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Chapter A.3
Thermal Evaluation

NOTE: References in this Chapter are shown as [1], [2], etc. and refer to the reference list in
Section A.3.5. ‘

This chapter presents the thermal evaluations which demonstrate that the MP197HB transport .
cask (TC) meets thermal requirements of 10 CFR 71 [6] for transportation of BWR and PWR
spent fuel assemblies (FA) within the following DSCs: 69BTH, 61BTH Type 1 and Type 2,
61BT, 37PTH, 32PTH, 32PTH Type 1, 32PTHI1 Type 1 and Type 2, 32PT, 24PTH-S, 24PTH-L,
24PTH-S-LC, 24PT4, 61BTHF, and 24PTHF.

The maximum heat load per DSC allowed for transportation in MP197HB TC varies for different

DSC types from 18.3 kW to 32 kW. The table below summarizes the maximum heat load per
DSC for transportation in comparison with maximums allowed for storage.

Maximum Heat Load per DSC

. Max. Heat Load | Max. Heat Load
DSC type for Transport for Storage
(kW) (kW)
26.0 N/A
69BTH 29.2 N/A
32.0 N/A
61BTH Type 1 22.0 22.0 [3]
61BTH Type 2 24.0 31.2[3]
61BT 18.3 18.3 [1]
37PTH ' 22.0 N/A
32PTH /32PTH Type 1 26.0° 34.8 [4]
32PTHI1 Type 1 26.0 40.8 [3]
32PTH1 Type 2 24.0 31.2[3]
32PT 24.0 24.0[1]
24PTH-S or -L (w/ Al inserts) 26.0 40.8 [1]
24PTH-S or —-L (w/o Al inserts) 26.0 31.2[1]
24PTH-S-LC 24.0 . 240[1]
24PT4 24.0 24.0 [2]

For all DSC types, this evaluation demonstrates that DSC component temperatures are within
material temperature limits and fuel cladding temperatures meet the thermal requirements of
ISG-11 [7].

A3l Description of Thermal Design Criteria

The MP197HB TC is designed to passively reject decay heat under Normal Conditions of
Transport (NCT) and Hypothetical Accident Conditions (HAC) while maintaining packaging
temperatures and pressures within specified limits. Objectives of the thermal analyses performed
for this evaluation include:

NUHO09.0101 A3-1
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a)

b)
c)

d)

Determination of maximum component temperatures with respect to cask materials limits
to ensure components perform their intended safety functions,

Determination of temperature distributions to support the calculation of thermal stresses,

Determination of the TC cavity gas temperature to support containment pressure
calculations, and

Determination of the maximum fuel cladding temperature.

Chapter A.1 presents the principal design bases for the MP197HB TC.

Several thermal design criteria are established for the MP197HB TC to ensure that the package
meets all its functional and safety requirements. These are:

Maximum fuel cladding temperature limits of 752°F (400°C) for NCT and 1,058°F
(570°C) for HAC are considered for the fuel assemblies with an inert cover gas as -
concluded in ISG-11 [7].

Containment of radioactive material and gases is a major design requirement. Seal
temperatures must be maintained within specified limits to satisfy the leak tight
containment requirement. A maximum temperature limit of 400°F (204°C) is considered
for the Fluorocarbon seals (Viton O-rings) in the containment vessel ([18] and [19]) for
NCT and HAC. The maximum operating temperatures for the metallic seals in the ram
plate and test/drain port seals are 644 %F (340C) [52] and 1100 °F (593 C) [53],
respectively. A maximum seal temperature of 644 °F (340 °C) is considered for all
metallic seals for thermal evaluation for NCT and HAC.

To maintain the stability of the neutron shield resin, a maximum allowable temperature of
320°F (160°C) is considered for the neutron shield [17] for NCT.

Based on [25], the onset of polypropylene thermal degradation associated with weight
loss starts at 230°C to 250°C (446°F to 482°F). Although the breakdown of the polymer
leading to volatile products begins above 300°C (572°F), no significant weight loss
occurs below 350°C (662°F). A temperature limit of 445°F (229°C) is considered
conservatively for polypropylene to prevent thermal degradation of resin in trunmon

plugs.

To prevent melting of the gamma shield (lead) under NCT, an allowable maximum

temperature of 621°F (327.5°C — melting point of lead) is considered for the gamma
shield [5].

A temperature limit of 320°F (160°C) is considered for wood to prevent excessive
reduction in structural properties at elevated temperatures [20].

In accordance with 10 CFR 71.43(g) [6] the maximum temperature of the accessible
packaging surfaces in the shade is limited to 185°F (85°C).

NUH09.0101 A.3-2
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‘ The NCT ambient temperature range is —20°F to 100°F (-29°C to 38°C) per 10 CFR 71.71(b) [6].
In general, all the thermal criteria are associated with maximum temperature limits and not
minimum temperatures. All materials can be subjected to the minimum environment temperature
of -40°F (-40°C) without adverse effects as required by 10 CFR 71.71 (c)(2) [6].

Thermal performance of MP197HB TC is evaluated based on finite element analyses using
ANSYS computer code [27].

The following thermal design criteria are established for 69BTH and 37PTH DSCs to satisfy the
functional and safety requirements.

e Maximum fuel cladding temperature limits of 752°F (400°C) for NCT and 1,058°F
(570°C) for HAC are considered for the fuel assemblies with an inert cover gas as
concluded in ISG-11 [7].

e Based on ISG-11 [7], the fuel cladding temperature is limited to 400°C (752°F) for short
term operation such as vacuum drying.

e The maximum DSC cavity internal design pressures are summarized below:

Operating condition 69BTH DSC 37PTH DSC
Normal Conditions of Transport (NCT) . .
(3% rods ruptured) 15 psig 15 psig
.| Hypothetical Accident Conditions (HAC) . .
: . (100% rods ruptured) 140 psig 140 psig

The thermal performance of 69BTH and 37PTH DSCs is evaluated based on finite element
analyses using ANSYS computer code [27].

A.3.1.1  Design Features

A3.1.1.1 MPI97THB TC

The MP197HB transport cask includes optional features such as an aluminum internal sleeve to
accommodate DSC types with outer diameters smaller than 69.75” and an aluminum shell with
external circular fins. The external circular fins are used for heat loads greater than 26 kW. The
TC design features for different DSC types considered for transportation in MP197HB TC are
listed in the table below

NUH09.0101 A3-3
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Max. DSC Heat Load
DSC OD TC TC for Transport

DSC Type (in.) Sleeve External Fins (kW)
~ No 26.0

-69BTH 69.75 | No Yes 29.2
Yes 32.0
61BTH Type 1 67.25 Yes No 22.0
61BTH Type 2" 67.25 Yes No 24.0
61BT 67.25 Yes No 18.3
37PTH 69.75 No No 22.0
32PTH/32PTH Type 1 69.75 No No 26.0
32PTHI1 Type 1 69.75 No No 26.0
32PTHI Type 2 69.75 No No 24.0
32PT 67.19 Yes No - 24.0
24PTH-S or -L (w/ Al mserts)(') 67.19 Yes No 26.0
24PTH-S or —L (w/o Al inserts)” 67.19 Yes No 26.0

24PTH-S-LC ¥ 67.19° | Yes No 2409
24PT4 67.19 Yes No 24.0

Notes:

) 61BTHF and 24PTHF DSCs have the same dimensions and use the same MP197HB features as DSC types

61BTH and 24PTH, respectively.
@ The 24PTH-S-LC DSC is allowed for 24 kW heat load. The analyis assumes a heat load of 26 kW for

conservatism.

The MP197HB TC consists of multiple shells which conduct the decay heat to the cask outer |
surface. The other thermal design feature of the cask is the conduction path created by the
aluminum boxes that contain the neutron shielding material as described in Chapter A.S. The
neutron shielding material is provided by a resin compound cast into long slender aluminum

boxes placed around the gamma shield shell and enclosed within a steel shell (shield shell). The
aluminum boxes are designed to fit tightly against the steel shell surfaces, thus i 1mpr0v1ng the

heat transfer across the neutron shield. ‘

Heat dissipates from the packaging outer surfaces via natural convection and radiation. The outer
surface of the shield shell is painted white to enhance the thermal radiation exchange with

ambient.

The design of the steel-encased wood impact limiters is described in Chapter A.1, Section A.1.2.
These components are included in the thermal analysis because of their contribution as a thermal
insulator. The impact limiters provide protection to the lid and bottom regions from the external

heat input due to fire during the HAC thermal event.

A personnel barrier prevents access to the outer surfaces of the cask body. The barrier, which
consists of a stainless steel mesh attached to stainless steel tubing, encloses the cask body
between the impact limiters, and have an open area fraction of approximately 80%.

The gaps considered in the thermal model of MP197HB TC are described in Section A.3.3.1.1.

NUH09.0101
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A3.1.1.2 69BTHDSC

" The 69BTH DSC desngn is similar to the 61BTH DSC design documented in Appendix T,
associated with Amendment 10 to Part 72 CoC 1004 for the Standardized NUHOMS® System
[3], with the maximum decay heat load per canister of 32.0 kW for off-site transportation. The
69BTH DSC consists of a shell assembly, which provides confinement and shielding, and an
internal basket assembly which locates and supports the fuel assemblies.

The basket structure consists of 9 and 6 compartment fuel cell subassemblies held in place by
basket rails in combination with a holddown ring. The compartment subassemblies are held
together by welded stainless plates wrapped around the fuel compartments, which also retain the
aluminum and/or neutron absorbing plates sandwiched between the fuel compartments. The
aluminum and neutron absorbing plates provide the necessary criticality control and heat
conduction paths from the fuel cells to the perimeter of subassemblies. The aluminum plates
retained between the subassemblies provide the heat conduction paths from the subassemblies to
the perimeter of the basket. The space between the fuel compartments assembly and the DSC
shell is bridged by solid aluminum transition rails.

No convection heat transfer is considered within the basket for conservatism. Radiation heat
transfer is considered implicitly between the fuel rods and the fuel compartment in calculation of
transverse effective fuel conductivity. No other radiation heat transfer is considered within the
69BTH DSC models.

The decay heat from the canister is carried to the inner shell of the MP197HB cask via
conduction, convection, and radiation. Convection heat transfer in the annulus between the DSC
outer shell and the cask inner shell is not considered in the thermal evaluation for conservatism.

A3.1.13 37PTHDSC

The 37PTH DSC design is similar to the 32PT DSC design documented in [1], Appendix M with
a maximum decay heat load per canister of 22.0 kW for off-site transportation. The 37PTH DSC
consists of a shell assembly, which provides confinement and shielding, and an internal basket
assembly which locates and supports the fuel assemblies.

The basket is an assembly of welded stainless steel plates that make up a grid for 37 fuel
compartments. Each fuel compartment accommodates aluminum and/or neutron absorbing plates
that provide the necessary criticality control and heat conduction paths from the fuel assemblies
to the basket grid. The space between the fuel compartments grid assembly and the perimeter of
the DSC shell is bridged by solid aluminum transition rails.

There are two 37PTH canister types: A short canister type designated as the 37PTH-S and a
medium canister type designated as the 37PTH-M. Use of spacers may be required to
accommodate short fuel assemblies.

No convection heat transfer is considered within the basket for conservatism. Radiation heat
transfer is considered implicitly between the fuel rods and-the fuel compartment in calculation of
transverse effective fuel conductivity. No other radiation heat transfer is considered within the
37PTH DSC models.
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The decay heat from the canister is carried to the inner shell of the MP197HB cask via
conduction, convection, and radiation. Convection heat transfer in the annulus between the DSC
outer shell and the cask inner shell is not considered in the thermal evaluation for conservatism.

A3.1.1.4  Other DSC Types

The design features of DSC types 61BT, 32PT, and 24PTH are described in [1], Appendices K,
M, and P, respectively. The design features of 24PT4 DSC are described in [2], Appendix A. The
design features of DSC types 61BTH and 32PTH! are described in Appendices T and U,
respectlvely, associated with Amendment 10 to Part 72 CoC 1004 for the Standardized
NUHOMS® System [3]. The design features of 32PTH and 32PTH Type 1 DSCs are described
in [4].

(
A.3.1.2  Content’s Decay Heat

The thermal analysis for MP197HB TC loaded with existing DSCs currently qualified for
storage along with 69BTH and 37PTH DSCs is based on a range of maximum total heat load of
18.3 kW to 32 kW per DSC.

The maximum decay heat loads of 26.0, 29.2, and 32.0 kW are considered for transport of
69BTH DSC in combination with various design features of MP197HB TC listed in Section
A3.1.1.1.

The maximum decay heat loads for transport of DSC types 61BTH Type 1, 61BT, 32PT, and
24PT4 are equal to the maximum heat loads for storage conditions i.e., 22.0 kW, 18.3 kW, 24.0
kW, and 24.0 kW, respectively as shown in Section A.3.1.1.1 based on [3], [1], and [2].

The maximum decay heat load for transport of DSC types 32PTH, 32PTH Type 1, 32PTHI Type
1, 24PTH-S, and 24PTH-L are considered equal to 26.0 kW.

The maximum decay heat load for 24PTH-S-LC is 24 kW [1]. Therefore, the results of 24PTH-S
or -L (without aluminum inserts) DSC shell temperatures with 26 kW heat load is bounding for
use with the 24PTH-S-LC DSC with 24 kW heat load.

The maximum decay heat load for transport of DSC types 61BTH Type 2 and 32PTH1 Type 2
are considered equal to 24.0 kW in order to maintain the maximum DSC shell temperature below
the values reported for normal transfer conditions in Appendix T.4 and Appendix U.4 of the
SAR associated with Amendment 10 to Part 72 CoC 1004 for the Standardized NUHOMS® -
System [3].

The maximum decay heat load for 37PTH DSC is equal to 22.0 kW for transport operatiohs.

61BTHF and 24PTHF DSCs contain failed fuel and have lower heat loads than 61BTH and
24PTH DSCs, respectively. Nevertheless, it is considered in the thermal analysis that the heat
loads for 61BTHF and 24PTHF DSCs are the same. as those for 61BTH and 24PTH DSCs,
respectively. -
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The MP197HB TC is designed to transport a payload of up to 56.0 tons of dry irradiated and/or
contaminated non-fuel bearing solid materials in secondary containers. The decay heat load of

the radioactive material is limited to 5 kW, which is well below the heat loads specified for the
cask loaded with DSCs. :

The permitted heat load zoning configurations (HLZC) for all DSCs are listed in Chapter A.1,
Appendix 1.4.1 through Appendix 1.4.9. These design basis HLZCs are symmetrical and show
maximum allowable heat load per FA and per DSC, which result in bounding maximum fuel
cladding and DSC component temperatures. Possible asymmetry in HLZC (within specified FA
and DSC limits) means reduction of heat load in a particular FA resulting in reductlon 'of local
and maximum temperatures of fuel cladding and DSC components.

A peaking factor is considered along the active fuel length for calculation of the decay heat
profile of the fuel assemblies as described in Section A.3.3.1.4 and Section A.3.3.1.6 for 69BTH
and 37PTH DSCs, respectively.

Proprietary information withheld pursuant to 10 CFR 2.390

A description of the detailed analyses of MP197HB TC, 69BTH and 37PTH DSCs for NCT and
HAC is provided in Section A.3.3 and Section A.3.4, respectively. These analyses demonstrate

that the maximum temperatures and pressures for other DSC types under transport conditions of
"~ 10 CFR 71 are bounded by the evaluations provided in [1], [2] [3], and [4] under
storage/transfer conditions of 10 CFR 72.

Summaries of the maximum temperatures and pressures are provided in Section A.3.1.3 and
Section A.3.1.4, respectively. The thermal evaluation concludes that for the maximum heat loads
listed in Section A.3.1.1.1 all design criteria listed in Section A.3.1 are satisfied.

A3.1.3  Summary Tables of Temperatures

The maximum and minimum MP197HB TC and DSC component temperatures for NCT are

summarized in Table A.3-11. The component temperatures remain within the allowable range
for NCT. '

The maximum MP197HB TC and DSC component temperatures for cold conditions at -20°F and
-40°F ambient without insolance are presented in Table A.3-12 and Table A.3-13. These
temperatures are used for the structural evaluation of 69BTH and 37PTH DSCs.
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. The maximum accessible surface temperatures under shade are 121°F and 152°F for impact
limiter shell and personnel barrier as calculated in Section A.3.3.1.2.

The maximum transient temperatures of the MP197HB TC and DSC components and the time at
which they occur are summarized in Table A.3-19 for HAC. The resins and wood are assumed
to be decomposed or charred after fire accident. Therefore, the maximum temperatures for these
components are irrelevant for HAC. The maximum fuel cladding, gamma shield and seal

© temperatures remain below the allowable limits and ensure the mtegrlty of the fuel cladding and
the containment boundary for HAC.

A3.1.4  Summary Tables of Maximum Pressures

The maximum internal pressures inside MP197HB TC cavity are calculated in Section A.3.3.3
for NCT and Section A.3.4.3 for HAC. The maximum internal pressures of the MP197HB TC
cavity are summarized in Table A.3-20. The maximum pressures inside canister cavities of
69BTH and 37PTH DSCs are listed in Table A.3-22. The maximum internal pressures for all
DSCs proposed for transport in MP197HB TC are summarized in Table A.3-23. These pressures
remain below the design pressures for NCT and HAC considered for the structural evaluation.

A3.2 Material Properties and Component Specifications
A3.2.1 Material Properties

The following'tables provide the thermal properties of materials used in the analysis of the
‘ MP197HB TC with DSCs. Each table is valid for all the models unless it is specifically noted in
the title of the table.

1. Bounding PWR Fuel Assembly for 37PTH DSC

- Calculation of the effective properties for homogenized PWR fuel assemblies in a 37PTH DSC
are discussed in Section A.3.6.5.1. The bounding effective properties for PWR fuel assemblies in
37PTH DSC are listed below.

Homogenized PWR Fuel Assemblies in Four Corner Fuel Compartments in 37PTH DSC

Transverse Axial
Temp Conductivity Temp Conductivity Temp Specific Heat Density
C°F) (Btu/hr-in-°F) (°F) (Btu/hr-in-°F) (°F) (Btw/lbm-°F) | (Ibm/in®)
178 0.0168 200 0.0456 80 0.05924
267 0.0195 300 0.0481 260 0.06538
357 0.0230 400 0.0506 692 0.07255
448 0.0273 500 0.0527 1502 0.07779 0.1114
541 0.0323 600 : 0.0548
635 0.0380 800 0.0594
730 0.0444
826 0.0513
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Homogenized PWR Fuel Assemblies in Other Fuel Compartments in 37PTH DSC

Conductivity |are the same as those for corner fuel

Bounding effective specific heat and density

Transverse Axial
Temp Conductivity Temp

(°F) (Btu/hr-in-°F) _(°F) (Btu/hr-in-°F) |assemblies.
138 0.0174 200 0.0454
233 0.0199 300 0.0478
328 0.0238 400 0.0503
423 0.0285 500 0.0524
519 0.0340 600 0.0545
616 0.0403 800 0.0591
714 0.0473
812 0.0552

Note:

M Only 95% of the axial effective conductivity calculated in [1, Appendix M, Section M.4.8] for 32PT DSC is
considered in the 37PTH DSC model for conservatism.

2. Bounding BWR Fuel Assembly for 69BTH DSC

Calculation of the effective properties for homogenized BWR fuel assemblies in 69BTH DSC
are discussed in Section A.3.6.5.2. The bounding effective properties for BWR fuel assemblies in
69BTH DSC are listed below.

Homogenized BWR Fuel Assemblies in 69BTH DSC

Temperature k, Transverse k, Axial P C,

(°F) (Btu/hr-in-°F) (Btu/hr-in-°F) . (Iby/in®) (Btu/1b,-°F)

200 - 0.0157 '

300 0.0181

400 0.0211

500 0.0246 0.0402 0.103 0.0575

600 0.0285

700 0.0328

800 0.0375

3. SA-240, Type 304 Stainless Steel [10]
Temperature (°F) k (Btu/hr-in-°F) p (Ibm/in) C, (Btu/lb,-°F)
70 0.717 0.116
100 0.725 0.117
200 0.775 0.122
300 0.817 0.125
400 0.867 0.129
500 0.908 0.284 0.131
600 0.942 0.133
700 0.983 0.135
800 1.025 0.136
900 1.058 0.137
1000 1.092 0.138
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4.

SA-240 Type 316 [2, Section 4.2.c]

p (Ibm/in’)

Temperature (°F) k (Btu/hr-in-°F) C, (Btu/lb,-°F)

70 0.642 0.117

100 0.658 0.118

200 0.700 0.121

300 0.750 0.126

400 0.792 0.126

500 0.833 0.285 0.130

600 0.875 0.132

700 0.917 0.134

800 0.958 0.135

900 1.000 0.137

1000 1.033 0.137

SA-182-F6NM [10]

Temperature (°F) k (Btu/hr-in-°F) p (Ibm/in®) C; (Btu/lb,-°F)

70 1.183 : 0.105

100 _1.183 0.107

200 1.192 0.112

300 1.200 0.117

400 1.208 0.122

500 1.208 0.284 0.128

600 1.217 0.135

700 1.217 0.142

800 1.225 0.150

900 1.225 0.157

1000 1.225 0.166

SA-516-70 or A36 [10]

Temperature (°F) k (Btu/hr-in-°F) p (Ibm/in’) C, (Btu/lb,-°F)

70 2.275 0.105

100 2.300 0.108

200 2317 0.116

300 2.275 0.122

400 2.208 0.127

500 2.142 0.284 0.131

600 2.075 0.136

700 2.008 0.142

800 1.933 0.148

900 1.858 0.156

1000 1.758 0.163

1
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7. SA-203, Gr. E or SA-350-LF3 [10]

Temperature (°F) k (Btu/hr-in-°F) p (Ibm/in®) C, (Btu/lb,-°F)
70 1.975 0.105
100 1.967 0.107

-200 1.958 0.113
300 1.950 0.119
400 1.925 0.124
500 : 1.892 0.284 0.130
600 1.850 0.135
700 1.800 0.140
800 1.750 0.147
900 1.692 0.154
1000 1.642 0.163

8. Aluminum, Type 1100 [10]

Temperature (°F) k (Btu/hr-in-°F) p (lbm/ins) C, (Btu/1b,-°F)
70 ) 11.092 . 0.214
100 10.983 0.216
150 10.833 0.219
200 10.708 0.222
250 10.608 0.098 0.224
300 10.517 0.227
350 10.442 0.229
400 10.375 0.232

Note: Q) The input files of the ANSYS models for the baskets contain a thermal conductivity of 11.150
Btu/hr-in-°F (133.8 Btuw/hr-ft-°F) instead of 10.983 Btu/hr-in-°F. Since this value is used only at
100°F and since the basket temperature is over 150°F for all analyzed cases, this value does not

affect the results in this SAR.

-9, Aluminum, Type 6063 [10]

Temperature (°F) k (Btu/hr-in-°F) p (lbm/in3) C, (Btw/1b,-°F)
70 10.067 0.213
100 10.025 0.215
150 (9975 0.218
200 9.917 0.221
250 9.875 . 0.098 0.223
300 9.842 0.226
350 9.833 0.228
400 9.800 0.230
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10.  Aluminum, Type 6061 [10]

Temperature (°F) k (Btu/hr-in-°F) p (lbm/in") C, (Btu/lb,-°F)
70 8.008 0.213
100 8.075 0.215
150 8.167 0.218
200 8.250 0.221
250 8.317 0078 0.223
300 8.383 0.226
350 8.442 0.228
400 8.492 0.230
11. Gamma Shield, ASTM B29 Lead [24]
Temperature (°F) k (Btu/hr-in-°F) p (lbm/in"’) C, (Btu/lb,-°F)
-100 1.767 0.413 0.030
-10 1.733 0411 0.030
80 1.700 0.409 0.031
260 1.637 0.406 0.032
440 1.579 0.402 0.033
620 1.512 0.398 0.034
12.  Neutron Shield Resin (Vyal B) [17]
Temperature (°F) k (Btu/hr-in-°F) p (Ib,/in®) C, (Btu/lb,,-°F)
104 0.256
140 0.260
176 0.039 0.06 0.282
212 0.301
284 0.358
320 0.380
13.  Trunnion Plug Resin (Polypropylene) [5]
Temperature (°F) k (Btu/hr-in-°F) p (Ib,/in*) C, (Btu/lb,-°F)
All temperatures 0.0067 0.032 0.46
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14.  Wood [20]

Minimum conductivity, ki, =
SAR, Section 3.2, Item 8

0.0019 Btu/hr-in-°F for NCT and cool-down period, see MP197

Maximum conductivity, K. =

0.0378 Btu/hr-in-°F during fire period, see MP197 SAR, Section

3.2, Item 8 .
Temperature (°F) p (Ib,/in®) C, (Btu/lb,-°F)
100 0.007 ' 0312
200 0.006 0.363
300 0.005 0.414
400 0.005 0.466
500 0.004 0517
600 0.004 0.568
Note: (¥ The wood density is calculated based on thermal diffusivity using & = c with
PCp

o = 0.00025 in2/s (0.9 in%/hr) based on Wood Handbook [20],
k = conductivity =0.0019 (Btu/hr-in-°F),
p = density (Ibm/in’), and

¢p = specific heat (Btu/lbm-°F).

15. Helium [21]

Temperature (K) k (W/m-K) Temperature (°F) k (Btu/hr-in-°F)
300 0.1499 80 0.0072
400 0.1795 260 0.0086
500 0.2115 440 0.0102
600 0.2466 620 0.0119
800 0.3073 980 0.0148
1000 0.3622 1340 0.0174
1050 0.3757 1430 0.0181

The above data are calculated base on the following polynomial function from [21]

k:zci T:

for conductivity in(W/m-K) and T in (K)

For 300 < T < 500 K for 500< T < 1050 K
Co0 -7.761491E-03 Co -9.0656E-02

Cl1 8.66192033E-04 Cl 9.37593087E-04
2 -1.5559338E-06 C2 -9.13347535E-07
C3 1.40150565E-09 C3 5.55037072E-10
C4 0.0E+00 C4 -1.26457196E-13

No density or specific heat is considered for helium for conservatism.

'NUHO05.0101
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16. Air[21]
Temperature (K) k (W/m-K) Temperature (°F) k (Btu/hr-in-°F)
250 0.02228 _-10 0.0011
300 0.02607 80 0.0013
400 0.03304 260 0.0016
500 0.03948 440 0.0019
600- 0.04557 620 0.0022
800 0.05698 980 0.0027
1000 0.06721 1340 0.0032

The above data are calculated base on the following polynomial function from [21]

k= z Ci T, for conductivity in(W/m-K) and T in (K)
For 250 < T <1050 K
CO0 -2.2765010E-03
Cl 1.2598485E-04
C2 -1.4815235E-07
3 1.7355064E-10
.C4 -1.0666570E-13
C5 2.4766304E-17

No density or specific heat is considered for air in the thermal models for conservatism. Specific
heat, viscosity, density and Prandtl number of air are used to calculate heat transfer coefficients

described in Section A.3.3.1.1 based on the following data from [21].

c,=>.A T, forspecific heat in (kI/kg-K) and T in (K)

For250<T<1050K

A0 0.103409E+1
Al -0.2848870E-3
A2 0.7816818E-6 .
A3 -0.4970786E-9
Ad 0.1077024E-12

M= Z B,- T. for viscosity (N-/m*)x10° and T in (K)

For 250 < T <600 K For 600 < T <1050K
B0 -9.8601E-1 B0 4.8856745
Bl 9.080125E-2 Bl 5.43232E-2
B2 -1.17635575E-4 B2 -2.4261775E-5
B3 1.2349703E-7 B3 7.9306E-9
B4 -5.7971299E-11 B4 -1.10398E-12

p=PIRT

Pr=c, u/k Prandtl number

for density (kg/m’) with P=101.3 kPa; R = 0.287040 kJ/kg-K; T = air temp in (K)

NUH09.0101

A3-14




MP197 Transportation Packaging Safety Analysis Report

Rev. 12,02/12

17. Effective Conductivity for Paired Aluminum and Boral in 69BTH DSC
(See Section A.3.3.1.5 for calculation of effective properties)

Conductivity of Boral Core Material

Temp kW ke 900 -
CF) (Btwhr-in-F) (Btw/hr-in-°F)
100 4.136 3.723
500 3.698 3.328

modeled

teore = 0.16” Boral core thickness
ta = 0.09” Aluminum thickness

ot = 0.25” total thickness for paired Al/Poison
tmodel = 0.217 total thickness for paired Al/Poison as

tiotar = 0.375” total thickness for paired Al/Poison
tmodel = 0.375” total thickness for paired Al/Poison as

modeled

teore = 0.16” Boral core thickness
ta = 0.215” Aluminum thickness

Temp ka [10] Keore Keffacross Temp | ku[10] keore Keff across
°F) (Btwhr-in-°F) | (Btwhr-in-°F) | (Btwhr-in-°F) °F) (Btwhr-in-F) | (Btwhr-in-°F) (Btw/hr-in-°F)
70 11.092 3.752 1.137 70 11.092 3.752 6.046
100 10.983 @ 3.723 4.104 9 100 10.983 @ 3.723 5.995 @
200 10.708 3.624 3.996 200 10.708 3.624 5.839
300 10.517 3.525 3.893 300 10.517 3.525 5.697
400 10.375 3.427 3.793 400 10.375 3.427 5.563
650 10.042 @ 3.180 3.543 650 10.042? 3.180 5.229

Temp ka{10] Keore Keff alons Temp ka [10] Koore ™ Keff alons
(°F) (Btwhr-in-°F) | (Btwhr-in-°F) | (Btwhr-in-°F) (°F) (Btu/hr-in-°F) | (Btwhr-in-°F) (Btu/hr-in-°F)
70 © O 11.092 3.752 7.612 70 11.092 3.752 7.960
100 10.983 ¥ 3.723 7.543 @ 100 10.983 @ 3.723 7.885 9
200 10.708 3.624 7.350 200 10.708 3.624 7.686
300 10.517 3.525 7.193 300 10.517 3.525 7.534
400 10.375 3.427 7.057 400 10.375 3.427 7.410
650 10.042 @ 3.180 - 6.727 650 10.042 @ 3.180 7.114

Notes:

@ Taken from data in [26]

@ Extrapolated from data in [10]

©) Inter- and extrapolated from data of 90% Boral core conductivity
“ A conductivity value of 11.150 Btw/hr-in-°F is used instead of 10.983 Btu/hr-in-°F for ky, at 100°F. This increases

the effective conductivity by approximately 1% for paired aluminum and Boral plates in the ANSYS model.
Since the calculated basket temperature is over 100°F for all analyzed cases, use of this higher value does not
_ affect the results in this SAR. '
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- 18.  Effective Conductivity for Paired Aluminum and MMC in 69BTH DSC
(See Section A.3.3.1.5 for calculation of effective properties)

o = 0.25” total thickness for paired Al/Poison tiora = 0.375” total thickness for paired Al/Poison
tmodet = 0.217 total thickness for paired Al/Poison as tmodet = 0.375” total thickness for paired Al/Poison as
modeled modeled
toore = 0.175” MMC thickness teore = 0.175” MMC thickness
ta = 0.075” Aluminum thickness ta = 0.200” Aluminum thickness
Temp kai [10] kMMC(I) Kefacross Temp kai [10] kMMC(]) Kt across
(°F) (Btuw/hr-in-°F) (Btwhr-in-°F) (Btuw/hr-in-°F) (°F) (Btwhr-in-°F) (Btu/hr-in-°F) (Btwhr-in-°F)
70 11.092 5.78 5.673 70 11.092 5.78 7.766
100 10.983 5.78 5.663 100 10.983 5.78 7.737
200 10.708 5.78 5.636 200 10.708 5.78 7.664
300 10.517 5.78 5.617 300 10.517 5.78 7.611
400 10.375 5.78 5.602 400 10.375 5.78 7.571
650 10.042 @ 5.78 5.567 650 10.042 @ 5.78 7.474
Temp ka [10] kMMC(l) Ketratong Temp ka [10] kMMC(]) Kerr along
°F) (Btwhr-in°F) | (Btwhr-in-°F) | (Btuwhr-in-°F) (°F) (Btwhr-in-°F) | (Btwhr-in-°F) (Btwhr-in-°F)
70 11.092 5.78 8.781 70 11.092 5.78 8.615
100 10.983 5.78 8.743 100 10.983 5.78 8.557
200 10.708 5.78 8.644 200 10.708 5.78 8.410
300 10.517 578 8.576 300 10.517 5.78 8.308
400 10.375 5.78 8.525 400 10.375 5.78 8.233
650 10.042 @ 5.78 8.406 650 10.042 @ 5.78 8.055
Notes: '
O The lowest conductivity is taken from data in [3)
@ Extrapolated from data in [10]
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19. Effective Conductivity for Paired Aluminum and Borated Aluminum in 69BTH DSC
(See Section A.3.3.1.5 for calculation of effective properties)

tioras = 0.25” total thickness for paired Al/Poison tiorat = 0.375” total thickness for paired Al/Poison

tmodes = 0.217 total thickness for paired Al/Poison as modeled | ty04e = 0.375” total thickness for paired Al/Poison as modeled

teore = 0.175” Borated Aluminum thickness teore = 0.175” Borated Aluminum thickness

ta = 0.075” Aluminum thickness ta = 0.200” Aluminum thickness

Temp kai [10] kpa @ Keff across Temp kai[10] kg Keffacross
(°F) (Btw/hr-in-°F) | (Btu/hr-in-°F) | Btw/hr-in-°F) | (°F) (Btwhr-in-°F) | (Btu/hr-in-°F) (Btu/hr-in-°F)
70 11.092 7.39 6.896 70 11.092 7.39 8.988
100 10.983 @ 7.50 6.962 @ 100 10.983 @ 7.50 9.027 @
200 10.708 7.88 7.185 200 10.708 7.88 9.169
300 10.517 8.18 7.365 300 10.517 8.18 9.282
400 10.375 8.48 7.537 400 10.375 8.48 9.396
650 10.042 @ 9.15 7.895 650 10.042 @ 9.15 9.604
Temp kar[10] kpa Ketratone Temp ka {10] kpa " Kefr atone
CF) | (Btwhr-in°F) | (Btuhr-in°F) | Btwhr-in°F) | (°F) | Btwhr-in-°F) | (Btwhr-in-°F) | (Btwhr-in-°F)
70 11.092 7.39 10.118 70 11.092 7.39 9.363
100 10.983 @ 7.50 10.173 @ 100 10.983 @ 7.50 9.358 ¥
200 10.708 7.88 10.387 200 10.708 7.88 9.386
300 10.517 8.18 10.576 300 10.517 8.18 9.428
400 10.375 8.48 -+ 10.773 400 10.375 8.48 9.491
650 10.042 @ 9.15 11.210 650 10.042 @ 9.15 9.625
Notes: -

O Inter- and extrapolated from data in [3]
@ Extrapolated from data in [10)
® A conductivity value of 11.150 Btu/hr-in-°F is used instead of 10.983 Btu/hr-in-°F for ky, at 100°F. This increases
the effective conductivity by approximately 1% for paired aluminum and Boral plates in the ANSYS model.
Since the calculated basket temperature is over 100°F for all analyzed cases, use of this higher value does not
affect the results in this SAR
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20. Effective Conductivity for Dummy Aluminum Assemblies in 69BTH DSC

(See Section A.3.3.1.5 for calculation of effective properties)

Agummy = 5.875 in

toap = 0.0625 in

Weomp = 6 in

Temp kaisost [10] Temp Kee @ Temp Kie
°F) (Btwhr-in-°F) °F) (Btwhr-in-°F) (°F) (Btwhr-in-°F)
70 8.008 -10 0.0064 70 0.0071
100 8.075 80 0.0072 . 100 0.0074
200 8.250 260 0.0086 200 0.0081
300 8.383 440 0.0102 300 0.0090
400 8.492 620 0.0119 400 0.0098
650 8.492 l 980 0.0148 650 0.0121
1340 0.0174
Temp Rih Het Rin_al6os1 Rin_He2 Rt tr. dummy Kefftr dummy Keff ax dumm
(°F) (Btu/hr-in-°F) (Btw/hr-in-°F) (Btwhr-in-°F) (Btwhr-in-°F) (Btu/hr-in-°F) (Btw/hr-in-°F)
70 1.4648 0.1249 13218.8 3.0546 0.327 7.678
100 14162 0.1238 12779.5 2.9562 0.338 7.742
200 1.2807 0.1212 11557.4 2.6827 0.373 7.910
300 1.1632 0.1193 10496.3 2.4456 0.409 8.037
400 1.0581 0.1178 9548.5 2.2340 0.448 8.142
650 0.8579 0.1178 7741.9 1.8336 0.545 8.142
Notes:

) A16061 conductivity increases at higher temperatures. Increasing of the Al6061 ¢
(i§nored for calculation of effective conductivity of aluminum dummy assembly.
)

See Section A.3.2.1, material # 15 for helium properties.

onductivity is conservatively
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21. Effective Conductivity for Boral Plates in 37PTH DSC

(See Section A.3:3.1.7 for calculation of effective properties)

Conductivity of Boral Core Material

Temp k. o K. so%
(°F) (Btu/hr-in-°F) (Btwhr-in-°F)
100 4.136 3.723
500 3.698 3.328

tiorat = 0.075” total thickness for Boral plate
tmodel = 0.075” total thickness for Boral plate as modeled
teore = 0.06” Boral core thickness
ta = 0.015” Aluminum clad thickness

Temp kAI [10] kcore keff,across
(Btu/hr-in- (Btu/hr-in- (Btu/hr-in-
(°F) °F) °F) °F)
100 10.983 3.723 4.290
500 10.242 @ 3.328 3.848
Temp kAl [10] kcore keﬁ' along
(Btw/hr-in- (Btu/hr-in- | (Btu/hr-in-
(°F) °F) °F) °F)
100 10.983 3.723 5.175
500 10.242 @ 3.328 4.711
Notes: ’ ’

O Taken from data in [26]
@ Extrapolated from data in [10]

Rev. 12,02/12
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‘ 22. Effective Heat Transfer Coefficients for External Fins @ 100°F Ambient
(See Section A.3.3.1.3 for calculation of effective properties)
fin_h= 3.0 fin height (in)
fin p= 1.0 fin pitch (in)
fin_t= 0.156 fin thickness (in)
fin_n= 3 No. of fins in model
D, = 98.25 cask diameter (in)
D= 104.25 fin diameter (in)
D¢D, = 1.061
A eff= 77.2 area of un-finned surface (in%)

From Rohsenow Handbook [21]

D¢/D, c b -
1.36 0.62 0.29
1.14 0.59 0.27
Extrapolated for this calculation based on above data
1.061 | 0.579 | 0.263
Ts Tamb Qreact Aeff heff
(°F) (°F) (Btu/hr) (in%) (Btu/hr-in?-°F)
120 100 31.295 77.2 0.0203
140 100 71.639 77.2 0.0232
‘ 160 100 116.59 772 0.0252
180 100 165.15 712 0.0268
200 100 21689 77.2 0.0281
220 - 100 271.55 71.2 0.0293
240 ' 100 329.01 77.2 0.0305
260 100 388.75 77.2 0.0315
280 100 452.15 71.2 0.0326
300 100 518.00 77.2 0.0336
320 100 586.59 77.2 0.0346
340 100 658.05 77.2 0.0355
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23.  Effective Heat Transfer Coefficients for External Fins @ -20°F Ambient
(See Section A.3.3.1.3 for calculation of effective properties)

Ts Tamb Qreact Aeff heff
(°F) (°F) (Btu/hr) (in%) (Btu/hr-in-°F)
0 -20 26.511. 772 0.0172
20 -20 61325 772 " 0.0199
40 -20  99.88 77.2 0.0216
60 -20 ’ 141.15 77.2 0.0229
30 -20 184.56 77.2 0.0239
100 -20 229.46 77.2 0.0248
120 20 . 278.04 77.2 0.0257
140 -20 329.65 71.2 0.0267
160 20 382.98 77.2 0.0276
180 -20 437.79 77.2 0.0284
200 -20 494.84 772 0.0291
220 -20 553.94 77.2 - 0.0299

24. Effective Heat Transfer Coefficients for External Fins @ -40°F Ambient
(See Section A.3.3.1.3 for calculation of effective properties)

T Tamb Qreact Ay hegr
(°F) (°F) (Btu/hr) (in%) (Btu/hr-in-°F)
-20 -40 . 26.044 772 0.0169

0 -40 60.344 772 0.0196
20 -40 98.33 772 0.0212
40 -40 139.00 77.2 0.0225
60 -40 181.83 772 0.0236
80 -40 22642 - 772 0.0245
100 -40 272.53 772 0.0252
120 -40 321.95 77.2 0.0261
140 -40 374.39 772 0.0270
160 -40 , 427.93 77.2 0.0277
180 -40 / 483.57 77.2 0.0285
200 -40 541.13 77.2 0.0292
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25. Radial Effective Conductivity for Helium in DSC Shell/TC Inner Shell Gap
(See Section A.3.3.1.3 for calculation of effective properties

Do psc = 69.75 DSC OD (in)

Ditc= 70.50 Cask ID (in)

L= 10 Model height (in)
Tpsc Trc Greact : Tave K o

(°F) (°F) (Btu/hr) (°B) (Btu/hr-in-°F)

110 -20 506 45 . 0.0080
153 30 506 92 . 0.0084
195 - 80 506 _ 138 0.0090
237 130 506 183 0.0097
279 180 506 230 , 0.0104
296 200 506 248 0.0108
339 250 506 294 0.0116
382 300 506 - 341 0.0126
426 350 506 388 0.0136
470 400 506 435 0.0148
515 " 450 506 482 0.0160
560 500 506 530 0.0173
606 550 506 578 0.0187
652 600 506 626 0.0202
698 650 - 506 674 0.0217
745 700 506 722 0.0233
791 750 506 771 0.0251

26. Radial Effective Conductivity for Helium in DSC Shell/TC Internal Sleeve Gap
(See Section A.3.3.1.3 for calculation of effective properties)

D, psc = 67.19 DSC OD (in)

Di,Sleeve = . 68.00 Cask ID (m)

L= ' 10 Model height (in)
TDSC TSleeve Qreact Tavu k eff k eff in Model o
(°F) (°F) (Btu/hr) (°F) (Btu/hr-in-°F) (Btwhr-in-°F)
297 200 487 249 0.0115 0.0102
339 - 250 487 295 0.0125 0.0111
382 300 487 - 341 0.0136 0.0121
425 350 487 388 0.0148 0.0132
469 400 487 435 0.0161 0.0144
514 450 487 482 0.0175 0.0156
559 500 487 529 0.0191 0.0170
604 550 487 577 0.0207 0.0185
650 600 487 625 0.0225 0.0201
696 650 487 673 0.0244 0.0217
742 700 487 721 0.0263 0.0235
789 750 487 770 0.0285 0.0254

Note:
® For conservatism, approximately 90% of the calculated effective conductivity values are considered in the
model.
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27. Axial Effective Conductivities for Bottom Shield Plug and Top Inner Cover Plate
(See Section A.3.3.1.3 for calculation of effective properties)

Top inner cover plate for all DSC types except 24PT4
Plate thickness = 0.75 in
Gap thickness = 0.0625 in
Two axial gaps

k_eff

Temp k_SS304 Temp k_air k_air
(°F) (Btu/hr-in-°F) (K) (W/m-K) (Btu/hr-in-°F) | (Btu/hr-in-°F)
70 0.717 294.4 0.0257 0.0012 0.0086
100 0.725 311.1 0.0269 0.0013 0.0090
200 0.775 366.7 0.0308 0.0015 0.0103
300 0.817 422.2 0.0345 0.0017 0.0115
400 0.867 477.8 0.0381 0.0018 0.0127
500 0.908 533.3 0.0415 0.0020 0.0138
600 0.942 588.9 0.0449 0.0022 0.0149
700 0.983 644.4 0.0482 0.0023 0.0160
800 1.025 700.0 0.0514 0.0025 0.0171
900 1.058 755.6 0.0545 0.0026 0.0181
1,000 1.092 811.1 0.0576 0.0028 0.0191
Bottom shield plug for all DSC types except 24PT4
Plate thickness =3 in
Gap thickness = 0.0625 in
Two axial gaps
Temp k A36 Temp k_air k_air k_eff
" (°F) (Btu/hr-in-°F) K) (W/m-K) (Btu/hr-in-°F) | (Btu/hr-in-°F)
70 2275 294.4° 0.0257 0.0012 0.030
100 2.300 311.1 0.0269 0.0013 0.032
200 2.317 366.7 0.0308 - 0.0015 0.037
300 2.275 422.2 0.0345 0.0017 - 0.041
400 2.208 477.8 0.0381 0.0018 0.045
500 2.142 5333 0.0415 0.0020 0.049
600 2.075 588.9 0.0449 0.0022 0.053
700 2.008 644.4 0.0482 0.0023 0.056
800 1.933 700.0 - 0.0514 0.0025 0.060
900 1.858 755.6 0.0545 0.0026 0.063
1,000 1.758 811.1 0.0576 0.0028 0.067
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28. Axial Effective Conductivities for Cover Plates of 24PT4 DSC

(See Section A.3.3.1.3 for calculation of effective properties)

Top outer cover plate for 24PT4 DSC
Plate thickness = 1.25 in
Gap thickness = 0.0625 in

One axial gap

Temp k SS316 Temp k air k_air k_eff
(°F) (Btu/hr-in-°F) (K) (W/m-K) | (Btu/hr-in-°F) | (Btu/hr-in-°F)
70 0.642 294.4 0.0257 0.0012 0.025
100 0.658 311.1 0.0269 0.0013 0.026
200 0.700 366.7 0.0308 0.0015 0.030
300 0.750 4222 0.0345 0.0017 0.033
400 0.792 477.8 0.0381 0.0018 0.037
500 ~ 0.833 5333 0.0415 0.0020 0.040
600 0.875 588.9 0.0449 0.0022 0.043
700 0.917 644.4 0.0482 0.0023 0.046
800 0.958 700.0 0.0514 0.0025 0.049
Bottom inner cover plate for 24PT4 DSC
Plate thickness = 2 in
Gap thickness = 0.0625 in "
One axial gap
Temp k_SS316 Temp k air k_air k eff
(°F) (Btu/hr-in-°F) X) (W/m-K) (Btu/hr-in-°F) | (Btu/hr-in-°F)
70 0.642 294 .4 0.0257 0.0012 0.038
100 0.658 3111 0.0269 0.0013 0.040
200 0.700 366.7 0.0308 0.0015 0.046
300 0.750 4222 0.0345 0.0017 0.051
400 0.792 477.8 0.0381 0.0018 0.056
500 0.833 5333 0.0415 0.0020 0.061
600 0.875 588.9 0.0449 0.0022 0.066
700 0.917 644.4 0.0482 0.0023 0.071
800 0.958 700.0 0.0514 0.0025 0.075

Note: ") The axial gap between the bottom inner cover plate and the bottom shield plug is integrated in the
axial effective conductivity for bottom shield plug as well. Considering this additional gap for the
bottom inner cover maximizes the DSC shell temperature in the radial direction and is therefore
conservative for steady state analysis.
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29. Axial Effective Conductivities for Lead Shield Plugs of 24PT4 DSC

(See Section A.3.3.1.3 for calculation of effective properties)

Top shield plug for 24PT4 DSC

Plate thickness = 3.38 in
Gap thickness = 0.025 in
Two axial gaps

Temp k_lead Temp k_air k_air k_eff
(°F) (Btu/hr-in-°F) X) (W/m-K) (Btu/hr-in-°F) | (Btw/hr-in-°F)
-100 1.767 200 0.0182 0.0009 0.0582
-10 1.733 250 0.0223 0.0011 0.0706

80 1.700 300 0.0261 0.0013 0.0820
260 1.637 400 0.0330 0.0016 0.1024
440 1.579 500 0.0395 0.0019 0.1206
620 1.512 600 0.0456 0.0022 0.1371

Bottom shield plug for 24PT4 DSC
Plate thickness = 2.88 in

Gap thickness = 0.025 in

Two axial gaps

Temp k_lead Temp k_air k_air k_eff
(°F) (Btu/hr-in-°F) (K) (W/m-K) (Btu/hr-in-°F) | (Btu/hr-in-°F)
-100 1.767 200 0.0182 0.0009 0.0500

-10 1.733 250 0.0223 0.0011 0.0607

80 1.700 300 0.0261 0.0013 0.0706
260 1.637 400 0.0330 0.0016 0.0883
440 1.579 500 0.0395 0.0019 0.1042
620 1.512 600 0.0456 0.0022 0.1187

30. Effective Conductivities for TC Slide Rail
(See Section A.3.3.1.3 for calculation of effective properties)
Slide rail thickness = 0.12 in '
Gap thickness = 0.01 in

Temp k_SS304 Temp: k He k_He k_eff
°F) (Btu/hr-in-°F) (K) (W/m-K) (Btu/hr-in-°F) | (Btu/hr-in-°F)

70 0.717 294 .4 0.1482 0.0071 - 0.076
100 0.725 311.1 0.1533 0.0074 . 0.079
200 0.775 366.7 0.1697 0.0082 0.087
300 0.817 422.2 0.1861 0.0090 ~0.095
400 0.867 477.8 0.2038 0.0098 0.104
500 0.908 5333 0.2236 0.0108 0.113
600 0.942 588.9 0.2429 0.0117 0.122
700 0.983 644.4 0.2610 . 0.0126 0.131
800 1.025 700.0 0.2781 0.0134 0.139
900 1.058 755.6 0.2945 0.0142 0.147

1,000 1.092 811.1 0.3104 0.0149 0.154
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Effective Conductivity of Internal Sleeve
(See Section A.3.3.1.3 for calculation of effective properties)

Temperature ky P ku.? Keffaxl 1 Keft ot Keff rad
(°F) (Btu/hr-in-°F) | (Btu/hr-in-°F) | (Btwhr-in-°F) | (Btwhr-in-°F) | (Btu/hr-in-°F)
70 8.008 0.0071 1.894 1.808 7.646
100 8.075 0.0074 1.947 1.859 7.710
150 8.167 0.0077 2.030 1.938 7.798
200 8.250 0.0081 2.111 2.016 7.878
250 8.317 0.0085 2.190 2.091 7.941
300 8.383 0.0090 2.276 2.173 8.005
350 8.442 0.0094 2.362 2.255 8.061
400 8.492 0.0098 2.445 2.335 8.109

Notes:

M See Section A.3.2.1 material # 10 for the lowest aluminum properties.
@ Interpolated / extrapolated between data in Section A.3.2.1 material # 15 for helium.

: /
Thermal radiation at the external surfaces of the packaging is considered for thermal analysis.
The outer surface of the cask shield shell is painted white. Reference [22] gives an emissivity
between 0.92 and 0.96 and a solar absorptivity between 0.09 and 0.23 for white paints. To
account for dust and dirt and to bound the problem, the thermal analysis uses a solar absorptivity
of 0.3 and an emissivity of 0.9 for the white painted surfaces.

The outer surfaces of the impact limiter shells are uncoated stainless steel. An emissivity of
0.587 is considered for these surfaces based on [15]. Solar absorptance values of 0.39 and 0.47
are given in [34] for rolled and machined stainless steel plates. For conservatism, it is assumed
that the solar absorptivity of stainless steel is equal to emissivity.

The emissivity of rolled stainless steel plates is 0.578 as considered in [15]. The emissivity for
rolled steel sheets is 0.657 as reported in [5], Table 10-17. The transport cask inner shell is
stainless steel clad. The emissivity value of 0.587 is considered for both the DSC shell (stainless
steel) and the transport cask inner shell (stainless steel clad) in the calculation of thermal
radiation exchange between these shells.

The emissivity of anodized aluminum is between 0.84 and 0.72 for temperatures between 296K
and 484K (between 73°F and 411°F) and its solar absorptivity is between 0.12 and 0.16 ([21],
Table A.7.2). An emissivity of 0.70 and a solar absorptivity of 0.16 are considered for the finned
aluminum shell of MP197HB cask in this analysis.

After a fire, the cask outer surfaces will be partially covered in soot. Based on [22], emissivity
and solar absorptivity of soot are 0.95. The HAC thermal analysis conservatively assumes an
absorptivity of 1.0 and an emissivity of 0.9 for the post fire, cool-down period.

Various ASME code years are called for various DSCs in the MP197HB TC. Except for 24PT4,
the other DSC types are covered by ASME code from 1998 to 2006 as shown in the following
table.
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Applicable Code Years for Each Canister Design

Canister Design Applicable Storage License 'ASME B&PV Code Year
NUHOMS® 32PTH . 1030 1998 w/ 2000 Addenda
NUHOMS® 32PTH1 1004 ' 1998 w/ 2000 Addenda
NUHOMS® 37PTH Note (1) 2004 w/2006 Addenda
NUHOMS® 69BTH Note (1) 2004 w/2006 Addenda
NUHOMS® 24PT4 1029 1992 thru1994 Addenda
NUHOMS® 24PTH 1004 1998 w/ 2000 Addenda
NUHOMS® 32PT 1004 1998 w/ 2000 Addenda
NUHOMS® 61BT 1004 1998 w/ 1999 Addenda
NUHOMS® 61BTH 1004 1998 w/ 2000 Addenda
NUHOMS® 61BTH with

failed fuel (61BTHF) Note (1) 2004 w/2006 Addenda
NUHOMS® 24PTH with

failed fuel (24PTHF). Note (1) 2004 w/2006 Addenda

Note (1): These DSCs are currently not a part of CoC 1004 but will be added at a later date via amendment.

The shell and cover plates of all DSC types except for 24PT4 consist of stainless steel SA-240,
type 304 (SS304). There are no changes in thermal conductivity of SS304 in ASME 1998 to

2006 in temperature range from 70 to 700°F. This range properly covers the DSC shell
temperature for all DSC types in this calculation. '

The shield plugs of all DSC types except for 24PT4 consist of carbon steel A36. The changes in
the A36 conductivity between ASME code years 1998 to 2006 are llmlted to £0.9%. This small
change has no significant effect on the thermal evaluation.

The thermal properties for 24PT4 DSC are taken from UFSAR for standardized advanced
NUHOMS?® system [2]. These properties are based on ASME code 1992 through 1994 addenda
and used in this calculation without any changes.

A322 Component Specifications

The components for which thermal technical specification are necessary are the MP197HB
containment seals and poison plates used in DSC basket.

A3221 MPI97HB TC

The seals used in the packaging are the Fluorocarbon seals (Viton O-rings and metallic seals).

- The Fluorocarbon seals will have a minimum and maximum temperature rating of -40°F and

400°F, respectively..

The metallic seals will have a minimum and maximum temperature rating of -40°F and 644°F,
respectively.

A3.222 69BTHDSC

The 69BTH DSC design allows the use of different neutron absorber materials based on the heat
load zoning configuration (HLZC). Boral, Metal Matrix Composite (MMC), or Borated

Aluminum can be used as poison materials for HLZC # 1, # 2 and # 3 in 69BTH basket. For
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. 69BTH basket with HLZC # 4, only borated aluminum can be used as poison material. The
HLZCs for 69BTH are described in Section A.3.3.1.4

A3223 37PTHDSC

The 37PTH DSC design allows the use of different neutron absorber materials. Boral plates
paired with A11100 plates or single plates of metal matrix composite (MMC) or borated
aluminum can be used as poison materials in 37PTH basket with 22 kW heat load.

The following table summarizes the poison material configuration allowed for 69BTH and
37PTH basket designs:

Heat Load Zoning Configurations for 69BTH and 37PTH DSCs in MP197HB

Max. Heat Load
DSC type | HLZC Poison Material kW)
Boral/MMC/
1| 69BTH | lor2 Borated Aluminum 26.0
Boral/MMC/
2| 69BTH 3 Borated Aluminum 292
3| 69BTH 4 Borated Aluminum 32.0
Boral Paired Al/
4, 37PTH " | Single MMC/Borated Al 22
‘ The. neutron absorber materials in 69BTH and 37PTH baskets are subjected to the following
minimum thermal conductivity, which are used in the canister thermal analyses.

Minimum Conductivity of Poison Material

Boral Core Matrix
‘ Conductivity ) :
Temperature (W/em-K) Conductivity | 90% Conductivity”
(°F) [26] (Btu/hr-in-°F) (Btu/hr-in-°F)
100 0.859 4.136 3.723
500 . 0.768 3.698 3.328
Metal Matrix Composite (MMC)
Temperature Conductivity Conductivity
(°F) (Btu/min-in-°F), (Btu/hr-in-°F)
All temperatures 0.0964 [3] 5.78
Borated Aluminum
' Conductivity
Temperature (Btu/min-in-°F) Conductivity
(°F) [3] (Btu/hr-in-°F)
68 0.123 ' 7.38
212 0.132 7.92
392 0.141 8.46
482 0.145 8.70
. Note: ") The conductivity of Boral core is reduced by 10% and used in thermal analysis
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A33 Thermal Evaluation under Normal Conditions of Transport

The NCT ambient conditions are used for the determination of the maximum fuel cladding
temperature, the maximum MP197HB TC and DSC temperatures, the containment pressure, and
the thermal stresses. These steady state environmental conditions correspond to maximum daily
averaged ambient temperature of 100°F and to 10 CFR 71.71(c)(1) [6] insolation averaged over a
24 hour period. : '

Ambient conditions for NCT are taken from 10 CFR 71 [6] and applied to the boundaries of the
cask model. These conditions are listed in the following table.

Normal Conditions of Transport

Ambient temperature A
Case # (°F) Insolance | Purpose
1 100 Yes | Maximum Component Temperatures
2 -20 No Cold conditions for Structural Analysis
3 -40 No Maximum Thermal Stress
4 100 No Maximum Accessible Surface Temperature

Except for DSC types 69BTH and 37PTH, all other DSC types considered for transport in
MP197HB TC are analyzed for storage/transfer conditions under 10 CFR 72 [8]. The safety
analysis reports (SAR) for these DSC types under storage/transfer conditions are presented in

[11, [2], [3], and [4].
A.3.3.1 Thermal Models

The MP197HB TC loaded with a DSC is analyzed based on finite element models developed
using the ANSYS computer code [27]. ANSYS is a comprehensive thermal, structural and fluid
flow analysis package. ANSYS is capable of solving steady state and transient thermal analysis
problems in one, two, or three dimensions. Heat transfer via a combination of conduction,
radiation, and convection can be modeled by ANSYS.

The evaluations are presented in Section A.3.6.11 for the case that the physical integrity of the
fuel assemblies may not be guaranteed. For the case that the physical configuration of the fuel
assemblies is not altered, the thermal evaluations are presented below for NCT.

Three finite element models are developed for analyses of the MP197HB TC loaded with DSC.

a) A half-symmetric, three-dimensional finite element model of the MP197HB TC is
developed using ANSYS [27], version 8.1. The model contains the cask shells, cask
bottom plate, cask lid, impact limiters, DSC shell, and DSC end plates without the basket.
The DSC dimensions correspond to nominal DSC dimensions listed in Table A.3-1 for
variations of the MP197HB model. SOLID70 elements are used to model the components
including the gaseous gaps. Impact limiter gussets, cask slide rails, and trunnion plug
plates are modeled using SHELLS57 elements. Surface elements SURF152 are used for
applying the insolation boundary conditions.
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b) A half-symmetric, three-dimensional finite element model of the 69BTH basket and DSC
is developed using ANSY'S [27], version 8.1. The model contains the DSC shell; the DSC
cover plates, shield plugs, aluminum rails, basket plates, and homogenized fuel
assemblies. Only SOLID70 elements are used in the 69BTH DSC/basket model.

¢) A three-dimensional finite element model of the 37PTH DSC/basket model is developed
using ANSYS [27], version 8.1. The model contains the DSC shell, the DSC cover plates,
shield plugs, aluminum rails, basket plates, and homogenized fuel assemblies. Only
SOLID70 elements are used in the 37PTH DSC/basket model.

The DSC shell temperatures for NCT are retrieved from the MP197HB transport cask model and

- transferred to the DSC/basket models to evaluate the maximum fuel cladding and basket

component temperatures. The models are run with steady state conditions for NCT evaluations.

The nominal dimensions with the following gaps are used to develop the finite element models.

A3.3.1.1 MP197HB TC Model

The following assumptions are considered in the MP197HB TC model:

DSC types without spacer are centered axially in the transport cask. For DSC types with the
spacer, a 0.5” gap is considered between the DSC outer top cover plate and the cask lid.
These assumptions reduce the axial heat transfer and maximize the DSC shell temperatures,
which in turn result in higher fuel cladding temperatures.

Heat load is simulated by heat flux distributed uniformly over the basket length on the radial
inner surface of the DSC shell.

Since the transfer operation occurs in horizontal position, the lower halves of the cask
cylindrical surfaces are not exposed to insolance. No solar heat flux is considered over these
surfaces. To remove any uncertainty about the solar impact on the vertical surfaces, the entire
surface areas of vertical surfaces are considered for application of the solar heat flux.

For the cask with external fins, insolance is applied only over the radial surfaces of the shield

shell and fins. Insolance over the vertical surfaces of the fins is ignored. This approach is

justified since the shadow of the exposed fins covers most of the other fins and the cask outer
surface.

No convection is considered within the cask cavity.
No convection is considered between the cask ends and the thermal shields.
No heat transfer is considered within the bearing block.

No heat transfer is considered through spacers used at the bottom of TC for short DSC types.
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e Heat dissipations from lateral surfaces of the skid straps, inner radial surface of impact
limiter recess, thermal shield outer rings, and neutron shield end caps are conservatively
neglected. '

¢ No thermal radiation to ambient is considered for the cask surfaces in contact with the
transport skid saddles.

e Radiation heat exchange is considered between the DSC and the cask inner shell/internal
sleeve by calculating effective conductivities for helium in this region. .

The following gaps are considered in the MP197HB TC model:

a)
b)

c)
d)
e)
f)
g)
h)
i)
i),
k)

D

0.0625” axial gap between thermal shield and impact limiter shell,

0.0625” axial gap between thermal shield standoffs and the cask top or bottom end
surfaces,

0.10” diametrical gap between cask lid and cask inner shell,

0.01” axial gap between cask lid and cask flange,

0.01” axial gap between ram closure plate and cask bottom plate,

0.01” radial gaps between neutron shield boxes and surrounding shells,

0.025” radial gap between gamma shield and cask outer shell,

0.01” radial gaps between the cask inner shell and aluminum sleeve,

0.01” radial gap between the finned aluminum shell and the cask shield shell,
0.0625” axial gaps between the DSC bottom shield plug and bottom cover plates,

0.0625” axial gaps between the DSC top inner cover and the adjacent top shield plug and
top outer cover plate,

0.025” axial gaps between the lead shield plugs and encapsulating plates for 24PT4 DSC,

m) 0.01” gaps between trunnion replacement plugs and the trunnion attachment blocks.

The 0.0625” gaps between thermal shield, impact limiter shell, and cask top or bottom end
surfaces are based on the main SAR, Section 3.4.1.1 assumptions and account for the 0.06” thick
weld overlay conservatively.

The 0.01” gap between cask lid/ cask flange and ram closure plate/cask bottom plate account for
thermal resistance between bolted components. The 0.01” radial gaps between the neutron shield
boxes and the surrounding shells is also based on main SAR, Section 3.4.1.1 assumptions.

The gap of 0.025” assumed between gamma shield and cask outer shell is justified in Section
A3.6.7.1.

The radial gap of 0.01” assumed between the finned aluminum shell and the cask shield shell is

justified in Section A.3.6.7.2.

The 0.0625” and 0.025” axial gaps between DSC end plates maximize the radial heat transfer

‘through DSC shell toward the cask to bound the maximum component temperatures

conservatively.
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The width of TC slide rail is 3”. For conservatism, a gap of 0.01” with a contact width of 0.12” is
considered between the TC slide rails and the DSC shell at 168° and 192° orientations. The 0°
orientation is located at the top of the horizontal TC as shown in Chapter A.1, the drawings in
Appendix A.1.4.10.

The finned shell is divided into three axial sections with one inch distance between adjacent

sections. No finned shell is considered over the trunnion plugs in the model. Since the finned
shell is designed as a continuous shell which covers the trunnion plugs, the model which has
fewer fins is conservative for thermal analysis of transport cask under NCT.

The nominal dimensions considered for DSCs in MP197HB model are listed in Table A.3—1. For
each basket type, the shortest cavity length is considered for the analysis to bound the maximum
decay heat flux.

To provide thermal input for structural evaluation, a heat load of 23.2 kW (along with 22.0 kW)
is considered for the 37PTH DSC. Since the heat load of 23.3 kW is higher than the design heat

“load of 22.0 kW, this assumption is conservative for the structural evaluation of the 37PTH DSC.

Decay heat load is applied as a uniform heat flux over the inner surface of the DSC shell
covering the basket length. The decay heat flux applied in the TC model is calculated as follows.

. Q
q—ﬂDL

q” = decay heat flux (Btu/hr-in%)
Q decay heat load (Btu/hr) (to convert from kW multlply by 3412. 3)
D; = DSC inner diameter (in)
Ly = Basket length (in)

The applied decay heat vélues in the model are listed below.

DSC Decay Heat Flux
Heat Load D; L, Decay heat flux

DSC Type (kW) (Btu/hr) (in) (in) (Btw/hr-in®)
69BTH 26.0 88,720 68.75 164 2.505

29.2 99,639 2.813

32.0 109,194 3.083
61BTH Type | 22.0 75,071 66.25 164 2.199
61BTH Type 2 ¥ 240 81,895 66.25 164 2.399
61BT 18.3 62,445 66.25 164 1.829
37PTH 22.0 75,071 68.75 162 2.146
32PTH/32PTH Type | 26.0 88,720 68.75 162 2.536
32PTHI Type 1 26.0 88,720 68.75 162 2536
32PTHI Type 2 24.0 81,895 68.75 162 2341
32PT 240 81,895 66.19 166.10 2.371
24PTH (all types)V® 26.0 88,720 66.19 168.60 2.531
24PT4 24.0 81,895 66.19 179.13 2.199

Notes:

() DSC types 61BTHF and 24PTHF has the same dimensions and heat loads as DSC types 61BTH and 24PTH,
respectively.

@ The allowable heat load for 24PTH-S-LC DSC is 24 kW. A heat load of 26 kW is assumed conservatively in the
analysis for 24PTH-S-LC.
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Radiation and conduction between the DSC and the TC inner shell / internal sleeve is considered
by calculating effective conductivities for helium gaps between the components listed above.
Calculation of the helium effective conductivity within this gap is described in Section A.3.3.1.3.
Insolance is applied as a heat flux over the TC outer surfaces using average insolence values
from 10 CFR 71 [6]. The insolance values are averaged over 24 hours and multiplied by the
surface absorptivity factor to calculate the solar heat flux. The solar heat flux values used in the
MP197HB TC model are summarized below.

Solar Heat Flux
Insolance Total solar heat flux
over 12 hrs[6] Solar averaged over 24 hrs
Surface Material Shape (gecal/cm?) Absorptivity (Btu/hr-in%)
Stainless Steel Curved 400 0.587 D 0.2505
Flat vertical 200 0.587 " 0.1252
White Paint
(shield shell) Curved 400 0.30 0.1280
Anodized Curved 400 0.16 0.0683
Aluminum P
Plain aluminum Flat vertical 200 0.10 0.0213

Note: (" Solar absorptivity of stainless steel is taken equal to its emissivity. See Section A.3.2.1 for
justification.

The cask external fins are not considered explicitly in the TC model. Instead, an effective heat
transfer coefficient is applied over the outer surface of the un-finned aluminum shell to simulate
the heat dissipation from this area. The methodology to calculate the effective heat transfer
coefficient for external fins is described in Section A.3.3.1.3.

Convection and radiation heat transfer from the un-finned cask surfaces are combined together as
total heat transfer coefficients. The total heat transfer coefficients are calculated using free
convection correlations from Rohsenow Handbook [21] and are incorporated in the model using
ANSYS macros. '

The total heat transfer coefficient, ht, is used to combine the convection and radiation heat
transfer together.

h,=h, +h,

Where,
h.= radiation heat transfer coefficient (Btu/hr-in’-°F)
he=free convection heat transfer coefficient (Btwhr-in*-°F)

The radiation heat transfer coefficient, hr, is given by the equation:

'a'(Tw4 - Tamb4)

Btu/hr-in®-°F
Tw - Tamb

m=8FW[
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Where,
€ = surface emissivity
Fi2 = view factor from surface 1 to ambient =1
c =0.1714 x10°® Btu/hr-f>-°R*
Tw = surface temperature (°R)

Tamb = ambient temperature (°R)
Surface emissivity values are discussed in Section A.3.2.1.

The natural convection coefficients are calculated using handbook correlations [21] and are |
incorporated in the model using ANSY'S macros. These correlations are described below.

For horizontal cylinders:

_ 3
Ra=GrPr ; Gr= g"B(TWVZ 1.)D
Nu, = 2f — with '
In(1+2f/Nu") ,
Nu™ =0.772 E, Ra"* f=1_(_N9.T1)%; (—3, =0.515 for gases [21]
Ty

Nu, =C, Ra"?
C, =0.103 for air with Pr~ 0.71 [21]

Nu = [(Nu,)m +(Nu,)"’]”m with m=10 for 107"° <Ra <10’

_Nuk

hC
D

The above correlations are incorporated in ANSYS model via macro “HTOT_HCL.mac”.

For vertical flat surfaces:

' 3
Ra=GrPr ; Gr=g’B(TW2_T°°)L
. ' | 4

2.0
Nu, = — W
In(1+2.0/Nu")
Nu™ =C, Ra"* ; C, =0.515 for gases [21]

ith

Nu, =CY fRa" /(1+1.4x10° Pr/Ra)  with
oV - 0.13Pr%#
t (1 + 061 Pr0.81 )0‘42 A

f=1 .0+0.078(Ii—1J
T

o0
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Nu = [(Nu)™ +(Nu)"]'"  with m=6 for 1<Ra<10?
Nu k '

h,
L

The above correlations are incorporated in ANSYS model via macro “HTOT_VPL.mac”. ' ’
For horizontal flat surfaces facing downwards:

The following correlations are used only for the outer surface of the bearing block at the lower
half of the TC.

: B -
Ra=GrPr ; Gr=g’B(Tw ZT‘”)_(L)

| 4
u, = 2.5 - with
In1+2.5/Nu’)
T _ 0.527 R4S

(1+¢.9/Pry "
Nu = Nu, for 10° < Ra <10

hcle{k
L

The above correlations are incorporated in ANSYS model via macro “HTOT_HPD.mac”.
The following parameters are used in the above correlations.

g = gravitational constant = 9.81 (m/s?)
B = expansion coefficient = 1/T (1/K)
T = absolute temperature (K)

v = kinematic viscosity (m*/s)

L = height of the vertical surface (in)

D = diameter of the horizontal cylinder (in)

L= A __ heated area =1.2” (shortest surface of bearing block)

P " heated perimeter
k = air conductivity (W/m-K)

During transportation, the DSC shell rests on four slide rails in the TC. These rails are Nitronic
60 stainless steel plates welded to the inner shell of the TC. The thickness of the slide rail is
0.12” when no internal sleeve is used. The slide rail at the 180° orientation is 0.06” thick and is
not in contact with the DSC shell. The same configuration is considered for the small diameter
DSC and the internal sleeve.
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The angle between the lower rail and the vertical plane is 12 degree. Considering this
configuration as shown in Figure A.3-1, the distance between the centerline of the DSC and the
centerline of the cask is calculated as follows.

R,?=R?+x*-2R, xCos(a)
With,

Ri=Dj 1c /2 — tai

Rz =D psc/2

a=12°

x = Distance between the DSC and TC centerlines
D;. tc = Inner diameter of TC or internal sleeve
Do, psc = DSC outer diameter

trai1 = cask slide rail thickness = 0.12”

The calculated values for x are listed in the following table. In the ANSYS model, the DSC is
shifted down by the amount of x in the Cartesian y-direction within the TC cavity.

Distance between DSC and TC Centerlines

Dixc | Dopsc R, R, a X
DSC Type | (in) (in) (in) (in) (degree) | (inm)
69BTH
37PTH
32PTH .
32PTHI
61BT
61BTH 68 67.25 | 33.880 | 33.625 12 0.261
61BTHF :

32PT
24PTH
24PTHF
24PT4

70.5 69.75 35.130 34.875 12 0.261

68 67.19 33.880 33.595 12 0.291

To simplify the model, the lower cask slide rails at-168° and 192° orientations are modeled using
shell elements with the conductivity of Nitronic 60 and a helium gap of 0.01”. The effects of the
other cask slide rails are conservatively omitted. The slide rail width is 3”. For conservatism, a
contact width of 0.12” is considered between the lower rails and the DSC shell.

The axial gaps considered between DSC cover plates and shield plugs are integrated into bottom
shield plug and top inner cover plates. The axial gaps considered for the lead shield plugs of
24PT4 are also integrated into the shield plug material. The axial effective conductivities are
calculated for these components in Section A.3.3.1.3. The conductivity in radial direction
remained unchanged and equal to the conductivity of the corresponding material.

To reduce the complexity of the model, effective conductivities are calculated for the internal
sleeve in axial and radial directions. The methodology to calculate the effective conductivity of
the internal sleeve is described in Section A.3.3.1.3. These effective conductivities are
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conservative since the number and the assumed gaps between the internal sleeve pieces are larger
than those considered for the proposed internal sleeve. :

The material properties used in the MP197HB model are listed in Section A.3.2.1.

The seal o-rings are not explicitly considered in the models. The maximum seal temperatures are
retrieved from the models by selecting the nodes at the locations of the corresponding seal o-
rings. '

The geometry of the TC model and the gaps are shown in Figure A.3-2 through Figure A.3-5.
Mesh sensitivity of the MP197HB model is discussed in Appendix A.3.6.2.1.

Typical boundary conditions for TC model under NCT are shown in Figure A.3—6 through
Figure A.3-8.

A.3.3.1.2  Calculation of Maximum Accessible Surface Temperature

A personnel barrier installed on the transport skid between the two impact limiters of MP197HB
TC limits the accessible packaging surfaces to the impact limiter and barrier outer surfaces. The
personnel barrier has an open area of at least 80%. Radiation heat transfer between the cask and
the barrier will be minimal due to the small radiation view factor between the cask and the
barrier. Due to large distance between the barrier and cask outer surface, the free convection heat
transfer around TC remains undisturbed. The transport configuration is shown in the drawings in
Chapter A.1, Appendix A.1.4.10.

The TC model described in Section A.3.3.1.1 is run without insolance to determine the
accessible surface temperature of the impact limiters in the shade. A heat load of 32 kW and
boundary conditions at 100°F and no insolance are considered in the cask model to bound the
maximum accessible surface température under shade. '

The maximum accessible surface temperature of impact limiters under these conditions is 121°F.
The maximum temperature of the cask outer surface is 302°F and belongs to a part of shield shell
uncovered by the external fins in the model. The maximum temperature of the personnel barrier
is calculated based on the maximum temperature of the cask outer surface using the following
methodology. '

The personnel barrier is exposed to thermal radiation from the cask shield shell / finned shell and
dissipates heat via thermal radiation and natural convection to ambient. Since the personnel
barrier is far apart from the cask shield shell, it is not exposed to the hot air streams from the
cask. This assumption is justified in Section A.3.3.1.2.1.

The heat balance for the personnel barrier is shown schematically in Figure A.3-9. The
following conservative assumptions are considered to simplify-the heat balance.

Convection heat dissipation from the barrier is omitted completely.

Radiation heat dissipation to ambient from barrier surfaces facing the cask is omitted.
e The maximum cask outer surface temperature is considered for the cask entire outer

surface facing the barrier.
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e An emissivity of 0.9 is considered for the cask outer surface. Based on discussion in
Section A.3.2.1, the emissivities for shield shell and finned shell are 0.9 and 0.7,
~ respectively. The assumed emissivity of 0.9 maximizes the radiation heat from the cask
toward the personnel barrier conservatively.

The simplified heat balance for the personnel barrier is as follows.

qin,rad = qout,rad

o (Tshell4 - TPB4)
1= & e 1 1-gpg

qin.rad =

& shelt Asrer  Fro_shen Ars €ps Aps

Qout.rad = Q1 rad,amp T D rad amb> Virad.amp = 0 (conservatively, omitted in this analysis)

qz,rad.amb =

£pg Arg  Free,, Apg

o = Stefan-Boltzmann constant = 0.119E-10 (Btu/hr-in>-°R%)

Tshen = maximum cask shield shell temperature (°R)

Tpp = maximum personnel barrier temperature (°R)

T, = ambient temperature = 100 °F = 560 °R

€shell = emissivity of TC outer surface = 0.9

€pp = leSSlVlty of personnel barrier SS304 = 0.587 (see discussion in Section A. 3 2.1)
Fpp-sheil = view factor from personnel barrier to cask shield shell

Fpp.« = view factor from personnel barrier (not facing cask) to ambient = 1. 0

Apg = surface area of personnel barrier (m?

Ashenn = surface area of cask shield shell (in%)

The dimensions of the cask shield shell (Dshell) and personnel barrier (IPB) are 97.75” and
52.38”, respectively as shown in the drawings in Chapter A.1, Appendix A.1.4.10.

Ayt %Dy 12 7x97.75/2

= = =2.931
Aps g 52.38

The view factor of a long strip element to a parallel cylinder is given in [21], Chapter7,
Appendix B, Page 7.80 as follows. The dimensions are defined in Figure A.3-9.

Y
With
Y=y X=xr

y = 58 (See the drawings in Appendix A.1.4.10)
r=97.75/2 = 48.875” (See the drawings in Appendix A.1.4.10)
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Integration of the above incremental view factor over the length of the strip barrier glves the
view factor of the strip to the cask.

1
Fra = -( (X2+Y2]dx

Considering L=IPB/r and dX=dx/r, gives the view factor of the personnel barrier to the cask.

,:1_2=1E Z—Y__ dx—l ‘15 ' tan™ U =0.685
L2\ X +Y2 L Y) g y

Since the personnel barrier has an open area of 80%, a factor of 0.2 should be considered to
calculate the view factor of the personnel barrier mesh to the cask.

Fes_shen = 12 x0.2=0.137

The substitution of the above values in the heat balance of the personnel barrier gives the
maximum temperature of the personnel barrier as /52°F.

A.3.3.1.2.1 Personnel Barrier and Hot Stream from Cask

The assumption that the personnel barrier is not exposed to hot air stream from the cask shield
shell can be justified by calculation of the thermal boundary layer thickness around the lower
half of the cask. This calculation demonstrates that the thermal boundary layer thickness is
smaller than the shortest distance between the personnel barrier and the cask and therefore the
personnel barrier remains out of the hot air stream from the cask.

The large diameter of the cask and the relative large temperature difference between the cask
outer surface and ambient temperature suggest that the free convection over the cylinder is a
turbulent flow.

The theoretical and experimental studies of the free convection and its related thermal boundary

_layer thickness are widely available and well documented ([43], [45], [46], and [47]). These
correlations can be used to determine the free convection thermal boundary layer thickness over
the horizontal MP197HB cask. These studies show that the thickness of the free convection
thermal boundary layer is inversely proportlonal to a power of the local Nusselt number for
laminar or turbulent flows.

5 Cf(Pr)
X Nu,”

X

O

d = local thermal boundary layer thickness
= local position

f(Pr) = a function of Prandtl number

Nuy = local Nusselt number

m and c = constant values
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For instance, the theoretical calculation in reference [46] determines the following equation for a
free convection laminar flow over flat vertical plates.

This equation means that ¢ = 2, f(Pr) =1, and m = 1 in equation (1).

The correlations to determine the free convection thermal boundary layer thickness and local
“Nusselt number over a vertical flat plate in turbulent flow are documented in references [44] and
[45]. These correlations are shown below.

87* = 0.565 Gr, ' Pr®""s (1+.0.494pr2 )" [44] @)
) |
Gr, = -——QBAI X
v
' 1/15
Pr’ 215
Nu, = 0.0295 = Gr [45]
—[(1+0.404pPr23) '
Nu, =0.834 Nu, | [45] )

An examination of the above equations shows that the thermal boundary layer thickness is

0.25 .
reversely proportional to the NU™ for turbulent free convection over a vertical flat plate.

Considering the relationship between the thermal boundary layer thickness and the local Nusselt
number, the boundary layer thickness over a horizontal cylinder in free convection turbulent flow
can be determined using the correlations over a vertical flat plate and the inverse ratio of the
local Nusselt numbers. Since the correlations for the average Nusselt numbers of free convection
for vertical flat plates and horizontal cylinders are known better than the local Nusselt numbers,
the ratio of the local Nusselt numbers are extended to include the average Nusselt numbers and
avoid elimination of any functions related to Prandtl number.

X 8x 6L 6D
=) () () ®
x L Up Nug,
dpo = thermal boundary layer thickness at midsection of a horizontal cylinder (o = 0)
8« = thermal boundary layer thickness at height of x for a vertical flat plate
Nuy = local Nusselt number for a vertical flat plate at height x
Nuyg, = average Nusselt number for a vertical flat plate at height L
Nupo = local Nusselt number at midsection of a horizontal cylinder (o = 0)

Nup = average Nusselt number for a horizontal cylinder with outer diameter of D
p, 9, and r = constant parameters '

Based on the discussion for the thermal boundary layer thickness over a vertical flat plate above,
the constant parameter p in equation (4) is 0.25. '
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An extensive study on free convection over large diameter, horizontal cylinders conducted in
reference [48] shows that the onset of turbulent transition occurs at a point passing the
midsection of the cylinder by five degree even for large Rayleigh numbers so that the free
convection over the-lower half of the cylinder remains laminar.

Since the personnel barrier designed for MP197HB cask is extended only to the midsection of
the cask, the correlations for free convection laminar flow over horizontal cylinders can be used
to determine the thermal boundary layer thickness at this location.

The free convection local Nusselt number over a horizontal cylinder in laminar flow in air is .
given in reference [47] as follows.

Nup, =0.604Gr,"* §(a) ' [47]
. _gpATD?®
G0 ===
o -90° | -60° | -30° 0° 30° 60° 75° 90°
d(e) | 076 | 0.75 | 0.72 | 0.66 | 0.58 | 0.46 | 0.36 0
Bottom half Top half

The local Nusselt number at the midsection of the cylinder at a = 0 is:

Nug, = 0.604Gr,"* x0.66

Based on the above correlation, the average Nusselt number over the horizontal cylinder is:
' 1

1 90 ‘ 1 90
Nup = 2= INuDa dov =0.604 Gy x = j¢(a)da
-90 -90
The integration of ¢(a) over the range of -90° to 90° performed using the data in the above table
gives:
Nu, = 0.604 Gr,"* x 0.6025

Comparison of the correlations for NuD0 and NuD gives:

L 068025
" 066

Nup, = 0.913 Nug, (5)

Since the equation (5) is based on free convection laminar flow, the constant parameter r in
equation (4) is equal to 1.

The ratio of the average Nusselt numbers for vertical flat plate and horizontal cylinder can be
determined using the corresponding correlations shown in Section A.3.3.1.1.

The thickness of the boundary layer at the midsection of the cask can be determined by
substitution of the correlations for the local and average Nusselt numbers into equation (4). The
height (L) of the vertical flat plate can be set equal to the outer diameter of the cask (D) for this
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evaluation. Average of the cask outer surface and ambient temperatures are considered in
calculation of the Nusselt numbers.

As seen above, the correlations for the local and average Nusselt numbers depend on the Grashof
and Prandtl numbers, which in turn depend on the cask outer surface temperature. A sensitivity
analysis is performed to cover the effects of a wide range of cask temperatures from 200°F to
500°F on the thickness of free convection thermal boundary layer at the midsection of the cask.
This sensitivity analysis starts with variation of Grashof and Prandtl numbers as summarized in
the following table. :

Variation of Grashof, Prandtl, and Rayleigh Numbers

T =100°F

For L=D
Tca's_k Tcask Te Tavg B : v Gr Pr Ra
() ® K@ | AK (m?/s) () ) ()
200 367 | 311 | 339 | 2.95E-03 | 2.235E-05 | 4.931E+10 | 0.71 | 3.490E+10
300 422 | 311 [ 367 | 2.73E-03 | 2.849E-05 | 5.609E+10 | 0.70 | 3.948E+10
400 478 | 311 | 394 | 2.54E-03 | 3.516E-05 | 5.135E+10 | 0.70 | 3.602E+10
500 533 | 311 | 422 | 2.37E-03 [ 4.232E-05 | 4.415E+10 | 0.70 | 3.091E+10

- The values in the above table are calculated based on air properties shown in Section A.3.2.1,

Item 16, at the average air temperature. As seen in the above table, the Grashof number varies
between 5.6E10 and 4.4E10, the Prandtl number varies between 0.70 and 0.71, and the Rayleigh
number varies between 3.1E10 and 4.0E10 for the cask outer surface temperatures between
200°F and 500°F. Since the variation of Prandtl is relative small, an average Prandtl number of
0.70 is considered in the sensitivity analysis to calculate the average Nusselt numbers for a

vertical flat plate (NuL) and a horizontal cylinder (NuD). To bound the variation of the Rayleigh

number conservatively, the average Nusselt numbers NuL and NuD are evaluated for a wider
range between 1E10 and 1E11.

As shown in Section A.3.3.1.1, the correlation for NuL depends on

C

v
t and f factors, which in

v
turn depend on Prandtl number and surface temperature, respectively. C{ is a weak function of
Prandtl number. The variation of the f factor is determined for a cask outer surface temperature
from 200°F to 500°F. The variations of these values are summarized in the following table.

Variation of C{ and f in Calculation of Nu,

NUH09.0101

T., =100°F
Pr C:I Tcask - f

() () CF) ()
0.70 0.103 200 1.014
0.71 0.103 300 1.028
Average 0.103 400 1.042
500 1.056
Average 1.035
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The average values of C} and f from the above table are considered in calculation of NuL. The

variation of the average Nusselt numbers NuL. and NuD and their ratios summarized in the table
below.

Variation of Nu;/Nup
Vertical Flat Plate
Pr=0.70
Ra Nu’ Nuj C{ f Nu, Nu,
=) (D | ) | 2 | 9 [ ¢
1.00E+10 162.86 163.9 0.103 1.035 208.5 216.0
2.00E+10 193.67 194.7 0.103 1.035 275.0 - 280.5
5.00E+10 243.53 244.5 0.103 1.035 384.0 388.1
8.00E+10 273.89 274.9 0.103- 1.035 452.4 456.1
1.00E+11 289.61 290.6 0.103 1.035 488.5 492.0
Horizontal Cylinder
Pr=10.70
Ra NUT F NU] ; Ct Nut NUD NUL/NUD
) ) | o & o e [ e (=)
1.00E+10 125.73 0.940 126.7 0.103 2219 222.0 0.973
2.00E+10 149.51 0.942 150.5 0.103 279.6 279.6 1.003
5.00E+10 188.00 0.944 188.9 0.103 379.5 379.5 1.023
8.00E+10 211.44 0.945 212.4 0.103 443.8 443.8 1.028
1.00E+11 223.58 0.945 224.5 0.103 478.1 478.1 1.029
' Average 1.011

As shown in the above table, the ratio of NuL to NuD varies between 0.973 and 1.029 for the
range of considered Rayleigh numbers. An average value of 1.011 is considered for this ratio to
use in equation (4). Since this ratio is close to one, the constant parameter q in equation (4) does
not have any significant effect and can be omitted.

Substitution of the local and average Nusselt number ratios from equation (3), équation (5), and
the table of NuL/NuD variations into equation (4) gives:

8o = (1/0.834)°% x1.011x0.913 5,

Using 6x from equation (2) in the above equation determines the range of boundary layer
thickness at the midsection of the cask as summarized in the following table.

: Thickness of the Thermal Boundary Layer
T =100°F

L=D=97.75"
Tcask Tcask Too Tavg Gr Pr Sx/ L 6x 8D0
(F) ® | K | & =) (=) | (=) | () (in)
200 367 | 311 | 339 | 4.931E+10 | 0.71 0.060 5.9 5.7
300 422 | 311 | 367 | 5.609E+10 | 0.70 | 0.059 5.8 5.6
400 478 | 311 | 394 | 5.135E+10 | 0.70 | 0.060 5.9 5.7
500 533 | 311 | 422 | 4415E+10 | 0.70 0.061 6.0 5.7
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As seen in the above table, the variation of the thermal boundary layer thickness is small and its
maximum value at the midsection of the cask is 5.7” for a uniform cask surface temperature of .
500°F. Based on data shown in Section A.3.3.1.2, the shortest distance between the outer surface
of the cask and the personnel barrier is over 9”.

Shortest distance = distance to cask ceﬁterline —cask OD/Z =58-97.75/2=9.125"

The conservatively evaluated boundary layer thickness of 5.7” is much smaller than shortest
- distance between the outer surface of the cask and the personnel barrier. Therefore, the personnel
barrier remains out of the hot air streams flowing around the cask outer surface.

A.3.3.1.3  Effective Thermal Properties in MP197HB TC Model

1) Effective Heat T ranbfer Coefficient for External Fins

To reduce the complexity of the TC model, an effective heat transfer coefficient is calculated for
the external fins based on the geometry shown in the drawings in Chapter A.1, Appendix
A.1.4.10. Circular external fins are welded to an aluminum shell which will be installed over the
outer surface of the TC shield shell to enhance heat dissipation for heat loads over 26 kW. An
effective heat transfer coefficient is calculated for the external fins which includes the convection
and radiation heat transfer to ambient. The following dimensions are considered for the fins.

e Fin height =3.0”
¢ Fin thickness = 0.156”
e Fin pitch=1.0”

A sub-model of the TC outer surface is developed for this purpose using ANSYS [27].

- This sub-model considers a 30 degree segment of the aluminum shell with three circular external
fins. Figure A.3-10 shows the sub-model of the finned shell. '

Convection boundary conditions are applied over the outer surfaces of the fins in the model
using surface load (SF) commands in ANSYS [27]. SHELLS57 elements are overlaid on the
external surfaces of the fins to create radiation super-element. The radiation shell elements are
shown in Figure A.3—10. Thermal radiation from the outer surfaces is modeled using /AUX12
processor. Ambient temperatures of 100°F, -20°F, and -40°F are considered for convection and
radiation.

An emiséivity of 0.70 is considered for the anodized aluminum for exposed finned surfaces as
shown in Section A.3.2.1.

Fixed temperature boundary conditions are applied over the inner surface of the aluminum shell.
- The amount of heat dissipation is retrieved from the model using reaction solution command
(PRRSOL) in ANSYS [27]. The effective heat transfer coefficient is calculated as follows.
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h .= Qreact

e Aeff (Ts - 7-amb)

h.¢r = effective heat transfer coefficient over finned surface (Btu/hr-inz)

Qreact = heat input entering the cask shield shell (reaction solution) retrieved from model (Btu/hr) -
T, = shield shell inner surface temperature (fixed temperature boundary conditions) (°F)

Tamb = ambient temperature (°F) = 100°F, -20°F, and -40°F

Ar= outer surface area of the un-finned shield shell (in?).

Since the hesr will be applied over the un-finned surface of the aluminum shell, A is the area of
the un-finned surface.

Aoy =D, (3xfin pitch)(30/360) = 1 x 98.25 x 3 x 1.0 x (30/360) = 77.2 in’

Convection heat transfer coefficients are calculated using correlations from Rohsenow Handbook
[21], page 4.39 and 4.40, equations 4.68 to 4.70b. The correlations used for convection
coefficients are:

=_h_S. _D_. I?a:gﬁ(Tw_Tamb)S3 _S__-Pr_—__li

Nu ; ;
k D, Vo D, a

D, = outer diameter of un-finned surface = 98.25”

D¢ = outer diameter of circular fins = (98.25 + 2x3.0) = 104.25”
S = fin pitch = 1.0”

g = gravitational constant =9.81 (m/s?)

B = expansion coefficient = 1/T (1/K)

T = absolute temperature (K)

v = kinematic viscosity (mz/s)

a. = thermal diffusivity (m%/s)

k = air conductivity (W/m-K)

On fin tips:
Nu =c Ra® for?2 <Ra<10*with c and b defined in Section A.3.2.1 material #. 22.

On fin lateral surfaces together with the supporting shell:

. c, C,
Nu = C, Ra,"{1-exp| - G for1.052f—s1.67
Ra, D,

where Co=-0.15 + 0.3¢ + 0.32¢!6 Ci=-180+480¢-1.4¢8
C,=0.04+0.9¢ C;=13(1-8)+0.0017¢"
p= 0.25 +Cy Cs Rag=Ra/C
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Properties are evaluated at wall temperature as required in [21]. Air properties used for these
correlations are listed in Section A.3.2.1, material # 16.

The results for the effective heat transfer coefficient are summarized in Section A.3.2.1 material
# 22, 23, and 24 for ambient temperatures of 100°F, -20°F, and -40°F, respectively.

2) Effective Conductivity for Helium Gap between DSC and TC/Sleeve

Effective conductivities are calculated for helium between the DSC and the TC inner shell /
internal sleeve to account for conduction and radiation between these components. Based on
discussion in Section A.3.2.1, a conservative emissivity of 0.587 is considered for the DSC shell
and TC inner shell.

The inner surface of the internal sleeve is anodized. Based on discussion in Section A.3.2.1, a
conservative emissivity of 0.7 is considered for the anodized/painted surface of the internal
sleeve.

The effective conductivity of helium within the gap between the DSC shell and TC inner shell is
calculated based on a detailed sub-model of this region. This sub-model considers a 10 high, 30
degree segment of the shells. Conductivity of helium is considered for the gap between the
shells. Radiation between surfaces is modeled using /AUX12 processor. Figure A.3~11 shows
the sub-model of the DSC shell and the TC inner shell. :

In the DSC/TC sub-model, a heat flux of 2.813 Btu/hr-in? equivalent to 29.2 kW (see Section
A.3.3.1.1) is applied on the radial surface of the innermost shell (DSC shell) and fixed
temperature boundary conditions are applied over the radial surface of the outermost shell (TC
inner shell).

The nodes of the gap between the DSC shell and TC inner shell build up the radiation super
element (MATRIXS50). To avoid convergence problems, the heat flux or fixed temperature
boundary conditions are not applied directly on the nodes of the radiation super element. Instead
the heat flux is applied on the innermost nodes of the DSC shell and the fixed temperatures are
applied on the outermost nodes of the TC shell.

The effective conductivity is calculated as follows.

_ (qreact x 360/ 30) |"(Di.rc/ Do.DSC)
o 27310 x (Tpse — Trc)

Where,

Qreact = reaction solution retrieved from the model (Btu/hr)

Ditc = inner diameter of TC inner shell = 70.5”

Do psc = outer diameter of DSC for 69BTH, 37PTH, 32PTH, and 32PTH1 = 69.75”
Trc = temperature of the TC inner shell innermost nodes (°F)

Tpsc = average temperature of DSC shell (°F)
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The conductivity of SA-240, typé 304 is considered for the TC inner shell in this sub-model.
Since the TC inner shell material is SA-203 and has higher conductivity than SA-240, type 304,
this approach is conservative.

Due to high conductivity of the metallic shells, the temperature gradient across the shells is very
small (< 1°F). Therefore the actual temperature gradient across the gap is slightly lower than the
temperature gradient between the shells (Tpsc — Trc) considered in the above equation. This
results in a slightly underestimated effective conductivity across the gap, which is conservative
for the purpose of this calculation.

The average temperature of the DSC shell is retrieved from the model using “ETABLE”
commands in ANSYS [27]. The fixed temperature boundary condition applied on the outermost
node of TC shell is considered as TC temperature.

The qreact depends on the applied heat flux. Since the effect of qreqt is accounted for in the
equation for ke the calculated ket values can be used for other heat loads considered in this
analysis.

The effective conductivity values for the helium within the gap between the DSC shell and the
TC inner shell are summarized in Section A.3.2.1, material # 25.

The calculated effective conductivity in Section A.3.2.1, material # 25 is applied only in radial
direction for the gap between the DSC shell and the TC inner shell. The conductivity in axial
direction is set equal to helium conductivity for conservatism.

As shown in Section A.3.3.1.1, the gap size between the 61BTH or 61BT DSC shell and the
internal sleeve is equal to the gap size between the large diameter DSC shells (69BTH, 37PTH,
32PTH, and 32PTH]1) and the TC inner shell. Since the assumed emissivity of 0.587 for TC
inner shell is lower than the emissivity of anodized aluminum, the above effective conductivity
calculated for the gap between the large diameter DSC and TC inner shell can be used
conservatively for the gap between the DSC and the internal sleeve for DSC types 61BTH and
61BT.

For small diameter DSC types, 32PT, 24PTH, and 24PT4, an effective conductivity is calculated
for the gap between the DSC shell and TC internal sleeve using the same methodology described
above with the following data.

Di sleeve = inner diameter of TC internal sleeve = 68.0”

Do psc = outer diameter of small diameter DSC types = 67.19”

epsc = 0.587 (emissivity of steel or stainless steel, see Section A.3.2.1)
Egleeve = 0.7 (emissivity of anodized aluminum, see Section A 3.2.1)

The effective conductivity values for the helium within the gap between the small DSC shell and
the TC internal sleeve are listed in Section A.3.2.1, material # 26.

This analysis uses the effective conductivity values from Section A.3.2.1, material # 26 for the
gaps between the DSC shell and TC internal sleeve for 32PT, 24PTH, and 24PT4 DSC types
only in radial direction. The conductivity in axial direction is set equal to helium conductivity for
conservatism.
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3) Effective Conductivity for DSC Top and Bottom Cover Plates

Axial air gaps of 0.0625” are considered between the carbon steel/stainless steel shield plugs and
cover plates for all DSC types. These gaps account for contact resistance and fabrication
imperfections between these components and adjacent plates. In addition, axial gaps of 0.025”
are considered on both sides of lead shield plugs for 24PT4 DSC.

For simplification of the model, the axial air gaps of 0.0625” are integrated into DSC bottom
shield plug and DSC top inner cover plate for all DSC types except for 24PT4.

Single axial air gaps of 0.0625” are integrated into DSC bottom inner cover plate and DSC top
outer cover plate for 24PT4 DSC. The axial gaps of 0.025” are also integrated into the lead
shield plugs of 24PT4 DSC.

An effective conductivity in the axial direction is calculated for these components. The
conductivities of these components remain unchanged in the radial direction.

The gaps and the plates build up serial thermal resistances in the axial direction. The effective
conductivity through these serial pieces is:

k., = Eopate + 11+ toap -
AT
tplate " n. tgap
kplate ' kair
Where,

kesr = effective conductivity in axial direction (Btu/hr-in-°F)
tolate = thickness of targeted plate
~ (bottom shield plug and top inner cover plate for all DSC types except 24PT4)
(bottom inner cover plate, top outer cover plate, and lead shield plugs for 24PT4 DSC)
tgap = 0.0625” between steel shield plugs and stainless steel plates
0.025” between lead shield plugs and stainless steel plates
kptate = conductivity of A36 steel for bottom shield plug (all DSC except 24PT4)
conductivity of SS304 steel for top cover plate (all DSC except 24PT4)
conductivity of SS316 steel for top outer cover and bottom inner cover plates for
24PT4 ' '
conductivity of lead for lead shield plugs of 24PT4 DSC (Btu/hr-in-°F)
kair = conductivity of air (Btu/hr-in-°F)
n = number of gaps
= 2 for gaps between shield plugs and cover plates for all DSC types except 24PT4
=1 for gap between top shield plug and outer cover plate for 24PT4
=] for gap between bottom shield plug and outer cover plate for 24PT4
=2 for gaps between lead shield plugs and encapsulating stainless steel plates for 24PT4

The conductivity values are taken from Section A.3.2.1.

‘Based on data in Table A.3—1, the smallest DSC shield plug thickness is 3” and the smallest DSC
top cover plate thickness is 0.75”. These values are considered to calculate the axial effective
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conductivities conservatively for all DSC types except for 24PT4. The thicknesses of cover
plates for 24PT4 are as follows.

24PT4 DSC top outer cover plate =1.25”
24PT4 DSC bottom inner cover plate =2.0”
24PT4 DSC top lead shield plug = 3.38”
24PT4 DSC bottom lead shield plug = 2.88”

The axial effective conductivities for bottom shield plug and top inner cover plates of all DSC
types except 24PT4 are listed in Section A.3.2.1, material # 27.

The axial effective cdnductivities calculated for top/bottom inner cover plates and lead shield
plugs of 24PT4 DSC are listed in Section A.3.2.1, material # 28 and 29, respectively. .

4) Effective Conductivity for TC Slide Rails

A helium gap of 0.01” is considered between the slide rail and DSC shell to account for the
contact resistance. For simplification of the model, this gap is integrated into the slide rail model
and an effective conductivity is calculated for this component. The calculated effective
conductivity for the slide rail is applied conservatively in all directions.

The gap and the slide rail built up serial thermal resistances along the rail height. The effective
conductivity through these serial pieces is:

_ trail + tgap
eff —
t rail + tgap
krail kHe
Where,

kesr = effective conductivity (Btu/hr-in-°F)

tran = thickness of TC slide rail = 0.12”

tgap = thickness of gap = 0.01”

kil = conductivity of TC slide rails (Nitronic 60)
ke = conductivity of helium (Btu/hr-in-°F)

The conductivity values are taken from Section A.3.2.1. The effective conductivities for the TC
slide rail are listed in Section A.3.2.1, material # 30.

5) Effective Conductivity for Internal Sleeve

The designed shape of the aluminum internal sleeve is shown in the drawings in Chapter A.1,
Appendix A.1.4.10. As seen in this drawing, there is virtually no gap between the segments of
the internal sleeve. A different shape is considered for the internal sleeve in the TC model. The
assumed shape includes 120 individual aluminum pieces with 39 radial gaps and three axial
gaps. The thicknesses of the radial and axial gaps are respectively 0.25” and 0.188” as shown in
Figure A.3—12. In addition, the material properties of the inner shell elements in contact with the
cask slide rails are changed to those of helium to avoid any direct conduction between these two
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components. Since the considered shape of the internal sleeve in the TC model includes more
gaps, it is conservative to use it for thermal analysis of the transport cask under NCT.

To reduce the complexity of the TC model, an effective conductivity is calculated for the
assumed shape of the internal sleeve shown in Figure A.3—12. The following dimensions are
considered for the internal sleeve in the thermal model.

Sleeve ID = ' 68 in.

Sleeve OD = 70.5 in.
.Total length = 196 in.
No. of pieces in axial direction = 4 in.

No. of segments in radial direction = 40 in.
Axial gap = 0.188 in.
Radial gap = 0.25 in.

Axial Effective Conductivity

Along one segment of the sleeve, there are four sections of aluminum pieces with 0.1875” gaps
between them in the axial direction (see Figure A.3—12, at bottom). The thermal resistance
through these serial pieces is:

Raxlfl = 4 RAI + 3 Rgap

L L Lo |
Ros =323 Ru=1"2s Row=35

eff* Al He"
L;=196"

Lgap =0.1875”

Lar= (196 —3x0.1875)/ 4 =48.86” . »
kegs = effective conductivity of one axial segment (Btu/hr-in-°F)
ka; = conductivity of aluminum (Btu/hr-in-°F)

ke = conductivity of helium (Btu/hr-in-°F)

A = surface area of one segment (in)

Rearranging the above equations gives:

L

k = t :
eff axi 1 [4 LAI . 3 Lgap]
kAl kHe

The axial segments are parallel to each other. Due to low conductivity of helium in comparison
to aluminum, helium conductivity can be conservatively ignored. The total axial effective
conductivity is then proportional to the ratio of the surface area for the aluminum segments in
cross section to the total cross-sectional area of the internal sleeve, which is equivalent to the
ratio of aluminum segment angle to the nominal angle (see Figure A.3-12).
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o
Kot axt = Ketr axi1 % —A
nom
with 8, = 360 _ 9
40
9,4/ = gnom - gaprad X 180 =8.6°

D 12 =

gapr.g = radial gap =0.25”
Do,sleeve =70.5”

o,sleeve

Radial Effective Conductivity

Forty aluminum segments in the radial direction build up parallel resistances perpendicular to the
direction of heat flow from the center to the periphery. Again, the total radial effective
conductivity can be set proportional to the ratio of the angle for one aluminum segment (641) to
the nominal angle of each segment (80m)-

gAI

keff.rad = kAI X
nom

The effective conductivity values calculated for the sleeve are summarized in Section A.3.2.1,
material # 31.

A33.14 69BTH DSC Model
The following assumptions and conservatism are considered for the 69BTH DSC model:

The fuel assemblies contained in the DSC basket are intact fuel assemblies. Since the damaged
fuel assemblies are loaded in the outermost fuel compartment cells, they do not affect the
maximum temperatures or the maximum temperature gradients in this evaluation. A sensitivity
analysis is conducted to bound the effects of the damaged fuel assemblies on the thermal
performance of the MP197HB cask considering the worst case condition, in which the high
burnup damaged fuel assemblies becomes rubble. This sensitivity analysis is discussed in
Section A.3.6.9.

No convection is considered within the canister cavity.

Only helium conduction is considered from the basket upper surface to the canister top shield
plug. - '

Radiation is considered only implicitly between the fuel rods and the fuel compartment walls in
the calculation of effective fuel conductivity. No other radiation heat exchange is considered
within the basket model.

Active fuel length for BWR fuel assemblies is 144” [11] and starts about 7.5” from the bottom of
the basket [11]. The total length of the basket assembly is 176.5”.
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‘ The following gaps are considered in the DSC canister/basket model at thermal equilibrium:

a) 0.30” diametrical hot gap between the basket outer surface and the canister inner surface.
This gap is justified in Section A.3.6.7.3.

b) 0.125” axial gap between the bottom of the basket and the DSC bottom inner cover plate

c) 0.01” gap between any two adjacent plates or components in the cross section of the
basket. : : ‘

-d) 0.125” gap in axial direction between the aluminum rail pieces.

e) 0.01” gap between the sections of the paired aluminum and poison plates in axial
' direction.

f) 0.1” gap between the two small aluminum rails at the basket corners.

g) 0.1” gap between the two pieces of large aluminum rails at 0° -180° and 90° -270°
orientations.

h) 0.0625” gap between DSC shield plugs and DSC cover plates for calculation of effective
conductivities in axial direction.

No gap is considered between the paired poison and aluminum plates. The 0.01” gaps considered
on either side of the paired plates account for the thermal resistance between the multiple plates.
This assumption is justified in Section A.3.6.7.4.

‘ The gaps considered between the aluminum rail segments are larger than the nominal cold gaps
and are therefore conservative. The axial gaps considered between the aluminum rail pieces in
the axial direction are larger than the tolerances considered for the rails and are therefore
conservative. ' '

The benchmarking of finite element models against test data in [35] shows that the 0.01” gaps
considered between adjacent plates or components in the cross section of the basket account
conservatively for the tolerances and contact resistances.

In the fabrication, the diametrical gap between the basket and canister shell assigned as gap “a”
above is controlled by dimensional inspections of the diameters of the basket and canister shell.

The structure of the 69BTH basket is similar to the 61BT and 61BTH baskets approved in
accordance with 10 CFR 72 regulations. The uniform gap of 0.01” assigned as gap “c” above
considered in the thermal model between any two adjacent components in the cross section of
the 69BTH basket has the same size as the corresponding gaps considered in the 61BT and
61BTH baskets. In practical terms, fabrication of the 69BTH basket requires very tightly
compressed assembly in order to fit the basket into the shell. Interfaces are formed as
components and parts are assembled. The fit between mating components, for example between
fuel compartment tubes and adjacent sheets, cannot practically be measured. Fabrication
methods provide for the tightest practical assembly of these parts.

The gaps between adjacent components are related only to the flatness and roughness tolerances
‘ of the plates. The micro gaps related to these tolerances are non-uniform and provide
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interference contact at some areas and gaps on the other areas as shown schematically in the
figure in Section A.3.6.7.2. For the purpose of thermal evaluation, surfaces of intermittent
contact between adjacent components are conservatively modeled as a uniform gap of 0.01”. As
shown in SAR Section A.3.6.7.4, the assumed gap size of 0.01” is approximately two times
larger than the contact resistances between the adjacent components. It should be noted that for
conservatism no contact pressure was considered between the components. This assumption
implies that no friction exists between the components within the basket, which adds to the
conservatism considered in the size of this uniform gap. In reality, there is sufficient friction that
61BT baskets have been lifted during fabrication using only the friction on the perimeter of the
four-compartment subassemblies. |

The 0.01” axial gaps between the sections of the paired aluminum and poison sheets assigned as

1P}

gap “e” above are shown in SAR Figure A.3-17. The 0.1 gaps between the rail segments
assigned as gaps “f” and “g” above are shown in SAR Figure A.3-15. These gaps are not located
in the primary heat flow paths. A sensitivity analysis is performed to determine the effect of
these gaps on the thermal performance. The results of this sensitivity analysis show that doubling
the size of these gaps increases the maximum temperatures by less than 1 °F. Therefore, the

effects of these gaps on the thermal performance are insignificant.

The thickness of paired aluminum and poison plates within the wrapped compartment blocks of
69BTH basket is 0.25”. This thickness is reduced to 0.21” to accommodate for the size of the
gaps and maintain the outer basket diameter contained within the DSC inner diameter. An
effective conductivity is calculated for these plates in Section A.3.3.1.5 to maintain the

- conductivity of plates within the basket. All other dimensions are based on nominal dimensions
for 69BTH basket.

Paired aluminum and poison plates are considered as one homogenized material in the 69BTH
basket model. The effective conductivities for paired aluminum poison plates are calculated in
Section A.3.3.1.5.

To reduce the complexity of the 69BTH basket model, the contact resistances between the DSC
shield plugs and DSC cover plates are integrated into the bottom shield plug and top inner cover
plate. Axial effective conductivities are calculated for top and bottom shield plugs of DSC in
Section A.3.3.1.3 and listed in Section A.3.2.1. The conductivities of these components remain
unchanged in the radial direction.

Decay heat load is applied as heat generation boundary conditions over the elements representing
homogenized fuel assemblies. The base heat generation rate is multiplied by peaking factors
along the axial fuel length to represent the axial decay heat profile. A correction factor is used to
avoid degradation of decay heat load due to imperfections in application of peaking factors. The
heat generation rates used in this analysis is calculated as follows.

=( qu xPF]x CF
a

a

Q-
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where,

q = Decay heat load per assembly defined for each loading zone
a = Width of the homogenized fuel assembly = 6.0”

L. =Active fuel length = 144”

PF = Peaking Factor

CF = correction factor = 1.00697 for 69BTH

The base heat generation rates used in 69BTH basket model are listed in the following table.

Base Heat Generation Rates for 69BTH

Heat Load in the Model g value without PF | Heat Load in the Model q value without PF
(KW) (Btu/hr-in®) (KW) (Btu/hr-in®)
0.10 0.0663 0.50 0.3314
0.25 0.1657 0.55 0.3646
0.30 0.1988 0.60 0.3977
0.40 0.2651 0.70 0.4640
0.45 0.2983

The active fuel length for fuel assembly LaCrosse is only 85”, which is significantly shorter than
the other fuel assemblies considered for transport in the 69BTH DSC. The heat load of this fuel
assembly fuel should be lower than the longer fuel assemblies to maintain the same temperature
distribution in 69BTH DSC. )

Since conduction and effective conductivities are the only heat transfer paths considered in the
69BTH DSC, the temperatures are directly proportional to the fuel assembly heat load and
reversely proportional to the active fuel length and effective fuel conductivity. Therefore, the
following equations determiné the reduction in heat load for fuel assembly LaCrosse to maintain
_ the 69BTH temperatures at the same level as those determined for the bounding fuel assembly.

). )
La keff LaCrosse La keffv BoundingFA

L

qLaCrosse = qboundingFA L

k

a,LaCrosse eff LaCrosse

a,BoundingFA keff,boundingFA

With,
kesr = effective fuel assembly conductivity (Btu/hr-in-°F)
q = Decay heat load per assembly defined for each loading zone (Btu/hr)
L, =Active fuel length (in)
= 144 * for bounding fuel assembly
- = 85” for LaCrosse fuel assembly

Based on calculations described in Section A.3.6:5.2, the transverse and axial effective
conductivities of fuel assembly LaCrosse are at least 19.9% higher than those for the bounding
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fuel assembly. Substitution of these values in the above equation gives the reductlon of the heat

-load for fuel assembly LaCrosse.

85
qLacrosse = DboundingFa m x1.199 =0.708 q bundingra

The heat load for LaCrosse fuel assembly should be reduced to 70% of the heat load for
bounding fuel assembly to maintain the 69BTH DSC temperatures at the same level calculated
for the bounding fuel assembly. :

Axial Heat Flux Profile

In-core data from an operating BWR facility forms the basis for the evaluation. The data
provides the burnup and moderator density for 25 axial locations along the length of a fuel
assembly. Five fuel assemblies at different locations in the reactor core are utilized to generate a
burnup (peaking factor) distribution for the assembly. The resulting axial heat flux profile is
shown in Figure T.4-37 associated with Amendment 10 to Part 72 CoC 1004 for the
Standardized NUHOMS® System [3].

The heat flux profile shown in Figure T.4-37 [3] is used in the thermal model of the
Transnuclear, Inc. TN-68 dry transport/storage cask [36], which can accommodate BWR spent
fuel with a maximum bundle average burnup of 45,000 MWd/MTU. The maximum assembly
average burnup allowed in 69BTH DSCs is 62,000 MWd/MTU, which is considerably higher
than 45,000 MWd/MTU for TN-68. Reference [12] shows that at a higher burnup, the heat flux
shape tends to flatten with a reduction in the maximum axial peaking factor in the middle region,
and the flux shape becomes more pronounced in the fuel end regions. The reduction of the
maximum axial peaking factor in a more flattened heat flux shape will result in lower fuel
cladding temperatures. Therefore, the application of a heat flux shape for a lower burnup spent
fuel (45,000 MWd/MTU) on a higher burnup spent fuel (62,000 MWd/MTD) is conservative.

Axial decay heat profile for BWR fuel assemblies is the same as the one described in Appendix
T, Section T.4.6.4 associated with Amendment 10 to Part 72 CoC 1004 for the Standardized
NUHOMS?® System [3]. The peaking factors from Appendix T, Section T.4.6.4 [3] are converted
to match the regions defined for the fuel assemblies in 69BTH DSC/basket model. These
peaking factors are listed in Table A.3-2 and are shown in the following figure.

NUH09.0101 A.3-55



MP197 Transportation Packaging Safety Analysis Report Rev. 12, 02/12

1.4

1.2 -

1.0

0.8 J
0.6 1 —e— Figure T.4-37 [3.3]
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Active Fuel Length (in)

Peaking Factor

Peaking Factor Curve for BWR Fuels

As seen in Table A.3-2, the normalized area under peaking factor curve is smaller than 1.0. To
avoid any degradation of decay heat load, a correction factor of 1.00697 calculated as follows is
used when applying the peaking factors.

Nomalized Area under Curve = fitpR und.er £uinl Heat Profils =0.99308
Active Fuel Length

Active fuel length = 144”

Correction Factor = - L =1.00697
Normalized Area under Curve

The heat generating rates for the elements representing the active fuel are calculated based on the
HLZCs for each basket type. The HLZCs and their restrictions for 69BTH basket are shown in
the following figures.
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74
74 74 : 23 V: 74 74
74
3 B -
74
74

74

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6
x;’,‘}&)"&y Fleat 0.10 0.27 0.30 0.40 0.55 0.45
No. of Fuel
Assemblies " ! 2 - 16 15 a4
1;:?"2'3“:‘:(“‘12'\;1)33} 0.10 | 054 3.0 6.4 8.8 10.8
Max. Decay Heat 26.0 @0
per DSC (kW) )

Notes: ") Total number of fuel assemblies is 69 for HLZC # 1.
@ Adjust payload to maintain the total DSC heat load within the specified limit.
® Reduce the maximum decay heat to 70% of the listed values for LaCrosse Fuel assembly. The
total decay heat for LaCrosse fuel assembly is 18.2 kW per DSC for
HLZC No. 1.

Heat Load Zoning Configuration No. 1 for 69BTH Basket
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Zone | Zone 2 Zone 3 Zone 4 Zone 5

‘ z(‘f;,‘}&)"ﬁ%’ Fend 025 | 00® 0.40 0.60 0.50

No. of Fuel

Assemblies ¥ : g 12 4 24

Max. Decay Heat

per Zone (kW) @ 0.25 0 4.8 144 12.0

Max. Decay Heat 26.0 D@

per DSC (kW) )

Notes:  Aluminum dummy assemblies replace the fuel assemblies in zone 2
@ Total number of fuel assemblies is 61 for HLZC # 2
@ Adjust payload to maintain the total DSC heat load within the specified limit
® Reduce the maximum decay heat to 70% of the listed values for LaCrosse Fuel assembly.
The total decay heat for LaCrosse fuel assembly is 18.2 kW per DSC for HLZC No. 2.

Heat Load Zoning Configuration No. 2 for 69BTH Basket
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‘ Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Max. Decay Heat 0
(KW/FA) @ 0.25 0.0 0.40 0.60 0.50
No. of Fuel 1 0 12 24 24

Assemblies ¥
Max. Decay Heat

per Zone (kW) @ 0.25 0 4.8 14.4 12.0
Max. Decay Heat 299 B
per DSC (kW) )

Notes: ) Aluminum dummy assemblies replace the fuel assemblies in zone 2.
@ Total number of fuel assemblies is 61 for HLZC # 3.
© Adjust payload to maintain the total DSC heat load within the specified limit.
® Reduce the maximum decay heat to 70% of the listed values for LaCrosse Fuel assembly.
The total decay heat for LaCrosse fuel assembly is 20.4 kW per DSC for HLZC No. 3.

Heat Load Zoning Configuration No. 3 for 69BTH Basket
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Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
X@;‘;&;ﬁ Heat 000 | 045 | 00@ | 070 0.60
No. of Fuel
Assemblies 0 8 g - A
Max. Decay Heat
per Zone (kW) © 0 3.6 0 14.0 14.4
Max. Decay Heat 320@
per DSC (kW) )

Notes: " The fuel compartment in zone 1 remains empty
@ Aluminum dummy assemblies replace the fuel assemblies in zone 3

® Total number of fuel assemblies is 52.
“® Reduce the maximum decay heat to 70% of the listed values for LaCrosse Fuel assembly.

The total decay heat for LaCrosse fuel assembly is 22.4 kW per DSC.
© Borated Aluminum is the only poison material allowed for HLZC #4.

Heat Load Zoning Configuration No. 4 for 69BTH Basket
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The DSC shell temperatures for NCT at 100°F, -20°F and -40°F are retrieved from the .
MP197HB transport cask model described in Section A.3.3.1.1 and transferred to the basket
models.

The material properties used in the 69BTH DSC/basket model are listed in Section A.3.2.1

The effective thermal conductivities for paired aluminurh/poison plates and for dummy
aluminum assemblies are calculated in Section A.3.3.1.5.

The geometry of the DSC model and the gaps are shown in Figure A.3—13 through Figure A.3—
17. Mesh sensitivity of the model is discussed in Appendix A.3.6.2.2.

Typical boundary conditions for the DSC basket model are shown in Figure A.3-18.

A3.3.1.5  Effective Thermal Properties in 69BTH DSC Basket

1) Effective Conductivity for Paired Aluminum and Poison Plates in 69BTH DSC

Paired aluminum and poison plates are considered as one homogenized material in the 69BTH
basket model. The possible combinations for paired aluminum and poison plates are summarized
in the following table.

Combinations for Paired Al/Poison Plates in 69BTH Basket

Paired Plated within Paired Plated between
Compartment Blocks . Compartment Blocks
Total Thickness 0.25” 0.375”
Al/Boral Boral Plate Thickness 0.25” 0.25”
Boral Core Thickness 0.16” 0.16”
Al Plate Thickness 0 0.125”
Al/Borated Al or Total Thickness 0.25” 0.375”
Al/MMC
Poison Plate Thickness 0.175” 0.175”
Al Plate Thickness 0.075” 0.200”

The paired plates built up parallel thermal resistances along their length and serial thermal
resistances across their thickness. The gaps considered between the paired plates and their
adjacent basket plates at the cross section account for the contact resistance between the plates.

The effective conductivities of the paired plates are calculated as follows:

K oo Xt K, xt -
Kett aiong = e pto'son A~ 4 along the length (parallel resistances)
model
t . . .
K oft across = t—"""ie't— across the thickness (serial resistances)
poison Al
_—t
kpoison kAI
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where,

Kpoison = conductivity of poison plate or conductivity of core material for Boral (Btu/hr-in-°F)
tooison = thickness of poison plate or thickness of core material for Boral (in)

kai = conductivity of Al 1100 (Btwhr-in-°F) '

ta = thickness of aluminum plate or aluminum clad for Boral (in)

tmodel = thickness paired Al/Poison plates in the model (in)

For conservatism, the conductivity of Boral core is reduced by 10% for calculation of effective
conductivities.

The calculated effective éonductivity values for paired aluminum and poison plates are listed in
Section A.3.2.1 material # 17 to 19.

Borated aluminum plates can be used for all HLZCs in 69BTH basket. Boral or MMC plates
paired with aluminum 1100 plates can be used for HLZC # 1, # 2, and # 3 but shall not be used
for HLZC # 4 with 32 kW heat load.

A comparison between material # 17 and 18 in Section A.3.2.1 shows that the effective »
conductivities for paired aluminum and MMC plates are higher than those for paired aluminum
and Boral plates for the entire temperature range. Therefore, the effective conductivities of
paired aluminum and Boral plates are considered to bound the maximum component
temperatures for HLZC # 1, # 2, and # 3.

The effective conductivities for paired aluminum and borated aluminum plates are used only for
HLZC # 4. ‘

2) Effective Conductivity for Dummy Aluminum Assemblies

Aluminum dummy assemblies replace the fuel assemblies in assigned compartments defined in
the 69BTH basket for HLZC # 2 through # 4 as shown in Section A.3.3.1.4.

The dummy assemblies are considered as aluminum blocks with a cross section of 5.875” x
5.875” and a length equal to BWR fuel assemblies. A uniform gap of 0.0625” is considered
around the cross section of the dummy assembly within the fuel compartment.

The effective conductivity in transverse direction is a combination of serial and parallel thermal
resistances shown in the following Figure A.3-19. The transverse effective conductivity for
dummy assembly is calculated as follows.

K B 1
eff tr.dummy — R :
eff tr dummy
~ with
\
R =2R + 1
eff tr.dummy — th,He1

+
Rth,HeZ Rth,AI
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where

. R _ adummy . R _ adummy _ 1
H th,He2 — k t s th Al — k - k
He “gap Al6061 adummy Al6061

£ gap
Ky w

R thHel —
comp

adummy = Width of dummy assembly = 5.875”

Weomp = inner width of fuel compartment = 6.0” _
tgap = thickness of gap between dummy assembly and fuel compartment =0.0625”
kas061 = conductivity of Al 6061 (Btu/hr-in-°F)

kye = conductivity of Helium (Btu/hr-in-°F)

The conductivity of helium is conservatively ignored in the axial direction. The axial transverse
effective conductivity for dummy assemblies is calculated as follows.

2
_ adummy k
eff,ax,dummy — 2 Al6061
comp

k

The calculated effective conductivities for dummy assembly are listed in Section A.3.2.1
material # 20.

3) Effective Thermal Properties of 69BTH DSC Basket

The DSC basket effective density, thermal conductivity and specific heat are calculated for use
in the transient analyses of the MP197HB under HAC.

Dimensions of the Homogenized 69BTH DSC Basket

DSC Type 69BTH
Basket OD (in) . 68.75
Basket length (in) 164
Top grid assembly OD (in) 68.75
Top grid assembly length (in) 14.4

The basket effective density p.gpasker, and specific heat ¢, o paskes are calculated as volumetric and
weight average, respectively using the following equations.

D _ ZVVI _ steel + WAI + Wpoison + quel
- eff basket — - 2
Viasket Lpaskot * 7 * Dpaseer 14

c _ ZVV/ : Cpi _ Wsteel 'Cpsteel + WAI 'CpAI + Wpoison ' Cp'poison + quel : Cpfuel
peff basket — -
z VV/ Wstee/ + WA/ + Wpaison + quel

Where: W; = weight of basket components
Vmodet = total volume of basket in FE model
Lipasker= basket length = 164 in.
Dpasier = basket OD = 68.75 in.
¢pi = specific heat of basket materials.
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The specific heat and density values used in the above equations are listed in Section A.3.2.1.
The following assumptions are used in the calculation of the basket effective density and specific
heat calculation:

e Specific heat of SA 240, type 304 and Al 6061 are considered for stainless steel and
- aluminum components, respectively.
e For poison material ¢, values are conservatively assumed equal to those for 6061
aluminum. :
¢ For aluminum at T > 400°F ¢, value is conservatively assumed equal to its value at
400°F.
e Conservatively, Helium is not included in density and specific heat calculation.

The same approach as described above for the basket is used to calculate the effective density p.y
wop grid» for top grid assembly (hold-down ring) of 69BTH DSC.

— ZVV’ - Wsteel

Pt topgrid = 2
Vtopgn'd Ltopgn'd 7D topgrid /4

Where: Wsieet = weight of steel in top grid assembly
Viopgria = total volume of top grid assembly in FE model
Liopgria = top grid assembly length in FE model = 14.4”
Dyopgria = top grid assembly OD in FE model = 68.75”

Since no density and specific heat are considered for the helium, the specific heat of the top grid
assembly is equal to the specific heat of steel.

The calculation of the effective density and effective specific heat for the 69BTH basket are
summarized in Table A.3-3 and Table A.3—4, respectively.

To calculate the effective thermal conductivities, the 69BTH basket with Boral poison plates is
chosen. A 26” long slice of 69BTH basket is created by selecting the nodes and elements of the
basket from the finite element model described in Section A.3.3.1.4. The length of the slice
model is twice the length of the aluminum plates and the axial gaps between them. The slice
model is shown in Figure A.3-20.

To calculate the axial effective conductivity of the baskets, constant temperature boundary
conditions are applied at the top and bottom of the slice models. No heat generation is considered
for the fuel elements in these cases. The axial effective conductivity is calculated using the
following equation.

anl X L

kbasket,ax/ = A x AT

x0.95

slice

Where:
Qax1 = Amount of heat leaving the upper face of the slice model — reaction solution of the
uppermost nodes (Btu/hr)
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‘ L = Length of the model = 26” for 69BTH
Aglice = Surface area of the upper (or bottom) face of the basket slice model
= 1856 in* for 69BTH (=1/8 X Dpasket ) »
AT = (T, — T}) =Temperature difference between upper and lower faces of the model (°F)
T, = Constant temperature applied on the upper face of the model (°F)
T, = Constant temperature applied on the lower face of the model (°F)

Only 95% of the estimated axial effective conductivity is considered for conservatism.
Typical applied boundary conditions are shown in Figure A.3-21.

In determining the temperature dependent axial effective conductivities an average temperature
equal to (T; + T2)/2, is used for the basket temperature. The axial effective conductivities for
69BTH basket are listed in Table A.3-5.

The axial effective conductivity for the top grid assembly of 69BTH basket is calculated
considering only the 14.4” high plates. The effects of the extension, base plate, and short plates
are conservatively ignored. The assumed geometry of the top grid assembly is shown in Figure
A.3-22. The following equation is used to calculate the axial effective conductivity for the top
grid assembly.

k =k Ap/ates
topgnid.axi — "' SS5304 A
model

Where: kssso4 = conductivity of stainless steel, see Section A.3.2.1 (Btu/hr- m-°F)
Apiaies = Surface area of the 14.4” high plates, see Figure A.3-22 (in®)
Amodel = Surface area of the homogemzed top grid assembly model
=7/4 X Dbasket =3712 in®

The axial effective conductivities for the top grid assembly are listed in Table A.3-5.

The basket slice models are also used to calculate the transverse effective conductivity of the
basket. For this purpose, constant temperature boundary conditions are applied on the outermost
nodes of the slice model and heat generating conditions are applied over the fuel elements.

The heat generation rates for the slice model of 69BTH basket are calculated based on the HLZC
# 1 shown in Section A.3.3.1.4 with a total heat load of 26 kW and a peaking factor of 1.2 for
BWR assemblies.

The following equation is given in [23] for long solid cylinders with un'iformly distributed heat
sources.

) .rz 2
7=7,+30 [1_[L
4k ry )
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With T, = Temperature at the outer surface of the cylinder (°F)
T = Maximum temperature of cylinder (°F) ' '
= Heat generation rate (Btu/hr-in®)
I, = Outer radius = Dyagicet /2 =34.375” for 69BTH basket
r = Inner radius = 0 for slice model
k = Conductivity (Btu/hr-in-°F)

The above equation is rearranged to calculate the transverse effective conductivity of the basket
as follows. Only 95% of the estimated radial effective conductivity is considered for
conservatism. '

3 Qrad
7=
. . 2 ‘ v
kbasket rad = Mx095 = _0_;9_5Q_rad fOI' 69BTH
' 4.V AT 27-L-AT

With Qrg = Amount of heat leaving the periphery of the slice model —
Reaction solution of the outermost nodes (Btu/hr)

L = Length of the slice model =26 for 69BTH
V = Volume of the slice model = (nr(sz)/2 for 69BTH

AT = (Tmax — To) = Difference between maximum and the outer surface temperatures
in (°F)

Since the surface area of the fuel assemblies at the basket cross section is much larger than the
other components, assuming a uniform heat generation is a reasonable approximation to
calculate the radial effective conductivity.

Typical applied boundary conditions are shown in Figure A.3-21.

In determining the temperature dependent transverse effective conductivities an average
temperature equal to (Tiax +To)/2, is used for the basket temperature.

The transverse (radial) effective conductivities of the 69BTH basket are listed in Table A.3-6.

The effect of stainless steel in the top grid assembly is ignored conservatively in the radial
direction. The effective conductivity of the top grid assembly is set equal to helium conductivity
in the radial direction.

A.3.3.1.6  37PTH DSC Model
The following assumptions and conservatism are considered for the 37PTH DSC model:

The fuel assemblies contained in the 37PTH basket are intact fuel assemblies. Since the damaged
fuel assemblies are loaded in the outermost fuel compartment cells, they do not affect the
maximum temperatures or the maximum temperature gradients in this evaluation.
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No convection is considered within the DSC cavity.

Radiation is considered only implicitly between the fuel rods and the fuel compartment walls in
the calculation of effective fuel conductivity. No other radiation heat exchange is considered
within the basket model. :

The modeled active fuel length for PWR fuel assemblies is 144” with the length of the bottom
fitting about 4 based on WE 14x14 PWR fuel assembly [37]. The total length of the basket
assembly is 1627,

The following gaps are considered in the 37PTH basket/DSC model at thermal equilibrium:

a) 0.45” diametrical hot gap between the basket outer surface and the canister inner surface.
This assumed gap is larger than the nominal cold gap and is therefore conservative.

b) 0.45” diametrical hot gap between the shield plugs and the canister shell inner surface.
The maximum diametrical cold gaps between the top and bottom shield plugs and the
canister shell inner surface are 0.18” and 0.25”, respectively. The assumed hot gap is
therefore conservative.

c¢) 0.01” gap between the basket rails and compartment plates.

~d) 0.0075” gap between any two adjacent plates or components within the cross section of
fuel compartments.

e) 0.125” gap in axial direction between the aluminum rail pieces. This gap is larger than
the axial tolerances considered for rail aluminum pieces and therefore conservative.

f) Two pieces of MMC plates with 0.0075” contact gap as shown in Figure A.3-26 are
conservatively assumed to model single MMC plate in the model.

g) 0.01” gap between any two adjacent plates between shield plugs and canister cover
plates.

h) 0.1” axial gap between the canister inner bottom plate and bottom basket assembly.

It has been shown in [1], Appendix M, Section M.4.4.1.1, that the 0.01” and 0.0075” gaps
considered in the basket cross section account adequately for tolerances and contact resistances
in a similar basket design.

Fourteen single aluminum plates with 0.125” nominal thickness are considered in the fuel
compartments. The thickness of single aluminum plate is modeled as 0.1325”. To account for
this thickness change, an effective conductivity is estimated by a conservative reduction factor of
0.926 (=0.1257/0.135”) to maintain the conductivity of aluminum plates within the basket. All
other dimensions are based on nominal dimensions for the 37PTH basket/DSC model.

A total thickness of 0.075” is considered for Boral platés with a maximum core thickness of
0.06”. 1t is considered that the single MMC or borated aluminum plates have a thickness of
0.125”.
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The nominal widths of fuel compartments are 9” for four corner compartments and 8.725” for all
other compartments. The corresponding nominal compartment opening sizes are 8.875” for fuel
assemblies in the corner compartments and 8.6” for the other fuel assemblies. The widths of all
compartments are reduced to 8.6” in 37PTH DSC model to accommodate for the size of the gaps
and maintain the outer basket diameter contained within the canister inner diameter. Due to
reduced size of the compartments, the compartment opening widths are 8.46” for all the fuel
assemblies in the 37PTH DSC model.

Due to the reduced compartment openmg in 37PTH DSC model, the related heat generatlon rates
are increased by 10.0% (=8.8757 / 8.46 %) for corner fuel assemblies and 3.3% (=8.6 2/8.46%) for
all other fuel assemblies. The transverse effective fuel conductivity is calculated using the
following equation from Appendix T, Section T.4.8.1.4 associated with Amendment 10 to Part
72 CoC 1004 for the Standardized NUHOMS® System [3].

m o2
Kk, =-22 (0.29468)
(T.-T,)

With
kegr = transverse effective fuel conductivity (Btu/hr-in-°F)
g" = volumetric heat generation rate (Btu/hr-in’)
Q
4a% L, -
Q = decay heat load (Btu/hr)
a= half of the compartment width (in.)
L. = Active fuel length (in.)
T, = maximum temperature of fuel assembly (°F)
- To = compartment wall temperature (°F)

q" =

Since the increase of the heat generation rate and the decrease of the compartment opening size
cancel each other out in the above equation, the transverse effective fuel conductivity calculated
for compartment openings of 8.875” and 8.6” can be used in the 37PTH DSC model with
compartment openings of 8.46” without affecting the maximum fuel cladding temperature.

Except for the four corner compartments, 32PT and 37PTH baskets have similar fuel
compartment material and configuration. Since the opening size of these compartments in the
37PTH DSC (8.6”) is smaller than the compartment opening size of the 32PT DSC (8.7”), the
bounding (lowest) effective properties for homogenized PWR fuel assemblies in 32PT basket
taken from [1], Appendix M, Section M.4.2 can be used conservatively for the 37PTH DSC
model for all fuel assemblies except the ones located in the four corner compartments. The
bounding fuel assembly is WE 14x14 PWR fuel assembly.

Only 95% of the axial effective fuel conductivity calculated for 32PT DSC in [1], Appendix M,
Section M.4.2 is considered for use in the 37PTH DSC model for conservatism. This value is
utilized in 37PTH DSC model for all fuel assemblies except the ones located in the four corner
compartments.
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Based on [1], Drawing NUH24PTH-1003 SAR, sheet 2 of 7, Rev. 1, the compartment opening
size for 24PTH DSC is 8.9” and the material of the compartments for 24PTH DSC is stainless
steel SA 240, type 304. Since the compartment opening size for the four corner compartments in
the 37PTH DSC (8.875”) is smaller than the compartment opening size of the 24PTH DSC
(8.9”) and the emissivity of anodized aluminum used in the four corner compartments of 37PTH
is higher than the emissivity of stainless steel, the bounding (lowest) effective fuel properties
calculated for 24PTH DSC in [1], Appendix P, Section P.4.2 can be used conservatively for the
fuel assemblies located in the four corner compartments in the 37PTH DSC model. The
bounding effective fuel conductivity used for the four corner fuel assemblies in the 37PTH DSC
model belongs to WE 14x14 PWR fuel assembly taken from [1], Appendix P, Section P.4.2.

Decay heat load is applied as heat generation boundary conditions over the elements representing
homogenized fuel assemblies. The base heat generation rate is multiplied by peaking factors
along the axial fuel length to represent the axial decay heat profile. A correction factor is used to
avoid degradation of decay heat load due to imperfections in application of peaking factors. The
heat generation rates used in this analysis is calculated as follows.

q
q =(az L xPFJxCF

where,

q = Decay heat load per assembly defined for each loading zone

a = Width of the homogenized fuel assembly in model = 8.46”

L. =Active fuel length = 144”

PF = Peaking Factor ,
CF = correction factor = 1.002 for 37PTH ‘ /

The base heat generation rates used in the 37PTH basket model are listed in the following table.

Base Heaf Generation Rates for 37PTH

Heat Load in the Model | q value without PF
(KW) (Btu/hr-in®)
0.40 0.1327
0.60 0.1991
0.70 0.2322

Axial Heat Flux Profile

The normalized axial burnup profile for typical PWR fuels with burnup higher than 30
GWd/MTU is taken from DOE/RW0472 [12]. The peaking factors from [12] are converted to
match the regions defined for the fuel assembly in the 37PTH finite element model.

The maximum assembly average burnup allowed in 37PTH DSCs is 62,000 MWD/MTU, which |
is considerably higher than 30,000 MWD/MTU referenced in the report. Research [12] shows

that at a higher burnup, the heat flux shape tends to flatten with a reduction in the maximum

axial peaking factor in the middle region, and the flux shape becomes more pronounced in the
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fuel end regions. The reduction of maximum axial peaking factor in a more flattened heat flux
shape will result in lower fuel cladding temperatures. Therefore, the application of heat flux

shape for a lower burnup spent fuel (30,000 MWD/MTU) on a higher burnup spent fuel (62,000 |
MWD/MTD) is conservative.

These peaking factors are listed in Table A.3—7 and are shown in the following figure.

1.2
1.0
S
- 0.8
©
U&’ 0.6 —m— DOE/RWO0472 [3.12] \
£ ' —e— 37PTH Model \
3 04
: \
0.2
0.0 T 1 T T T L
0 25 50 75 100 125 150
Active Fuel Length (in)

Peaking Factor Curve for PWR Fuels

As seen in Table A.3-7, the normalized area under the peaking factor curve is smaller than 1.0.
To avoid any degradation of decay heat load, a correction factor of 1.002 calculated as follows is
used when applying the peaking factors.

Nomalized Area under Curve = fed el Zucial Hieat Drotie =0.998

Active Fuel Length

Active fuel length = 144”

Correction Factor = 1 =1.002
Normalized Area under Curve

The heat generating rates for the elements representing the active fuel are calculated based on the
HLZC for 37PTH DSC. The HLZC and its restrictions for 37PTH basket are shown in the
following figure.
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Zone 1 Zone 2 Zone 3 Zone 4

Max. Decay Heat
(kW/FA) 0.40 0.40 0.60 0.70
No. of Fuel

. Assemblies 1 8 12 16
Max. Decay Heat
per Zone (kW) 0.4 32 72 11.2
Max. Decay Heat 950
per DSC (kW) :

Heat Load Zoning Configuration for 37PTH Basket

The DSC shell temperatures for NCT at 100°F, -20°F and -40°F are retrieved from the
MP197HB transport cask model described in Section A.3.3.1.1 and transferred to the basket
models.

The material properties used in the 37PTH basket/DSC model are listed in Section A.3.2.1.

Section A.3.2.2.3 shows that the conductivity of MMC plate is lower than those of borated
aluminum plate. Therefore, the conductivity of MMC plate is considered for single poison plates
in the 37PTH basket model to bound the maximum component temperatures.

The effective thermal conductivities for Boral plates are calculated in Section A.3.3.1.7.

The geometry of the DSC model and the gaps are shown in Figure A.3-23 through Figure
A3-27.

Mesh sensitivity of the model is discussed in Appendix A.3.6.2.3.
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Typical boundary conditions for DSC basket model are shown in Figure A.3-28.
A.3.3.1.7  Effective Thermal Properties of 37PTH DSC Basket
1) Effective Conductivity for Boral Plates in 37PTH DSC

Boral plates are considered as one homogenized material in the 37PTH basket model. The total
thickness of the Boral plate is 0.075” with a core thickness of 0.06” in the 37PTH basket.

The Boral core and its aluminum claddings built up parallel thermal resistances along their
length and serial thermal resistances across their thickness. The effective conductivities of the
Boral plate are calculated using equations for &, ,,,, and & described in Section A.3.3.1.4

eff ,across

with the following parameters.

Kpoison = conductivity of core material for Boral (Btu/hr-in-°F)
tpoison = thickness of core material for Boral = 0.06 in

kai = conductivity of Al 1100 (Btu/hr-in-°F)

tar = thickness of aluminum clad for Boral = 0.015 in

tmodel = thickness of Boral plates in the model =0.075 in

For conservatism, the conductivity of Boral core is reduced by 10% for calculation of effective
conductivities.

The calculated effective conductivity values for Boral plates in 37PTH basket model are listed in
Section A.3.2.1 material # 21. ' '

A.3.3.2 Heat and Cold

Table A.3-8 and Table A.3-9 present the maximum temperatures for TC components and DSC
Shells. ‘

The DSC types 61BTH, 61BT, 32PTH, 32PTHI1, 32PT, 24PTH, and 24PT4 are evaluated
previously for normal transfer conditions under 10 CFR 72 requirements. The DSC shell
temperature profiles of these DSCs in MP197HB model are compared with the corresponding
profiles from 10 CFR 72 SARs in Section A.3.6.3. It is shown that the fuel cladding and the
basket component temperatures in 10 CFR 72 SARs represent the bounding values for these
DSCs under transport conditions.

Therefore, no additional analysis is performed for the DSCs previously evaluated under 10 CFR
72 conditions. The maximum fuel cladding and the basket component temperatures for these
DSCs are taken from 10 CR 72 SARs and reported as the bounding values for transport
conditions.

The maximum temperatures for DSC contents for all DSCs to be transported in MP197HB TC
for NCT are listed in Table A.3-10.

The heat load of the secondary containers is limited to 5 kW and is bounded by the DSC heat
loads of 18.3 kW to 32 kW. The maximum component temperatures of the MP197HB TC loaded
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with a secondary container are therefore bounded by those evaluated for TC loaded with DSCs.
The content of the secondary containers are irradiated and/or contaminated non-fuel bearing

solid materials, which have temperature limits significantly higher than the fuel cladding. Due to
the lower heat load of secondary container, the maximum temperature of thecontent will be less
than the basket and fuel cladding temperatures loaded in the DSCs. Therefore, no additional .
analysis is required for the secondary containers. '

As calculated in Section A.3.3.1.2, the maximum accessible surface temperatures for impact
limiter and personnel barrier are 121°F and 152°F, respectively. These temperatures are well I
below the limit of 185°F defined in Section A.3.1.

The thermal aﬁalysis of NCT demonstrates that the MP197HB TC with up to 32 kW heat load
meets all applicable requirements. The highest maximum temperatures are summarized in Table
A3-11.

The maximum temperatures calculated using conservative assumptions are well below specified
limits. The seal O-rings are not explicitly considered in the models. The maximum seal
temperatures are retrieved from the models by selecting the nodes at the locations of the
corresponding seal O-rings. The maximum Fluorocarbon seal temperature (341°F, 172°C) for
NCT is below the long-term limit of 400°F (204°C) specified for continued seal function. The
maximum metallic seal temperature (402°F, 206°C) for NCT is below the long-term limit of
644°F (340°C) specified for continued seal function.

The maximum neutron shield temperature is 316°F (158°C) for NCT, which is below the long
term limit of 320°F (160°C). No degradation of the neutron shielding is expected.

The maximum temperature of gamma shield is 410°F (210°C) for NCT, whlch is well below the I
melting point of lead (621°F, 327°C)

If the fuel assembly configuration is not altered, the predicted maximum fuel cladding
temperature of 560°F (343°C) for the maximum heat load of 32kW is well within the allowable
fuel temperature limit of 752°F (400°C) for NCT.

The temperature distributions for NCT with 100°F ambient and 1nsolat1on are shown in Figure
A.3-29 to Figure A.3-34.

Under the minimum ambient temperature of -40°F (-40°C), the resulting packaging component
temperatures will approach -40°F if no credit is taken for the decay heat load. Since the package
materials, including containment structures and the seals, continue to function at this

temperature, the minimum temperature condition has no adverse effect on the performance of the
MP197HB TC.

The maximum component temperatures for ambient temperatures of -40°F and -20°F with
maximum decay heat and no insulation are calculated for 69BTH DSC and 37PTH DSC to use
for structural evaluations. These temperatures are listed in Table A.3—12 and Table A.3-13.

The average temperatures of helium gas in TC cavity, and the average temperatures of fuel
assemblies and helium within 37PTH and 69BTH DSC cavities for NCT are listed in
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’ Table A.3-14. These temperatures are used to evaluate the maximum internal pressures within
TC and DSC cavities.

Thermal stresses for the MP197HB TC loaded with DSC are discussed in Chapter A.2. The
maximum normal operating pressure for the MP197HB TC is discussed in Section A.3.3.3. The
performance of the MP197HB TC loaded with DSCs for HAC is discussed in Section A.3.4.

A.3.3.3  Maximum Normal Operating Pressure
A333.1  MPI197HB TC Operating Pressure

The following assumptions are considered to determine the maximum pressures within the
MP197HB TC cavity during NCT when the TC is loaded with DSCs.

o All dimensions used in calculation of the maximum pressures are nominal.

e Length of the DSCs and the spacer in the ax1al direction are selected to minimize TC
cavity volume and increase pressure.

o Length of the sleeve is conservatively assumed equal to the length of the TC cavity.
¢ The spacer is considered as a solid cylinder in this calculation.

: e  98% of the TC cavity free volume is conservatively used in calculating the maximum
' pressures.

o The initial temperature of helium backfill in the cask cavity is assumed to be 70°F.

¢ - The maximum initial pressure of the helium backfill in the cask cavity is 3.5 (2.5 + 1)
psig.

e For HAC, the highest average temperature of helium in the cask cavity in the transient
run is considered for calculation of the maximum pressure.

The average helium temperatures in the cask cavity are retrieved from the MP197HB model
described in Section A.3.3.1.1. The data used in calculating the pressures in the MP197HB TC
cavity during NCT and HAC are listed below. ‘
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’ Data used in Calculation of Maximum Pressures in TC Cavity
I[:I;:; ODpsc LD{SC Tavg henct | Tavg, hetiac IDspenn Lic
DSC Type kW in in °F °F in in
69BTH 32 69.75 196.04 339 387
37PTH 22 69.75 - 189.25 269
32PTH 26 |- 69.75[4] 185.75 [4] 7205
32PTH, Type 1 26 69.75 [4] 193.00 [4] 301 N/A :
32PTHI, Type 1 26 69.75 [3] 198.50 [3] '
32PTHI, Type 2 24 69.75 [3] 198.50 [3] 288 |
DSC Type ODpsc Lpsc Tave heNcT Tayg heriac IDsieeve 199 25
61BTH, Type 1 Y 22 67.25 3] 196.04 [3] 301 ’
61BTH, Type 2V 24 67.25 [3] 196.04 [3] 316 N/A
61BT 18 67.25[1] 196.04 [1] 273
32PT 1 24 67.19[1] 192.55 1] 281 68 -
24PTH, 297
all types) © 26 | er1omy | 186.6701] 333
24PT4 24 67.1972] | 196.30[2] 313 N/A
Note:

) DSCs 61BTHF and 24PTHF have the same dimensions and use the same MP197HB features as DSCs 61BTH
and 24PTH, respectively. The thermal expansion of 61BTHF and 24PTHF DSCs is bounded by values for 61BTH
and 24PTH DSCs and is not analyzed separately.

Where,
ODpsc = Quter Diameter of the DSC, in
. Lpse = Length of the DSC, in
T ovg hencr = Average Temperature of helium for NCT
s Tovs peac = Average Temperature of helium for HAC
IDshen = Inner diameter of TC inner shell, in
D gecre = Inner diameter of sleeve, in
Ly

= MP197HB Cavity Length, in

The spacer data used in calculating the pressures in the MP197HB TC cavity during NCT and
HAC are listed below.

Spacer Data used in Calculating Maximum Pressures

DSC Type Lspacer (in) ODygyacer (in)
69BTH 2.2 69.75
61BT/61BTH Type 1 and 2 2.2 6725
37PTH 9 69.75
32PTH 12.5 69.75
32PTH Type 1 5.25 69.75
32PTHI Type 1 and Type 2 NAD N/AD
32PT 5.7 67.25
24PTH (all types) 11.7 67.25
24PT4 22 67.25
‘ " Note: " 32PTHI-L is used in calculating the cask cavity pressures.
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where, v
Lgpacer = Length of the spacer, in
OD,., = Outer Diameter of the Spacer Disc, in

The free volume of the MP197HB cask cavity is determined based on the dimensions presented
in the above tables. The free volume of the MP197HB cask cavity is calculated as:

V * LTC) - (ODIZJSC * LDSC + OD.SZ‘pacer * LSpacer)]

Sfree,cc ask

=7 *luoz

where,

ID.,o = [Dgpey » Inner diameter of the cask inner shell for DSCs without sleeve, in

=/Dg/eeve » Inner diameter of the cask sleeve for DSCs with sleeve, in

The number of moles of helium in the cask cavity is calculated using the ideal gas law and is as
follows:

*(6894.8Pa/ psi)* V., .. *(1.6387 *10°m* /in®)

(5/9K/°R)

n _ mltral
he Initial —
R Tavg He

The maximum pressure in the cask cavity for NCT is calculated as:

(1 ‘4504 * 10_4 p_;;ﬁJ * (nhe,inilia[) * R * Tavg,he,NCT * (5/9K/0R)

PNCT =

0.98*V ., . *(1.6387*10° m’ /in’)
where,
Tovg e = Initial Average Temperature of helium
R = Universal gas constant, 8.314J/(mol -~ K)

Npe imity = NUMber of moles of helium in MP197HB cask cavity, g —moles
P, = Initial pressure in the MP197HB cask cavity, psia

initial
Py, = Pressure in the MP197HB cask cavity during NCT, psia
Vieece = Free volume of MP197HB cask cavity, in®

free.cc

The maximum pressures in the cask cavity calculated for loaded MP197HB TC are presented in
Table A.3-20. The case of the 69BTH DSC in MP197HB TC with 32 kW heat load is bounding
for the maximum TC cavity pressure for all DSCs. The maximum pressure in the cask cav1ty of
the MP197HB TC for NCT is 12.7 psig.
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. Due to low heat load of the secondary containers and expected low amount of fission gas release,
the internal pressure of the cask loaded with the DSCs is boundmg for the cask loaded with the
secondary containers. :

'A33.32  69BTH DSC Operating Pressure

The maximum internal pressure for the 69BTH DSC within MP197HB TC for NCT is

determined based on the maximum allowable heat load for each HLZC discussed in Section
A.3.3.1.4 and maximum assembly average burnup of 62 GWD/MTU. The limiting fuel assembly |
type considered in this evaluation is the FANP 9x9-2 assembly.

The calculations account for the canister free volume, the quantities of canister backfill gas, fuel
rod fill gas, and fission products and the average canister cavity gas temperature. The internal
canister pressures are then calculated using ideal gas law.

_ ntoral R T

avg,can

e Vfree,can

. Where:
Netal = Total number of moles of gases within canister cavity (1b- moles),
R = Universal gas constant (10.73 p51a-ft3/lb moles-°R),
Tavgcan = DSC cavity average temperature (°R),

. Viteecan = DSC free volume (ft), and
Pcan = DSC internal pressure (psia).

The following assumptions and conservatisms are considered in calculating the maximum
internal pressures within the 69BTH DSC:

e The DSC internal pressure is calculated below for the most limiting normal, and accident
cases for the 69BTH DSC. For these cases, 3% and 100% of the fuel rods are assumed to
rupture, 100% of the fuel rod helium fill gas and 30% of the fission gases are assumed to
be released into the DSC cavity [9]. The methodology for DSC internal pressure
calculations is in accordance with the methodology used for the 61BTH DSC associated
with Amendment 10 to Part 72 CoC 1004 for the Standardized NUHOMS® System [3].

e The amount of fission gasses produced by the “generic” BWR fuel assembly (FA) is
obtained from the 61 BTH methodology ([3], Appendix T, Section T.4.6.6.4).

¢ The DSC cavity average helium temperatures calculated in 69BTH DSC in Sections
A.3.3.1.4 and A.3.4 for limiting FANP 9x9-2 fuel assembly, are assumed to bound
average helium temperatures for the rest of 69BTH fuel assemblies (FA).

e -Similar to the 61BTH YDSC, the 69BTH DSC is assumed to be backfilled with helium to a
pressure of 3.5 (2.5 £ 1.0) psig after vacuum drying [3].

‘ : e An average temperature of 212°F equal to water boiling temperature is considered for the
DSC shell during backfill operation. , -
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e The initial temperature of fuel rod plenum fill gas is assumed to be at room temperature
(70°F or 530°R). This is a reasonable assumption since the process takes place in a
controlled environment. '

e The highest assembly average burnup of 62 GWD/MTU proposed for the 69BTH DSC is |
assumed for the pressure calculation. Maximum burnup creates a bounding case for the
amount of fission gases produced in the fuel rod during reactor operation.

e The highest weight and volume of fuel assembly was conservatively used because it
. displaces the most of free DSC cavity volume. ‘

¢ The bounding (maximum) plenum volume among all fuel assemblies V,=2.136 in® (For
SVEA FAs) is conservatively used in this calculation. '

¢ The bounding (maximum) initial rod pressure (pinitiar) Of 160 psia (For SVEA FAs) is
used.

e Only 98% of the DSC free cavity volume is used for pressure calculation.

1) Free DSC Cavity Volume

The volume of helium in the DSC cavity is calculated based on 69BTH weight calculations
provided in Chapter A.2. The 69BTH DSC cavity free volume is calculated as DSC cavity
volume minus basket, dummy assemblies (DA) and fuel assemblies’ volume. The free volume -
for helium in the DSC is calculated as,

VHe psc = VHe DSC_wio_FA - VFAs - VDas

" Where,

VHe_psc = Free helium volume in DSC

VHe_DSC_wio_FA = Helium volume ou}side fuel compartments in DSC cavity
VEeas= Helium yolume within comp.artment containing fuel assemblies

Vpas= Helium volume within compartment containing dummy assemblies

The 69BTH DSC free helium volume and DSC cavity volumes used for pressure calculations are
summarized in Table A.3-21 and Table A.3-22, respectively.

2) Average Helium Temperature

The average helium temperature in the DSC cavity is calculated based on DSC thermal analysis
presented in Section A.3.3.1.4 and weight data provided in Chapter A.2 as volumetric average:

TI—Ie_DSC = (VHe_in_FA_act_fuel 'THe_in_FA_act_fuel + VHe_in_DA_act_fuel : THe_in_DA_act_fuel +
VHe_DSC_out_FA/DA_act_fuel © LHe_DSC_out FA/DA_act_fuel)/ VHe DSC.
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where,

The_psc = Temperature of helium in DSC

Vie_in_FA_act_fuel = Volume of helium in FAs along active fuel

The in_FA_act_fuel = Temperature of FAs along active fuel

VHe_in_DA_act_fuel = Volume of helium outside DAs along active fuel

The_in_DA_act fuel = Temperature of DAs along active fuel

VHe_DSC_out FA/DA_act_fuel = Rest of helium volume in DSC outside FAs and DAs along active fuel
THe_DSC out FA/DA act fuel = Temperature of helium in cavity outside FAs and DAs along active fuel

Calculation of the average temperature of helium in 69BTH and 37PTH DSCs cavity for NCT
and HAC is summarized in Table A.3-21.

3) Quantity of Helium Fill Gas in DSC B

The 69BTH DSC free volume is assumed to be filled with 3.5 psig (18.2 psia) of helium. The
average temperature of helium during backfill is evaluated based on linear extrapolation of
helium average temperatures versus DSC shell temperatures for cold and hot NCT. A DSC shell
temperature equal to water boiling temperature of 212°F is assumed during backfill operation.
The average helium temperatures for 69BTH DSC in MP197HB at ambient temperature of -40°F
and 100°F are calculated using the method described above. The evaluation of average helium
backfill temperature for 69BTH and 37PTH DSCs is shown in the following table.

Evaluation of Helium Backfill Temperature

69BTH | DSC 37PTH | DSC
Operation Transport Transport He Transport Transport He
Tap=100°F | T,,=-40°F" backfill T,m=100°F Tamy=-40°F | backfill
Tosc shell avs °F 420 288 212 357 259 212
The av, °F 538 448 396 500 413 371
The avs °R - - 856 - - 831

These average helium temperatures are used to estimate the number of moles of helium backfill
in the DSC in accordance with the methodology of [1], Appendlx P, Section P.4.6.5.4 for 24PTH
DSC.

Using the ideal gas law,
PV =nRT,

n=PV/RT,
R =8314J/(mol - K).

The quantity of helium in the DSC for the 69BTH DSC for HLZC #1 is:

_(18.2 psia)(6894.8 Pa/ psi)(258413in°)(1.6387 -107° m’ /in’)
hevsud (8.314 J /(mol - K))(856°R)(5/9K /°R) ’
=134.39 g — moles.

nhe,.\'ld

The initial 69BTH DSC helium fill gas quantities are listed in Table A.3-22.
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4) Quantity of Fill Gas in Fuel Rod

The volume of the helium fill gas in a fuel rod for the limiting (by number of fuel rods) SVEA
fuel assemblies, at cold, unirradiated conditions is assumed to be 2.136 in’ (maximum among all
69BTH fuels). There are at most 100 fuel rods in an SVEA fuel assembly with a maximum fill
pressure of 145.3 psig (160 psia).

The fill gas is assumed to be at room temperature (70°F or 530°R). Per the ideal gas law, the
quantity of fuel rod fill gas in 69 assemblies is: '

_ (160 psia)(6894.8 Pa/ psi)(69-100- 2.136in)(1.6387 -107° m’ /in’)
e (8.314 J /(mol - K))(530°R)(5/9K /°R)
n,, =108.91g — moles.

b

Based on 10 CFR 71 [6], the maximum fraction of the fuel pins that are assumed to rupture and -
release their charge gas for normal and accident conditions is 3% and 100%, respectively. Table
A.3-22 summarizes the amount of helium fill gas released for the 69BTH DSC for NCT and
HAC. : :

5) Quantity of Gases released as a Result of Irradiation

For the 69BTH DSC, the quantity of gases released as a result of irradiation for the “generic”
BWR fuel assembly is 20.2 g-moles as shown in Appendix T, Section T.4.6.6.4 associated with
Amendment 10 to Part 72 CoC 1004 for the Standardized NUHOMS® System [3]. The total gas
moles (per fuel assembly) are then multiplied by the 30% release fraction to obtain the number of
moles contributing to 69BTH DSC cavity gas pressure.

Although, only a maximum average assembly burnup of 62,000 MWd/MTU is allowed for
69BTH DSC, the amount of gas released from one assembly because of irradiation is adjusted to
a burnup of 70,000 MWD/MTU as follows for conoservatism.

n g 14 = 20.2 g-moles*70,000/62,000 * 0.3 = 6.84 g-moles

Table A.3-22 presents the amount of gas released into the DSC cavity by fuel assemblies » ;g for
normal and accident conditions assuming a 30% gas release from the fuel pellets [9] and a 3%
and 100% rod rupture percentage, respectively.

6) Maximum Normal Operating Pressure Calculation ‘

Calculation of the maximum pressure in the 69BTH DSC HLZC #1 for normal conditions of
transport is shown below. In accordance with [9], 3% of the fuel rods are assumed to be ruptured.
The total amount of gas in the DSC cavity is therefore:

Mpsc-neT = Phe iitial + Phe fuel rod release + Pig »

Ppsencr =134.39+3.2744.16=151.82 g —moles
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Ruptured pins will vent plenum gas until it comes into equilibrium with the DSC pressure;
therefore, the plenum volume within the ruptured pins can be included in the total DSC internal
volume. For a 3% pin rupture the additional volume is therefore:

%

pin plenum

=100 pins/assy-2.136in° / pin-69 assy / basket -0.03=442.15 in®.

The maximum normal operating pressure (MNOP) for this configuration is then,

(1 450410~ —p;’ﬁ)(ls 1.82 g — moles)8.314J /(mol - K)984°RY5/9 K /°R)
a

2

P, =
psc-Net (258413in® +442.15in°)(1.6387 107 m’ / in’)
Ppse_ner =23.59 psia(8.89 psig)

The maximum pressures are summarized in Table A.3-22. As seen from Table A.3-22, the
maximum internal pressures in the 69BTH DSC calculated based on thermal conditions are
lower than the design pressures considered for the structural evaluation.

A.3.3.3.3  37PTH DSC Operating Pressure

The maximum internal pressure for the 37PTH DSC within the MP197HB TC for NCT is
determined based on the maximum allowable heat load of 22 kW discussed in Section A.3.3.1.6
and maximum assembly average burnup of 62 GWD/MTU. Although BW 15x15 fuel assembly |
is not allowed for transport in the 37PTH DSC, it is considered as the limiting fuel assembly type
in this evaluation for conservatism.

Calculation of Maximum Normal Operating Pressure inside the 37PTH DSC follows the same
methodology as described for 69BTH DSC in Section A.3.3.3.2.

The following assumptions and conservatisms are considered in calculating the maximum
internal pressures within the 37PTH DSC: '

a) The DSC internal pressure is calculated for the most limiting normal, and accident cases.
For these cases, 3% and 100% of the fuel rods are assumed to rupture, 100% of the fuel
rod helium fill gas and 30% of the fission gases are assumed to be released into the DSC
cavity [9]. The methodology for DSC internal pressure calculations is in accordance with
the methodology used for the 32PTH]1 associated with Amendment 10 to Part 72 CoC
1004 for the Standardized NUHOMS® System [3].

b) The following fuel assemblies are considered bounding for internal DSC pressure
analyses performed for 32PTH1, 32PTH, 24PTH, and 24PT4 DSCs:
WE 15x15 - for 32PTH DSC [4], .
BW 15x15 - for 24PTH DSC [1],
CE 16x16 — for 24PT4 DSC [2].
Since BW15x15 is bounding by amount of irradiation gases [30], it is selected for this
analysis.

¢) The 37PTH DSC is assumed to be backfilled with helium to a pressure of 2.5 + 1.0 psig
after vacuum drying similar to the 32PTH1 DSC [3].
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‘ d) The fuel rod plenum fill temperature is assumed to be room temperature (70°F or 530°R).
This is a reasonable assumption since the process takes place in a controlled environment.

e) The BW 15x15 fuel assembly used in the pressure calculation is assumed to be burned to
62 GWD/MTU, which is the highest assembly average burnup proposed for the 37PTH |
DSC configuration. Assuming maximum burnup creates a bounding case for the amount
of fission gases produced in the fuel rod during reactor operation.

f) The average helium temperatures used in this calculation for 37PTH DSC configuration
are obtained from the thermal analysis of 37PTH DSC short length configuration. The
medium length 37PTH DSC results are bounded by the short length 37PTH DSC results,
and hence, it is conservative to use the short cavity results.

g) Data of bounding BW15x15 fuels assembly with control components (CC) is
conservatively used for calculating internal pressure for 37PTH DSC.

h) The short length 37PTH DSC design with lowest free volume and fill gas amount is
conservatively used in this calculation.

i) Only 98% of DSC free cavity volume is used for pressure calculation.
1) Free DSC Cavity Volume

Free DSC Cavity volume for the 37PTH DSC is calculated using the same methodology used for
the 69BTH in Section A.3.3.3.2.

‘ : The 37PTH DSC free helium volume and conservative DSC cavity volumes used for pressure
calculations are summarized in Table A.3-21 and Table A.3-22, respectively.

2) Average Helium Temperature

Average Helium Temperature for the 37PTH DSC is calculated using the same methodology
used for 69BTH in Section A.3.3.3.2.

The 37PTH DSC average helium temperature used for pressure calculations are calculated and
summarized in Table A.3-21 and Table A.3-22, respectively.

3) Quantity of Helium Fill Gas in DSC

Helium Fill Gas in DSC for the 37PTH DSC is calculated using the same methodology used for
69BTH in Section A.3.3.3.2.

The initial 37PTH DSC helium fill gas quantities are listed in Table A.3-22.
4) Quantity of Fill Gas in Fuel Rod and Gases released as a Result of Irradiation |

The total free gas in fuel rod, which includes fuel rod fill gas and gases released because of
irradiation for bounding BW15x15 FA is provided in Table 7-14 of [30] for maximum burnup of
: 55000 MWD/MTU and extrapolated linearly for 65000 MWD/MTU as shown in the following
table for conservatism, although only a maximum average assembly burnup of 62,000
‘ MWdA/MTU is allowed for fuel assemblies in the 37PTH DSC.
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Amount of Gas released from Fuel Rods (BW15x15 FA)

Burnup, MWD/MTU Total Free Gas at STP, (cm?)
55,000 - 1400
65,000 1665

Note:
() Extrapolated value.

For 37PTH DSC, the amount of fill gas in fuel rods and fission gases released as results of
irradiation are combined and the total is shown in Table A.3-22.

5) Quantity of Gas in Control Components

The 37PTH DSC PWR fuel assembly may include control components (CCs). The evaluation of
gas quantities for CCs is based on the BW15x15 CCs documented in [1] Appendix J, Section J.4.
For the controlling BW 15x15 assembly, up to 37 CCs may be present. These CCs are assumed
to have an initial helium fill of 14.7 psia, and if 100% of the boron is consumed, and 30%
released into the DSC, a total of 82.94 g-moles of gas could be released to the DSC assuming
100% cladding rupture (based on 53.8 g-mol for 24 BPRA in the 24P DSC, from [1] Appendix J,
Section J.4).

The percentage of CCs rods ruptured during normal and accident conditions is assumed to be 3%

-and 100%, respectively, similar to the assumptions for the fuel rod rupturing. The maximum

amount of gas released to the DSC cavity from the CCs n ¢¢ for normal and accident conditions
is given in Table A.3-22.

6) Maximum Normal Operating Pressure Calculation

Calculation of the maximum pressure in 37PTH DSC follows the same methodology as used for
69BTH DSC in Section A.3.3.3.2.

The maximum pressures for 37PTH DSC are summarized in Table A.3-22. As seen from Table
A.3-22, the maximum internal pressures in 37PTH DSC calculated based on thermal conditions
are lower than the design pressures considered for the structural evaluation.

A.3.3.3.4  Internal Pressure for DSCs analyzed for Storage/Transfer

The maximum internal pressures for 61BTH, 61BT, 32PTH, 32PTH1, 32PT, 24PTH, and 24PT4
DSCs for storage and transfer conditions under 10 CFR 72 requirements are determined in [1]
(2], [3], and [4].

Based on discussions in Section A.3.3.2 the maximum fuel cladding and basket component
temperatures for 61BTH, 61BT, 32PTH, 32PTH1, 32PT, 24PTH, and 24PT4 DSC in MP197HB
TC for transport conditions (10 CFR 71) are bounded by temperatures for storage and transfer
conditions (10 CFR 72) and no DSC thermal analysis is required. It is also applicable to the
average gas temperatures in DSC cavity. Therefore, the internal pressure in a DSC for NCT with
3% ruptured fuel rods can be evaluated interpolating between the internal pressures calculated
for normal storage/transfer conditions with 1% ruptured fuel rods and off-normal storage/transfer
conditions with 10% ruptured fuel rods. Higher average helium temperatures for accident storage
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and transfer conditions compared to normal temperatures provide additional conservatism in the
internal pressure calculation for NCT.

Since 100% percent of ruptured fuel rods is assumed for both transfer accident conditions and
transport HAC and maximum DSC shell temperatures for transfer accident conditions bound
those for transport HAC as noted in Section A.3.4 (which results in lower average DSC helium
temperature), the internal pressures calculated for storage licensed DSCs for transfer accident
conditions bound the internal pressures for transport in MP197HB TC during HAC.

As seen from Table A.3-23, the maximum internal pressures in storage licensed DSCs calculated
based on thermal conditions are lower than the design pressures considered for the structural
evaluation.

A333.5  Operating Pressures for 61BTHF and 24PTHF DSCs

As shown in Chapter 4, Table 4-28 of [4] for 32PTH DSC, a loading configuration with 50%
intact and 50% damaged fuel assemblies results in negligible increase (~0.1 psi) in maximum
internal pressure for bounding accident conditions.

The number of failed and damaged fuel assemblies for 61BTHF and 24PTHF DSCs is 16 and 12,
respectively. Therefore, the maximum pressures calculated for 61BTH DSC and 24PTH DSC
reported in Table A.3-23 can be used for 61BTHF and 24PTHF DSCs. As seen from Table A.3—
23, the maximum internal pressures in storage licensed DSCs calculated based on thermal
conditions are lower than the design pressures considered for the structural evaluation.

A.3.34  Thermal Evaluation for Loading/Unloading Operations

Vacuum drying is considered as a normal condition for wet loading operations. The fuel transfer
operations for wet loading occur when the MP197HB and the loaded DSC are in the spent fuel
pool. The fuel is always submerged in free-flowing pool water permitting heat dissipation. After
completion of fuel loading, the TC and DSC are removed from the pool and the DSC is drained,
dried, sealed and backfilled with helium. These operations occur when the annulus between the
TC and DSC remains filled with water.

The water in the annulus is replenished with fresh water to prevent boiling and maintain the
water level if excessive evaporation occurs. Presence of water within the annulus maintains the
maximum DSC shell temperature below the boiling temperature of water in open atmosphere
(212°F). ‘ '

Water in the DSC cavity is forced out of the cavity (blowdown operation) before the start of
vacuum drying. Helium is used as the medium to remove water and subsequent vacuum drying
occurs with a helium environment in the DSC cavity. The vacuum drying operation does not
reduce the pressure sufficiently to reduce the thermal conductivity of the helium in the canister
cavity ([3], Appendix T, Section T.4 based on [5], [32], and [33]).

With helium being present during vacuum drying operations, the maximum temperatures
- including the maximum fuel cladding temperature are bounded by those calculated for transport
operation if the DSC shell temperature under NCT is higher than the DSC shell temperature of
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212°F maintained during vacuum drying. As shown in Table A.3-8 and Table A.3-9 for all
DSCs in MP197HB TC, all DSC shell minimum temperatures are higher than 212°F. Therefore,
no additional thermal evaluation is needed.

Presence of helium during blowdown and vacuum drying operations eliminates the thermal
cycling of fuel cladding during helium backfilling of the DSCs subsequent to vacuum drying.
Therefore, the thermal cycling limit of 65°C (117°F) for short term operations set by ISG-11 [7]
is satisfied for vacuum drying operation in MP197HB.

The bounding unloading operation considered is the reflood of the DSCs with water. For
unloading operations, the DSC is filled with the spent fuel pool water through its siphon port.
During this filling operation, the DSC vent port is maintained open with effluents routed to the
plant’s off-gas monitoring system.

The maximum fuel cladding temperature during reflooding event is significantly less than the
vacuum drying condition owing to the presence of water/steam in the canister cavity. Based on
the above rational, the maximum cladding temperature during unloading operation is bounded by
the maximum fuel cladding temperature for vacuum drying operation.

Initially, the pool water is added to the canister cavity containing hot fuel and basket
components, some of the water will flash to steam causing internal cavity pressure to rise. This
steam pressure is released through the vent port. The procedures specify that the flow rate of the
reflood water be controlled such that the internal pressure in the canister cavity does not exceed
the maximum pressure specified for reflooding operations as noted in Chapter A.7, Appendices
A.7.7.1 through A.7.7.9. This is assured by monitoring the maximum internal pressure in the
canister cavity during the reflood event. The reflood for the DSC is considered as a Service

Level D event and the design pressures of the DSCs are well above 15 psig for the 32PTH DSC

and 20 psig for the other DSCs (see Chapter A.7, Appendices A.7.7.1 through A.7.7.9).
Therefore, there is sufficient margin in the DSC internal pressure during the reflooding event to
assure that the canister will not be over pressurized.

The effects of the thermal loads on the fuel cladding during reflooding operations are evaluated
in Appendix T, Section T.4.7.3 and Appendix U, Section U.4.7.3 for BWR and PWR fuel
assemblies respectively, associated with Amendment 10 to Part 72 CoC 1004 for the
Standardized NUHOMS® System [3]. Since the same fuel assemblies are handled in the DSCs
contained in MP197HB, these evaluations remain valid for this calculation.
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A34 Thermal Evaluation under Hypothetical Accident Conditions

The thermal performance of the MP197HB TC loaded with DSCs with heat load up to 32 kW is
evaluated in this section under the HAC described in 10 CFR 71.73 [6]. This evaluation is
performed primarily to demonstrate the containment integrity of the MP197HB TC for HAC.
This is assured as long as the seal temperatures remain below the long-term temperature limits
presented in Section A.3.1. 400°F (204°C) and the cask cavnty pressure is less than the design
pressure as specified in Section A.3.1.

The evaluations are presented in Section A.3.6.11 for the case that the physical integrity of the
fuel assemblies may not be guaranteed. For the case that the physical configuration of the fuel
assemblies is not altered, the thermal evaluations are presented in below for HAC.

The finite element model of the MP197HB TC developed in Section A.3.3.1.1 is modified in this
evaluation to determine the maximum component temperatures for HAC. For the transient runs
considering HAC conditions, the basket and hold-down ring (if applicable) are homogenized.
SOLID70 elements are used to model the homogenized basket and hold-down ring. The elements
for other components are the same as those described in Section A.3.3.1.1.

Ambient conditions for HAC are based on 10 CFR 71 [6] requirements and are applied on the
boundaries of the cask model. These conditions are listed below.

Hypothetical Accident Conditions for MP197HB

Period. Ambient temperature (°F) | Insolance | Duration (hr)
Initial Conditions 100 Yes N/A
Fire 1475 No 0.5
Wood Smoldering 100 Yes 0.5
Cool-Down . 100 i Yes N/A

The assumptions and conservatism considered in evaluation for HAC are describéd in Sections
A34.1and A34.2. '

A34.1 Initial Conditions

The initial temperatures for the MP197HB TC transient model before the fire accident are
determined using the same boundary conditions for NCT (100°F ambient with insolation)
described in Section A.3.3.1.1 except that the decay heat load is applied as a uniform heat
generation rate over the homogenized basket for the transient runs.

o Q
(z14)D? L,
q”’ = decay heat generation rate (Btu/hr-in’)
Q = decay heat load (Btu/hr) (to convert from kW multiply by 3412.3)
D; = DSC inner diameter (in)
Ly = Basket length (in)
The decay heat generation rates used in the transient model are listed below.
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‘ : Decay Heat Generation Rate
DSC Type | Heat Load Heat Load D, Ly Decay heat
(kW) (Btw/hr) (in (in) Generation Rate
: (Btu/hr-in®)
69BTH 26.0 88,720 68.75 _ 164 ~0.1457
32.0 109,194 68.75 164 0.1794
24PTH 26.0 ~ 88,720 66.19 168.60 0.1529

All the assumptions and conservatism described in Section A.3.3.1.1 for the MP197HB model
are valid for determination of initial conditions.

A3.4.2  Fire Test Conditions

No fire test is performed. Instead, the fire conditions are simulated using the finite element
model of the MP197HB TC.

Based on the requirements in 10 CFR 71, part 73 [6], a fire temperature of 1475 °F, fire
emissivity of 0.9 and a period of 30 minutes are considered for the fire conditions. A bounding
forced convection coefficient of 4.5 Btu/hr-ft’-°F is considered during burning period based on

data from reference [13]. Surface emissivity of 0.8 is considered for the packaging surfaces
exposed to fire based on 10 CFR 71, part 73 [6].

The total heat transfer coefficient during fire is determined using the following equations.

. : ht,fire = hr,ﬁre + hc,ﬂre

Where,
h; rire = fire radiation heat transfer coefficient (Btu/hr—in2-°F)
h, fire = forced convection heat transfer coefficient during fire = 4.5 Btu/hr-in>-°F

The radiation heat transfer coefficient, h, sre, is given by the equation:

0'(5fo4 - Tw4)

Btu/hr-in®-°F
Tf - Tw

hr,ﬁre = gw FWf I:
where,
gw= TC outer surface emissivity = 0.8 [6]
gr = fire emissivity = 0.9 [6] .
Fur = view factor from TC surface to fire = 1.0
o =0.1714 x10°® Btu/hr-ft*-°R* '
Ty = surface temperature (°R)
T¢ = fire temperature = 1475°F = 1,935°R

The sensitivity study that documents the effects of fire emissivity of 1.0 on the thermal
performance of the MP197HB TC is documented in Appendix A.3.6.8.

: The following gaps are reduced from 0.0625” under NCT to 0.01” under HAC to maximize the
‘ heat input from the fire toward the cask after free drop:
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\

‘ a) 0.01” axial gap between thermal shield and impact limiter case

b) 0.01” axial gap between thermal shields and cask top or bottom end surface

The folloWi‘ng modifications are considered for the MP197HB TC model to maximize the heat
input from the fire toward the cask during fire period and bound the maximum temperatures
during the cool-down period.

a) The thermal properties of the gaps considered for initial conditions are changed to the
properties for one of the adjacent components. The thermal properties of these gaps are
restored after the fire during cool-down period. These gaps are listed in Table A.3-15.

b) Based on the cask slide rail thickness and orientation shown in Figure A.3—1, the gap
between the lowest point of the DSC shell and the cask inner shell is maximized when the
DSC centerlines are shifted by x” calculated in Section A.3.3.1.1. For the HAC analysis,
the DSC centerlines are considered to be shifted by the same amount as described in
Section A.3.3.1.1 to maximize the initial and the cool-down temperatures for TC and
DSC components.

¢) As noted in Section A.3.3.1.1, axial and radial gaps are considered for internal sleeve.
These gaps are removed during the fire period by changing the material properties of
internal sleeve to those of aluminum 6061. The assumed gaps within the internal sleeve
are restored for the cool-down period by changing its material properties to the effective
values calculated in Section A.3.4.2.1.

‘ d) The cask slide rails are assumed to be in contact with DSC shell during the fire period.
The properties of the cask slide rail are changed to helium or a dummy material with a
conductivity of 1x10-8 Btu/hr-in-°F for cool-down period.

e) Itis assumed that the cask is equipped with external fins for 32 kW head load and the
external fins maintain their shape during the fire and completely melt away after the fire.
The finned shell and the gap between the finned shell and the shield shell outer surface
remain in place after the fire.

f) The neutron shield resin and the trunnion plug resin assumed to remain intact during the
fire period and disintegrate completely after the fire. Air with conduction only properties
replaces these resins during the cool-down period.

g) Based on structural evaluation in Chapter A.2, the aluminum blocks of thermal shield
will be crushed due to end drop accident. This crush causes also local deformation of
impact limiter at the location of the aluminum blocks, which creates a relative large gap
between the thermal shield and the impact limiter plates at these locations. The
magnitude of deformation is larger at the lateral segments and smaller at the central
segment of the impact limiter. A uniform height of 0.25” is considered for aluminum
blocks after the drop accident. This value is smaller than the average block heights shown
in Chapter A.2. This assumption bounds conservatively the heights of the aluminum
blocks to maximize the heat input from the fire toward the seals, particularly for the port
seals and ram closure plate seal located beneath the central segment of the impact limiter.

h) No heat dissipation is considered for the impact limiter outer surfaces to evaluate the
. maximum canister shell temperatures under steady state cool-down conditions.
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In order to maximize the heat input from the fire toward the TC, the impact limiters of the '
MP197HB TC model are modified to reflect deformation due to drop accidents. The crush
depths of impact limiters are determined in Chapter A.2 based on end, side, corner, and slap
down accident drops. The minimum distances between the TC and the surface of the damaged
impact limiters are recalculated based on the crush depths given in Chapter A.2 and depicted in
Figure A.3-35 and Figure A.3-36. For conservatism, the maximum crush depth experienced by
the impact limiter in a given direction is assumed to occur everywhere on the impact limiter.

Comparison between Figure A.3-35 and Figure A.3—-36 shows that the maximum deformation is
caused by the side and corner drop accidents. The shortest distances between the TC and the
surface of the damaged impact limiter are 9.25” and 8” in the radial and axial directions,
respectively.

To bound the shortest distances conservatively in the model, the shortest distances between the
TC and the surface of the damaged impact limiter are reduced to 8.25” and 7” in the radial and
axial directions, respectively. To implement this, the cask the impact limiters outer diameter is
reduced from 126” to 101” and the length of the impact limiter is reduced from 58” to 34.5”. The
shortest distances between the TC and the surface of the damaged impact limiters in the model
are calculated as follows.

Shortest distance for radial direction: (ODyp crush — OD10) / 2 = (101 - 84.5) / 2 = 8.25”

Impact limiter height after drop (Hr crush) = 34.5”

Length of Impact limiter above the cask bottom plate / lid (h; i) = 27.5” (see Figure A.3-35
for end drop)

Shortest distance for axial direction: (Hii crush — h1ir) = (34.5 = 27.5) =7.0”

Since the shortest distances between the cask and the deformed impact limiters are considered
uniformly in all directions, the thermal model bounds conservatively the deformations
determined in Section A.2. The geometry of the TC model with deformed impact limiters is
shown in Figure A.3-37.

Although the impact limiters are locally deformed during the drop accident, they remain attached
to the cask. Since the welds of the impact limiter shell do not break, the wood within the impact
limiter shell cannot access air and would char but not burn during the hypothetical fire accident.
Hence, the steel encased wood impact limiters still protect the bottom plate and the lid of the
cask from direct exposure to fire.

Although unlikely, the worst-case damage due to a hypothetical puncture condition based on 10
CFR 71.73 [6] may result in tearing off the outer steel skin of the impact limiter, crushing the
wood out of the damaged area, and exposing the partially contained wood to the hypothetical fire
.conditions.

A study of fire performance of wood at elevated temperatures and heat fluxes [14] shows that the
surface temperature for the rapid spontaneous ignition of wood is between 330 °C and 600 °C
(626 °F and 1,112 °F). Based on standard fire test (ASTM E119, 1988) reported in [14], if a
thick piece of wood is exposed to fire temperatures between 815 °C and 1,038 °C (1,500 °F and
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1,900 °F), the outermost layer of wood is charred. At a depth of 13mm (~0.5”) from the active
char zone, the wood is only 105 °C (220 °F). This behavior is due to the low conductivity of
wood and fire retardant characteristics of char.

It is also shown that the char forming rate under high temperature fire conditions is between 37
mm/hr for soft woods and 55 mmv/hr for hard woods. Redwood has a char rate of 46 mm/hr [14].

Based on the shortest distance considered between the TC and impact limiter in the axial
direction, the thickness of Redwood at the central segment of the impact limiter is approximately
6” (152 mm) in the model. Assuming the redwood is compressed after drop accident, a char rate
of 55 mm/hr can be considered for the wood in the central segment of the impact limiter. The
time interval for the charring until the active char zone reaches 13 mm above the inner surface of
the center cover plate can be calculated as follows.

(152 13) L

(Redwood thlckness 13) / char rate = 55

After this moment, the temperature of active char would be gradually imposed at the impact
limiter inner surface. It takes another 14 minutes until the last 13 mm of Redwood is charred as
shown below

(Thickness of last portion of hot Redwood) / char rate =;—z =0.24 hr=14.2 min

During the last 14 minutes the inner surface of the impact limiter is exposed to the high
temperature of the active char.

The impact of charring wood on the cask is maximized if the inner surface of the impact limiter
is exposed to active char immediately after fire for 14 minutes.

To bound the problem and remain conservative, it is considered in the finite element model that
the inner surface of the impact limiter inner cover is exposed to the char wood temperature for 30
minutes immediately after the end of fire. A char wood temperature of 900°F is considered for
these conditions, which is approximately the average of the maximum and minimum char wood
temperatures given in [14].

No heat dissipation is considered for the open surface of the torn segment after this period,
assuming conservatively that this surface is entirely covered with a thin layer of low conductivity
wood char. '

For the MP197HB TC containing a BWR DSC, the heat load is closer to the rear impact limiter.
The ram closure plate and the test seals are located within a radius of 18.5” from the TC
centerline in the cask bottom plate. Considering the locations of the seals and the impact limiter
segments, the worst case condition occurs for MP197HB TC containing a BWR DSC when the
center segment of the rear impact limiter (from centerline to OD 40”) is punctured.
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For the MP197HB TC containing a PWR DSC, the heat load is closer to the front impact limiter
due to the use of cask spacers at the bottom of the cask. The cask lid O-ring and the vent and test
O-rings are located outside the radius of 32.25”. Therefore, the worst case condition occurs for
the MP197HB TC containing a PWR DSC when a lateral segment of the front impact limiter
(from ID 40” OD 126”) is punctured.

Based on thermal analysis presented in Section A.3.3.1.1 and results shown in Table A.3-8 and
Table A.3-9 for NCT, the maximum seal temperatures of MP197HB TC are bounded by

69BTH DSC with 32 kW heat load in TC with external fins,
69BTH DSC with 26 kW heat load in TC without internal sleeve, and
24PTH DSC with 26 kW heat load in TC with an internal sleeve and without external fins.

To determine the peak seal temperatures for HAC, a series of transient runs with the above
bounding maximum heat loads are performed. The transient runs are listed in the following table.

List of Transient Runs
Case : Heat Load Internal
No. DSC Type Fuel Type . (kW) External Fins Sleeve
1 69BTH BWR 32 Yes No
2 69BTH BWR 26 No No
3 24PTH PWR 26 No Yes

As noted previously, the basket and hold-down ring are homogenized for the transient runs
considering HAC conditions. The properties for homogenized baskets and hold-down ring are
calculated in Section A.3.3.1.5 for 69BTH DSC and in [1], Appendix P, Section P.4 for 24PTH
DSC.

Transient runs are performed for 20 hours after the fire. The results of the transient runs
discussed in Section A.3.4.3 show that the maximum temperatures of cask components are
declining so that the maximum cask component temperatures at 20 hours after the fire accident
bound the maximum temperatures for the steady state conditions.

Due to large thermal mass of the basket, the maximum basket component temperatures will be
achieved under steady state conditions after the fire accident. The results of transient runs
discussed in Section A.3.4.3 verify this conclusion. Steady state runs are performed for all DSC
types in this calculation. : '

The DSC shell temperature profiles from steady state runs are used to determine the maximum
basket component temperatures including the maximum fuel cladding temperature during HAC.
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The steady state runs performed in this calculation are listed below.

List of Steady State Runs for Cool-Down Period

Case Heat Load Internal
No. DSC Type (kW) External Fins Sleeve
1 69BTH 32.0 Yes, Melted No
2 69BTH 29.2 Yes, Melted No

3 69BTH 26.0 No No
4 24PTH 26.0 No Yes
5 61BTH Type 1 22.0 No Yes
6 61BTH Type 2 24.0 No Yes
7 61BT 18.3 No Yes
8 37PTH 22.0 No No

9 32PTH/ 32PTH Type 1 26.0 No No
10 32PTH1 Type 1 26.0 "~ No No
11 - | 32PTH1 Type 2 24.0 No No
12 32PT 24.0 No Yes
13 24PT4 24.0 No Yes

For the post fire conditions, it is assumed that all external surfaces are covered with soot. The
solar absorptivity of soot is 0.95 [22]. To bound the problem, the thermal analysis uses a solar
absorptivity of 1.0 and an emissivity of 0.9 for the packaging outer surfaces during the cool-
down period.

Insolance during the post fire, cool-down conditions is applied as a heat flux over the TC outer
surfaces using average insolence values from 10 CFR 71 [6]. The insolance values are averaged
over 24 hours and multiplied by the surface absorptivity factor to calculate the solar heat flux.
The solar heat flux values used in MP197HB TC model for cool-down conditions are
summarized below.

Solar Heat Flux for Cool-Down Period

Insolance Total solar heat flux
Surface over 12 hrs [6] Solar averaged over 24 hrs
Material Shape (gcal/cm?) Absorptivity (Btu/hr-in®)
Curved 400 1.0 0.4267
All materials Flat vertical 200 1.0 0.2133

For cool-down conditions, convection and radiation heat transfer from the TC outer surfaces are
combined together as total heat transfer coefficients using the same methodology described in
Section A.3.3.1.1 with an emissivity of 0.9 representing the soot covered external surfaces.

The finite element models described in Section A.3.3.1.1 are used for the steady state runs
considering cool-down conditions. These models are modified to consider the deformed shape of
the impact limiters. In addition, the material properties of neutron shield resin and trunnion plug
resin are changed to air (conduction only) to conservatively bound the conductivity of charred or
decomposed resins after fire.

The following modifications are considered for the steady state runs to maximize the DSC shell
temperatures conservatively.
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a) Homogenized baskets are not considered in the steady state runs for the cool-down
period. Instead decay heat fluxes are applied on the inner surface of the DSC shells using
the same methodology and values described in Section A.3.3.1.1 for NCT.

b) Adiabatic boundary conditions are imposed on the impact limiter outer surfaces for
steady state runs under cool-down conditions.

The other boundary conditions and the surface properties for steady state runs are the same as
those considered for cool-down period in transient runs.

The material properties used in the MP197HB model are listed in Section A.3.2.1.
The geometry of the TC model with deformed impact limiters is shown in Figure A.3-37.
Typical boundary conditions for HAC are shown in Figure A.3-38 and Figure A.3-39.

For the 69BTH and 37PTH DSCs, the DSC shell temperature profiles retrieved form the post fire
steady state runs are applied to the DSC/basket finite element models to determine the maximum
fuel cladding and basket component temperatures during HAC. For all other DSC types,
comparison between the maximum DSC shell temperatures for HAC and accident transfer
conditions is used to bound the maximum fuel cladding and basket component temperatures.

The finite element models of 69BTH DSC and 37PTH DSC described in Section A.3.3.1.4 and
Section A.3.3.1.6, respectively are used for HAC thermal analysis calculation without any
modifications. The methodology and the heat generation boundary conditions for these models
are the same as those described in Section A.3.3.1.4 and Section A.3.3.1.6. The DSC shell
temperatures for post fire, cool-down conditions are retrieved from the MP197HB transport cask
models and transferred to the DSC/basket models. All other boundary conditions for 69BTH
DSC and 37PTH DSC models remain the same as those described in Section A.3.3.1.4 and
Section A.3.3.1.6 without any modification. ‘

A3.42.1  Effective Properties in the MP197HB TC HAC Model

The effective properties for 69BTH basket, 69BTH top grid assembly are calculated in Section
A.3.3.1.5 and are used in HAC analysis.

The effective properties for 24PTH basket are based on data for 24PTH-S or —L without inserts
from [1], Appendix P, Section P.4.2, Item 13 and are used in HAC analysis.

Effective Density for the Cask Internal Sleeve

The effective conductivities for the cask internal sleeve were calculated in Section A.3.3.1.3.
Since no density and no specific heat is considered for helium, the specific heat for the internal
sleeve is equal to specific heat of aluminum.

MHe = PHe X Vgaps =0
CpHe = 0
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p.eff.

The effective density of the cask internal sleeve is calculated as follow.

Vol; = Volume of one piece as shown in Figure A.3-12.
T

=Z(D _p, )360 L, =3174in’

D, = OD of internal sleeve = 70.5” (Section A.3.3.1.5)

D; = ID of internal sleeve =68 (Section A.3.3.1.5)

Ba1 = angel of one internal sleeve plece = 8.6° (Section A.3.3.1.5)
Lai = length of one internal sleeve piece = 48.86” (Section A.3.3.1.5)

Vsieeve =Volume of internal sleeve = No. of pieces x V011 =4x40x 3174 = 50,784 in®

Votat = Volume occupied by internal sleeve = %(Do2 -D/? ) Lgioore = 53,301 in®

I

Lsieeve = 196” (Section A.3.3.1.5)

Vseore 50,784 3
= ceve = 0.098 x =0.098x0.95 =0.093 Ibm/
Pt Sleeve Par- V-rota/ 5 3’3 O 1 X n

Effective Heat Transfer Coefficient for Cask External Fins

Since the cask external fins are not considered explicitly in the TC model, an effective total heat
transfer coefficient is calculated for finned shell based on the area ratio of the finned surface to
the un-finned base.

A
Fin factor = —¢d =7 193

base

T
Afinned = Z[(98.25 +2x3) —(98.25)° ]x 2+ i f
N
7(1-0.156)x 98.25 + ‘ o‘m
7(0.156)(98.25 + 2x 3) '
Afinned = 2220.1 in
0D 9825
Apase = 7(98.25)(1) =308.7 i in? 307

As noted, the finned shell in the thermal model is shorter and has fewer fins than the designed
finned shell. To be conservative for the fire simulation, the effective total heat transfer
coefficient for the finned shell is applied on the entlre radial outer surface of the TC located
between the two impact limiters.
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It is assumed that the fins melt away after the fire but the shell and the gap between the finned
shell and the shield shell remains in place. Therefore, the convection coefficient over the cask -
outer surface is determined using the correlations for horlzontal cylinder described in Section

A33.1.1.

A.3.4.3  Maximum Temperatures and Pressure
The maximum component temperatures for transient runs are listed in Table A.3-16.

The seal are not explicitly considered in the models. The maximum seal temperatures are
retrieved from the models by selecting the nodes at the locations of the corresponding seal.

The time temperature histories for the TC components, DSC shell, and homogenized basket are
shown in Figure A.3—40 through Figure A.3-42. As seen in time temperature histories, the
basket temperature increases steadily during cool-down period. It indicates that the maximum
basket component temperatures will be reached for steady state conditions after fire. This
behavior was expected due to large thermal mass of the basket and the relative large gap between
the DSC sheli and the cask inner shell.

The maximum DSC shell temperatures for steady state runs are listed in Table A.3-17.

The DSC types 61BTH, 61BT, 32PTH, 32PTH1, 32PT, 24PTH, and 24PT4 are evaluated
previously for accident transfer conditions under 10 CFR 72 requirements. The DSC shell
temperature profiles of these DSCs in MP197HB model are compared with the corresponding
profiles from 10 CFR 72 SARs in Appendix A.3.6.3. Based on discussions in Appendix A.3.6.3,
the fuel cladding and the basket component temperatures for accident transfer conditions under
10 CFR 72 represent the bounding values for these DSCs for HAC under 10 CFR 72
requirements.

Therefore, no additional analysis is performed for the DSCs previously evaluated under 10 CFR
72 conditions. The maximum fuel cladding and the basket component temperatures for these
DSCs are taken from 10 CFR 72 SARs and reported as the bounding values for HAC. .

The maximum temperatures for DSC contents for all DSCs to be transported in MP197HB TC
for HAC are listed in Table A.3—18.

The maximum TC and DSC component temperatures for HAC are summarized in Table A.3— 19.
Table A.3—19 shows that the maximum temperatures of the MP197HB components calculated
for HAC are lower than the allowable limits.

The maximum seal temperature for fluorocarbon seals is 394°F at cask lid for 32 kW heat load in
69BTH DSC when TC is equipped with external fins. This temperature is below the long-term
limit of 400°F specified for continued seal function. :

The maximum seal temperature for metallic seals is 434°F at drain port for 32 kW heat load in
69BTH DSC when TC is equipped with external fins. This temperature is below the long-term
limit of 644°F specified for continued seal function.
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The maximum temperature of gamma shield (lead) is 574°F, which is well below the lead
melting point of 621°F.

If the fuel assembly configuration is not altered, the maximum fuel cladding temperature is

- between 668°F and 693°F for 69BTH DSC with 26 kW to 32 kW heat loads. For 37PTH DSC,
the bounding maximum fuel cladding temperature is 671°F with 22 kW heat load. These
temperatures are well below the limit of 1,058°F (570°C) established in [7].

The maximum fuel cladding temperature for the DSC types evaluated at higher heat loads for
transfer conditions under 10 CFR 72 remain below the allowable limit of 1,058°F (570°C).

The resins and wood are assumed to be decomposed or charred after fire accident. Therefore, the
maximum temperatures for these components are irrelevant for HAC.

Typical temperature distributions for the MP197HB TC under HAC are shown in Figure A.3—43
and Figure A.3—44.

Typical temperature distributions for the 69BTH and 37PTH DSC under HAC are shown in
Figure A.3-45 through Figure A.3-48.

The maximum pressures in the cask and canister cavities for HAC are calculated using the same
methodology described in Section A.3.3.3.

1) MP197HB TC Cask Cavity HAC Pressure

- The maximum cask cavity pressure in the MP197HB TC for HAC is calculated using the same
methodology and assumptions as described for NCT in Section A.3.3.3. The nomenclature used
is defined in Section A.3.3.3.

The maximum pressure in the cask cavity for HAC is calculated as:

(1 '4504 * 10—4 p;;a) ( I1e mmal) R avg he HAC * (5/9K/0R)

PHAC=

0.98*V

Jfree,cc

*(1.6387*107 m* / in’) &

As seen from Table A.3-20 for NCT the case of 69BTH DSC in MP197HB with 32 heat load is
bounding for the maximum TC cavity pressure for all DSCs. Therefore, the 69BTH DSC in

MP197HB provides bounding cavity pressure for HAC as well. Based on T, e yac 0f 387°F for
69BTH DSC with 32 kW heat load shown in Table A.3-14 and the methodology presented in

Section A.3.3.3, the maximum pressure in the cask cavity of MP197HB TC for HAC is
calculated as 14.4 psig.

2) Internal Pressure for 69BTH and 37PTH DSCs under HAC

The maximum pressures in the 69BTH and 37PTH DSCs for HAC are calculated using the same
methodology described in Section A.3.3.3. Per 10 CFR 71 [6], the percentage of fuel rods
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ruptured for accident cases is 100%. The total quantity of moles released to 69BTH DSC cavity
is, therefore, '

nDSC—HAC = My initial + n, Juel rod release, HAC + nig,HAC
Npsc—tac =134.39+108.91+472.09 = 715.39 g — moles

The maximum accident operating pressure for this configuration is then,

(1 4504107 %‘}’3)(71 5.39 g — moles)8.314 J [(mol - K)Y992°RY5/9 K /°R)
a .

P -
pe-fiac (258415in® +14738.40in*)(1.6387 107 m® /in®) - ’

Ppscrae =106.17 psia (91.47 psig).

The maximum internal pressures inside 37PTH and 69BTH DSCs are summarized in Table A.3—
22. The maximum internal pressures are 102.64 psig and 95.54 psig for the 37PTH DSC and
69BTH DSC under HAC, respectively. These maximum calculated internal DSC pressures are
below the design pressure of 140 psig specified in Section A.3.1 for HAC structural evaluations
of the 69BTH and 37PTH DSCs.

Based on discussions in Section A.3.3.3.4, the maximum internal pressures for DSCs analyzed
for accident storage/transfer conditions under 10 CFR 72 requirements remain bounding for
transport conditions under HAC. The evaluated DSC internal pressures for DSCs to be
transported within MP197HB TC are summarized in Table A.3-23. As seen in Table A.3-23, the
maximum calculated internal pressures under HAC remains below the corresponding design
pressures considered for the structural evaluations for HAC for all DSC types.

A3.44  Maximum Thermal Stresses
Thermal stresses for the MP197HB TC loaded with DSCs are discussed in Chapter A.2.
A3.4.5  Accident Conditions for Fissile Material Packages for Air Transport

The MP197HB TC is not designed for air transportation. Therefore, the accident conditions for
air transport are irrelevant.
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‘ A.3.6.1 Not Used.
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A.3.6.2  Mesh Sensitivity
A3.621 MPI97HB TC Model Mesh Sensitivity

A slice of the MP197HB TC model containing 69BTH DSC shell is recreated for mesh
sensitivity analysis. The length of the TC slice model is 24” and includes the DSC shell and cask .
shells. The mesh density of this model is the same as the mesh density of the geometry model
used in Section A.3.3.1.1 from z=30.5" to z=60.34” except that the element size is decreased
from 3.73” to 3.0” in the axial direction. The slice model contains 26,744 elements and 29,574
nodes.

For the purpose of mesh sensitivity analysis, the mesh density of the slice model is increased to
more than five folds of its original value so that the number of elements and nodes are increased
to 147,376 and 154,564, respectively.

Ambient temperature of 100°F with insolation and a decay heat of 26 kW are considered as
boundary conditions for both TC slice models with coarse and fine meshes. The boundary
conditions are applied using the same methodology as described in Section A.3.3.1.1.

The differences between the maximum temperature for coarse and fine mesh models are less
than 1°F. It concludes that the TC model described in Section A.3.3.1.1 is mesh insensitive and
the results are adequately accurate for evaluation.

A3.6.22  Mesh Sensitivity for the 69BTH DSC Model

The mesh sensitivity analysis for the 69BTH DSC described in Section A.3.3.1.4 is performed
based on a slice model of 69BTH DSC with Boral poison plates. The slice model is 26” long and
is recreated by selecting the nodes and elements of the 69BTH DSC model from z=50.8" to
z=76.8". The length of the slice model is twice the length of the aluminum plates and the axial
gaps between them. This model contains 124,968 elements and 137,423 nodes.

A fine mesh model for the same slice is recreated. The number of elements and nodes in the fine
meshed model are almost tripled to 391,644 and 414,874, respectively.

A fixed temperature of 400°F on the outer surface of the DSC shell and a decay heat of 26 kW
with HLZC # 1 is selected as boundary conditions for the mesh sensitivity analysis of 69BTH

- DSC. A peaking factor of 1.2 is considered to apply the heat generation rate on the homogenized
fuel assemblies. The heat generation boundary conditions are applled using the same
methodology as described in Section A.3.3.1.4.

The differences between the maximum temperature for coarse and fine mesh models are
approximately 1.0°F. It concludes that the 69BTH DSC model described in Section A.3.3.1.4 is
mesh insensitive and the results reported are adequately accurate for evaluation.

‘A.3.6.2.3  Mesh Sensitivity for the 37PTH DSC Model

The 37PTH DSC model described in Section A.3.3.1.6 containing paired Boral and aluminum
plates is selected for mesh sensitivity analysis. The homogenized fuel assemblies in this model
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are modeled using a 10x10 mesh at the cross section with the largest mesh size of 0.95”x0.95”.
This model contains 385,933 elements and 409,836 nodes.

A fine mesh model is created for the 37PTH DSC in which the mesh density of the fuel assembly
is increased to 12x12 with the largest mesh size of 0.76” x0.76”. The number of elements and
nodes in the fine mesh model are increased to 508,605 and 536,592, respectively.

The DSC shell temperature profile retrieved from MP197HB transport cask model for NCT at
ambient temperature of 100°F with insolation and a decay heat of 22 kW are selected as
boundary conditions for the sensitivity analysis of 37PTH DSC. The boundary conditions are
applied using the same methodology as described in Section A.3.3.1.6. The differences between
the maximum temperature for coarse and fine mesh models are less than 1.5°F. It concludes that
the 37PTH DSC model described in Section A.3.3.1.6 is mesh insensitive and the results
reported are adequately accurate for evaluation.

A.3.6.3  Justification for Bounding Temperature Profiles

DSC types 61BTH Type 1 and 2, 61BT, 32PTH, 32PTH Type 1, 32PTHI Type | and 2, 32PT,
24PTH, and 24PT4 are evaluated in [1], [2], [3], and [4] for storage/transfer conditions under 10
CFR 72 requirements. For these DSCs, the DSC shell temperature profile is retrieved from the
transfer cask model and applied as boundary conditions to the DSC/basket model. The DSC shell
temperatures and the heat generation rates within the homogenized fuel assemblies are the only
boundary conditions used for each DSC/basket model. The same approach is used in this
evaluation to determine the maximum fuel cladding and basket component temperatures for
transportation in MP197HB TC. In this approach for each DSC type, a lower DSC shell
temperature at the hottest cross section of the basket model, where the peaking factors are at their
highest level, results in lower fuel cladding and basket component temperature provided that the
heat load remain unchanged. In the case of a lower heat load, the fuel cladding and basket
component temperature decease, even when the DSC shell temperature remain unchanged.

The maximum DSC shell temperature for normal transfer conditions under 10 CFR 72 (without
air circulation) occurs generally in the mid section of the DSC where the fuel assembly has its
highest peaking factor while the maximum DSC shell temperature for NCT under 10 CFR 71
occurs toward the ends of the DSC shell where it is covered by impact limiters. To illustrate this
fact, the DSC shell temperature profiles for 61BTH DSC and 24PTH DSC under NCT and
normal transfer conditions at 100°F ambient are compared in Figure A.3-51 and Figure A.3-52.

Based on peaking factor profiles discussed in Sections A.3.3.1.4 and A.3.3.1.6, the maximum
peaking factor region is located between ~36.1” and ~84.9” for BWR and between ~28.0” to
~100.0” for PWR fuel assemblies. These locations are measured from the bottom of active fuel
length. The active fuel length starts approximately 7.5 and 4.0” measured from the bottom of
the fuel assembly for BWR and PWR fuel assemblies, respectively.

To quantify the differences between the DSC shell temperatures under NCT and normal transfer
conditions, the maximum DSC shell temperature for each DSC type under NCT is retrieved at
the above locations from the MP197HB TC model and shown in Table A.3-8 and Table A.3-9.
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These temperatures give the maximum DSC shell temperature in the region of highest peaking
factors, where the maximum fuel cladding temperatures are expected

The maximum DSC shell temperatures for NCT under 10 CFR 71 requirements are compared to
the corresponding data for transfer conditions under 10 CFR 72 requirements in Table A.3-24.

As shown in Table A.3-24, the maximum DSC shell temperature for NCT at the mid section,.
where the highest peaking factors are located, is 7 to 17°F lower than the absolute maximum
DSC shell temperature for the NCT. Both of these values are lower than the maximum DSC shell
temperature for normal transfer conditions.

Since the DSC shell temperatures for NCT at the ends and at mid section are lower than those for
the normal transfer conditions, the DSC shell temperature profile for normal transfer conditions
gives the bounding values for the basket and fuel cladding tempertatures.

For DSC types, 61BTH Type 2, 32PTH, 32PTH Type 1, 32PTH Type 1 and 2, 24PTH-S, and
24PTH-L the maximum heat loads for transport conditions are lower than the maximum heat
loads for transfer conditions. Therefore for these DSC types, even lower basket and fuel cladding
temperatures are expected for NCT.

Based on this discussion, the thermal analysis results for DSCs in 10 CFR 72 SARs ([1], [2], [3] -
and [4]) under normal transfer conditions are applicable for NCT and represent the bounding fuel
cladding and basket component temperatures.

Based on the comparison shown in the lower half of Table A.3-24, the maximum DSC shell
temperatures for HAC under 10 CFR 71 requirements are also lower than the corresponding ones
for accident transfer conditions under 10 CFR 72 requirements. The same arguments as above
are therefore valid for HAC of transport as well. Therefore, the thermal analysis results for DSCs
in 10 CFR 72 SARs ([1], [2], [3] and [4]) under accident transfer conditions are bounding for
HAC and no further thermal analyses are required for these DSC types. :

To provide additional assurance that the above arguments are valid and the fuel cladding and the
basket component temperatures in 10 CFR Part 72 SARs represent the bounding values for
transport conditions, the DSC type 24PTH-S (without Al inserts) is selected for evaluation under
NCT.

Among the DSC types previously evaluated for storage applications and proposed for transport
in MP197HB, DSC type 24PTH-S (without Al inserts) has the smallest margin (19°F) for the
maximum fuel cladding temperature under storage conditions and has the second highest heat
load for transportation conditions (26 kW) after the 69BTH DSC.

Consistent with the approach described in Section A.3.3.1.4, the DSC shell temperature profile
for 24PTH DSC is retrieved from the cask model and applied as boundary conditions to the
detailed model of the 24PTH-S DSC/basket. The DSC/basket model of 24PTH-S is identical to
the model previously used for storage conditions in 10 CFR 72 UFSAR [1], Appendix P. A
uniform heat load zone configuration with the maximum heat load of 26 kW is applied in the .

DSC model. The results of this case are compared with the results used in the SAR to
demonstrate the conservative nature of the approach.
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Comparisons of the maximum DSC component temperatures are listed in the following table.

Comparison of the Maximum Temperatures for 24PTH-S DSC

DSC Type 24PTH-S (w/o Al inserts)
HLZC Uniform Uniform

(1.3 kW/FA) (1.08 kW/FA) :
Operating Condition Normal Transfer NCT Additional Thermal

: 31.2kW 26 kW “Margin
UFSAR[1], '
Tables P.4-10, -14 and -16

TTransfer (OF) TNCT (OF) (TTransfer — TNCT) (OF)
Fuel Cladding 733 664 +69
Fuel Compartment 682 616 +66
Al/Poison 681 615 +66
DSC Shell 475 463 +12

As seen in the above table, the maximum fuel cladding and basket component temperatures for
the DSC type 24PTH-S (without Al inserts) under NCT are more than 60°F lower than the
bounding values listed in the UFSAR [1]. This large difference demonstrates that the comparison
of the DSC shell temperatures as discussed above is a conservative approach to bound the
maximum fuel cladding and basket component temperatures for transport conditions.

A3.64  Acceptance Criteria for Coating Damages for MP197HB TC

During handling and operation of MP197HB transport cask (TC), the painted surfaces of the
shield shell for the un-finned cask or the anodized/painted surfaces of the finned aluminum shell
for the finned cask can be scratched, peeled off, or physically damaged. The emissivity and solar
absorptivity of the painted and anodized surfaces are considered as inputs for the thermal
evaluation. Physical damages on the coating change the emissivity and absorptivity values of the
surface, which affect the thermal performance of the cask.

This section determines acceptance criteria for the surface area of the damaged coating below
which the effects on the thermal performance of the cask are insignificant.

The following assumptions and conservatism are considered in this section in addition to those
described in Section A.3.3.1.1 for thermal evaluation of MP197HB TC with damaged surfaces.

e When the paint on the shield shell is damaged, the steel surface of the shield shell is
exposed to ambient. In this case, emissivity and absorptivity of steel are considered for
the area of damaged paint.

e An emissivity of 0.657 is reported in [5], Table 10-17 for rolled steel sheets. For
conservatism, and emissivity of 0.587 is considered for steel in this section.

e When the coated surface (anodized or painted) on the external fins is damaged, the
aluminum surface of these components is exposed to ambient. In this case, emissivity and
absorptivity of plain, polished aluminum are considered for the damaged area.
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e For polished, plain aluminum, an emissivity between 0.102 and 0.113, and a solar
absorptivity between 0.09 and 0.10 are reported in [21], Table A.7.2. To bound the
problem, emissivity and solar absorptivity of 0.1 are considered for the scratched surfaces
of the external fins. All other material properties used in this analysis are presented in
Section A.3.2.1.

Physical damages such as surface scratches or paint peel-offs expose the material beneath the
coating to ambient and change the emissivity and absorptivity of the damaged area. To provide
practical criteria for the coating damages, a temperature rise of approximately 1°F is considered
for the maximum DSC shell temperature. Based on the thermal analysis presented in Section
A.3.3, the increase in the maximum fuel cladding temperature is less than 1°F if the temperature
rise of the maximum DSC shell temperature is limited to 1°F.

Considering the large margins to the temperature limits reported in Section A.3.3 for TC/DSC
component and fuel cladding temperatures, this amount of rise for the maximum DSC shell and
fuel cladding temperatures has insignificant effect on the thermal and structural performance of
MP197HB and the DSCs loaded in it.

The finite element models of the MP197HB TC described in Section A.3.3.1.1 containing
69BTH DSC are used in this evaluation for cases when no internal sleeve is used. The un-finned
MP197HB TC model is used with the maximum heat load of 26 kW and the MP19HB TC model
with external fins is used with the maximum heat load of 32 kW. These models represent the
maximum heat loads when no inner sleeve is used in MP197HB TC

The finite element model of the MP197HB TC described in Section A.3.3.1.1 with 24PTH DSC
is used for the case that an internal sleeve is used to load a small diameter DSC. This model with
the maximum heat load of 26 kW represents the maximum heat load when an internal sleeve is
used in MP197HB TC.

As noted in Section A.3.3.1.1, the external finned shell considered for the thermal model of
MP197HB has a different length than the designed shell. Since this calculation is a comparative
analysis for damaged and undamaged coatings, the conclusion remains valid, although the
assumed and designed external fin shells have different lengths.

Normal conditions of transport (N CT) at 100°F ambient with insolation are described in Section
A.3.3.1.1 considered for the analyses. The analyses are performed using ANSYS, version 8.1
[27]. '

Two cases can be considered to develop acceptance criteria for coating damages:

1. Removal of a large portion of coating concentrated in one location

2. Multiple scratches and small peel-off spots scattered around the shield shell or finned shell

These two cases are discussed in the following sections.
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Large Areal Damage — Case 1

The location and the size of a large damaged coating area affect the temperature profile on the
cask surface. To.bound the problem, it is considered that the large damaged coating area is
located at the mid-length of the cask where the fuel assembly has its highest peaking factor.
Based on discussions in Section A.3.6.3, the maximum peaking factor region is located between
~43.6” and ~92.4” for BWR fuel assemblies and between ~32” and ~104” for PWR fuel
assemblies. The distances are measured in both cases from the bottom of the fuel assemblies.
The maximum peaking factor region covers the z coordinates from z=31.3” to z=80.1” in the
MP197HB TC model with 69BTH DSC and coordinates from z=30.65” to z=102.65” in the
MP197HB TC model with 24PTH DSC considered in this analysis.

It is considered that the area of the damaged anodized coating is 250 in” for the anodized surface
of the internal sleeve, 500 in® for the painted shield shell, and 2,000 in® for the coated surface of
the external fins. The damaged coating area is located at the top of the cask in the middle of the
maximum peaking factor region to maximize its effect on the DSC shell and fuel cladding
temperatures. ‘ '

The location of the damaged anodized coating on the internal sleeve is from z=58.75" to
7z=74.55” in the MP197HB TC model with 24PTH DSC which is 28.1” from each ends of the
maximum peaking factor region. This length is selected so that the arc length of the curved
surface is approximately equal to the length of the damaged area. The surface area of the
damaged internal sleeve coat in this model is:

x L, =250 in®

00
A= 360 X XD pere

Ac= Surface area of damaged internal sleeve anodized coat (in?)

B x 7 xID
0

sleeve — arc.length of the curved surface (in.)

0. = angle of damaged internal sleeve anodized coat ~ 26.6°
IDgleeve = inner diameter of internal sleeve= 68”
L. = length of damaged internal sleeve anodized coat = 74.55 ~ 58.75 = 15.8”

Since the model is half-symmetric, only half of the above damaged area (approximately 125 in%)
is considered in the model. This area covers approximately 13.3° of the inner surface of the
sleeve. The nodes located in the annulus between the internal sleeve and the DSC shell are
adjusted in the cask model, to represent this area.

The emissivity of anodized coating was considered for the internal sleeve in the model of the
MP197HB TC with 24PTH DSC described in Section A.3.3.1.1. Since the emissivity of painted
coat is higher than the emissivity of anodized coat as shown in Section A.3.2.1, the model with
anodized coated internal sleeve represents the bounding case. The emissivity of the damaged
anodized area is changed to emissivity of polished aluminum (0.1) as discussed previously. This
change affects the effective conductivity calculated for the gap between the internal sleeve and
24PTH DSC shell.
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To calculate the effect of damaged anodized coating on the effective conductivity for the gap
between the internal sleeve and DSC shell, the TC sub-model discussed in Section A.3.3.1.3 and
shown in Figure'A.3~11 is rerun with surface emissivity of 0.1 for internal sleeve. No other
changes are considered for this sub-model. The results for the effective conductivity are
summarized in the following table. These effective conductivities are used in the MP197HB TC
model with 24PTH DSC for the area of the damaged anodized coating of internal sleeve.

All other material properties and boundary conditions are identical to those used in Section
A.3.3.1.1 and remain unchanged in this calculation.

Radial Effective Conductivity for Helium in Gap between
DSC Shell and Internal Sleeve with Damaged Anodized Coating

Between DSC Shell and Cask Internal Sleeve
(Mat # 39 in the ANSYS model)

Dopsc= 67.19 DSC OD (in)

Di sieeve = 68.00 Cask ID (in)

L= 10 Model height (in)
Tosc Tsteeve Qreact Tave K e
(°F) (°F) (Btu/hr) (°F) (Btu/hr-in-°F)
321 200 487 261 0.0092
365 250 487 . 307 - 0.0097
408 300 487 354 0.0103
453 350 487 401 0.0109
497 400 487 449 0.0115
542 450 487 496 0.0121
587 500 487 543 0.0128
632 550 487 591 0.0135
678 - 600 487 639 0.0142
725 650 487 687 0.0149
771 700 487 736 0.0157
818 750 488 784 0.0164

The location of the damaged paint on shield shell is from z=44.5” to z=66.9” in the un-finned
cask model, which is 13.2” from each ends of the maximum peaking factor region in the
MP197HB TC with 69BTH DSC. This length is selected so that the arc length of the curved
surface is approximately equal to the length of the damaged area. The surface area of damaged
paint in this model is: '

0
¢ x L, =500 in’

shie
Ap = Surface area of damaged paint (in’)

0
—E x 7x ODy,,,y = arc length of the curved surface (in.)

360

Op = angle of damaged paint area ~ 26.16°

ODygpic1q = shield shell outer diameter = 97.75”

Lp = length of damaged paint area = 66.9 — 44.5 = 22.4”
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‘ Since the model is half-symmetric, only half of the above damaged area (approximately 250 in%)
is considered in the model. This area covers approximately 13.1° of the shield shell outer surface.
The nodes located on the shield shell in the un-finned cask model for MP197HB TC with 69BTH
DSC, are adjusted to represent this area.

~ The emissivity and solar absorptivity of the damaged paint area are changed to emissivity and
solar absorptivity of steel (0.587 in this analysis), which affects the solar heat flux and the total
heat transfer coefficient calculated for the shield shell in the model. :

Based on Section A.3.3.1.1, the solar heat flux over curved, steel surfaces is 0.2505 Btu/hr-in%.
This solar heat flux is used in the un-finned cask model for the damaged paint areas of the shield
shell.

The macro “HTOT_HCL.mac” described in Section A.3.3.1.1 is used to calculate the total heat
transfer coefficient for the shield shell. The same macro is used in this calculation with a surface
emissivity value of 0.587 for the damaged paint areas of the shield shell.

The boundary conditions on the other surfaces are identical to those described in Section
A.3.3.1.1 and remain unchanged in this calculation.

The external fins are not explicitly considered in the finned TC model as described in Section
A.3.3.1.1. Instead, an effective heat transfer coefficient is applied over the outer surface of the
un-finned aluminum shell to simulate the heat dissipation from this area. Due to this '
‘ methodology, an effective surface area is calculated as follows to represent the damaged
' anodized coating of 2000 in’.
A

footprint

Afmned : '

Acsra = effective surface area of damaged anodized coatmg (in®)

Ax = surface area of damaged anodized coating = 2000 in”

Afootprint = surface area of the footprint for finned shell for one fin (m )
Afinned = total surface area of the fins and finned shell for one fin (in?)

Aeff,A =A,x

A = 7x 0D, x P,, =308.7 in’

footprint

Afinned

= X 0Dy x (Pyy ~ ) + 2% 7 Z (OD,,? = OD oy )+ % OD,y x gy =2,220.1 in?

ODyen = finned aluminum shell outer diameter = 98.25”
. Py = Fin pitch =17

tsn = fin thickness = 0.156”

ODg, = fin outer diameter =104.25”

The effective surface area for the damaged anodized coating (Aega) is 278 in”. For conservatism,
an effective surface area of 295 in”is considered in the model.
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The location of the damaged coating for external fins is from z=47.1” to z=64.3” in the finned
cask model, which is 15.8” from each ends of the maximum peaking factor region. This length is
selected so that the arc length of the curved surface is approximately equal to the length of the
damaged area. The effective surface area of damaged external fins coating in this model is:

0 .
Actia = 5-6% x 7xOD,, x L, =295 in?

04 = angle of damaged external fins coating area = 20.0°

Oa_ x 7 x ODg,,, = arc length of the curved surface (in)

360
ODyghen = external aluminum shell outer diameter = 98.25” :
LA = length of damaged external fins coating area = 64.3 —47.1 =17.2”

Since the model is half-symmetric, only half of the effective damaged area (approximately 147
in?) is considered in the model. This area covers approximately 10.0° of the shield shell outer
surface. The nodes located on the finned shell in the finned cask model, are adjusted to represent
this area.

The emissivity and solar absorptivity of anodized coating were considered for the external fins in
the original model of the finned cask. Since the emissivity of painted coat is higher than the
emissivity of anodized coat as shown in Section A.3.2.1, the model with anodized coated ,
external fins represents the bounding case. The emissivity and solar absorptivity of the damaged
anodized area are changed to 0.1 which is the emissivity and solar absorptivity of polished
aluminum in this analysis. This change affects solar heat flux and the effective heat transfer
coefficient for the external fins with damaged anodized coating. :

Based on the methodology described in Section A.3.3.1.1, the insolance value for a curved
surface (400 gcal/cm®) is averaged over 24 hours and multiplied by the surface absorptivity of
polished aluminum to calculate the solar heat flux over fin areas with damaged anodized coating.
The resultant solar heat flux is 0.0427 Btu/hr-in®. This solar heat flux is used in the finned cask
model for the effective surface area of the damaged anodized coating.

To calculate the effect of damaged anodized coating on the effective heat transfer coefficient for
the external fins, the TC sub-model discussed in Section A.3.3.1.3 and shown in Figure A.3-10
is rerun with surface emissivity of 0.1. No other changes are considered for this sub-model. The
results for the effective heat transfer coefficients are summarized in the following table. The
effective heat transfer coefficients listed in the following table are used in the finned cask model
for the effective surface area of the damaged anodized coating.

All other material properties and boundary conditions are identical to those in the used in Section
A.3.3.1.1 and remain unchanged in this calculation. -
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‘ Effective Heat Transfer Coefficients for External Fins @ 100°F Ambient
fin h= 3.0 fin height (in)
fin p= 1.0 fin pitch (in)
fin t= 0.156 fin thickness (in)
fin n= 3 No. of fins in model
D,= 98.25 cask diameter (in)
D= ’ 104.25 fin diameter (in)
D¢D, = 1.061
A_eff= 77.2 area of un-finned surface (in%)

From Rohsenow Handbook [21]

DyD, c b
1.36 0.62 0.29
1.14 0.59 . 0.27

Extrapolated for this calculation based on above data

1.061 | 0.579 | 0.263
Ts Ta_mb Qreact Aeff heﬂ‘
(°F) . (°P) (Btu/hr) (in) (Btu/hr-in*-°F)
120 100 22.760 77.2 0.0147
140 100 53.748 77.2 0.0174
160 100 88.42 772 0.0191

. 180 100 125.73 772 - 0.0204

200 100 165.16 77.2 0.0214
220 100 206.40 77.2 0.0223
240 100 248.94 . 77.2 0.0230
260 100 293.54 77.2 0.0238
280 100 339.55 77.2 0.0244
300 100 386.94 77.2 0.0251
320 100 435.62 77.2 : 0.0257
340 100 485.80 77.2 0.0262

Scattered Multiple Scratches and Small Peel-off Spots — Case 2

If the accumulated surface area of the multiple coating damages is smaller than the concentrated
large damaged area considered in Case 1, the effects of the multiple damages are bounded by
Case 1. Therefore, this calculation focuses on Case 1 for determination of the acceptance criteria
for damaged coatings.

The maximum component temperatures for TC with damaged coatings under hot NCT with
ambient temperature of 100°F and insolation are listed in the following table.
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Maximum Temperatures of TC/DSC Shell with Damaged and Undamaged Coatings

TC type TC VI:/Iith External Fins and TC with Nlo l;“ins/ TC with Imemql Sleeve and
DSC type  Heat load 9BTH DSC 133 kW GIBTH DSC /26 kW 24PTH DSC 26 kW
Conditions . . . . . .
NCT @ 100°F with Insolation NCT @ 100°F with Insolation NCT @ 100°F with Insolation
Damaged COn o Yes | No N/A N/A N/A N/A
?;;?dzggg;fg“go°i‘;§r N/A N/A Yes No No No
Dt oty | W | on | [ wa | owa |~ | v [ |-
Component T Tinax AT Tonax Tinax AT T Tumax AT
. (°F) (°F) (°F) CF) CF) CF) P 3] (3
DSC shell 484.0 483.8 0.2 451.6 451.1 0.5 464.0 464.0 0.0
Cask internal sleeve N/A N/A N/A N/A N/A N/A 346.7 346.7 0.0
Cask inner shell 3674 367.3 0.1 3509 350.7 0.2 343.0 343.0 0.0
Gamma shield 365.7 365.6 0.1 349.6 3494 02 335.0 335.0 0.0
Outer shell 3519 351.8 0.1 337.5 3372 0.3 294.9 294.9 0.0
Shield shell 305.1 305.0 0.1 299.1 299.0 0.1 464.0 464.0 0.0
Finned Shell 2294 2294 0.0 N/A N/A N/A N/A N/A N/A
Cask lid 266.9 266.9 0.0 265.4 265.3 0.1 336.0 336.0 0.0
Cask bottom plate 353.3 353.2 0.1 338.6 338.4 0.2 281.9 281.9 0.0
Cask lid seal 268.1 268.1 0.0 266.4 266.4 0.0 335.6 335.6 0.0
Ram plate seal 3518 351.7 0.1 3373 | 337.1 0.2 280.4 280.4 0.0
Drain port seal @ bottom 351.4 351.3 0.1 337.1 336.9 02 281.2 2812 0.0
Test seal @ bottom 3494 349.3 0.1 335.5 3352 0.3 278.9 278.9 0.0
Vent & test seal @ top 266.7 266.6 0.1 265.2 265.1 0.1 3359 335.9 0.0
Wood in Impact limiter 302.5 302.5 0.0 291.5 2913 0.2 2891 289.1 0.0

Note: O This value is the maximum DSC shell temperature in the region where the fuel assemblies have the
maximum peaking factor.

As seen, the maximum DSC shell temperatures increase by 0.2°F for coating damages on.

external fins, 0.5°F for coating damages on shield shell, and 0.0°F for coating damages on inner

sleeve. As noted previously, the rise in the maximum fuel cladding temperatures are lower than

the above values and are therefore limited to less than.1°F. '

A rise of less than 1°F for the maximum fuel cladding temperature is insignificant for the
thermal performance of MP197HB.

Since the temperature rises are limited to 1°F, the effects of the coating damages on the thermal
and structural performance of MP197HB are insignificant, if the accumulated coating damages
are limited to: ‘

. 2,000 in’ for coating on external fins,
e 500 in® for paint on shield shell, and
e 250 in” for coating on internal sleeve.

A.3.6.5 Effective Thermal Properties of the Fuel Assemblies

This section presents the methodology and determines the bounding effective 'therma_l

conductivity, specific heat and density for the fuel assemblies to be transported within the
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MP197HB TC for use in the analysis of the thermal performance. The types of fuel assemblies to
be transported in MP197HB TC are listed in Chapter A.1, Section A.1.4. :

A3.6.5.1  Effective Thermal Proberties for PWR Fuel Assemblies

The PWR fuel assemblies proposed for transportation in the MP197HB TC are listed in Chapter
A.1, Section A.1.4. All of these PWR fuel assemblies are studied in [1] through [4]. There are
minor deviations between the dimensions of the fuel assemblies listed in Chapter A.1, Section
A.1.4 and those studied in [1] through [4] which have no effect on the bounding effectlve PWR
fuel properties.

For PWR FAs, the effective fuel properties of FA WE14x14 are the bounding minimum'values
for all PWR FAs based on the SARS ([1] to [4]).

For the same FAs in the identical fuel compartment material and configuration, effective fuel
propertles for the large nominal opening sizes are lower than those for small nominal opening
sizes.

For the 37PTH DSC, there are two kinds of nominal opening sizes for fuel compartments: 8.875”
for four corner fuel compartments and 8.6” for the other fuel compartments. In addition, two of
the compartment walls are covered with anodized aluminum/poison plates. Since the emissivity
of the anodized plates is higher than the emissivity of stainless steel and the compartment
opening size is smaller than 9” for the corner compartments, the effective fuel properties
calculated in [1], Appendix P, Section P.4.2 based on 9.0” nominal opening size with WE14x14
FA for 24PTH DSC represent the bounding values for the fuel assemblies in the corner
compartments in the 37PTH DSC.

The configuration of the other fuel compartments in the 37PTH DSC are identical to those in the
32PT DSC described in [1], Appendix M. Since the compartment opening in the 37PTH DSC
(8.6) is smaller than the compartment opening in the 32PT DSC (8.7”) and the compartment
configurations are identical, the effective fuel properties calculated in [1], Appendix M, Section
M.4.2 based on 8.7”” nominal opening size with WE14x14 FA for the 32PT DSC represent the .
bounding values for the fuel assemblies in the compartments other than the four corner ones in
the 37PTH DSC.

Based on the above discussion, no further analysis is required for PWR fuel assemblies for the
37PTH DSC model. The bounding effective properties for PWR fuel assemblies to use in the
MP197HB thermal analysis are listed in Section A.3.2.1 material # 1

A3.6.5.2  Effective Thermal Properties for BWR Fuel Assemblies

The BWR fuel assemblies proposed for transportation in the MP197HB TC are listed in Chapter
A.1, Section A.1.4. Most of the proposed BWR fuel assemblies are studied in [3], Appendix T.
The characteristics of the BWR fuel assemblies listed in Chapter A.1, Section A.1.4 are identical
to those studied in [3], Appendix T.
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Based on the study in [3], Appendix T, Section T.4.8, fuel assembly FANP 9x9-2 has the
bounding transverse effective conductivity and fuel assembly Siemens QFA has the bounding
axial effective conductivity, bounding effective density, and bounding effective specific heat.

BWR fuel assemblies listed in Chapter A.1, Section A.1.4 for transportation in the MP197HB
TC, but not studied in [3], Appendix T, Section T.4.8 are:

e FANP 9x9, TN ID 9x9-81,
LaCrosse, TN ID 10x10-100, and
o SVEA fuel assemblies.

The effective properties for these fuel assemblies are evaluated in this section to determine the
bounding effective properties to use in the MP197HB TC and 69BTH DSC thermal analysis. The
effective properties in [3], Appendix T, Section T.4.8 are calculated for stainless steel fuel
compartments with a nominal opening size of 6”. The same compartment material and size are
considered in evaluation of the effective properties.

Effective properties for the above three BWR FAs are calculated using the methodologies and
material properties approved in UFSAR for NUHOMS?® system ([1], Appendices M and P) and
associated with Amendment 10 to Part 72 CoC 1004 for the Standardized NUHOMS® System
[3]. For the LaCrosse fuel assembly, a stainless steel cladding emissivity of 0.70 is considered in
this evaluation. Perry in [5], Table 10-17, gives an emissivity between 0.62 and 0.82 for
steel/stainless steel sheets heated or covered with shiny oxide layer. The assumed emissivity for
the stainless steel cladding of the LaCrosse fuel assembly remain with this range and is therefore
acceptable.

Effective Properties for Fuel Assembly FANP 9x9

The characteristics of fuel assembly FANP 9x9 (TN ID 9x9-81) shown in Chapter A.1, Section
A.1.4 are identical to those for fuel assembly FANP 9x9-2 (TN ID 9x9-79/2) except for the
number of fuel rods. The number of fuel rods for fuel assembly FANP 9x9 varies between 72
and 81 while fuel assembly FANP 9x9-2 has 79 fuel rods.

Due to the steel/stainless steel sheets steel/stainless steel sheets increased number of fuel rods in
FANP 9x9 in comparison to FANP 9x9-2, the effective axial conductivity, density, and specific
heat for FANP 9x9 is higher than those for FANP 9x9-2 and does not represent the bounding
minimum values. '

The two-dimensional finite element model used to determine the transverse effective
conductivity of the fuel assembly FANP 9x9 is shown in the following figure. A correction
factor of 1.0262 is used to increase the heat generation rate in the 2D model. This correction
factor compensates the imperfection of the pellet cross section area in the model.
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0000
HOO0
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HOO0

Geometry of Fuel Assembly FANP 9x9-81 Geametry of E‘uel Assermbly 'FAM? 9% : 1
Quarter Symmetric FE Model for Fuel Assembly FANP 9x9

Effective Properties for Fuel Assembly LaCrosse

Fuel assembly LaCrosse consists of stainless steel cladding as indicated in Section A.1.4. This
evaluation assumes a fuel cladding temperature limit of 752 °F (400 °C) for stainless steel
cladding, which is identical to the limit for the Zircaloy cladding.

The two-dimensional finite element model used to determine the transverse effective

. conductivity of the fuel assembly LaCrosse is shown in the following figure. A correction factor
of 1.0262 is used to increase the heat generation rate in the 2D model. This correction factor
compensates the imperfection of the pellet cross section area in the model.

02020020
0:0:0:0:0
telelele
02002020
QOO OO

Geometry of Fuel Assembly 10x10-100/0 doometry of Fuel Assembly 10x10-100/0
Quarter Symmetric FE Model for Fuel Assembly LaCrosse
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Effective Properties for SVEA Fuel Assemblies

SVEA fuel assemblies are described in detail in [31]. Based on [31], the SVEA fuel assemblies
provide larger heat transfer areas and lower heat fluxes in comparison to conventional BWR fuel
assemblies with similar fuel rod arrays. In addition, the SVEA fuel assemblies consist of sub-
channels which arrange the fuel rods closer to the periphery of the assembly. These factors result
in higher transverse effective conductivity for these fuel types.

The sub-channels in SVEA fuel assemblies provide also more Zircaloy in comparison to
conventional BWR fuel assemblies with similar fuel rod arrays. Therefore, the axial effective
conductivity, effective density, and effective specific heat of the SVEA fuel assemblies are
higher than those for comparable conventional BWR fuel assemblies.

To verify that the effective properties of SVEA fuel assemblies are bounded by comparable
conventional BWR fuel assemblies, the effective properties of fuel assembly SVEA-92 (TN ID
ABB-10-2) with four 5x5 sub-bundles are evaluated in this section.

The two-dimensional finite element model of the fuel assembly SVEA-92 used to determine the
transverse effective conductivity is shown in the following figure. A correction factor of 1.0262
is used to increase the heat generation rate in the 2D model. This correction factor compensates
the imperfection of the pellet cross section area in the model.

Geometry of Fuel Assenbly ABB-10-2 Gearetry of Fuel Assembly ABB-10-2
Quarter Symmetric FE Model for Fuel Assembly SVEA-92

Transverse Effective Conductivity

The results of the two-dimensional models for fuel assemblies FANP 9x9, LaCrosse, and SVEA-
92 are summarized in the following table.
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Fuel Assembly Transverse Effective Conductivity

FANP 9x9 (9x9-81)

Fuel Compartment

Maximum Fuel

Average Fuel

Transverse Conductivity

Wall Temperature Temperature Temperature Ker, FANPOXO
(3] (P (°F) (Btu/hr-in-°F)
200 228 214 0.0156
300 324 312 0.0184
400 420 410 0.0217
500 517 509 0.0255
600 615 607 0.0299
700 713 706 0.0348
300 ~ 811 805 0.0402

LaCrosse (10x10-100/0

Fuel Compartment

Maximum Fuel

Average Fuel

Transverse Conductivity

Wall Temperature Temperature Temperature Kef, LaCrosse
(°F) (°F) (°F) (Btu/hr-in-°F)
200 - 240 220 0.0194
300 334 317 0.0228
400 429 415 0.0267
500 525 512 0.0313
600 621 611 0.0365
700 719 709 0.0421
800 816 808 0.0483

SVEA-92 (ABB-10-2)

Fuel Compartment

Maximum Fuel

Average Fuel

Transverse Conductivity

Wall Temperature Temperature Temperature Ketr svea-s2
(°F) (°F) (°F) (Btw/hr-in-°F)
100 122 111 0.0199
200 220 210 0.0226
300 317 309 0.0255
400 415 408 0.0289
500 513 507 0.0327
600 612 606 0.0370

As seen, transverse effective conductivities for FANP 9x9 FA present the lowest conductivity
values. The transverse effective conductivities for fuel assembly FANP 9x9 are compared to the

bounding values from [3], Appendix T, Section T.4.8 and listed in the following table.
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Transverse K. for FANP 9x9 and Bounding Values

Average Fuel Transverse Transverse K i ranposs = K g bounding
Temperature Conductivity Conduct1v1(tl))/ X |
Ketr, FANPoxo Ketr, bounding eff ,bounding

(°F) (Btwhr-in-°F) (Btwhr-in-°F) (=)
214 0.0156 - 0.0160 -2.5%
312 0.0184 0.0185 -0.1%
410 0.0217 0.0215 1.0%
509 0.0255 0.0249 2.3%
607 0.0299 0.0288 3.9%
706 0.0348 0.0331 5.1%
805 0.0402 0.0378 6.6%

_ Note: Bounding values from [3], Appendix T, Section T.4.8

As seen, the transverse effective fuel conductivities from [3], Appendix T, Section T.4.8 remain
the bounding values except for low operating temperatures below ~315°F (~157°C). For all
practical purposes, the operating temperature of fuel assemblies within the 69BTH DSC is above
315°F. Therefore, the values from [3], Appendix T, Section T.4.8 remains the bounding values to
be used in the thermal analysis. '

Axial Effective Conductivity

The axial effective conductivities calculated for fuel assemblies FANP 9x9, LaCrosse, and
SVEA-92 are compared to the bounding values from [3], Appendix T, Section T.4.8 in the
following table.

Fuel Assembly Axial Effective Conductivity

FANP 9x9 LaCrosse SVEA-92
(9x9-81) (10x10-100/0) (ABB-10-2)
No of fuel rods -81 100 96
0D fuel rod (in) 0.424 0.395 0.378
Clad thickness (in) , 0.03 0.0210 0.0243
(Sl;lb-channel Area (in°) N/A N/A 0.59
Cladding area (in) 3.01 2.47 3.18
Compartment area 36.0 36.0 36.0
(in)
Bounding
Temp Kt axial Keffaxiat Kettaxial Value @
» : Keff axial
(°F) (Btuw/hr-in-°F) | (Btwhr-in-°F) [ (Btu/hr-in-°F) | (Btu/hr-in-°F)
70 0.0491 '
100 0.0497
200 0.0503 0.0531 0.0532 0.0402
300 0.0560
700 0.0674
1000 0.0748

Notes:

O The area of sub-channel is determined using the FE model of SVEA-92.
@ Bounding values are from [3], Appendix T, Section T.4.8
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As seen, the axial effective fuel conductivity from [3], Appendix T, Section T.4.8 remains the
bounding value to be used in the thermal analysis. :

Effective Density and Specific Heat

- The effective density (pess) and speciﬁc heat (cp, «fr) calculated for fuel assemblies FANP 9x9,
LaCrosse, and SVEA-92 are compared to the bounding values from [3], Appendix T, Section
T.4.8 in the following table.

Fuel Assembly Effective Density and Specific Heat

FANP 9x9 LaCrosse SVEA-92
(9x9-81) (10x10-100/0) | (ABB-10-2)

No of fuel rods 96 ) 81 96
OD fuel rod (in) 0.395 0.424 0.378
Clad thickness (in) 0.0210 | 0.03 0.0243
No of water tubes 4® 0 0.59
Pellet OD (in) 0.3465 0.3565 0.3224
Fuel length (in) 85 - 150 ' 150.59 Bounding
Cladding area (in?) 2.47 3.01 3.18 Values @
UO, area (in?) 9.05 8.09 7.84
Compartment area (in%) 36.0 36.0 36.0
Cladding volume (in®) 210 451 479
UO, volume (in’) 769 1213 1180
Compartment volume (in’) 3060 5400 5421
Density.s (Ibm/in’) 0.119 0.109 0.107 0.103
Cp, or (Btu/Ibm-°F) 0.0658 0.0578 0.0579 0.0575

Notes:

M Fuel assembly FANP 9x9 can optionally contain up to four water rods. To determine the lowest possible
density and specific heat, four water rods are considered for fuel assembly FA FANP 9x9.

@ Bounding values are from [3], Appendix T, Section T.4.8

As seen, the effective density and specific heat from [3], Appendix T, Section T.4.8 remain the
bounding values to be used in the thermal analysis.

The effective conductivities along with specific heat and density used for BWR fuel assemblies
are summarized in Section A.3.2.1 material # 2.

_ A3.6.6 Thermal Analysis of 24PTHF and 61BTHF DSCs in the MP197HB TC

The 24PTHF and 61BTHF DSCs are proposed for transportation of damaged and failed fuel
assemblies in the MP197HB. The failed fuel assemblies are to be encapsulated in individual

failed fuel cans (FFCs) that are designed to fit into the 61BTHF and 24PTHF basket fuel
compartments. The 24PTHF and 61BTHF DSCs have the same basket configurations as those
for 24PTH and 61BTH DSCs except for additional FFCs to store failed fuel assemblies.

Damaged FAs are assemblies containing missing or partial fuel rods or fuel rods with known or
suspected cladding defects greater than hairline cracks or pinhole leaks. Damaged FA may be
stored in the certain basket locations and does not require a separate FFC.
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Failed FA is defined as any fuel assembly damage exceeding above damaged FA such as
ruptured fuel rod, severed fuel rod, loose fuel pellets or fuel assemblies that cannot be handled by

“normal means. Failed FAs may contain breached rods, grossly breached rods, and other defects
such as missing or partial rods. Failed FA can not be handled by normal means and requires a
separate FFC to store.

The 24PTHF DSC can accommodate up to a maximum of 12 damaged fuel assemblies or up to
eight failed FAs placed in the outermost fuel compartments as shown in Figure A.3-49. It is
assumed in this evaluation that the 24PTHF DSC is loaded with four damaged FAs and eight
failed FAs to bound the maximum temperatures.

The 61BTHF DSC can accommodate up to a maximum of 16 damaged fuel assemblies or up to
four failed FAs placed in corner 2x2 fuel compartment assemblies as shown in Figure A.3-50. It
is assumed in this evaluation that 61BTHF DSC is loaded with 12 damaged FAs and four failed
FAs to bound the maximum temperatures.

The following assignments are used in the section for 24PTHF and 6]1BTHF DSCs.

With Al inserts/ Without Al inserts
Aluminum Rails | /Aluminum Rails
24PTH Type 1 Type 2

61BTH Type 2 | Type 1

A.3.6.6.1 Effective Thermal Conductivity of Damaged Fuel

For PWR FAs, damaged WEO 17x17 PWR FA with minimum conductivity pitch size provides
the minimum effective transverse conductivity for a damaged FA in the 32PTH DSC as
discussed in [4], Section 4.14.3. For BWR FAs, damaged GE-2 BWR FA with a pitch of 0.607”

provides the minimum and bounding effective transverse conductivity for a damaged FA in
61BT DSC as discussed in [1], Appendix K, Section K.4.8.1.

As listed in [4], Section 4.14.3 and [1], Appendix K, Section K.4.8.1, the damaged FA thermal
conductivities in transverse direction are about 69% to 71% of the intact PWR FA thermal
conductivity and about 82% to 85% of the intact BWR FA thermal conductivity. To bound the
reduction in transverse thermal conductivity of damaged FAs in 24PTHF and 61BTHF DSCs,
the effective transverse conductivities for intact FAs in 24PTH DSC and 61BTH DSC are
reduced by 65% and 80% to use for the damaged PWR and BWR FAgs, respectively.

Reconfiguration of fuel rods as a consequence of damaged grids doesn’t have any impact on
axial thermal conductivity of the damaged fuel. To bound the reduction in axial thermal
conductivity due to the cladding defects, the axial effective conductivities for the intact FAs in
24PTH DSC and 61BTH DSC are reduced by 90% for the damaged PWR and BWR FAs.

The followmg tables summarize the bounding fuel thermal properties for 24PTHF and
6 lBTHFdamaged/mtact FAs.
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Bounding Damaged Fuel Thermal Conductivities for 24PTHF FAs

Keff rad Keff axl

Temp | Intact Fuel Damaged Fuel @ Temp Intact Fuel Damaged Fuel @
°F Btu/min-in-°F Btu/min-in-°F °F Btu/min-in-°F Btu/min-in-°F
178 2.798E-04 1.819E-04 200 7.596E-04 6.836E-04
267 3.257E-04 2.117E-04 300 8.014E-04 7.213E-04
357 3.829E-04 2.489E-04 400 8.432E-04 7.589E-04
448 4.547E-04 2.956E-04 500 8.781E-04 7.903E-04

* 541 5.389E-04 3.503E-04 600 9.129E-04- 8.216E-04
635 6.326E-04 4.112E-04 800 9.896E-04 8.906E-04
730 7.398E-04 4.809E-04
826 8.558E-04 5.563E-04

Notes:

O Bounding thermal conductivities for 24PTH intact FA listed in [1] Appendix P, Section P.4.2.1.
@ Based on 65% of bounding intact fuel thermal conductivities for transverse direction.

® Based on 90% of bounding intact fuel thermal conductivities for axial direction.

Bounding Damaged Fuel Thermal Conductivities for 61BTHF FAs

Kef rad Kefr axl
Temp | Intact Fuel” Damaged Fuel @ Intact Fuel ” | Damaged Fuel ®
°F Btu/min-in-°F Btu/min-in-°F Btu/min-in-°F Btu/min-in-°F
200 2.618E-04 2.094E-04
300 3.021E-04 2.417E-04
400 3.520E-04 2.816E-04
500 4.104E-04 3.283E-04 6.720E-04 6.048E-04
600 | 4.756E-04 3.805E-04
700 5.468E-04 4.374E-04
800 6.250E-04 5.000E-04

Notes: ' '

M Bounding thermal conductivities for 61BTH intact FA listed in [3] Appendix T, Section T.4.2.1.
@ Based on 80% of bounding intact fuel thermal conductivities for transverse direction.

® Based on 90% of bounding intact fuel thermal conductivities for axial direction.

The FFC is required to encapsulate failed FA before loading it into the fuel compartment. To
bound effective thermal conductivity of the FFC containing failed FAs, helium thermal
conductivity is conservatively assumed for the space within a compartment loaded with a FFC.

A3.6.6.2 Heat Generation Rates

The base héat generation rates are calculated assuming uniform heat loads for fuel assemblies
loaded in 24PTHF and 6 1BTHF DSCs. The nominal fuel cell openings are 8.9 in® for 24PTHF v
DSC and 6.0 in® for 61BTHF DSC.

The conditions of failed FAs are unknown under NCT. The worse case condition occurs when
the heat load from a failed FA is concentrated in the region where the intact FAs have the
maximum peaking factor. Based on the decay heat profiles discussed in Sections A.3.3.1.4 and.
A.3.3.1.6, the maximum peaking factor region is located between 36.1” to 84.9” for BWR FAs
and between 28.0” to 100.0” for PWR FA. These locations are measured from the bottom of the

NUH09.0101 A3-122



MP197 Transportation Packaging Safety Analysis Report : Rev. 12,02/12

active fuel length. This gives minimum heat load lengths of 48.8” (=84.9”-36.1"") and 72.0”
(=100.07-28.0”) for failed BWR and PWR FAs in 61BTHF and 24PTHF DSCs, respectively.

An unlikely hypothetical accident case is postulated in which the defected cladding of damaged
FAs might break entirely in consequence of a drop accident and fuel pellets could be released in
the compartment space. The concentration of the decay heat for the fuel rubble is maximized
when all the rubble are compressed to a minimum length at one end of the fuel compartment.

The minimum length of the fuel rubble is calculated using equation (3) in [1] Appendix K,
Section K.4.8.1.2. The shortest fuel rubble heights of 54” for a PWR FA and 50” fora BWR FA
are calculated based on minimum fuel assembly volumes for WE14x14 and Siemens QFA 9x9 in
this evaluation.

The following assumptions are considered for calculation of heat generation rates for failed FAs
under NCT and HAC:

a) Active fuel length of 72 with uniform peaking factor of 1.11 for failed FA in 24PTHF
under NCT. The heat load is concentrated in the region of the maximum peaking factors
for intact fuel assemblies.

b) Minimum rubble length of 54” with peaking factor of 1.0 for failed and damaged FAs in
24PTHF under HAC. Fuel rubbles are collected at the top end of the fuel compartment
~ (hot end).

c) Active fuel length of 48.8” with uniform peaking factor of 1.20 for failed FA in 61BTHF
under NCT. The heat load is concentrated in the region of the maximum peaking factors
for intact fuel assemblies

d) Minimum rubble length of 50” with peaking factor of 1.0 for failed and damaged FAs in
61BTHF under HAC. Fuel rubbles are collected at the bottom end of the fuel
compartment (hot end). ‘ ‘

The following equations calculate the base heat generation rates for the maximum allowable heat
loads of 26 kW and 24 KW defined in Section A.3.1 for 24PTHF and 61BTHF DSCs in
MP197HB TC under NCT and HAC, respectively:

For 1.083 KW/FA (26 kW / 24 FA) heat load in 24PTHF Intact/Damaged FAs under NCT

Btu
1.11-(1.083)kW-3412.3A.Lr, Biu
kW ___60min _ 6.14¢ —3

(8.9in)’ -140.6in min- in>

G =

3

For 1.083 kW/FA (26 kW / 24 FA) heat load in 24PTHF Failed FAs under NCT

Btu .
1.11-(1.083) kW -3412.3 A’ L Biu
q _ kW 60min =1.20e -2

(8.9in)’ - 72in min-in®’
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Note the above heat generation rate calculated for 72” for failed FAs is applied over 73.37”
(from z-coordinates 48.18” to 120.55”) in the model which is conservative.

For 1.083 KkW/FA (26 kW / 24 FA) heat load in 24PTHF Intact under HAC

Btu
1.11-(1.083) AW -3412.3 /hr. Lar B
kW 60mm 6148—3

(8.9in)’ -140.6in , min- in’

G-

b

For 1.083 KW/FA (26 kW / 24 FA) heat load in 24PTHF Failed/Damaged FAs under HAC

1hr

60min _ 1 g4, 5 B
(8.9in)’ -54in ~ min-in

Note the above heat generation rate calculated for 54” for failed/damaged FAs is applied over
55.93” (from z-coordinates 120.55” to 176.48”) in the model which is conservative.

Btz/
1.00-(1. 083)kW 3412320 h

G =

b

For 0.393 KW/FA (24 kW/61 FA) heat load in 61BTHF Intact/Damaged FAs under NCT

Btu
1.00-(0.393 kW) -3412.3—2Lhr Vi A
kW 60min = 43le—3 Btu

(6.0in)* -144.0in  “min-in®’

q=
For 0.393 kW/FA (24 kW/61 FA) heat load in 61BTHF Failed FAs under NCT

Btu
1.20-(0.393 kW) -3412.3—Lhr Vir _1hr_ .
— kW 60min =1.53¢-2

(6.0in)* -48.8in | min- in’

b

For 0.393 kW/FA (24 kW/61 FA) heat load in 61BTHF Intact FAs under HAC

Brtu
1.00-(0.393 kW) -3412.3—Lhr Vi _thr_ .
kW 60m1n =431e-3

(6.0in)’ -144.0in min- in’
For 0.393 kW/FA (24 kW/61 FA) heat load in 61BTHF Failed/Damaged FAs under HAC

G =

b4

Bt/
1.00-(0.393 kW) -3412.3—Lhr . 1"
474 60m1n =124e-2 Btu

(6.0in)* -50.0in min-in®

q=

Note the above heat generation rate calculated for 50” for failed/damaged FAs is applied over
50.89” (from z-coordinates 7.9” to 58.79”) in the model which is conservative.
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A.3.6.6.3 Calculation of Thermal Performance of the 24PTHF and 61BTHF DSC with
Damaged/Failed Fuel

The maximum fuel cladding and basket component temperatures for the 24PTHF DSC are
determined using the finite element models for the 24PTH-S DSC (w/o Al insert) described in
[ 1] and the 61BTH Type 1 DSC (w/o Al R90 rail) in [3] without any geometrical modifications
in this evaluation.

The DSC shell temperatures for hot normal and accident hypothetical accident conditions of
transport are taken from the MP197HB TC models described in Section A.3.3.1.1 and Section
A.3.4 and transferred to the above DSC/basket models.

A.3.6.6.4  Maximum Temperature of Failed Fuel Canister Wall -

The maximum temperature of failed fuel canister wall is calculated using conduction through
helium as follows.

e
q gap

KH

e

TFFC - Tcomp -

Trrc = maximum temperature of failed fuel canister wall (°F)
Teomp = maximum temperature of fuel compartment containing failed fuel canister (°F) (retrieved
from FE model)

dgap = gap size between the fuel compartments and failed fuel canister

= 0.05” for 24PTHF DSC and 0.08” for 61BTHF DSC.

kie = helium conductivity at Teomp (Btu/min-in-°F)

The heat flux from failed fuel canister is calculated as follows

9
"= -PF
7= 4w-h

q = heat load of failed fuel (Btu/min-in®)
w = fuel compartment opening width (in)
h = assumed height of failed fuel (in)
PF = peaking factor

A.3.6.6.5 Evaluation of 61BTHF and 24PTHF DSCs for NCT and HAC

The maximum fuel cladding and basket component temperatures for 24PTHF Type 2 and
61BTHF Type 1 DSCs are collected in the following tables.

For NCT conditions, the maximum fuel cladding temperature is 674°F for the 24PTHF DSC
with a maximum heat load of 26 kW and 711°F for the 61BTHF DSC with a maximum heat load
of 24 kW.

NUHO09.0101 A3-125



MP197 Transportation Packaging Safety Analysis Report Rev. 12,02/12

‘ For HAC conditions, the maximum fuel cladding temperature is 705°F for the 24PTHF DSC

with a maximum heat load of 26 kW and 719°F for the 61BTHF DSC with a maximum heat load
of 24 kW.

The maximum fuel cladding and basket temperatures for the 24PTHF Type 1 DSC with
aluminum inserts and the 61BTHF Type 2 DSC with aluminum rails are bounded by the
24PTHF Type 2 DSC without aluminum insets and the 61 BTHF Type 1 DSC without aluminum
rails.

As seen in the following table, the maximum fuel cladding temperatures calculated for NCT and

HAC conditions are well below the allowable limits for 24PTHF/61BTHF DSCs. All design
criteria specified in Section A.3.1 are herein satisfied.
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61BTHF and 24PTHF Maximum Temperatures for NCT and HAC

Heat Fuel
e T el Trousc: o T Aibiiaon g p— Claddlng
Transport Condition Load : i s : ..
°F °F °F °F Limit
(kW) (°F) (°F) (°F) {°F) pan
24RTHE Type b NCT 26.0 <674 <628 <627 <485
(w/ Al inserts)
24PTHF Type 2 @ NCT 752
(wlo Al inserts) 26.0 674 628 627 485 7]
FAELEN Tyme & NG 24.0 <674 <628 <627 <485
(w/o Al inserts)
2ARTHE Trpe TG EAL 26.0 <705 <658 <657 <521
(w/ Al inserts)
24PTHF Type 2@ HAC 1,058
(w/o Al inserts) 26.0 705 658 657 521 71
2AFIHE Type 2@ HAC 24.0 <705 <658 <657 <521
(w/o Al inserts)
61BHF Type 1 @ NCT 3)*) (©XC) (EC] 3)@)
(wlo Al R90 Rail) 20 | <11 <688 <687 <575 -
(w/ Al R90 Rail) ) 24.0 <711 <688 <687 <575
61BHF Type 1 @ HAC (3) (3) 3) (3)
(wlo Al R90 Rail) 22.0 <719 <696 <696 <605 1,058
61BTHF Type 2 @ HAC 7]
(w/ Al R90 Rail) ) 24.0 <719 <696 <696 <605

Notes:

) Bounded by 24PTHF Type 2 (w/o Al insert) DSC with 26 kW heat load under transport conditions.

@ Bounded by 61BTHF Type 1 (w/o Al R90 rail) DSC with 24 kW heat load under transport conditions.

©) This temperature is calculated for 24 kW heat load instead of 22 kW heat load for conservatism.

“ The small difference between this temperature and the one estimated in Table A.3-10 is due to the conservatism
in note (3).

©) Effect of aluminum inserts are omitted in calculation of this temperature for conservatism. The slight difference
between this temperature and the one evaluated in Table A.3-10 has insignificant effect on thermal/structural
performance.

The maximum temperatures for Failed Fuel Canisters

Transport Condition Normal Condition of Transport Accident Condition of
(NCT) Transport (HAC)
DSC Type 24PTHF 61BTHF 24PTHF 61BTHF
Heat Load 26 kW 24 kW 26 kW 24 kW
(F) (°F) (F) CF)
Failed Fuel Compartment 601 606 645 645
Failed Fuel Canister 608 615 653 652

A.3.6.7  Justification of Hot Gaps

The following hot gaps assumed in the MP197HB TC, 69BTH DSC, and 37PTH DSC models
are justified in this section.

a) The radial gap of 0.025” assumed between the gamma shield and the cask outer shell in
MP197HB TC model.
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b) The radial gap of 0.01” assumed between the finned aluminum shell and the cask shield
shell in MP197HB TC model.

¢) The diametrical hot gap of 0.30” between the basket outer surface and the DSC shell
inner surface in 69BTH DSC model.

d) The 0.01” gaps considered on either side of the paired poison and aluminum plates in
69BTH DSC/basket model.

A3.6.7.1  Gap between Gamma Shield and Cask Outer Shell

A radial air gap of 0.025” is assumed between the gamma shield (lead) and the TC outer shell
within the finite element model of MP197HB described in Section A.3.3.1.1. This air gap is due
to the differential thermal expansion of the cask body and the gamma shield.

The following assumptions are made for the verification of the gap:
e The cask body nominal dimensions are taken at 70°F.

¢ During the lead pour the cask body and lead tempefatures are held above the melting
point of lead at 620°F.

e Because of the controlled cooling process used after lead pour is completed, the lead
solidifies from the bottom upward and thus is always covered with molten lead. Any void
volume or gap due to contraction of the solidifying lead is filled with molten lead which

. then solidifies. '

e The inner diameter of the gamma shell (lead) is equal to the outer diameter of the inner
cask shell at thermal equilibrium.

The average coefficients of thermal expansion for SA-203, Gr. E and lead are listed in the
following table.

Thermal Expansion Coefficients

Temperature SA203,Gr. E Temperature Lead

°P o (°F) o
(in/in-°F) [10] (in/in-°F) [51]

70 6.40E-06 70 16.07 E-6
200 6.70E-06 . 100 16.21 E-6
300 6.90E-06 175 16.58 E-6
400 7.16E-06 250 16.95 E-6
500 7.30E-06 325 17.54 E-6
600 7.40E-06 440 18.50 E-6
650 7.60E-06 620 20.39 E-6
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‘ ~ The density of lead as a function of temperature is listed below.
H
Density of Lead
Temperature Density [24] Temperature Density
(K) (kg/m3) (°F) (Ibm/in*)
50 11,570 -370 0.4180
100 11,520 -280 0.4162
150 11,470 -190 0.4144
200 11,430 -100 0.4129
250 11,380 -10 04111
300 11,330 80 0.4093
400 11,230 260 0.4057
500 11,130 440 : 0.4021
600 11,010 620 0.3978

The volume within the "lead cavity" is calculated by determining the cask body dimensions at
620°F. As no gaps will be present between the lead and the cask body, this volume is also equal
to the volume of lead at 620°F. The mass of the lead in the lead cavity at 620°F is then
determined.

The dimensions of the "lead cavity" for operating conditions are calculated based on cask body

temperature at NCT. A temperature of 360°F is considered for the cask body. This temperature is

lower than the maximum cask inner shell temperature shown in Table A.3—11 for 32 kW heat

load. Since the gap size increases at lower temperatures, the above chosen value is conservative.
‘ From the mass of the lead and its density at 360°F, the lead volume at NCT is determined.

The length of the gamma shield at the cask body temperature is calculated based on thermal
expansion coefficients listed in the above table. The lead volume is used to determine the
maximum size of the air gap adjacent to the lead. -

Determination of Lead Mass

acs = 7.44 x 10° in/in-°F @ 620°F (via linear interpolation from expansion coefficients table,
above)

Plead = 0.3978 Ibm/in® @ 620°F (from lead density table, above)

Rin = inner radius of lead cavity @ 70°F= 36.50"
ut = outer radius of lead cavity @ 70°F = 39.75"
Lecavity = length of lead cavity @ 70°F = 195.75"

Rin, 620 = Rin)(1+(c cs)(AT)) = (36.50)[1+(7.44E-6)(550)] =36.6494”
Rout, 620 = (Rou)(1+(ct cs)(AT)) = (39.75)[1+(7.44E-6)(550)] = 39.9127"
. Leavity, 620= (Leaviey (1 H(0 cs)(AT)) = (195.75)[1+(7.44E-6)(550)] = 196.5510"
Veavity = Viead = (M) (Rout620” - Rin20") Lcavity, 620) = 154,274.9 in’
' Miead = (Viead)(Piead) = (154,274.9 in*)(0.3978 Ibm/in®) = 61,363.6.1bm
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Determination of Lead Gap

acs =7.02 x 10 in/in-°F @ 360°F (via linear interpolation from expansion coefficients table,
above)

Olicad, 620 = 20.39 x 10 in/in-°F @ 620°F (from expansion coefficients table, above)

oclead; 360 =17.83 x 10 in/in-°F @ 360°F (via linear interpolation from expansion coefficients
‘ table, above)

Plead = 0.4037 lbm/in® at 360°F, via linear interpolation from lead density table, above)
Rin, cs, 360 = (Rin)(1+(acs)(AT)) = (36.50)[1+(7.02E-6)(290)] = 36.5743"

Rout, cs, 360= (Rour)(1+(ct cs)(AT)) =(39.75)[1+(7.02E-6)(290)] = 39.8309"

Licad, 360 = (Lcavity, 620)/(1+(0 1¢ad,620)(620 — 70))* (1+(t 1ead,620)(360 — 70)) =

(196.5510) / [1+(20.39E-6)(550)] * [1+(17.83E-6)(290)] = 195.3764"

Viead, 360 = Micad / Pread = 61,363.6 / 0.4037 = 152,004.6 in’
Since Rincs 360 = Rinjjead,360, then :

2 2
Viead 360 = (T)(Rout, tead 360 - Rin, ss, 360" )(Ltead, 360)

It gives:
Rout,lead 360 = 39.8162"
Ail‘ gap = Rout,cs,360 - Rout, lead,360 = 39.8309 — 39.8162 = 0.0147"

The assumed air gap of 0.025” is larger than the above calculated gap. Therefore, using a gap of
0.025” is conservative to maximize the DSC shell temperature.

A3.6.7.2  Gap between Finned Aluminum Shell and Cask Shield Shell

An air gap of 0.01” is considered in the model between the cask shield shell (SA-516-70) and the
finned aluminum shell (A1 6061) for the MP197HB cask with over 26 kW heat load. The

- following calculation shows that the modeled gap of 0.01” is adequate to bound the existing
contact resistance between these two shells.

Yovanovich suggests the following approach in [38] to calculate the thermal contact
conductance. ' :

h;=h, +h, (A.1)
h; = total thermal contact conductance (m*-K/W)

NUH09.0101 A3-130



MP197 Transportation Packaging Safety Analysis Report Rev. 12, 02/12

h, = confact conductance (m2-K/W)
hg = gap conductance (mZ-K/W)

The thermal contact resistance is:

R, =1/h, (A2)

The contact conductance, h, is given in [38] by:

P 0.95
h, =1.25 k, -’Q[H—) (A3)

g c
Where ,
k. =2k, k, I(k,+k,)  Harmonic mean thermal conductivity of interface (W/m-K)
m= \/mf + m22 Effective mean absolute asperity slope of interface
2 2 . . . e
c= \/0'_1 +0, Effective RMS surface roughness of contacting asperities (m)

P = Contact pressure (MPa)
H¢ = Microhardness of the softer of the two contacting solids (MPa) = Hc aj in this evaluation

The mean absolute asperity slope for each plate can be approximated by the following
correlation from [38]:

)0.402

m, =0.125 (o, x10°° for 0.216 um < & < 9.6 um (A4)

As seen in equation (A.3), the contact conductance, h¢, depends heavily on the contact pressure,
P. Assuming a very small contact pressure of 107 psi, gives a negligible contact conductance, he
and eliminates this term in calculation of the total thermal contact conductance in equation (A.1).

A contact pressure of 10 psi is equivalent to having no friction between the two shells, which is
very conservative.

Due to elimination of h in equation (A.1), the conductivities of the contacting plates are not
required for this calculation.

The gap conductance, hg, is given in [38] by:
hy =k, I(Y + M) (A.5)

Where :
kg = thermal conductivity of the gap substance (W/m-K)

Y = effective gap thickness (m)
M = gas parameter (m)
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Based on [38], the effective gap thickness, Y, shown in the figure below, can be calculated as
follows:

Y =1530¢(P/H)*™  for10” <P/H, <2x10? (A.6)

m=Vm %m 2

Conforming Rough Surfaces [38]

The gas parameter M accounts for the rarefaction effects at high temperatures and low gas
pressure. This gas-surface parameter depends on the thermal accommodation coefficients, the
ratio of specific heats, the Prandtl number, and the molecular mean free-path of the gas. This
complex gas-surface parameter depends on gas pressure and temperature according to the
following relationship:

T P,
e B,

M = (A7)

0 g

Where My denotes the gas parameter value at the reference values of gas temperature and
pressure, T and Py, respectively. T and Py are temperature and pressure of the contact gas. The

gas parameter for air is 0.373x10-6 m at 50°C and 1 atm, as reported in [38].

An operating temperature of 200°F (378K) is considered for T and k in equations (A.5) and
(A.7). The assumed operating temperature is well below the cask shield shell and the finned
aluminum shell temperatures in Table A.3-11 and is therefore conservative.

A pressure of 1 atm is considered for air between the two shells.
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Based on data in Section A.3.2.1, material # 16, the air conductivity is 0.0

0.031 W/m-K at 200°F.

- The following data is considered for roughness and hardness of the shells.

Surface Properties for Aluminum and Stainless Steel Plates

. Roughness Microhardness
Material Hardness
(pm) ‘ (MPa)
Aluminum 0.2 to 6.3 [39] Brimjf 5‘80?; 401 440 0 1079
SA 203, Gr. E 0.2 t0 6.3 [39] @)
Notes:

™ For conversion of roughness units see reference [42]
@ Based on [38], the hardness of the softer plate, aluminum here, is taken for evaluation.

Surface roughness is mainly determined by the production method. The roughness values in the

above table correspond to average values for cold rolling / drawing process.

The contact resistances are calculated based on the average roughness and hardness are listed

below.

oa1=3.25 pm,H, 4 = 760 MPa

ocs — 3.25 UM

The calculated contact resistance between cask shield shell and finned aluminum shell is 2.7E-3

m?-K/W as listed in the following table.

Contact Resistances between Shield Shell and Finned Aluminum Shell

The equivalent thermal resistance for the air gaps across the shells considered in the MP197HB

1S:

R Axgap

j,mod e/ =
] . k

Contact Type Al/SA203
o (um) 4.60E-06
P (MPa) 6.891E-09
H, (MPa) 760

P, (atm) 1.0

T (K) 378

k. (W/m-K) 0.031
P/H, 9.073E-12
Y (um) 8.283E-05
M (um) 4.361E-07
h, (W/m*-K) 0.00

h, (W/m*-K) 374

h; (W/m*-K) 374

R, (m*-K/W) 2.7E-03

(A.8)
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. AxXgap = 0.01” =2.54E-4 m

e = 254E -4 _ 6 oF 3 mK/W
h 0.031

The above thermal resistance considered in the model (R; modei) is about three times larger than
the calculated contact resistances (R;) between cask shield shell and finned aluminum shell. This
indicates that the air gap of 0.01” considered in the model is more than adequate to bound the
contact resistance between the cask shield shell and the finned aluminum shell.

A3.6.7.3 Gap between Basket Outer Surface and DSC Shell Inner Surface in the 69BTH
DSC Model

Based on the drawings in Chapter A.1, Appendix A.1.4.10, a nominal diametrical cold gap of
0.40” is considered between the basket and the canister shell for the 69BTH DSC. The nominal
canister inner diameter (ID) of the 69BTH DSC is 68.75”. The nominal basket outer diameter
(OD) is then 68.35”. '

To calculate the minimum gap, the average temperatures for the basket, aluminum rails, and
DSC shell at the hottest cross section for NCT at 100°F ambient are required to calculate the
thermal expansion at thermal equilibrium. These temperatures are retrieved from the 69BTH
DSC/basket model described in Section A.3.3.1.4. These average temperatures are listed in the

following table.
. ' Average Temperatures at Hottest Cross Section for 69BTH Basket
Component HLZC#1, 26kW HLZC#4, 32kW
) NCT at 100°F NCT at 100°F
Tave CF) Tave CF)
Basket (compartments & wrap plates only) 547 547
Al Rail @ 0 degree 472 504
Al Rail @ 180 degree : 398 421
DSC Shell 388 - 408

The hot dimensions of the basket OD and DSC ID are calculated as follows.
The outer diameter of the hot basket is:

ODgpot = ODp + [Lss g x ttss B (Tavgs — Tref)] +
Lrait X [0ta1,0 (Tavgro — Tre)+ tar 180 (Tavg 180 — Tref)]
Where:
ODg pot = hot OD of the basket
ODg = nominal cold OD of the basket
=68.75” - 0.40” = 68.35” ,
" Lgs g = width of basket at 0-180 direction '
= 9 x compartment width +
9 x 2 x compartment plate +
6 x Al/Poison within nine-compartment blocks +
‘ 2 x Al/Poison between nine-compartment blocks +
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6 x wrap plate, _
= Ix6+9x2x0.165+6x025+2x0.375+6x0.105=59.85”
L a1 = width of aluminum rail = (ODg — Lgs )/2 = 4.25”
oss,p = Average stainless steel axial coefficient of thermal expansion (interpolated using data
in [10], in/in-°F) v .
ol = Average aluminum coefficient of thermal expansion (interpolated using data in [10], -
in/in-°F) ‘
Tave e = Average basket temperature at the hottest cross section, see table above, (°F)
Tavgro = Average Al rail temperature at the hottest cross section at 0 degree orientation, see
table above, (°F )
Tavgr180 = Average Al rail temperature at the hottest cross section at 180 degree orientation,
see table above, (°F)
- Tret = reference temperature for stainless steel and aluminum alloys = 70°F [10]

The inner diameter of the hot DSC shell is:
IDpsc ot = IDpsc [1 + ass,psc (Tavgpsc — Trer)]

Where: , :

IDpsc hot = Hot ID of DSC shell

IDpsc = Cold ID of DSC shell = 68.75” '

oss psc = Average stainless steel axial coefficient of thermal expansion (interpolated using data
in [10], in/in-°F) :

Tavgpsc = Average DSC shell témperature at hottest cross section, see above table, (°F)

Tree = Reference temperature for low alloy steel = 70°F [10]

The diametrical hot gap betweén the basket and cask inner shell.is':

Grot = IDpsc ot — ODg hot

The diametrical hot gap at the hottest cross section is calculated for 26kW (HLZC#1) and 32 kW

((HLZC#4) heat loads in the 69BTH basket to bound the problem. The calculated hot gaps are
listed below. '
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26kW, HLZC # 1
Cold dimension Temp | ax10®® AL Hot dimension
(in) (°F) (in/in/°F) (in) (in)
Basket width 59.85 547 9.747 0278 60.128
Large rail @ 0° 4.25 472 13.844 0.024 4.274
Large rail @ 180° 4.25 398 13.592 0.019 4.269
Basket OD 68.35 68.671
DSC ID 68.75 388 9.464 0.207 68.957
Gap 0.4 ) 0.286
32kW,HLZC #4 ]
Cold dimension Temp ax10° ® AL Hot dimension
(in) (°F) (in/in/°F) (in) (in)
Basket width 59.85 547 9.747’ 0.278 60.128
Large rail @ 0° 4.25 504 13.916 0.026 4.276
Large rail @ 180° 4.25 421 13.684 0.020 4.270
Basket OD 68.35 : 68.674
DSCID 68.75 408 9.516 0.221 68.971
Gap 0.4 ) 0.297
Note:

Diametrical Hot Gaps for 69BTH Basket

() The average thermal expansion coefficient is calculated by interpolation using data in [10].

A uniform diametrical hot gap of 0.30” is considered in the model between the basket and the
DSC shell for the 69BTH DSC. This assumption is conservative since the hot gaps shown in the

above table are smaller than the assumed gap of 0.3”.

A3.6.74

Coﬁtact Resistance across Paired Aluminum and Poison Plates in 69BTH Basket

The 0.01” gaps considered on both sides of the paired aluminum and poison plates account for
all the thermal resistance across the paired plates. Dividing the thermal resistance into three
separate resistances would only change the temperature distribution between the two paired
plates without changing the overall thermal resistance. The temperature distribution among the
paired aluminum and poison plates are of no particular significance.

The following calculation shows that the modeled gaps (0.01””) on both sides of the paired
aluminum and poison plates are adequate to bound the existing contact resistances.

~ According to the basket configuration, three contact resistances are recognizable for the paired

aluminum/poison plates sandwiched between the fuel compartments or wrap plates:

a)

b)
c)

contact resistance between the aluminum plate and the stainless steel fuel compartment or

wrap plates

contact resistance between the aluminum plate and the poison plate

contact resistance between the poison plate and the stainless steel fuel compartment or

wrap plate
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These contact resistances are shown schematically in the following figure.

0.01” gap

Fuel Compartment
SA 240, type 304

Poison

Aluminum Plate
Al 1100

Contact Resistance Contact Resistance Contact Resistance
SS /Al Al / Poison SS / Poison

Location of Contact Resistances

The contact resistances between the components shown in the above figure are calculated using
the same methodology as the one described in Section A.3.6.7.2.

The gas parameter for helium is 2.05x10 m at 50°C and 1 atm, as reported in reference [38].
The thermal contact resistance is:

R, =1/h,

Based on the location of the contact resistances shown in the above figure, the total thermal
contact resistance for the paired plates is:

R

Jj.plates = Rj.SS—AI + R J,Al-Poison + R J,poison-SS
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R ss-a1 = contact resistance between stainless steel and aluminum plates
Rj Al-poison = contact resistance between aluminum and poison plates

"R poison-ss1 = contact resistance between poison and stainless steel plates
j,

An operating temperature of 400°F (204°C) is considered for conductivity of helium. The
assumed operating temperature is well below the average basket temperature at the hottest cross
section shown in Section A.3.6.7.3 and is therefore conservative.

A moderate gas pressure (Pg) of 5 psig (1.34 abs atm), lower than the normal operating pressures
listed in Table A.3-23, is considered to evaluate the contact resistances.

Based on data in Section A.3.2.1, material # 15, the helium conductivity is 9.84E-3 Btu/hr-in-°F
or 0.204 W/m-K at 400°F The following data is considered for roughness and hardness of the

‘plates.
Surface Properties for Aluminum and Stainless Steel Plates
. Roughness Microhardness ¥
Material Hardness
(um) (MPa)
Aluminum 1100/ 25t0 95
Poison Plate 0.2106.3 [39] Brinell 500kg [40] 440 10 1079
SA 240, type 304 0.2t0 6.3 [39] 2 R°°kwe”2B [41], Table 1960 to 2000

Note: ) For conversion of roughness units see reference [42]

Surface roughness is mainly determined by the production method. The roughness values in the
above table correspond to average values for cold rolling / drawing process. The hardness values
are collected for aluminum alloys 6063 and 6061; which are the closest to aluminum alloy 1100.

The contact resistances calculated based on the average roughness and hardness are:

oAl = 3.25 pm, - Hca1 =760 MPa
GpO]Son 3 25 ]J,m Hc po]son 760 MPa
Gss — 3.25 wm, Hc,SS = 1980 MPa

The calculated contact resistances are listed in the following table.
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‘ Contact Resistances between Plates in 69BTH Basket
Contact Type Al / Poison SS/ Al or SS/ Poison
o (m) 4.60E-06 4.60E-06
P (MPa) 6.891E-09 6.891E-09
H, (MPa) 760 760
P, (atm) 1.34 - 1.34
T (K) 478 478
k, (W/m-K) 0.204 0.204
P/H, 9.073E-12 9.073E-12
Y (m) 8.283E-05 8.283E-05
M (m) 2.262E-06 2.262E-06
h, (W/m*K) 0.00 0.00
h, (W/m*K) 2402, 2402
h; (W/m*-K) . 2402 2402
R; (m*-K/W) ~ 4.164E-04 4.164E-04

The total thermal contact resistance across the plates is:

R =3x4.164E —4 =1.249E -3 m*-K/W

j.tfotal

The equivalent thermal resistance for the helium gaps across the plates considered in the 69BTH
basket model is:

Axpe =2 x 0.01” =0.02” = 5.08E-4 m (total gap thickness across plates)

Ax e
’ Rj,model =k—H'

g

R, wel = SO8E—4 _ 5 486E -3 m-K/W
. 0.204

The total thermal resistance considered in the model (R;moqei) is about two times larger than the
calculated contact resistances for the paired plates (R|ota1). This shows that the gaps considered
in the model are more than adequate to bound the contact resistances and the other uncertainties,
such as thickness tolerances, surface finishing, etc., involved in fabrication of the basket.

If the poison plate is paired with multiple aluminum plates, the total thermal contact resistance |
across the plates depends on the number of aluminum plates as follows.

Rj,multiple = Rj,SS—AI + (m - 1)Rj,AI—AI +R + Rj

m = number of aluminum plates used to pair with poison plate

j,Al-Paison ,poison-SS

According to the table of the contact resistances, the contact resistances between Al/SS, Al/Al,
and Al/poison plates are equal if the contact pressure nears zero. The total thermal resistance for
multiple aluminum plates is therefore:

R j.muitiple = (n+1NR A=Al

‘ n = number of multiple aluminum plates including poison plate
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The maximum number of multiple aluminum plates that can be used in 69BTH basket can be
calculated by setting R mutipte in the above equation equal to the total thermal resistance
considered in the model, Rjmodel.

n _ Rj,model _1
e Rj,AI—AI
_ 2.486E-3

Moy = e "= _1=4.97
4.164F - 4

This shows that at least four plates, three aluminum plates and one poison plate can be paired
together in 69BTH basket without affecting the thermal performance evaluated in this
calculation. - ‘

A.3.6.8  Sensitivity Study for Effects of Fire Emissivity

A fire emissivity (g¢) of 0.9 was considered in Section A.3.4.2 to calculate the fire radiation heat
transfer coefficient (h; fie). Assuming conservatively, the fire as a black body, an emissivity of
1.0 can be considered for the fire. The effect of this assumption is enveloped for the MP197HB
TC in a sensitivity analysis in this section considering the maximum heat load of 32 kW with the
external fins installed on the shield shell. The only change is the increase of the fire emissivity
(g¢) from 0.9 to 1.0 in the input file for running the finned TC under HAC. The maximum
component temperatures from the sensitivity run with &r=1.0 are shown in the following table.
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Maximum Component Temperatures for &= 1.0

) 69BTH DSC, with 32 kW heat load,
DSC type Finned MP197HB TC, &= 1.0 .
Time Tona To Limit
Component (hr) (°F) (CF)® CF)
DSC shell 7.0 512 - 0O
DSC shell at mid-length 7.0 512 ©)
Cask inner shell 1.9 497 400 o
Gamma shield 0.5 571 399 621 [5]
Outer shell : 0.5 720 382 -
Shield shell 0.5 1440 335 -—-
Cask lid 13.0 315 309 -
Cask bottom plate 1.0 416 383 -
Cask lid seal 10.0 323 314 40018, 19]
Vent & test seal at top : 13.0 313 308 400 [18, 19]
Ram plate seal 1.9 380 377 644 [52, 53]
Test seal at bottom 13.0 382 377 644 [52, 53]
Drain port seal at bottom 10.0 388 381 644152, 53]
Helium in TC cavity 4.0 389 380 ---

Notes:

O This value is the maximum DSC shell temperature in the region where the fuel assemblies have the maximum peaking factor.

@ These values are retrieved from the transient model at 27.0 hrs after the end of the fire accident. Based on the time-temperature
histories for the original TC mode! shown in Figure A.3-40 through Figure A.3-42, the steady state temperatures are bounded
by these temperatures.

® Due to the adiabatic boundary conditions considered conservatively for the steady state cool-down runs (described in Section
A.3.4.2), the maximum DSC shell temperature at the end of the transient run remains bounded by the steady state temperature
of 537°F reported for the 69BTH DSC with 32kW heat load in Table A.3-17.

Since the fire emissivity does not have any effect on the steady state temperatures after cool-
down, the maximum DSC shell temperature for the 69BTH with 32 kW heat load remains

. bounded by 537°F as reported in Table A.3-17.

A comparison of the maximum TC component temperatures for g¢ of 1.0 to those for & of 0.9 are
shown in the following table. '
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Comparison of the Maximum TC Component Temperatures for & of 1.0 and 0.9

Transient Temperature Steady State Temperature

g =1.0 g=0.9 £r=1.0 g=0.9

Tmax Tmax ATmax TOD TUJ AT@
Component CF) CF) () CH2) CHA) ()
DSC shell 512 509 +3 “ “ 0
DSC shell at mid-length'” 512 509 +3 N/A.
Cask inner shell 497 487 +10 400 403 -3
Gamma shield 571 552 +21 399 401 -2
Outer shell 720 - 690 +30 382 383 -1
Shield shell 1440 1393 +47 335 337 -2
Cask lid 315 314 +1 309 311 -2
Cask bottom plate 416 . 416 0 383 384 -1
Cask lid seal 323 321 +2 314 316 -2
Vent & test seal at top 313 311 +2 308 310 -2
Ram plate seal 380 380 0 377 378 -1
Test seal at bottom 382 380 +2 377 379 -2
Drain port seal at bottom 388 386 +2 381 383 -2
Helium in TC cavity 389 387 +2 380 380 0

Notes:

(1) This value is the maximum DSC shell temperature in the region where the fuel assemblies have the maximum peaking factor.

(2) These values are retrieved from the transient model at 27.0 hrs after the end of the fire accident.

(3) These values are retrieved from the transient model at 20.0 hrs after the end of the fire accident.

(4) Due to the adiabatic boundary conditions considered conservatively for the steady state cool-down runs (described in Section
A.3.4.2), the maximum DSC shell temperature at the end of the transient run remains bounded by the steady state temperature
of 537°F reported for the 69BTH DSC with 32kW heat load in Table A.3-17.

As seen in the above table, the largest effect of increasing the fire emissivity from 0.9 to 1.0
occurs during the short period of the fire at the shield shell, which is directly exposed to the fire.
The other components remain shielded from the fire effect so that the cask inner shell '
temperature increases by only 10°F and the DSC shell temperature increases only by 3°F during
the transient run.

These temperature increases are relatively small and occur for a short period of time and
therefore do not affect the thermal and structural performance of the MP197HB TC.

The containment seals are protected from direct fire exposure by the impact limiters. The effect
of increasing the fire emissivity from 0.9 to 1.0 on the maximum seal temperatures is limited to
2°F for a short period of time after the fire. The transient and the steady state temperatures of the
containment seals remain well below the temperature limit of 400°F [18, 19] for fluorocarbon
seals and 644°F [52, 53] for metallic seals. Therefore the containment function of the seals
remains unaffected by the increase of the fire emissivity from 0.9 to 1.0.

Thie time temperature histories for the TC shield shell and DSC shell from the sensitivity study
with g¢ of 1.0 are compared to those from the original model with gr of 0.9 in the following
figures, respectively.
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TC Shield Shell
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Results of the Sensitivity Study

As seen in Figure A.3-40 through Figure A.3-42, all the TC component temperatures decrease
through the cool-down period. The small differences seen in the comparison table between the
steady state temperatures are caused by the fact that the transient temperatures at different hours
(27.0 hours for sensitivity run and 20.0 hours for the original run) are used to bound the steady
state temperatures. Since the TC component temperatures are decreasing, the values at 27.0
hours for the sensitivity run are lower than those for the original run. It is expected that the actual
steady state temperatures in both runs achieve the same values and are independent of the fire
emissivity.

It is evident from the first table in this section that the maximum TC component temperatures
remain well below the allowable limits.

In conclusion, the effect of increasing the fire emissivity from 0.9 to 1.0 occurs only for a short
period of time on the outermost components of the TC exposed to the fire. The function of these
TC components remains unaffected by this change in the fire emmissivity.
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