:
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Three-Dimensional PWR Cask Finite Element Model

Figure 3.4-1
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Figure 3.4-2 Design Basis PWR Fuel Assembly Axial Power Distribution
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Figure 3.4-3 PWR 14x14 Fuel Assembly Two-Dimensional Finite Element Model

Sllo=
\/‘%

NN SRS
4&1/%\ Zﬁj:f /\\%zi} y \I _
/Jf 7%% V.. 7%% /A% €T of Fuel Tube
\\/IL_\\ \\4{_%4{[ 71\
AN/ AR N NN AN AN AD N
OO |
TR
r \L;‘% %\géf \L/jf/' Zn \i&% [T Fuel Clad
Y AR/ N AN N AN A N AN NT
S e e S i =

Line of Symmety

3.4-36

-



SAR-UMS® Universal Transport Cask oA S July 2002
*Docket No. 71-9270 ’ Revision UMST-02C

Figure 3.4-4 Two-Dimensional PWR Fuel Tube Model ¢ - '
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Three-Dimensional BWR Cask Finite Element Model

Figure 3.4-5
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Figure 3.4-6 Design Basis BWR Fuel Assembly Axial Power Distribution
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Figure 3.4-7 BWR 9x9 Fuel Assembly Two-Dimensional Finite Element Model
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Figure 3.4-8 Two-Dimensional BWR Fuel Tube (with BORAL) Model - -
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-

Figure 3.4-9  Two-Dimensional BWR Fuel Tube (without BORAL) Model
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Figure 3.4-10  Cask Impact Limiter Thermal Model
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Figure 3.4-11
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Figure 3.4-12
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Table 3.4-1  Maximum Component Temperatures - Normal Conditions of Transport,
Maximum Decay Heat, Maximum Ambient Temperature
Temperature (°F) Temperature (°F)
Cask with PWR Fuel Canister Cask with BWR Fuel Canister
Canister Gas: Canister Gas:
Component Helium Helium

Cask Lid O-Rings/Vent Port O-ring'

Lower Drain Port O-ringj

Cask Radial Outer Surface

Radial Neutron Shield -

Lead Gamma Shield

Aluminum Disk Exterior

Aluminum Disk Interior

604
23d
B
8

294
2L
B13
20§

wmwm&ﬁmwmmggwkm

Average Gas Temperature in the

Support Disk Exterior 753
Support Disk Interior
Canister Shell 03
Canister Shield Lid 57
Canister Bottom Plate B3 553
Maximum Fuel Rod Cladding 543
Cask Bottom B P23
Bottom Forging P23 234
Inner Shell i)
Outer Shell 0]
Top Forging* m 757
Cask Lid 524
Cask Lid Bolt®

57

Canisters®

Conditions* 100°F ambtent temperature

20 kW decay heat load, 1 1 peaking factor - PWR
16 kW decay heat load, 1 22 peaking factor - BWR

Solar msolation
Cask cavity gas hehum
Canister cavity gas:

Average temperature

Calculated as a volumetric average.

BEe swe =

#1 helium

Cask lid bolts not exphicitly modeled—taken to be the maximum temperature of the cask Iid
Lower drain port O-ring not explicitly modeled - taken to be the maximum temperature of the bottom forging

3.4-48

Cask Iid O-rings and vent port O-rings not exphcitly modeled—taken to be the maximum cask Iid temperature

-
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SAR-UMS® Universal Transport Cask

- July 2002

20 kW decay heat load, 1.1 peaking factor - PWR
16 kW decay heat load, 1.22 peaking factor - BWR

No insolation
Cask cavity gas helium

Canister cavity gas B helium

Docket No. 71-9270 e & Revision UMST-02C
Table 3.4-2 Maximum Component Temperatures - Normal Conditions of Transport, .-,
Maximum Decay Heat, Minimum Ambient Temperature
. - ' :” Temperature (°F) Temperature (°F) ;
Componel}t Cask with PWR Fuel Canister Cask with BWR Fuel Canister .
r . Canister Gas: Canister Gas:
’ ’ " Helium Helium
Cask Lid O-Rings/Vent Port O-ring' - - {40 B2 :
Cask Radial Quter Surface : . <. 32
Radial Neutron Shield 558 S 1
’| Lead Gamma Shield - - 8T - - K@
Maximum Basket’ 404
Canister Shell 8§ B3% !
Canuster Shield Lid . . ’ i
Canuster Bottom Plate ‘ - B03 B !
Maximum Fuel Rod Cladding . K78 © K40 i
Conditions- -40°F ambient temperature

1. Cask lid O-ring and vent port O-rings not explicitly modeled—taken to be the maximum cask lid temperature

2 Taken to be the greater of the maximum support disk and the maximum aluminum heat transfer disk temperatures

B

. +3.4-49
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Table 3.4-3  Universal Transport Cask Thermal Performance Summary for Component
Operating [TETEER
Cask with PWR | Cask with BWR
Fuel Canister Fuel Canister
(helium in cask (helium in cask Allowable
cavity/heliumin | cavity/helium in Temperature
Temperature canister) canister) Range

Maximum cladding temperature(°F)

Component safe operating
temperature ranges
Cask lid O-rings
Vent port coverplate O-ring
Drain port coverplate-O-rings

Radial NS-4-FR neutron shield

Lead gamma shield

Aluminum heat transfer disk

-40 to 26Q°F
-40 to P6E°F
-40 to B23°F
-40 to B93°F}
-40 to B0&°F
-40 to BO5°F

-40 to 608°F

-40 to 20§°F
-40 to PO§°F
-40 to P3Q°F
-40 to B8G°F
-40 to POJ°F

-40 to E13°F

-40 to 300°F
-40 to 300°F
-40 to 300°F
-40 to 300°F
-40 to 600°F

-40 to 700°F

-40 to 650°F

¥

-40 to §E°F
eratu 6

e ‘z—'fw‘rf(“ Rk i ¥ Wiein.
2 au QWaDIe
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Table 3.4-4 Maximum Internal Pressures for Transport
Fuel Cavity - . Condition . -.. .- Pressure (psig) .. .|
PWR Canister 3% fuel rod failure 21 (
" Cask 3% fuel rod failure ‘
) [0 elrod e | ) )
BWR Canister
Cask

3.4-51
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Table 3.4-6

Table 3.4-7
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Table 3.4-8
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" 41 ] Containment Boundary

" The Universal Transport Cask containment boundary [SishowninzEisy

the followmg components (1) inner shell; (2) bottom’ forglng, (3) top forgrng, (4) cask lrd

e o PP , . . ‘ s

“"mas§ spectrometer leak detector B is used to vefify that leakage does not exceed the’limits
> established in Section 4.2.3. These limits are in accordance with the requrrements of 10 CFR
* 71.51 and IAEA Safety Series No. 6 (paragraph 548).- K ’ ST

4l Containment Vessel
N The pnmary contamment vessel for the Umversal Transport Cask con51sts of a 67 61 -in. ID
:’/2 -in.-thick .inner ‘shell; a 4, 25-1n -thick bottom forgmg, a 8. 825-1n -thrck top forgmg, nnd a

' closure hd The contamment vessel components are fabncated romelype 3 0distan .
ccordancewithineapplicablerequirementsiofithd ASME Boiler and Pressure Vessel Codc [3]
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4,1.2 Containment Penetrations

The Universal Transport Cask primary containment boundary is described in Section 4.1. The
penetrations in the cask primary containment vessel are the vent and drain ports, and the lid. The
penetrations are designed to seal the boundary and to ensure that leakage from the cavity does not
exceed the established limits. 10 CFR 71.51 establishes release limits under both normal

conditions of transport § and hypothetical accident conditions . The quick-disconnects
installed in the vent and drain openings and in the lid test port are not considered part of the
containment boundary. The vent and drain port coverplates are fabricated from SA-240, Type

304 stainless steel.

413 Seals and Welds

4.1.3.1 Seals

The EPDM O-rings of the lid, vent port coverplate, and drain port coverplate are the seals that

provide primary containment, as described in Section 4.1. Section 4.5.2 contains the
specifications for the EPDM O rings The cask is leak tested before acceptance from the
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. ©-4.1.3.1.1 Containment System Fabrication Verification

When fabrication is complete, containment system fabrication verification
performed on the cask contamment as descnbed in Sectlon 8. 1 3. ThlS leak test venﬁes that the

ALy

. for hypothetical accident conditions.
. normal condltlons allowablefleak rate bounds the

PR T - I [ PO
. R - e .o i e WA s

. .
413.1.2 .. Contamment Svstem Penodlc Venﬁcatlon . C o

The contamment system periodic venﬁcatlon is performed on the Umversal Transport Cask

NS

N package contalnment boundary seals and components @ in accordance w1th the leak test
acceptance cnterla estabhshed for the containment system fabncatlon verlﬁcatlon mg

Whenever a containment seal or compo‘nent is replaced, the O-ring or containment component is!
_ leak tested following- replacement according to the requlrements of the "containment system
perlodlc verification (Section B8158). This test verifies that the replacement seal or component
has been properly installed and that the leak rate meets the allowable ‘leak rate requlrements

established for the containment system fabrication verification specified in Section 4.2.3.

4.1-3
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4.1.3.2 Welds

inner shell and to attach it

Circumferential and longitudinal welds are used to fabricate the cask
to the top and bottom forgings. ‘The longitudinal welds in the cylindrical sections are staggered
circumferentially by 90° or 180°. Containment vessel welds are full penetration bevel or groove
welds to ensure structural integrity. Upon completlon of the inner shell welds, the welds are

radiograph-inspected and accepted in fccordanc

Upon completion of containment vessel fabrication, the cask containment boundary is
hydrostatically tested in accordance with ASME Code requirements to ensure the integrity of the
welds and containment components (Section 8.1.2.3). Following hydrostatic testing, all

containment vessel welds are visually mspected by the dye penetrant examlnatlon method and
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414 Closure

The primary closure assembly for the Universal Transport Cask consists of the lid, bolts, and
o-rings.” The lid is recessed and bolted into the top forging of the cask body. The 6.5-in. thick,
78.17-in. diameter lid is made of ASME SA-336, Type 304 stainless steel. The lid is retained by
48 bolts that are 2-8 UN socket head cap screws fabricated from SB-637, Grade N07718 nickel
alloy steel boltmg material. The 1n1tlal torque for installation of the lid bolts is as spec1f1ed in

The vent port is recessed into the lid and the drain port is recessed into the bottom forging.” The
vent and drain port coverplates are secured by four 1/2-13 UNC bolts fabricated from SA-193,
Grade B6, Type 410 stainless steel.

Slmllar to the inner hd conﬁguratlon each of the vent and the dra1n coverplates is sealed by ‘%"ﬁ
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42.. ' Containment Requirements for Normal Conditions of Transport

¢ -y P . - N - - ' B T PN
. L Lo ' [P S L ’

* The Universal Transport Cask must maintain a-radioactivity release rate ,of not more than 10°°
Az/hr under normal condltlons of transport as requlred by 10 CFR 71 51 and IAEA Safety Series

or B3 x 105 cm3/sec h¥S{col

- Efandardiconditions] For the cask contammg BWR fuel the rad10act1V1ty release rate requirement
j X 10'i @Tcmz'/sec

NMNPSPAVRS

“:The structural and thermal evaluations of the Universal Transport Cask are provided in Chapters

2.0 and 3.0, respectively. Results of these evaluations also demonstrate that cask containment is
maintained during normal conditions of transport. Therefore, the package satisfies the

containment requirements of 10 CFR 71.71. - : L

4.2.1 Containment of Radioactive Material * .:v. - -+ "t .

The 10 CFR 71 limit for the release of radioactive material under normal conditions of transport
is 10 A2/hr. In this analysis, A2 for a mixed gas is deférmined by using the metliod described in
10 CFR 71, Appendix-A. : The'release fractions: for the various radionuclides transported in the
. “Universal Transport Cask ‘are obtained from NUREG/CR-6487 [ ‘an
4.2-1 (located at'the end of this section). ~The curie content per isotope for E-year cooled PWR

and BWR de51gn basis fuel assemblies is provided in Section 4.5-3. Lo

- . ~ ety = N A - . M 3
. B } . . s
LA } . ot ;o e [ 1 *

42-1:



SAR - UMS® Universal Transport Cask July 2002
Docket No. 71-9270 Revision UMST-02C

In addition to the radionuclides produced by the fuel material, fuel assemblies develop a coating
coating is known as

of impurities deposited by cooling water during power generation. This
crud. Crud contains mostly nonradioactive elements but also; contains a significant amount of
%Co. NUREG/CR-6487 lists tHe maximum %°Co concentrations on spent fuel assemblies to be
140 pCi/em?® for PWR assemblies and 1,254 uCi/em® for BWR assemblies at initial discharge.
The surface areas of the de51gn basis PWR and BWR assemblles (B&W 15 ><15 and GE 9><9) are

' C Fuel assembly charactenstlcs ATE
1.2- I for PWR and BWR fuel assemblles respectlvely

The maximum permissible leak rate from the cask under normal conditions of transport is
determined from the 10 CFR 71 limit of 10 Az/hr.

Ry =L,Cy £A,x1x10°hr" or
Ry =LCy <A, x-2.78x10""sec™

where:
Ly = is the volumetric gas leakage rate [cm®/s]
Cn = is the curies per unit volume (termed “activity density”) of the radioactive
material that passes through the leak path [Ci/cm’]
RN = Release rate for normal transport conditions [Ci/sec]

Activity Density of Radioactive Material (Cy)

The total mventory of fission.product gases, volatiles fines and crud are shown in Table Baa]

o S

through Table 4253324 Bl -These inventories are calculated by using the source terms produced by
the' SAS2H [8] sequence i,
content is decayed H years from discharge to the design basis fuel cool time. The PWR analysis
is based on 24 design basis fuel assemblies. The BWR analysis is based on 56 design basis fuel
assemblies.

4.2-2
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An, s.,.g‘ ;7%'938< -

[

where:

Cn = CCmd + CVolatics + CFlssxonGas + Cchs

M

; fSNA(NxSpe +8a) ;

CCmd -

v

v

. LI

Ccnd = activity density inside contamment vessel resultmg from crud spallatlon [Cifem® ]

and,

. Where:

) Cﬁne

and,

. »

My = total crud activity mventory [C1]
f. = crud spallation factor :
\Y free volume inside containment vessel [cms]
Sc = crud surface act1v1ty [C1/cm ]
Nr number of fuel Tods per assembly o
‘N, ="" number of assemblies ~ = - " -
Sar =  surface area per rod [cm?]
Sch = channel surface area [cm®] (BWR fuel only).
C,. = feWR AR NN, f; ,
\Y
= activity concentratlon insidé contamment vessel resultmg from ﬁnes
‘released from claddmg breaches [C1/cm ] S
= fraction of fuel fod’s mass released as ﬁnes resultlng from c]addmg breach
fs = fraction of fuel rods that develop claddmg breach” - i
Wr = mass of the fuel in fuel rod [g]
Nr number of fuel rods per assembly
Na number of assemblies A
Ar specific activity of fines emitted from cladding breach in fuel rod [Cl/g]
v = containment vessel void volume [cm’].
Cvg =C,, + Cgas — Ng N, f; Wy (\"}va +Aqfs)

4.2-3 .-
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where:
Cvg = releasable activity concentration inside the containment vessel resulting from
gases and volatiles released from cladding breaches [Ci/cm3 ]
Cvol = releasable activity concentration inside the containment vessel resulting from
volatiles released from cladding breaches [Ci/cm’]
Caas = releasable activity concentration inside the containment vessel resulting from
gases released from cladding breaches [Ci/em’]
Wr = mass of the fuel in a fuel rod [g]
Nr = number fuel rods per assembly
Na = number of assemblies
fa = fraction of rods that develop cladding breaches
Ay = specific activity of volatiles in fuel rod [Ci/g]
fv = fraction of volatiles in fuel rod released if rod develops cladding breach
Ag = specific activity of gas in fuel rod [Ci/g]
fo = fraction of gas that would escape from fuel rod that develops cladding breach
\Y% = is the void volume inside containment vessel [cm’].

Activity Values for Radionuclides

A2 values used in this analysis (based on 10 CFR 71 Appendix A) are hsted n Sectlon 4.5. 3 for

where;

4.2-4
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LR o

- and : ’ ' LN T ‘ . } - - - ‘ . o - 5 b !
* F. =The fraction of isotope i with respéct to the entire mixture - . - ,
S, = The activity of isotopei [Ci] L
S, = Total group activity [Ci]

LR ¢ T " * ! - - ~ )‘4‘1‘ s : ‘\ - v' S

Mixture A2 values are determined for gas, volatile, fine, and crud mlxtures and are then
combined for a total cask mixture A2 value. Tables 4.2-2 and 4.2-3 prov1de the source term and
A2 values per group for PWR and BWR cask systems release rate calculations.

Maximum E ii@abie Leak Rates

On the basis of the methodology dlscussed GhoVe

,-the maximum allowable ‘leak rates for the

The volumetric gas leak rate, L is independent of fransport cask pressure and temperature. The
maximum allowable release must be correlated with air standard leak rates, which depend on gas

temperatures, pressures, and leakage -path [Enpinyandgdiametes. [Efhis correlation requires
calculation of the capillary opemng dlameter through whlch the ﬂow occurs. Depending on
pressure and condition of the flo vinationioti

4.2-5.
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and molecular flow equations are obtained from NUREG/CR-6487, Section 2.
Both contmuum and molecular ﬂow rate equatlons presented below are adjusted to upstream

The continuum volumetric flow rate of the gas (cm*/sec), L., is given by:

) 6 4 P P
L =200 (p _p) T F, (2, - By *x
ap P, P,
where:

F. = coefficient for continuum flow [cm’/atm-s]
D = capillary diameter [cm]
a = capillary length [cm]
n = fluid viscosity [cP]
Py = upstream pressure [atm] - pressure inside containment

P4 = downstream pressure [atm] - pressure outside containment

3.81x103D3J—T; p p
L = M(Pu--Pd)*.'P—a.=Fm*(Pu—Pd)*P—a

" aPa u u
where:

Lm = isthe volumetric flow rate of gas at P, [em®/sec]

Fn = Iisthe coefficient for molecular flow [cm*/atm-s]

D = is the capillary diameter [cm]

T = 1s the gas temperature [K]

M = is the gas molecular weight [g/mole]

P, = is the average pressure (P,+P4)/2 [atm]

P, = isthe upstream pressure [atm]

Py = isthe downstream pressure [atm].

a = capillary diameter [cm]

4.2-6
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422 Pressurization of Containment Vessel

The maximum pressure in the faniste
calculated by using the methodology presented in Section 3.4.4. Assumptions underlying this
calculation are that during normal conditions of transport, 3% of the fuel rods may fail and that

4.2-7




SAR - UMS® Universal Transport Cask July 2002
Docket No. 71-9270 Revision UMST-02C
4.2.3 Containment Criteria \J

The sensitivity for these tests is fecomniende
leak rate.

4.2-8
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Table 4.2-1 Release Fractions: Normal and Accident Conditions
Fraction: Fraction:

E"w oo rw ‘ ;f:"#*:“ m: T :1_ jm\' "J “"7 N‘ormal T T - ‘ACCide?t” I

‘ o '- Radionuclide Origin - - - —~ - ' - Condltlons -- - ..Conditions ..

5 ' Volatilés releasable * 2.00E04 © | -2/00B04 . ..
~ .- -! “Fission gas releasable - A <03 L 03

- ~~ Rod madseleased | . ~ 3.00E05 7 3.00E-05"—- -
5“* = - “‘~Crud spallation factor - - —| ;- == 0.15 e =10 - -

| ~ Fraction of {fuelrthzit fails -~ - |-, 0.03f - - 10 )

I
.

| Total Activity per Assembly (Ci)-

1

" |Fraction of Activity

* o July 2002

Table 4.2-2

Allowable Release Rate Source and A2 Inputs for PWR Cask: Normal Conditions

Volatiles |,

- .Total:

Releasable Acfivity per Cask (Ci) -

Cask Volumetric Activity (C1/cm )

A2 Value (Ci)

Fraction of Activity / Az (1/Ci)

" | Mixture A2 Value (Ci)

E Not exp11c1tly calculated

4.2-9 .
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Table 4.2-3 Allowable Release Rate Source and Az Inputs for BWR Cask:
Normal Conditions

Volatiles

Total Activity per Assembly (Ci)

Releasable Activity per Cask (Ci)

Cask Volumetric Activity (Ci/fem?)
A2 Value (Ci)

Fraction of Activity
Fraction of Activity / A2 (1/Ci)

Mixture A2 Value (Ci)

Table 4.2-4 Leak Rate and Leak Test Sensitivity: Normal Conditions

4.2-10
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Table 4.2-5 Cask Free Volumes and Pressures: Normal and Accident Conditions

Reactor Type PWR BWR

Cask Operating Condition Normal | Accident] | Normal Accident]

Free Gas Volume (%)i

Pressure (atm)

Average Gas Temperature (K)

accident condition for this analysis }§ 100% rod failure in combination with a
fire accident raising cask temperature. This hypothetical dual failure accident
conservatively maximizes both available releasable material and cask pressure.

42-11
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-

4.3 Containment Requirements for Hypothetical Accident Conditions X

P The 10 CFR 71 requlrement for the release of radloactlve material under hypothetlcal acc1dent

ait) Jealf rate

the cask contammg BWR fuel is P2

. in Section 4.3.2. .~ S R

r . - . -
i .o P A 2o “

: Assumlng a simultaneous occurrence of a’ ﬁre accident and a 100% rod failure, and on the basis

of bulk average gas températures of E82K (PWR) and p42Kl (BWR) resultmg from air in the
_ cavity, the pressure W1th1n the cask cav1ty is calculated to be b4 atm (PWR) b '
The hypothetical presence of air in the cask provides an upper bound on the gas terhperature “*

" These pressures represent the maximum possible cask internal pressures.

The structural integrity of the cask containment during hypothet1ca1 accident conditions is
demonstrated in Chapter 2.0. Therefore, the cask containment is maintained under hypothetical
accident conditions.

* yoe ¢ '
s, (RN

+ s
3
3

43-1.¢
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4.3.2 Containment of Radioactive Materials

P ORIane Do T oo

The Universal Transport Cask ;anisterearq designed to maintain a

release rate of less than 1 Az/week for the hypothetical accident conditions, as required by 10
CFR 71.51.

= alug for a mixed gas is determined by using the method described in 10
CFR 71, Appendix A. The release fractions for the various radionuclides found in the cask are
obtained from NUREG/CR-6487 and summarized in Table 4.2-1. The curie content per isotope
forE -year cooled PWR and BWR de51gn basis fuel assemblies is provided in Section 4.5.3.

The allowable leak rates under hypothetical accident conditions are calculated by using the

method described in Section 4.2.1.1 for normal conditions of transport. The total inventory of
fission product gases, volatiles, fines, and crud are calculated by using'the source terms generated
by SAS2H and release fractions for the PWR and the BWR fuel. Using the A2 values from 10
CFR 71, Appendix A (Tables 4.3-1 and 4.3-2 | B2
for gas, volatile, fine, and crud mixtures. Finally, the maximum Bllowablg release rates are

the mixture A2 values are then determined

calculated by using the hypothetical accident conditions allowable release limit:

R,=L,C, <A, week™
or
R,=L,C, <A, 1.65x10%sec™

where:
Lo = volumetric gas leakage rate [cm’/s]
Ca = curies per unit volume (termed “activity density”) of the radioactive material
that passes through the leak path [Ci/cm’]
Ra = release rate for accident transport conditions

4.3-2
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Assumptions underlying the calculations for the hypothetical accident conditions are that 100%
of the fuel fails and 100% of the crud is releaséd (compared with the assumptions that 3% of
the fuel rods fail and 15% of the crud is released in the analysis in Section 4.2.1.1 for normal
conditions of transport). The mixture A2 for gas, volatile, fine, and crud mixtures. is not ghanged

by the change in the magnitude of releasable matenal but the combined A2 3: gesibase

change in actlvity fraction [ieac

The-calculated maximum permissible release rates for the casks containing design basis PWR

and BWR fuel _under hypothetical accident conditions are tabulated in Table 4.3-3. ™' _

43.3 Containment Criteria

The allowable leak rates calculated E

than those for the normal conditions of transport calculated in Section 4.2.1. Because the cask
’ “contamment is demonstrated to be malntamed under hypothet1ca1 accident conditions (Section
2. 7) ‘the maximum permissible leak rates for norma] conditions of transport -are more llmmng
and are therefore used for the establishment of . the max1mum allowable leak rates for the
contamment system fabrication and penodlc venﬁcatlon leak- test calculatlons and test
acceptance criteria. '

4.3-3
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Table 4.3-1 Allowable Release Rate Source and A2 Inputs for PWR Cask: Accident
Conditions
3}3‘5‘;3:5 SPE1y . Volatiles |

Total Activity per Assembly (Ci)

Releasable Activity per Cask (Ci)

Cask Volumetric Activity (Ci/em’®) | BEIEL0
A2 Value (Ci)

Fraction of Activity

Fraction of Activity / A2 (1/Ci)

| Mixture A2 Value (Ci)

Table 4.3-2  Allowable Release Rate Source and A2 Inputs for BWR Cask: Accident ~
Conditions '

Vola;iles

Total Activity per Assembly (Ci)

Releasable Activity per Cask (Ci) .| B

Cask Volumetric Activity (Ci/cm?)
A2 Value (Ci)

Fraction of Activity

Fraction of Activity / A2 (1/Ci)

Mixture A2 Value (Ci)

4.3-4
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4.4 Special Requirements

curiesiofipluioniums
Andithieshypotheticalia

4.4-1
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Neutron Dose Response Factors
Table 5.5.2-2 Photon Dose Response Factors
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5.0 SHIELDING EVALUATION

The Universal Transport Cask meets the 10 CFR 71 [1] requirements for transportation dose rate

" limits. 'The optimized multiwall design provides an efficient shielding arrangement for the
transportation of 24 PWR or 56 BWR spent fuel assemblies. "This chapter describes the shielding
design and the analysis used to establish bounding radiological dose rates for the transport of
various PWR and BWR fuels.

Westing ‘6ﬁse‘“17x17 St&assembl

requirements established in 10 CFR Parts 71.47 and 71. 51 fnd; : !
S [ for normal condltlons of transport and hypothetlcal acmdent condmons The 10 CFR 71. 47

o The dose rate on the
200 mrem/hr. i .
e The dose rate on a plane two meters from the lateral surfaces of the railcar

buter: st - must not exceed

must not exceed 10 mrem/hr.

e The dose rate in any normally occupied positions of the railcar must not -
exceed 2 mrem/hr. , '

T

The 10 CFR 71.51 pnd:Iz Safety” Aol sl 1praphi636) requirements
state that the dose rate under hypothetlcal acmdent condmons must not exceed 1,000 mrem/hr at
1 meter from the surface of the cask. A summary description of the modelmg methodology and

dose rate results is prov1ded in Section 5.1..
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The shielding analysis is performed on the basis of design basis fuel descriptions for both PWR
and BWR fuel. The design basis PWR fuel is a Westinghouse 17x17 assembly with a burnup of
45,000 MWD/MTU, an initial enrichment of 3.7 wt % 2°U, and a 10-year cooling time. The
design basis BWR fuel is a GE 9%x9 assembly design with a burnup of 40,000 MWD/MTU, an
initial enrichment of 3.25 wt % 2*°U, and a 10-year cooling time. A detailed description of the
source term specification is provided in Section 5.2.

In the Universal Transport Cask design, the spent fuel assemblies are surrounded by a
multiwalled arrangement of shielding materials. However, structural design requirements lead to
cask extremity regions, such as rotation pockets, in which shield materials are reduced or
penetrated. Detailed analytical treatment of these shield transition regions is required to assess
the radiological consequences of the design. Section 5.3 describes the three-dimensional
shielding models employed in this analysis.

Dose rate results are obtalned for Eﬁ normal conditions of transport and hypothetlcal accxdent

and end drops. Analytlcal detalls and dose rate results are given in Section 5.4. Under all
postulated conditions, the fully loaded cask is shown to meet regulatory radiological limits.

ch llCl dvt:os de"t “‘effec
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-mrem/hr with a maximum computed ‘dose rate of 6‘.6‘3’]“

In the tabulated results, computed dose rates are reported along with the relative uncertainty
associated with each computed value expressed as a percentage. The relative  uncertainty
corresponds to plus or minus one standard deviation in the quoted value.

5.1.3.1 Normal Conditions of Transport

|

The maximum radial and axial dose rates calculated for the PWR and BWR casks under normal

3 e e
ansporter.are shownin

corresponding relative uncertainties on radial and axialsurfaces outside the cask.- ,Dose rates

‘Figure:5:1-1

indicated at the personnel barrier correspond to the maximum values computed on a cylindrical

" surface extending between the top and-bottom impact limiters and ‘surrounding the cask at a

radius of 53.5 in. In the radial case, dose rates indicated at the “2 m position” correspond to a
position 2 m from the edge of a 124 in. wide standard railcar. For axial results, this position
corresponds to a dose location 2 m from the top or bottom impact limiter surface.

For the PWR cask, the maximum normal conditions surface dose rate 1S

occurring on the surface of the upper forgmg at the upper trunnion recess. (Values in parentheses

“mrem/hr criterion is met at all locations 2 m from the railcar, 2 m above or below the cask, and

2 m from the axial surfaces of the impact limiters.

ithes strunnion recess. The dose rate at the
outer shell surface in the 1naccessxble 1.25-in. w1de gap between the neutron shield shell and
P2576:(£3:5%] mrem/hr. However, this dose rate is not

occurring on the surface of the jf

lower impact limiter, is computed to be
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consndered 51gn1ﬁcant due to the maccess1b1hty of the location.. Furthermore, the dose rate at the

. All other cask surface dose rates are less than 200 mrem/hr. At the personnel

barrier, the maximum dose rate is much less than 200 mrem/hr, with a maximum computed dose

railcar and from the a)ual surfaces of the impact limiters.

5.1.3.2 Hypothetical Accident Conditions

Table 5.1-2 and Table 5.1-4 provide accident dose rates that could occur in the event of the loss

of the neutron shleld sh1eld shell and 1mpact l1m1ters in the PWR and BWR casks respectlvely

neutron shielding is not credible for the Universal Transport Cask, although some of the neutron
shielding capability may be lost as a result of a fire. Nonetheless the sh1e1d1ng analy51s

In the event of a cask end drop, the lead gamma shielding could slump and fill the annular gap (if
one exists) created by the cooling of the lead after fabrication. This accident could create a 3.05
in. gap at the top of the lead annulus. The major radiation concern in this event is the “shine
thfough” of the activated end—ﬁttings If the cask is subjected to a side drop, the lead gamma
- shielding could slump and create a void on the upper side of the cask. An evaluation of this side

drop accident shows that the lead may sag at the opposite side by a maximum 0.91 in. g

The dose rates presented here and in more detail in Section 5.4 show that neither the loss of the
neutron shielding nor the lead slump conditions will result in a dose rate that exceeds the
hypothetical accident dose rate limit of 1000 mrem/hr at 1 m from the surface of the cask.
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Figure 5.1-2 Location of Maximum Dose Rates for Hypothetical Accident Conditions
o r4ééﬁf;":;i;ér;i}hr (PWR)

_ 20.4 mremvhr (PWR)
12.4 mrem/hr (BWR)

/7 497.9 mrem/hr (BWR)

1 m from cask body ;‘

at fuel midplane

—
2m
Fng e
—1 m— &} N

1‘.m> ’

Y mrem/hr
(PWR & BWR)
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Table 5.1-1 PWR Maximum Total Dose Rate Summary — Normal Conditions [mrem/hr]

Location |Dose Type| . Radial ... Top Axial - | Bottom Axial

Surface Gamma ‘ | m @
Total E’;ﬁ

B0 [0

Personnel Gamma

Barrier Neutron
Total

2m Gamma

. Position Neutron
Total

8

Table 5.1-2 PWR Maximum Total Dose Rate Summary — ElJAccident Conditions [mrem/hr]

Location |Dose Type Radial Top Axial | . Bottom Axial
1m Gamma ' [0:5% [856%) | | B8  [04%)
Position Neutron 203" 12.9% ’m [0:6%)
Total )| B0E 8% | B0 [EA
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Table 5.1-3
Location |Dose Type Radial Top Axial Bottom Axial
Surface Gamma 1 '
Neutron
Total
Personnel Gamma
Barrier Neutron
Total
2m Gamma
Position Neutron

Table 5.1-4 BWR Maximum L otal Dose.Rate Summ
Location |Dose Type Radial Top Axial = | Bottom Axial
lm Gamma |- 953 [0.8%) H B8 [03%]
Position Neutron 45 22;3 @ iO}Z”Zoi
Total | 4979 [02%] 3 [04%)

5.1-10
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' Burnup 30 GWD/MTU Minimum Cool Time [v] for
| Ennchment | No CEA(Class1) | No CEA (Class 2) SYrCEA 10 Yr CEA 15Yr CEA 203 r CEA
19 6 6 7 6 6 6
21 6 6 7 6 6 6
23 6 6 6 6 6 6
25 6 6 6 6 6 6
27 6 6 6 6 6 6
29 5 6 6 6 6 6
31 5 5 6 6 6 5
33 5 5 6 6 5 5
35 5 . 5 6 ] s 5
37 5 5 6 5 b )
Burnup 35 GWD/MTU Minimum Cool Time Ivl for
| Enrichment 1 NoCEA(Class1) | No CEA (Clase 2) SYrCEA 10Yr CEA 15YrCEA 20YrCFA
19 8 8 9 8 8 8
21 7 7 9 8 8 8
23 7 N 7 8 7 7 7
25 7 7 8 7 7 7
27 6 7 7 7 7 7
29 6 6 7 7 6 6
31 6 6 7 6 6 6
33 6 6 7 6 6 6
35 6 6 6 6 6 6
37 6 6 6 6 6 6
| Burnup 20 GIWD/MTU Mimmum Cool Tyme fv] for
Ennichment No CEA (Class 1) No CEA (Class 2) SYrCEA 10 Yr CEA 15YrCEA 20YrCEA
19 11 12 14 13 12 12
21 10 10 13 11 11 11
23 9 9 12 10 10 10
25 9 9 10 9 9 9
27 8 8 10 9 8 8
29 8 8 9 8 8 8
31 7 7 8 8 8 8
33 7 7 8 7 7 7
3s 7 7 8 7 7 7
17 7 7 7 7 7 7
| Burnup 4S GWIVMTU Minim Tim or
| Ennchment | No CEA (Class 1) No CEA (Class 2) SYrCEA 10 Yr CEA 15 Yr CEA 20Yr CEA
19 18 18 21 19 18 18
21 15 16 19 17 17 16
23 14 14 18 16 15 15
25 12 13 16 14 14 13
27 11 12 14 13 12 12
29 10 11 13 12 11 11
31 10 10 12 11 10 10
33 9 9 11 10 10 10
35 9 9 10 10 10 10
37 9 9 10 10 10 10
| ___Burnup 50 GAWYD/MTU Mimimum Cool Time Jy] for
| Enrichment | No CEA(Class 1) No CEA (Class 2) SYrCEA 10Yr CEA 15YrCEA 20YrCEA
19 27 27 29 27 27 27
21 24 24 27 25 24 24
23 22 22 25 23 22 22
25 19 19 23 21 20 20
27 17 17 21 19 18 18
29 15 16 19 18 18 18
31 15 15 18 17 17 17
33 15 15 17 17 17 17
35 14 14 15 15 15 15
37 14 14 15 15 15 15
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syster

648 Regulatory Compliance

The' licensing requirements for cr1t1ca11ty analyses are prov1ded in 10 CFR 71.55 and 10 CFR
71.59 for shipment of radloactwe material.

10 CFR 71.55 and 10 CFR 71.59 require that the fissile material package be subcritical under any
credible condition, e.g., optimum interior/exterior moderation and reflection and credible
configuration of the material. A criticality transport index is to be assigned to the fissile material
package. This transport index must be based on the number of packages (casks in this context)
remaining subcritical in an array configuration.

Additional requirements imposed include the reduction in poison plate '°B from 100 to 75
percent and water in the pellet-to-cladding gap.

6.4-24
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. Detorque )
3. Remove the E vent port coverplate from the hd E ’

ndremove the vent coverplate bols.

*’o—nng grooves -are protectﬁ‘fro

'af*the@-*rmgs and

ecessary.: Storethe coverplatekso)
mc1denta1*damage.t

e . ST AN RS BT pwae i Lol PH SIS e e e
Detorque E—j the cask lid bolts 5s1ng1he:rg_verse§6?ﬁ‘umg sequence:

5
6. Remove the bolts and store them in a temporary storage area. .
7. Cleanandvisually inspectbolts fordamager Replace any.damaged bolts!
8
9
1

Install the two cask lid alignment pins.
Install lifting hoist rings in the lid-lifting holes. ' Lo
0. Attach the lid-lifting device to the lid and an overhead crane.  -.© .
.Caution: Ensure that the o-rings and o-ring grooves in’the lid are-protected from any
incidental damage to the seal area in its temporary storage position. L
11. Remove the lid and store in a temporary storage area. .
12. Becontammate’fthe‘hd *and visually 1nspect the lid o-rings E% for damage and E 3 wear E;T

Note: “VisuallysInspecting-and’cleaning: 7of: boIts ‘cambe"performed*m ‘parallels
. Bpera honsperformedmihswproceduret C o e ey

sy e s

- N T it

EE Clean and vrsually inspect the threaded connectlons in the  top forgmo

et ' -

E Remove the two cask lid ahgnment pms B
E: Vrsually examme the 1ntema1 cav1ty to ensure that no damage has occurred dunng transit

e A

and E no forelgn materlals are present i
[[6. Record all inspection results |
ﬁ: Install the cask adapter ring to protect the W sealing surfaces E
E: 8. If a canister spaceris to be installed:., - ;v 3 .. ,oi N 4 . Lo
a) Attach the spacer lift flxture to the spacer ) _— o .
- b) . Using an‘m crane, lower the spacer into the cask cayity and remove the lift
, fixture. . S e e e e -

[: Install the transfer cask adapter plate gulde pms

»u!r

2 g 'R
E 0. Install the adapter plate on top of the cask e ey

EI Remove the adapter plate guide pms
R @ Install the transfer cask on the adapter plate. . - - BCPRCIE

713
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7.1.3 Loading Transportable Storage Canister E% into Universal Transport Cask

A transfer cask is used to load the Transportable Storage Canister g into the Universal Transport
Cask at the spent fuel building or at the ISFSI loading area. The assumptions underlying this

procedure are -

o The canister is seal welded vacuum dned and helium backfilled.
e The canister is located in a transfer cask. (The procedures for closing the canister
following'fuel loading, and for draining, sealing, drying, inerting, and leak testmo the
canister and installing hoist rings are provided in Section FZ3 of the TIMS:

e The Universal Transport Cask is positioned in the designated area in the spent fuel
building or at the ISFSI with the cask lid off.

The movement and operation of the transfer cask with a loaded canister prior to inserting the
canister into the Universal Transport Cask are part of in-plant operations and preparation for
storage. Steps for these operations are therefore not included in the following procedures.

e A el on thé:transfer caski
Lift the transfer cask and lower it on top of the adapter plate on the transport cask and

[CO T

engage the hydraulic cylinders with the doors.
3. Engage the transportable storage canister lifting sling’s master ring with the crane hook
and engage the individual sling hooks with their respective hoist rings located on the

structural lid of the transportable storage canister. [
4. Raise the canister enough to femovg the [0ad on the Transfer Cask doors and then open

the doors.

CAUTION: While lowermg the m in Step 5, be careful to avoid contact with the
niversal Transport Cask.

interior cavity wall of the

7.1-4
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5. Lower the camster 1nto the Universal Transport Cask .
7. ‘designat .
8. Remove the hoist rings from the top of the % structural lid and install threaded

plugs.
9. Attach the adapter plate lifting sling to the adapter plate.
10. Remove the four bolts attaching the adapter plate to the Universal Transport Cask.
11. Remove the adapter plate and store it in the designated location.
12. Remove the cask adapter ring and clean E sealing surface.

14. Install the cask lid alignment pins.

15. Attach the lid-lifting device to the lid and to the overhead crane.

16. Install the lid, using the alignment pins to assist in proper seating.

17. Install 10 cask lid bolts equally spaced and torque hand- tlght

18. Remove the lid alignment pins. -

19. Install the remaining cask lid bolts and torque all of the bolts to the value specified in
Table 1.

20. If prevrously removed re-mstall the dram port coverplate “

LA

condrtron
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7.2

The assumptions underlying this procedure are as follows: ..« ... ;- N

. The Containment boundary has been leak tested

i“ ‘;; 5‘\ i"‘-.,"
" ‘Preparing Umversal Transport Cask for Transport Followmg Loading . '

- LT ‘ P

. The Umversal Transport Cask has been loaded and decontarnmated

et

The procedures for preparing the cask for transport following 1oiadin“g ‘are as fo‘tlon;s, :i

10.

11.

- Engage the yoke with the primary (welded) lifting trunnions on the cask. . . -

Attach the cask lifting yoke to a crane hook With the appropriate load rating. i<

Note: Verify éngagément with primary trunnions [ prior to lifting. ' -
Lift and move the cask over the transport vehicle so that the rotation pockets are aligned
with the rear supports on the transport vehicle.

Load the cask onto the transport vehlcle by gently lowering the cask

Rotate the cask to the horlzontal position by moving the overhead crane in the direction
of the front support while keeping the crane cables vertically aligned over the lifting yoke.
Using a lifting sling, place the tiedown assembly over the cask upper forging between the
neutron shield top plate and the lifting trunnions.

Install the front tiedown pins and retaining pins to each side of the front support.

Install the lower impact limiter positioner.

Perform a contamination survey of the cask and document the results to ensure
compliance with 49 CFR 173.443 [3].

Using the designated lifting slings and a crane of appropriate capacity, install the upper
impact limiter.

Install and torque the impact limiter retaining rods g .

+7.2-1
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12.

13.
14.
15.

16.

17.

18.
19.

S 2 1O
— O

. Install padlocks on Ay personnel barrier Bccess porial.
. Perform a radiation survey of the cask and document the results to ensure compliance

Install and torque the impact limiter attachment nuts and the impact limiter jam nuts to
the torque values specified in Table @

Install the impact limiter lock wires.

Repeat Steps 10 throug
Install tamperl indicéting seals through holes provided in the upper impact limiter and one

| 13 for the lower impact limiter.

of the lifting trunnions. ) 7

Install tamper indicating seals through holes provided in the lower impact limiter and on
the shipping frame assembly.

Record the serial number of the seals in the cask-loading checklist.

Apply labels to the cask in accordance with 49 CFR 172.200 [6].

Install the personnel protection barrier and torque all attachment bolts to the torque values
specified in Table =] ‘ ’

with 49 CFR 173.441 [3].

. Perform a contamination survey of the transport vehicle and document results to ensure

compliance with 49 CFR 173.443 [3].

. Complete all shipping documentation in accordance with 49 CFR 172 Subchapter C [6].
. Apply placards to the transport vehicle in accordance with 49 CFR 172.500 [6].
. Provide special instruction for Exclusive Use Shipment to the carrier.

7.2-2
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8. Remove the threaded plugs and attach the lifting eyes in the cask lid.

9. Attach the lid-lifting device to the cask lid and to the overhead crane. -~ ", ..

10. Remove the cask lid and place the lid in a designated area. .; . ,

11. Ensure that the O-ring grooves in the lid are protected so that they w111 not be damaoed
‘ durmg handlmg \

l ,‘ 12. Decontaminate the 11d as necessary
13. Remove the two ahgnment pins.
14. Install the cask adapter nng to protect the sealrng surfaces of the cask
15. Install the adapter plate gurde pins! © - T
16. Install the transfer cask adapter plate to protect the seahng surfaces of the transport cask

1w

and to provide a seating surface for the Transfer Cask s - R
17. Install fhe Tour adapter plate bolts. f . * 7 -~ " " -
18. Install the transfer cask ahgnment pins in the adapter plate s

7.3.3 . Unloading Transportable Storaae Canister from Universal Transport Cask |

A transfer cask is used to unload the Transportable Storage Canister. The transfer cask could be
used to transfer the loaded canister to the spent fuel building for subsequent storage in the spent
fuel pool or to transfer it to another storage or disposal overpack. -Prior to beginning operation of
the transfer cask doors and the hydraulic system should be checked. The transfer cask retaining

ring should be installed. . N e

1. Remove threaded plugs from structural lid. e L e

2. Install the swivel hoist rings in the canister structural hd... . - ;o R
CAUTION: The structural 1id may be thermally hot.

3. Install the transport cask adapter ring to protect the sealing surfaces of the transport cask.

. Install the transfer cask adapter plate on the transport cask I & RO R g

Attach the canister lifting sling to the hoist rings in the structural lid. Posmon the sling so

AT o

that the free end of the sling can be engaged by the cask-handling crane hook
Attach the transfer cask lifting yoke to the'cask-handling”crane hook.

Engage the yoke to the lifting trunnions of the transfer cask.

Lift the transfer cask and move it above the Universal Transport Cask

© 0 =No

Loyver the transfer cask to engage the alignment pins of the transfer cask adapter plate.
10. Once the transfer cask is fully seated, remove the transfer cask lifting yoke and store it in
the designated location. )

:7.3°3
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11.
12.

13.

28.
29.

Install the transfer cask bottom door hydraulic operating system.

Open the transfer cask bottom doors.

Lower the cask-handling crane hook through the transfer cask and engage the canister
lifting sling. |

CAUTION: When raising the canister in Step 14, be careful to minimize any contact
between the canister and the cavity wall of the Universal Transport Cask and between the
canister and the cavity wall of the transfer cask.

. Raise the canister into the transfer cask just far enough to allow the transfer cask bottom

doors to close.

. Close the transfer cask bottom doors and install the door locking pins.

. Carefully lower the canister until it rests on the transfer cask bottom doors.

. Disengage the canister lifting sling from the crane hook.

. Retrieve the transfer cask lifting yoke and engage it with the transfer cask trunnions.

. Lift the transfer cask from the transport cask and move it to the designated location.

. @ Attach the adapter plate lifting fixture.

. Remove the four bolts securing the adapter plate to the Universal Transport Cask.

. Using the auxiliary crane, lift the adapter plate from the top of the cask and move the

adapter plate to the designated storage location.

. Remove cask adapter ring.

. Install the vent port coverplate over the vent port in the cask lid.

. Install/torque the coverplate bolts to the values specified in Table ZZ]).

. Install the cask lid alignment pins.

. With the lid-lifting device, install the cask lid by using the alignment pins to assist in

proper seating.

Remove the lid-lifting device, lid lift hoist rings, and the lid alignment pins.
Install the 11d bolts and torque them to the value spemﬁed in Table m

7.3-4
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8:1.2.2 Rotation Pocket L 0ad Testing - P

. P . . 1 . PR

There are two rotation pockets; located on opposite sides of .the bottom of the cask, f¥hich are
“simultaneously load tested | prior to'cask acceptance.”” The rotation pockets are designed and
‘analyzed to satisfy the more restrictive of 10 CFR 71:45(b) [1] or AAR Field Manual [8] 16ad
conditions for nuclear waste transport. ' The rotation pockets are not used to lift the cask at any
time. During intermodal transport, the loaded cask with the top and bottom impact limiters
attached, the cask is horizontally mounted on a tiedown structure/personnel barrier. The tiedown
structure is designed with four pick-up points specifically for moving the loaded cask. = 2.
S ) B S U S SIS B PLRN UL MRS S SI LD SLLETS

— < = “ N i 3 errean

e

The rotation pocket recesses at-the Jower end of the cask shall be load tested. The load test shall
be performed in'accordance with approved written procedures. - LA T

The load test for recesses shall consist of applying a vertical load of 390,000 b, + 5/-0 percent, to
the rotation pocket pair. The load will be applied in a vertical direction and equally distributed
‘between the two rotation trunnion’ recesses by the use of hydraulic rams combined with.a load
spreading beam. . e AR S A Y

N PR . [ .
P - ey [FISE

Following completion of the rotation pocket load test, all trunnion recess welds and load bearing
surfaces shall be visually inspected for permanent deformation, galling or cracking. Inspections
utilizing liquid penetrant examination shall be performed in accordance with the “ASME Boiler
and Pressure Vessel Code,” Section V; Article’6 [3]. Liquid penetrant acceptance standards shall
be as indicated in paragraph NF-5350 of the “ASME Boiler and Pressure Vessel Code,” Section
111, Division 1 [9]. '

. ‘ CL O T e LGty e T
Any’ evidence of permanent deformation, :cracking, ‘galling-of -the load _bearing ‘surfaces or
“unacceptable dye penetrant results shall'be cause for rejection of the rotation pocket recesses or
related welds:t -« .ovt o T w e Nwr ol e e e e L o, ey

v - 5 P .
LT T . PR P PR v W b e H e st P -
PRI [ N - LD e Ty Tl s n P A PR - ‘..,

8.1.2.3 . - Hvdrostatic Pressure Testing of e Containment Boundary: .~ . .+ i

e e pt IRty A SALOUNE 3 L) SALELTS IRAL AN SR VLN I P

The Universal Transport Cask primary containment boundary components, described in detail in
Section 4.1, include the bottom forging, inner shell, top forging, and cask lid. The cask
containment boundary is hydrostatically pressure tested to 125% of the design pressure in

:8.1-3
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accordance with ASME Boiler and pressure Vessel Code Section III, Paragraph NB-6220 [6].
This test is in lieu of the 10 CFR 71.85(b) requirement that the cask containment be tested at an
internal pressure at least 50% higher than the maximum normal operating pressure. The
transport cask containment is hydrostatic tested to 85 psig for a minimum of 30 minutes during
which time a visual inspection is conducted to detect any evidence of leakage. The containment

maximum normal operating pressure (MNOP) is calculated to be 23 psig FTat

Following the hydrostatic pressure test, all containment boundary components weld joints,
connections and regions of- high stress are visually examined to verify that no permanent
deformation or breach of the containment boundary resulted from the hydrostatic test. All
accessible containment boundary welds shall be liquid penetrant inspected for ASME Code
Section V, Article 6 [3], with acceptance per ASME Code Section III, NB-5350 [E].

N

8.1.2.4 Pneumatic Bubble Testing of the Neutron Shield Shell

A pneumatic bubble test of the neutron shield m will be performed in accordance with
Section V, Article 10, Appendix I, of the ASME [ Code following final closure welding of the
bottom closure plates. The bubblg test pressure shall be Bi(£17:0] psig Bl The test shall be

performed in accordance with approved written procedures.

During the test, the two relief valves on the neutron shield &nnuiug will be removed. One of the
relief valve threaded connections will be used for connection of the air pressure line and test
pressure gauge. The other relief valve connection will be plugged with a threaded plug.

Following introduction of pressurized air into the neutron shield,. a 15 minute minimum soak
time will be required. Following completion of the soak time, approved soap bubble solution
will be applied to all heat transfer fins to neutron shield shell, neutron shield shell to end
plate welds. The acceptance criteria for the bubble test will be no air leakage from any tested
weld as indicated by continuous bubbling of the solution. If air leakage is indicated, the weld
shall be repaired in accordance with approved weld repair procedures and the pneumatic bubble
test shall be repeated until no unacceptable air leakage is observed.

8.1-4



