
FSAR - UMS® Universal Storage System March 2004

Docket No. 72-1015 Revision 3

Table of Contents

2.0 PRINCIPAL DESIGN CRITERIA ................................................... 2-1

2.1 Spent Fuel To Be Stored ................................................... 2.1-1

2.1.1 PWR Fuel Evaluation ................................................... 2.1.1-1

2.1.2 BWR Fuel Evaluation ................................................... 2.1.2-1

2.1.3 Site Specific Spent Fuel ................................................... 2.1.3-1

2.1.3.1 Maine Yankee Site Specific Spent Fuel ....................................... 2.1.3-1

2.2 Design Criteria for Environmental Conditions and Natural Phenomena ................ 2.2-1

2.2.1 Tornado and Wind Loadings .............................................. 2.2-1

2.2.1.1 Applicable Design Parameters ................................................... 2.2-1

2.2.1.2 Determination of Forces on Structures ........................................... 2.2-2

2.2.1.3 Tornado Missiles ................................................... 2.2-2

2.2.2 Water Level (Flood) Design .............................................. 2.2-3

2.2.2.1 Flood Elevations ................................................... 2.2-3

2.2.2.2 Phenomena Considered in Design Load Calculations ........... ......... 2.2-3

2.2.2.3 Flood Force Application .......................... ......................... 2.2-3

2.2.2.4 Flood Protection ................................................... 2.2-4

2.2.3 Seismic Design ................................................... 2.24

2.2.3.1 Input Criteria ................................................... 2.2-4

2.2.3.2 Seismic - System Analyses ..................................... .............. 2.2-4

2.2.4 Snow and Ice Loadings ................................................... 2.2-5

2.2.5 Combined Load Criteria .................................................... 2.2-6

2.2.5.1 Load Combinations and Design Strength -Vertical

Concrete Cask .................................... 2.2-6

2.2.5.2 Load Combinations and Design Strength - Canister

and Basket .................................... 2.2-6

2.2.5.3 Design Strength - Transfer Cask .................................... 2.2-7

2.2.6 Environmental Temperatures .. 2.2-7

2-i



FSAR - UMSO Universal Storage System March 2004

Docket No. 72-1015 Revision 3

Table of Contents (Continued)

2.3 Safety Protection Systems .............................................. 2.3-1

2.3.1 General .............................................. . 2.3-1

2.3.2 Protection by Multiple Confinement Barriers and Systems .............................. 2.3-2

2.3.2.1 Confinement Barriers and Systems .............................................. 2.3-2

2.3.2.2 Cask Cooling .............................................. 2.3-3

2.3.3 Protection by Equipment and Instrumentation Selection .................................. 2.3-3

2.3.3.1 Equipment .............................................. 2.3-4

2.3.3.2 Instrumentation .............................................. 2.3-5

2.3.4 Nuclear Criticality Safety ................................................ 2.3-5

2.3.4.1 Control Methods for Prevention of Criticality ................................ 2.3-5

2.3.4.2 Error Contingency Criteria .............................................. 2.3-7

2.3.4.3 Verification Analyses ............................................... 2.3-7

2.3.5 Radiological Protection ................................................ 2.3-7

2.3.5.1 Access Control .............................................. 2.3-7

2.3.5.2 Shielding .............................................. 2.3-8

2.3.5.3 Ventilation Off-Gas ............................................... 2.3-8

2.3.5.4 Radiological Alarm Systems ............................................... 2.3-9

2.3.6 Fire and Explosion Protection ...................... 2.3-10

2.3.6.1 Fire Protection ...................... 2.3-10

2.3.6.2 Explosion Protection ...................... 2.3-10

2.3.7 Ancillary Structures ...................... 2.3-10

2.4 Decommissioning Considerations ....................... 2.4-1

2.5 References ....................... 2.5-1

2-ii



FSAR - UMS® Universal Storage System

Docket No. 72-1015

March 2004

Revision 3

List of Figures

Figure 2.1.3.1- 1 Preferential Loading Diagram for Maine Yankee Site Specific

Spent Fuel ..... 2.1.3-8|

I I

2-iii -



FSAR - UMSO Universal Storage System

Docket No. 72-1015
March 2004

Revision 3

List of Tables

Table 2-1

Table 2.1.1-1

Table 2.1.1-2

Table 2.1.2-1

Table 2.1.2-2

Table 2.1.3.1-1

Table 2.1.3.1-2

Table 2.1.3.1-3

Table 2.1.3.1-4

Table 2.1.3.1-5

Table 2.2-1

Table 2.2-2

Table 2.2-3

Table 2.3-1

Table 2.4-1

Table 2.4-2

Table 2.4-3

Table 2.4-4

Summary of Universal Storage System Design Criteria ............................... 2-2

PWR Fuel Assembly Characteristics ................................................. 2.1.1-2

Loading Table for PWR Fuel ................................................. 2.1.1-3

BWR Fuel Assembly Characteristics ................................................. 2.1.2-2

Loading Table for BWR Fuel ................................................. 2.1.2-3

Maine Yankee Site Specific Fuel Population ......................................... 2.1.3-9

Maine Yankee Fuel Can Design and Fabrication Specification

Summary ................................................. 2.1.3-10

Major Physical Design Parameters of the Maine Yankee Fuel Can ..... 2.1.3-11

Loading Table for Maine Yankee Fuel without Nonfuel Material ....... 2.1.3-12

Loading Table for Maine Yankee Fuel Containing a CEA ................... 2.1.3-14

Load Combinations for the Vertical Concrete Cask ................................... ). 2-9
Load Combinations for the Transportable Storage Canister .................... 2.2-10

Structural Design Criteria for Components Used in the Transportable

Storage Canister ................................................. 2.2-11

Safety Classification of Universal Storage System Components ............. 2.3-12

Activity Concentration Summary for the Concrete Cask - PWR

Design Basis Fuel (Ci/m3) ............................................. 2.4-3

Activity Concentration Summary for the Canister - PWR

Design Basis Fuel (Ci/m 3) ............................................ 2.4-3
Activity Concentration Summary for the Concrete Cask - BWR
Design Basis Fuel (Ci/m 3) ............................................. 2.4-4

Activity Concentration Summary for the Canister - BWR
Design Basis Fuel (Ci/m 3) ............................................. 2.4-4

</}

2-iv



FSAR - UMSO Universal Storage System November 2000

Docket No. 72-1015 Revision 0

2.0 PRINCIPAL DESIGN CRITERIA

The Universal Storage System is a canister-based spent fuel dry storage cask system that is

designed to be compatible with the Universal Transportation System. It is designed to store a

variety of intact PWR and BWR fuel assemblies. This chapter presents the design bases,

including the principal design criteria, limiting load conditions, and operational parameters of the

Universal Storage System. The principal design criteria are summarized in Table 2-1.
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Table 2-1 Summary of Universal Storage System Design Criteria

Parameter Criteria

Design Life 50 years

Design Code - Confinement ASME Code, Section III, Subsection NB [1] for
confinement boundary

Design Code - Nonconfinement

Basket ASME Code, Section III, Subsection NG [21 and
NUREG/CR-6322 [31

Vertical Concrete Cask ACI-349 [41, ACI-318 [5]
Transfer Cask ANSI N14.6 [61 and NUREG-0612 [71

Maximum Weight:
Canister with Design 72,900 Ibs.

Basis PWR Fuel Assembly (dry, including
inserts) (Class 2)

Canister with Design 75,600 lbs.
Basis BWR Fuel (dry) (Class 5)

Vertical Concrete Cask (loaded) (Class 5) 323,900 Ibs.
Transfer Cask (Class 3) 121,500 lbs.

Thermal:
Maximum Fuel Cladding Temperature:

PWR Fuel 7520 F (400'C) for Normal and Transfer [25]

10580 F (5700 C) Off-Normal and Accident [21]

BWR Fuel 7520 F (400'C) for Normal and Transfer [25]

1058 0F (570'C) Off-Normal and Accident [21]

Ambient Temperature:
Normal (average annual ambient) 760F
Off-Normal (extreme cold; extreme hot) -40'F; 106'F
Accident 1330F

Concrete Temperature:
Normal Conditions < 150OF (bulk); < 3000 F (local) [24]
Off-Normal/Accident Conditions < 350'F local/ surface [41

Cavity Atmosphere Helium
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Table 2-1 Summary of Universal Storage System Design Criteria (Continued)

Radiation Protection/Shiclding Criteria

Concrete Cask Side Wall Contact Dose Rate < 50 mrem/hr. (avg)

Concrete Cask Top Lid Contact Dose Rate < 50 mrem/hr. (avg)

Concrete Cask Air Inlet/Outlet Dose Rate < 100 mrem/hr. (avg)

Owner Controlled Area Boundary Dose [11]

Normal/Off-Normal Conditions 25 mrem (Annual Whole Body)

Accident Whole Body Dose 5 rem (Whole Body)

I
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2.1 Spent Fuel To Be Stored

The Universal Storage System is designed to safely store up to 24 PWR spent fuel assemblies, or

up to 56 BWR spent fuel assemblies, contained within a Transportable Storage Canister. On the

basis of fuel assembly length and cross-section, the fuel assemblies are grouped into three classes

of PWR fuel assemblies and two classes of BWR fuel assemblies. The class of the fuel

assemblies is shown in Tables 6.2-1 and 6.2-2 for PWR and BWR fuel, respectively, and is based

primarily on overall length.

The PWR and BWR fuel having the parameters shown in Tables 2.1.1-1 and 2.1.2-1,

respectively, may be stored in the Universal Storage System. As shown in Table 2.1.1-1, the

evaluation of PWR fuel includes fuel having thimble plugs and burnable poison rods in guide

tube positions. As shown in Table 2.1.2-1, the BWR fuel evaluation includes fuel with a

Zircaloy channel. Any empty fuel rod position must be filled with a solid filler rod fabricated

from either Zircaloy or Type 304 stainless steel, or may be solid neutron absorber rods inserted

for in-core reactivity control prior to reactor operation.

In addition to the design basis fuel, fuel that is unique to a reactor site, referred to as site specific

fuel, is also evaluated. Site specific fuel consists of fuel assemblies that are configured

differently, or have different parameters (such as enrichment or burnup), than the design basis

fuel assemblies.

Site specific fuel is described in Section 2.1.3.

Site specific fuel is shown to be bounded by the fuel parameters shown in Tables 2.1.1-1 or

2.1.2-1, or it is separately evaluated.

The minimum initial enrichment limits are shown in Tables 2.1.1-2 and 2.1.2-2 for PWR and

BWR fuel, respectively. The minimum enrichment limits exclude the loading of fuel assemblies

enriched to less than 1.9 wt.% 235U, including unenriched fuel assemblies, into the Transportable

Storage Canister. However, fuel assemblies with unenriched axial end-blankets may be loaded

into the canister.

2.1-1
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2.1.1 PWR Fuel Evaluation

The parameters of the PWR fuel assemblies that may be loaded in the transportable storage
canister (canister) are shown in Table 2.1.1-1. The maximum initial enrichment limit represents
the maximum fuel rod enrichment limit for variably enriched PWR assemblies. Each canister
may contain up to 24 intact PWR fuel assemblies.

The design of the Universal Storage System is based on certain reference fuel assemblies that
maximize the source terms used for the shielding and criticality evaluation, and that maximize
the weight used in the structural evaluation. These reference fuel assemblies are described in the
chapters appropriate to the condition being evaluated. The principal characteristics and
parameters of a reference fuel, such as fuel volume, initial enrichment, cool time and burnup, do
not represent limiting or bounding values. Bounding values for a fuel class are established based
primarily on how principal parameters are combined and on the loading conditions or restrictions
established for a class of fuel based on its parameters.

The maximum decay heat load for the storage of all types of PWR fuel assemblies is 23.0 kW
(0.958 kW/assembly), except in cases where preferential loading is employed.

The minimum cool time is based on the maximum decay heat load (23.0 kW) and the dose rate

limits for the concrete and transfer casks and is presented in Section 5.5. PWR fuel must be

loaded in accordance with Table 2.1.1-2.

Site specific fuel that does not meet the enrichment and burnup limits of this section and Table

2.1.1-1 is separately evaluated in Section 2.1.3 to establish loading limits.

2.1.1-1
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Table 2.1.1 -1 PWR Fuel Assembly Characteristics

Fuel Class"2  14 x 14 14 x 14 15 x 15 15 x x5 1| xI5 16 x 16 17 x 17

Fissile Isotopes U0 2  U0 2  U0 2  U0 2  U0 2  U0 2  U0 2

Max Initial Enrichment (wt % 235U)3  5.0 5.0 4.6 4.4 4.2 4.8 4.3

Max Initial Enrichment (wt % 2-15U)4  5.0 5.0 5.0 5.0 5.0 5.0 5.0

Number of Fuel Rods 176 179 204 208 216 236 264

Number of Water Holes 5 17 21 17 9 5 25

Max Assembly Average Burnup 45,000 45,000 45,000 45,000 45,000 45,000 45,000
(MWD/MTU) l

Min Cool Time (years) 5 5 5 5 5 5 5
Min Average Enrichment (wt % 235U) 1.9 1.9 1.9 1.9 1.9 1.9 1.9

Cladding Material Zircaloy Zircaloy Zircaloy Zircaloy Zircaloy Zircaloy Zircaloy

Non-Fuel Hardware 5  FM, T, FM, T, FM, T, FM, T, FM, T, FM, T, FM, T,
BPR BPR BPR BPR BPR BPR BPR

Max Weight (lb) per Storage Location6  1,602 1,602 1,602 1,602 1,602 1,602 1.602

Max Decay Heat (Watts) per Storage 958.3 958.3 958.3 958.3 958.3 958.3 958.3
Location 7

Fuel Condition Intact Intact Intact Intact Intact Intact Intact
General Notes:
1. Fuel, except Maine Yankee fuel, must be loaded in accordance with Table 2.1.1-2.
2. Maine Yankee fuel must be loaded in accordance with Tables 2.1.3.1-4 and 2.1.3.1-5, as appropriate.
3. Maximum initial enrichment without boron credit. Represents the maximum fuel rod enrichment for variably enriched assemblies. Assemblies meeting this

limit may contain a flow mixer (FM), an ICI thimble (T), or a burnable poison rod insert (BPR).
4. Maximum initial enrichment with taking credit for a minimum soluble boron concentration of 1000 ppm in the spent fuel pool water. Represents the

maximum fuel rod enrichment for variably enriched assemblies. Assemblies meeting this limit may contain a flow mixer.
5. Assemblies may not contain control element assemblies, except as permitted for site specific fuel.
6. Weight includes the weight of non-fuel bearing components.
7. Maximum decay heat may be higher for site specific fuel configurations, which control fuel loading position.

(
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Table 2.1.1-2 Loading Table for PWR Fuel

Minimum Initial
Enrichment Burnup S30 GWVD/MTU 30< Burnup S35 GW)I)IMTU

Minimum Cooling Time [yers] Minimum Cooling Time [yearsl
wt% 5 U(E) 14x14 15x15 16x16 17x17 14x14 15x15 16x16 17x17

1.95E<2.1 5 5 5 5 7 7 5 7
2.1SE<2.3 5 5 5 5 7 6 5 6
2.3SE<2.5 5 5 5 5 6 6 5 6
2.5SE<2.7 5 5 5 5 6 6 5 6
2.7SE<2.9 5 5 5 5 6 5 5 5
2.9SE<3.1 5 5 5 5 5 5 5 5
3.1 SE<3.3 5 5 5 5 5 5 5 5
3.3•E<3.5 5 5 5 5 5 5 5 5
3.55E<3.7 5 5 5 5 5 5 5 5
3.7SE<3.9 5 5 5 5 5 5 5 5

3.9SE<4.1 5 5 5 5 5 5 5 5
4.1SE<4.3 5 5 5 5 5 5 5 5
4.3SE<4.5 5 5 5 5 5 5 5 5
4.5SE< 4.7 5 5 5 5 5 5 5 5
4.7SE<4.9 5 5 5 5 5 5 5 5

E24.9 5 5 5 5 5 5 5 5

Minimum Initial
Enrichment 35< Burnup •40 GI'D/MITU 40< Burnup S45 GWD/MTU

Minimum Cooling Time lye rs] Minimum Cooling Time [years]
wt % 35U (E) 14x14 15xl5 16x16 17x17 14x14 15 15 16x16 17x17
1.9•E<2.1 10 10 7 10 15 15 11 1 5

2.1lE<2.3 9 9 6 9 14 13 9 13
2.3SE<2.5 8 8 6 8 12 12 8 12

2.5SE<2.7 8 7 6 7 11 11 7 II
2.7SE<2.9 7 7 6 7 10 10 7 10

2.9SE<3.1 7 6 6 7 9 9 7 9
3.1•E<3.3 6 6 6 6 9 8 7 8
3.3SE<3.5 6 6 6 6 8 8 7 8
3.5SE<3.7 6 6 6 6 7 8 7 7

3.75E<3.9 6 6 6 6 7 8 7 7
3.9SE<4.1 6 6 6 6 7 7 7 7
4.1lE<4.3 5 6 6 6 6 7 7 7

4.3SE<4.5 5 6 6 6 6 7 7 7
4.5SE<4.7 5 6 5 6 6 7 6 7
4.7SE<4.9 5 6 5 6 6 7 6 7

E24.9 5 6 5 6 6 7 6 7

I
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2.1.2 BWR Fuel Evaluation

The parameters of the BWR fuel assemblies that may be loaded in the transportable storage

canister (canister) are shown in Table 2.1.2-1. Each canister may contain up to 56 intact BWR

fuel assemblies.

The design of the Universal Storage System is based on certain reference fuel assemblies that

maximize the source terms used for the shielding and criticality evaluation, and that maximize

the weight used in the structural evaluation. These reference fuel assemblies are described in the

chapters appropriate to the condition being evaluated. The principal characteristics and

parameters of a reference fuel, such as fuel volume, initial enrichment, cool time and burnup, do

not represent limiting or bounding values. Bounding values for a fuel class are established based

primarily on how principal parameters are combined and on the loading conditions or restrictions

established for a class of fuel based on its parameters.

The maximum canister decay heat load for the storage of all types of BWR fuel assemblies is

23.0 kW (0.411 kW/assembly).

The minimum cooling time determination is based on the maximum decay heat load (23.0 kW)

and the dose rate limits for the concrete and transfer casks and is presented in Section 5.5. BWR

fuel must be loaded in accordance with Table 2.1.2-2.

2.1.2-1



FSAR - UMSO Universal Storage System

Docket No. 72-1015
March 2004

Revision 3

Table 2.1.2-1 BWR Fuel Assembly Characteristics

Fuel Classl 7x7 7x7 8x8 8x8 8x8 9x9 9x9

Fissile Isotopes U0 2  U02  U0 2  U0 2  U02  U0 2  U0 2

Max Initial Enrichment (wt % 235U)i 4.5 4.7 4.5 4.7 4.8 4.5 4.6

Number of Fuel Rods 48 49 60 62 63 74 79

Number of Water Holes I 0 1/45 2 4 2/75 2

Max Assembly Average Burnup 45,000 45,000 45,000 45,000 45,000 45,000 45,000
(MWD/MTU)

Min Cool Time (years) 5 5 5 5 5 5 5

Min Average Enrichment (wt % 235U) 1.9 1.9 1.9 1.9 1.9 1.9 1.9

Cladding Material Zircaloy Zircaloy Zircaloy Zircaloy Zircaloy Zircaloy Zircaloy

Nonfuel Hardware 2  Channel Channel Channel Channel Channel Channel Channel

Max Channel Thickness (mil) 120 120 120 120 120 120 120

Max Weight (lb) per Storage Location 3  702 702 702 702 702 702 702

Max Decay Heat (Watts) per Storage 410.7 410.7 410.7 410.7 410.7 410.7 410.7
Location

Fuel Condition Intact Intact Intact Intact Intact Intact Intact
General Notes:
1. Fuel must be loaded in accordance with Table 2.1.2-2.

2. Each BWR fuel assembly may have a Zircaloy channel or be unchanneled, but cannot have a stainless steel channel.
3. Weight includes the weight of the channel.
4. Solid fill or water rod.
5. Water rods may occupy more than one fuel lattice location.

2.1.2-2
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Table 2.1.2-2 Loading Table for BWR Fuel

Minimum Initial
Enrichment Burnup S30 GWNDTMTU 30< Burnup •35 GWN'D/IMITU

Minimum Cooling Time [years] Minimum Cooling Tim [years]
wt % 2mU(E) 7x7 8x8 9x9 7x7 8x8 9x9

1.9SE<2.1 5 5 5 8 7 7
2.1SE<2.3 5 5 5 6 6 6
2.3SE<2.5 5 5 5 6 5 6
2.5SE<2.7 S 5 5 5 5 5
2.7SE<2.9 5 5 5 5 5 5
2.9SE<3.1 5 5 5 5 5 5
3.1• E<3.3 5 5 5 5 5 5
3.3S E< 3.5 5 5 5 5 5
3.5SE<3.7 5 5 5 5 5 5

3.7SE<3.9 5 5 5 5 5 5

3.9SE<4.1 5 5 5 5 5 5

4.1SE<4.3 5 5 5 5 5 5

4.3SE<4.5 5 5 5 5 5 5

4.5SE<4.7 5 5 5 5 5 5

4.7SE<4.9 5 5 5 5 5 5

E 24.9 5 5 5 5 5 5

Minimum Initial
Enrichment 35< Burnup •40 GWVD/MTU 40< Burnup S45 GWDIMTU

Minimum Cooling Time [years] Minimum Cooling Tim lears]
wt % "'U (E) 7x7 8x8 9x9 7x7 8x8 9x9

I.9SE<2.1 16 14 15 26 24 25
2.1SE<2.3 13 12 12 23 21 22
2.3SE<2.5 11 9 10 20 18 19
2.5SE<2.7 9 8 8 18 16 17
2.7SE<2.9 8 7 7 15 13 14

2.9• E<3.1 7 6 6 13 11 12

3.1E<3 .3 6 6 6 11 10 10
3.3SE<3.5 6 5 6 9 8 9
3.5SE<3.7 6 5 6 8 7 7
3.7SE<3.9 6 5 5 7 6 7
3.9SE<4.1 5 5 5 7 6 7
4.1SE<4.3 5 5 5 7 6 6
4.3SE<4.5 5 5 5 6 6 6
4.5SE<4.7 5 5 5 6 6 6
4.7SE<4.9 5 5 5 6 6 6
E2 4.9 5 5 5 6 6 6

I

I
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2.1.3 Site Specific Spent Fuel

This section describes site specific spent fuel, i.e., fuel assemblies that are configured differently

or that have different fuel parameters, such as enrichment or burnup, than the fuel assemblies

considered in the design basis. The site specific fuel configurations result from conditions that

occurred during reactor operations, participation in research and development programs, testing

programs intended to improve reactor operations or from the insertion of control components or

other items within the fuel assembly.

Site specific spent fuel configurations are either shown to be bounded by the design basis fuel

analysis or are separately evaluated. Unless specifically excepted, site specific spent fuel must

also meet the conditions specified for the fuel considered in the design basis that is described in

Sections 2.1.1 and 2.1.2.

2.1.3.1 Maine Yankee Site Specific Spent Fuel

The standard Maine Yankee site specific fuel is a Combustion Engineering PWR 14x14

assembly that is included in those fuel assemblies considered in the design basis fuel parameters

described in Table 2.1.1-1. Maine Yankee spent fuel assemblies are categorized as intact

(undamaged) or damaged as defined in Table 1-1. All damaged fuel and certain undamaged fuel

configurations are placed in a Maine Yankee fuel can for storage in the Transportable Storage

Canister. Each canister may contain up to 24 Maine Yankee assemblies, including up to 4 Maine

Yankee Fuel Cans.

The estimated Maine Yankee site specific spent fuel inventory is shown in Section B2.0 of

Appendix B. As noted, certain fuel configurations are preferentially loaded to take advantage of

the design features of the Transportable Storage Canister and basket to allow the loading of fuel

that does not specifically conform to the design basis spent fuel. Loading positions are shown in

Figure 2.1.3.1-1.

The evaluated fuel includes those standard fuel assemblies modified by the installation or

removal of fuel or nonfuel-bearing components. The three principal types of modifications are:

* The removal of fuel rods without replacement.
* The replacement of removed fuel rods or burnable poison rods with rods of another

material, such as stainless steel, or with fuel rods of a different enrichment.
* The insertion of control elements, nonfuel items including start-up sources, or instrument

or plug segments, in guide tube positions.

2.1.3-1
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Site specific spent fuel also includes fuel assemblies that are uniquely designed to support reactor

physics. These fuel assemblies include those that are variably enriched or that are variably

enriched with annular axial blankets. Generally, these fuel assemblies (described in Sections

6.6.1.2.2 and 6.6.1.2.3) are bounded by the evaluation of the design basis fuel.

As described in Section 2.1.3.1.6, certain of the site-specific spent fuel configurations, including

damaged and consolidated fuel loaded in Maine Yankee fuel cans, must be preferentially loaded

in corner positions of the fuel basket. A fuel assembly with a burnup between 45,000 and 50,000

MWD/MTU must be preferentially loaded in a peripheral fuel position in the basket.

2.1.3.1.1 Damaged Fuel Lattices

There are two lattices for damaged fuel rods in the current Maine Yankee fuel inventory,

designated CF1 and CA3, that are loaded in Maine Yankee fuel cans. CFl is a lattice having

roughly the same dimensions as a standard fuel assembly. It is a 9x9 array of tubes, some of

which contain damaged fuel rods. CA3 is a previously used fuel assembly lattice that has had all

of the rods removed, and into which, damaged fuel rods have been inserted. The CFI and CA3

lattices are placed in a Maine Yankee fuel can for storage. No credit is taken for the lattice

structures in the criticality, structural, or thermal analysis.

2.1.3.1.2 Maine Yankee Consolidated Fuel

The Maine Yankee fuel inventory includes two consolidated fuel lattices, which house intact fuel

rods taken from three fuel assemblies. Each lattice is a 17x17 array formed using stainless steel

grids and top and bottom stainless steel end fittings. Four solid stainless steel connector rods

connect the end fittings. The top end fitting is designed so that the lattice can be handled by the

standard fuel assembly lifting fixture (grapple). These lattices were not used in the reactor and

the stainless steel hardware is not activated.

One of these lattices contains 283 fuel rods and 2 rod position vacancies. The other contains 172

fuel rods, with the 76 stainless steel dummy rods in the outer periphery of the lattice.

2.1.3-2
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The consolidated fuel is placed in a Maine Yankee fuel can for storage. No credit is taken for the

lattice structures in the criticality, structural, or thermal analysis.

2.1.3.1.3 Maine Yankee Spent Fuel with Inserted Integral Hardware or Non-Fuel Items

Certain Maine Yankee fuel assemblies have either a Control Element Assembly or an Instrument

Segment inserted in the fuel assembly. These components add to the gamma radiation source

term of the standard fuel assembly.

A Maine Yankee Control Element Assembly (CEA) consists of five control rods mounted on a

Type 304 stainless steel spider assembly. The five control rods are inserted in the fuel assembly

guide tubes when the CEA is inserted in the fuel assembly. When fully inserted, the control

element spider rests on the fuel assembly upper end fitting. The rods are fabricated from Inconel

625 or stainless steel and encapsulate B4C as the primary neutron poison material. Fuel

assemblies with a control element installed must be loaded into a Class 2 canister because of the

additional height that the control element spider adds to the fuel assembly overall length. A CEA

plug may also be inserted in a fuel rod. The CEA plug installs in the same position on the top of

K> the fuel assembly, but the plug rods are only about 10 inches in length. These plugs are used to

control water flow in the guide tubes. Fuel assemblies with CEA plugs installed must be loaded

in a Class 2 canister.

Some standard fuel assemblies have an in-core instrument (ICI) thimble inserted in the center

guide tube of the fuel assembly. The detector material and lead wire have been removed from

the ICI assembly. The thimble top end and tube are primarily Zircaloy. When installed, the

instrument thimble does not add to the overall fuel assembly length. Consequently, fuel

assemblies with ICI thimbles are loaded in the Class 1 canister.

The non-fuel inventory includes a segment of an ICI instrument thimble approximately 24 inches

long. This segment is loaded in the corner guide tube position of an intact fuel assembly. The

fuel assembly with the ICI segment installed must have a CEA flow plug installed to close the

top of the corner guide tube, capturing the segment between the CEA flow plug and the bottom

end plate of the fuel assembly. The ICI segment may be installed in a fuel assembly that also

holds CEA finger tips in other corner guide tube positions. Because of the CEA fuel plug, the

fuel assembly must be installed in a Class 2 canister.
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The non-fuel inventory also includes five startup sources. One of the startup sources is

unirradiated.

The startup sources include three Pu-Be sources and two Sb-Be sources that are installed in the

center guide tubes of fuel assemblies that subsequently must be loaded in one of the four corner

fuel positions of the basket. Each source is designed to fit in the center guide tube of an

assembly, and only one startup source may be loaded in any fuel assembly. All five of these

startup sources contain Sb-Be pellets, which are 50% Be by volume. One of the three Pu-Be

sources is unirradiated and evaluation of this source is based on a "fresh" source material

assumption.

2.1.3.1.4 Maine Yankee Spent Fuel with Unique Design

Certain Maine Yankee fuel assemblies were uniquely designed to accommodate reactor physics.

These assemblies incorporate variable radial enrichment and axial blankets.

Two batches of fuel used at Maine Yankee contain variably enriched fuel rods. The maximum

fuel rod enrichment of one batch is 4.21 Wt % 235U with the variably enriched rods enriched to

3.5 wt % 235U. The maximum planar average enrichment of this batch is 3.99 Wt % 235U. For

the other batch, the maximum fuel rod enrichment is 4.0 wt % 235U, with the variably enriched

rods enriched to 3.4 wt % 235U. The maximum planar average enrichment of this batch is 3.92

wt % 23SU

One batch of variably enriched fuel also incorporates axial end blankets with fuel pellets that

have a center hole, referred to as annular fuel pellets. Annular fuel pellets are used in the top and

bottom 5% of the active fuel length of each fuel rod in this batch.

2.1.3.1.5 Maine Yankee Fuel Can

Fuel assemblies classified as damaged that exceed the limits for loading as intact fuel and certain

undamaged fuel configurations are loaded in a Maine Yankee fuel can, which is shown in

Drawings 412-501 and 412-502. The fuel can may be loaded only in a corner position (positions

numbered 3, 6, 19 and 22 in Figure 2.1.3.1-1) in the basket of a Class 1 canister. The fuel can

analysis assumes the failure of 100% of the fuel rods held in the fuel can.
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The fuel can is sized to accommodate a fuel assembly and must be loaded in a corner position of

the fuel basket. As shown in the drawings, the can is provided in two configurations. Both cans

are 162.8 inches in length and, in the top 4.5 inches, have an external square dimension of 8.8

inches. One configuration of the fuel can body has an internal square dimension of 8.52 inches

and an external square dimension of 8.62 inches. The corresponding dimensions of the second

configuration are 8.3 and 8.4 inches, respectively. The smaller cross-section allows the use of

the fuel can in a basket in which the corner fuel loading positions of the bottom weldment are not

enlarged. The fuel cans are closed on the bottom end by a 0.63-inch thick plate that is welded to

the can shell. The plate has drilled holes in each corner to allow water to drain from the can. A

screen covers the holes to preclude the release of gross particulates from the fuel can. A lid

having an overall depth dimension of 2.38 inches closes the can. The lid is not secured to the can

shell, but is held in place when the shield lid is installed in the canister. The lid also has four

drilled and screened holes. The damaged fuel is inserted in the fuel can and the lid is installed.

Slots in the can shell allow the loaded can to be lifted and installed in the basket. Alternately, the

fuel can may be inserted in a basket corner position before the damaged fuel assembly is inserted

in the fuel can. Since the fuel can lid is held in place by the canister shield lid, the fuel can may

be used only in the Class 1 canister.

A Maine Yankee fuel can containing fuel debris with greater than 20 Curies of plutonium,

requires double containment for transport conditions in accordance with 10 CFR 71.63 (b).

The Maine Yankee fuel can design and fabrication specification summary is provided in Table

2.1.3.1-2. The major physical design parameters of the Maine Yankee fuel can are provided in

Table 2.1.3.1-3. The structural evaluation of the Maine Yankee site specific fuel configurations

is provided in Section 3.6.1

2.1.3.1.6 Maine Yankee Site Specific Spent Fuel Preferential Loading

The estimated Maine Yankee site specific spent fuel inventory is shown in Table 2.1.3.1-1.

(Note that the population of fuel in a given configuration may change based on future spent fuel

inspection or survey.) As shown in this table, certain fuel configurations are preferentially

loaded to take advantage of the design features of the Transportable Storage Canister and basket

to allow the loading of fuel that does not specifically conform to the design basis spent fuel. The

designated preferential loading positions are shown in Figure 2.1.3.1-1.
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Fuel with missing fuel rods, fuel with fuel rods that have been replaced by rods of other material.

consolidated fuel lattices and damaged fuel are preferentially loaded in corner positions of the

basket, numbered 3, 6, 19 and 22 in Figure 2.1.3.1-1. The requirements for preferential loading

schemes using the corner positions result primarily from shielding or criticality evaluations of the

designated fuel configurations.

Preferential loading is also used for spent fuel having a burnup between 45,000 and 50,000

MWD/IMTU. This fuel is assigned to peripheral basket locations, which are the outer 12 fuel
loading positions shown in Figure 2.1.3.1-1. Locating the high burnup fuel in the peripheral

basket locations reduces the maximum temperatures of these assemblies.

High burnup fuel (45,000 - 50,000 MWD/MTU) may be loaded as intact fuel provided that

ISG-1l, Rev. 2 temperature limits are met. The 752WF (4001C) ISG-Il 1, Rev. 2 fuel temperature

limit is met as shown in Table 4.1-4.

Fuel assemblies with a control element inserted will be loaded in a Class 2 canister and basket

for storage and transport due to the increased length of the assembly with the control element

installed. However, these assemblies are not restricted as to loading position within the basket.

Fuel assemblies with a startup source in the center guide tube position must be loaded in one of

the basket corner positions. A fuel assembly may not hold more than one startup source.

The loading position of fuel assemblies holding the CEA finger tips and/or the ICI segment in a

fuel assembly corner guide tube position is not controlled; however, these fuel assemblies must

have a CEA flow plug to ensure these items are captured within the guide tube(s).
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2.1.3.1.7 Maine Yankee High Burnup Fuel

There are ninety (90) Maine Yankee fuel assemblies that have achieved a burnup between 45,000

and 50,000 MWDIMTU. As described in Section 2.1.3.1.6, these fuel assemblies are

preferentially loaded in the 12 peripheral fuel loading positions in the basket. The high burnup

assemblies are similar to the other Maine Yankee fuel planned to be placed in dry storage (i.e.,

those with burnup less than 45,000 MWD/MTU), but have design differences that support the

high burnup objective.

2.1.3-7



-

FSAR - UMSO Universal Storage System

Docket No. 72-1015

March 2004

Revision 3

Figure 2.1.3.1- 1 Preferential Loading Diagram for Maine Yankee Site Specific Spent Fuel

Note: Locations numbered 3, 6, 19 and 22 are corner positions.

Locations numbered 1, 2, 3, 6, 7, 12, 13, 18, 19, 22, 23 and 24 are periphery positions.

Locations numbered 4, 5, 8, 11, 14, 17, 20 and 21 are intermediate positions.

Locations numbered 9, 10, 15 and 16 are center positions.
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Table 2.1.3.1 -1 Maine Yankee Site Specific Fuel Population

Est. Number of
Site Specific Spent Fuel Configurations' Assemblies 2

Standard Fuel 1,434

Inserted Control Element Assembly (CEA) 168

Inserted In-Core Instrument (ICI) Thimble 138

Consolidated Fuel 2

Fuel Rod Replaced by Rod Enriched to 1.95 wt % 3

Fuel Rod Replaced by Stainless Steel Rod or Zircaloy Rod 18

Fuel Rods Removed 10

Variable Enrichment 72

Variable Enrichment and Axial Blanket 68

Burnable Poison Rod Replaced by Hollow Zircaloy Rod 80

Damaged Fuel in Maine Yankee Fuel Can 12

Burnup between 45,000 and 50,000 MWD/MTU 90

Maine Yankee Fuel Can As Required

Inserted Startup Source 5

Inserted CEA Fingertips or ICI String Segment 1

1. The loading of the site- specific fuel is controlled by the requirement of Appendix B,

Section B 2.0, of the Amendment 3 Technical Specifications.

2. The number of fuel assemblies in some categories may vary depending on future fuel

inspections.
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Table 2.1.3.1-2 Maine Yankee Fuel Can Design and Fabrication Specification Summary

Design

* The Maine Yankee Fuel Can shall be designed in accordance with ASME Code, Section 111, Subsection NG
except for: I) the noted exceptions of Table B3-1 for fuel basket structures; and 2) the Maine Yankee Fuel Can
may deform under accident conditions of storage.

. The Maine Yankee Fuel Can will have screened vents in the lid and base plate. Stainless steel meshed screens
(250x250) shall cover all openings.

. The Maine Yankee Fuel Can shall limit the release of material from damaged fuel assemblies and fuel debris to
the canister cavity.

. The Maine Yankee Fuel Can lifting structure and lifting tool shall be designed with a minimum factor of safety of
3.0 on material yield strength.

Materials

. All material shall be in accordance with the referenced drawings and meet the applicable ASME Code sections.

. All structural materials are ASME SA 240, Type 304 stainless steel.

Weldingf

. All welds shall be in accordance with the referenced drawings.

. The final surface of all welds (first unit) shall be liquid penetrant examined in accordance with ASME Code
Section V, Article 6, with acceptance in accordance with ASME Code Section 111, NG-5350. Subsequent units
shall be visually examined in accordance with ASME Code Section V, Article 9, with acceptance in accordance
with ASME Code Section III, NG-5360.

Fabrication

. All cutting, welding. and forming shall be in accordance with ASME Code Section 111, NG-4000.

Acceptance Testing

* The Maine Yankee Fuel Can (first unit) and handling tool shall be load tested and visually inspected at the
completion of fabrication.

QOtality Assurance

* The Maine Yankee Fuel Can shall be constructed under a quality assurance program that meets 10 CFR 72
Subpart G. The quality assurance program must be accepted by NAC International and the licensee prior to
initiation of the work.

. A Certificate of Conformance (or Compliance) shall be issued by the fabricator stating that the component meets
the specifications and drawings.
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Table 2.1.3.1-3 Major Physical Design Parameters of the Maine Yankee Fuel Can

Parameter Value

Overall Length (in.) 162.8

Inside Cross Section (in.) 8.5 x 8.5 or 8.3 x 8.3

Outside Cross Section (in.)"') 8.6 x 8.6 or 8.4 x 8.4

Can Wall Thickness 18 Gauge (0.048 in.)

Internal Cavity Length (in.) 160.0

Empty Weight (nominal) (lbs.) 130

Note (l) The top of the Maine Yankee Fuel Can is located above the

top weldment of the fuel basket when it is installed. The

outside top cross-section is 8.82 x 8.82 in. at the top 4.5

inches to allow for lid engagement and fuel can lifting.
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Table 2.1.3.1-4 Loading Table for Maine Yankee Fuel without Nonfuel Material

Burnup S 30 GWD/MNTU - Minimum Cool Time [years] for
Enrichment Standard' Preferential (1)2 Preferential (P)3

I.9SE<2.1 5 5 5
2.1 <E<2.3 5 5 5
2.3<E<2.5 5 5 5
2.5<E<2.7 5 5 5
2.7SE<2.9 5 5 5
2.9•E<3.1 5 5 5
3.1 <E<3.3 5 5 5
3.3 SE<3.5 5 5 5
3.5< E<3.7 5 5 5
3.7SE<4.2 5 5 5

30 < Burnup •35 GWD/II1TU - Minimum Cool Time [years] for
Enrichment Standard' Preferential (1)2 Preferential (P)'

1.9<E<2.1 5 5 5
2.1 <E<2.3 5 5 5
2.3<E<2.5 5 5
2.5<E<2.7 5 5 5
2.7<E<2.9 5 5 5
2.9SE<3.1 5 5 5
3.1 <E<3.3 5 5 5
3.3SE<3.5 5 5 5
3.5<E<3.7 5 5 5
3.7<E<4.2 5 5 5

35 < Burnup • 40 GWD/IMITU - Minimum Cool Time [years] for
Enrichment Standard' Preferential (1)2 Preferential (P)3

1.9<E<2.1 7 7 5
2.1 <E<2.3 6 6 5

2.3 < E < 2.5 6 6 5
2.5<E<2.7 5 6 5
2.7<E<2.9 5 6 5
2.9SE<3.1 5 6 5
3.1 < E < 3.3 5 6 5
3.3< E < 3.5 5 6 5
3.5<E<3.7 5 6 5
3.7SE<4.2 5 6 5

1. "Standard" loading pattern: allowable decay heat = 0.958 kW per assembly

2. "Preferential" loading pattern: interior basket locations; allowable heat decay = 0.867
kW per assembly

3. "Preferential" loading pautern: periphery basket locations; allowable heat decay
1.05 kW per assembly
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Table 2.1.3.1-4 Loading Table for Maine Yankee Fuel without Nonfuel Material (continued)

40 < Burnup 5 45 GWVD/NITU - Minimum Cool Time [years] for'
Enrichment Standard' Preferential (1)2 Preferential (P)3

1.9 • E < 2.1 11 11 6

2.1 •E<2.3 9 9 6
2.35E<2.5 8 8 6
2.5•E<2.7 7 7 6
2.75E<2.9 7 7 6
2.9•E<3.1 6 7 6
3.1l E<3.3 6 7 5
3.35 E < 3.5 6 7 5
3.55E<3.7 6 7 5
3.7•E•4.2 6 7 5

45 < Burnup 5 50 GWD/IITU - Minimum Cool Time [years] for'
Enrichment Standard' Preferential (1)2 Preferential (P)3

1.9 • E < 2.1 Not allowed Not allowed 7

2.1 • E < 2.3 Not allowed Not allowed 7
2.3 • E < 2.5 Not allowed Not allowed 7
2.5 5 E < 2.7 Not allowed Not allowed 7
2.7 5 E < 2.9 Not allowed Not allowed 7
2.9 • E < 3.1 Not allowed Not allowed 7
3.1 • E < 3.3 Not allowed Not allowed 7
3.3 5 E < 3.5 Not allowed Not allowed 6
3.5 • E < 3.7 Not allowed Not allowed 6
3.7 5 E •4.2 Not allowed Not allowed 6

1. "Standard" loading pattern: allowable decay heat = 0.958 kW per assembly

2. "Preferential" loading pattern: interior basket locations; allowable heat decay = 0.867
kW per assembly

3. "Preferential" loading pattern: periphery basket locations; allowable heat decay =
1.05 kW per assembly
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+Table 2.1.3.1-5 Loading Table for Maine Yankee Fuel Containing a CEA

•30 GNVDtITU Burnup - Minimum Cool Time in Years for
Enrichment No CEA (Class 2) 5 Year CEA 10 Year CEA 15 Year CEA 20 Year CEA
I.9SE<2.1 5 5 5 5 5
2.1•E<2.3 5 5 5 5
2.3SE<2.5 5 5 5 5 5
2.5SE<2.7 5 5 5 5 5
2.7SE<2.9 5 5 5 5 5
2.9SE<3.1 5 5 5 5 5
3.1SE<3.3 5 5 5 5 5
3.3SE<3.5 5 5 5 5 5
3.5SE<3.7 5 5 5 5 5
3.7SES4.2 5 5 5 5 5

30 < Brnup: •35 GNVD/MTU - Minimum Cool Time in Years for
Enrichment No CEA (Class 2) 5 Year CEA 10 Year CEA 15 Year CEA 20 Year CEA
I.9SE<2.1 5 5 5 5 5
2.1SE<2.3 5 S 5 5 5 5
2.3SE<2.5 5 5 5 5 5
2.5SE<2.7 5 5 5 5 5
2.7SE<2.9 5 5 5 5 5
2.9SE<3.1 5 5 5 5 5
3.1<E<3.3 5 5 5 5 5
3.3SE<3.5 5 5 5 5 5
3.5SE<3.7 5 5 5 5 5
3.7SES4.2 5 5 5 5 5

35 <Bu rnupS 40 GWD/MITU - Minimum Cool Time in Years for
Enrichment No CEA (Class 2) 5 Year CEA 10 Year CEA 1; Year CEA 20 Year CEA
1.9SE<2.1 7 7 7 7 7
2.1SE<2.3 6 6 6 6 6
2.3SE<2.5 6 6 6 6 6
2.5SE<2.7 5 6 5 5 5
2.7SE<2.9 5 6 5 5 5
2.9SE<3.1 5 6 5 5 5
3.1SE<3.3 5 5 5 5 5
3.3SE<3.5 5 5 5 5 5
3.5SE<3.7 5 5 5 5 5
3.7SES4.2 5 5 5 5 5

40 < Burnup • 45 GVD/NITU - Minimum Cool Time in Years for
Enrichment No CEA (Class 2) 5 Year CEA 10 Year CEA 15 Year CEA 20 Year CEA
1.9SE<2.1 I 1 11 1 1 11
2.1SE<2.3 9 9 9 9 9
2.3SE<2.5 8 8 8 8 8
2.5SE<2.7 7 7 7 7 7
2.7SE<2.9 7 7 7 7 7
2.9SE<3.1 6 6 6 6 6
3.1SE<3.3 6 6 6 6 6
3.3SE<3.5 6 6 6 6 6
3.5SE<3.7 6 6 6 6 6
3.7SES4.2 6 6 6 6 6

Note: I he No UtA (Class 21) column is provided for comparison. IFuel assemblies without a

CEA insert may not be loaded in a Class 2 canister.
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2.2 Design Criteria for Environmental Conditions and Natural Phenomena

This section presents the design criteria for site environmental conditions and natural phenomena

applied in the design basis analysis of the UMASt Universal Storage System. These criteria

reflect conditions and phenomena to which the Storage System could be exposed during the

period of storage. The system is designed to withstand the loads imposed by these environmental

conditions and natural phenomena. Analyses to demonstrate that the design basis system meets

the design criteria defined in this section are presented in the appropriate chapters of this Safety

Analysis Report.

The use of the UMS® Universal Storage System at a specific site requires that the site either meet

the design criteria of this section or be separately evaluated against the site specific conditions to

ensure the acceptable performance of the UMS® Universal Storage System. Site specific

evaluations are incorporated in designated sections of each chapter of this Safety Analysis

Report. Site specific evaluations for environmental conditions and natural phenomena are

presented in Section 11.2.15.

2.2.1 Tornado and Wind Loadings

The Vertical Concrete Casks are typically placed outdoors on an unsheltered reinforced concrete

storage pad at an ISFSI site. This storage condition exposes the casks to tornado and wind

loading.

2.2.1.1 Applicable Design Parameters

The design basis tornado and wind loading is defined based on Regulatory Guide 1.76 [9] Region

1 and NUREG-0800 [10]. The tornado and wind loading criteria are:

Tornado and Wind Condition Limit

Rotational Wind Speed, mph 290
Translational Wind Speed, mph 70
Maximum Wind Speed, mph 360
Radius of Max. Wind Speed, ft. 150
Pressure Drop, psi 3.0
Rate of Pressure Drop, psi/sec 2.0
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2.2.1.2 Determination of Forces on Structures

Tornado wind forces on the Vertical Concrete Cask are calculated by multiplying the dynamic

wind pressure by the frontal area of the cask normal to the wind direction. Wind forces are

applied to the cask in the wind direction. No streamlining is assumed. The evaluation of wind

loading and tornado missile effects on the cask is presented in Section 11.2.11. The total design

basis wind loading on the projected area of the cask is determined in Section 11.2.11. The cask

is demonstrated to remain stable under design basis tornado wind loading in conjunction with

impact from a high energy tornado missile.

2.2.1.3 Tornado Missiles

The design basis tornado missile impacts are defined in Paragraph 4, Subsection HII, Section

3.5.1.4 of NUREG-0800 [10]. The design basis tornado is considered to generate three types of

missiles that impact the cask at normal incidence:

1. Massive Missile -

(Deformable w/high

kinetic energy)

2. Penetration Missile -

(Rigid hardened steel)

3. Protective Barrier Missile -

(Solid steel sphere)

Weight = 4,000 lbs
Frontal Area = 20 sq.-ft

Weight = 280 lbs
Diameter = 8.0 in

Weight = 0.15 lbs
Diameter = 1.0 in

Each missile is assumed to impact the cask at a velocity of 126 miles per hour, horizontal to the

ground, which is 35 percent of the maximum wind speed of 360 miles per hour. For missile

impacts in the vertical direction, the assumed missile velocity is (0.7)(126) = 88.2 miles per hour.

The detailed analysis of the Vertical Concrete Cask for missile impacts applies the laws of

conservation of momentum and conservation of energy to determine the rigid body response of

the concrete cask. Each missile impact is evaluated, and all missiles are assumed to impact in a

manner that produces the maximum damage to the cask. The tornado and wind driven missile

impact evaluation is presented in Section 11.2.11.
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2.2.2 Water Level (Flood) Design

The Vertical Concrete Cask may be exposed to a flood during storage on an unsheltered concrete

storage pad at an ISFSI site. The source and magnitude of the probable maximum flood depend

on specific site characteristics.

2.2.2.1 Flood Elevations

The Vertical Concrete Cask is evaluated in Section 11.2.9 for a maximum flood water depth of

50 feet above the base of the cask. The flood water velocity is assumed to be 15 feet per second.

Results of the evaluation show that under design basis flood conditions, the cask does not float,

tip, or slide on the storage pad, and that the confinement function is maintained.

2.2.2.2 Phenomena Considered in Design Load Calculations

The occurrence of flooding at an ISFSI site is dependent upon the specific site location and the

surrounding geographical features, natural and man-made. Some possible sources of a flood at

an ISFSI site are: (1) overflow from a river or stream due to unusually heavy rain, snow-melt

runoff, a dam or major water supply line break caused by a seismic event (earthquake); (2) high

tides produced by a hurricane; and (3) a tsunami (tidal wave) caused by an underwater

earthquake or volcanic eruption.

Flooding at an ISFSI site is highly improbable because of the extensive environmental impact

studies that are performed during the selection of a site for a nuclear facility.

2.2.2.3 Flood Force Application

The evaluation of the Universal Storage System for a flood condition determines a maximum

allowable flood water current velocity and a maximum allowable flood water depth. The criteria

employed in the determination of the maximum allowable values are that a cask sliding or tip-

over will not occur, and that the canister material yield strength is not exceeded. The evaluation

of the effects of flood conditions on the system is presented in Section 11.2.9.
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The force of the flood water current on the cask is calculated as a function of the current velocity

by multiplying the dynamic water pressure by the frontal area of the cask that is normal to the

current direction. The dynamic water pressure is calculated using Bernoulli's equation relating

fluid velocity and pressure. The force of the flood water current is limited such that the

overturning moment on the cask will be less than that required to tip the cask over.

2.2.2.4 Flood Protection

The inherent strength of the reinforced concrete cask provides a substantial margin of safety

against any permanent deformation of the cask for a credible flood event at an ISFSI site.

Therefore, no special flood protection measures for the cask are necessary. The evaluation

presented in Section 11.2.9 shows that for the design basis flood, the allowable stresses in the

canister are not exceeded.

2.2.3 Seismic Design

An ISFSI site may be subject to seismic events (earthquakes) during its lifetime. The seismic

response spectra experienced by the cask depends upon the geographical location of the specific

site and the distance from the epicenter of the earthquake. The only significant effect of a

seismic event on the Vertical Concrete Cask is a possible tip-over; however, tip-over does not

occur during the design basis earthquake. Seismic response of the cask is presented in Section

11.2.8.

2.2.3.1 Input Criteria

The Transportable Storage Canister and Vertical Concrete Cask are designed and analyzed by

applying a 0.26g seismic acceleration at the top surface of the ISFSI pad.

2.2.3.2 Seismic - System Analyses

The analysis for the earthquake condition applied to nuclear facilities is provided in Section

11.2.8.2. The evaluation shows that the concrete cask does not tip over or slide in the design

basis earthquake. Evaluation of the consequences of a hypothetical tip-over event is provided in

Section 11.2.12.
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2.2.4 Snow and Ice Loadings

The criterion for determining design snow loads is based on ANSI/ASCE 7-93 [12], Section 7.0.

Flat roof snow loads apply and are calculated from the following formula:

pf = 0.7CeCtIpg

where:

pf = flat roof snow load (psf)

Ce = Exposure factor = 1.0

C, = Thermal factor = 1.2

I = Importance factor = 1.2

pg = ground snow load, (psf) = 100

The numerical values of Ce, C,, I and pg are obtained from Tables 18, 19, 20 and Figure 7,

respectively, of ANSI/ASCE 7-93.

The exposure factor, C,, accounts for wind effects. The site of the Universal Storage System is

assumed to be a location typical for siting Category C, which is defined to be "locations in which

snow removal by wind cannot be relied on to reduce roof loads because of terrain, higher

structures, or several trees nearby."

The thermal factor, C,, accounts for the importance of buildings and structures in relation to

public health and safety. The Universal Storage System is conservatively classified as Category

ITl.

Ground snow loads for the contiguous United States are given in Figures 5, 6 and 7 of ANSI/

ASCE 7-93. A worst case value of 100 lbs per square ft is assumed.

2.2-5



-

FSAR - UMSO Universal Storage System November 2000

Docket No. 72-1015 Revision 0

Based on the above, the design criterion for snow and ice loads is:

Flat Roof Snow Load, pf = (0.7) (1.0) (1.2) (1.2) (100) = 100.8 psf

This load is bounded by the weight of the loaded transfer cask on the top of the concrete cask

shell and by the tornado missile loading on the concrete cask lid. The snow load is considered in

the load combinations described in Section 3.4.4.2.2.

2.2.5 Combined Load Criteria

Each normal, off-normal and accident condition has a combination of load cases that defines the

total combined loading for that condition. The individual load cases considered include thermal,

seismic, external and internal pressure, missile impacts, drops, snow and ice loads, and/or flood

water forces.

The load conditions to be evaluated for storage casks are identified in 10 CFR 72[11] and

ANSIIANS-57.9 [13].

2.2.5.1 Load Combinations and Desihn Strength - Vertical Concrete Cask

The load combinations specified in ANSI/ANS 57.9 for concrete structures are applied to the

concrete casks as shown in Table 2.2-1. The live loads are considered to vary from 0 percent to

100 percent to ensure that the worst-case condition is evaluated. In each case, use of 100 percent

of the live load produces the maximum load condition. The steel liner of the concrete cask is a

stay-in-place form and it provides radiation shielding. The concrete cask is designed to the

requirements of ACI 349 [4].

In calculating the design strength of concrete in the Vertical Concrete Cask body, nominal

strength values are multiplied by a strength reduction factor in accordance with Section 9.3 of

ACI 349.

2.2.5.2 Load Combinations and Design Stren2th - Canister and Basket

The canister is designed in accordance with the 1995 edition of the ASME Code, Section III,

Subsection NB [1] for Class 1 components. The basket structure is designed in accordance with
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ASME Code, Section III, Subsection NG [2]. Structural buckling of the basket is evaluated in

accordance with NUREG/CR-6322 [3].

The load combinations for all normal, off-normal, and accident conditions and corresponding

service levels are shown in Table 2.2-2. The table, therefore, defines the canister design and

service loadings. Levels A and D service limits are used for normal and accident conditions,

respectively. Levels B and C service limits are used for off-normal conditions. The analysis

methods of the ASME Code are employed. Stress intensities caused by pressure, temperature,

and mechanical loads are combined before comparing them to ASME code allowables. The

Code allowables are listed in Table 2.2-3.

2.2.5.3 Design Strength - Transfer Cask

The transfer cask is a special lifting device. It is designed and fabricated to the requirements of

ANSI N14.6 [6] and NUREG 0612 [7] for the lifting trunnions and supports, and ANSI/ANS-

57.9 [13] for the remainder of the structure. The criteria are:

1. The combined shear stress or maximum tensile stress during the lift (with 10 percent dynamic

load factor) shall be < Sy/6 and SJ/10 for a nonredundant load path, or shall be < Sy/3 and

Su/5 for redundant load paths.

2. The ferritic steel material used for the load bearing members of the transfer cask shall satisfy

the material toughness requirements of ANSI N14.6, paragraph 4.2.6.

Load testing of the transfer cask is described in Section 2.3.3.1.

2.2.6 Environmental Temperatures

A normal, long-term annual average design ambient temperature of 76WF is selected to bound

most annual average temperatures seen by a cask over its lifetime. This temperature is based on

the maximum average annual temperature in the 48 contiguous United States, specifically,

Miami, FL., at 75.6WF [14], and is, therefore, used so as to bound existing and potential ISFSI

sites.
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The 760F normal temperature is used as the base for thermal evaluations. The evaluation of this

environmental condition is discussed along with the thermal analysis models in Chapter 4.0. The

thermal stress evaluation for the normal operating conditions is provided in Section 3.4.4.

Normal temperature fluctuations are bounded by the severe ambient temperature cases that are

evaluated as off-normal and accident conditions.

Off-normal, severe environmental conditions are defined as -40'F with no solar loads and 106'F

with solar loads. An extreme environmental condition of 1330 F with maximum solar loads is

evaluated as an accident case (11.2.7) to show compliance with the maximum heat load case

required by ANSI/ANS-57.9. Thermal performance is also evaluated assuming half-blockage of

the concrete cask air inlets and the complete blockage of the air inlets and outlets. Thermal

analyses for these cases are presented in Sections 11.1.2 and 11.2.13. The evaluation based on

ambient temperature conditions is presented in Section 4.4.

The design basis temperatures used in the Universal Storage System analysis are shown below.

Solar insolance is as specified in 10 CFR 71.71 [15] and Regulatory Guide 7.8 [16].

Condition Ambient Temperature Solar Insolance

Nonnal 760F yes

Off-Normal - Severe Heat 1060F yes

Off-Normal - Severe Cold -400F no

Accident - Extreme Heat 1330F yes
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Table 2.2-1 Load Combinations for the Vertical Concrete Cask

Load Tornado/ Drop/

Combination Condition Dead Live Wind Thermal Seismic Missile Impact Flood

I Normal 1 .4D1 1.7L

2 Normal I .05D 1 .275L 1 .275T0

3 Normal 1 .05D) .275L 1.275W 1 .275T0

4 Off-Normal D L T.
and Accident

5 Accident D L T. E,.

6 Accident D L T. A

7 Accident D L T. F

8 Accident D L T.

Load Combinations are from ANSI/ANS-57.9 [13] and ACI 349 [4].

D

L

W

To

F

= Dead Load Ta

= Live Load

= Wind

= Normal Temperature

= Flood

Eq,

Wt

A

= Off- Normal or Accident

Temperature

= Design Basis Earthquake

= Tornado/Tornado Missile

= Drop/Impact
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Table 2.2-2 Load Combinations for the Transportable Storage Canister

LOAD J NORMAL I OFF-NORNIAL ACCIDENT

ASME Service Level A B C D

Load Combinations 1 2 3 1 2 3 4 5 1 2 3 4 5 6

Dead Weight Canister with fuel X X X X X X X X X X X X X X

Thermal In Storage Cask

76° F Ambient X X X X X X X X

In Transfer Cask

760 F Ambient X X X X

In Storage Cask

-40°F or 106°F

Ambient X X

Internal Normal X X X X X X X X X X

Pressure Off-Normal X X

Accident X X

Handling Load Normal X X X

Off-Normal X X X

Drop/Impact Accident X

Seismic Accident X

Flood Accident X

Tornado Accident X

'-
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Table 2.2-3 Structural Design Criteria for Components Used in the Transportable Storage

Canister

Component Critcria

I. Normal Operations: Service Level A Pm < Sm

Canister: ASME Section III, Subsection NB [1] PL + Pb < 1.5 Sm

Basket: ASME Section III, Subsection NG [2] PL + Pb + Q < 3Sm

Lifting Devices: ANSI N14.6 [6] and NUREG Redundant load path: combined shear

0612 [7] or max. tensile stress < Su/5 and S/3

2. Off-Normal Operations: Service Level B

Canister: ASME Section III, Subsection NB Pm < 1.1 Sm and PL + Pb < 1.65 Sm

3. Off-Normal Operations: Service Level C Subsection NB Allowables:

Canister: ASME Section m, Subsection NB Pm < 1.2 Sm or Sy

Basket: ASME Section III, Subsection NG (whichever is greater) and

PL + Pb < 1.8 Sm or 1.5 Sy
Note: Subsection NB allowables for Service (whichever is less)

Level C are conservatively applied to the basket.

4. Accident Conditions, Service Level D Pm < 2.4 Sm or 0.7 Su

Canister: ASME Section m, Subsection NB (whichever is less) and

Basket: ASME Section m, Subsection NG PL + Pb < 3.6 Sm or 1.05 Su

(whichever is less)

5. Basket Structural Buckling NUREG/CR-6322 [3]

Symbols:

Sm= material design stress intensity PL = primary local membrane stress

Su= material ultimate strength Pm = primary general membrane stress

Sy= material yield strength Pb = primary bending stress
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2.3 Safety Protection Systems

The Universal Storage System relies upon passive systems to ensure the protection of public

health and safety, except in the case of fire or explosion. As discussed in Section 2.3.6, fire and

explosion events are effectively precluded by site administrative controls that prevent the

introduction of flammable and explosive materials. The use of passive systems provides

protection from mechanical or equipment failure.

2.3.1 General

The Universal Storage System is designed for safe, long-term storage of spent nuclear fuel. The

system will withstand all of the evaluated normal, off-normal, and postulated accident conditions

without release of radioactive material or excessive radiation exposure to workers or the general

public. The major design considerations that are incorporated in the Universal Storage System to

assure safe, long-term fuel storage are:

1. Continued containment in postulated accidents.

2. Thick concrete and steel biological shield.

3. Passive systems that ensure reliability.

4. Inert helium atmosphere to provide corrosion protection for fuel cladding and

enhanced heat transfer for the stored fuel.

Each component of the Universal Storage System is classified with respect to its function and

corresponding effect on public safety. In accordance with Regulatory Guide 7.10 [17], each

system component is assigned a safety classification and then "important to safety" items are

further categorized based on importance to safety into Category A, B, or C, as shown in Table

2.3-1. The safety classification is based on review of each component's function and the

assessment of the consequences of its failure following the guidelines of NUREG/CR-6407 [18].

The safety classification categories are defined as follows:

* Category A - Components critical to safe operations whose failure or malfunction could

directly result in conditions adverse to safe operations, integrity of spent fuel, or public health

and safety.
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* Category B - Components with major impact on safe operations whose failure or malfunction

could indirectly result in conditions adverse to safe operations, integrity of spent fuel, or

public health and safety.

* Category C - Components whose failure would not significantly reduce the packaging

effectiveness and would not likely result in conditions adverse to safe operations, integrity of

spent fuel, or public health and safety.

As discussed in the following sections, the Universal Storage System design incorporates

features addressing the above design considerations to assure safe operation during loading,

handling, and storage of spent nuclear fuel.

2.3.2 Protection by Multiple Confinement Barriers and Systems

2.3.2.1 Confinement Barriers and Systems

The radioactivity that the Universal Storage System must confine originates from the spent fuel

assemblies to be stored and residual contamination that may remain inside the canister as a result

of contact with water in the fuel pool where the canister loading is conducted. The system is

designed to confine this radioactive material.

The Transportable Storage Canister is closed by welding. The shield lid weld is pressure tested.

All of the field-installed shield lid welds are liquid penetrant examined following the root and

final weld passes. The shield lid welds are leak tested. The installation of the canister structural

lid, which provides a redundant closure over the shield lid and port covers, is accomplished by

multi-pass welding that is either: 1) progressively liquid penetrant examined; or 2) ultrasonically

examined in conjunction with a liquid penetrant examination of the final weld surface. The

longitudinal and girth welds of the canister shell are full penetration welds that are

radiographically examined during fabrication. The weld that joins the bottom plate to the

canister shell is ultrasonically and liquid penetrant examined during fabrication.

The canister welds are an impenetrable boundary to the release of fission gas products during the

period of storage. There are no evaluated normal, off-normal, or accident conditions that result

in the breach of the canister and the subsequent release of fission products. The canister is
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designed to withstand a postulated drop accident in the UMS® Universal Transport Cask without

precluding the subsequent removal of the fuel (i.e., the fuel tubes do not deform such that they

bind the fuel assemblies).

Personnel radiation exposure during handling and closure of the canister is minimized by the

following steps:

1. Placing the shield lid on the canister while the transfer cask and canister are under

water in the fuel pool.

2. Decontaminating the exterior of the transfer cask prior to draining the canister or

performing canister closure operations with the transfer cask partially submerged to

preserve the shielding benefit of the water.

3. Using temporary shielding.

4. Using a retaining ring on the transfer cask to ensure that the canister is not raised out

of the shield provided by the transfer cask.

5. Placing a shielding ring over the annular gap between the transfer cask and the

canister.

2.3.2.2 Cask Cooling

The loaded Vertical Concrete Cask is passively cooled. Cool (ambient) air enters at the bottom

of the concrete cask through four inlet vents. Heated air exits through the four outlets at the top

of the cask. Radiant heat transfer also occurs from the canister shell to the concrete cask liner.

Consequently, the liner also heats the convective air flow. Conduction does not play a

substantial role in heat removal from the canister surface. This natural circulation of air inside

the Vertical Concrete Cask, in conjunction with radiation from the canister surface, maintains the

fuel cladding temperature and all of the concrete cask component temperatures below their

design limits. The cask cooling system is described in detail in Sections 4.1 and 4.4.

2.3.3 Protection by Equipment and Instrumentation Selection

The Universal Storage System is a passive storage system that does not rely on equipment or

instruments to preserve public health or safety and to meet its safety functions in long-term

storage. The system employs support equipment and instrumentation to facilitate operations.

These items, and the actions taken to assure performance, are described below.
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2.3.3.1 Equipment

The equipment that is important-to-safety employed in the use and operation of the Universal Storage

System is the transfer cask and the lifting yoke used to lift the transfer cask. The transfer cask is

provided in the standard and advanced configurations. The lifting yoke is designed to meet the

requirements of ANSI N14.6 and NUREG-0612 and is designed as a special lifting device for critical

loads. Both lifting yokes are proof load tested to 300% of design load when fabricated. The lifting

yokes have no welds in the lifting load path. Following the load test, the bolted connections are

disassembled, and the components are inspected for deformation. Permanent deformation of

components is not acceptable. The lifting yoke is inspected for visible defects prior to each use and is

inspected annually.

The transfer cask is used to move the empty and loaded Transportable Storage Canister in all of

the operations that precede the installation of the loaded canister in the Vertical Concrete Cask.

The transfer cask is evaluated as a lifting component. The principal design criteria of the transfer

cask are presented in Section 2.2.5.3, above. The transfer cask design meets the requirements of

ANSI N14.6 and NUREG-0612. The standard and advanced transfer casks both have two pairs

of lifting trunnions. Each pair is designed as a special lifting device for critical loads, but both

pairs may be used together in order to provide a redundant load path. Each pair of transfer cask

trunnions is load tested to 300% of the maximum calculated service load. The service load

includes the transfer cask weight, the loaded canister, and water in the canister. Following the

load test, the trunnion welds and other welds in the load path are inspected for indications of
cracking or deformation. The principal load bearing welds and the transfer cask lifting trunnions

are evaluated in Section 3.4.3.3.

The transfer cask bottom shield doors support the canister from the bottom during handling of

the canister. The shield doors are also load tested to 300% of the maximum calculated service

load. The service load includes the weight of the loaded canister and water in the canister.

Following the load test, the load bearing surface areas of the doors, rails, and attachment welds

are examined for evidence of cracking or deformation.

The transfer cask welds are subjected to a liquid penetrant examination, performed in accordance

with the ASME Code, Section V, Article 6. Acceptance criteria is in accordance with the ASME

Code, Paragraph NF-5350.
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Any evidence of permanent deformation, cracking, galling of bearing surfaces, or unacceptable

liquid penetrant examination results is cause for rejection. Any identified defects must be

repaired and the load test repeated prior to final acceptance.

2.3.3.2 Instrumentation

A remote temperature measuring system is employed to measure the outlet air temperature of the

Vertical Concrete Casks in long-term storage. The outlet temperature is recorded daily as a

check of the thermal performance of the heat rejection capability of the storage cask. The outlet

temperature is expected to increase in the unlikely event that one or more inlets or outlets

become blocked. Consequently, visual inspection of the inlets and outlets is required when the

temperature differential between the ambient air temperature and the outlet air temperature

exceeds 102'F for the PWR configuration or 920 F for the BWR configuration during normal

operations. In addition, visual inspection of the inlets and outlets is required following any

natural phenomena event, such as an earthquake, that could lead to a reduction in efficiency of

the cooling system.

The canister shield lid weld is helium leak tested during closure. The leak detector is checked

against a known helium source immediately prior to, and after, use to preclude unknown leak

detector failure.

2.3.4 Nuclear Criticality Safety

The Universal Storage System design includes features to ensure that nuclear criticality safety is

maintained (i. e., the cask remains subcritical) under normal, off-normal, and accident conditions.

The design of the canister and fuel basket is such that, under all conditions, the highest neutron

multiplication factor (kef) is less than 0.95. The criticality evaluation for the design basis fuel is

presented in Section 6.4.

2.3.4.1 Control Methods for Prevention of Criticality

Criticality control in the PWR basket is achieved using a neutron flux trap configuration.

Individual fuel assemblies are surrounded by four neutron absorber sheets, one on each side of

the assembly, that provide absorption of moderated neutrons. The assemblies are separated by a

gap that is filled with water during hypothetical accident conditions when the canister is flooded.

Fast neutrons escaping one fuel assembly are moderated in the gap between the assemblies and
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absorbed by the neutron absorber material surrounding the assemblies. The minimum loading of

the neutron absorber sheets is 0.025 g '0B/cm2. The sheets are mechanically supported by the

fuel tube structure to ensure that the neutron absorber sheets remain in place during the design

basis normal, off-normal, and accident events.

Individual fuel assemblies in the BWR basket are separated from adjacent assemblies by a single

neutron absorber sheet between fuel assemblies. Of the total 56 fuel tubes, 42 tubes contain

neutron absorber sheets on two sides of the tubes, 11 tubes contain neutron absorber sheets on

one side, and the remaining 3 tubes contain no neutron absorber sheets. The arrangement of the

fuel tubes ensures that there is at least one neutron absorber sheet between adjacent fuel

assemblies. Although this configuration of water gaps and neutron absorber sheets does not form

a classic neutron flux trap, the design ensures that there is sufficient absorption of moderated

neutrons by the neutron absorber to maintain criticality control in the basket (kfr < 0.95). The

minimum loading of the neutron absorber sheets in the BWR fuel tubes is 0.011 g '0B/cm2. The

neutron absorber sheets are mechanically supported by the fuel tube structure to ensure that the

sheets remain in place during the design basis normal, off-normal, and accident events.

The efficiency of the neutron absorber sheets in preserving nuclear criticality safety is

demonstrated by the criticality results presented in Section 6.4.3.

The principal criticality design criterion is that keff remain below 0.95 under all conditions.

Assumptions made in the analyses used to demonstrate conformance to this criterion include:

1. Fuel assembly with maximum 235 U loading (95% theoretical density);

2. 75 percent of the nominal 101 loading in the neutron absorber sheet;

3. Infinite array of casks in the X-Y (horizontal) plane;

4. Infinite fuel length with no inclusion of end leakage effects;

5. No credit taken for structural material present in the assembly; and,

6. No credit taken for fuel burnup or for the buildup of fission product neutron poisons.

Use of administrative controls of fuel burnup levels, neutron absorption properties of the burned

fuel, and the presence of steel shell of the canister provide further criticality controls in the

Universal Storage System.
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2.3.4.2 Error Contingency Criteria

The calculated values of kff include error contingencies and calculation and modeling biases.

The standards and regulations of criticality safety require that keff, including uncertainties, k,, be

less than 0.95. The bias and 95/95 uncertainty are applied to the calculation of ks by using:

ks = knom + 0.0052 + [(0.0087)2 + (2 ,%Ic )2 ] _ 0.95

where:

knom = the nominal keff for the cask, and
0 MC = the Monte Carlo uncertainty.

The calculation of error contingencies and uncertainties is presented in Section 6.4.

2.3.4.3 Verification Analyses

The CSAS25 criticality analysis sequence is benchmarked through a series of calculations based

on 63 critical experiments. These experiments span a range of fuel enrichments, fuel rod pitches,

poison sheet characteristics, shielding materials, and geometries that are typical of light water

reactor fuel in a cask. To achieve accurate results, three-dimensional models, as close to the

actual experiment as possible, are used to evaluate the experiments. The results of the

benchmark calculations are provided in Section 6.5.

2.3.5 Radiological Protection

The Universal Storage System, in keeping with the As Low As Is Reasonably Achievable

(ALARA) philosophy, is designed to minimize, to the extent practicable, operator radiological

exposure.

2.3.5.1 Access Control

Access to a Universal Storage System ISFSI site is controlled by a peripheral fence to meet the

requirements of 10 CFR 72 and 10 CFR 20 [19]. Access to the storage area, and its designation

as to the level of radiation protection required, are established by site procedure. The storage
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area is surrounded by a fence, having lockable truck and personnel access gates. The fence has

intrusion-detection features as determined by the site procedure.

2.3.5.2 Shielding

The Universal Storage System is designed to limit the dose rates as follows:

* external surface dose (gamma and neutron) to less than 50 mrem/hr (average) on the Vertical

Concrete Cask sides.

* external surface dose to less than 50 mrem/hr (average) on the Vertical Concrete Cask top.

* a maximum of 100 mremlhr (average) at the Vertical Concrete Cask air inlets and outlets.

. the supplemental shielding at the top of the canister shield lid reduces personnel exposure

during canister closure operations.

Sections 72.104 and 72.106 of 10 CFR 72 set whole body dose limits for an individual located

beyond the controlled area at 25 millirems per year (whole body) during normal operations and 5

reins (5,000 millirems) from any design basis accident. The analyses showing the actual

Universal Storage System doses, and dose rates, are included in Chapters 5.0, 10.0 and 11.0.

2.3.5.3 Ventilation Off-Gas

The Universal Storage System is passively cooled by radiation and natural convection heat

transfer at the outer surface of the concrete cask and in the canister-concrete cask annulus. The

bottom of the cask is conservatively assumed to be an adiabatic surface. In the canister-concrete

cask annulus, air enters the air inlets, flows up between the canister and concrete cask liner in the

annulus, and exits the air outlets. The air flow in the annulus is due to the buoyancy effect

created by the heating of the air by the canister and concrete cask liner walls. The details of the

passive ventilation system design are provided in Chapter 4.0.
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The surface of the canister is exposed to cooling air when the canister is placed in the concrete

cask. If the surface is contaminated, the possibility exists that contamination could be carried

aloft by the cooling air stream. Therefore, during fuel loading, the spent fuel pool water is

excluded from the canister exterior by filling the transfer cask/canister annular gap with clean

water as the transfer cask is being lowered into the fuel pool. Clean water is injected into the gap

during the entire time the transfer cask is submerged. These steps minimize the potential for the

intrusion of contaminated water into the canister annular gap.

Once the transfer cask is removed from the pool, a smear survey is taken of the exterior surface

of the canister near the top. While no contamination is expected to be found, it is possible that

the surface could be contaminated. The allowable upper limit for surface contamination of the

canister and transfer cask is provided in LCO 3.2.1 in Appendix A. As described in LCO 3.2.1,

if this limit is exceeded, steps to decontaminate the canister surface must be taken and continued

until the contamination is less than the allowable limit.

To facilitate decontamination, the canister is fabricated so that its exterior surface is smooth.

There are no corners or pockets that could trap and hold contamination.

There are no radioactive releases during normal operations. Also, there are no credible accidents

that cause significant releases of radioactivity from the Universal Storage System and, hence,

there are no off-gas system requirements for the system during normal storage operation. The

only time an off-gas system is required is during the canister drying phase. During this operation,

the reactor off-gas system or a HEPA filter system is used.

2.3.5.4 Radiological Alarm Systems

No radiological alarms are required on the Universal Storage System. Justification for this is

provided in Chapter 5.0 (Shielding), 10.0 (Radiological Protection), and 11.0 (Accident

Analysis).

Typically, total radiation exposure due to the ISFSI installation is determined by the use of

Thermo-Luminescent Detectors (TLDs) mounted at convenient locations on the ISFSI fence.

The TLDs are read quarterly to provide a record of boundary dose.
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2.3.6 Fire and Explosion Protection

Fire and explosion protection of the Universal Storage System is provided primarily by

administrative controls applied at the site, which preclude the introduction of any explosive and

any excessive flammable materials into the ISFSI area.

2.3.6.1 Fire Protection

A major ISFSI fire is not considered credible, since there is very little material near the casks that

could contribute to a fire. The concrete cask is largely impervious to incidental thermal events.

Administrative controls are put in place to ensure that the presence of combustibles is minimized.

A hypothetical fire event is evaluated as an accident condition in Section 11.2.6. The fire event

evaluated is a 1475 0F fire of 8 minutes duration. This condition is considered to be highly

conservative.

2.3.6.2 Explosion Protection

The Universal Storage System is analyzed to ensure its proper function under an over-pressure

condition. As described in Section 11.2.5, in the evaluated 22 psig over-pressure condition,

stresses in the canister remain below allowable limits and there is no loss of confinement. These

results are conservative, as the canister is protected from direct over-pressure conditions by the

concrete cask.

For the same reasons as for the fire condition, a severe explosion on an ISFSI site is not

considered credible. The evaluated over-pressure is considered to bound any explosive over-

pressure resulting from an industrial explosion at the boundary of the owner-controlled area.

2.3.7 Ancillary Structures

The loading, transfer and transport of the UMS® System requires the use of auxiliary equipment

as described in Section 2.3.3 and may require the use of an ancillary structure, referred to as a

"Canister Handling Facility." The Canister Handling Facility is an especially designed and

engineered structure separate from the 10 CFR 50 facilities at the site. The Canister Handling

Facility, if required, would provide a housing for a lifting crane, service air and water, a radiation

control area, auxiliary equipment storage and support services and work areas related to canister
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handling and transfer. Transfer operations could include temporary holding of a loaded canister

in the transfer cask to allow repair of a concrete cask, transfer of a canister from one concrete

cask to another, or transfer from a concrete cask to a transport cask.

The design of the Canister Handling Facility would meet the requirements of the Universal

Storage System described in Approved Contents and Design Features presented in Appendix B

of the Amendment 3 Technical Specifications, in addition to those requirements established by

the site.

The design, analysis, fabrication, operation and maintenance of the Canister Handling Facility

would be performed in accordance with the quality assurance program requirements of the site

general licensee, or the site-specific licensee of the ISFSI. The Canister Handling Facility would

be classified as Important to Safety or Not Important to Safety in accordance with the guidelines

of NUREG-6407.
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Table 2.3-1 Safety Classification of Universal Storage System Components

Drawing Iter Safety
No. Description No. Component Function Class
790-559 Assembly, Transfer Adapter 17 Cylinder Bolt Operations C

IS Connector Body Bolt Operations C
14 Wcar Pad Bolt Operations NQ
13 Wear Pad Operations NQ
12 Connector Body Operations C
10 Cylinder Nut Operations C
8 Door Cylinder Operations C
7 Lift Lug Operations C
6 Support Operations C
5 Side Shield Operations C
3,4 Door Rail Operations C
2 Locating Ring Operations C

. Base Plate Operations C
790-560 Assembly. Transfer Cask 46 Dowel Pin Operations NQ

45 Fill/Drain Line Pipe Operations C
44 Fill/Drain Line Plate Operations C
43 Shielding Ring Shielding B
42 Transfer Adapter SHCS Shielding B
41 Transfer Cask Extension Shielding B
39 Connector Operations C
38 Retaining Ring Bolt Operations B
37 Scuff Plate Operations NQ
36 Gamimia Shield Brick Shielding B
33-34 Neutron Shield Cover Plate Operations C
28-32 Neutron Shield Boundary Structural C
26-27 Bottom Plate Structural B
25 Stainless Steel Sheet Operations NQ
24 Paint Operations NQ

2.3-12

(.



FSAR - UMSO Universal Storage System

Docket No. 72-1015

( (,
March 2004

Revision 3

Table 2.3-1 Safety Classification of Universal Storage System Components (continued)

Drawing Item Safety
No. Description No. Component Function Class
790-560 23 NQ
(Continued) Assembly, Transfer Cask Lead Wool Operations/Shielding

. 22 Coating Operations C
21 Support Plate Operations B
20 Retaining Ring Operations B
19 Door Lock Bolt Operations C
16 Door Rail Operations B
15 Top Plate Structural B

. 14 Neutron Shield Shielding B

. 13 Trunnion Cap Operations C
12 Trunnion Structural B

. 7-11 Outer Shell Structural B
2-6 Inner Shell Structural B
I Bottom Plate Structural B

Weldment, Structure,
790-561 Vertical Concrete Cask 31 Lifting Nut Operations NQ

_ 27-30 Shell Shielding/Structural B
26 Screen Table Structural C
25 Baffle Heat Transfer B
18-24 Outlet (4) Heat Transfer B
20 Shield Plate Shielding B
17 Nelson Stud Structural B
16 Base Plate Structural B
15 Stand Structural B
13-14 Inlet (4) Heat Transfer B

___________ 12 Bottom Structural B

I

I
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Table 2.3-1 Safety Classification of Universal Storage System Components (continued)

I

Drawing Item Safety
No. Description No. Component Function Class
790-561 Weldment, Structure, II Shield Ring Shielding B
(Continued) Vertical Concrete Cask .

10 Cover Operations B
4-8 Jack (Leveling) Operations NQ
3 Support Ring Structural C
2 Top Flange Structural B
I Shell Structural B

Reinforcing Bar And
790-562 Concrete Placement 32 Base Plate Structural B

31 Lift Lug Structural B
29 Lag Screw Operations NQ
28 Concrete Anchor Operations NQ
25 Outlet Screen Operations NQ
24 Inlet Screen Operations NQ
20-23 Structure Weldment Shielding/Structural B
16-19 Screen/Strip/Screw Operations NQ
15 Concrete Shell Shielding/ Structural B
13 Structure Weldment Shielding/ Structural B
1-11,

. 33 Reinforcing Bar Structural B
790-563 Lid. Vertical Concrete Cask I Lid Structural/Operations B

Shield Plug, Vertical
790-564 Concrete Cask 4 Neutron Shield Cover Shielding/Operations B

3, 5 Neutron Shield Shielding B
2, 6 NS Retaining Ring Structural B
I Shield Plug Shielding B

Nameplate, Vertical
790-565 Concrete Cask I Nameplate Operations NQ
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Table 2.3-1 Safety Classification of Universal Storage System Components (Continued)

Drawing Item Safety
No. Description No. Component Function Class
790-570 BWR Fuel Basket 24 Heat Transfer Disk Heat Transfer A

23 Flat Washer Structural C
22 Split Spacer Structural A
21 Top Spacer Structural A
13-20 Tube Structural A

. 11-12 Tie Rod Structural A
10 Top Nut Structural A
8-9 Tube (I-Sided) Structural A

_ 7 Spacer Structural A
5-6 Tube (2-Sided) Structural A
4 Drain Tube Sleeve Operations C
3 Support Disk Structural A

. 2 Top Weldment Structural A
I Bottom Weldment Structural A

Bottom Weldment, BWR
790-571 Fuel Basket 3 Support Structural A

2 Pad Stnictural A
1 Plate Structural A

Top Weldment, BWR Fuel
790-572 Basket 6 Baffle Structural A
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Table 2.3-1 Safety Classification of Universal Storage System Components (Continued)

Drawing Item Safety
No. Description No. Component Function Class

Support Disk and BWR
790-573 Basket Details 8 Split Spacer Structural A

7 Top Spacer Structural A
5, 6 Tie Rod Structural A
4 Top Nut Structural A
3 Spacer Structural A
l Support Disk Structural A

790-574 Heat Transfer Disk. BWR _ Heat Transfer Disk Thermal A
790-575 BWR Fuel Tube 7 Flange Structural A

5-6 Cladding Criticality Control A
3-4 Neutron Absorber Criticality Control A
1-2 Tubing Structural A

790-581 PWR Fuel Tube 10 Flange Structural A
7-9 Cladding Criticality Control A
4-6 Neutron Absorber Criticality Control A
1-3 Tubing Structural A
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Table 2.3-1 Safety Classification of Universal Storage System Components (Continued)

Drawing Item Safety
No. Description No. Component Function Class
790-582 Canister, Shell 7 Location Lug Operations C

6 Bottom Structural/Confinement A
1-5 Shell Structural/Confinement A

790-583 Drain Tube Assembly 7 Metal Boss Seal Operations C
2-6 Tube Operations C
1 Nipple Operations C

790-584 Canister Details 8 Key Operations C
7 Spacer Ring Structural C
6 Lid Support Ring Structural B
5 Cover Confinement/Operations B

. 4 Structural Lid Structural A
3 Metal Boss Seal Operations C

_ 2 Nipple Operations C
I Shield Lid Shielding/Confinement B

Transportable Storage
790-585 Canister 24 Dowel Pin Operations NQ

. 23 Structural Lid Plug Operations NQ
22 Shield Lid Plug Operations NQ
21 Key Operations C
20 Backing Ring Structural C
19 Structural Lid Structural A
18 Cover Confinement/ B

Operations
17 Shield Lid Assembly Shielding B
16 Lid Support Ring Structural B
11-15 Drain Tube Assembly Operations C
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Table 2.3-1 Safety Classification of Universal Storage System Components (Continued)

Drawing Item Safety
No. Description No. Component Function Class
790-587 Spacer Shim, Canister 1-6 Spacer Shims #I - #6 Operations C

Loaded Vertical Concrete
790-590 Cask 19 Tab Operations NQ

18 Seal Wire Operations C
17 Security Seal Operations C
16 Seal Tape Operations NQ
15 Cover Operations C
14 Washer (Lid Bolt) Operations NQ
13 Lid Bolt Operations B
12 Cask Lid Operations B
l I Shield Plug Shielding B

Bottom Weldment, PWR
790-591 Basket 5, 6 Support Structural A

4 Pad Structural A
2, 3 Support Structural A
_ Bottomi Disk Structural A

Top Weldment, PWR
790-592 Basket 7 Baffle Structural A

3-6 Support Structural A
2 Ring Structural A
I Top Disk Structural A

Support Disk and Details,
790-593 PWR 8 Top Spacer Structural A

5-7 Tie Rod Structural A
4. 9, 10 Top Nut Structural A
3 Spacer Structural A
2 Split Spacer Structural A
I Support Disk Structural A
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Table 2.3-1 Safety Classification of Universal Storage System Components (Continued)

Drawing Item Safety
No. Description No. Component Function Class
790-594 Heat Transfer Disk, PWR I Heat Transfer Disk Thermal A
790-595 PWR Fuel Basket 19-20 Top Nut Structural A

17-18 Top Weldment Structural A
16 Top Spacer Structural A
14-15 Tube Structural A
12-13 Tie Rod Structural A
11 Heat Transfer Disk Heat Transfer A
10 Tie Rod Structural A

. 9 Top Nut Structural A
8 Flat Washer Structural C
7 Split Spacer Structural A
6 Spacer Structural A
4-5 Drain Tube Sleeve/Tube Operations C
3 Support Disk Structural A

. 2 Top Weldment Structural A
_ 1 Bottom Weldment Structural A

BWR Fuel Tube,
790-605 Over-Sized 7 Flange Structural A

5-6 Cladding Criticality Control A
3-4 Neutron Absorber Criticality Control A
1-2 Tubing Structural A

I
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Table 2.3-1 Safety Classification of Universal Storage System Components (Continued)

Drawing Item Safety
No. Description No. Comnponent. Function Class

Supplemental Shielding,
790-613 VCC Inlets 4 Shims Operations NQ

3 Paint Operations NQ
. 2 Pipe Shielding B

I Side Plate Shielding B
790-617 Door Stop 6 Attachment Screw Operations NQ

5 Lock Pin Operations NQ
4 Handle Operations NQ
3 Back Plate Operations NQ
2 Top Plate Operations NQ
I Bottom Plate Operations NQ

Maine Yankee (MY) Fuel
412-502 Can Details, NAC-UMSb 13 Support Ring Structural/Operations A

12 Lift Tee Structural/Operations B
10 Tube Body Structural/Criticality A
9 Side Plate Structural/Criticality A
8 Bottom Plate Structural/Criticality A

. 7 Backing Screen Operations C

. 6 Filter Screen Confinement B
4 Wiper Operations C
3 Lid Guide Operations C
2 Lid Plate Structural/Criticality A
I Lid Collar Confinement A
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2.4 Decommissioning Considerations

The principal elements of the Universal Storage System are the Vertical Concrete Cask and the

Transportable Storage Canister.

The concrete cask provides biological shielding and physical protection for the contents of the

canister during long-term storage. The concrete that provides biological shielding is not

expected to become contaminated during the period of use, as it does not come into contact with

other contaminated objects or surfaces. The concrete cask is not expected to become surface

contaminated during use, except through incidental contact with other contaminated surfaces.

Incidental contact could occur at the interior surface (liner) of the concrete cask, the top surface

that supports the transfer cask during loading and unloading operations, and the base plate of the

concrete cask that supports the canister. All of these surfaces are made of carbon steel, and it is

anticipated that these surfaces could be decontaminated as necessary for decommissioning.

Activation of the carbon steel liner, concrete, support plates, and reinforcing bar could occur due

to neutron flux from the stored fuel. Since the neutron flux rate is low, only minimal activation

of carbon steel in the concrete cask is expected to occur. The activity concentrations from

activation of storage cask components are listed in Tables 2.4-1 through 2.44. Tables 2.4-1 and

2.4-2 provide the activation summaries of the concrete cask and canister for the design-basis

PWR fuel, while Tables 2.4-3 and 2.44 provide the summaries for the design-basis BWR fuel.

These tables include the radiologically significant isotopes, together with a total concentration of

all activated nuclides in the respective component. The total concentrations listed include

activities of radionuclides, which do not have any substantial contribution to radiation dose and

are not specifically identified by 10 CFR 61 waste classification. In particular, the isotope

contributing the majority of the carbon steel total curie activity is 55Fe, which decays following

electron capture and is not of radiological concern.

Decommissioning of the concrete cask will involve the removal of the canister, and the

subsequent disassembly of the concrete cask. It is expected that the concrete will be broken up,

and steel components segmented, to reduce volume. Any contaminated or activated items are

expected to qualify for near-surface disposal as low specific activity material. The activity

concentrations from activation of concrete cask components resulting from the design basis PWR

and BWR fuel assemblies are listed in Tables 2.4-1 and 2.4-3, respectively.
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The Transportable Storage Canister is designed and fabricated to be suitable for use as part of the

waste package for permanent disposal in a deep Mined Geological Disposal System (i.e., it meets

the requirements of the DOE MPC Design Procurement Specification [201). The canister is

fabricated from materials having high long-term corrosion resistance, and it contains no paints or

coatings that could adversely affect its permanent disposal. Consequently, decommissioning of

the canister will occur only if the fuel contained in the canister had to be removed, or if current

requirements for disposal were to change. Decommissioning of the canister will require that the

closure welds at the canister structural lid, shield lid, and shield lid port covers be cut, so that the

spent fuel can be removed. Removal of the contents of the canister will require that the canister

be returned to a spent fuel pool or dry unloading facility, such as a hot cell. Closure welds can be

cut either manually or with automated equipment, with the procedure being essentially the

reverse of that used to initially close the canister.

Following removal of its contents, the canister interior is expected to have significant
contamination, and the bottom of the canister may contain "crud" or other residual material.

Some effort may be required to remove the surface contamination prior to disposal; however, in

practice, it will not be absolutely necessary to decontaminate the canister internals. Since the

canister internal contamination will consist only of by-product materials, any contaminated

canister and internal components are expected to qualify for near-surface disposal as low specific

activity waste without internal contamination. Any required internal decontamination is

facilitated, should it become necessary, by the smooth surfaces of the canister and the basket, and

by the design that precludes the presence of crud traps. Since the neutron flux rate from the

stored fuel is low, only minimal activation of the canister is expected to occur. The activity

concentrations from activation of canister components resulting from the design basis PWR and

BWR fuel assemblies are listed in Tables 2.4-2 and 2.4-4, respectively.

The unloaded canister can also qualify as a strong, tight container for other waste. In this case,

the canister can be filled, within weight limits, with other qualified waste, closed, and transported

to a near-surface disposal site. Use of the canister for this purpose can reduce decommissioning
costs by avoiding decontamination, segmenting, and repackaging.

The storage pad, fence, and supporting utility fixtures are not expected to require

decontamination as a result of use of the Universal Storage System. The design of the cask and

canister precludes the release of contamination from the contents over the period of use of the

system. Consequently, these items may be reused or disposed of as locally generated clean

waste.

2.4-2



FSAR - UMS® Universal Storage System

Docket No. 72-1015

November 2000

Revision 0

Table 2.4-1 Activity Concentration Summary for the Concrete Cask - PWR Design Basis Fuel

(Ci/m3 )

Concrete Shell Shield Cover Base
Isotope' Shell Liner Plug Lid Plate Bottom Plate

It -- 2.351E-08 --- -

~ 45Ca 4.62E-06 .. . ..

54 Mn 5.13E-08 6.97E-02 1.34E-03 1.63E-04 3.177E-06 5.56E-02 1.88E-02

5Fe 2.30E-05 1.22E+00 2.122E-01 5.49E-02 3.85E-05 7.155E-01 2.27E-01

Co 1.95E-06 3.43E-04 7.22E-05 1.38E-05 1.54E-05 2.71E-04 8.58E-05

6Ni -- -- - -- 2.02E-02 -- I

Total 3.09E-05 1.30E+00 2.155E-01 5.54E-02 2.06E-02 7.77E-01 2.48E-01

1. 40-year activation, 1-week cooling.

Table 2.4-2 Activity Concentration Summary for the Canister - PWR Design Basis Fuel

(Ci/m3 )

Shield Structural
Isotope' Wall Lid Lid Bottom

54Mn 9.94E-05 3.32E-04 4.42E-06 11.OOE-04

55Fe 7.94E-04 8.26E-04 3.67E-04 1.05E-03

6UCo 3.15E-04 3.3 1E-04 1.47E-04 4.22E-04

s 3.54E-07 3.67E-07 1.64E-07 4.66E-07

63Ni 4.17E-01 4.33E-01 1.93E-01 5.49E-01

Total 4.27E-01 4.43E-012  1.97E-012  5.63E-012

1. 40-year activation, 1 -week cooling.
322. P accounts for most of the unlisted total activity.
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Table 2.4-3 Activity Concentration Summary for the Concrete Cask - BWR Design Basis

Fuel (Ci/m3 )

Concrete Shell Shield Cover Base
Isotope, Shell Liner Plug Lid Plate Bottom Plate

-- c __ __ 3.57E-08
4 5Ca 7.91 E-06
5 4 MNn 7.74E-08 1.07E-01 1.97E-03 2.39E-04 1.37E-06 7.06E-02 2.40E-02
55 Fe 3.93E-05 2.1 OEOO 3.23E-01 8.29E-02 2.08E-05 1.13E-04 3.52E-01
6 0 Co 3.33E-06 5.93E-04 1. IOE-04 2.08E-05 8.35E-06 4.26E-04 1.33E-04
63Ni 1.09E-02

Total 5.28E-05 2.22EOO 3.27E-01 8.37E-02 1.12E-02 1.21EOO 3.79E-01

1. 40-year activation, 1-week cooling.

Table 2.4-4 Activity Concentration Summary for the Canister - BWR Design Basis Fuel

(Ci/m3 )

Isotope, Wall Shield Lid Structural Lid Bottom
5 4 MIn 1.53E-04 4.89E-05 6.51 E-06 1.26E-04
5 5 Fe 1.39E-03 1.26E-06 5.57E-04 1.68E-03
60Co 5.52E-04 5.04E-04 2.22E-04 6.73E-04
59N1 6.21 E-07 5.60E-07 2.48E-07 7.46E-07
6 3 Ni 7.3 lE-Ol 6.60E-01 2.92E-01 8.79E-01

Total 7.49E-01 6.76E-01 2.99E-01 9.00E-0 I

1. 40-year activation, 1-week cooling.
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3.0 STRUCTURAL EVALUATION

This chapter describes the design and analysis of the principal structural components of the

Universal Storage System under normal operating conditions. It demonstrates that the Universal

Storage System meets the structural requirements for confinement of contents, criticality control,

radiological shielding, and contents retrievability required by 10 CFR 72 [1] for the design basis

normal operating conditions. Off-normal and accident conditions are evaluated in Chapter 11.0.

3.1 Structural Design

The Universal Storage System includes five configurations to accommodate three classes of

PWR and two classes of BWR fuel assemblies. The five classes of fuel are determined primarily

by the overall length of the fuel assembly. The allocation of a fuel design to a UMS class is

shown in Tables 2.1.1-1 and 2.1.2-1 for PWR and BWR fuel, respectively.

The three major components of the Universal Storage System are the vertical concrete cask; the

transportable storage canister (canister), and the transfer cask (see Figure 3.1-1). These

components are provided in five different lengths to accommodate the five classes of fuel. They

also have different weights, as shown in Table 3.2-1 for the PWR configurations, and in Table

3.2-2 for the BWR configurations. The weight differences reflect the differences in length of

components and fuel, and differences in basket design between the PWR and BWR

configurations.

The principal structural members of the vertical concrete cask are the reinforced concrete shell

and steel liner. The principal structural members of the canister are the structural lid, shell,

bottom plate, the welds joining these components, and the fuel basket assembly. For the transfer

cask, the trunnions, the inner and outer steel walls, the bottom shield doors, and the shield door

support rails, are the principal structural components.

The evaluations presented in this chapter are based on the bounding or limiting configuration of

the UMS System for the condition being evaluated. In most cases, the bounding condition

evaluates the heaviest configuration of the five classes. For each evaluated condition, the

bounding configuration applied is identified. Margins of safety greater than ten are generally

stated in the analyses as "+Large." Numerical values are shown for Margins of safety that are

less than ten.
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3.1.1 Discussion

The transportable storage canister is designed to be transported in the Universal Transport Cask

(USNRC Docket Number 71-9270 [2]. Consequently, the canister diameter is same for each of

the five configurations. The outside diameter of the vertical concrete cask is established by the

shielding requirement for the design basis fuel used for the shielding evaluation. The shielding

required for the design basis fuel is conservatively applied to the five concrete cask

configurations.

Vertical Concrete Cask

The vertical concrete cask is a reinforced concrete cylinder with an outside diameter of 136 in.

and an overall height (including the lid) ranging from 210.68 in. to 227.38 in., depending upon

the configuration. The internal cavity of the concrete cask is lined by a 2.5-inch thick carbon

steel inner shell having an inside diameter of 74.5 in. The support ring for the concrete cask

shield plug at the top of the inner shell limits the available contents diameter to less than 69.5 in.

The inner shell thickness is primarily determined by radiation shielding requirements, but is also

related to the need to establish a practical limit for the diameter of the concrete shell. The

concrete shell is constructed using Type It Portland Cement and has a nominal density of 140

lb/ft3 and a nominal compressive strength of 4000 psi. The inner and outer rebar assemblies are

formed by vertical hook bars and horizontal hoop bars.

A ventilation air-flow path is formed by inlets at the bottom of the cask, the annular space

between the cask inner shell and the canister, and outlets near the top of the cask. The passive

ventilation system operates by natural convection as cool air enters the bottom inlets, is heated by

the canister, and exits from the top outlets.

A shield plug that consists of 4.125 inches of carbon steel and either a 1-inch thick layer of

NS4-FR or a 1.5-inch thick layer of NS-3 neutron shield material enclosed by the carbon steel is

installed in the concrete cask cavity above the canister. The plug is supported by a support ring

welded to the inner shell. The 1.5-in. thick carbon steel lid provides a cover to protect the

canister from adverse environmental conditions and postulated tornado driven missiles. The

shield plug and lid provide shielding to reduce the skyshine radiation. When the lid is bolted in

place, the shield plug is secured between the lid and the shield plug support ring.
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Transportable Storage Canister

The transportable storage canister consists of a cylindrical shell assembly closed at its top end by

an inner shield lid and an outer structural lid. The canister forms the confinement boundary for

the basket assembly that contains the PWR or BWR spent fuel. Three canister classes

accommodate the PWR fuel assemblies (Tables 2.1.1-1) and two canister classes accommodate

the BWR fuel assemblies (Table 2.1.2-1). The canister is fabricated from Type 304L stainless

steel. The canister shield lid is 7-in. thick, SA-240 Type 304 stainless steel, and the structural lid

is 3.0-in. thick SA-240, Type 304L stainless steel. SA-182 Type 304 stainless steel may be

substituted for the SA-240 Type 304 stainless steel used in the shield lid, provided that the

SA-182 material has yield and ultimate strengths equal to or greater than those of the SA-240

material. Similarly, SA-182 Type 304L stainless steel may be substituted for the SA-240 Type

304L stainless steel used in the structural lid, provided that the SA-182 material has yield and

ultimate strengths equal to or greater than those of the SA-240 material. Both lids are welded to

the canister shell to close the canister. The minimum weld sizes for the PWR canister are 0.75

inch for the structural lid and 0.375 inch for the shield lid. For analysis purposes, bounding PWR

canister results are reported except for the BWR canister tip-over evaluation (Section

11.2.12.3.2). The minimum weld sizes for the BWR canister are 0.875 inch for the structural lid

and 0.5 inch for the shield lid. The shield lid is supported by a support ring. The structural lid

is supported, prior to welding, by the shield lid. A groove is machined into the structural lid

circumference to accept a spacer ring. The spacer ring facilitates welding of the structural lid to

the canister shell. The bottom of the canister is a 1.75-in. thick SA-240, Type 304L stainless

steel plate that is welded to the canister shell. The canister is also described in Section 1.2.1.1.

The fuel basket assembly is provided in two configurations - one for up to 24 PWR fuel

assemblies and one for up to 56 BWR fuel assemblies. The PWR basket is comprised of Type

17-4 PH stainless steel support disks, Type 6061-T651 aluminum alloy heat transfer disks, and

Type 304 stainless steel fuel tubes equipped with a neutron absorber and stainless steel cover.

The remaining structural components are Type 304 stainless steel. The BWR basket is

comprised of SA-533 carbon steel support disks coated with electroless nickel, Type 6061-T651

aluminum alloy heat transfer disks, and fuel tubes constructed of the same materials as the PWR

tubes. The remaining structural components of the BWR basket are Type 304 stainless steel.

The basket assemblies are more fully described in Section 1.2.1.2.
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The fuel basket support disks, heat transfer disks, and fuel tubes, together with the top and

bottom weldments, are positioned by tie rods (with spacers and washers) that extend the length of

the basket and hold the assembly together. The support disks provide structural support for the

fuel tubes. They also help to remove heat from the fuel tubes. The heat transfer disks provide

the primary heat removal capability and are not considered to be structural components. The heat

transfer disks are sized so that differential thermal expansion does not result in disk contact with
the canister shell. The number of heat transfer disks and support disks varies depending upon the
length of the fuel to be confined in the basket. The fuel tubes house the spent fuel assemblies.

The top and bottom weldments provide longitudinal support for the fuel tubes. The fuel tubes
are fabricated from Type 304 stainless steel. No structural credit is taken for the presence of the
fuel tubes in the basket assembly analysis. The walls of each PWR fuel tube support a sheet of
neutron absorber material that is covered by stainless steel. No structural credit is taken in the
basket assembly analysis for the neutron absorber sheet or its stainless steel cover. The PWR
assembly fuel tubes have a nominal inside dimension of 8.8-inches square and a composite wall
thickness of 0.14 inch. The BWR assembly fuel tubes have a nominal inside dimension of 5.9-
inches square and a composite wall thickness of 0.20 inch. Depending upon its location in the
basket assembly, an individual BWR fuel tube may support neutron absorber material on one or
two sides. Certain fuel tubes located on the outer edge of the basket do not have neutron
absorber material. The fuel tubes have been evaluated to ensure that the neutron absorber
material remains in place under normal conditions and design basis off-normal and accident
events.

Four over-sized fuel storage positions are located on the periphery of the BWR basket to provide
additional space for BWR fuel assemblies with channels that have been reused, since reused
channels are expected to have increased bowing or bulging. Normal BWR fuel assemblies may

also be stored in these locations.

As mentioned above, five classes of transportable storage canisters are provided for the storage
of PWR and BWR spent fuel. The analysis is based on the identification of bounding conditions
and the application of those conditions to determine the maximum stresses.

The canister is designed to be transported in the Universal Transport Cask. Transport conditions
establish the design basis loading, except for lifting, because the hypothetical accident transport
conditions produce higher stresses in the canister and basket than do the design basis storage
conditions. Consequently, the canister and basket design is conservative with respect to storage
conditions. The evaluation of the canister and basket assembly for transport conditions is
documented in the Safety Analysis Report for the Universal Transport Cask [2].
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Transfer Cask

The transfer cask, with its lifting yoke, is primarily a lifting device used to move the canister. It

provides biological shielding when it contains a loaded canister. The transfer cask is provided in

the Standard configuration for canisters weighing up to 88,000 lbs, or in the Advanced

configuration for canisters weighing up to 98,000 lbs. The transfer cask configurations have

identical operational features. The transfer cask is a heavy lifting device that is designed,

fabricated and load-tested to the requirements of NUREG-0612 [8] and ANSI N14.6 [9]. The

transfer cask design incorporates a top retaining ring, which is bolted in place to prevent a loaded

canister from being inadvertently lifted through the top of the transfer cask. The transfer cask has

retractable bottom shield doors. During loading operations, the doors are closed and secured by

bolts/pins, so they cannot inadvertently open. During unloading, the doors are retracted using

hydraulic cylinders to allow the canister to be lowered into the storage or transport cask. The

principal design parameters of the transfer casks are shown in Table 1.2-7.

Both transfer cask configurations are provided in five different lengths to accommodate the

canisters containing one of the three classes of PWR fuel assemblies or two classes of BWR fuel

assemblies.

The transfer cask is used for the vertical transfer of the canister between work stations and the

concrete cask, or transport cask. It incorporates a multiwall (steel/lead/NS-4-FR/steel) design to

provide radiation shielding.

Component Evaluation

The following components are evaluated in this chapter:

* canister lifting devices,

* canister shell, bottom, and structural lid,

* canister shield lid support ring,

* fuel basket assembly,

* transfer cask trunnions, shells, retaining ring, bottom doors, and support rails,

* vertical concrete cask body, and

* concrete cask steel components (reinforcement, inner shell, lid, bottom plate, bottom,

etc.).
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Other Universal Storage System components shown on the license drawings in Chapter I are

included as loads in the evaluation of the components listed above, as appropriate.

The structural evaluations in this chapter demonstrate that the Universal Storage System

components meet their structural design criteria and are capable of safely storing the design basis

PWR or BWR spent fuel.

3.1.2 Design Criteria

The Universal Storage System structural design criteria are described in Section 2.2. Load

combinations for normal, off-normal, and accident loads are evaluated in accordance with

ANSUANS 57.9 [31 and ACI-349 [41 for the concrete cask (see Table 2.2-1), and in accordance

with the ASME Code, Section III, Division I, Subsection NB [5] for Class I components of the

canister (see Table 2.2-2). The basket is evaluated in accordance with ASME Code, Section HII,

Subsection NG [61, and NUREG-6322 [7]. The transfer cask and the lifting yoke are lifting

devices that are designed to NUREG-0612 [8] and ANSI N 14.6 [9].
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Figure 3.1-1 Principal Components of the Universal Storage System
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3.2 Weights and Centers of Gravity

The weights and centers of gravity (CGs) for the Universal Storage System PWR configuration

and components are summarized in Table 3.2-1. Those for the BWR configuration are

summarized in Table 3.2-2. The weights and CGs presented in this section are calculated on the

basis of nominal design dimensions.
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Table 3.2-1 Universal Storage System Weights and CGs - PWR Configuration

Class I Class 2 Class 3
Calculated Center Calculated Center of Calculated Center

Description Weight of Weight Gravityl Weight of
(lb) Gravity' (lb) (lb) Gravity'

Fuel Contents
(including inserts) 37,700 - 38.500 _ 35.600
Poison Rods (Inserts) (1,400) - (1,400) - -

Concrete Cask Lid 2,500 - 2,500 - 2,500 -

Concrete Cask Shield Plug 4,900 - 4,900 - 4,900 -

Canister (empty. wv/o lids) 8,400 - 8,700 - 9.000 -

Canister Structural Lid 3,000 - 3,000 - 3,000 -

Canister Shield Lid 7,000 - 7,000 - 7,000
Transfer Adapter Plate 11,200 - 11.200 - 11,200
Transfer Cask Lifting Yoke 6,000 - 6,000 _ 6,000
Water in Canister 14,000 - 14,800 _ 15,800
Basket 14.900 - 16,000 _ 16,500
Canister (with basket, without
fuel or lids) 23.300 - 24.700 _ 25,500
Canister (with fuel, and shield
and structural lids) 70,600 - 72,900 - 70,800
Concrete Cask (empty, with
shield plug and lid; includes 223,500 - 232,300 _ 239,700
optional lift lugs) - 140 pcf
concrete
Concrete Cask (with loaded
Canister and lids; includes 294,100 108.8 305,100 113.1 310,400 117.1
optional lift lugs)2 

- 140 pcf
concrete
Concrete Cask with Lift Anchors
(empty, with shield plug and lid) 232,600 - 241,700 - 249,400 -

- 148 pcf concrete
Concrete Cask with Lift Anchors
(with loaded Canister and lids) 2  303,300 108.7 314,600 112.9 320,200 117.0
- 148 pcf concrete
Transfer Cask (empty) 3  112,300 - 117,300 - 121,500 -

Transfer Cask and Canister,
basket (empty, without lids) 3  135,500 - 141,900 _ 146,900
Transfer Cask and Canister (with
fuel, water and shield lid)3

193,900 - 201,900 _ 205,000 _
Transfer Cask and Canister (with
fuel, dry with lids) 3 182.900 - 190,100 _ 192,200

K)1

General Note: All weights are rounded up. Therefore, assembly weights cannot be computed using rounded value of
component weights.

1. Weights and CGs are calculated from nominal design dimensions.
2. Center of gravity is measured from the bottom of the concrete cask.
3. Standard or Advanced Transfer Cask.
4. Transfer cask lifting yoke weight for specific sites may vary from listed weight. The site-specific yoke weight

should be used for site-specific applications.
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Table 3.2-2 Universal Storage System Weights and CGs - BWR Configuration

Class 4 Class 5
Calculated Center Calculated Center

Item Description Weight of Weight of
(lb) Gravityt (lb) Gravityl

Fuel Contents (Including channels) 39,400 . 39,400
Concrete Cask Lid 2,500 2,500
Concrete Cask Shield Plug 4.900 4,900
Canister (empty, w/o lids) 8,800 - 9,000
Canister Structural Lid 3,000 - 3.000
Canister Shield Lid 7,000 - 7.000

Transfer Adapter Plate 11,200 - 11,200

Transfer Cask Lifting Yoke 4  6.000 - 6,000
Water in Canister 15,100 - 15,200
Basket 17,200 - 17,600
Canister (with basket, without fuel or lids) 25.900 - 26,500
Canister (with fuel, and shield and structural lids) 75,000 - 75,600
Concrete Cask (empty, with shield plug and lid, includes
optional lift lugs) - 140 pcf concrete 233,700 238.400
Concrete Cask (with loaded Canister and lids, includes
optional lift lug)2 _ 140 pcf concrete 308,700 113.7 313,900 115.8
Concrete Cask (empty, with shield plug and lid, includes
optional lift lugs) - 148 pcf concrete 243,200 248,000
Concrete Cask (with loaded Canister and lids, includes
optional lift lug)2 - 148 pcf concrete 319,000 113.6 323,900 115.7
Transfer Cask (empty)3  118,000 - 120.700 -

Transfer Cask and Canister (empty, without lids) 3  143,900 - 147,200 -

Transfer Cask and Canister (with fuel, water and shield lid)-3  205.100 - 208,400 -

Transfer Cask and Canister (with fuel, dry with lids)3  193,000 - 196,200 -

General Note: All weights are rounded up. Therefore, assembly weights cannot be computed using rounded values
of component weights.

1. Weights and CGs are calculated from nominal design dimensions.
2. Center of gravity is measured from the bottom of the concrete cask.
3. Standard or Advanced Transfer Cask
4. Transfer cask lifting yoke weight for specific sites may vary from listed weight. The site-specific yoke weight

should be used for site-specific applications.
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I Table 3.2-3 Calculated Under-Hook Weights for the Standard Transfer Cask

Configuration PWR PWR PWR BWR BWR
Class 1 Class 2 Class 3 Class 4 Class 5

Transfer cask (empty) 112,300 117,300 121,500 118,000 120,700

Transfer cask, canister (empty, without lids) 141,400 147,800 152,700 149,800 153,000
and yokel l

Transfer cask; loaded canister wet (fuel,
water and shield lid); and yokel 199,800 207.800 210,900 211.000 214,300
Transfer cask, loaded canister dry (fuel and 188,700 196,000 198,000 198,900 202,100
lids) and yoke'

General Note: All weights are rounded to the next 100 lb.

1. Transfer cask lifting yoke weight for specific sites may vary from listed weight. The site-specific yoke weight
should be used for site-specific applications.
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3.3 Mechanical Properties of Materials

The mechanical properties of steels used in the fabrication of the Universal Storage System

components are presented in Tables 3.3-1 through 3.3-10. The primary steels, Type 304 and

Type 304L stainless steel, were selected because of their high strength, ductility, resistance to

corrosion and brittle fracture, and metallurgical stability for long-term storage.

3.3.1 Primary Component Materials

The steels and aluminum alloy used in the fabrication of the canister and basket are:

Canister shell ASME SA-240, Type 304L stainless steel
Canister bottom plate ASME SA-240, Type 304L stainless steel
Canister shield lid ASME SA-240, Type 304 stainless steel
Canister structural lid ASME SA-240, Type 304L stainless steel
Support disks

PWR basket ASME SA-693, Type 630, 17-4 PH stainless steel
BWR basket ASME SA-533, Type B class 2 carbon steel

Heat transfer disks ASME SB-209, Type 6061-T651 aluminum alloy
Spacers ASME SA-312, Type 304 stainless steel
Tie rods ASME SA-479, Type 304 stainless steel
Basket end weldments ASME SA-240, Type 304 stainless steel
Fuel tubes ASTM A240, Type 304 stainless steel

I

SA-182 Type 304 stainless steel may be substituted for SA-240 Type 304 stainless steel for the

shield lid provided that the SA-182 material has yield and ultimate strengths greater than or equal

to those of the SA-240 material. SA-182 Type 304L stainless steel may be substituted for SA-

240 Type 304L stainless steel for the structural lid provided that the SA-182 material has yield

and ultimate strengths greater than or equal to those of the SA-240 material.

Steels used in the fabrication of the vertical concrete cask are:

Inner shell ASTM A36 carbon steel
Pedestal and base ASTM A36 carbon steel
Reinforcing bar ASTM A615, Grade 60 carbon steel

ASTM A615, Grade 75 carbon steel
ASTM A706 carbon steel
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The steels used in the fabrication of the transfer cask are:

Inner shell ASTM A588 low alloy steel
Outer shell ASTM A588 low alloy steel
Bottom plate ASTM A588 low alloy steel
Top plate ASTM A588 low alloy steel
Retaining ring ASTM A588 low alloy steel
Trunnions ASTM A350, LF2 low alloy steel
Shield doors and rails ASTM A350, LF2 low alloy steel
Retaining ring bolts ASTM A193, Grade B6 high alloy steel

The mechanical properties of the 6061-T651 aluminum heat transfer disks in the fuel basket are

shown in Table 3.3-11. The mechanical properties of the concrete are listed in Table 3.3-12.

Table 3.3-13 provides the mechanical properties of NS-4-FR and NS-3. The mechanical

properties of carbon steel (SA-516, Grade 70) are shown in Table 3.3-14.
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Table 3.3-1 Mechanical Properties of SA-240 and A-240, Type 304 Stainless Steel

Property Value

Temperature -40 -20 70 200 300 400 500 750 800 900
(OF)

Ultimate strength, Su 75.0 75.0 75.0 71.0 66.0 64.4 63.5 63.1 62.7 61.0
(ksi)*

Yield strength, SY 30.0 30.0 30.0 25.0 22.5 20.7 19.4 17.3 16.8 16.2
(ksi)*

Design Stress Intensity, Sm 20.0 20.0 20.0 20.0 20.0 18.7 17.5 15.6 15.2 -

(ksi)*

Modulus of Elasticity,E 28.7 28.7 28.3 27.6 27.0 26.5 25.8 24.4 24.1 23.5
(x 103 ksi)*

Alternating Stress @ 10 cycles 718.0 718.0 708.0 690.5 675.5 663.0 645.5 610.4 - -

(ksi)**

Alternating Stress @ 106 cycles 28.7 28.7 28.3 27.6 27.0 26.5 25.8 24.4 - -

(ksi)**

Coefficient of Thermal Expansion, 8.13 8.19 8.46 8.79 9.00 9.19 9.37 9.76 9.82 -

a (x1o4 in/in/OF)*

Poisson's Ratio* 0.31

Density* 503 Ibm/ft3 (0.291 Ibm/in3)

General Note: SA-182, Type 304 stainless steel may be substituted for SA-240, Type 304

stainless steel provided that the SA-182 material yield and ultimate strengths are

equal to or greater than those of the SA-240 material. The SA-182 forging

material and the SA-240 plate material are both Type 304 austenitic stainless

steels. Austenitic stainless steels do not experience a ductile-to-brittle transition

for the range of temperatures considered in this Safety Analysis Report.

Therefore, fracture toughness is not a concern.

* ASME Code, Section II, Part D [10].

** ASME Code, Appendix I [11].

I
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Table 3.3-2 Mechanical Properties of SA479, Type 304 Stainless Steel

Property Value

Temperature (0F) -40 | -20 70 200 300 400 500 750

Ultimate strength, - 75.0 75.0 71.0 66.0 64.4 63.5 63.1
lSu, (ksi)**

Yield strength, - 30.0 30.0 25.0 22.5 20.7 19.4 17.3

Sy,(ksi) ***

Design Stress Intensity, 20.0 20.0 20.0 20.0 20.0 18.7 17.5 15.6
S,,,(ksi) *

Modulus of Elasticity 28.8 28.7 28.3 27.6 27.0 26.5 25.8 24.4
(x 103 ksi) *

Alternating Stress 720 718 708 683 675 663 645 610
@ 10 cycles (ksi) **

Alternating Stress 28.8 28.7 28.3 27.6 27.0 26.5 25.8 24.4
@ 106 cycles (ksi) **

Coefficient of Thermal _ 8.46 8.79 9.00 9.19 9.37 9.76
Expansion,

at (x10-6 in/in/0F) *

Poisson's Ratio* 0.31

Density* 503 Ibm/ft3(0.291 Ibm/in3)

KI

*

**

ASME Code, Section II, Part D [10].

ASME Code, Appendix I [11].

Calculated based on Design Stress Intensity:

S m-temp =Su

S 1u70 u-temp
m 70

3.3-4



FSAR - UMS® Universal Storage System

Docket No. 72-1015

March 2004

Revision 3

Table 3.3-3 Mechanical Properties of SA-240, Type 304L Stainless Steel

Property Value

Temperature (0F) -40 -20 70 200 300 400 500 750

Ultimate strength, Su, 70.0 70.0 70.0 66.2 60.9 58.5 57.8 55.9

(ksi) * I

Yield strength, 25.0 25.0 25.0 21.4 19.2 17.5 16.4 14.7

Sy, (ksi) *

Design Stress Intensity, 16.7 16.7 16.7 16.7 16.7 15.8 14.8 13.3
S,,(ksi) * I

Modulus of Elasticity 28.7 28.7 28.3 27.6 27.0 26.5 25.8 24.4

(xI03 ksi) *

Alternating Stress 718.0 718.0 708.0 690.5 675.5 663.0 645.5 610.4

@ 10 cycles (ksi) **

Alternating Stress 28.7 28.7 28.3 27.6 27.0 26.5 25.8 24.4

@ 1O0 cycles (ksi) **

Coefficient of Thermal 8.13 8.19 8.46 8.79 9.00 9.19 9.37 9.76

Expansion,

a (xI0-6 in/in/dF) **

Poisson's Ratio* 0.31

Density* 503 lbm/ft3(0.29 I bm/in3)

General Note: SA-182, Type 304L stainless steel may be substituted for SA-240 Type 304L

stainless steel provided that the SA-182 material yield and ultimate strengths are

equal to or greater than those of the SA-240 material. The SA-182 forging

material and the SA-240 plate material are both Type 304L austenitic stainless

steels. Austenitic stainless steels do not experience a ductile-to-brittle transition

for the range of temperatures considered in this Safety Analysis Report.

Therefore, fracture toughness is not a concern.

I

* ASME Code, Section II, Part D [10].

ASME Code, Appendix I [11].**
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Table 3.3-4 Mechanical Properties of SA-564 and SA-693, Type 630, 17-4 PH Stainless Steel

Property Value

Temperature (F) -40 -20 70 200 300 400 500 650 800

Ultimate strength, 135.0 135.0 135.0 135.0 135.0 131.4 128.5 125.7 105.3***
Su, (ksi)*

Yield strength, 105.0 105.0 105.0 97.1 93.0 89.8 87.0 83.6 77.7***
Sy. (ksi) *

Design Stress Intensity, 45.0 45.0 45.0 45.0 45.0 43.8 42.8 41.9 35.1

S,,,.(ksi) *

Modulus of Elasticity 28.7 28.7 28.3 27.6 27.0 26.5 25.8 25.1 24.1
(x 103 ksi) *

Alternating Stress 401.8 401.8 396.2 386.4 378.0 371.0 361.2 341.6 --

@ 10 cycles (ksi) **

Alternating Stress 19.1 19.1 18.9 18.4 18.0 17.7 17.2 16.3 --

@ 106 cycles (ksi) **

Coefficient of Thermal _ 5.89 5.90 5.90 5.91 5.91 5.93 5.96
Expansion,

a (x106 in/in/F) **

Poisson's Ratio* 0.31

Density* 503 Ibm/ft3 (0.291 Ibm/in3)

* ASME Code, Section 11, Part D [101.

** ASME Code, Appendix I [11].

*** MIL-HDBK-5G [15].
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Table 3.3-5 Mechanical Properties of A-36 Carbon Steel

Property Value

Temperature (F) 100 200 300 400 1 500 600 650 700

Ultimate strength, Su, 58.0 58.0 58.0 58.0 - - - -

(ksi) *** l

Yield strength, 36.0 32.8 31.9 30.8 29.1 26.6 26.1 25.9

Sy, (ksi) *

Design Stress Intensity, 19.3 19.3 19.3 19.3 19.3 17.7 17.4 17.3

S,~(k-si) *

Modulus of Elasticity, 29.0 28.8 28.3 27.7 27.3 26.7 26.1 25.5

E (x IO3 ksi) *

Coefficient of Thermal 5.53 5.89 6.26 6.61 6.91 7.17 7.30 7.41

Expansion,

CC (x 1 0,6 in/inPF) *

Poisson's Ratio* 0.31

Density** 0.284 Ibmr/in 3

e ASME Code, Section II, Part D [10].

** Metallic Materials Specification Handbook [12].

***" ASME Code Case, Nuclear Components, N-71-17 [13].

Table 3.3-6 Mechanical Properties of A615, Grade 60, A615, Grade 75 and A706 Reinforcing

Steel

Property A615, Grade 60 A615, Grade 75 A706

Ultimate Strength ** (ksi) 90.0 100.0 80.0

Yield Strength ** (ksi) 60.0 75.0 60.0

Coefficient of Thermal 6.lx 10-6 6.lx 10-6 6.1 x 10-6
Expansion,* a (in/in! F)

Density 12 lbm/in3 0.284 0.284 0.284

I

I

I

I

* Metallic Materials Specification Handbook [12].

** Annual Book of ASTM Standards [14].
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Table 3.3-7 Mechanical Properties of SA-533, Type B, Class 2 Carbon Steel

Property Value

Temperature -20 70 200 300 400 500 750 800
(0F)_

Ultimate strength 90.0 90.0 90.0 90.0 90.0 90.0 87.2 81.8
Su, (ksi) *

Yield strength, 70.0 70.0 65.5 64.5 63.2 62.3 59.3 58.3
Sy.(ksi) *

Design Stress Intensity, 30.0 30.0 30.0 30.0 30.0 30.0 - -

S,(ksi) *

Modulus of Elasticity 29.9 29.2 28.5 28.0 27.4 27.0 24.6 23.9
E, (x103 ksi) *

Alternating Stress 465.0 465.0 453.8 435.0 436.3 429.9 391.7 -

@ 10 cycles (ksi) **

Alternating Stress 15.8 15.8 15.4 15.2 14.8 14.6 13.3 -

@ 106 cycles (ksi) **

Coefficient of Thermal - 7.02 7.25 7.43 7.58 7.70 8.00 8.05
Expansion, a
(x 10-6 in/in/fF) *

Poisson's Ratio * 0.31

Density * 503 lbm/ft(O.291 Ibm/in3)

* ASME Code, Section II, Part D [10].

** ASME Code, Section III, Appendix I [Il].

I

3.3-8



FSAR - UMS® Universal Storage System

Docket No. 72-1015

March 2004

Revision 3

Table 3.3-8 Mechanical Properties of A-588, Type A or B Low Alloy Steel

Property Value

Temperature (F) 100 200 300 400 500 600 650 700

Ultimate strength, 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0

Yield strength, 50.0 47.5 45.6 43.0 41.8 39.9 38.9 37.9
Sy. (ksi) ***

Design Stress Intensity, S,,, 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3

Modulus of Elasticity 29.0 28.8 28.3 27.7 27.3 26.7 26.1 25.5

E, (x 103 ksi) *

Coefficient of Thermal 5.53 5.89 6.26 6.61 6.91 7.17 7.30 7.41
Expansion,

a (x10-6 in/inPF) *

Poisson's Ratio* 0.31

Density ** 0.284 Ibm/in3

I

I

I

I

*

**

ASME Code, Section II, Part D [10].

Metallic Materials Specification Handbook [12].

ASME Code Cases, Nuclear Components, NC-71-17, Tables 1, 2, 3, 4, and 5 for material

thickness < 4 inches [13].

3.3-9



FSAR - UMSO Universal Storage System

Docket No. 72-1015

March 2004

Revision 3

Table 3.3-9 Mechanical Properties of SA-350/A-350, Grade LF 2, Class I Low Alloy Steel

Property Value

Temperature (f) 70 200 300 400 500 700

Ultimate strength, 70.0 70.0 70.0 70.0 70.0 70.0
S,,, (ksi) *

Yield strength, 36.0 32.8 31.9 30.8 29.1 25.9
Sy (ksi) *

Design Stress Intensity, 23.3 21.9 21.3 20.6 19.4 17.3
Sm (ksi) *

Modulus of Elasticity, 29.2 28.5 28.0 27.4 27.0 25.3
E, (x 103 ksi) *

Coefficient of Thermal - 5.89 6.26 6.61 6.91 7.41
Expansion

a (x IO6 inin/iF) *

Alternating Stress 12.5 12.2 11.9 11.7 11.5 10.8
at 106 cycles (ksi) **

Alternating Stress 580.0 566.0 556.1 544.2 536.3 502.5
at 10 cycles (ksi) **

Poisson's Ratio * 0.31

Density * 0.279 Ibm/in3

* ASME Code, Section II, Part D [10].

** ASME Code, Appendix I [11].
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Table 3.3-10 Mechanical Properties of SA-193, Grade B6, High Alloy Steel Bolting Material

Property Value

Temperature (°F) -40 -20 70 200 300 400 500 600

Ultimate Stress, Su No Value 110.0 110.0 104.9 101.5 98.3 95.6 92.9

(ksi) *, *** Given

Yield Stress, No Value 85.0 85.0 81.1 78.1 76.0 73.9 71.8

Sy (ksi) *, *** Given

Desikn Stress 28.3 28.3 28.3 27.0 26.1 25.3 24.6 23.9

Intensity, Sm (ksi) *

Modulus of 30.1E+ 03 30.IE+ 03 29.2E+ 03 28.5E+ 03 27.9E+ 03 27.3E+ 03 26.7E+ 03 26.IE+03

Elasticity, E (ksi) *

Alternating Stress @ 1104.4 1100.0 1085.0 1058.0 1035.0 1015.0 989.0 935.3

10 cycles (ksi) * *

Alternating Stress @ 13.0 12.9 12.7 12.4 12.2 11.9 11.6 11.0

106 cycles (ksi) **

Coefficient of 5.73E-06 5.76E-06 5.92E-06 6.1 5E-06 6.30E-06 6.40E-06 6.48E-06 6.53E-06
Thermal Expansion,

a (in/in/°F) *

Poisson's Ratio * 0.31 _

Density* * 503 Ibm/ft3(0.291 lbmrin 3)

* ASME Code, Section II, Part D [10].

** ASME Code, Appendix 1 [11].
***' Calculated based on Design Stress Intensity:

CS m-tem~p
S |-tep S. u7O = S.u-temp

m70- /
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Table 3.3-11 Mechanical Properties of 6061-T65 1 Aluminum Alloy

Property Value

Temperature 70 100 200 300 400 500 600 700 750

(0F)

Ultimate strength, Su, 42.0 40.7 38.2 31.5 17.2 6.7 3.4 2.1 --

(ksi) *

Yield strength, 35.0 33.9 32.2 26.9 14.0 5.3 2.5 1.4 1.4

Sy (ksi) **

Design Stress Intensity Sm 10.5 10.5 10.5 8.4 4.4 -- -- -- --

(ksi) *

Modulus of Elasticity, 10.0 9.9 9.6 9.2 8.7 8.1 7.0
E (x 103 ksi) *

Coefficient of Thermal - 12.6 12.91 13.22 13.52 13.7 14.3

Expansion, ax
(x 10-6 in/in/0 F) *

Poisson's Ratio * 0.33

Density * 0.098 Ibm/in3

* ASME Code, Section II, Part D [101.

** Military Handbook MIL-HDBK-5G [15].
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Table 3.3-12 Mechanical Properties of Concrete

Property Value

Temperature (0F) 70 100 200 300 400 500

Compressive Strength 4000 4000 4000 3800 3600 3400
(psi) *

Modulus of Elasticity, - 3.64 3.38 3.09 3.73 3.43

(x 10'ksi) *

Coefficient of Thermal 5.5
Expansion,
a (x 10-6 in/inPF) *

Density * 140 Ibm/ft3

* Handbook of Concrete Engineering [ 16].

I

I
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I Table 3.3-13 Mechanical Properties of NS-4-FR and NS-3

NS-4-FR Temperature (0 F)

Property (units) * 86 158 212 302

Coefficient of Thermal Expansion

(in/in/0 F) 2.22E-5 4.72E-5 5.88E-5 5.74E-5

Compressive Modulus of Elasticity (ksi) 561

Density (Ibm/in3 ) 0.0607

NS-3

Property (units) * Value

Coefficient of Thermal Expansion
7.78 x 10.6

(in/in/IF) at 150OF

Compressive Modulus of Elasticity (ksi) 163

Density (Ibm/in3 ) 0.0636

I * GESC Product Data [17].
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Table 3.3-14 Mechanical Properties of SA-516, Grade 70 Carbon Steel I

Property Value

Temperature (0F) 70 200 300 400 500 700 800

Ultimate Tensile Stress 70.0 70.0 70.0 70.0 70.0 70.0 64.3

Su (ksi) *

Yield Stress, Sy (ksi) * 38.0 34.6 33.7 32.6 30.7 27.4 25.3

Design Stress Intensity, 23.3 23.1 22.5 21.7 20.5 18.3 -

Sm (ksi) *

Modulus of Elasticity 29.5E+3 28.8E+3 28.3E+3 27.7E+3 27.3E+3 25.5E+3 24.2E+3

(ksi) *

Alternating Stress @ 10 580.0 552.8 543.0 531.5 523.7 477.0

cycles (ksi) **

Alternating Stress @ 12.5 11.9 11.7 11.5 11.3 10.3

1i
6 cycles (ksi) **

Coefficient of Thermal - 5.89E-6 6.26E-6 6.61E-6 6.91E-6 7.41 E-6 7.59E-6
Expansion,

a (in/in/0 F) *

Thermal Conductivity 1.9 2.0 2.0 2.0 2.0 1.9 1.8

(BTU/hr-in0F) *

Poisson's Ratio* 0.31

Density* 482 Ibm/ft3 (0.279 Ibm/in3)

* ASME Code, Section II, Part D [10].

** ASME Code, Appendix I [11].
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3.3.2 Fracture Toughness Considerations

The primary structural materials of the NAC-UMS® Transportable Storage Canister and basket

are a series of stainless steels. These stainless steel materials do not undergo a ductile-to-brittle

transition in the temperature range of interest for the NAC-UMS® System. Therefore, fracture

toughness is not a concern for these materials.

The optional lift anchors for the NAC-UMS® Vertical Concrete Cask are fabricated from A-537,

Class 2, and A-706 ferritic steels. Since there are eight rebars (A-706) for each lift anchor, the

rebars are not considered fracture-critical components because multiple, redundant load paths

exist, in the same manner that bolted systems are considered in Section 5 of NUREG/CR- 1815.

Therefore, brittle fracture evaluation of the rebar material is not required. The lifting lug and

base plate of the lift anchors are designed as 2-inch thick, A 537 Class 2, steel plates in

accordance with ANSI N14.6. Applying the fracture toughness requirements of ASME Code

Section III, Subsection NF-231 I(b)13 and Figure NF-231 I(b)-1, the minimum allowable design

metal temperature is -5F (Curve D, 2-inch nominal thickness). The Vertical Concrete Cask lift

anchors are restricted to be used only when the surrounding air temperatures are greater than, or

equal to, 00F (Section 12(B 3.4)(9)), so impact testing of the material is not required.

The NAC-UMS® BWR basket support disks are 0.625-inch thick, SA 533, Type B, Class 2,

ferritic steel plate. Per ASME Code Section mII, Subsection NG-231 I(a)(1), impact testing of

material with a nominal section thickness of 5/8 inch (16 mm) and less is not required. To

provide added assurance of the fracture toughness of the BWR support disk material, Charpy V-

notch (Cv) impact testing is specified on Drawing No. 790-573 for each plate of material in the

heat treated condition in accordance with ASME Code Section III, Subsection NG-2320.

Acceptance values shall be per ASTM A-370, Section 26.1, with a minimum average value of 20

Mils lateral expansion at a Lowest Service Temperature of - 40'F.
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3.4 General Standards

3.4.1 Chemical and Galvanic Reactions

The materials used in the fabrication and operation of the Universal Storage System are evaluated

to determine whether chemical, galvanic or other reactions among the materials, contents, and

environments can occur. All phases of operation - loading, unloading, handling, and storage-

are considered for the environments that may be encountered under normal, off-normal, or

accident conditions. Based on the evaluation, no potential reactions that could adversely affect

the overall integrity of the vertical concrete cask, the fuel basket, the transportable storage canister

or the structural integrity and retrievability of the fuel from the canister have been identified. The

evaluation conforms to the guidelines of NRC Bulletin 96-04 [18].

3.4.1.1 Component Operating Environment

Most of the component materials of the Universal Storage System are exposed to two typical

operating environments: 1) an open canister containing fuel pool water or borated water with a

pH of 4.5 and spent fuel or other radioactive material; or 2) a sealed canister containing helium,

KJ but with external environments that include air, rain water/snow/ice, and marine (salty) water/air.

Each category of canister component materials is evaluated for potential reactions in each of the

operating environments to which those materials are exposed. These environments may occur

during fuel loading or unloading, handling or storage, and include normal, off-normal, and

accident conditions.

The long-term environment to which the canister's internal components are exposed is dry

helium. Both moisture and oxygen are removed prior to sealing the canister. The helium

displaces the oxygen in the canister, effectively precluding chemical corrosion. Galvanic

corrosion between dissimilar metals in electrical contact is also inhibited by the dry environment

inside the sealed canister. NAC's operating procedures provide two helium backfill cycles in

series separated by a vacuum-drying cycle during the preparation of the canister for storage.

Therefore, the sealed canister cavity is effectively dry and galvanic corrosion is precluded.

The control element assembly, thimble plugs and nonfuel components-including start-up

sources and instrument segments-are nonreactive with the fuel assembly. By design, the

control components and nonfuel components are inserted in the guide tubes of a fuel assembly.

During reactor operation, the control and nonfuel components are immersed in acidic water
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having a high flow rate and are exposed to significantly higher neutron flux, radiation and

pressure than will exist in dry storage. The control and nonfuel components are physically

placed in storage in a dry, inert atmosphere in the same configuration as when used in the reactor.

Therefore, there are no adverse reactions, such as gas generation, galvanic or chemical reactions

or corrosion, since these components are nonreactive with the Zircaloy guide tubes and fuel rods.

There are no aluminum or carbon steel parts, and no gas generation or corrosion occurs during

prolonged water immersion (20 - 40 years). Thus, no adverse reactions occur with the control

and nonfuel components over prolonged periods of dry storage.

3.4.1.2 Component Material Categories

The component materials are categorized in this section for their chemical and galvanic corrosion

potential on the basis of similarity of physical and chemical properties and component functions.

The categories are stainless steels, nonferrous metals, carbon steel, coatings, concrete, and

criticality control materials. The evaluation is based on the environment to which these

categories could be exposed during operation or use of the canister.

The canister component materials are not reactive among themselves, with the canister's

contents, nor with the canister's operating environments during any phase of normal, off-normal,

or accident condition, loading, unloading, handling, or storage operations. Since no reactions

will occur, no gases or other corrosion by-products will be generated.

The control component and nonfuel component materials are those that are typically used in the

fabrication of fuel assemblies, i.e., stainless steels, Inconel 625, and Zircaloy, so no adverse

reactions occur in the inert atmosphere that exists in storage. The control element assembly,

thimble plugs and nonfuel components-including start-up sources or instrument segments to be

inserted into a fuel assembly-are nonreactive among themselves, with the fuel assembly, or

with the canister's operating environment for any storage condition.

3.4.1.2.1 Stainless Steels

No reaction of the canister component stainless steels is expected in any environment except for

the marine environment, where chloride-containing salt spray could potentially initiate pitting of

the steels if the chlorides are allowed to concentrate and stay wet for extended periods of time
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(weeks). Only the external canister surface could be so exposed. The corrosion rate will,

however, be so low that no detectable corrosion products or gases will be generated. The

Universal Storage System has smooth external surfaces to minimize the collection of such

materials as salts.

Galvanic corrosion between the various types of stainless steels does not occur because there is

no effective electrochemical potential difference between these metals. No coatings are applied

to the stainless steels. An electrochemical potential difference does exist between austenitic (300

series) stainless steel and aluminum. However, the stainless steel becomes relatively cathodic

and is protected by the aluminum.

The canister confinement boundary uses Type 304L stainless steel for all components, except the

shield lid, which is made of Type 304 stainless steel. Type 304L resists chromium-carbide

precipitation at the grain boundaries during welding and assures that degradation from

intergranular stress corrosion will not be a concern over the life of the canister. Fabrication

specifications control the maximum interpass temperature for austenitic steel welds to less than

350'F. The material will not be heated to a temperature above 800'F, other than by welding

thermal cutting. Minor sensitization of Type 304 stainless steel that may occur during welding

will not affect the material performance over the design life because the storage environment is

relatively mild.

Based on the foregoing discussion, no potential reactions associated with the stainless steel

canister or basket components are expected to occur.

3.4.1.2.2 Nonferrous Metals

Aluminum is used as a heat transfer component in the Universal Storage System spent fuel

basket, and aluminum components in electrical contact with austenitic stainless steel could

experience corrosion driven by electrochemical Electromotive Force (EMF) when immersed in

water. The conductivity of the water is the dominant factor. BWR fuel pool water is

demineralized and is not sufficiently conductive to promote detectable corrosion for these metal

couples. PWR pool water, however, does provide a conductive medium. The only aluminum

components that will be in contact with stainless steel and exposed to the pool water are the alloy

6061-T651 heat transfer disks in the fuel basket.
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Aluminum produces a thin surface film of oxidation that effectively inhibits further oxidation of

the aluminum surface. This oxide layer adheres tightly to the base metal and does not react

readily with the materials or environments to which the fuel basket will be exposed. The volume

of the aluminum oxide does not increase significantly over time. Thus, binding due to corrosion

product build-up during future removal of spent fuel assemblies is not a concern. The borated

water in a PWR fuel pool is an oxidizing-type acid with a pH on the order of 4.5. However,

aluminum is generally passive in pH ranges down to about 4 [19]. Data provided by the

Aluminum Association [20] shows that aluminum alloys are resistant to aqueous solutions

(1-15%) of boric acid (at 140'F). Based on these considerations and the very short exposure of

the aluminum in the fuel basket to the borated water, oxidation of the aluminum is not likely to

occur beyond the formation of a thin surface film. No observable degradation of aluminum

components is expected as a result of exposure to BWR or PWR pool water at temperatures up to

200'F, which is higher than the permissible fuel pool water temperature.

Aluminum is high on the electromotive potential table, and it becomes anodic when in electrical

contact with stainless or carbon steel in the presence of water. BWR pool water is demineralized

and is not sufficiently conductive to promote detectable corrosion for these metal couples. PWR

pool water is sufficiently conductive to allow galvanic activity to begin. However, exposure time

of the aluminum components to the PWR pool environment is short. The long-term storage

environment is sufficiently dry to inhibit galvanic corrosion.

From the foregoing discussion, it is concluded that the initial surface oxidation of the aluminum

component surfaces effectively inhibits any potential galvanic reactions.

Heat transfer disks fabricated from 6061-T651 aluminum alloy are used in the NAC-UMS® Universal

Storage System PWR and BWR fuel baskets to augment heat transfer from the spent fuel through the

basket structure to the canister exterior. Vendor and Nuclear Regulatory Commission safety

evaluations of the NUHOMS Dry Spent Fuel Storage System (Docket No. 72-1004) have concluded

that combustible gases, primarily hydrogen, may be produced by a chemical reaction and/or radiolysis

when aluminum or aluminum flame-sprayed components are immersed in spent fuel pool water. The

evaluations further concluded that it is possible, at higher temperatures (above 150 - 160'F), for the

aluminum/water reaction to produce a hydrogen concentration in the canister that approaches or

exceeds the Lower Flammability Limit (LFL) for hydrogen of 4 percent. The NRC Inspection Reports

No. 50-266/96005 and 50-301/96005 dated July 01, 1996, for the Point Beach Nuclear Plant

concluded that hydrogen generation by radiolysis was insignificant relative to other sources.
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Thus, it is reasonable to conclude that small amounts of combustible gases, primarily hydrogen,
may be produced during UMS® Storage System canister loading or unloading operations as a
result of a chemical reaction between the 6061-T6 aluminum heat transfer disks in the fuel basket
and the spent fuel pool water. The generation of combustible gases stops when the water is
removed from the cask or canister and the aluminum surfaces are dry.

A galvanic reaction may occur at the contact surfaces between the aluminum disks and the
stainless steel tie rods and spacers in the presence of an electrolyte, like the pool water. The
galvanic reaction ceases when the electrolyte is removed. Each metal has some tendency to
ionize, or release electrons. An EMF associated with this release of electrons is generated
between two dissimilar metals in an electrolytic solution. The EMF between aluminum and
stainless steel is small and the amount of corrosion is directly proportional to the EMF. Loading
operations generally take less than 24 hours, a large portion of which has the canister immersed
in and open to the pool water after which the electrolyte (water) is drained and the cask or
canister is dried and back-filled with helium, effectively halting any galvanic reaction.

The potential chemical or galvanic reactions do not have a significant detrimental effect on the
ability of the aluminum heat transfer disks to perform their function for all normal and accident
conditions associated with dry storage.

Loading Operations

After the canister is removed from the pool and during canister closure operations, an air space is
created inside the canister beneath the shield lid by the drain-down of the water in the canister so
that the shield-lid-to-canister-shell weld can be performed. The resulting air space is at least
3 inches in depth. As there is some clearance between the inside diameter of the canister shell
and the outside diameter of the shield lid, it is possible that gases released from a chemical
reaction inside the canister could accumulate beneath the shield lid. A bare aluminum surface
oxidizes when exposed to air, reacts chemically in an aqueous solution, and may react
galvanically when in contact with stainless steel in the presence of an aqueous solution.
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The reaction of aluminum in water, which results in hydrogen generation, proceeds as:

2Al+3 H20=>Al 20 3 +3H 2

The aluminum oxide (A1203 ) produces the dull, light gray film that is present on the surface of

bare aluminum when it reacts with the oxygen in air or water. The formation of the thin oxide

film is a self limiting reaction as the film isolates the aluminum metal from the oxygen source

acting as a barrier to further oxidation. The oxide film is stable in pH neutral (passive) solutions,

but is soluble in borated PWR spent fuel pool water. The oxide film dissolves at a rate

dependent upon the pH of the water, the exposure time of the aluminum in the water, and the

temperatures of the aluminum and water.

PWR spent fuel pool water is a boric acid and demineralized water solution. BWR spent fuel

pool water does not contain boron and typically has a neutral pH (approximately 7.0). The pH,

water chemistry, and water temperature vary from pool to pool. Since the reaction rate is largely

dependent upon these variables, it may vary considerably from pool to pool. Thus, the

generation rate of combustible gas (hydrogen) that could be considered representative of spent

fuel pools in general is very difficult to accurately calculate, but the reaction rate would be less in

the neutral pH BWR pool.

The BWR basket configuration incorporates carbon steel support plates that are coated with

electroless nickel. The coating protects the carbon steel during the comparatively short time that

the canister is immersed in, or contains, water. The coating is described in Section 3.8.3. The

coating is non-reactive with the BWR pool water and does not off-gas or generate gases as a

result of contact with the pool water. Consequently, there are no flammable gases that are

generated by the coating. A coating is not used in PWR basket configurations.

To ensure safe loading and/or unloading of the UMS® transportable storage canister, the loading

and unloading procedures defined in Chapter 8 are revised to provide for the monitoring of

hydrogen gas before and during the welding operations joining the shield lid to the canister shell.

The monitoring system shall be capable of detecting hydrogen at 60% of the lower flammability

limit for hydrogen (i.e. 0.6 x 4.0 = 2.4%). The hydrogen detector shall be mounted so as to

detect hydrogen prior to initiation of the weld, and continuously during the welding operation.

Detection of hydrogen in a concentration exceeding 2.4% shall be cause for the welding

operation to stop. If hydrogen gas is detected at concentrations above 2.4% at any time, the

hydrogen gas shall be removed by flushing ambient air into the region below the shield lid. To
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remove hydrogen from below the shield lid, the vacuum pump is attached to the vent port and

operated for a sufficient period of time to remove at least five times the air volume of the space

below the lid by drawing ambient air through the gap between the shield lid and the canister

shell, thus removing or diluting any combustible gas concentrations.

The vacuum pump shall exhaust to a system or area where hydrogen flammability is not an issue.

Once the root pass weld is completed, there is no further likelihood of a combustible gas bum

because the ignition source is isolated from the combustible gas. Once welding of the shield lid

has been completed, the canister is drained, vacuum dried and backfilled with helium.

No hydrogen is expected to be detected prior to, or during, the welding operations. During the

completion of the shield lid to canister shell root pass, the hydrogen gas detector is attached to

the vent port and continuously operates. During operation, the detector maintains a negative

pressure in the canister, drawing air into the canister at the circumference of the shield lid. This

ensures that hydrogen gas does not enter the weld area. The mating surfaces of the support ring

and inner lid are machined to provide a good level fit-up, but are not machined to provide a

metal-to-metal seal. Consequently, additional exit paths for the combustible gases exist at the

circumference of the shield lid. Once the canister is dry, no combustible gases form within the

canister.

Unloading Operations

It is not expected that the canister will contain a measurable quantity of combustible gases during

the time period of storage. The canister is vacuum dried and backfilled with helium immediately
prior to being welded closed. There are only minor mechanisms by which hydrogen is generated

after the canister is dried and sealed.
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As shown in Section 8.3, the principal steps in opening the canister are the removal of the

structural lid, the removal of the vent and drain port covers, and the removal of the shield lid.

These steps are expected to be performed by cutting or grinding. The design of the canister

precludes monitoring for the presence of combustible gases prior to the removal of the structural

lid and the vent or drain port covers. Following removal of the vent port cover, a vent line is

connected to the vent port quick disconnect. The vent line incorporates a hydrogen gas detector

which is capable of detecting hydrogen at a concentration of 2.4% (60% of its lower flammability

limit of 4%). The pressurized gases (expected to be greater than 96% helium) in the canister are

expected to carry combustible gases out of the vent port. If the exiting gases in the vent line

contain no hydrogen at concentrations above 2.4%, the drain port cover weld is cut and the cover

removed. If levels of hydrogen gas above 2.4% concentration are detected in the vent line, then

the vacuum system is used to remove all residual gas prior to removal of the drain port cover.

During the removal of the drain port cover, the hydrogen gas detector is attached to the vent port

to ensure that the hydrogen gas concentration remains below 2.4%. Following removal of the
drain port cover, the canister is filled with water using the vent and drain ports. Prior to cutting

the shield lid weld, 50 gallons of water are removed from the canister to permit the removal of

the shield lid. Monitoring for hydrogen would then proceed as described for the loading

operations.

3.4.1.2.3 Carbon Steel

Carbon steel support disks are used in the BWR basket configuration. There is a small

electrochemical potential difference between carbon steel (SA-533) and aluminum and stainless

steel. When in contact in water, these materials exhibit limited electrochemically-driven

corrosion. BWR pool water is demineralized and is not sufficiently conductive to promote

detectable corrosion for these metal couples. In addition, the carbon steel support disks are

coated with electroless nickel to protect the carbon steel surface during exposure to air or to spent

fuel pool water, further reducing the possibility of corrosion. Once the canister is loaded, the

water is drained from the cavity, the air is evacuated, and the canister is backfilled with helium

and sealed. Removal of the water and the moisture eliminates the catalyst for galvanic corrosion.

The canister operating procedures (see Chapter 8) provide two backfill cycles in series separated

by a vacuum drying cycle during closing of the canister. The displacement of oxygen by helium

effectively inhibits corrosion.

The transfer cask structural components are fabricated primarily from ASTM A-588 and A-36

carbon steel. The exposed carbon steel components are coated with either Keeler & Long E-
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Series Epoxy Enamel or Carboline 890 to protect the components during in-pool use and to

provide a smooth surface to facilitate decontamination.

The concrete shell of the vertical concrete cask contains an ASTM A36 carbon steel liner, as well

as other carbon steel components. The exposed surfaces of the base of the concrete cask and the

liner are coated with Keeler & Long Y-l-Series Acrylic Urethane Enamel to provide protection

from weather-related moisture and direct sunlight.

No potential reactions associated with the BWR basket carbon steel disks, the transfer cask

components or vertical concrete cask components are expected to occur.

3.4.1.2.4 Coatings

The exposed carbon steel surfaces of the transfer cask and the transfer cask adapter plate are

coated with either Carboline 890 or Keeler & Long E-Series Epoxy Enamel. The technical

specifications for these coatings are provided in Sections 3.8.1 and 3.8.2, respectively. These

coatings are approved for Nuclear Service Level 2 use. Load bearing surfaces (i.e., the bottom

surface of the trunnions and the contact surfaces of the transfer cask doors and rails) are not

painted, but are coated with an appropriate nuclear grade lubricant, such as Neolube®. The

exposed metal surfaces of the vertical concrete cask are coated with Keeler & Long Kolor-Poxy

Primer No. 3200 and Acrythane Enamel Y-1 Series top coating. The technical specifications for

these coatings are provided in Sections 3.8.4 and 3.8.5, respectively.

Carbon steel support disks used in the BWR canister basket are coated with electroless nickel.

The coating is applied in accordance with ASTM B733-SC3, Type V, Class 1[37]. As described

in Section 3.8.3, the electroless nickel coating process uses a chemical reducing agent in a hot

aqueous solution to deposit nickel on a catalytic surface. The deposited nickel coating is a hard

alloy of uniform thickness of 25 jIm (0.001 inch), containing from 4% to 12% phosphorus.

Following its application, the nickel coating combines with oxygen in the air to form a passive

oxide layer that effectively eliminates free electrons on the surface that would be available to

cathodically react with water to produce hydrogen gas. Consequently, the production of

hydrogen gas in sufficient quantities to facilitate combustion is highly unlikely.
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3.4.1.2.5 Concrete

The vertical concrete storage cask is fabricated of 4000 psi, Type 2 Portland cement that is

reinforced with vertical and circumferential carbon steel rebar. Quality control of the

proportioning, mixing, and placing of the concrete, in accordance with the NAC fabrication

specification, will make the concrete highly resistant to water. The concrete shell is not expected

to experience corrosion, or significant degradation from the storage environment through the life

of the cask.

3.4.1.2.6 Criticality Control Material

The criticality control material is boron carbide mixed in an aluminum alloy matrix. Sheets of

this material are affixed to one or more sides of the designated fuel tubes and enclosed by a

welded stainless steel sheet. The material resists corrosion similar to aluminum, and is protected

by an oxide layer that forms shortly after fabrication and inhibits further interaction with the

stainless steel. Consequently, no potential reactions associated with the aluminum-based

criticality control material are expected.

3.4.1.2.7 Neutron Shielding Material

The neutron shielding materials, NS-3 and NS4-FR, consist primarily of aluminum, carbon,

oxygen and hydrogen. NS4-FR is used in the transfer cask and either NS-3 or NS-4-FR may be

used in the shield plug of the vertical concrete storage cask to provide radiation shielding. The

acceptable performance of the materials has been demonstrated by use and testing. The materials

have been used for over 10 years in licensed storage casks in the United States and in licensed

casks in Japan, Spain and the United Kingdom. There are no reports that the shielding

effectiveness of the materials has degraded in these applications, demonstrating the long-term

reliability for the purpose of shielding neutrons from personnel and the environment. There are

no potential reactions associated with the polymer structure of the materials and the stainless

steel or carbon steel in which it is encapsulated during use.

The chemistry of the materials (e.g., the way the elements are bonded to one another) contributes

significantly to the fire-retardant capability. Approximately 90% of the off-gassing that does

occur consists of water vapor.
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The thermal performance of NS-4-FR has been demonstrated by long-term functional stability

tests of the material at temperatures from -40'F to 338'F. These tests included specimens open

to the atmosphere and enclosed in a cavity at both constant and cyclic thermal loads. The tests

evaluated material loss though off-gassing and material degradation. The results of the tests

demonstrate that, in the temperature range of interest, the NS4-FR does not exhibit loss of

material by off-gassing, does not generate any significant gases, and does not suffer degradation

or embrittlement. Further, the tests demonstrated that encased material, as it is used in the NAC-

UMS®, performed significantly better than exposed material. Consequently, the formation of

flammable gases is not a concern.

Radiation exposure testing of NS-4-FR in reactor pool water demonstrated no physical

deterioration of the material and no significant loss of hydrogen (less than 1%). The tests also

demonstrated that the NS-4-FR retains its neutron shield capability over the cask's 50-year

design life with substantial margin. The radiation testing has shown that detrimental

embrittlement and loss of hydrogen from the material do not occur at dose rates (9 x 1014 n/cm2 )

that exceed those that would occur assuming the continuous storage of design basis fuel for a 50-

year life (estimated to be 1.7 x 1012 cm2 /yr). Consequently, detrimental deterioration or

embrittlement due to radiation flux does not occur.

Since the NS-4-FR in the NAC-UMS® transfer cask is sandwiched between the shell and the lead

shield and enclosed within a welded steel shell where the shell seams are welded to top and

bottom plates with full penetration or fillet welds, it will maintain its form over the expected

lifetime of the transfer cask's radiation exposure. The material's placement between the lead

shield and the outer shell does not allow the material to redistribute within the annulus.

The NS-3 and NS-4-FR shield material is similarly enclosed in the storage cask shield plug, since

a disk of NS-3 or NS-4-FR is captured in a cavity formed by a carbon steel ring and two carbon

steel plates. This material cannot redistribute within this volume.
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3.4.1.3 General Effects of Identified Reactions

No potential chemical, galvanic, or other reactions have been identified for the Universal Storage
System. Therefore, no adverse conditions, such as the generation of flammable or explosive
quantities of combustible gases or an increase in neutron multiplication in the fuel (criticality)
because of boron precipitation, can result during any phase of canister operations for normal, off-
normal, or accident conditions.

3.4.1.4 Adequacy of the Canister Operating Procedures

Based on this evaluation, which results in no identified reactions, it is concluded that the
Universal Storage System operating controls and procedures presented in Chapter 8.0 are
adequate to minimize the occurrence of hazardous conditions.

3.4.1.5 Effects of Reaction Products

No potential chemical, galvanic, or other reactions have been identified for the Universal Storage

System. Therefore, the overall integrity of the canister and the structural integrity and

retrievability of the spent fuel are not adversely affected for any operations throughout the design

basis life of the canister. Based on the evaluation, no change in the canister or fuel cladding

thermal properties is expected, and no corrosion of mechanical surfaces is anticipated. No

change in basket clearances or degradation of any safety components, either directly or indirectly,

is likely to occur since no potential reactions have been identified.

3.4.1-12



FSAR - UMSO Universal Storage System November 2000

Docket No. 72-1015 Revision 0

3.4.2 Positive Closure

The Universal Storage System employs a positive closure system composed of multi-pass welds

to join the canister shield lid and the canister structural lid to the shell. The penetrations to the

canister cavity through the shield lid are sealed by welded port covers. The welded canister

closure system (see Figure 3.4.2-1) precludes the possibility of inadvertent opening of the

canister.

The top of the vertical concrete cask is closed by a bolted lid that weighs approximately

2,500 lbs. The weight of the lid, its inaccessibility, and the presence of the bolts effectively

preclude inadvertent opening of the lid. In addition, a security seal is provided between two of

the lid bolts to detect tampering with the closure lid.
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Figure 3.4.2-1 Universal Storage System Welded Canister Closure
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3.4.3 Lifting Devices

To provide more efficient handling of the Universal Storage System, different methods of lifting

are designed for each of the components. The transfer cask, the transportable storage canister,

and the concrete cask, are handled using trunnions, hoist rings, and a system of jacks and air

pads, respectively.

The designs of the UMS® Universal Storage System and Universal Transport System

components address the concerns identified in U.S. NRC Bulletin 96-02, "Movement of Heavy

Loads Over Spent Fuel, Over Fuel in the Reactor Core, or Over Safety-Related Equipment"

(April 11, 1996) as follows:

(1) The UMS® lifting and handling components satisfy the requirements of NUREG-0612

and ANSI N14.6 for safety factors on redundant or nonredundant load paths as described

in this chapter.

(2) Transfer or transport cask lifting in the spent fuel pool or cask loading pit or transfer or

transport cask lifting and movement above the spent fuel pool operating floor will be

addressed on a plant-specific basis.

The transfer cask is provided in either the Standard configuration for canisters weighing up to

88,000 lbs or in the Advanced configuration for canisters weighing up to 98,000 lbs. The two

configurations have identical operating features. The transfer casks are lifted by trunnions located

near the top of each cask. The Standard transfer cask trunnions are attached by full-penetration

welds to both the inner and the outer shells (Figure 3.4.3-1). The Advanced transfer cask trunnions

are similarly attached, but incorporate a trunnion support plate at each trunnion for the additional

load. The transfer casks are each designed as a heavy-lifting device that satisfies the requirements

of NUREG-0612 and ANSI N14.6 for lifting the fully loaded canister of fuel and water, together

with the shield lid, which is the maximum weight of the transfer cask during a lifting operation with

a given configuration.

The transportable storage canister remains within the transfer cask during all preparation,

loading, canister closure, and transfer operations. The canister is equipped with six hoist rings

threaded into the structural lid to lift the loaded canister and to lower it into the concrete cask

after the shield doors are opened. The hoist rings, shown in Figure 3.4.3-2, are also used for any

subsequent lifting of the loaded dry canister.
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The vertical concrete cask is moved by means of a system of air pads. The cask is raised

approximately 4 inches. by four lifting jacks placed at the jacking pads located near the end of

each air inlet. A system consisting of 4 air pads is then inserted under the concrete cask. The

cask is lowered onto the uninflated air pads, the jacks are removed, and the air pads are inflated

to lift the concrete cask and position it as required on the storage pad or transport vehicle. When

positioning is complete, the jacks are used to support the cask as the air pads are removed.

As an option, the loaded concrete cask may also be lifted and moved using lifting lugs at the top

of the cask. The top lifting lugs are described in Section 3.4.3.1.3.

The structural evaluations in this section consider the bounding conditions for each aspect of the

analysis. Generally, the bounding condition for lifting devices is represented by the heaviest

component, or combination of components, of each configuration. The bounding conditions

used in this section are:

Section Evaluation

3.4.3.1 Concrete Cask Lifting
Jacks

Pedestal Loading

Concrete Cask
Air Pads (Lifting)

Concrete Cask
Top Lifting Lugs (Lifting)

3.4.3.2 Canister Lift

3.4.3.3 Standard Transfer Cask Lift

3.4.3.3.4 Standard Transfer Cask Shield
Doors and Rails

Bounding Condition

Heaviest loaded Concrete
Cask + 10% dynamic load factor

Heaviest loaded Canister + 10%
dynamic load factor

Heaviest loaded Concrete Cask

Heaviest loaded Concrete Cask
+ 10% dynamic load factor

Heaviest loaded Canister + 10%
dynamic load factor

Heaviest loaded Transfer Cask +
10% dynamic load factor

Heaviest loaded Canister + water,
shield doors and 10% dynamic load factor

Configuration

BWR Class 5

BWR Class 5

BWR Class 5

BWR Class 5

BWR Class 5

BWR Class 5

BWR Class 5
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Figure 3.4.3-1 Standard Transfer Cask Lifting Trunnion
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Figure 3.4.3-2 Canister Hoist Ring Design
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3.4.3.1 Vertical Concrete Cask Lift Evaluation

The vertical concrete cask may be lifted and moved using an air pad system under the base of the
cask or four lifting lugs provided at the top of the cask.

Lifting jacks installed at jacking points in the air inlet channels are used to raise the cask so that the
air pads can be inserted under the cask. The lifting jacks use a synchronous lifting system to
equally distribute the hydraulic pressure among four hydraulic jack cylinders. The calculated
weight of the heaviest, loaded concrete cask to be lifted by the jacking system, the BWR Class 5
configuration, is 323,900 pounds with loaded canister and lids (center of gravity is measured from
the bottom of the concrete cask). A bounding weight of 330,000 pounds is used for the evaluation
in this section.

The lifting lugs are analyzed in accordance with ANSI N14.6 and ACI-349.

3.4.3.1.1 Bottom Lift By Hydraulic Jack

K> To ensure that the concrete bearing stress at the jack locations due to lifting the cask does not
exceed the allowable stress, the area of the surface needed to adequately spread the load is
determined in this section. The allowable bearing capacity of the concrete at each jack location is:

(0.7)(4,000)izd 2

Ub= ZOfc'A= 42,199.1 d',
b fC 4

where:

= 0.7 strength reduction factor for bearing,
fc' = 4,000 psi concrete compressive strength,

A = d, concrete bearing area (d = bearing area diameter).
4 '

The concrete bearing strength must be greater than the cask weight multiplied by a load reduction
factor, Lf = 1.4.
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2,199.1 d 2 > Lf xW= 1.4(330,0001b) > d > 7.25 in.,
n 4

where:

n = the number of jacks, 4

W = the weight of the vertical concrete cask, 330,000 lb.

Lf = the load factor, 1.4

The diameter obtained in the above equation corresponds to the minimum permissible area over
which the load must be distributed. The force exerted by the jack is applied through the 2.25-in.

- thick steel air inlet top plate. This increases the effective diameter of the load acting on the
concrete surface from a 4.125-in. diameter jack cylinder to about 8.625 in., assuming a 450 angle
for the cone of influence.

7r x8.625 2

The bearing stress at each jack location with a bearing area of 58.4 in2 is:
4

P (1.4)(330,000b)

A 4(58.4 in 2 )

The allowable bearing stress is:

sa = Of, = (0.7)(4,000 psi) = 2,800 psi

The Margin of Safety is:

MS= 2800 -1 + 0.42
1,978

Bottom Plate Flexure

During a bottom lift of the concrete cask, the weight of the loaded canister, the pedestal, and the
air inlet system are transferred to the bottom plate. As the load is applied, the bottom plate
flexes, tending to separate from the concrete. Nelson studs are used to tie the concrete to the

bottom plate and prevent separation.
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K> Thirty-two 3/4 in. diameter x 6 3/16-in. long Nelson studs are used in the concrete cask. The

shear capacity of each stud is about 23.9 kips [21]. The total load capacity of the studs is:

Capacity = 32 studs x 23.86 kips/stud = 763.5 kips.

The allowable load, Pu, with a load factor of 2.0, as specified in the manufacturer's design data

[21], is:

P 763.5 kips -381.8 kips
U2.0

The total calculated load applied to the concrete cask bottom plate is 75,600 pounds.

Loaded Canister + Pedestal Assembly = 95,000* + 11,000 = 106,000 lb

*Note a conservative value of 95,000 lb. is used for evaluation.

The total load applied to the storage cask bottom plate (including a 10% dynamic load factor) is:

106,000x 1.1 = 116,600 lb

Therefore, the margin of safety is:

MS = 381.8kip 1=+2.3
1 16.6 kip

Base Weldment

This analysis evaluates a bounding configuration of the standard design of the pedestal support

structure for static loads. The analysis conservatively assumes a loaded canister with a bounding

weight of 95,000 pounds. The pedestal assembly weight is 11,000 pounds. The base plate is

modeled with a thickness of 2 inches, the stand (pedestal ring) is 2 inches thick, and the baffle is

1/4 inch thick. To bound the maximum pedestal weight, the densities of the base plate and baffle

are increased to simulate a 4-inch plate and 2-inch plate, respectively.
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A half-symmetry model of the base weldment (pedestal) is built using the ANSYS preprocessor

(see Figure 3.4.3.1-1). The model is constructed of 8-node brick elements (SOLID45).

Symmetry conditions (UY=0) are applied along the plane of symmetry (X-Z plane). The total

load is simulated by increasing the density of the base plate. The total pressure applied to the

model is:

I F = 95,000 lb x 1.1 g,

where, a 10% dynamic load factor is applied to account for handling loads.

To determine the baffle assembly's contribution to the support of the pedestal, gap elements

(CONTAC52) are added between the upper truncated cone and the base plate. Two analyses are

performed. The first assumes that a gap of 1/4 inch exists between the truncated cone and base

plate. The second analysis assumes zero gap.

The following table provides a summary of maximum nodal stresses compared to the allowable

stresses for SA-36 carbon steel. For conservatism, the nodal stress (membrane + bending) is

compared to the membrane allowable (Sm).

Stress Maximum Nodal Allowable, Sm Margin

Location Stress (psi) (psi) of Safety

1/4-inch Gap

Pedestal Ring 10214.3 19300.0 0.89

Baffle 107.3 19300.0 >10

Base Plate 1021.4 19300.0 >10

Zero Gap

Pedestal Ring 8225.5 19300.0 1.35

Baffle 6283.0 19300.0 2.07

Base Plate 790.8 19300.0 >10

As shown in the table, the maximum nodal stress occurs in the pedestal ring when the gap is set

to 1/4-inch and does not close. When the gap is set to zero, a portion of the load is distributed to

the baffle. In all cases, the maximum nodal stress is less than the allowable.
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3.4.3.1.2 Bottom Support by Air Pads

The concrete cask is supported by air pads in each of 4 quadrants during transport. The layout of

the air pads (four 60 in. x 60 in. or 48 in. x 48 in. square pads) are designed to clear the air inlet

locations by approximately 4 inches to allow for hydraulic jack access.

The air pad system maximum height is 6.0 in. (3-in. maximum lift, plus 3.0-in. overall height when

deflated). The air pad system has a rated lift capacity of 560,000 pounds for the 60 in. x 60 in. pads

and 360,000 pounds for the 48 in. x 48 in. pads. The air pads must supply sufficient force to

overcome the weight of the concrete cask under full load plus a lift load factor of 1.1. The weight

of the heaviest storage configuration, the BWR class 5 system, is about 313,900 pounds. The air

pad evaluation uses a conservative weight of 320,000 pounds. The required lift load is 1.1 x

(320,000 lb) = 352,000 pounds. Since the available lift force is greater than the load, the air pads

are adequate to lift the concrete cask. Considering the minimum air pad capacity of 360,000

pounds, the lifting force margin of safety is:

MS = (360,000 / 352,000) -I = + 0.02.

3.4.3.1.3 Top Lift By Lifting Lugs

A set of four lifting lugs is provided at the top of the vertical concrete cask so that the cask, with

a loaded transportable storage canister, may be lifted from the top end. Similar to the bottom lift,

the BWR Class 5 configuration maximum weight is used in the analysis of the lifting lugs.

The steel components of the lifting lugs are analyzed in accordance with ANSI N14.6. The

development length of the rebar embedded in the concrete is analyzed in accordance with ACI-

349-85[4].
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Lifting Lug Axial Load

The maximum loaded concrete cask weiglt is about 324,000 pounds. A bounding weight of

325,000 pounds is used in this analysis. Assuming a 10% dynamic load factor, the load (P) on

each lug is:

325,000(l.1) -89,375 lb

4

For the analysis, P is taken as 89,500 pounds. The lugs are evaluated for adequate strength under

a uniform axial load in accordance with the method described in Section 9.3 of AFFDL-TR-69-

42 [321.

The bearing stresses and loads for lug failure involving bearing, shear-tearout, and hoop tension

are determined using an allowable load coefficient (K). Actual lug failures may involve more

than one failure mode, but such interaction effects are accounted for in the value of K.

The allowable lug yield bearing stress (FbOL) is:

FbY~L = K a(F, ) (for e/D < 1.5)

=43.13 ksi D a

where:

K = allowable axial load coefficient [32] 7.62

= 1.65 for e/D = 0.94
Lifting lug

e =7.6/2=3.8in

D = 4.063 in

e /D = 3.8/4.063 = 0.94 (< 1.5)

a = e--= 1.77 in
2

FY = 60 ksi = lug yield tensile strength for ASME SA537, Class 2 carbon steel
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The lug yield bearing load (PbyL) for lug failure in bearing, shear-out, or hoop tension is:

PbyL = FbyLxDxt

= 350.47 kips

where:

t = lug thickness = 2.0 in

The lug yield load capacity (350.47 kips) divided by the lug maximum load (89.5 kips) is:

FSY = 350 = 3.92 > 3
89.5

Therefore, the design criterion of a minimum factor of safety (FS) of 3 on the basis of material

yield strength is met.

K. The lug allowable ultimate bearing load (PbuL) for lug failure in bearing, shear-out, or hoop

tension is:

PbuL = 1. 3 04xFbyLxDxt (if F, > 1.304 FY)

= 457.02 kips

where:

Fu 80 ksi

FY 60 ksi

t = lug thickness = 2.0 in

Fi, = lug ultimate tensile strength = 80 ksi for ASME SA537, Class 2 carbon steel

The lug ultimate load capacity (457.02 kips) divided by the lug maximum load (89.5 kips) is:
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| FS- 457.02 5.11>5

89.5

Therefore, the design criterion of a minimum factor of safety (FS) of 5 on the basis of material

yield strength is met.

The tensile stress (a) in the net cross-sectional area is:

| = 89.5 kips 1264 ksi
A 7.08 in.2

where:

P = the load on each lug

A = the net cross sectional area (2 x a x t = 7.08 in.2)

The factor of safety based on material yield strength (FSy)t is:

(FSY)t = y= 60 ksi = 4.75 > 3
a 12.64 ksi

Therefore, the design criterion of a minimum factor of safety (FS) of 3 on the basis of material

yield strength is met.

The factor of safety based on material ultimate strength (FSu)t is:

Fu 80 ksi
(FSu ). = = = 6.33 > 5

a 12.64 ksi

Therefore, the design criterion of a minimum factor of safety (FS) of 5 on the basis of material

ultimate strength is met.
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Embedded Plate

The load path from the lugs through the embedded plate and to the embedded reinforcing steel is

symmetrical, with the edges of the lifting lugs being very near the axial center line of the

reinforcing steel. Therefore, no significant bending moments are introduced into the embedded

plate. The embedded plate cross-sectional area is more than double that of the lugs; therefore,

the tensile strength of the plate is adequate by inspection.

Concrete Anchors

Each embedded plate has two lifting lugs, therefore, the load (Ppl) on each embedded plate is 2 x

89,500 lb or

Pp, = 179,000 lbs

Four alternate configurations are provided for the anchorage of the lifting lugs to concrete:

K./ Lift Anchor Configuration A - Welded Rebar (ASTM A706)

The required cross-sectional area of reinforcing steel (As) on the basis of yield strength (Sy = 60

ksi) is:

A = PE1 = 179kips = 2.98 in2

SY 60ksi

Eight #11 reinforcing steel bars are selected to anchor the embedded plate to the concrete cask

concrete shell. The cross-sectional area for each #11 bar is 1.56 in2 [41]. Therefore, the total area

(At) resisting the tensile load is:

At = 8 x 1.56 in 2 = 12.48 in2

The reinforcing steel actual cross-sectional area (12.48 in.2 ) divided by the required cross-

sectional area (2.98 in2) is:
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FS = 48 = 4.19>3
2.98

Therefore, the design criterion of a minimum factor of safety (FS) of 3 on the basis of material

yield strength is met.

The required cross-sectional area of reinforcing steel (As) on the basis of ultimate strength (Su =

80 ksi) is:

A = Pl= 179kips =2.24 in2

Su 80ksi

The reinforcing steel actual cross-sectional area (12.48 in.2) divided by the required cross-

sectional area (2.24 in2 ) is:

12.48
FS = = 5.57 > 5

2.24

Therefore, the design criterion of a minimum factor of safety (FS) of 5 on the basis of material

ultimate strength is met.

Lift Anchor Configuration B - Threaded Rebars (ASTM A615)

The required cross-sectional area of reinforcing steel (As) on the basis of yield strength for Grade

75 is:

_Pp 1
S Y

= 2.39 in2

where:

PpI = 179 kips
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SY = 75 ksi

Eight #11 reinforcing steel bars are selected to anchor the embedded plate to the concrete cask

concrete shell. The bars are to be threaded 1-3/8 (6 UNC 2A). The tensile stress area for each #11

threaded bar is 1.155 in2 [40]. Therefore, the total area (A,) resisting the tensile load is:

At = 8 x 1.155 in.2 = 9.24 in2

The reinforcing steel actual cross-sectional area divided by the required cross-sectional area is:

FS = * = 3.87 > 3
2.39

Therefore, the design criterion of a minimum factor of safety (FS) of 3 on the basis of material

yield strength is met.

The required cross-sectional area of reinforcing steel (As) on the basis of ultimate strength for

Grade 75 is:

A_ PPI
Su

= 1.79 in2

where:

pp = 179 kips

St= 100 ksi

The reinforcing steel actual cross-sectional area divided by the required cross-sectional area is:

9.24
FS = *=5.16> 5

1.79
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Therefore, the design criterion of a minimum factor of safety (FS) of 5 on the basis of material

ultimate strength is met.

Thread Engagement

Based on the Machinery's Handbook [401, the shear area of the 1-3/8 (6 UNC 2A) bolt hole

internal threads (An) is calculated as:

An = 31416nLeD min[. +0.57735(Ds min-En max)] = 6.53 in2

and the shear area for the external threads of the plate, As, is calculated as:

A, = 3.1416nLLKnmax[L-+0.57735(Esmin-Knmax)]= 4.68 in2

where:

n = 6, threads per inch

L, = plate thickness (= 2.0 in),

but not less than bolt thread engagement length

2A,

3.1416Kn max[0.5+0.57735n(Es min-K. max)]

- 1.0 in (Use L, = 2.0 in)

D, min = 1.3544 in, minimum major diameter-external thread

En max = 1.2771 in, maximum pitch diameter-internal thread

Kn max = 1.225 in, maximum minor diameter-internal thread

E, min = 1.2563 in, minimum pitch diameter-external thread

2At = 1. 155 in , tensile stress area
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The minimum shear area of 4.68 in2 controls. Hence, the shear stress, T, in the bolt hole threads

is:

T = W/n = 4.78 ksi
As

where:

W = 179.0 kips

n = number of rebar = 8

A, = 4.68 in2

The factors of safety for ASTM A615 (Grade 75) rebar allowables (Sy = 75 ksi, Su = 100 ksi),

which meet the NUREG criteria for redundant systems, are:

0.6S
FSY= " =9.41>3

0.5S,
FSU 0 = 10.46> 5

Lift Anchor Configuration C - Williams All-Thread-Bars

The required cross-sectional area of reinforcing steel (As) on the basis of yield strength (Sy = 120

ksi) is:

As =- = 1.49 in 2

Sy

where Pp1 = 179.0 kips

SY = 120.0 ksi

Six 1-1/4" Grade-150 Williams All-Thread-Bar are selected to anchor the embedded plate to the

concrete cask shell. The cross-sectional area for each bar is 1.25 in2. Therefore, the total area

(At) resisting the tensile load is:
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At =6x 1.25in2 =7.5 in2

The reinforcing steel actual cross-sectional area (7.5 in2) divided by the required cross-sectional

area on the basis of yield strength, (1.49 in2) is:

FSyield A = 5.03 > 3
AS

Therefore, the design criterion of a minimum factor of safety (FS) of 3 on the basis of material

yield strength is met.

The required cross-sectional area of reinforcing steel (As) on the basis of ultimate strength (Su =

150 ksi) is:

A =PP = I. 19 in 2

Su

where Pp, = 179.0 kips

Su = 150.0 ksi

The reinforcing steel actual cross-sectional area (7.5 in2) divided by the required cross-sectional

area on the basis of yield strength, (1.19 in 2) is:

FSutirnmte =A = 6.30 > 5
As

Therefore, the design criterion of a minimum factor of safety (FS) of 5 on the basis of material

ultimate strength is met.
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Thread Engagement

Based on the Machinery's Handbook [40], the shear area for the internal threads of the 1-1/4"

nut, An, is calculated as:

An = 3.1416nLe D min[2 0.57735(D min-E max)] = 6.30 in2

and the shear area for the external threads of the rebar, A,, is calculated as:

A, = 3.1416nL K max[-I+0.57735(E min-K max)] = 5.54 in2

where

n = 4, number of threads per inch,

1, = 2.5 in (overall height of hex nut),

but not less than the thread engagement length

2At
3.1416K. max[0.5+0.57735n(E. min-K. max)]

= 1.19 in (Use L, = 2.5 inches)

A, = 1.32 in , tensile stress area (non-standard),

Dsmin = 1.399 in, minimum major diameter - external thread (rebar),

Enmax = 1.3674 in, maximum pitch diameter- internal thread (nut),

Knmax = 1.2898 in, maximum minor diameter- internal thread (nut), and

Esmin = 1.31 in, minimum pitch diameter - external thread (rebar)

The minimum shear area of 5.54 in2 controls. Hence, the shear stress, T, in the bolt hole threads

is:

W/n = 5.38 ksi
A,
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where:

W = 179.0 kips

n = number of rebar = 6

A, = 5.54 in2

The factor of safety for the rebar based on the yield strength (120.0 ksi) is:

FS)ild = 0.6SY = 13.38 > 3

The factor of safety for the bar based on the ultimate strength (150.0 ksi) is:

FSultimate = U = 13.94 > 5

Development Length of Welded Bars. Threaded Bars, and Williams All-Thread-Bars

(Configurations A, B. and C)

The development length (Id) is the length of embedded reinforcing steel required to develop the

design strength of the reinforcing steel at a critical section. The required reinforcing steel

development length (Id) for bars in tension in accordance with Section 12.2 of the ASME Code,

Code Cases - Nuclear Components [131 shall be:

0.O4AbSY
Id = larger of 0.0Aby or 0.0004dbSy or 12 inches

where

db = diameter of rebar (1.41 inch for # 11, 1.411 inch for Williams)

Ab = tensile stress area of rebar (1.56 in2 for# 11, 1.32 in2 for Williams)

SY = yield strength of the reinforcing steel (60 ksi for A706, 75 ksi for A615, 120 ksi

for Williams)
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f= concrete design strength = 4,000 psi

The development lengths for the different diameter and strength rebars are given in the following

table:

Development Lengths

5 Reinforcing id = 00 4 AbSY Id = 0.04dbsy 12 Max. I
S Steel y in d

Bar

60 ksi # I 1 (A706) 59.2 33.8 12.0 59.2

75 ksi # 11 (A615) 74.0 42.3 12.0 74.0

120 ksi Williams 100.2 67.7 12.0 100.2

The actual length of the regular reinforcing steel provided is 185.5 inches and that of the

Williams threaded bars is 102 inches. These lengths are greater than the maximum required

length given in the preceding table.

Lift Anchor Configuration D - Steel Plates

Each vertical plate has one lifting lug; therefore, the load on each vertical plate is 89,500 pounds.

The required cross-sectional area of vertical steel plates on the basis of yield (60 ksi) and ultimate

(80 ksi) strengths is:

Ayield = 89.5/60 = 1.49 in2

Aultimate = 89.5/80 = 1.12 in2

The vertical steel plates are welded to the embedded base plate, which acts as an anchor to the

vertical concrete cask shell. The actual tensile stress area of the vertical steel plates is 15.2 in2

(7.6x2.0).

The factors of safety measured as the actual plate areas divided by the required plate areas on the

basis of yield and ultimate strengths are given as:
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FS (yield) =-= 10.2 > 3
1.49

FS (ultimate) = l152 = 13.6 > 5
1.12

Therefore, the design criteria of a minimum Factor of Safety of 3 on the basis of material yield

strength and a minimum Factor of Safety of 5 on the basis of material ultimate strength are met.

The depth of the shear area of the concrete section in tension is evaluated according to Sections

I 1.1 and 1 1.3 of ACI 349-85 [4] as follows.

Conservatively, using the shear plane at the edge of the base plate and discounting the face of the

plate towards the outer surface of the vertical concrete cask (see the following figure), the shear

perimeter is:

P = 2x( 11.4-2)+(9.6-2) + 2xXi = 29.23 inch

I
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The maximum applied load is W = 89.5x2 = 179 kips. The effective shear area is Ashear = PxD

(D is the depth of the shear area). The shear strength provided by concrete (Vn ) is conservatively

taken as 2# Ashear Using the relationship V. < (IV. (D = 0.85 for shear [13], and V. is the

applied load), the required depth of the shear area (D) is determined as:

W
D= =57.0 inch < 61.5 inch

Where f, = 4,000 psi.

The actual depth of the shear area (61.5 inch) is adequate since it is greater than the required

depth calculated above.

Welds

The lifting lugs are welded to the embedded plate with full penetration welds developing the full

strength of the attached lugs.

The vertical plate is welded to the base plate with full penetration welds developing the full

strength of the vertical plate.

Therefore, all welds are adequate.

Nelson Studs

During a top end lift, the weight of the canister and pedestal applies a tensile load to the Nelson

studs. Using the BWR Class 5 configuration, 75,600-pound canister weight (77,000 pounds used

in this analysis), an ANSYS finite element model is used to obtain the maximum load on the

Nelson studs. The model, shown in the following figure, represents one-eighth of the pedestal.

The weight of the canister is applied as a pressure load to the top of the 2-inch base plate. The

load is reacted through the Nelson studs and gap elements between the pedestal and the concrete.

Using a 10% dynamic load factor, the maximum load on a Nelson stud is 13,467 pounds.
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In accordance with ACI-349-85 [4], the design pullout strength of the concrete (Pd) for any

embedment is based on a uniform tensile stress acting on an effective stress area which is defined

by the projected area of stress cones radiating toward the attachment from the bearing edge of the

anchor heads. The effective area shall be limited by overlapping stress cones, by the intersection

of the cones with concrete surfaces, by the bearing area of anchor heads, and by the overall

thickness of the concrete. A 450 inclination angle is used for the stress cones.

End of link and
gap elements are
restrained

Pressure applied
to top of base

Symmetry
Conditions

z

Symmetry
Conditions

Y

Gap elements represent
compression of concrete
against bottom plateNelson Stud (typical)

Pedestal Finite Element Model
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K'
The maximum pullout strength of the concrete (Pd) is defined by the equation

Pd =4xOx.fI xAcp

where:

4) - strength reduction factor = 0.85

fc- concrete compression strength = 4,000 psi

Acp - projected surface area of stress cones for Nelson studs

The maximum load occurs in the eight Nelson studs located on the top of the air inlet. Acp for

the eight Nelson studs equals 471.63 inch2. Therefore, Pd equals:

Pd =4x0.85x.4k66~x471.63=101,417 lb.

K> The total load on the eight Nelson studs is 27,379 pounds.

The margin of safety for the concrete is:

MS= 101,415 -1 =+2.70
27,379

For a single stress cone, the maximum load is 13,467 pounds. The corresponding pull-out

strength is 117.86 inch2 .

Pd = 4 x 0.85 x. 117.86 x -4f,000= 25,344 lbs.

where the projected surface area for a single stress cone (Acp) of a single Nelson stud is 117.86.

The margin of safety for a single Nelson stud is:

MS = 25,344 1 +0.88
13,467
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The cross-sectional area of the Nelson studs is:

As =?4ixo.7 52 =0.44 in2

The allowable load per stud is:

P, = 0.44 x 55,000 = 24,200 lbs

where 55,000 psi is the ultimate tensile strength for ASTM A108 Grade 1010 through 1020 low

carbon steel [14].

The margin of safety for the Nelson stud is:

24,200
MS = ' - I = +0.80

13,467

Vertical Concrete Cask Pedestal

Using the same ANSYS Finite Element Model that was used for the Nelson Stud analysis, an

analysis of the pedestal was performed. The maximum nodal stress intensity for the pedestal is

5,785 psi. From Tables 4.1-4 and 4.1-5, the maximum canister temperature is 3760F. For A36

steel, the allowable stress (Sm) is 19,300 psi. The margin of safety is, conservatively:

19,300
MS= -=8+2.34

5,785
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Ki Figure 3.4.3.1-1 Base Weldment Finite Element Model I

z

Yl*qIx
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3.4.3.2 Canister Lift

The adequacy of the canister lifting devices is demonstrated by evaluating the hoist rings, the

canister structural lid, and the weld that joins the structural lid to the canister shell against the

criteria in NUREG-0612 [8) and ANSI N14.6 [9]. The lifting configuration for the PWR and

BWR canisters consists of six hoist rings threaded into the structural lid at equally spaced angular

intervals. The hoist rings are analyzed as a redundant system with two three-legged lifting slings.

For redundant lifting systems, ANSI N14.6 requires that load-bearing members be capable of

lifting three times the load without exceeding the tensile yield strength of the material and five

times the load without exceeding the ultimate tensile strength of the material. The canister lid is

evaluated for lift conditions as a redundant system that demonstrates a factor of safety greater

than three based on yield strength and a factor of safety greater than five based on ultimate

strength. The canister lift analysis is based on a load of 76,000 lb, which bounds the weight of

the heaviest loaded canister configuration, plus a dynamic load factor of 10 %.

The canister lifting configuration is shown in the following figure, where: x is the distance from

the canister centerline to the hoist ring center line (29.5 inches); Fy is the vertical component of

force on the hoist ring; F. is the horizontal component of force on the hoist ring; R is the sling

length; and, FR is the maximum allowable force on the hoist ring (30,000 lbs.). The angle 0 is

the angle from vertical to the sling. The vertical load, Fy, assuming a 10% dynamic load factor,

is:

FY-76,000 lbs x 11 =2,6 b
F' = 3 lift points 27,867bs

The hoist rings are American Drill Bushing Company, Model 23200 Safety Engineered Hoist

Rings, rated at 30,000 lbs., (or comparable ring from an alternative manufacture) with a safety

factor of 5 on ultimate strength.
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FR Fy
L

R y

Calculating the maximum angle, 0, that will limit FR to

30,000 Ib:

0 = C-1 =cos I276 = 21.7 deg
( 30,000)

The minimum sling length, R, is

R=x 29.5 = 79.8 in.
sin 0 sin 21.7°

\ 0

x = 29.5 in. An 80-in. sling places the master link about 75 in. above the

top of the canister (y = R cos 0 = 80 cos 21.70 = 74.3 inches).

A minimum distance of 75 inches between the master link and the top of the canister is specified

in Sections 8.1.2 and 8.2.

From the Machinery's Handbook [24], The shear area, A,, in the structural lid bolt hole threads is

calculated as

A = 3.1416 n Le Dsmin[2 I+ 0.57735(Dsmin- Enmax)]

= 3.1416(4.5)(2.0 in.)(1.9751 in.)[2 ( 5) + 0.57735(1.9751 in. - 1.8681 in.)]

= 9.654 in2

where:

n = 4.5 threads per in,

I, = 2.0-in. bolt thread engagement length

Dsmin = 1.9751 in., minimum major diameter of class 2A bolt threads

Enmax = 1.8681 in., maximum pitch diameter of class 2B lid threads

The shear stress, T, in the structural lid bolt hole threads is calculated as:

Fy 27,867 lb
Ar = 9.65 i 2 =2,887 psi
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The canister structural lid is constructed of SA240, Type 304L stainless steel. Using shear

allowables of 0.6 Sy and 0.5 Su at a temperature of 300'F, the shear stress of 2,887 psi results in

factors of safety of:

(F.S.) =0.6 x 19,200 psi - 4.0> 3
2,887psi

.F'=0.5.x 60,900 psi-15>
(F. S. ).= *28'iP= 10.5 > 5

2,887psi

The criteria of NUREG-0612 and ANSI N14.6 for a redundant systems are met. Therefore, the

2.0-inch length of thread engagement is adequate.

The total weight of the heaviest loaded transfer cask (Class 5 BWR) is approximately 208,400

pounds. Three (3) times the design weight of the loaded canister is (3 x 76,000) 228,000 Ibs,

which is greater than the weight of the heaviest loaded transfer cask. Consequently, the

preceding analysis bounds the inadvertently lifting of the transfer cask by the canister, since the

canister lid and the hoist rings do not yield.

The structural adequacy of the canister structural lid and weld is evaluated using a finite element

model of the upper portion of the canister. As shown in Figure 3.4.3.2-1, the model represents

one-half of the upper section of the canister, including the structural and shield lids. The model

uses gap/spring elements to simulate contact between adjacent components. Specifically, contact

between the canister structural and shield lids is modeled using COMBIN40 combination

elements in the axial (UY) degree of freedom. Simulation of the spacer ring is accomplished

using a ring of COMBIN40 gap/spring elements connecting the shield lid and the canister in the

axial direction at the lid lower outside radius. CONTAC52 elements are used to model the

interaction between the structural lid and canister shell and the shield lid and canister shell just

below the respective lid weld joints. The size of the CONTAC52 gaps was determined from

nominal dimensions of contacting components. The COMBIN40 elements used between the

structural and shield lids, and for the spacer ring, were assigned small gap sizes of I x 10-8 in.

All gap/spring elements are assigned a stiffness of I x 108 lb/in.

Boundary conditions were applied to enforce symmetry at the cut boundary of the model (in the

x-y plane). All nodes on the x-y symmetry plane were restrained perpendicular to the symmetry
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plane (UZ). In addition, the nodes in the x-z plane at the bottom of the model were restrained in

the axial direction (UY).

The lifting configuration for the canister consists of six hoist rings bolted to the structural lid at

equally spaced angular intervals. To simulate the lifting of the canister, point loads equal to one-

sixth of the total loaded canister weight plus a dynamic loading factor of 10% were applied to the

model as forces at the lift locations while restraining the model at its base in the axial direction.

Because of the symmetry conditions of the model, the forces applied to nodes on the symmetry

plane were one-half of that applied at the other locations. The nodal point forces applied to the

model as depicted in Figure 3.4.3.2-1 are calculated (including a dynamic load factor of 10%) as

W/6 = (76,000 lb x 1.1)/6 = 13,934 lb

W/12 = (76,000 lb x 1.1)/12 = 6,967 lb

To evaluate the canister lid welds during lift conditions, linearized sectional stresses are taken

across the weld. The sections are shown in Figure 3.4.3.2-1. Stress results are compared to

material allowables at a temperature of 300'F. For conservatism, the weld allowable is taken as

the base material. The following table is a summary of the weld stress results.

Stress Intensity Factor of Factor of

Section Component Material Pm + Pb Safety on Safety on
Description (psi) Yield Ultimate

I Structural Lid Weld 304L SS 1,678 11.4 36.3

2 Canister shell 304L SS 3,083 6.2 19.8

3 Shield Lid Weld 304 SS 1,794 10.7 33.9

4 Canister shell 304L SS 2,491 7.7 24.4

5 Canister shell 304L SS 1,305 14.7 46.7

The maximum nodal stress intensity outside the weld region of 2,608 psi occurs in the structural

lid. The nodal stress results are presented graphically in Figure 3.4.3.2-2. The corresponding

factors of safety are:

(F.S ')yield =
yieldstrength 19,200 psi =74 (> 6)

maximumnodal stress intensity 2,608 psi
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(F.S ultimatestrength 60,900 psi
maximum nodal stress intensity 2,608 psi

23.4 (> I)

Therefore, the canister meets the criteria of NUREG-0612 and ANSI N14.6 for nonredundant

systems.
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Figure 3.4.3.2-1 Canister Lift Finite Element Model

W/6

W/12
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Figure 3.4.3.2-2 Canister Lift Model StresslIntensity Contours (psi)

NODAL SOLUTION
SINT (AVG)

A =326
B =652
C =978
D =1304
E =1630
F =1956
G =2282
H =2608
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3.4.3.3 Standard Transfer Cask Lift

The evaluation of the standard transfer cask presented here shows that the design meets NUREG-

0612 [8] and ANSI N14.6 [9] requirements for nonredundant lift systems. The adequacy of the

standard transfer cask is shown by evaluating the stress levels in all of the load-path components

against the NUREG-0612 criteria.

3.4.3.3.1 Standard Transfer Cask Shell and Trunnion

The adequacy of the trunnions and the cask shell in the region around the trunnions during lifting

conditions is evaluated in this section in accordance with NUREG-0612 and ANSI N14.6.

A three-dimensional finite element model is used to evaluate the lifting of a fully loaded standard

transfer cask. Because of symmetry, it was necessary to model only one-quarter of the standard

transfer cask, including the trunnions and the shells at the trunnion region. Note that the optional

stiffener plates above the trunnions (between the two shells) are not included in the model. The

model represents the bounding configuration without the stiffener plates. The lead and the

NS-4-FR between the inner and outer shells of the standard transfer cask are neglected, since they

are not structural components. SOLID95 (20 noded brick element) and SHELL93 (8 noded shell

element) elements are used to model the trunnion and shells, respectively. Due to the absence of

rotation degrees of freedom for the SOLID95 elements, BEAM4 elements perpendicular to the

shells are used at the interface of the trunnion and the shells to transfer moments from the SOLID95

elements to SHELL93 elements. The finite element model is shown in Figure 3.4.3.3-1.

The total weight of the heaviest loaded standard transfer cask (Class 5 BWR) is calculated at

approximately 208,400 pounds. A conservative load of 210,000 lb., plus a 10% dynamic load

factor, is used in the model. The load used in the quarter-symmetry model is (210,000 x 1.1)/4 =

57,750 lb. The load is applied upward at the trunnion as a "surface load" whose location is

determined by the lifting yoke dimensions. The model is restrained along two planes of symmetry

with symmetry boundary conditions. Vertical restraints are applied to the bottom of the model to

resist the force applied to the trunnion.

The maximum temperature in the standard transfer cask shell/trunnion region is conservatively

evaluated as 300'F. For the ASTM A-588 shell material, the yield strength, SY, is 45.6 ksi, and the

ultimate strength, Su, is 70 ksi. The trunnions are constructed of ASTM A-350 carbon steel, Grade

LF2, with a yield stress of 31.9 ksi and an ultimate stress of 70 ksi. The standard impact test
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temperature for ASTM A-350, Grade LF2 is -50'F. The NDT temperature range is -70'F to -100 F

for ASTM A-588 with a thickness range of 0.625 in. to 3 in. [25]. Therefore, the minimum service

temperature for the trunnion and shells is conservatively established as 00F (50'F higher than the

NDT test temperature, in accordance with Section 4.2.6 of ANSI N 14.6 [9].

Table 3.4.3.3-1 through Table 3.4.3.3-4 provide summaries of the top 30 maximum stresses for

both surfaces of the outer shell and inner shell (see Figure 3.4.3.3-2 and Figure 3.4.3.3-3 for node

locations for the outer shell and inner shell, respectively). Stress contour plots for the outer shell

are shown in Figure 3.4.3.3-4 and Figure 3.4.3.3-5. Stress contours for the inner shell are shown

in Figure 3.4.3.3-6 and Figure 3.4.3.3-7. As shown in Table 3.4.3.3-1 through Table 3.4.3.3-4,

all stresses, except local stresses, meet the NUREG-0612 and ANSI N14.6 criteria. That is, a

factor of safety of 6 applies on material yield strength and 10 applies on material ultimate

strength. The high local stresses, as defined in ASME Code Section HI, Article NB-3213.10,

which are relieved by slight local yielding, are not required to meet the 6 and 10 safety factor

criteria [see Ref. 9, Section 4.2.1.2].

The localized stresses occur at the interfaces of the trunnion with the inner and outer shells. The

size of the areas are less than 4.1 inches and 4.0 inches for the inner and outer shell, respectively.

In accordance with ASME Code, Article NB-3213.10, the area of localized stresses cannot be

larger than:

1.0of

where:

R is the minimum midsurface radius

t is the minimum thickness in the region considered

Based on this formula, the size limitations for local stress regions are 5.1 inches (>4.06 inches)

and 7.3 inches (>4.00 inches) for the inner and outer shells, respectively.

For the trunnion, the maximum tensile bending stress and average shear stresses occur at the

interface with the outer shell. The linearized stresses through the trunnion are 3,377 psi in

bending and 1,687 psi in shear. Comparing these stresses to the material allowable yield and

ultimate strength (A350, Grade LF2), the factor of safety on yield strength is 9.4 (which is >6)

and on ultimate strength is 20.7 (which is >10).
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3.4.3.3.2 Retaining Ring and Bolts

The standard transfer cask uses a retaining ring bolted to the top flange to prevent inadvertent

lifting of the canister out of the transfer cask, which could increase the radiation exposure to

nearby workers. In the event that the loaded transfer cask is inadvertently lifted by attaching to

the canister eyebolts instead of the transfer cask trunnions, the retaining ring and bolts have

sufficient strength to support the weight of the heaviest transfer cask, plus a 10% dynamic load

factor.

Retaining Ring

To qualify the retaining ring, the equations for annular rings are used (Roark [26], Table 24, Case

le). The retaining ring is represented as shown in the sketch below. The following sketch assists

in defining the variables used to calculate the stress in the retaining ring and bolts. The model

assumes a uniform annular line load wv applied at radius r0.

The boundary conditions for the model are outer edge fixed, inner edge free with a uniform

annular line load w at radius r,.

< 1>

The material properties and parameters for the analysis are:
Plate dimensions:

thickness: t = 0.75 in
outer radius (bolt circle): a = 37.28 in
outer radius (outer edge): c = 38.52 in
inner radius: b = 32.37 in

Weight of bounding transfer cask: wt = 124,000 lb x 1.1
Radial location of applied load: rO = 33.53 in
Material: ASTM A-588
Modulus of elasticity: E = 28.3 x 106 psi
Poisson's ratio: v = 0.31

Number of bolts: Nb =32
Radial length of applied load: Lr= 2nr.

Lr= 210.675 in
Applied unit load: W- Wt

Lr

w = -647.44 psi
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The shear modulus is:

E
G 2.(1+v)

G= 1.08 x 107 psi

D is a plate constant used in determining boundary values; it is also used in the general equations

for deflection, slope, moment and shear. Ksb and Ksro are tangential shear constants used in

determining the deflection due to shear:

E* 0
D= 12-.(I1-V2)

D = 1.101 x 10l lb-in

Tangential shear constants, Ksb and Knro, are used in determining the deflection due to shear:

Ksb = Ksm =1.2 -- *In(+a.

=-0.114

Radial moment Mrb and Ma at points b and a (inner and outer radius, respectively) are:

Mrb (b,0) = 0 lb-in/in

Mr, (a,0) = 2207.86 lb-in/in

Transverse moment Mtb and Mta, at points b and a (inner and outer radius, respectively) due to

bending are:

Mtb (b,0) = -122.64 lb-in./in.

Mm (a,0) = 684.44 lb-in./in.

The calculated shear stresses, Tb and Ta, at points b and a (inner and outer radius, respectively)

are:

TbO PSi
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wt
Ia =

27rAt

la = -776.42 psi

The calculated radial bending stresses, ab and ar,,, at points b and a (inner and outer radius) are:

6M ,O
r(i) t2

Grb =0 psi

a, = 23,550 psi

The calculated transverse bending stresses, Gtb and ata, at points b and a (inner and outer radius)

are:

6MtI )
t(i) t 2

GFb = -1308.2 psi

ata = 7,300.7 psi

The principal stresses at the outer radius are:

ala = 23,590 psi

a 2a = 7,263.6 psi

ay 3a =0 Psi

The stress intensity, Sla, at the outer radius (Pm + Pb) is:

SIa = Glaa-C3a

Sla = 23,590 psi

The principal stresses at the inner radius are:

a lb= 0 psi

a 2b = - 1308.2 psi

a 3b = 0 psi
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The stress intensity, Sib, at the inner radius (Pm + Pb) is:

Sib = y lbb-2b

SIb = 1308.2 psi

The maximum stress intensity occurs at the outer radius of the retaining ring. For the off-normal

condition, the allowable stress intensity is equal to the lesser of 1.8 Sm and 1.5 Sy, For ASTM

A-588, the allowable stress intensity at 300'F is 1.8(23.3) = 41.94 ksi. The calculated stress of

23.59 ksi is less than the allowable stress intensity and the margin of safety is:

MS = 41.94_I 078
23.59

Retaining Ring / Canister Bearing

The bearing stress, Sbrg, between the retaining ring and canister is calculated as:

Weight of Transfer Cask (TFR) = 124,000 x 1.1 = 136,400 lbs.

Area of contact between retaining ring and canister:

A = z(33.532 _ 32.372)= 240 in2

S 136,400 568 i
brg 240

Bearing stress allowable is Sy. For ASTM A-588, the allowable stress at 300'F is 45.6 ksi. The

calculated bearing stress is well below the allowable stress with a large margin of safety.

Shearing stress of Retaining Plate under the Bolt Heads

The shearing stress of the retaining plate under the bolt head is calculated as:

Outside diameter of bolt head db = 1.125 in.

Total shear area under bolt head = t (1.125) x 32 x 0.75

=84.82 in2 .
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Shear stress of retaining plate, rp, under bolt head is:

136,400
Tp =84 82= 1608 psi

Conservatively, the shear allowable for normal conditions is used.

t allomable = (0.6) (Sm) = (0.6) (23.3 ksi) = 13.98 ksi

The Margin of Safety is: 13980 -I = +large
1,608

Bolt Edge Distance

Using Table J3.5 "Minimum Edge Distance, in." of Section J3 from "Manual of Steel

Construction Allowable Stress Design,"[23] the required saw-cut edge distance for a 0.75 inch

bolt is 1.0 inch. As shown below, the edge distance for the bolts meets the criteria of the Steel

Construction Manual.

77.04- 74.56 = 1.24 in> 1.0 in
2

Retaining Ring Bolts

The load on a single bolt, FF, due to the reactive force caused by inadvertently lifting the canister,

is:

wt
FF = - = 4,2621lb

Nb

where:

Nb = number of bolts, 32, and

wt = the weight of the cask, plus a 10% load factor, 124,000 lb x 1.1 = 136,400 lb.

The load on each bolt, Ft,,, due to the bending moment, is:
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F^1 = 2 Sz (C.( t )

Fl\ = 12,929 lb

where:

a = the outer radius of the bolt circle, 37.28 in.,

t = the thickness of the ring, 0.75 in.,

a = the radial bending stress at point a, ,a = 23,550 psi, and

L = the distance between the bolt center line and ring outer edge, c - a = 1.25 in.

The total tension, F, on each bolt is

F=FF+F,\ = 17,191 lb

Knowing the bolt cross-sectional area, Ab, the bolt tensile stress is calculated as:

at=- =38,912psi
Ab

where:

Ab = 0.4418 in2

For off-normal conditions, the allowable primary membrane stress in a bolt is 2SM. The

allowable stress for SA-193 Grade B6 bolts is 54 ksi at 120'F, the maximum temperature of the

transfer cask top plate. The margin of safety for the bolts is

54,000 1=+0.38

38,912

Since the SA-193 Grade B6 bolts have higher strength than the top plate, the shear stress in the

threads of the top plate is evaluated. The yield and ultimate strengths for the top plate ASTM

A-588 material at a temperature of 120'F are:

SY = 49.5 ksi

Su = 70.0 ksi
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From Reference 27, the shear area for the internal threads of the top plate, An, is calculated as:

A, = 3.1416 n Le Dmin[ + 0.57735(Dmin - Enmax)] = 1.525 in2

where:
D =

n =

Dsmin =

Enmax =

L =

0.7482 in., basic major diameter of bolt threads,
10, number of bolt threads per inch,
0.7353 in., minimum major diameter of bolt threads,
0.6927 in., maximum pitch diameter of lid threads, and
1.625-0.74=0.885 in., minimum thread engagement.

The shear stress (ta) in the top plate is:

F 17,1911lb
= 72- =11,273psi

An 1.525 in2 3i

Where the total tension, F, on each bolt is

F=FF+ FM = 17,191 lb

The shear allowable for normal conditions is conservatively used:

T allowable = (0.6) (Sm) = (0.6) (23.3 ksi) = 13.98 ksi

The Margin of Safety is: 13'298 _ 1 = +0.24
11,273

Therefore, the threads of the top plate will not fail in shear.

3.4.3.3.3 Bottom Plate Weld Analysis I

The bottom plate is connected to the outer and inner shell of the transfer cask by full penetration

welds. The weight of a loaded canister along with the shield door rail structure is transmitted
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from the bottom plate to the shell via the full penetration weld. For conservatism, only the length

of the weld directly under the shell is considered effective in transmitting a load.

Inner Shell X

Inner Shell Weld \

Door Rail \

Outer Shell

Outer Shell Weld

Bottom Plate

Door Rail Weld

The weld connecting the outer and inner shell to the bottom plate has a length of approximately

1, = (27.33 in. + 46.0 in.)/2 in. = 36.66 in.

#s EFFECTIVE WELD LENGTH

DOOR RAIL

CASK OUTER
SHELL
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Stresses occurring in the outer shell to bottom plate weld are evaluated using a weight, W =

131,800 lb x 1.1 = 145,000 lb, which bounds the weight of the heaviest loaded canister, the

weight of the water, and the weight of the shield doors and rails, with a 10% dynamic load factor.

The door rail structure and canister load will be transmitted to both the inner and outer shell via

full penetration welds. The thickness of the two shells and welds are different; however, for

conservatism, this evaluation assumes both shell welds are 0.75 in. groove welds.

Weld effective area = (36.66 in.)(0.75 in. + 0.75 in.) = 54.99 in2

P (145,000lb)/(2) -1,318psi
axial A 54.99 in2

For the bottom plate material (ASTM A-588) at a bounding temperature of 400TF, the yield and

ultimate stresses are:

SY = 43.0 ksi

Su = 70.0 ksi

FSyield = 430 = +32.6> 6
1.32

FSUI 70.0 +530> 10lFutimate =- 1.2-5= >1

Thus, the welds in the bottom plate meet the ANSI N14.6 and NUREG-0612 criteria for

nonredundant systems.

3.4.3.3.4 Standard Transfer Cask Shield Door Rails and Welds

This section demonstrates the adequacy of the transfer cask shield doors, door rails, and welds in

accordance with NUREG-0612 and ANSI N14.6, which require safety factors of 6 and 10 on

material yield strength and ultimate strength, respectively, for nonredundant lift systems.
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The shield door rails support the weight of a wet, fully loaded canister and the weight of the

shield doors themselves. The shield doors are 9.0-in. thick plates that slide on the door rails.

The rails are 9.38 in. deep x 6.5 in. thick and are welded to the bottom plate of the transfer cask.

The doors and the rails are constructed of A-588 and A-350 Grade LF 2 low alloy steel,

respectively.

The design weight used in this evaluation, W = 131,800 x 1.1 145,000 pounds, is an assumed

value that bounds the weight of the heaviest loaded canister, the weight of the water in the

canister and the weight of the shield doors and rails. A 10% dynamic load factor is included to

ensure that the evaluation bounds all normal operating conditions. This evaluation shows that

the door rail structures and welds are adequate to support the design input.

Allowable stresses for the material are taken at 400'F, which bounds the maximum temperature

at the bottom of the transfer cask under normal conditions. The material properties of A-588 and

A-350 Grade LF 2 low alloy steel are provided in Tables 3.3-8 and 3.3-9, respectively. The

standard impact test temperature for ASTM A-350, Grade LF2 is -50'F. The NDT temperature

range is -70'F to -100 F for ASTM A-588 with a thickness range of 0.625 in. to 3 in. [28].

Therefore, the minimum service temperature for the trunnion and shells is conservatively

established as 00F (50'F higher than the NDT test temperature, in accordance with Section 4.2.6

of ANSI N14.6 [9]. For conservatism, the stress allowables for A-350 Grade LF 2 are used for

all stress calculations.

Stress Evaluation for Door Rail

Each rail is assumed to carry a uniformly distributed load equal to 0.5W. The shear stress in each

door rail bottom plate due to the applied load, W, is:

W= 145,000 lb
n=-== 516 psi

A 281.25 in 2

where:

A = 2.5 in. x 56.25 in. length/rail x 2 rails = 281.25 in2.
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2.51-

I -I
-56.25

The bending stress in each rail bottom section due to the applied load of W is:

6M 6x86,275 2
Gb h 56.25x2.5 2 -l42si

where:

M = moment at a,

W xL= 145,000lb x. 1 9 in.
2 2

Door
4-0.19

1111i\= 86,275 in-lb,
Rail a

and,

2-(0.18+0.19)
L = 2--

2
L = 1.19 in., applied load moment arm. 4 2.0 - I

The maximum principal stress in the bottom section of the rail is:

( 2 ) 2

= 1,635 psi

The acceptability of the rail design is evaluated by comparing the allowable stresses to the

maximum calculated stresses, considering the safety factors of NUREG-0612 and ANSI N14.6.

For the yield strength criteria:

I
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30,800 psi. 18.8 > 6
1,635 psi

For the ultimate strength criteria,

70,000 psi = 42.8 > 10
1,635 psi =281

The safety factors meet the criteria of NUREG-0612. Therefore, the rails are structurally

adequate.

Stress Evaluation for the Shield Doors

The shield doors consist of a layer of NS-4-FR neutron shielding material sandwiched between

low alloy steel plates (Note: steel bars are also welded on the edges of the doors so that the

neutron shielding material is fully encapsulated). The door assemblies are 9-inch thick at the

center and 6.75-inch thick at the edges, where they slide on the support rails. The stepped edges

of the two door leaves are designed to interlock at the center and are, therefore, analyzed as a

single plate that is simply supported on two sides.

The shear stress at the edge of the shield door where the door contacts the rail is:

XW 145,000 lb =

2xAS 2x(49.2in.x4.75in.)

where:

A = the total shear area, 4.75 in. thick x 49.2 in. long. Note that the effective thickness at the

edge of the doors is taken as 4.75 in. because the neutron shield material and the cover plate are

assumed to carry no shear load. The shear stress at the center of the doors approaches 0 psi.

The moment equation for the simply-supported beam with uniform loading is:

M = 72,500 X - 2,031 (X)(0.5 X) = 72,500 X - 1,015 X 2

The maximum bending moment occurs at the center of the doors, X = 35.7 in. The bending

moment at this point is:
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M = 72,500 lb x (35.7 in.) -1,015 lb/in. x (35.7 in)2

M= 12.95 x 105 in.-lb.

The maximum bending stress, Gmax, at the center of the doors, is

Mc 12.95x105 in.-lbx5.5in.
2,378 in.4 = 2,995 psi

where:

c= 2 = 72 + 2 in.= 5.5 in., and
2 2

bh3  83.2 inx73 in 4

12 12

The acceptability of the door design is evaluated by comparing the allowable stresses to the

maximum calculated stresses. As shown above, the maximum stress occurs for bending.

For the yield strength criteria,

30,800 psi = 10.3 > 6

2,995 psi

For the ultimate strength criteria,

70,000 psi 23.4 > 10
2,995 psi

The safety factors satisfy the criteria of NUREG-0612. Therefore, the doors are structurally

adequate.
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Door Rail Weld Evaluation

The door rails are attached to the bottom of the transfer cask by 0.625-in. partial penetration

bevel groove welds that extend the full length of the inside and outside of each rail. If the load is

conservatively assumed to act at a point on the inside edge of the rail, the load, P, on each rail is,

= W =145000lb = 72.500 lb
2 2

Summing moments about the inner weld location:

0 =Pxa-Fx(b)=72,500lbx l.l9in.-F.(4.5in.),or

F,=19,1721b

Summing forces:

I Fj=FO+P= 19,1721b+72,5001b=91,6721b

I The effective area of the inner weld is 0.625 in x56.25 in. long = 35.16 in 2

The shear stress, a, in the inner weld is

| = 91,672 2,607 psi
35.16inT =2,607 psi

The factors of safety are

30,800 psi 11.8 > 6
2,607 psi

70,000 psi 26.8 > 10

2,607 psi

(for yield strength criteria)

(for ultimate strength criteria)

I The safety factors meet the criteria of NUREG-0612.
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3.4.3.3.5 PWR Class I Standard Transfer Cask with Transfer Cask Extension

The PWR Class I standard transfer cask, baseline weight of 112,300 lb. empty, can be equipped

with a Transfer Cask extension to accommodate the loading of a PWR Class 2 canister. The

purpose of the extended transfer cask configuration is to permit the loading of PWR Class I fuel

assemblies with Control Element Assemblies inserted into a PWR Class 2 canister; the length of

the control element assemblies requires the use of the longer PWR Class 2 canister. The weight

of the transfer cask extension is 5,500 pounds. Therefore, the total weight of the PWR Class I

transfer cask with extension would be:

WTC = 1 12,300+5,500 = 117,800 lbs

Standard Transfer Cask Shell and Trunnion

From the analysis in Section 3.4.3.3.1 for the Transfer Cask Shell and Trunnion, the heaviest

loaded transfer cask weight used in the analysis was 210,000 pounds (Class 5 BWR). The total

weight of the loaded transfer cask with extension is:

WTC-L = 193,900 + 5,500 = 199,400 lbs

where:

193,900 lbs = the weight of a PWR Class I transfer cask and canister (with

fuel, water, and shield lid)

The Class 5 BWR transfer cask configuration bounds the PWR Class I transfer cask with

extension; therefore, no additional handling analysis is required for the transfer cask shell and

trunnions.

Retaining Ring and Bolts

From Section 3.4.3.3.2, the bounding transfer cask weight used was 124,000 pounds. As stated

above, the weight of the PWR Class 1 transfer cask with extension is 117,800 pounds; therefore,

the existing analysis in Section 3.4.3.3.2 bounds the PWR Class I transfer cask with extension

and no additional analysis is required.
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Standard Transfer Cask Extension Attachment Bolts

The transfer cask extension is attached to the transfer cask by 32 bolts that are identical to the

retaining ring bolts with the exception of bolt length. The transfer cask, the top plate, the

retaining ring and the extension ring are shown in the following figure. The bolts are only loaded

if the transfer cask is accidentally lifted by the retaining ring. In this condition, the only load

experienced by the extension bolts is the weight of the transfer cask. The weight of the canister

is transferred directly through the lift rig attached to the structural lid.

32 Bolts
Material: A193 Gr.B6
3/4-10 UNC- 3A 9.0 LG

TRANSFER CASK
(SECTC01 MENY)

, Top plate, Material: A588
32 threaded holes,
3/4-10 UNC- 2B

Referring to the preceding figure, the bolt engagement is calculated as follows:

A = 10.3 in. = extension ring thickness
B = 1.2 in = retaining ring seat recess depth
C = 0.81 in. = bolt head counter bore depth
D = 9 in. = bolt body length
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The thickness (H) of the extension ring under the bolt head is calculated as:

H = A - B - C = 10.3 - 1.2 - 0.81 = 8.29 in.

The thread engagement length, L, in the top plate is:

L,=D-H=9-8.29= 0.71 in.

The extension attachment bolts are 9.0 inches long. Since the thickness of the extension ring

under the bolt head is 8.29 inches, the prying action is negligible for the transfer cask extension

attachment bolts during an inadvertent lift of the transfer cask via the retaining ring during a

canister handling operation. The PWR Class 1 Transfer Cask with extension weighs

approximately 7,000 pounds less than the bounding analysis weight. A bounding load of

124,000 pounds is conservatively used for this analysis.

The total load (P) applied to each extension bolt is the weight of the transfer cask divided by the

number of bolts:

p = S24,000)(1 l) = 4,263 lbs per bolt
32

The multiplication factor of 1.1 accounts for the dynamic load factor (DLF). From "Machinery's

Handbook" [27], the shear area of the external threads (As) in the bolt is calculated as:

A, =( 3 .1416 ) n Le KnmaxL-0.57735(Esmin-Kn max)]= 0.89 in2

and the shear area (An) for the internal threads of the bolt is calculated as:

An = (3.1416)nL D min [ +0.57735(D min-E max)] = 1.244 in2

where:

K. max = 0.663 in = maximum minor diameter- internal thread for 3/4 10-UNC-2B

E. min = 0.6806 in = minimum pitch diameter-external thread for 3/4 10-UNC-3A

Ds min = 0.7371 in = minimum major diameter-external thread for 3/4 10-UNC-3A
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En max = 0.6927 in = maximum pitch diameter-internal thread for 3/4 1 O-UNC-2B

Le = 0.71 in. = length of thread engagement

n = 10 = number of thread per inch

The shear stress (Tj) on the threads of the bolt is:

--= 4263=4,791 psi0.89

The allowable stress of ASTM A193 GR B6 at 120'F for pure shear is used.

Tallowable=(0. 6 ) (Sm) = (0.6) (27.8 ksi) = 16.68 ksi

16 68
The margin of safety is a 68 -I = + 2.48

4.79

The shear stress (rn) on the threads in the bolt hole is:

Tn =4263 = 3,427 psi
1 .244

The allowable stress of ASTM A-588 at 120'F for pure shear is used.

Tallowable =(0.6 ) (Sm) = (0.6) (23.3 ksi) = 13.98 ksi

The margin of safety is 13.98 = + 3.08C) 3.427
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Figure 3.4.3.3-1 Finite Element Model for Standard Transfer Cask Trunnion and Shells I

z

Top View of Transfer Cask Trunnion
and Inner and Outer Shells (Note, Top
Plate not shown for clarity)
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Figure 3.4.3.3-2 Node Locations for Standard Transfer Cask Outer Shell Adjacent to Trunnion
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Figure 3.4.3.3-3 Node Locations for Standard Transfer Cask Inner Shell Adjacent to Trunnion I

UMS TFR Shell Stress Analvsis
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Figure 3.4.3.3-4 Stress Intensity Contours (psi) for Standard Transfer Cask Outer Shell

Element Top Surface
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K) Figure 3.4.3.3-5 Stress Intensity Contours (psi) for Standard Transfer Cask Outer Shell

Element Bottom Surface
I
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Figure 3.4.3.3-6 Stress Intensity Contours (psi) for Standard Transfer Cask Inner Shell Element
Top Surface
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Figure 3.4.3.3-7 Stress Intensity Contours (psi) for Standard Transfer Cask Inner Shell Element

Bottom Surface
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I Table 3.4.3.3-1 Top 30 Stresses for Standard Transfer Cask Outer Shell Element Top Surface

Principal Stresses(psi) Nodal S.1. F.S. on F.S. on
Yield Ultimate

Node' Si S2 S3 (psi) S/S.I. 2  (SjS.I.)2

815 3521.5 -288.8 -7917.2 11439.0 N/A3  N/A3

818 5092.6 -4.7 -3640.3 8732.9 N/A N/A
703 7056.8 719.0 -995.8 8052.5 N/A N/A
820 4315.2 -2.5 -3128.0 7443.2 N/A N/A
862 4091.0 3.8 -3005.9 7096.9 N/A N/A
827 4908.7 8.5 -2161.6 7070.3 N/A N/A
825 4727.4 39.0 -2214.8 6942.2 6.6 10.1
852 4134.8 0.7 -2756.8 6891.6 6.6 10.2
822 3927.3 -0.3 -2788.6 6716.0 6.8 10.4
829 3525.9 -15.5 -3132.6 6658.6 6.8 10.5
767 4010.9 111.0 -2445.3 6456.2 7.1 10.8
842 3806.4 0.2 -2475.5 6281.9 7.3 11.1
816 3607.1 -0.1 -2644.0 6251.1 7.3 11.2
943 3547.6 -0.1 -2638.2 6185.8 7.4 11.3
941 3495.7 -0.1 -2626.5 6122.2 7.4 11.4
2 3430.3 0.0 -2609.0 6039.3 7.6 11.6

832 3497.2 0.2 -2341.5 5838.7 7.8 12.0
964 3412.4 0.3 -2271.0 5683.3 8.0 12.3
864 3625.6 15.6 -2002.0 5627.7 8.1 12.4
854 3683.9 3.6 -1853.7 5537.7 8.2 12.6
954 3335.5 0.3 -2199.9 5535.4 8.2 12.6
8 3251.5 0.1 -2132.4 5383.9 8.5 13.0

780 2941.0 173.8 -2411.8 5352.8 8.5 13.1
871 5250.1 2907.8 -23.4 5273.6 8.6 13.3
47 2848.5 0.0 -2367.8 5216.3 8.7 13.4
844 3470.2 2.3 -1701.8 5172.0 8.8 13.5
657 2272.2 -18.5 -2625.5 4897.7 9.3 14.3
57 2781.3 -0.3 -2093.2 4874.5 9.4 14.4

705 3143.0 -323.9 -1675.6 4818.6 9.5 14.5
834 3227.7 1.9 -1578.1 4805.7 9.5 14.6

Notes:
1. See Figure 3.4.3.3-2 for node locations.
2. Sy = 45,600 psi, S, = 70,000 psi.

3. Local stresses that are relieved by local material yielding. Therefore, stress design factors of 6 and
10 on material yield and ultimate strength are not applicable (ANSI N14.6, Section 4.2.1.2).
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Table 3.4.3.3-2 Top 30 Stresses for Standard Transfer Cask Outer Shell Element Bottom I

Surface

Principal Stresses(psi) Nodal S.I. F.S. on F.S. on
Yield Ultimate

Node' Si 52 53 (psi) SY/S.I. 2 (S1 S.I.) 2

815 26042.0 1368.5 -385.3 26427.0 N/A3 X N/A3

703 433.6 -1196.0 -16049.0 16482.0 N/A N/A
829 11257.0 4762.2 -25.6 11283.0 N/A N/A
818 9377.2 1335.4 -11.0 9388.2 N/A N/A
862 8650.9 2600.4 -13.1 8663.9 N/A N/A
638 3906.5 -37.6 -3390.4 7296.9 N/A N/A
864 7245.0 2309.2 -13.3 7258.4 N/A N/A
776 5054.5 156.6 -1993.6 7048.1 N/A N/A
649 2372.4 -306.3 -4436.1 6808.5 6.7 10.3
827 6731.4 2737.4 -15.4 6746.9 6.8 10.4
820 6699.0 2463.6 -1.6 6700.6 6.8 10.4
778 5550.7 521.4 -837.7 6388.4 7.1 11.0
852 6375.9 2277.2 -3.5 6379.4 7.1 11.0
709 78.1 -4994.3 -6150.1 6228.2 7.3 11.2
825 6070.4 2367.2 -42.8 6113.2 7.5 11.5
651 1180.6 -998.2 -4879.3 6060.0 7.5 11.6
780 5703.3 1363.7 -312.2 6015.5 7.6 11.6
866 5998.4 1528.3 -1.7 6000.1 7.6 11.7
767 5772.1 2120.8 -131.9 5904.0 7.7 11.9
871 20.8 -416.7 -5855.7 5876.6 7.8 11.9
854 5737.9 1707.3 -4.5 5742.4 7.9 12.2
822 5656.1 1990.6 -0.3 5656.4 8.1 12.4
653 689.6 -2286.6 -4882.7 5572.3 8.2 12.6
842 5453.5 1832.8 -0.8 5454.3 8.4 12.8
873 20.0 -243.1 -5388.0 5408.0 8.4 12.9
769 5322.5 815.7 1.0 5321.5 8.6 13.2
641 3174.6 1.8 -1987.0 5161.6 8.8 13.6
786 3830.7 0.4 -1282.9 5113.5 8.9 13.7
694 2454.1 4.2 -2655.5 5109.6 1 8.9 13.7
816 5070.5 1851.7 -0.1 5070.6 9.0 13.8

Notes:
1. See Figure 3.4.3.3-2 for node locations.
2. Sy = 45,600 psi, Su = 70,000 psi.
3. Local stresses that are relieved by local material yielding. Therefore, stress design factors of 6 and

10 on material yield and ultimate strength are not applicable (ANSI N14.6, Section 4.2.1.2).
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I Table 3.4.3.3-3 Top 30 Stresses for Standard Transfer Cask Inner Shell Element Top Surface

Principal Stresses(psi) Nodal S.1. F.S. on F.S. on
Yield Ultimate

Node' Si S2 53 (psi) S /s.1.2 (Sis.1.)2

1869 1765.2 -503.6 -14402.0 16167.0 N/A3  N/A3

1797 11044.0 -108.1 -2767.4 13811.0 N/A N/A
1634 1615.7 -326.8 -12092.0 13708.0 N/A N/A
1803 10114.0 3278.4 -293.2 10407.0 N/A N/A
1801 8800.8 3432.8 -213.3 9014.1 N/A N/A
1799 6238.1 3249.0 -161.2 6399.3 7.1 10.9
1882 728.3 -2351.9 -3701.0 4429.3 10.3 15.8
1633 4070.8 551.7 -1.6 4072.3 11.2 17.2
1879 350.0 -116.5 -3650.0 4000.0 11.4 17.5
1725 3690.7 2859.1 -166.8 3857.5 11.8 18.1
1648 485.8 -261.7 -3244.6 3730.5 12.2 18.8
1652 137.0 -1003.2 -3529.2 3666.2 12.4 19.1
1886 101.9 -2993.0 -3541.1 3643.1 12.5 19.2
1644 962.4 -24.8 -2674.1 3636.5 12.5 19.2
1650 433.9 11.7 -3137.7 3571.6 12.8 19.6
1884 416.6 -1841.5 -3125.6 3542.1 12.9 19.8
1666 3474.7 386.0 -0.3 3475.0 13.1 20.1
1822 3435.6 2108.1 -17.9 3453.6 13.2 20.3
1646 311.6 -945.1 -2960.5 3272.1 13.9 21.4
1838 3148.2 2452.5 -35.3 3183.5 14.3 22.0
1636 3157.0 750.3 -2.3 3159.3 14.4 22.2
1676 2879.2 707.8 -2.4 2881.6 15.8 24.3
1742 2725.1 1367.2 -8.9 2734.0 16.7 25.6
1727 308.8 -540.4 -2300.1 2608.9 17.5 26.8
1668 2486.6 121.0 -10.4 2496.9 18.3 28.0
1854 2393.3 2044.3 -55.4 2448.7 18.6 28.6
1731 2185.5 1530.9 -262.9 2448.4 18.6 28.6
1936 152.0 -126.5 -2235.5 2387.5 19.1 29.3
1638 2372.8 486.1 -2.7 2375.6 19.2 29.5
1120 4.2 -759.8 -2344.0 2348.2 19.4 29.8

Notes:
1. See Figure 3.4.3.3-3 for node locations.
2. Sy = 45,600 psi, S, = 70,000 psi.
3. Local stresses that are relieved by local material yielding. Therefore, stress design factors of 6 and

IO on material yield and ultimate strength are not applicable (ANSI N 14.6, Section 4.2.1.2).
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Table 3.4.3.3-4 Top 30 Stresses for Standard Transfer Cask Inner Shell Element Bottom I

Surface

Principal Stresses(psi) Nodal S.I. F.S. on F.S. on
Yield Ultimate

Node' Si S2 S3 (psi) SY/S.1.2 (SI/S.I.)2

1869 18955.0 554.4 -1812.1 20768.0 N/A3  N/A3

1634 10094.0 530.6 -887.6 10982.0 N/A N/A
1882 7550.5 886.3 -631.4 8181.8 N/A N/A
1797 1147.8 143.2 -5927.0 7074.8 N/A N/A
1731 2320.8 -75.8 -4368.2 6689.0 6.8 10.5
1884 6149.9 517.9 -483.4 6633.3 6.9 10.6
1725 1242.9 -392.2 -5118.9 6361.8 7.2 11.0
1729 3117.2 52.5 -3023.5 6140.7 7.4 11.4
1803 474.7 -3926.6 -5631.6 6106.3 7.5 11.5
1886 5973.5 2440.1 -81.0 6054.5 7.5 11.6
1801 457.4 -3130.0 -5557.0 6014.4 7.6 11.6
1742 1965.5 -0.9 -4026.8 5992.3 7.6 11.7
1782 2451.4 -0.2 -3512.8 5964.2 7.6 11.7
1799 543.1 -1622.2 -5294.3 5837.4 7.8 12.0
1822 1595.1 4.2 -4233.9 5829.0 7.8 12.0
1766 2666.8 -1.0 -2994.6 5661.4 8.1 12.4
1879 5157.5 127.0 -284.2 5441.6 8.4 12.9
1727 3646.3 282.8 -1615.2 5261.4 8.7 13.3
1838 1426.6 25.3 -3770.7 5197.3 8.8 13.5
1740 2367.5 -2.5 -2661.6 5029.1 9.1 13.9
1784 2285.8 -0.7 -2712.6 4998.4 9.1 14.0
1750 2342.2 -6.7 -2516.2 4858.4 9.4 14.4
1646 3727.5 676.6 -1129.4 4856.9 9.4 14.4
1806 3417.2 95.3 -827.4 4244.6 10.7 16.5
1824 2109.9 -2.3 -2106.6 4216.5 10.8 16.6
1768 1813.3 -0.4 -2337.6 4150.9 11.0 16.9
1854 1304.9 49.1 -2746.8 4051.6 11.3 17.3
1738 2231.7 1.0 -1617.9 3849.6 11.8 18.2
1786 1897.7 0.5 -1860.4 3758.2 12.1 18.6
1932 3722.3 1449.3 -8.2 3730.5 12.2 18.8

Notes:
1. See Figure 3.4.3.3-3 for node locations.
2. Sy = 45,6 00 psi, S, = 70,000 psi.
3. Local stresses that are relieved by local material yielding. Therefore, stress design factors of 6 and

10 on material yield and ultimate strength are not applicable (ANSI N14.6, Section 4.2.1.2).
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3.4.3.4 Advanced Transfer Cask Lift

The Advanced transfer cask and Standard transfer cask are identical in design, except that the

Advanced transfer cask incorporates a 0.75-inch thick support plate positioned above each of the

trunnions between the inner shell and the outer shell. The support plate allows the Advanced

transfer cask to lifting canisters weighing up to 98,000, whereas the Standard transfer cask is

limited to canisters weighing up to 88,000 pounds. The 0.75-inch thick support plate is welded

to the inner and outer shells of the Advanced transfer cask, adding significant rigidity to the

shell-trunnion juncture to resist the loads applied during the lifting operation of the transfer cask.

The welds attaching the support plate to the shells are 0.375-inch double-sided fillet welds at

each end of the plate. The support plate is not attached to the trunnion, which prevents any

significant shear force from being developed in the welds. The Advanced transfer cask analysis

is conservatively based on a transfer cask contents weight of 103,000 pounds.

The evaluation of the Advanced transfer cask presented here shows that the design meets

NUREG-0612 [8] and ANSI N14.6 [9] requirements for nonredundant lift systems. The

adequacy of the standard transfer cask is shown by evaluating the stress levels in all of the load-

path components against the NUREG-0612 criteria.

3.4.3.4.1 Advanced Transfer Cask Shell and Trunnion

The adequacy of the trunnions and the cask shell in the region around the trunnions during lifting

conditions is evaluated in this section in accordance with NUREG-0612 and ANSI N 14.6.

A three-dimensional finite element model is used to evaluate the lifting of a fully loaded Advanced

transfer cask. Because of symmetry, it was necessary to model only one-quarter of the Advanced

transfer cask, including the trunnions and the shells at the trunnion region. The stiffener plate

above the trunnions (between the two shells) is included in the model. The lead and the NS-4-FR

between the inner and outer shells of the Advanced transfer cask are neglected, since they are not

structural components. SOLID95 (20 noded brick element) and SHELL93 (8 noded shell element)

elements are used to model the trunnion and shells, respectively. Due to the absence of rotational

degrees of freedom for the SOLID95 elements, BEAM4 elements perpendicular to the shells are

used at the interface of the trunnion and the shells to transfer moments from the SOLID95 elements

to SHELL93 elements. The finite element model is shown in Figure 3.4.3.4-1.

3.4.3-66



FSAR - UMS® Universal Storage System March 2004

Docket No. 72-1015 Revision 3

The total weight of the heaviest loaded Advanced transfer cask (Advanced Class 3 PWR) is

calculated at approximately 217,300 pounds. A conservative load of 225,000 lb., plus a 10%

dynamic load factor, is used in the model. The 225,000-pound load corresponds to an assumed

transfer cask contents weight of 103,000 pounds. The load used in the quarter-symmetry model is

(225,000 x 1.1)/4 = 61,875 pounds. The load is applied upward at the trunnion as a "surface load"

whose location is determined by the lifting yoke dimensions. The model is restrained along two

planes of symmetry with symmetry boundary conditions. Vertical restraints are applied to the

bottom of the model to resist the force applied to the trunnion.

The maximum temperature in the Advanced transfer cask shell/trunnion region is conservatively

evaluated as 300'F. For the ASTM A-588 shell material, the yield strength, Sy, is 45.6 ksi, and the

ultimate strength, Su, is 70 ksi. The trunnions are constructed of ASTM A-350 carbon steel, Grade

LF2, with a yield stress of 31.9 ksi and an ultimate stress of 70 ksi. The standard impact test

temperature for ASTM A-350, Grade LF2 is -50'F. The NDT temperature range is -70'F to -10F

for ASTM A-588 with a thickness range of 0.625 in. to 3 in. [25]. Therefore, the minimum service

temperature for the trunnion and shells is conservatively established as -100 F (40'F higher than

the NDT test temperature, in accordance with Section 4.2.6 of ANSI N14.6 [9]).

Table 3.4.3.4-1 through Table 3.4.3.4-6 provide summaries of the top 30 maximum combined

stresses (Equivalent von Misses stresses) for both surfaces of the outer shell, inner shell, and

stiffener plate (see Figure 3.4.3.4-2 through Figure 3.4.3.4-4 for node locations for the outer

shell, inner shell, and stiffener plate, respectively). Stress contour plots for the outer shell are

shown in Figure 3.4.3.4-5 and Figure 3.4.3.4-6. Stress contours for the inner shell are shown in

Figure 3.4.3.4-7 and Figure 3.4.3.4-8. Stress contours for the stiffener plate are shown in Figures

3.4.3.4-9 and 3.4.3.4-10. As shown in Table 3.4.3.4-1 through Table 3.4.3.4-6, all stresses,

except local stresses, meet the NUREG-0612 and ANSI N14.6 criteria. That is, a factor of safety

of 6 applies on material yield strength and 10 applies on material ultimate strength. The high

local stresses, as defined in ASME Code Section III, Article NB-3213.10, which are relieved by

slight local yielding, are not required to meet the 6 and 10 safety factor criteria [see Reference 9,

Section 4.2.1.2].

The localized stresses occur at the interfaces of the trunnion with the inner and outer shells. In

accordance with ASME Code, Article NB-3213.10, the area of localized stresses cannot be larger

than:
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1.0,Rt

where:

R is the minimum midsurface radius

t is the minimum thickness in the region considered

Based on this formula, the maximum distance from the discontinuity to the local high stress is

less than 5.1 inches for the inner shell and 7.3 inches for the outer shell.

For the trunnion, the maximum tensile bending stress and average shear stresses occur at the

interface with the outer shell. The linearized stresses through the trunnion are 4,260 psi in

bending and 1,871 psi in shear. Comparing these stresses to the material allowable yield and

ultimate strength (A350, Grade LF2), the factor of safety on yield strength is 7.5 (which is >6)

and on ultimate strength is 16.4 (which is >10).

3.4.3.4.2 Advanced Transfer Cask Retaining Ring and Bolts

The Advanced transfer cask uses a retaining ring bolted to the top flange to prevent inadvertent

lifting of the canister out of the transfer cask, which could increase the radiation exposure to

nearby workers. In the event that the loaded transfer cask is inadvertently lifted by attaching to

the canister eyebolts instead of the transfer cask trunnions, the retaining ring and bolts have

sufficient strength to support the weight of the heaviest transfer cask, plus a 10% dynamic load

factor.

Retaining Ring

To qualify the retaining ring, the equations for annular rings are used (Roark [26], Table 24, Case

le). The retaining ring is represented as shown in the sketch below. The following sketch assists

in defining the variables used to calculate the stress in the retaining ring and bolts. The model

assumes a uniform annular line load iv applied at radius ro.

The boundary conditions for the model are outer edge fixed, inner edge free with a uniform

annular line load w at radius r0.
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The material properties and parameters for the analysis are:
Plate dimensions:

thickness:
outer radius (bolt circle):
outer radius (outer edge):
inner radius:

Weight of bounding transfer cask:
Radial location of applied load:
Material:
Modulus of elasticity:
Poisson's ratio:

Number of bolts:
Radial length of applied load:

Applied unit load:

t=0.75 in
a = 37.28 in
c = 38.52 in
b = 32.37 in
wt= 124,000 lbx 1.1
r0 = 33.53 in
ASTM A-588
E = 28.3 x 106psi
v = 0.31
Nb = 32
Lr= 2nro
L,= 210.675 in

wt
w=-

Lr

w = 647.44 psi

The shear modulus is:

E
G 2.(1+v)

G= 1.08 x 107 psi

D is a plate constant used in determining boundary values; it is also used in the general equations

for deflection, slope, moment and shear. Ksb and Ksro are tangential shear constants used in

determining the deflection due to shear:

E~t3

D=12-(I _ V)

D= 1.101x106 lb-in

Tangential shear constants, Ksb and Ksro, are used in determining the deflection due to shear:

Kb = Ksro =-In

= - 0.114
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Radial moment Mb and Mm, at point s b and a (inner and outer radius, respectively) are:

Mrb (b,0) = 0 lb-in/in

Mra (a,0) = 2207.86 lb-in/in

Transverse moment Mtb and Mta, at points b and a (inner and outer radius, respectively) due to

bending are:

Mib (b,0) = -122.64 lb-in./in.

Mta (a,0) = 684.44 lb-in./in.

The calculated shear stresses, Tb and Ta, at points b and a (inner and outer radius, respectively)

are:

Tb=O PSi

wt
Ta =2r-

27rAt

Ta = -776.42 psi

The calculated radial bending stresses, ab and ar, at points b and a (inner and outer radius) are:

G 6Mr,,,

r(i) t2

arb =0 psi

a, = 23,550 psi

The calculated transverse bending stresses, atb and ata, at points b and a (inner and outer radius)

are:

a -6M 1(1)
Crt(i) t2

Gtb = -1308.2 psi

a. = 7,300.7 psi
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The principal stresses at the outer radius are:

1la = 23,590 psi

a23 = 7,263.6 psi

a3a = 0 psi

The stress intensity, SIa at the outer radius (Pm + Pb) is:

Sl= a la -a3a

Sla = 23,590 psi

The principal stresses at the inner radius are:

O lb = 0 psi

6 2b = -1308.2 psi

O 3b = 0 psi

The stress intensity, Slb, at the inner radius (Pm + Pb) is:

SIb = aT lb - F 2b

Sib = 1308.2 psi

The maximum stress intensity occurs at the outer radius of the retaining ring. For the off-normal

condition, the allowable stress intensity is equal to the lesser of 1.8 Sm and 1.5 Sy. For ASTM

A-588, the allowable stress intensity at 300'F is 1.8(23.3) = 41.94 ksi. The calculated stress of

23.59 ksi is less than the allowable stress intensity and the margin of safety is:

MS = 9-_ I = +0.78
23.59

Retaining Ring / Canister Bearing

The bearing stress, Sbrg, between the retaining ring and canister is calculated as:

Weight of Transfer Cask (TFR) = 124,000 x 1.1 = 136,400 lbs.

Area of contact between retaining ring and canister:
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136,400
S = 568 psibrg 240

A = ,(33.532 32.372)= 240 in2

Bearing stress allowable is Sy, For ASTM A-588, the allowable stress at 300TF is 45.6 ksi. The

Calculated bearing stress is well below the allowable stress with a large margin of safety.

Shearing Stress of Retaining Plate under the Bolt Heads

The shearing stress of the retaining plate under the bolt head is calculated as:

Outside diameter of bolt head db = 1.125 in.

Total shear area under bolt head = ,T (1.125) x 32 x 0.75

= 84.82 in2.
136,400

Tp = 1 = 1608 psi Shear stress of retaining plate, xp, under bolt head is:
84.82

136,400
Tp=882 = 1,608 psi

Conservatively, the shear allowable for normal conditions is used.

Tallowable = (0.6) (Sm.) = (0.6) (23.3 ksi) = 13.98 ksi

The Margin of Safety is: 13,980 _I =+large
1,608

Bolt Edge Distance

77044.56 = 1.24 in > 1.0in Using Table J3.5 "Minimum Edge Distance, in." of Section J3 from
2

"Manual of Steel Construction Allowable Stress Design,"[231 the required saw-cut edge distance

for a 0.75 inch bolt is 1.0 inch. The edge distance for the bolts that meets the criteria of the Steel

Construction Manual is:
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77.04-74.56
= 1.24 in > 1.0 in

2

Retaining Ring Bolts

The load on a single bolt, FF, due to the reactive force caused by inadvertently lifting the canister,

is:

FF = - = 4,2621b
Nb

where:

Nb = number of bolts, 32, and

wt = the weight of the cask, plus a 10% load factor, 124,000 lb x 1.1 = 136,400 lb.

The load on each bolt, FMo, due to the bending moment, is:

(2-or-a) C-t2
Fm = Cia.C( {

Nb ) 6-L)

For = 12,929 lb

where:

a = the outer radius of the bolt circle, 37.28 in.,

t = the thickness of the ring, 0.75 in.,

6 = the radial bending stress at point a, a,< = 23,550 psi, and

L = the distance between the bolt centerline and ring outer edge, c - a = 1.25 in.

The total tension, F, on each bolt is

F = FF + FM = 17,191 lb

Knowing the bolt cross-sectional area, Ab, the bolt tensile stress is calculated as:

,t=-F =38,912psi
Ab

where:

Ab = 0.4418 in2
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For off-normal conditions, the allowable primary membrane stress in a bolt is 2Sm. The

allowable stress for SA-193 Grade B6 bolts is 54 ksi at 120'F, the maximum temperature of the

transfer cask top plate. The margin of safety for the bolts is

MS= 54,000 1 +0.38
38,912

Since the SA-193 Grade B6 bolts have higher strength than the top plate, the shear stress in the

threads of the top plate is evaluated. The yield and ultimate strengths for the top plate ASTM

A-588 material at a temperature of 120'F are:

SY = 49.5 ksi

Su = 70.0 ksi

From Reference 27, the shear area for the internal threads of the top plate, An, is calculated as:

A, = 3.1416nLL Drmin[ I+0.57735(Dsmin-Enmax)]= 1.525 in'

where:

D = 0.7482 in., basic major diameter of bolt threads,

n = 10, number of bolt threads per inch,

Dsmin = 0.7353 in., minimum major diameter of bolt threads,

Enmax = 0.6927 in., maximum pitch diameter of lid threads, and

L, = 1.625-0.74=0.885 in., minimum thread engagement.

The shear stress (in) in the top plate is:

F 17,1911lb
n 1.525 in =11,273 psi

A ,,n

Where the total tension, F, on each bolt is

F=FF+ FNM = 17,191 lb

The shear allowable for normal conditions is conservatively used:
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t allow.,ble = (0.6) (Sm) = (0.6) (23.3 ksi) = 13.98 ksi

The Margin of Safety is:

MS = 13,980 1 +0.24
11,273

Therefore, the threads of the top plate will not fail in shear.

3.4.3.4.3 Advanced Transfer Cask Bottom Plate Weld Analysis

The bottom plate is connected to the outer and inner shell of the transfer cask by full penetration

welds. The weight of a loaded canister along with the shield door rail structure is transmitted

from the bottom plate to the shell via the full penetration weld. For conservatism, only the length

of the weld directly under the shell is considered effective in transmitting a load.

Outer Shell

Inner She

Inner Shell

Door Rail

-Outer Shell Weld

Bottom Plate

s- Door Rail Weld

The weld connecting the outer and inner shell to the bottom plate has a length of approximately
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1, = (27.33 in. + 46.0 in.)/2 in. = 36.66 in.

,e Effective Weld Length

Stresses occurring in the outer shell to bottom plate weld are evaluated using a weight, W =

131,800 lb x 1.1 = 145,000 lb, which bounds the weight of the heaviest loaded canister, the

weight of the water, and the weight of the shield doors and rails, with a 10% dynamic load factor.

The door rail structure and canister load will be transmitted to both the inner and outer shell via

full penetration welds. The thickness of the two shells and welds are different; however, for

conservatism, this evaluation assumes both shell welds are 0.75 in. groove welds.

Weld effective area = (36.66 in.)(0.75 in. + 0.75 in.) = 54.99 in2

P (145,000 lb)/(2) -1,318 psi
axial A 54.99 in 2

For the bottom plate material (ASTM A-588) at a bounding temperature of 400'F, the yield and

ultimate stresses are:

FSyield =-= +32.6 > 6
1.32

70.0
FSulim 132 +53.0> 10

where:

SY = 43.0 ksi

Su = 70.0 ksi K>
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Thus, the welds in the bottom plate meet the ANSI N14.6 and NUREG-0612 criteria for

nonredundant systems.

3.4.3.4.4 Advanced Transfer Cask Shield Door Rails and Welds

This section demonstrates the adequacy of the transfer cask shield doors, door rails, and welds in

accordance with NUREG-0612 and ANSI N14.6, which require safety factors of 6 and 10 on

material yield strength and ultimate strength, respectively, for nonredundant lift systems.

The shield door rails support the weight of a wet, fully loaded canister and the weight of the

shield doors themselves. The shield doors are 9.0-in. thick plates that slide on the door rails.

The rails are 9.38 in. deep x 6.5 in. thick and are welded to the bottom plate of the transfer cask.

The doors and the rails are constructed of A-588 and A-350 Grade LF 2 low alloy steel,

respectively.

The design weight used in this evaluation, W = 131,800 x 1.1 = 145,000 pounds, is an assumed

value that bounds the weight of the heaviest loaded canister, the weight of the water in the

canister and the weight of the shield doors and rails. A 10% dynamic load factor is included to

ensure that the evaluation bounds all normal operating conditions. This evaluation shows that

the door rail structures and welds are adequate to support the design input.

Allowable stresses for the material are taken at 400'F, which bounds the maximum temperature

at the bottom of the transfer cask under normal conditions. The material properties of A-588 and

A-350 Grade LF 2 low alloy steel are provided in Tables 3.3-8 and 3.3-9, respectively. The

standard impact test temperature for ASTM A-350, Grade LF2 is -50'F. The NDT temperature

range is -70'F to -100 F for ASTM A-588 with a thickness range of 0.625 in. to 3 in. [281.

Therefore, the minimum service temperature for the trunnion and shells is conservatively

established as 00F (50'F higher than the NDT test temperature, in accordance with Section 4.2.6

of ANSI N14.6 [9]. For conservatism, the stress allowables for A-350 Grade LF 2 are used for

all stress calculations.
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Stress Evaluation for Door Rail

Each rail is assumed to carry a uniformly distributed load equal to 0.5W. The shear stress in each

door rail bottom plate due to the applied load, W, is:

=W 145,000 lb
x 516ps

A 281.25 in

where:

A = 2.5 in. x 56.25 in. length/rail x 2 rails = 281.25 in2.

The bending stress in each rail bottom section due to the applied load of W is:

6M 6x86,275 =1,472 psi,
b bt2 = 56.25x2.52

where:

4 0.18

Door
4-o0.19

TT 1M = moment at a,

W xL = 145,000lb xl.19in.
2 2

= 86,275 in-lb,

Rail a

and,

= 2- 2-(0.18+0.19)
2

L = 1.19 in., applied load moment arm.
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The maximum principal stress in the bottom section of the rail is:

CY=(C ) + Cy l r
( 2) ;X

= 1,635 psi

The acceptability of the rail design is evaluated by comparing the allowable stresses to the
maximum calculated stresses, considering the safety factors of NUREG-0612 and ANSI N14.6.
For the yield strength criteria:

30,800 psi= 18.8 > 6
1,635 psi

For the ultimate strength criteria,

70,000 psi 42.8 > 10
1,635 psi

The safety factors meet the criteria of NUREG-0612. Therefore, the rails are structurally
adequate.

Stress Evaluation for the Shield Doors

The shield doors consist of a layer of NS4-FR neutron shielding material sandwiched between
low alloy steel plates (Note: steel bars are also welded on the edges of the doors so that the
neutron shielding material is fully encapsulated). The door assemblies are 9-inch thick at the
center and 6.75-inch thick at the edges, where they slide on the support rails. The stepped edges
of the two door leaves are designed to interlock at the center and are, therefore, analyzed as a
single plate that is simply supported on two sides.

The shear stress at the edge of the shield door where the door contacts the rail is:

W 145,000 lbIr= ~= = 310psi
2xAS 2x(49.2in.x4.75in.)

where:
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A = the total shear area, 4.75 in. thick x 49.2 in. long. Note that the effective thickness at the

edge of the doors is taken as 4.75 in. because the neutron shield material and the cover plate are

assumed to carry no shear load. The shear stress at the center of the doors approaches 0 psi.

The moment equation for the simply-supported beam with uniform loading is:

M = 72,500 X - 2,031(X)(0.5 X) = 72,500 X - 1,015 X 2

The maximum bending moment occurs at the center of the doors, X = 35.7 in. The bending

moment at this point is:

M = 72,500 lb x (35.7 in.) -1,015 lb/in. x (35.7 in)2

M = 12.95 x i05 in.-lb.

The maximum bending stress, Gmax, at the center of the doors, is

Mc 12.95x 105 in. - lbx 5.5 in.

ax =-2,378 in.4

where:

h 7 in.
c =2 =- +2 in.= 5.5 in., and

2 2

bh3  83.2in.x73 in 4
=-- = 2,378 in4

12 12

The acceptability of the door design is evaluated by comparing the allowable stresses to the

maximum calculated stresses. As shown above, the maximum stress occurs for bending.

For the yield strength criteria,

30,800 psi = 10.3 > 6
2,995 psi

For the ultimate strength criteria,
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70,000 psi = 2 3 .4 > 10

2,995 psi

The safety factors satisfy the criteria of NUREG-0612. Therefore, the doors are structurally

adequate.

Door Rail Weld Evaluation

The door rails are attached to the bottom of the transfer cask by 0.75-in. partial penetration bevel

groove welds that extend the full length of the inside and outside of each rail. If the load is

conservatively assumed to act at a point on the inside edge of the rail, the load, P, on each rail is,

p W 145,000lb =72,5001b
2 2

Summing moments about the inner weld location:

0 =Pxa-Fx(b)=72,500lbx l.l9in. -F0 (4.5 in.),or

Fo= 19,172 lb

Summing forces:

Fj=FO+P= 19,1721b+72,5001b=91,6721b

The effective area of the inner weld is 0.75 in x .707 x 56.25 in. long = 29.83 in 2

The shear stress, T, in the inner weld is

= 91,672 lb =3,073 psi
29.83 in 2

The factors of safety are

30,800 psi 100
3,073 psi

(for yield strength criteria)
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70,000 psi = 22.8>10
3,073 psi

(for ultimate strength criteria)

The safety factors meet the criteria of NUREG-0612.
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Figure 3.4.3.4-1 Advanced Transfer Cask Finite Element Model
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Figure 3.4.3.4-2 Node Locations for Advanced Transfer Cask Outer Shell Adjacent to

Trunnion
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Figure 3.4.3.4-3 Node Locations
Trunnion

for Advanced Transfer Cask Inner Shell Adjacent to
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Figure 3.4.3.4-4 Node Locations for Advanced Transfer Cask Stiffener Plate Above

Trunnion
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Figure 3.4.3.4-5 Stress Intensity Contours (psi) for Advanced Transfer Cask Outer Shell

Element Top Surface
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Figure 3.4.3.4-6 Stress Intensity Contours (psi) for Advanced Transfer Cask Outer Shell

Element Bottom Surface
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K> Figure 3.4.3.4-7 Stress Intensity Contours (psi) for Advanced Transfer Cask Inner Shell

Element Top Surface
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Figure 3.4.3.4-8 Stress Intensity Contours (psi) for Advanced Transfer Cask Inner Shell

Element Bottom Surface
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Figure 3.4.3.4-9 Stress Intensity Contours (psi) for Advanced Transfer Cask Stiffener Plate

Element Top Surface
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Figure 3.4.3.4-10 Stress Intensity Contours (psi) for Advanced Transfer Cask Stiffener Plate

Element Bottom Surface
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Table 3.4.3.4-1 Top 30 Stresses for Advanced Transfer Cask Outer Shell Element Top

Surface

Principal Stresses (psi) FS on
Nodal Von FS on Yield Ultimate

Si S2 S3 Mises Stresses (Sy) (S.)2

815 3826.5 -213.1 -6617.3 9121.6 NA3  NA3

818 5489.8 -5.1 -4049.8 8293.3 NA NA
820 4864.3 -1.9 -3634.4 7385.9 6.2 NA
827 5467.3 9.9 -2896.6 7354.7 6.2 NA
862 4847.2 3.3 -3530.7 7285.0 6.3 NA
825 5331.6 46.7 -2843.8 7180.6 6.4 NA
852 4708.0 0.3 -3275.8 6951.2 6.6 10.1
829 4163.6 -32.5 -3761.8 6867.6 6.6 10.2
871 7593.2 2376.9 -104.9 6805.5 6.7 10.3
822 4395.9 -0.3 -3328.5 6710.8 6.8 10.4
767 4460.2 129.3 -3077.8 6552.3 7.0 10.7
842 4289.1 0.2 -3001.4 6346.5 7.2 11.0
816 3994.4 -0.1 -3172.3 6220.2 7.3 11.3
943 3923.2 -0.1 -3167.1 6152.0 7.4 11.4
864 4384.5 9.7 -2590.9 6105.7 7.5 11.5
941 3858.7 -0.1 -3154.5 6083.8 7.5 11.5
2 3777.8 0.0 -3137.0 5997.0 7.6 11.7

832 3896.2 0.2 -2847.8 5864.0 7.8 11.9
854 4294.6 2.8 -2380.3 5858.9 7.8 11.9
703 3796.2 403.9 -2924.7 5820.5 7.8 12.0
964 3797.0 0.3 -2769.6 5710.0 8.0 12.3
873 6270.5 2019.3 -108.3 5625.3 8.1 12.4
954 3706.0 0.2 -2688.5 5561.1 8.2 12.6
844 3986.4 2.1 -2173.4 5410.7 8.4 12.9
8 3604.7 0.0 -2610.7 5405.5 8.4 12.9

780 3173.5 201.6 -3062.0 5402.0 8.4 13.0
47 3082.8 0.0 -2836.0 5127.3 8.9 13.7
717 5482.2 2416.5 -302.7 5012.8 9.1 14.0
834 3658.3 1.9 -2009.6 4977.0 9.2 14.1
866 3876.4 2.7 -1685.2 4939.0 9.2 14.2

Notes:
1. See Figure 3.4.3.4 -2 for node locations.
2. Sy = 45,600 psi, S, = 70,000 psi.
3. Local stresses that are relieved by local material yielding. Therefore, stress design factors of 6 and

10 on material yield and ultimate strength are not applicable (ANSI N14.6, Section 4.2.1.2).
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Table 3.4.3.4-2 Top 30 Stresses for Advanced Transfer Cask Outer Shell Element Bottom

Surface

Principal Stresses (psi)Principal

Node'Node Stresses (psi) Nodal Von FS on Yield UlFtS onte
. S1 2 S3 Mises Stresses (S) 2  (S.)2

815 23117.0 2218.6 -178.6 22195.0 NA 3  NA3

829 11968.0 5735.9 -18.9 10383.0 NA NA
703 1423.8 -967.7 -9354.8 9804.1 NA NA
818 9713.1 2279.0 -6.7 8802.4 NA NA
871 94.9 -1212.6 -8374.4 7897.2 NA NA
862 8885.1 3223.8 -10.3 7798.7 NA NA
638 5557.4 114.7 -2341.4 7001.6 6.5 10.0
827 8016.0 3977.8 -8.5 6949.4 6.6 10.1
776 6510.7 508.4 -1100.0 6947.6 6.6 10.1
873 96.4 -763.0 -7125.6 6833.0 6.7 10.2
864 7722.7 2933.9 -9.0 6759.1 6.7 10.4
778 6789.6 1430.4 -446.1 6503.7 7.0 10.8
649 4028.8 -83.7 -3465.5 6500.5 7.0 10.8
820 7069.8 2942.0 -1.3 6152.4 7.4 11.4
825 7053.3 3670.3 -38.6 6143.9 7.4 11.4
780 6781.3 2682.2 -224.7 6096.5 7.5 11.5
875 100.3 -280.5 -6043.9 5963.0 7.6 11.7
767 6767.8 3530.1 -113.1 5962.5 7.6 11.7
852 6770.6 2764.7 -2.8 5898.5 7.7 11.9
866 6665.5 2211.1 -0.6 5881.0 7.8 11.9
651 2424.8 -291.8 -4029.7 5613.0 8.1 12.5
769 6045.8 1502.0 0.4 5451.9 8.4 12.8
854 6169.1 2215.3 -3.8 5415.8 8.4 12.9
715 42.8 -4696.1 -5838.1 5401.2 8.4 13.0
822 6062.5 2413.7 -0.2 5286.6 8.6 13.2
790 5610.4 835.1 -1.7 5244.1 8.7 13.3
717 356.3 -4113.9 -5392.7 5228.2 8.7 13.4
788 5221.9 112.3 -2.8 5168.2 8.8 13.5
842 5860.1 2239.1 -0.7 5122.3 8.9 13.7
786 4723.6 -2.7 -633.4 5071.1 9.0 13.8

Notes:
1. See Figure 3.4.3.4 -2 for node locations.
2. Sy = 45,600 psi, Su = 70,000 psi.
3. Local stresses that are relieved by local material yielding. Therefore, stress design factors of 6 and

10 on material yield and ultimate strength are not applicable (ANSI N14.6, Section 4.2.1.2).
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Table 3.4.3.4-3 Top 30 Stresses for Advanced Transfer Cask Inner Shell Element Top

Surface

Principal Stresses (psi) FS on
Nd'Nodal Von FS on Yield Ultimate

Si S2 S3 Mises Stresses (SY)(S.)2

1869 2012.7 -552.0 -16137.0 17013.0 NA NA3

1797 13166.0 -115.4 -3089.1 14991.0 NA NA
1803 12734.0 4058.3 -311.4 11501.0 NA NA
1801 11627.0 4490.2 -214.9 10327.0 NA NA

10174 663.9 -6733.1 -10256.0 9653.6 NA NA
1633 9836.1 2649.9 -31.5 8837.4 NA NA
1799 8856.4 4640.1 -144.2 7799.9 NA NA
1638 743.8 -1547.7 -6362.4 6282.1 7.3 11.1
1725 5909.8 4672.1 -118.6 5514.7 8.3 12.7
1666 5438.4 1119.1 -33.4 4996.2 9.1 14.0
1882 783.0 -2383.4 -4495.2 4601.4 9.9 15.2
1636 4276.1 128.5 -576.2 4541.2 10.0 15.4
1822 4908.4 3039.9 -24.4 4313.6 10.6 16.2
1879 385.8 -127.4 -4147.3 4299.6 10.6 16.3
1731 4586.7 3239.6 -100.4 4179.6 10.9 16.7
1642 370.6 -17.7 -3713.0 3904.0 11.7 17.9
1838 4243.3 3272.0 -43.6 3893.2 11.7 18.0
1742 4389.1 2373.4 -14.5 3818.2 11.9 18.3
1886 99.4 -3236.9 -4024.2 3791.7 12.0 18.5
1884 444.8 -1827.8 -3719.9 3611.7 12.6 19.4
1676 3632.1 460.2 -25.6 3440.7 13.3 20.3
1854 3092.7 2724.2 -63.9 2989.4 15.3 23.4
1729 3305.4 1609.1 -110.0 2957.8 15.4 23.7
1652 2282.5 -2.8 -959.2 2884.9 15.8 24.3
1650 1868.2 46.8 -1388.3 2826.8 16.1 24.8
1644 576.4 -30.5 -2481.9 - 2804.5 16.3 25.0
1782 3124.2 1561.5 -8.7- 2713.2 16.8 25.8
1120 4.1 -1046.1 -2882.0 2530.1 18.0 27.7
1648 1619.2 131.3 -1221.8 2461.3 18.5 28.4
1122 3.6 -824.2 -2582.3 2287.2 19.9 30.6

Notes:
1. See Figure 3.4.3.4-3 for node locations.
2. Sy = 45,600 psi, S. = 70,000 psi.
3. Local stresses that are relieved by local material yielding. Therefore, stress design factors of 6 and

10 on material yield and ultimate strength are not applicable (ANSI N14.6, Section 4.2.1.2).
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Table 3.4.3.4-4 Top 30 Stresses for Advanced Transfer Cask Inner Shell Element Bottom

Surface

Principal Stresses (psi) FS on
Nd'Nodal Von FS on Yield Utmt

Node' Si S2 S3 Mises Stresses (Sy) Ultimate

1869 21448.0 632.6 -1960.3 22226.0 NA' NA3

1882 8980.2 1059.9 -688.5 8923.9 NA NA
10174 8109.4 7767.7 -819.1 8762.6 NA NA
1797 1665.5 195.3 -7189.2 8218.8 NA NA
1633 34.4 -2893.9 -8886.1 7875.8 NA NA
1884 7160.2 652.9 -518.7 7165.3 6.4 NA
1731 1798.5 -157.2 -5950.2 6979.4 6.5 10.0
1803 501.1 4651.7 -6891.7 6565.9 6.9 10.7
1725 819.9 -847.5 -6386.4 6534.2 7.0 10.7
1729 2571.3 -23.3 -4710.5 6392.4 7.1 11.0
1801 451.5 -4185.3 -6697.8 6282.0 7.3 11.1
1886 6799.4 2900.0 -79.4 5975.0 7.6 11.7
1879 5957.9 215.5 -205.1 5963.8 7.6 11.7
1638 5833.9 814.9 -647.9 5888.3 7.7 11.9
1799 450.0 -2722.7 -6304.4 5853.1 7.8 12.0
1742 1683.1 -3.7 4630.1 5661.5 8.1 12.4
1822 1331.5 5.0 4781.8 5569.8 8.2 12.6
1782 2155.7 -3.5 -4010.0 5418.9 8.4 12.9
1727 2988.1 35.3 -2969.9 5159.9 8.8 13.6
1766 2423.2 -1.0 -3317.9 4992.0 9.1 14.0
1784 2724.4 -2.3 -2938.1 4905.0 9.3 14.3
1838 1172.3 36.4 4115.5 4821.3 9.5 14.5
1740 2640.2 -5.1 -2772.6 4688.0 9.7 14.9
1768 2402.5 -0.5 -2701.2 4422.5 10.3 15.8
1806 4006.7 141.6 -771.3 4393.2 10.4 15.9
1750 2260.4 0.0 -2725.3 4323.9 10.5 16.2
1666 18.8 -2100.4 4642.2 4042.1 11.3 17.3
1786 2648.7 1.1 -1951.0 3998.6 11.4 17.5
1636 418.4 -283.5 -3777.7 3892.9 11.7 18.0
1646 2917.4 117.6 -1523.0 3888.9 11.7 18.0

Notes:
1. See Figure 3.4.3.4-3 for node locations.
2. Sy = 45,600 psi, Su = 70,000 psi.

3. Local stresses that are relieved by local material yielding. Therefore, stress design factors of 6 and
lO on material yield and ultimate strength are not applicable (ANSI N 14.6, Section 4.2.1.2).
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Table 3.4.3.4-5 Top 30 Stresses for Advanced Transfer Cask Stiffener Plate Element Top

Surface

Principal Stresses (psi) FS on
Node' Nodal Von FS on Yield Ultimate

Si S2 S3 Mises Stresses (S )2  (S.)2

717 21871.0 0.0 -3327.1 23710.0 NA3  NA3

10202 10380.0 2355.3 0.0 9425.9 NA NA
703 0.0 -2611.0 -7384.1 6485.5 7.0 10.8
715 2540.9 0.0 -4590.8 6260.7 7.3 11.2

10174 0.0 -331.0 -6322.5 6163.7 7.4 11.4
10200 5583.6 0.0 -327.2 5754.1 7.9 12.2
3653 0.0 -234.7 -5162.0 5048.8 9.0 13.9
10238 1540.5 0.0 -3784.2 4745.8 9.6 14.7
10186 0.0 -353.6 -4708.3 4541.8 10.0 15.4
10242 2112.4 0.0 -3100.6 4541.5 10.0 15.4
10244 2350.2 0.0 -2849.7 4510.2 10.1 15.5
10240 1634.9 0.0 -3271.9 4327.5 10.5 16.2
10246 2401.3 0.0 -2507.3 4251.3 10.7 16.5
10217 2848.4 0.0 -2000.3 4220.5 10.8 16.6
10219 3030.0 0.0 -1779.4 4211.7 10.8 16.6
10215 2588.3 0.0 -2137.9 4099.2 11.1 17.1
3657 1182.4 0.0 -3351.0 4073.1 11.2 17.2
10221 3249.6 0.0 -1287.2 4049.6 11.3 17.3
10213 2350.3 0.0 -2163.4 3910.1 11.7 17.9
10198 3889.7 51.5 0.0 3864.2 11.8 18.1
10248 2329.7 0.0 -2066.7 3809.6 12.0 18.4
3659 1493.7 0.0 -2771.5 3748.6 12.2 18.7
3655 0.0 -122.0 -3793.1 3733.6 12.2 18.7
10211 2126.4 0.0 -2015.8 3587.7 12.7 19.5
3661 1862.2 0.0 -2213.6 3534.1 12.9 19.8
3669 3134.7 0.0 -384.7 3343.7 13.6 20.9
3663 2090.4 0.0 -1721.4 3306.3 13.8 21.2
10250 2173.3 0.0 -1540.2 3231.5 14.1 21.7
3665 2305.8 0.0 -1283.8 3150.4 14.5 22.2
10209 1909.7 0.0 -1598.9 3042.5 15.0 23.0

Notes:
1. See Figure 3.4.3.4-4 for node locations.
2. Sy = 45,600 psi, S. = 70,000 psi.
3. Local stresses that are relieved by local material yielding. Therefore, stress design factors of 6 and

lO on material yield and ultimate strength are not applicable (ANSI N 14.6, Section 4.2.1.2).
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Table 3.4.3.4-6 Top 30 Stresses for Advanced Transfer Cask Stiffener Plate Element

Bottom Surface
K>1-

Principal Stresses (psi) FS on
Node' Nodal Von FS on Yield UtmtNode Y)2 Ultimate

Si S2 S3 Mises Stresses (S )(S.)2

717 21871.0 0.0 -3327.1 23710.0 NA3  NA3

10202 10380.0 2355.3 0.0 9425.9 NA NA
703 0.0 -2611.0 -7384.1 6485.5 7.0 10.8
715 2540.9 0.0 4590.8 6260.7 7.3 11.2

10174 0.0 -331.0 -6322.5 6163.7 7.4 11.4
10200 5583.6 0.0 -327.2 5754.1 7.9 12.2
3653 0.0 -234.7 -5162.0 5048.8 9.0 13.9
10238 1540.5 0.0 -3784.2 4745.8 9.6 14.7
10186 0.0 -353.6 4708.3 4541.8 10.0 15.4
10242 2112.4 0.0 -3100.6 4541.5 10.0 15.4
10244 2350.2 0.0 -2849.7 4510.2 10.1 15.5
10240 1634.9 0.0 -3271.9 4327.5 10.5 16.2
10246 2401.3 0.0 -2507.3 4251.3 10.7 16.5
10217 2848.4 0.0 -2000.3 4220.5 10.8 16.6
10219 3030.0 0.0 -1779.4 4211.7 10.8 16.6
10215 2588.3 0.0 -2137.9 4099.2 11.1 17.1
3657 1182.4 0.0 -3351.0 4073.1 11.2 17.2
10221 3249.6 0.0 -1287.2 4049.6 11.3 17.3
10213 2350.3 0.0 -2163.4 3910.1 11.7 17.9
10198 3889.7 51.5 0.0 3864.2 11.8 18.1
10248 2329.7 0.0 -2066.7 3809.6 12.0 18.4
3659 1493.7 0.0 -2771.5 3748.6 12.2 18.7
3655 0.0 -122.0 -3793.1 3733.6 12.2 18.7
10211 2126.4 0.0 -2015.8 3587.7 12.7 19.5
3661 1862.2 0.0 -2213.6 3534.1 12.9 19.8
3669 3134.7 0.0 -384.7 3343.7 13.6 20.9
3663 2090.4 0.0 -1721.4 3306.3 13.8 21.2
10250 2173.3 0.0 -1540.2 3231.5 14.1 21.7
3665 2305.8 0.0 -1283.8 3150.4 14.5 22.2
10209 1909.7 0.0 -1598.9 3042.5 15.0 23.0

Notes:
1. See Figure 3.4.3.44 for node locations.
2. Sy = 45,600 psi, SU = 70,000 psi.

3. Local stresses that are relieved by local material yielding. Therefore, stress design factors of 6 and
lO on material yield and ultimate strength are not applicable (ANSI N 14.6, Section 4.2.1.2).

K>/
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3.4.4 Normal Operating Conditions Analysis

The Universal Storage System is evaluated using individual finite element models for the fuel

basket, canister, and vertical concrete cask. Because the individual components are free to

expand without interference, the structural finite element models need not be connected.

3.4.4.1 Canister and Basket Analyses

The evaluations presented in this Section are based on consideration of the bounding conditions

for each aspect of the analysis. Generally, the bounding condition is represented by the

component, or combination of components, of each configuration that is the heaviest. The

bounding thermal condition is established by the configuration having the largest thermal

gradient in normal use. Some cases require the evaluation of both a PWR and a BWR

configuration because of differences in the design of these systems. For reference, the bounding

case used in each of the structural evaluations is:

Section Aspect Evaluated Bounding Condition Configuration
3.4.4.1.1 Canister Thermal Stress Largest temperature gradient Temperaturea

distribution

3.4.4.1.2 Canister Dead Weight Heaviest loaded canister BWR Class 5
3.4.4.1.3 Canister Pressure Bounding pressure 15 psig, smallest canister PNVR Class I

BWR Class 4

3.4.4.1.4 Canister Handling Shortest canister dimensions w/ heaviest PWR Class I
canister load b BWR Class 5

3.4.4.1.5 Canister Load Combinations Bounding pressure 15 psig + PWR Class 3
shortest canister dimensions w/ heaviest PWR Class I
loaded canisterb (handling) + BWR Class 5
shortest canister dimensions w/ heaviest PWR Class I
loaded canister b (dead load) B1WR Class 5
largest temperature gradient (thermal) Temperaturea

distribution

3.4.4.1.6 Canister Fatigue Bounding thermal excursions (580 F) Not Applicable
3.4.4.1.7 Canister Pressure Test Loaded canister (smallest canister) PWR Class I
3.4.4.1.8 PWR Basket Support Disk Loaded PWR Canister PWR fuel basket

BWR Basket Support Disk Loaded BWR Canister BWR fuel basket c

3.4.4.1.9 PWR Basket Weldment Loaded PWR Canister PWR Class 2
BWR Basket Weldment Loaded BWR Canister BWR Class 5

3.4.4.1.10 PWR Fuel Tube Loaded PWR Canister (Longest) PWR Class 3
BWR Fuel Tube Loaded BWR Canister (Longest) BWR Class 5

3.4.4.1.11 Canister Closure Weld Same as 3.4.4.1.5 Same as 3.4.4.1.5
'See Section 3.4.4.1.1 for an explanation of the composite temperature distribution used in the analyses. The shortest canister,

PWR Class 1, has the fewest number of fuel basket support disks.

b When combined with the heaviest fuel assembly/fuel basket weight (BWR Class 5), the load per support disk or weldment disk
is maximized.

c The evaluation of the BWR basket uses the analysis presented in the UMS Transport SAR [2].
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3.4.4.1.1 Canister Thermal Stress Analysis

A three-dimensional finite element model of the canister was constructed using ANSYS

SOLID45 elements. By taking advantage of the symmetry of the canister, the model represents

one-half (1800 section) of the canister including the canister shell, bottom plate, structural lid,

and shield lid. Contact between the structural and shield lids is modeled using COMBIN40

combination elements in the axial (UY) degree of freedom. Simulation of the spacer ring is

accomplished using a ring of COMBIN40 gap/spring elements connecting the shield lid and the

canister in the axial direction at the lid lower outside radius. In addition, CONTAC52 elements

are used to model the interaction between the structural lid and the canister shell and between the

shield lid and canister shell, just below the respective lid weld joints as shown in Figure

3.4.4.1-2. The size of the CONTAC52 gaps is determined from nominal dimensions of

contacting components. The gap size is defined by the "Real Constant" of the CONTAC52

element. Due to the relatively large gaps resulting from the nominal geometry, these gaps remain

open during all loadings considered. The COMBIN40 elements used between the structural and

shield lids and for the spacer ring are assigned small gap sizes of I x 10-8 in. All gap/spring

elements are assigned a stiffness of I x 108 lb/in. The three-dimensional finite element model of

the canister used in the thermal stress evaluation is shown in Figure 3.4.4.1-1 through Figure

3.4.4.1-3. KJ

The model is constrained in the Z-direction for all nodes in the plane of symmetry. For the

stability of the solution, one node at the center of the bottom plate is constrained in the Y-

direction, and all nodes at the centerline of the canister are constrained in the X-direction. The

directions of the coordinate system are shown in Figure 3.4.4.1 - 1.

This model represents a "bounding" combination of geometry and loading that envelopes the

Universal Storage System PWR and BWR canisters. Specifically, the shortest canister (PWR

Class 1) and minimum weld sizes (0.75-inch structural lid weld and 0.375-inch shield lid weld)

are modeled in conjunction with the heaviest fuel and fuel basket combination (BWR Class 5).

By using the shortest canister (PWR Class 1), which has the fewest number of support disks, in

combination with the weight of the heaviest loaded fuel basket, the load per support disk and

weldment disk is maximized. Thus, the analysis yields very conservative results relative to the

expected performance of the actual canister configurations.
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The finite element thermal stress analysis is performed with canister temperatures that envelope

the canister temperature gradients for off-normal storage (106'F and -40'F ambient

temperatures) and transfer conditions for all canister configurations. Prior to performing the

thermal stress analysis, the steady-state temperature distribution is determined using temperature

data from the storage and transfer thermal analyses (Chapter 4.0). This is accomplished by

converting the SOLID45 structural elements of the canister model to SOLID70 thermal elements

and using the material properties from the thermal analyses. Nodal temperatures are applied at

six key locations for the steady state heat transfer analysis - top-center of the structural lid, top-

outer diameter of the structural lid, bottom-center of the shield lid, bottom-center of the bottom

plate, bottom-outer diameter of the bottom plate, and mid-elevation of the canister shell.

Two temperature distributions are used in the structural analyses to envelope the worst-case

allowable temperatures and temperature gradients experienced by all PWR and BWR canister

configurations under storage and transfer conditions. The temperatures at the key locations are:

Top center of the structural lid = 160

Top outer diameter of the structural lid = 150

Bottom center of the shield lid = 200

K> Bottom center of the bottom plate = 300

Bottom outer diameter of the bottom plate = 200

Mid-elevation of the canister shell = 600

Temperatures used for determining allowable stress values were selected to envelope the

maximum temperatures experienced by the canister components during storage and transfer

conditions. Allowable stress values for the structural/shield lid region were taken at 220'F, those

for the center of the bottom plate were taken at 300'F, those for the outer radius of the bottom

plate at 220'F, and those for the canister shell at 550'F.

The temperatures for all nodes in the canister model are obtained by the solution of the steady

state thermal conduction problem. The key temperature differences, AT, of the worst-case
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PWR and BWR canisters in the radial and axial directions and those used in the canister thermal

stress analysis are:

Maximum AT (0F)

Top of Shield and

Structural Bottom Plate Structural Lid Canister Shell

Lid (Radial) (Radial) (Axial) (Axial)

Condition PWR BWR PWR BWR PWR BWR PWR BWR

Storage, Normal 760 F 3 3 3 7 6 8 267 299

ambient

Storage, Off-Normal 4 3 3 7 6 8 266 298

106'F ambient

Storage, Off-Normal, 3 3 4 7 5 7 264 296

-40'F ambient

Storage, Off-Normal 4 3 3 7 6 8 265 296

Half Inlets Blocked

760 F

Transfer, 76 0F ambient 10 4 69 64 16 7 396 388

Parameters used for

Canister Thermal 10 100 40 450
Stress Analysis

The resulting maximum (secondary) thermal stresses in the canister are summarized in Table

3.4.4.1-1. The sectional stresses at 16 axial locations are obtained for each angular division of

the model (a total of 19 angular locations for each axial location). The locations of the stress

sections are shown in Figure 3.4.4.1-4. After solving for the canister temperature distribution,

the thermal stress analysis was performed by converting the SOLID70 elements back to

SOLID45 structural elements.
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3.4.4.1.2 Canister Dead Weight Load Analysis

The canister is structurally analyzed for dead weight load using the finite element model

described in Section 3.4.4.1.1. The canister temperature distribution discussed in Section

3.4.4.1.1 is used in the dead load structural analysis to evaluate the material properties at

temperature. The fuel and fuel basket assembly contained within the canister are not explicitly

modeled but are included in the analysis by applying a uniform pressure load representing their

combined weight to the top surface of the canister bottom plate. The nodes on the bottom

surface of the bottom plate are restrained in the axial direction in conjunction with the constraints

described in Section 3.4.4.1.1. The evaluation is based on the weight of the BWR Class 5

canister, which has the highest weight, and the length of the PWR Class I canister, which is the

shortest configuration and has minimum weld sizes (0.75-inch structural lid weld and 0.375-inch

shield lid weld). An acceleration of Ig is applied to the model in the axial direction (Y) to

simulate the dead load.

The resulting maximum canister dead load stresses are summarized in Table 3.4.4.1-2 and Table

3.4.4.1-3 for primary membrane and primary membrane plus bending stresses, respectively. The

sectional stresses at 16 axial locations are obtained for each angular division of the model (a total

of 19 angular locations for each axial location). The locations for the stress sections are shown in

Figure 3.4.4.1-4.

The lid support ring is evaluated for the dead load condition using classical methods. The ring,

which is made of ASTM A479, Type 304 stainless steel, is welded to the inner surface of the

canister shell to support the shield lid. For conservatism, a temperature of 400'F, which is higher

than the anticipated temperature at this location, is used to determine the material allowable

stress. The total weight, W, imposed on the lid support ring is conservatively considered to be

the weight of the auxiliary shielding and the shield lid. A 10% load factor is also applied to

ensure that the analysis bounds all normal operating loads. The stresses on the support ring are

the bearing stresses and shear stresses at its weld to the canister shell.

The bearing stress beanring is:

=14001b 1381psi
beng-area 102.6 in2
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where:

NV = (7,000 lb + 5,890 lb) x 1.1 = 14,179 lb, use 14,200 lb

where the weight of the auxiliary shielding (Ws) can be comprised of three

2-inch-thick stainless steel plates resting on the shield lid, or

Ws = .291 x (m'4) x 65.52 x 6 = 5,883 lb, use 5,890 lb

A= (D 2 -(D- 2t)2 )in2 =102.6 in2

D = lid support ring diameter = 65.81 in.

t = radial thickness of support ring = 0.5 in.

The yield strength, Sy, for A-479, Type 304 stainless steel = 20,700 psi, and the ultimate
allowable tensile stress, Su = 64,400 psi at 400'F. The allowable bearing stress is 1.0 Sy per
ASME Code, Section III, Subsection NB. The acceptability of the support ring design is
evaluated by comparing the allowable stresses to the maximum calculated stress:

MS = 20,700 psi -1 = +Large
138 psi

Therefore, the support ring is structurally adequate.

The attachment weld for the lid support ring is a 1/8-in. partial penetration groove weld. The

total shear force on the weld is considered to be the weight of the shield lid, the structural lid, and

the lid support ring. The total effective area of each weld is Aeff= .125 x 7r x 65.81 in. = 25.8 in2.

The average shear stress in the weld is:

W _14,200 lb 50
|w= A = 82 = 550 psi

A~ff 25.8 in'

The allowable stress on the weld is 0.30 x the nominal tensile strength of the weld material

[Ref.23, Table J2.51. The nominal tensile strength of E308-XX filler material is 80,000 psi

[Ref.28, SFA-5.4, Table 5). However, for conservatism, Sy and Su for the base metal, are used.

The acceptability of the support ring weld is evaluated by comparing the allowable stress to the

maximum calculated stress:

0.3x 20,700 psi 1 I +Large
MS =-I=+ag

550 psi

Therefore, the support ring attachment weld is structurally adequate.
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3.4.4.1.3 Canister Maximum Internal Pressure Analysis

The canister is structurally analyzed for a maximum internal pressure load using the finite element

model and temperature distribution and restraints described in Section 3.4.4.1.1. A maximum

internal pressure of 15 psig is applied as a surface load to the elements along the internal surface of

the canister shell, bottom plate, and shield lid. This pressure bounds the calculated pressure of 7.1

psig that occurs in the smallest canister, PWR Class 1, under normal conditions. The PWR Class I

canister internal pressure bounds the internal pressures of the other four canister configurations

because it has the highest quantity of fission-gas-to-volume ratio.

The resulting maximum canister stresses for maximum internal pressure load are summarized in

Table 3.4.4.1-9 and Table 3.4.4.1-10 for primary membrane and primary membrane plus primary

bending stresses, respectively. The sectional stresses at 16 axial locations are obtained for each

angular division of the model (a total of 19 angular locations for each axial location). The

locations of the stress sections are shown in Figure 3.4.4.1-4.

3.4.4.1.4 Canister Handling Analysis

The canister is structurally analyzed for handling loads using the finite element model and

conditions described in Section 3.4.4.1.1. Normal handling is simulated by restraining the model

at nodes on the structural lid simulating three lift points and applying a 1.lg acceleration, which

includes a 10% dynamic load factor, to the model in the axial direction. The canister is lifted at

six points; however, a three-point lifting configuration is conservatively used in the handling

analysis. Since the model represents a one-half section of the canister, the three-point lift is

simulated by restraining two nodes 1200 apart (one node at the symmetry plane and a second

node 1200 from the first) along the bolt diameter at the top of the structural lid in the axial

direction. Additionally, the nodes along the centerline of the lids and bottom plate are restrained

in the radial direction, and the nodes along the symmetry face are restrained in the direction

normal to the symmetry plane.

The maximum stresses during canister handling occur when the heaviest weight canister (BWR

class 5) is analyzed with the minimum structural lid weld (PWR class canister with 0.75-inch

structural lid weld). Therefore, this analysis bounds all handling configurations.
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The resulting maximum stresses in the canister are summarized in Table 3.4.4.1-4 and Table

3.4.4.1-5 for primary membrane and primary membrane plus primary bending stresses,

respectively. The sectional stresses at 16 axial locations are obtained for each angular division of

the model (a total of 19 angular locations for each axial location). The locations of the stress

sections are shown in Figure 3.4.4.1-4.

3.4.4.1.5 Canister Load Combinations

The canister is structurally analyzed for combined thermal, dead, maximum internal pressure,

and handling loads using the finite element model and the conditions described in Section

3.4.4.1 .1. Loads are applied to the model as discussed in Sections 3.4.4.1.1 through 3.4.4.1.4. A

maximum internal pressure of 15.0 psi is used in conjunction with a positive axial acceleration of

1.1g. Two nodes 1200 apart (one node at the symmetry plane and a second node 120° from the

first) are restrained along the bolt diameter at the top of the structural lid in the axial direction.

Additionally, the nodes along the centerline of the lids and bottom plate are restrained in the

radial direction, and the nodes along the symmetry face are restrained in the direction normal to

the symmetry plane.

The resulting maximum stresses in the canister for combined loads are summarized in Table

3.4.4.1-6, Table 3.4.4.1-7, and Table 3.4.4.1-8, for primary membrane, primary membrane plus

primary bending, and primary plus secondary stresses, respectively. The sectional stresses at 16

axial locations are obtained for each angular division of the model (a total of 19 angular locations

for each axial location). The locations for the stress sections are shown in Figure 3.4.4.1-4.

As shown in Table 3.4.4.1-6 through Table 3.4.4.1-8, the canister maintains positive margins of

safety for the combined load conditions.

3.4.4.1.6 Canister and Basket Fatigue Evaluation

The purpose of this section is to evaluate whether an analysis for cyclic service is required for the

Universal Storage System components. The requirements for analysis for cyclic operation of

components designed to ASME Code criteria are presented in ASME Section III, Subsection NB-

3222.4 [5] for the canister and Subsection NG-3222.4 [6] for the fuel basket. Guidance for

components designed to AISC standards is in the Manual of Steel Construction, Table A-K4.1 [23].
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During storage conditions, the canister is housed in the vertical concrete cask. The concrete cask

is a shielded, reinforced concrete overpack designed to hold a canister during long-term storage

conditions. The cask is constructed of a thick inner steel shell surrounded by 28 in. of reinforced

concrete. The cask inner shell is not subjected to cyclic mechanical loading. Thermal cycles are

limited to changes in ambient air temperature. Because of the large thermal mass of the concrete

cask and the relatively minor changes in ambient air temperature (when compared to the steady

state heat load of the cask contents), fatigue as a result of cycles in ambient air is not significant,

and no further fatigue evaluation of the inner shell is required.

ASME criteria for determining whether cyclic loading analysis is required are comprised of six

conditions, which, if met, preclude the requirement for further analysis:

1. Atmospheric to Service Pressure Cycle

2. Normal Service Pressure Fluctuation

3. Temperature Difference - Startup and Shutdown

4. Temperature Difference - Normal Service

5. Temperature Difference - Dissimilar Materials

6. Mechanical Loads

Evaluation of these conditions follows.

Condition I - Atmospheric to Service Pressure Cycle

This condition is not applicable. The ASME Code defines a cycle as an excursion from

atmospheric pressure to service pressure and back to atmospheric pressure. Once sealed, the

canister remains closed throughout its operational life, and no atmospheric to service pressure

cycles occur.

Condition 2 - Normal Service Pressure Fluctuation

This condition is not applicable. The condition establishes a maximum pressure fluctuation as a

function of the number of significant pressure fluctuation cycles specified for the component, the

design pressure, and the allowable stress intensity of the component material. Operation of the

canister is not cyclic, and no significant cyclic pressure fluctuation is anticipated.
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Condition 3 - Temperature Difference - Startup and Shutdown

This condition is not applicable. The Universal Storage System is a passive, long-term storage

system that does not experience cyclic startups and shutdowns.

Condition 4- Temperature Difference - Normal and Off-Normal Service

The ASME Code specifies that temperature excursions are not significant if the change in AT

between two adjacent points does not experience a cyclic change of more than the quantity:

AT= S3 =580 F,
2Ea

where, for Type 304L stainless steel,

Sa = 28,200 psi, the value obtained from the fatigue curve for service cycles < 106,
E = 26.5 x 106 psi, modulus of elasticity at 400 'F,
a = 9.19Xl0-6in./in.-°F.

Because of the large thermal mass of the canister and the concrete cask and the relatively

constant heat load produced by the canister's contents, cyclic changes in AT greater than 58 'F

will not occur.

Condition 5 - Temperature Difference Between Dissimilar Materials

The canister and its internal components contain several materials. However, the design of all

components considers thermal expansion, thus precluding the development of unanalyzed

thermal stress concentrations.

Condition 6 - Mechanical Loads

This condition does not apply. Cyclic mechanical loads are not applied to the vertical concrete

cask and canister during storage conditions. Therefore, no further cyclic loading evaluation is

required.

The criteria ASME Code Subsections NB-3222.4 and NG-3222.4 are met, and no fatigue analysis

is required.
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3.4.4.1.7 Canister Pressure Test

The canister is designed and fabricated to the requirements of ASME Code, Subsection NB, to

the extent possible. A 35 psia (35 - 14.7 = 20.3 psig) hydrostatic pressure test is performed in

accordance with the requirements of ASME Code Subsection NB-6220 [5]. The pressure test is

performed after the shield lid to canister shell weld is completed. The test pressure slightly

exceeds 1.25 x design pressure (1.25 x 15 psig = 18.75 psig). Considering head pressure for the

tallest canister (191.75 x 0.036 = 6.9 psig), the maximum canister pressure developed during the

pneumatic pressure test is bounded by using 27.2 psig in the structural evaluation for the canister

test pressure.

The ASME Code requires that the pressure test loading comply with the following criteria from

Subsection NB-3226:

(a) Pm shall not exceed 0.9SY at test temperature. For convenience, the stress intensities

developed in the analysis of the canister due to a normal internal pressure of 15 psig (Tables

3.4.4.1-9 and 3.4.4.1-10) are ratioed to demonstrate compliance with this requirement. From

Table 3.4.4.1-9, the maximum primary stress intensity, Pm, is 2.24 ksi. The canister material

is ASME SA-240, Type 304L stainless steel, and the test temperature will be less than 200'F

for the design basis heat load of 23 kW (Figures 4.4.3-5 and 4.4.3-6). Since yield strength

decreases with increasing temperature, for purposes of this calculation, the minimum material

yield strength at the bounding canister temperature of 200'F is used for the structural critical

limit.

(Pm)cest = (27.2/15)(2.24 ksi) = 4.1 ksi, which is < 0.9 Sy = 0.9 (21.4 ksi) = 19.3 ksi

Thus, criterion (a) is met.

(b) For Pm <0.67Sy (see criterion a), the primary membrane plus bending stress intensity, Pm +

Pb, shall be < 1.35Sy. From Table 3.4.4.1-10, Pm + Pb = 7.36 ksi.

(Pm + Pb)test = (27.2/15)x(7.36 ksi) = 13.3 ksi, which is < 1.35Sy = 28.9 ksi (1.35x21.4 ksi).

Thus, criterion (b) is met.

(c) The external pressure shall not exceed 135% of the value determined by the rules of NB-

3133. The exterior of the canister is at atmospheric pressure at the time the pressure test is

conducted. Therefore, this criterion is met.
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(d) For the 1.25 Design Pressure pneumatic test of NB-6221, the stresses shall be calculated and

compared to the limits of criteria (a), (b), and (c). This calculation and the fatigue evaluation

of (e) need not be revised unless the actual hydrostatic test pressure exceeds 1.25 Design

Pressure by more than 6%.

The test pressure (20.3 psig) slightly exceeds 1.25 x Design Pressure (18.75). However, the

stresses used in this evaluation are ratioed to the test pressure. Thus, the stresses at the test

pressure are calculated.

(e) Tests, with the exception of the first 10 hydrostatic tests in accordance with NB-6220, shall

be considered in the fatigue evaluation of the component.

The canisters are not reused, and the hydrostatic test will be conducted only once. Thus, the

pressure test is not required to be considered in the fatigue analysis.

The canister hydrostatic pressure tests comply with all NB-3226 criteria. These results bound the

performance of a pneumatic pressure test performed in accordance with NB-6220, since the

pneumatic pressure test pressure is lower (1.2 x the design pressure or 1.2 x 15 psig = 18 psig).

3.4.4.1.8 Fuel Basket Support Disk Evaluation

The PWR and BWR fuel baskets are described in detail in Sections 1.2.1.2.1 and 1.2.1.2.2,

respectively. The design of the basket is similar for the PWR and BWR configurations. The

major components of the BWR basket are shown in Figure 3.4.4.1-5. The structural evaluation

for the PWR and BWR support disks for the normal conditions of storage is presented in the

following sections. Note that the canister may be handled in a vertical or horizontal position.

The evaluation is performed for the governing configuration in which the canister is handled in a

vertical position. During normal conditions, the support disk is subjected to its self-weight only

(in canister axial direction) and is supported by the tie rods/spacers at 8 locations for PWR

configuration and 6 locations for the BWR configuration. To account for the condition when the

canister is handled, a handling load, defined as 10 percent of the dead load, is considered. Finite

element analyses using the ANSYS program are performed for the support disk for PWR and

BWR configurations, respectively. In addition to the dead load and handling load (10% of dead

load), thermal stresses are also considered based on conservative temperatures that envelop those

experienced by the support disk during normal, off-normal (106'F and -40'F ambient

temperatures) and transfer conditions. The stress criteria is defined according to ASME Code,

Section III, Subsection NG. For the normal condition of storage, the Level A allowable stresses

from Subsection NG as shown below are used.
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Stress Category Normal (Level A) Allowable Stresses
Pm Sm

PM+Pb 1.5 S,
P+Q 3.0 S,,

3.4.4.1.8.1 PWR Support Disk

As shown in Figure 3.4.4.1-6, a finite element model is generated to analyze the PWR fuel basket

support disks. The model is constructed using the ANSYS three-dimensional SHELL63

elements and corresponds to a single support disk with a thickness of 0.5 inch. The only loading

on the model is the inertial load (1.lg) that includes the dead load and handling load in the out-

of-plane direction (Global Z) for normal conditions of storage. The model is constrained in eight

locations in the out-of-plane direction to simulate the supports of the tie rods/spacers.

Note that a full model is generated because this model is also used for the evaluation of the

support disk for the off-normal handling condition (Section 11.1.3) in which non-symmetric

loading (side load) is present. In addition, this model is used for the evaluation of a support disk

for the 24-inch end drop accident condition of the vertical concrete cask (Section 11.2.4).

The model accommodates thermal expansion effects by using the temperature data from the

thermal analysis and the coefficient of thermal expansion. Prior to performing the structural

analyses, the temperature distribution in the support disk is determined by executing a steady-

state thermal conduction analysis. This is accomplished by converting the SHELL63 structural

elements to SHELL57 thermal elements. A maximum temperature of 700'F is applied to the

nodes at the center slot of the disk model, and a minimum temperature 2750 F is applied to the

nodes around the outer circumferential edge of the disk, thus providing a bounding temperature

delta of 4250F for the support disk. All other nodal temperatures are then obtained by the steady

state conduction solution. Note that the applied temperatures are conservatively selected to

envelope the maximum temperature, as well as the maximum radial temperature gradient (AT) of

the disk for all normal, off-normal and accident conditions of storage and for transfer conditions.

For normal conditions of storage, the support disk is evaluated using stress allowables at 800'F.

To evaluate the most critical regions of the support disk, a series of cross sections are considered.

The locations of these sections on a PWR support disk are shown in Figures 3.4.4.1-7 and
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3.4.4.1-8. Table 3.4.4.1-11 lists the cross sections versus Point I and Point 2, which spans the

cross section of the ligament in the plane of the support disk.

The stress evaluation for the support disk is performed according to ASME Code, Section HI,

Subsection NG. According to this subsection, linearized stresses of cross sections of the

structure are to be compared against the allowable stresses. The stress evaluation results for the

support disks for normal condition are presented in Tables 3.4.4.1-12 and 3.4.4.1-13. The tables

list the 40 highest Pm+Pb and P+Q stress intensities with large margins of safety. The Level A

allowable stresses, 1.5Sm and 3Sm of the 17-4PH stainless steel at corresponding nodal

temperatures, are used for the Pn+Pb and P+Q stresses, respectively. Note that the Pm stresses for

the support disk for normal conditions are essentially zero since there are no loads in the plane of

the support disk. Stress allowables for the section cuts are taken at 800'F.

3.4.4.1.8.2 BWR Support Disk

Similar to the evaluation for the PWR fuel basket support disk, a finite element model is

generated to analyze the BWR fuel basket support disks, as shown in Figure 3.4.4.1-12. The

model is constructed using the ANSYS three-dimensional SHELL63 elements and corresponds

to a single support disk with a thickness of 5/8 inch. The only loading on the model is the

inertial load (l.lg) that includes the dead load and handling load in the out-of-plane direction

(Global Z) for normal conditions of storage. The model is constrained in six locations in the out-

of-plane direction to simulate the supports of the tie rods/spacers.

The model accommodates thermal expansion effects by using the temperature data from the

thermal analysis and the coefficient of thermal expansion. The temperature distribution in the

BWR support disk is determined using the same method used in Section 3.4.4.1.8.1 for the PWR

support disk. A maximum temperature of 700'F is applied to the nodes at the center of the disk

model, and a minimum temperature of 300'F is applied to the nodes around the outer

circumferential edge of the disk, thus providing a bounding temperature delta of 400'F for the

support disk. All other nodal temperatures are then obtained by the steady state conduction

solution. Note that the applied temperatures are conservatively selected to envelope the

maximum temperature, as well as the maximum radial temperature gradient (AT) of the disk for

all normal, off-normal, and accident conditions of storage and for transfer conditions. For

normal conditions of storage, the support disk is evaluated using stress allowables at 800'F.
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To evaluate the most critical regions of the support disk, a series of cross sections are considered.

The locations of these sections on a BWR support disk are shown in Figures 3.4.4.1-13 through

3.4.4.1-16. Table 3.4.4.1-14 lists the cross sections versus Point I and Point 2, which spans the

cross section of the ligament in the plane of the support disk.

The stress evaluation results for the BWR support disks for normal condition are presented in

Tables 3.4.4.1-15 and 3.4.4.1-16. The tables list the 40 highest Pm+Pb and P+Q stress intensities

with large margins of safety. The Level A allowable stresses from ASME Code, Section III,

Subsection NG, 1.5Sm and 3.OSm of the SA533 carbon steel at corresponding nodal temperatures,

are used for the Pm+Pb and P+Q stresses, respectively. Note that the Pm stresses for the support

disk for normal conditions are essentially zero, since there is no loads in the plane of the support

disk.

3.4.4.1.9 Fuel Basket Weldments Evaluation

The PWR and BWR fuel basket weldments are evaluated for normal storage conditions using the

finite element method. In addition to the dead load of the weldment, a 10% dynamic load factor

is considered to account for handling loads. Therefore, a total acceleration of L.lg is applied to

the weldment model in the out of plane direction. Thermal stresses for the basket weldments are

determined using the method presented in Sections 3.4.4.1.8.1 and 3.4.4.1.8.2 for the PWR and

BWR support disks, respectively. The temperatures used in the model to establish the weldment

temperature gradient are:

Temperature at Temperature at

Basket Weldment Center of Weldment (OF) Edge of Weldment (fF)

PWR Top 600 275

PWR Bottom 325 175

BWR Top 525 225

BWR Bottom 475 200

These temperatures are conservatively selected to envelop the maximum temperature and the

maximum radial temperature gradient of the weldments for all normal and off-normal conditions

of storage. The results of the structural analyses for dead load, handling load, and thermal load

are summarized in Table 3.4.4.1-17.
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3.4.4.1.9.1 PWR Fuel Basket Weldments

The PWR top and bottom weldment plates are 1.25 and 1.0-in. thick Type 304 stainless steel

plate, respectively. The weldments support their owvn weight plus the weight of up to 24 PWR

fuel assembly tubes. An ANSYS finite element analysis was prepared for both plates because the

support location for each weldment is different. Both models use the SHELL63 elements, which

permits out-of-plane loading. The finite element models for the top and bottom weldments are

shown in Figures 3.4.4.1-8 and 3.4.4.1-9, respectively. Note that the corner baffles are

conservatively omitted in the top weldment model. The load from the fuel tube on the bottom

weldment is represented as point forces applied to the nodes at the periphery of the fuel assembly

slots. An average point force is applied. The application of the nodal loads at the slot periphery

is accurate because the tube weight is transmitted to the edge of the slot, which provides support

to the fuel tubes while in the vertical position.

The maximum stress intensity and the margin of safety for the weldments are shown in Table

3.4.4.1-17. Note that the nodal stress intensity is conservatively used for the evaluation. The Pm

stresses for the weldments for normal conditions are essentially zero since there are no loads in

the plane of the weldments. The weldments satisfy the stress criteria in the ASME Code Section

III, Subsection NG [6].

3.4.4.1.9.2 BWR Fuel Basket Weldments

In the BWR fuel basket transport analysis, the responses of the top and bottom weldment plates

to normal storage conditions are evaluated in conjunction with the thermal expansion stress. The

weldment plates are 1.0-in. thick Type 304 stainless steel. The weldments support their own

weight and the weight of up to 56 BWR fuel assembly tubes. A finite element analysis was

performed for the top and bottom plates because the support for each weldment differs depending

upon the location of the welded ribs for each. Both models use SHELL63 elements, which

permit out-of-plane loading. The finite element models for the top and bottom weldments are

shown in Figure 3.4.4.1-18 and Figure 3.4.4.1-19, respectively. The load from the fuel tube on

the bottom weldment is represented as average point forces applied to the nodes at the periphery

of the fuel assembly slots because the tube weight is transmitted to the edge of the slot in the end-

impact condition.
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The maximum stress intensity and the margin of safety for the weldments are shown in Table

3.4.4.1-17. Note that the nodal stress intensity is conservatively used for the evaluation. The P.

stresses for the weldments for normal conditions are essentially zero since there are no loads in

the plane of the weldments. The weldments satisfy the stress criteria in the ASME Code Section

m, Subsection NG [6].

3.4.4.1.10 Fuel Tube Analysis

Under normal storage conditions, the fuel tubes, Figure 3.4.4.1-9 (PWR) and Figure 3.4.4.1-17

(BWR), support only their own weight. The fuel assemblies are supported by the canister bottom

plate, not by the fuel tubes. Thermal stresses are considered to be negligible since the tubes are

free to expand axially and radially. The handling load is taken as 10% of the dead load.

The weight of the fuel tube, with a load of 1.lg (to account for both the dead load and handling

load) is carried by the tube cross-section. The cross sectional area of a PWR fuel tube is:

Area = (8.9 in)2 - (8.9 in. - 2 x 0.048 in.)2 = 1.7 in2

The bounding weight of the heaviest PWR fuel tube is about 200 pounds. Considering a g-load

of 1.1, the maximum compressive and bearing stress in the fuel tube is about 129 psi (200 lb x

1.1 / 1.7 in2 ). Limiting the compressive stress level in the tube to the material yield strength

ensures the tube remains in position in storage conditions. The yield strength of Type 304

stainless steel is 17,300 psi at a conservatively high temperature of 7500 F.

MS = 17,300/129- 1 = +Large

The minimum cross-sectional area of a BWR fuel tube and oversized fuel tube is:

Area = (5.996 in )2 - (5.9969 in. - 2 x 0.048 in.)2 = 1.14 in2

The bounding weight of the heaviest BWR fuel tube and oversized fuel tube is about 100 pounds.

Considering a g-load of 1.1, the maximum compressive and bearing stress in the fuel tube is

about 96 psi (100 lb x 1.1 / 1.14 in.2 ). Limiting the compressive stress level in the tube to the

material yield strength ensures the tube remains in position in storage conditions. The yield

strength of Type 304 stainless steel is 17,300 psi at a conservatively high temperature of 7500F.
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Margin of Safety = 17,300/96 - I = +Large

Thus, the tubes are structurally adequate under normal storage and handing conditions.

3.4.4.1.11 Canister Closure Weld Evaluation

The minimum closure weld for the canister is a 0.75-inch groove weld between the structural lid
and the canister shell. The evaluation of this weld incorporates a 0.8 stress reduction factor in
accordance with NRC Interim Staff Guidance (ISG) No. 15, Revision 0. The use of this factor is
in accordance with ISG No. 15, since the strength of the weld material (E308) is greater than that
of the base material (Type 304 or 304L stainless steel).

The stresses for the canister closure weld are evaluated using sectional stresses as permitted by

Subsection NB of the ASME Code. The location of the section for the canister closure weld

evaluation is shown in Figure 3.4.4.1-4 and corresponds to Section 13. The governing Pm, Pm+

Pb, and P + Q stress intensities for Section 13, and the associated allowables, are listed in Table

3.4.4.1-6, Table 3.4.4.1-7, and Table 3.4.4.1-8, respectively. The factored allowables,

incorporating the 0.8 stress reduction factor, and the resulting controlling Margins of Safety are

shown below.

This evaluation confirms that the canister closure weld is acceptable for normal operation

conditions.

Analysis Stress 0.8 x Allowable

Stress Category Intensity (ksi) Stress (ksi) Margin of Safety

Pm 1.90 13.36 6.03

Pm + Pb 2.67 20.04 6.51

P + Q 6.93 40.08 4.78

Critical Flaw Size for the Canister Closure Weld

The closure weld for the canister is comprised of multiple weld beads using a compatible weld

material for Type 304L stainless steel. An allowable (critical) flaw evaluation has been

performed to determine the critical flaw size in the weld region. The result of the flaw evaluation

is used to define the minimum flaw size, which must be identifiable in the nondestructive

examination of the weld. Due to the inherent toughness associated with Type 304L stainless

steel, a limit load analysis is used in conjunction with a J-integral/tearing modulus approach.
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The safety factor used in this evaluation is that defined in Section XI of the ASME Code.

The stress component used in the evaluation for the critical flaw size is the radial stress

component in the weld region of the structural lid. For the normal operation condition, in

accordance with ASME Code Section XI, a safety factor of 3 is required. For the purpose of

identifying the stress for the flaw evaluation, the weld region corresponding to Section 13 in

Figure 3.4.4.1-4 is considered. The radial stress corresponds to SX in Tables 3.4.4.1-1 through

3.4.4.1-10. The maximum reported radial tensile stress is 1.55 ksi.

To perform the flaw evaluation, a 10 ksi stress is conservatively used, resulting in a significantly

larger actual safety factor than the required safety factor of 3. Using a 10 ksi stress as the basis

for the evaluation of the structural lid weld, the critical flaw size is 0.44 inch for a flaw that

extends 360 degrees around the circumference of the structural lid weld. Stress components for

the circumferential (Z) and axial (Y) directions are also reported in Tables 3.4.4.1-1 through

3.4.4.1-10, which would be associated with flaws oriented in the radial or horizontal directions,

respectively. As shown in Table 3.4.4.1-7 at Section No. 13 (the structural lid weld), the

maximum tensile stress reported for these components (SY and SZ) is 1.8 ksi, which is also

enveloped by the value of 10 ksi used in the critical flaw evaluation for stresses in the radial

direction.

The 360-degree flaw employed for the circumferential direction is considered to be bounding

with respect to any partial flaw in the weld, which could occur in the radial and horizontal

directions. Therefore, using a minimum detectable flaw size of 0.375 inch is acceptable, since it

is less than the very conservatively determined 0.44-inch critical flaw size.

The Type 304L stainless steel structural lid may be forged (SA-1 82 material), or fabricated from

plate (SA-240 material). Since the forged material is required to have ultimate and yield

strengths that are equal to, or greater than, the plate material, the critical flaw size determination

is applicable to both materials.
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Figure 3.4.4.1-1 Canister Composite Finite Element Model
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Figure 3.4.4.1-2 Weld Regions of Canister Composite Finite Element Model at Structural and

Shield Lids

CONTAC52 Elements
Typical; Note that nodal
positions have been
modified to highlight the
CONTAC52 elements
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Figure 3.4.4.1-3 Bottom Plate of the Canister Composite Finite Element Model

<2
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Figure 3.4.4.1-4 Locations for Section Stresses in the Canister Composite Finite Element Model

_ _900

-0
180° X 0°

z

Top View of Axis

Section Coordinates at Z=0 and X>0

Axial Node 1 Node 2
Section

X Y X Y
1 32.905 0.0 32.905 1.75
2 32.905 1.75 33.53 1.75
3 32.905 2.50 33.53 2.50
4 32.905 34.45 33.53 34.45
5 32.905 67.15 33.53 67.15
6 32.905 99.85 33.53 99.85
7 32.905 132.55 33.53 132.55
8 32.905 165.25 33.53 165.25
9 32.905 171.75 33.53 171.75
10 32.905 172.25 33.53 172.25
11 32.905 174.37 33.53 174.37
12 32.905 171.75 32.905 172.25
13 32.905 174.37 32.905 175.25
14 0.1 0.0 0.1 1.75
15 0.1 165.25 0.1 172.25
16 0.1 172.25 0.1 175.25

Y

X
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Figure 3.4.4.1-5 BWR Fuel Assembly Basket Showing Typical Fuel Basket Components

- -Tie Rods &

-Support Disk
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Figure 3.4.4.1-6 PWR Fuel Basket Support Disk Finite Element Model
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Figure 3.4.4.1-7 PWR Fuel Basket Support Disk Sections for Stress Evaluation (Left-Half)

711

64

163 LS6

/7 h 1 58 154 17 13

M - -173 I 167

S1 113 Q5 103 02 07
11 _ 17 I 19 _ I 7 I Oi _ 07 19

=~ I ; |1 I t _1 I It | ~ IX In I I I
116 b14 1{ FK b104 c{i {{

2N __M I -_ 199 ffi _7

.. .e L r <z
1 _216 4 2111, (1J {I 1; 9"U0 (50 5i1

I 212 04 ! 4 n

21( 47

0 7

194 7 1

1\7 so
\196 _ Un %

\ 6 st 59

6.4

3.4.4-26



FSAR - UMS® Universal Storage System

Docket No. 72-1015

November 2000

Revision 0

Figure 3.4.4.1-8 PWR Fuel Basket Support Disk Sections for Stress Evaluation (Right-Half)
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Figure 3.4.4.1-9 PWR Class 3 Fuel Tube Configuration
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Figure 3.4.4.1-10 PWR Top Weldment Plate Finite Element Model
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Figure 3.4.4.1-11 PWR Bottom Weldment Plate Finite Element Model
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Figure 3.4.4.1-12 BWR Fuel Basket Support Disk Finite Element Model
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Figure 3.4.4.1-13 BWR Fuel Basket Support Disk Sections for Stress Evaluation (Quadrant I)
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Figure 3.4.4.1-14 BWR Fuel Basket Support Disk Sections for Stress Evaluation

(Quadrant II)
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Figure 3.4.4.1-15 BWR Fuel Basket Support Disk Sections for Stress Evaluation

(Quadrant III)
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Figure 3.4.4.1-16 BWR Fuel Basket Support Disk Sections for Stress Evaluation

(Quadrant IV)
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Figure 3.4.4.1-17 BWR Class 5 Fuel Tube Configuration
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Figure 3.4.4.1-18 BWR Top Weldment Plate Finite Element Model
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Figure 3.4.4.1-19 BWR Bottom Weldment Plate Finite Element Model

(Figure Inverted to Show Weldment Stiffeners)
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Table 3.4.4.1-1 Canister Secondary (Thermal) Stresses (ksi)

Section Stress

No. X SY SZ SXY SYZ Sxz Intensity

1 -0.29 1.18 0.05 -0.13 -0.03 -0.10 1.52

2 0.16 0.48 -2.23 -0.03 -0.03 -0.18 2.72

3 -0.27 1.43 3.09 -0.14 0.02 0.07 3.37

4 0.00 0.00 -0.02 0.00 0.01 0.00 0.03

5 0.00 -0.05 0.09 0.00 -0.01 -0.01 0.14

6 0.00 -0.06 0.19 0.00 0.01 0.01 0.24

7 0.00 0.00 0.01 0.00 -0.01 0.00 0.03

8 0.00 -0.01 0.08 0.00 -0.01 0.00 0.10

9 3.58 1.49 1.59 0.03 0.15 1.31 3.31

10 -6.18 -2.32 -0.84 -0.22 -0.03 -0.87 5.63

11 1.80 -1.80 -8.02 -0.27 -0.09 0.74 9.96

12 -6.18 -2.32 -0.84 -0.22 -0.03 -0.87 5.63

13 -4.26 -0.79 1.43 0.27 -0.06 0.53 5.82

14 -23.43 -22.06 -14.19 0.72 1.42 -0.10 9.85

15 -7.92 -7.44 -6.62 0.20 0.49 0.00 1.64

16 0.28 0.29 -0.08 0.00 0.00 0.00 0.37

1. See Figure 3.4.4.1-4 for definition of locations of stress sections.
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Table 3.4.4.1-2 Canister Dead Weight Primary Membrane (Pm) Stresses (ksi), Pintemal = 0 psig

Section Stress
No. Sx Sy Sz Sxy Syz Sxz ntesi
No. Intensity

1 0.00 -0.01 -0.05 0.00 0.00 -0.01 0.05

2 0.01 -0.02 -0.11 0.00 0.00 -0.01 0.12

3 0.00 -0.03 -0.13 0.00 0.00 0.00 0.12

4 0.00 0.00 -0.12 0.00 0.00 0.00 0.12

5 0.00 0.00 -0.11 0.00 0.00 0.00 0.11

6 0.00 0.00 -0.10 0.00 0.00 0.00 0.10

7 0.00 0.00 -0.09 0.00 0.00 0.00 0.09

8 0.00 0.01 -0.07 0.00 0.00 0.00 0.08

9 -0.01 -0.04 -0.04 0.00 0.00 -0.01 0.03

10 0.03 -0.02 -0.02 0.00 0.00 0.00 0.05

11 -0.03 -0.02 0.01 0.00 0.00 -0.01 0.04

12 0.01 -0.01 0.03 0.00 0.00 0.01 0.04

13 0.01 -0.02 -0.03 0.00 0.00 0.00 0.04

14 0.00 0.00 -0.02 0.00 0.00 0.00 0.02

15 0.00 0.00 0.00 0.00 0.00 0.00 0.01

16 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1. See Figure 3.4.4.14 for definition of locations of stress sections.
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Table 3.4.4.1-3 Canister Dead Weight Primary Membrane plus Bending (Pm + Pb) Stresses

(ksi), Pintenal = 0 psig

Section Stress

No. l Sy Sz Sxy Syz Sxz Intensity

I 0.01 -0.01 -0.06 0.00 0.00 -0.01 0.07

2 0.01 -0.03 -0.14 0.00 0.00 0.00 0.15

3 0.00 -0.03 -0.13 0.00 0.00 0.00 0.13

4 0.00 0.00 -0.12 0.00 0.00 0.00 0.12

5 0.00' 0.00 -0.11 0.00 0.00 0.00 0.11

6 0.00 0.00 -0.10 0.00 0.00 0.00 0.10

7 0.00 0.00 -0.09 0.00 0.00 0.00 0.09

8 0.00 0.00 -0.09 0.00 0.00 0.00 0.09

9 -0.01 -0.05 -0.08 0.00 0.00 -0.01 0.08

10 0.02 -0.05 -0.10 0.00 0.00 -0.01 0.11

11 -0.02 0.01 0.08 0.00 0.00 -0.01 0.11

12 0.05 0.01 0.05 0.00 0.00 0.02 0.06

13 0.05 0.00 -0.01 0.00 0.00 -0.01 0.07

14 0.00 0.00 -0.02 0.00 0.00 0.00 0.02

15 0.07 0.07 0.00 0.00 0.00 0.00 0.07

16 -0.03 -0.03 0.00 0.00 0.00 0.00 0.03

1. See Figure 3.4.4.1-4 for definition of locations of stress sections.
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Table 3.4.4.1-4 Canister Normal Handling With No Internal Pressure Primary Membrane (Pm)

Stresses, (ksi)

Section Stress
No. l SY SZ SXY Syz Sxz Intensity

0.12 0.70 1.80 -0.05 -0.01 -0.26 1.76

2 1.17 -1.69 -1.15 0.22 -0.02 -0.27 2.92

3 -0.20 -2.63 0.53 0.22 0.04 0.48 3.42

4 0.00 0.01 0.51 0.00 0.00 0.00 0.51

5 0.00 0.00 0.55 0.00 0.00 0.00 0.55

6 0.01 -0.01 0.62 0.00 -0.01 0.00 0.62

7 0.01 -0.01 0.73 0.00 -0.01 0.00 0.74

8 0.02 -0.03 1.11 0.00 -0.07 0.00 1.15

9 0.05 0.40 1.56 -0.03 -0.15 0.07 1.53

10 -0.29 0.36 1.93 -0.07 -0.21 0.09 2.26

11 -0.68 0.74 1.05 -0.11 -0.13 -0.58 2.10

12 -0.13 0.52 2.01 -0.10 -0.10 0.17 2.19

13 0.34 0.99 -0.40 -0.16 -0.03 -0.61 1.79

14 0.29 0.29 -0.01 0.00 0.14 -0.02 0.41

15 -0.01 -0.01 -0.03 0.00 0.00 0.00 0.02

16 0.00 0.01 -0.05 0.00 -0.01 -0.01 0.06

1. See Figure 3.4.4.1-4 for definition of locations of stress sections.
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Table 3.4.4.1-5 Canister Normal Handling With No Internal Pressure Primary Membrane plus

Bending (Pm + Pb) Stresses (ksi)

Section Stress
No. Sx SY SZ SXY Syz Sxz Intensity

1 1.32 -0.05 4.36 0.07 -0.02 -0.02 4.42

2 0.57 -3.98 -8.37 0.38 -0.04 -0.60 9.05

3 -0.85 0.53 11.91 -0.08 0.04 0.62 12.82

4 0.00 -0.05 0.50 -0.01 0.00 0.00 0.56

5 0.00 -0.14 0.51 0.01 -0.01 0.00 0.65

6 0.01 -0.19 0.56 0.02 -0.01 0.00 0.75

7 0.01 -0.21 0.66 0.02 -0.01 0.00 0.88

8 0.03 -0.16 1.06 0.01 -0.05 0.00 1.23

9 -0.09 0.34 1.69 0.00 -0.21 -0.02 1.81

10 -0.46 0.64 2.87 -0.13 -0.13 0.20 3.38

11 -1.00 0.69 1.11 -0.12 -0.20 -1.02 2.98

12 -0.50 0.57 2.66 0.00 0.00 0.18 3.19

13 1.55 1.54 -0.83 -0.25 0.07 -0.25 2.67

14 6.60 6.61 0.18 0.00 0.13 -0.03 6.43

15 0.10 0.11 -0.06 - 0.00 0.01 0.00 0.17

16 0.25 0.27 -0.06 -0.02 -0.01 0.00 0.34

1. See Figure 3.4.4.1-4 for definition of locations of stress sections.
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Table 3.4.4.1-6 Summary of Canister Normal Handling plus Normal Internal Pressure Primary

Membrane (Pm) Stresses (ksi)

Section Sx S Sz Sxy Syz Sxz Stress Stress Margin of

No._ ____ ___ Intensity Allowable,2 Safety

1 0.22 1.27 3.26 -0.09 -0.03 -0.47 3.19 16.70 4.2

2 2.15 -2.90 -2.11 0.38 -0.04 -0.48 5.16 16.70 2.2

3 -0.38 -4.49 0.95 0.38 0.08 0.90 5.94 16.70 1.8

4 0.00 0.80 0.90 -0.07 0.00 0.00 0.91 16.15 16.7

5 0.00 0.78 0.94 -0.07 0.00 0.00 0.94 14.94 14.8

6 0.01 0.78 1.01 -0.07 -0.01 0.00 1.01 14.81 13.7

7 0.01 0.78 1.12 -0.07 -0.01 0.00 1.12 15.93 13.2

8 0.02 0.49 1.49 -0.05 -0.07 -0.01 1.48 16.70 10.3

9 0.02 0.52 1.81 -0.04 -0.15 0.05 1.81 16.70 8.2

10 -0.33 0.46 2.10 -0.08 -0.21 0.02 2.47 16.70 5.8

11 -0.42 1.00 0.97 -0.12 -0.12 -0.51 1.77 16.70 8.5

12 -0.18 0.57 2.04 -0.11 -0.10 0.09 2.25 16.70 6.4

13 0.26 1.36 -0.05 -0.21 0.00 -0.57 1.90 16.70 7.8

14 0.53 0.53 -0.01 0.00 0.25 -0.04 0.74 16.70 21.6

15 -0.05 -0.05 -0.01 0.00 0.00 0.00 0.04 16.70 371.4

16 0.04 0.04 0.00 0.00 -0.01 0.00 0.04 16.70 418.2

1. See Figure 3.4.4.1-4 for definition of locations of stress sections.

2. ASME Code Service Level A is used for material allowable stresses.
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Table 3.4.4.1-7 Summary of Canister Normal Handling, Plus Normal Pressure Primary

Membrane plus Bending (Pm + Pb) Stresses (ksi)

Section Stress Stress Margin of

No. l SY SZ Intensity Allowable2  Safety

1 2.44 0.07 7.90 0.12 -0.04 -0.04 7.83 25.05 2.2

2 1.04 -7.06 -15.17 0.67 -0.07 -1.08 16.41 25.05 0.5

3 -1.56 1.19 21.42 -0.17 0.08 1.14 23.10 25.05 0.1

4 0.00 0.87 0.96 -0.08 0.00 0.00 0.96 24.23 24.2

5 0.01 0.90 0.98 -0.08 0.00 0.00 0.98 22.41 21.9

6 0.01 0.95 1.07 -0.08 0.00 0.00 1.07 22.22 19.8

7 0.01 0.97 1.20 -0.09 -0.01 0.00 1.19 23.90 19.0

8 0.01 0.63 1.60 -0.06 -0.08 -0.01 1.60 25.05 14.7

9 -0.08 0.52 2.12 -0.02 -0.21 0.01 2.23 25.05 10.2

10 -0.48 0.72 2.93 -0.14 -0.13 0.10 3.44 25.05 6.3

11 -0.68 1.22 1.89 -0.15 -0.19 -1.00 3.29 25.05 6.6

12 -0.52 0.63 2.65 -0.14 -0.12 0.08 3.21 25.05 6.8

13 1.08 1.80 -0.72 -0.31 0.12 -0.19 2.67 25.05 8.4

14 11.68 11.70 0.33 0.00 0.22 -0.05 11.38 25.05 1.2

15 :0.25 -0.25 -0.02 0.00 0.00 0.00 0.24 25.05 103.2

16 0.82 0.81 0.02 0.01 -0.01 0.00 0.80 25.05 30.2

1. See Figure 3.4.4.1-4 for definition of locations of stress sections.

2. ASME Code Service Level A is used for material allowable stresses.
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Table 3.4.4.1-8 Summary of Maximum Canister Normal Handling, plus Normal Pressure, plus

Secondary (P + Q) Stresses (ksi)

Section Stress Stress Margin of

No. l YZ XZ Intensity Allowable2  Safety

1 3.73 2.84 11.32 -0.02 -0.05 0.12 8.48 50.10 4.9

2 1.25 -6.84 -18.35 0.67 -0.11 -1.23 19.81 50.10 1.5

3 -1.82 2.83 25.12 -0.33 0.10 1.22 27.07 50.10 0.9

4 0.00 0.87 0.97 -0.08 -0.01 0.00 0.98 48.46 48.7

5 -0.01 0.88 1.01 0.08 -0.02 -0.01 1.03 44.83 42.7

6 0.00 0.55 1.14 -0.05 -0.02 0.01 1.14 44.44 38.0

7 0.01 0.98 1.21 -0.09 0.00 0.00 1.21 47.79 38.6

8 0.01 0.62 1.68 -0.06 -0.07 -0.01 1.67 50.10 29.0

9 1.12 1.23 3.64 -0.02 -0.07 1.29 3.61 50.10 12.9

10 -6.72 -1.69 1.79 -0.36 -0.15 -0.79 8.69 50.10 4.8

11 2.15 -2.10 -9.58 -0.31 -0.14 0.89 11.89 50.10 3.2

12 -6.72 -1.69 1.79 -0.36 -0.15 -0.79 8.69 50.10 4.8

13 -5.08 -0.78 1.71 0.34 -0.09 0.62 6.93 50.10 6.2

14 -13.21 -12.96 -0.16 0.20 -0.05 -0.02 13.16 50.10 2.8

15 -8.25 -7.78 -6.63 0.20 0.49 0.00 1.90 50.10 25.4

16 0.01 0.06 -0.52 0.02 -0.05 0.00 0.59 50.10 83.3

1. See Figure 3.4.4.1-4 for definition of locations of stress sections.

2. ASME Code Service Level A is used for material allowable stresses.
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Table 3.4.4.1-9 Canister Normal Internal Pressure Primary Membrane (Pm) Stresses (ksi)

Section Stress

No. Sx Sy S. Sxy Syz Sxz Intensity

1 0.12 0.70 1.80 -0.05 -0.01 -0.26 1.76

2 1.17 -1.69 -1.15 0.22 -0.02 -0.27 2.92

3 -0.20 -2.63 0.53 0.22 0.04 0.48 3.42

4 0.00 0.01 0.51 0.00 0.00 0.00 0.51

5 0.00 0.00 0.55 0.00 0.00 0.00 0.55

6 0.01 -0.01 0.62 0.00 -0.01 0.00 0.62

7 0.01 -0.01 0.73 0.00 -0.01 0.00 0.74

8 0.02 -0.03 1.11 0.00 -0.07 0.00 1.15

9 0.05 0.40 1.56 -0.03 -0.15 0.07 1.53

10 -0.29 0.36 1.93 -0.07 -0.21 0.09 2.26

1 1 -0.68 0.74 1.05 -0.11 -0.13 -0.58 2.10

12 -0.13 0.52 2.01 -0.10 -0.10 0.17 2.19

13 0.34 0.99 -0.40 -0.16 -0.03 -0.61 1.79

14 0.29 0.29 -0.01 0.00 0.14 -0.02 0.41

15 -0.01 -0.01 -0.03 0.00 0.00 0.00 0.02

16 0.00 0.01 -0.05 0.00 -0.01 -0.01 0.06

1. See Figure 3.4.4.1-4 for definition of locations of stress sections.
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Table 3.4.4.1-10 Canister Normal Internal Pressure Primary Membrane plus Bending (Pm + Pb)

Stresses (ksi)

Section l Stress

No.l SY SZ SXY SYZ SXZ Intensity

1 1.32 -0.05 4.36 0.07 -0.02 -0.02 4.42

2 0.57 -3.98 -8.37 0.38 -0.04 -0.60 9.05

3 -0.85 0.53 11.91 -0.08 0.04 0.62 12.82

4 0.00 -0.05 0.50 -0.01 0.00 0.00 0.56

5 0.00 -0.14 0.51 0.01 -0.01 0.00 0.65

6 0.01 -0.19 0.56 0.02 -0.01 0.00 0.75

7 0.01 -0.21 0.66 0.02 -0.01 0.00 0.88

8 0.03 -0.16 1.06 0.01 -0.05 0.00 1.23

9 -0.09 0.34 1.69 0.00 -0.21 -0.02 1.81

10 -0.46 0.64 2.87 -0.13 -0.13 0.20 3.38

11 -1.00 0.69 1.11 -0.12 -0.20 -1.02 2.98

12 -0.50 0.57 2.66 0.00 0.00 0.18 3.19

13 1.55 1.54 -0.83 -0.25 0.07 -0.25 2.67

14 6.60 6.61 0.18 0.00 0.13 -0.03 6.43

15 0.10 0.11 -0.06 0.00 0.01 0.00 0.17

16 0.25 0.27 -0.06 -0.02 -0.01 0.00 0.34

1. See Figure 3.4.4.1-4 for definition of locations of stress sections.
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Table 3.4.4.1-1 1 Listing of Sections for Stress Evaluation of PWR Support Disk

Section Point Point Point 1 Point 2

Number 1 2 X. Y X Y
1 l 2 0.75 0.75 0.75 -0.75

2 3 4 0.75 0.75 -0.75 0.75
3 5 6 -0.75 0.75 -0.75 -0.75
4 7 8 -0.75 -0.75 0.75 -0.75
5 9 10 0.75 5.39 -0.75 5.39
6 11 12 0.75 10.02 -0.75 10.02
7 13 14 0.75 10.02 0.75 11.02
8 15 16 0.75 11.02 -0.75 11.02
9 17 18 -0.75 10.02 -0.75 11.02
10 19 20 0.75 15.66 -0.75 15.66
I1 21 22 0.75 20.29 -0.75 20.29
12 23 24 0.75 20.29 0.75 21.17
13 25 26 0.75 21.17 -0.75 21.17
14 27 28 -0.75 20.29 -0.75 21.17
15 29 30 0.75 25.81 -0.75 25.81
16 31 32 0.75 30.44 -0.75 30.44
17 33 34 0.75 30.44 0.75 32.74
18 35 36 -0.75 30.44 -0.75 32.74
19 37 38 0.75 -5.39 -0.75 -5.39
20 39 40 0.75 -10.02 -0.75 -10.02
21 41 42 0.75 -10.02 0.75 -11.02
22 43 44 0.75 -11.02 -0.75 -11.02
23 45 46 -0.75 -10.02 -0.75 -11.02
24 47 48 0.75 -15.66 -0.75 -15.66
25 49 50 0.75 -20.29 -0.75 -20.29
26 51 52 0.75 -20.29 0.75 -21.17
27 53 54 0.75 -21.17 -0.75 -21.17
28 55 56 -0.75 -20.29 -0.75 -21.17
29 57 58 0.75 -25.81 -0.75 -25.81
30 59 60 0.75 -30.44 -0.75 -30.44
31 61 62 0.75 -30.44 0.75 -32.74
32 63 64 -0.75 -30.44 -0.75 -32.74
33 65 66 5.39 0.75 5.39 -0.75
34 67 68 10.02 0.75 10.02 -0.75
35 69 70 10.02 0.75 11.02 0.75
36 71 72 11.02 0.75 11.02 -0.75
37 73 74 10.02 -0.75 11.02 -0.75
38 75 76 15.66 0.75 15.66 -0.75
39 77 78 20.29 0.75 20.29 -0.75
40 79 80 20.29 0.75 21.17 0.75
41 81 82 21.17 0.75 21.17 -0.75
42 83 84 20.29 -0.75 21.17 -0.75
43 85 86 25.81 0.75 25.81 -0.75
44 87 88 30.44 0.75 30.44 -0.75
45 . 89 90 30.44 0.75 32.74 0.75

1. Section locations are shown in Figures 3.4.4.1-7 and 3.4.4.1-8.
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Table 3.4.4.1-I1 Listing of Sections for Stress Evaluation of PWR Support Disk (Continued)

Section Point Point Point 1 Point 2
Number' 1 2 X Y X Y

46 91 92 30.44 -0.75 32.74 -0.75
47 93 94 -5.39 0.75 -5.39 -0.75
48 95 96 -10.02 0.75 -10.02 -0.75
49 97 98 -10.02 0.75 -11.02 0.75
50 99 100 -11.02 0.75 -11.02 -0.75
51 101 102 -10.02 -0.75 -11.02 -0.75
52 103 104 -15.66 0.75 -15.66 -0.75
53 105 106 -20.29 0.75 -20.29 -0.75
54 107 108 -20.29 0.75 -21.17 0.75
55 109 110 -21.17 0.75 -21.17 -0.75
56 I11 112 -20.29 -0.75 -21.17 -0.75
57 113 114 -25.81 0.75 -25.81 -0.75
58 115 116 -30.44 0.75 -30.44 -0.75
59 117 118 -30.44 0.75 -32.74 0.75
60 119 120 -30.44 -0.75 -32.74 -0.75
61 121 122 5.39 11.02 5.39 10.02
62 123 124 5.39 20.29 5.39 21.17
63 125 126 10.02 11.02 10.02 10.02
64 127 128 10.02 10.02 11.02 10.02
65 129 130 10.02 11.52 11.52 11.52
66 131 132 10.02 20.29 10.02 21.17
67 133 134 10.02 20.29 11.52 20.29
68 135 136 10.02 5.39 11.02 5.39
69 137 138 11.52 10.02 11.52 11.52
70 139 140 16.16 10.02 16.16 11.52
71 141 142 20.29 5.39 21.17 5.39
72 143 144 20.29 10.02 21.17 10.02
73 145 146 10.02 16.16 11.52 16.16
74 147 148 20.29 10.02 20.29 11.52
75 149 150 10.24 31.11 10.02 30.44
76 151 152 31.11 10.24 30.44 10.02
77 153 154 -5.39 11.02 -5.39 10.02
78 155 156 -5.39 20.29 -5.39 21.17
79 157 158 -10.02 11.02 -10.02 10.02
80 159 160 -10.02 10.02 -11.02 10.02
81 161 162 -10.02 11.52 -11.52 11.52
82 163 164 -10.02 20.29 -10.02 21.17
83 165 166 -10.02 20.29 -11.52 20.29
84 167 168 -10.02 5.39 -11.02 5.39
85 169 170 -11.52 10.02 -11.52 11.52
86 171 172 -16.16 10.02 -16.16 11.52
87 173 174 -20.29 5.39 -21.17 5.39
88 175 176 -20.29 10.02 -21.17 10.02
89 177 178 -10.02 16.16 -11.52 16.16
90 179 180 -20.29 10.02 -20.29 11.52

1. Section locations are shown in Figures 3.4.4.1-7 and 3.4.4.1-8.
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Table 3.4.4.1-11 Listing of Sections for Stress Evaluation of PWR Support Disk (Continued)

Section Point -Point - - -Point I Point 2
Number' 1 2 X Y X Y

91 181 182 -10.24 31.11 -10.02 30.44
92 183 184 -31.11 10.24 -30.44 10.02
93 185 186 -5.39 -11.02 -5.39 -10.02
94 187 188 -5.39 -20.29 -5.39 -21.17
95 189 190 -10.02 -11.02 -10.02 -10.02
96 191 192 -10.02 -10.02 -11.02 -10.02
97 193 194 -10.02 -11.52 -11.52 -11.52
98 195 196 -10.02 -20.29 -10.02 -21.17
99 197 198 -10.02 -20.29 -11.52 -20.29
100 199 200 -10.02 -5.39 -11.02 -5.39
101 201 202 -11.52 -10.02 -11.52 -11.52
102 203 204 -16.16 -10.02 -16.16 -11.52
103 205 206 -20.29 -5.39 -21.17 -5.39
104 207 208 -20.29 -10.02 -21.17 -10.02
105 209 210 -10.02 -16.16 -11.52 -16.16
106 211 212 -20.29 -10.02 -20.29 -11.52
107 213 214 -10.24 -31.11 -10.02 -30.44
108 215 216 -31.11 -10.24 -30.44 -10.02
109 217 218 5.39 -11.02 5.39 -10.02
110 219 220 5.39 -20.29 5.39 -21.17
III 221 222 10.02 -11.02 10.02 -10.02
112 223 224 10.02 -10.02 11.02 -10.02
113 225 226 10.02 -11.52 11.52 -11.52
114 227 228 10.02 -20.29 10.02 -21.17
i15 229 230 10.02 -20.29 11.52 -20.29
116 231 232 10.02 -5.39 11.02 -5.39
117 233 234 11.52 -10.02 11.52 -11.52
118 235 236 16.16 -10.02 16.16 -11.52
119 237 238 20.29 -5.39 21.17 -5.39
120 239 240 20.29 -10.02 21.17 -10.02
121 241 242 10.02 -16.16 11.52 -16.16
122 243 244 20.29 -10.02 20.29 -11.52
123 245 246 10.24 -31.11 10.02 -30.44
124 247 248 31.11 -10.24 30.44 -10.02

1. Section locations are shown in Figures 3.4.4.1-7 and 3.4.4.1-8.
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Table 3.4.4.1-12 Pm+ Pb Stresses for PWR Support Disk - Normal Conditions (ksi)

Stress Allow. Margin of
Section' Sx Sy Sxy Intensity Stress2  Safety

66 0.7 0.3 0.3 0.8 52.7 64.8
72 0.3 0.7 0.3 0.8 52.7 64.8
120 0.3 0.7 -0.3 0.8 52.7 64.8
82 0.7 0.3 -0.3 0.8 52.7 64.8
12 -0.4 0.2 0.0 0.6 52.7 86.8
28 -0.4 0.2 0.0 0.6 52.7 86.8
26 -0.4 0.2 0.0 0.6 52.7 86.8
54 0.2 -0.4 0.0 0.6 52.7 86.8
14 -0.4 0.2 0.0 0.6 52.7 86.8
42 0.2 -0.4 0.0 0.6 52.7 86.8
40 0.2 -0.4 0.0 0.6 52.7 86.8
56 0.2 -0.4 0.0 0.6 52.7 86.8
90 0.4 0.1 -0.2 0.5 52.7 104.3
67 0.1 0.4 0.2 0.5 52.7 104.3
99 0.1 0.4 0.2 0.5 52.7 104.3
106 0.4 0.1 0.2 0.5 52.7 104.3
122 0.4 0.1 -0.2 0.5 52.7 104.3
74 0.4 0.1 0.2 0.5 52.7 104.3
83 0.1 0.4 -0.2 0.5 52.7 104.3
115 0.1 0.4 -0.2 0.5 52.7 104.3
88 0.2 0.2 -0.3 0.5 52.7 104.3
114 0.2 0.2 -0.3 0.5 52.7 104.3
104 0.2 0.2 0.2 0.5 52.7 104.3
98 0.2 0.2 0.2 0.5 52.7 104.3
4 -0.2 -0.4 -0.1 0.4 52.7 130.6
2 -0.2 -0.4 -0.1 0.4 52.7 130.6
3 -0.4 -0.2 -0.1 0.4 52.7 130.6

1 -0.4 -0.2 -0.1 0.4 52.7 130.6
37 -0.1 -0.4 0.1 0.4 52.7 130.6
35 -0.1 -0.4 -0.1 0.4 52.7 130.6
7 -0.4 -0.1 -0.1 0.4 52.7 130.6

49 -0.1 -0.4 0.1 0.4 52.7 130.6
51 -0.1 -0.4 -0.1 0.4 52.7 130.6
23 -0.4 -0.1 -0.1 0.4 52.7 130.6
21 -0.4 -0.1 0.1 0.4 52.7 130.6
9 -0.4 -0.1 0.1 0.4 52.7 130.6
1 1 -0.2 0.2 -0.1 0.4 52.7 130.6
25 -0.2 0.2 -0.1 0.4 52.7 130.6
53 0.2 -0.2 0.1 0.4 52.7 130.6
39 0.2 -0.2 0.1 0.4 52.7 130.6

1. Section locations are shown in Figures 3.4.4.1-7 and 3.4.4.1-8.
2. Stress allowables are taken at 800TF.I
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Table 3.4.4.1-13 Pm+ Pb + Q Stresses for the PWR Support Disk - Normal Conditions (ksi)

Stress Allow. Margin of
Section' Sx Sy SL Intensity Stress 2  Safet

44 -6.9 -29.3 6.1 30.8 105.3 2.42
58 -6.9 -29.3 6.1 30.8 105.3 2.42
75 23.5 2.2 -4.3 24.3 105.3 3.33
107 23.5 2.2 -4.2 24.3 105.3 3.33
108 2.1 23.3 -4.2 24.1 105.3 3.37
76 2.1 23.2 -4.1 24.0 105.3 3.39
123 20.6 2.0 5.4 22.1 105.3 3.76
124 1.9 20.6 5.4 22.1 105.3 3.76
92 1.8 20.6 5.3 22.0 105.3 3.79
91 20.5 1.9 5.4 22.0 105.3 3.79
7 -20.1 -6.7 -2.3 20.5 105.3 4.14
23 -20.1 -6.7 -2.3 20.5 105.3 4.14
49 -6.6 -20.0 2.3 20.4 105.3 4.16
37 -6.6 -20.0 2.3 20.4 105.3 4.16
9 -20.0 -6.7 2.3 20.4 105.3 4.16
21 -20.0 -6.7 2.3 20.4 105.3 4.16
35 -6.7 -20.0 -2.3 20.4 105.3 4.16
51 -6.7 -20.0 -2.3 20.4 105.3 4.16
17 20.6 -0.4 -1.2 21.1 105.3 3.99
32 20.6 -0.4 -1.2 21.1 105.3 3.99
45 -0.5 19.9 -1.4 20.7 105.3 4.09
60 -0.5 19.9 -1.4 20.7 105.3 4.09
80 -7.7 -19.5 2.4 19.9 105.3 4.29
112 -7.7 -19.5 2.4 19.9 105.3 4.29
31 19.6 -0.4 1.6 20.3 105.3 4.19
18 19.6 -0.4 1.6 20.3 105.3 4.19
79 -19.4 -7.6 2.3 19.9 105.3 4.29

111 -19.4 -7.6 2.3 19.9 105.3 4.29
95 -19.0 -7.7 -2.2 19.4 105.3 4.43
63 -19.0 -7.7 -2.2 19.4 105.3 4.43
96 -7.7 -18.8 -2.2 19.3 105.3 4.46
64 -7.7 -18.8 -2.2 19.3 105.3 4.46
59 -2.0 16.6 0.4 18.6 105.3 4.66
46 -2.0 16.6 0.4 18.6 105.3 4.66
30 -10.5 -11.3 4.5 15.3 105.3 5.88
16 -10.5 -11.3 4.5 15.3 105.3 5.88
6 -11.1 -9.3 -4.1 14.4 105.3 6.31
20 -11.1 -9.3 -4.1 14.4 105.3 6.31
48 -9.3 -11.0 -4.1 14.3 105.3 6.36
34 -9.3 -11.0 -4.1 14.3 105.3 6.36

1. Section locations are shown in Figures 3.4.4.1-7 and 3.4.4.1-8.

2. Stress allowables are taken at 800TF. I
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Table 3.4.4.1-14 Listing of Sections for Stress Evaluation of BWR Support Disk

Section Point Point Point 1 Point 2
Numberl 1- 2 x Y X Y

1 1 2 32.74 0.33 30.85 0.33
2 3 4 32.74 -0.33 30.85 -0.33
3 5 6 -32.74 0.33 -30.85 0.33
4 7 8 -32.74 -0.33 -30.85 -0.33
5 9 10 32.03 6.85 30.85 6.6
6 11 12 32.03 -6.85 30.85 -6.6
7 13 14 -32.03 6.85 -30.85 6.6
8 15 16 -32.03 -6.85 -30.85 -6.6
9 17 18 24.87 21.30 23.89 20.46
10 19 20 24.87 -21.30 23.89 -20.46
11 21 22 -24.87 21.30 -23.89- 20.46
12 23 24 -24.87 -21.30 -23.89 -20.46
13 25 26 17.27 27.83 17.00 27.39
14 27 28 -17.27 27.83 -17.00 27.39
15 29 30 -17.27 -27.83 -17.00 -27.39
16 31 32 17.27 -27.83 17.00 -27.39
17 33 34 0 0.33 0 -0.33
1 35 36 3.14 0.33 3.14 -0.33
19 37 38 3.79 0.33 3.79 -0.33
20 39 40 6.93 0.33 6.93 -0.33
21 41 42 10.07 0.33 10.07 -0.33
22 43 44 10.72 0.33 10.72 -0.33
23 45 46 13.86 0.33 13.86 -0.33
24 47 48 17 0.33 17 -0.33
25 49 50 17.65 0.33 17.65 -0.33
26 51 52 20.78 0.33 20.78 -0.33
27 53 54 23.92 0.33 23.92 -0.33
28 55 56 24.57 0.33 24.57 -0.33
29 57 58 27.71 0.33 27.71 -0.33
30 59 60 30.85 0.33 30.85 -0.33
31 61 62 -3.14 0.33 -3.14 -0.33
32 63 64 -3.79 0.33 -3.79 -0.33
33 65 66 -6.93 0.33 -6.93 -0.33
34 67 68 -10.07 0.33 -10.07 -0.33
35 69 70 -10.72 0.33 -10.72 -0.33
36 71 72 -13.86 0.33 -13.86 -0.33
37 73 74 -17 0.33 -17 -0.33
38 75 76 -17.65 0.33 -17.65 -0.33
39 77 78 -20.78 0.33 -20.78 -0.33
40 79 80 -23.92 0.33 -23.92 -0.33
41 81 82 -24.57 0.33 -24.57 -0.33
42 83 84 -27.71 0.33 -27.71 -0.33
43 85 86 -30.85 0.33 -30.85 -0.33
44 87 88 0 . 7.25 0 6.6
45 89 90 3.14 7.25 3.14 6.6
46 91 92 3.79 7.25 3.79 6.6
47 93 94 6.93 7.25 6.93 6.6
48 95 96 10.07 7.25 10.07 6.6
49 97 98 10.72 7.25 10.72 6.6
50 99 100 13.86 7.25 13.86 6.6

1. Section locations are shown in Figures 3.4.4.1-13 through 3.4.4.1-16.I
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Table 3.4.4.1-14 Listing of Sections for Stress Evaluation of BWR Support Disk (Continued)

Section Point Point Point I Point 2
Number'. .I 2 - X X. 'V

51 101 102 17 7.25 17 6.6
52 103 104 17.65 7.25 17.65 6.6
53 105 106 20.78 7.25 20.78 6.6
54 107 108 23.92 7.25 23.92 6.6
55 109 110 0 13.53 0 14.18
56 Ill 112 3.14 13.53 3.14 14.18
57 113 114 3.79 13.53 3.79 14.18
58 115 116 6.93 13.53 6.93 14.18
59 117 118 10.07 13.53 10.07 14.18
60 119 120 10.72 13.53 10.72 14.18
.61- 121 122 13.86 * 13.53 13.86 14.18
62 123 124 17 13.53 17 14.18
63 125 126 17.65 13.53 17.65 14.18
64 127 128 20.78 13.53 20.78 14.18
65 129 130 23.92 13.53 23.92 14.18
66 131 132 0 21.11 0 20.46
67 133 134 3.14 21.11 3.14 20.46
68 135 136 3.79 21.11 3.79 20.46
69 137 138 6.93 21.11 6.93 20.46
70 139 140 10.07 21.11 10.07 20.46
71 141 142 10.72 21.11 10.72 20.46
72 143 144 13.86 21.11 13.86 20.46
73 145 146 17 21.11 17 20.46
74 147 148 3.14 0.33 3.79 0.33
75 149 150 10.07 0.33 10.72 0.33
76 151 152 17 0.33 17.65 0.33
77 153 154 23.92 0.33 24.57 0.33
78 155 156 - 3.14 3.46 3.79 3.46
79 157 158 10.07 3.46 10.72 3.46
80 159 160 17 3.46 17.65 3.46
81 161 162 23.92 3.46 24.57 3.46
82 163 164 3.14 6.6 3.79 6.6
83 165 166 10.07 6.6 10.72 6.6
84 167 168 17 6.6 17.65 6.6
85 169 170 23.92 6.6 24.57 6.6
86 171 172 3.14 7.25 3.79 7.25
87 173 174 10.07 7.25 10.72 7.25
88 175 176 17 7.25 17.65 7.25
89 177 178 3.14 10.39 3.79 10.39
90 179 180 10.07 10.39 10.72 10.39
91 181 182 17 10.39 17.65 10.39
92 183 184 3.14 13.53 3.79 13.53
93 185 186 10.07 13.53 10.72 13.53
94 187 188 17 13.53 17.65 13.53
95 189 190 3.14 14.18 3.79 14.18
96 191 192 10.07 14.18 10.72 14.18
97 193 194 17 14.18 17.65 14.18
98 195 196 3.14 17.32 3.79 17.32
99 197 198 10.07 17.32 10.72 17.32
100 199 200 17 17.32 17.65 17.32

1. Section locations are shown in Figures 3.4.4.1-13 through 3.4.4.1-16.
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Table 3.4.4.1-14 Listing of Sections for Stress Evaluation of BWR Support Disk (Continued)
Section Point Point Point I Point 2

Numberl 1 2 X Y- X Y
101 201 202 3.14 20.46 3.79 20.46
102 203 204 10.07 20.46 10.72 20.46
103 205 206 17 20.46 17.65 20.46
104 207 208 3.14 21.11 3.79 21.11
105 209 210 10.07 21.11 10.72 21.11
106 211 212 3.14 24.25 3.79 24.25
107 213 214 10.07 24.25 10.72 24.25
108 215 216 3.14 27.39 3.79 27.39
109 217 218 10.07 27.39 10.72 27.39
110 219 220 -3.14 7.25 -3.14 6.6
111 221. 222 -3.79 7.25 -3.79 6.6
112 223 224 -6.93 7.25 -6.93 6.6
113 225 226 -10.07 7.25 -10.07 6.6
114 227 228 -10.72 7.25 -10.72 6.6
115 229 230 -13.86 7.25 -13.86 6.6
116 231 232 -17 7.25 -17 6.6
117 233 234 -17.65 7.25 -17.65 6.6
118 235 236 -20.78 7.25 -20.78 6.6
119 237 238 -23.92 7.25 -23.92 6.6
120 239 240 -3.14 13.53 -3.14 14.18
121 241 242 -3.79 13.53 -3.79 14.18
122 243 244 -6.93 13.53 -6.93 14.18
123 245 246 -10.07 13.53 -10.07 14.18
124 247 248 -10.72 13.53 -10.72 14.18
125 249 250 -13.86 13.53 -13.86 14.18
126 251 252 -17 13.53 -17 14.18
127 253 254 -17.65 13.53 -17.65 14.18
128 255 256 -20.78 13.53 -20.78 14.18
129 257 258 -23.92 13.53 -23.92 14.18
130 259 260 -3.14 21.11 -3.14 20.46
131 261 262 -3.79 21.11 -3.79 20.46
132 263 264 -6.93 21.11 -6.93 20.46
133 265 266 -10.07 21.11 -10.07 20.46
134 267 268 -10.72 21.11 -10.72 20.46
135 269 270 -13.86 21.11 -13.86 20.46
136 271 272 -17 21.11 -17 20.46
137 273 274 -3.14 0.33 -3.79 0.33
138 275 276 -10.07 0.33 -10.72 0.33
139 277 278 -17 0.33 -17.65 0.33
140 279 280 -23.92 0.33 -24.57 0.33
141 281 282 -3.14 3.46 -3.79 3.46
142 283 284 -10.07 3.46 -10.72 3.46
143 285 286 -17 3.46 -17.65 3.46
144 287 288 -23.92 3.46 -24.57 3.46
145 289 290 -3.14 6.6 -3.79 6.6
146 291 292 -10.07 6.6 -10.72 6.6
147 293 294 -17 6.6 -17.65 6.6
148 295 296 -23.92 6.6 -24.57 6.6
149 297 298 -3.14 7.25 -3.79 7.25
150 299 300 -10.07 7.25 -10.72 7.25

1. Section locations are shown in Figures 3.4.4.1-13 through 3.4.4.1-16.I
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Table 3.4.4.1-14 Listing of Sections for Stress Evaluation of BWR Support Disk (Continued)
Section Point Point Point I Point 2

Number' 1 -.2-..._.. X. . . Y
151 301 302 -17 7.25 -17.65 7.25
152 303 304 -3.14 10.39 -3.79 10.39
153 305 306 -10.07 10.39 -10.72 10.39
154 307 308 -17 10.39 -17.65 10.39
155 309 310 -3.14 13.53 -3.79 13.53
156 311 312 -10.07 13.53 -10.72 13.53
157 313 314 -17 13.53 -17.65 13.53
158 315 316 -3.14 14.18 -3.79 14.18
159 317 318 -10.07 14.18 -10.72 14.18
160 319 320 -17 14.18 -17.65 14.18
161 321 322 -3.14 17.32 -3.79 17.32
162 323 324 -10.07 17.32 -10.72 17.32
163 325 326 -17 17.32 -17.65 17.32
164 327 328 -3.14 20.46 -3.79 20.46
165 329 330 -10.07 20.46 -10.72 20.46
166 331 332 -17 20.46 -17.65 20.46
167 333 334 -3.14 21.11 -3.79 21.11
168 335 336 -10.07 21.11 -10.72 21.11
169 337 338 -3.14 24.25 -3.79 24.25
170 339 340 -10.07 24.25 -10.72 24.25
171 341 342 -3.14 27.39 -3.79 27.39
172 343 344 -10.07 27.39 -10.72 27.39
173 345 346 -3.14 -7.25 -3.14 -6.6
174 347 348 -3.79 -7.25 -3.79 -6.6
175 349 350 -6.93 -7.25 -6.93 -6.6
176 351 352 -10.07 -7.25 -10.07 -6.6
177 353 354 -10.72 -7.25 -10.72 -6.6
178 - -355 - 356 -- - -13.86 - - -7.25 - -13.86 -6.6
179 357 358 -17 -7.25 -17 -6.6
180 359 360 -17.65 -7.25 -17.65 -6.6
181 361 362 -20.78 -7.25 -20.78 -6.6
182 363 364 -23.92 -7.25 -23.92 -6.6
183 365 366 -3.14 -13.53 -3.14 -14.18
184 367 368 -3.79 -13.53 -3.79 -14.18
185 369 370 -6.93 -13.53 -6.93 -14.18
186 371 372 -10.07 -13.53 -10.07 -14.18
187 373 374 -10.72 -13.53 -10.72 -14.18
188 375 376 -13.86 -13.53 -13.86 -14.18
189 377 378 -17 -13.53 -17 -14.18
190 379 380 -17.65 -13.53 -17.65 -14.18
191 381 382 -20.78 -13.53 -20.78 -14.18
192 383 384 -23.92 -13.53 -23.92 -14.18
193 385 386 -3.14 -21.11 -3.14 -20.46
194 387 388 -3.79 -21.11 -3.79 -20.46
195 389 390 -6.93 -21.11 -6.93 -20.46
196 391 392 -10.07 -21.11 -10.07 -20.46
197 393 394 -10.72 -21.11 -10.72 -20.46
198 395 396 -13.86 -21.11 -13.86 -20.46
199 397 398 -17 -21.11 -17 -20.46
200 399 400 -3.14 -0.33 -3.79 -0.33

1. Section locations are shown in Figures 3.4.4.1-13 through 3.4.4.1-16. I
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Table 3.4.4.1-14 Listing of Sections for Stress Evaluation of BWR Support Disk (Continued)

Section Point Point Point I Point 2
Number'.. I: 2 . x y X.. . | Y

201 401 402 -10.07 -0.33 -10.72 -0.33
202 403 404 -17 -0.33 -17.65 -0.33
203 405 406 -23.92 -0.33 -24.57 -0.33
204 407 408 -3.14 -3.46 -3.79 -3.46
205 409 410 -10.07 -3.46 -10.72 -3.46
206 411 412 -17 -3.46 -17.65 -3.46
207 413 414 -23.92 -3.46 -24.57 -3.46
208 415 416 -3.14 -6.6 -3.79 -6.6
209 417 418 -10.07 -6.6 -10.72 -6.6
210 419 420 -17 -6.6 -17.65 -6.6
211 421 422 -23.92 -6.6 -24.57 -6.6
212 423 424 -3.14 -7.25 -3.79 -7.25
213 425 426 -10.07 -7.25 -10.72 -7.25
214 427 428 -17 -7.25 -17.65 -7.25
215 429 430 -3.14 -10.39 -3.79 -10.39
216 431 432 -10.07 -10.39 -10.72 -10.39
217 433 434 -17 -10.39 -17.65 -10.39
218 435 436 -3.14 -13.53 -3.79 -13.53
219 437 438 -10.07 -13.53 -10.72 -13.53
220 439 440 -17 -13.53 -17.65 -13.53
221 441 442 -3.14 -14.18 -3.79 -14.18
222 443 444 -10.07 -14.18 -10.72 -14.18
223 445 446 -17 -14.18 -17.65 -14.18
224 447 448 -3.14 -17.32 -3.79 -17.32
225 449 450 -10.07 -17.32 -10.72 -17.32
226 451 452 -1717.32 -17.65 -17.32
227 453 454 -3.14 -20.46 -3.79 -20.46
228 455 456 -10.07 -20.46 -10.72 -20.46
229 457 458 -17 -20.46 -17.65 -20.46
230 459 460 -3.14 -21.11 -3.79 -21.11
231 461 462 -10.07 -21.11 -10.72 -21.11
232 463 464 -3.14 -24.25 -3.79 -24.25
233 465 466 -10.07 -24.25 -10.72 -24.25
234 467 468 -3.14 -27.39 -3.79 -27.39
235 469 470 -10.07 -27.39 -10.72 -27.39
236 471 472 0 -7.25 0 -6.6
237 473 474 3.14 -7.25 3.14 -6.6
238 475 476 3.79 -7.25 3.79 -6.6
239 477 478 6.93 -7.25 6.93 -6.6
240 479 480 10.07 -7.25 10.07 -6.6
241 481 482 10.72 -7.25 10.72 -6.6
242 483 484 13.86 -7.25 13.86 -6.6
243 485 486 17 -7.25 17 -6.6
244 487 488 17.65 -7.25 17.65 -6.6
245 489 490 20.78 -7.25 20.78 -6.6
246 491 492 23.92 -7.25 23.92 -6.6
247 493 494 0 -13.53 0 -14.18
248 495 496 3.14 -13.53 3.14 -14.18
249 497 498 3.79 -13.53 3.79 -14.18
250 499 500 6.93 -13.53 6.93 -14.18

1. Section locations are shown in Figures 3.4.4.1-13 through 3.4.4.1-16.
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Table 3.4.4.1-14 Listing of Sections for Stress Evaluation of BWR Support Disk (Continued)

Section Point Point Point I Point 2
Number' 1 2 X Y X Y

251 501 502 10.07 -13.53 10.07 -14.18
252 503 504 10.72 -13.53 10.72 -14.18
253 505 506 13.86 -13.53 13.86 -14.18
254 507 508 17 -13.53 17 -14.18
255 509 510 17.65 -13.53 17.65 -14.18
256 511 512 20.78 -13.53 20.78 -14.18
257 513 514 23.92 -13.53 23.92 -14.18
258 515 516 0 -21.11 0 -20.46
259 517 518 3.14 -21.11 3.14 -20.46
260 519 520 3.79 -21.11 3.79 -20.46
261 521 522 6.93 -21.11 6.93 -20.46
262 523 524 10.07 -21.11 10.07 -20.46
263 525 526 10.72 -21.11 10.72 -20.46
264 527 528 13.86 -21.11 13.86 -20.46
265 529 530 17 -21.11 17 -20.46
266 531 532 3.14 -0.33 3.79 -0.33
267 533 534 10.07 -0.33 10.72 -0.33
268 535 536 17 -0.33 17.65 -0.33
269 537 538 23.92 -0.33 24.57 -0.33
270 539 540 3.14 -3.46 3.79 -3.46
271 541 542 10.07 -3.46 10.72 -3.46
272 543 544 17 -3.46 17.65 -3.46
273 545 546 23.92 -3.46 24.57 -3.46
274 547 548 3.14 -6.6 3.79 -6.6
275 549 550 10.07 -6.6 10.72 -6.6
276 551 552 17 -6.6 17.65 -6.6
277 553 554 23.92 -6.6 24.57 -6.6
278 555 556 3.14 -7.25 3.79 -7.25
279 557 558 10.07 -7.25 10.72 -7.25
280 559 560 .17 -7.25 17.65 -7.25
281 561 562 3.14 -10.39 3.79 -10.39
282 563 564 10.07 -10.39 10.72 -10.39
283 565 566 17 -10.39 17.65 -10.39
284 567 568 3.14 -13.53 3.79 -13.53
285 569 570 10.07 -13.53 10.72 -13.53
286 571 572 17 -13.53 17.65 -13.53
287 573 574 3.14 -14.18 3.79 -14.18
288 575 576 10.07 -14.18 10.72 -14.18
289 577 578 17 -14.18 17.65 -14.18
290 579 580 3.14 -17.32 3.79 -17.32
291 581 582 10.07 -17.32 10.72 -17.32
292 583 584 17 -17.32 17.65 -17.32
293 585 586 3.14 -20.46 3.79 -20.46
294 587 588 10.07 -20.46 10.72 -20.46
295 589 590 17 -20.46 17.65 -20.46
296 591 592 3.14 -21.11 3.79 -21.11
297 593 594 10.07 -21.11 10.72 -21.11
298 595 596 3.14 -24.25 3.79 -24.25
299 597 598 10.07 -24.25 10.72 -24.25
300 599 600 3.14 -27.39 3.79 -27.39
301 601 602 10.07 -27.39 10.72 -27.39

1. Section locations are shown in Figures 3.4.4.1-13 through 3.4.4.1-16. I
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Table 3.4.4.1-15 Pm+ Pb Stresses for BWR Support Disk - Normal Conditions (ksi)

Stress Allow. Margin or
Section' Sxy Sxy Intensity Stress2  Sarety

129 1.0 0.3 0.2 1.0 40.5 39.5
54 1.0 0.2 0.2 1.0 40.5 39.5
171 0.2 1.0 0.1 1.0 40.5 39.5
300 0.2 1.0 0.1 1.0 40.5 39.5
65 0.9 0.3 -0.2 1.0 40.5 39.5
192 0.9 0.3 -0.2 1.0 40.5 39.5
257 0.8 0.4 -0.3 1.0 40.5 39.5
234 0.2 0.9 -0.1 1.0 40.5 39.5
108 0.2 0.9 -0.1 1.0 40.5 39.5
119 0.9 0.2 -0.2 1.0 40.5 39.5
246 0.9 0.2 -0.2 0.9 40.5 44.0
182 0.9 0.2 0.2 0.9 40.5 44.0
103 0.3 0.3 0.2 0.5 40.5 80.0
229 0.2 0.3 0.2 0.5 40.5 80.0
109 -0.1 0.4 0.0 0.5 40.5 80.0
77 0.2 -0.3 0.1 0.5 40.5 80.0

203 0.2 -0.3 0.1 0.5 40.5 80.0
140 0.2 -0.3 -0.1 0.5 40.5 80.0
295 0.2 0.3 -0.2 0.5 40.5 80.0
269 0.2 -0.3 -0.1 0.5 40.5 80:0
166 0.2 0.3 -0.2 0.5 40.5 80.0
301 -0.1 0.4 0.0 0.5 40.5 80.0
172 -0.1 0.4 0.0 0.5 40.5 80.0
134 0.0 0.2 -0.2 0.5 40.5 80.0
263 0.0 0.2 -0.2 0.5 40.5 80.0
197 0.0 0.2 0.2 0.5 40.5 80.0
71 0.0 0.2 0.2 0.5 40.5 80.0
235 -0.1 0.4 0.0 0.5 40.5 80.0
27 0.3 -0.2 -0.1 0.5 40.5 80.0
165 -0.2 -0.1 -0.2 0.5 40.5 80.0
228 -0.2 -0.1 0.2 0.5 40.5 80.0
294 -0.2 -0.1 -0.2 0.5 40.5 80.0
40 0.3 -0.2 0.1 0.5 40.5 80.0
102 -0.2 -0.1 0.2 0.5 40.5 80.0
73 0.1 0.3 0.2 0.5 40.5 80.0
199 0.1 0.3 0.2 0.5 40.5 80.0
124 -0.4 -0.1 -0.2 0.4 40.5 100.3
252 -0.4 -0.1 -0.2 0.4 40.5 100.3
60 -0.4 -0.1 0.2 0.4 40.5 100.3
187 -0.4 -0.1 0.2 0.4 40.5 100.3

1. Section locations are shown in Figures 3.4.4.1-13 through 3.4.4.1-16.

2. Stress allowables are taken at 800TF.
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Table 3.4.4.1-16 Pm + Pb + Q Stresses for BWR Support Disk - Normal Conditions (ksi)

Stress. Allow. largin of
Section' Sx Sy Sxy Intensity Stress2  Safety

30 -8.8 -16.9 2.7 17.7 81.0 3.58
15 14.2 5.0 -6.4 17.4 81.0 3.66
43 -9.0 -16.6 2.7 17.4 81.0 3.66
13 14.0 5.1 -6.4 17.4 81.0 3.66

16 15.1 4.2 5.1 17.1 81.0 3.74
14 15.0 4.3 5.1 17.1 81.0 3.74
1 -1.8 14.0 -1.0 15.8 81.0 4.13
2 -1.8 14.0 -1.0 15.8 81.0 4.13
3 -1.8 13.9 -0.9 15.7 81.0 4.16
4 -1.8 13.9 -0.9 15.7 81.0 4.16

268 -7.4 -15.3 1.9 15.7 81.0 4.16
139 -7.4 -15.2 1.9 15.6 81.0 4.19
202 -7.4 -15.2 -1.9 15.6 81.0 4.19
76 -7.4 -15.2 -1.9 15.6 81.0 4.19

295 -0.6 -15.5 1.0 15.6 81.0 4.19
166 -0.5 -15.5 0.9 15.5 81.0 4.23
229 -0.8 -15.3 -1.0 15.4 81.0 4.26
103 -0.8 -15.3 -0.9 15.3 81.0 4.29
289 -4.4 -14.5 1.2 14.6 81.0 4.55
223 -4.5 -14.4 -1.2 14.6 81.0 4.55
160 -4.4 -14.4 1.2 14.5 81.0 4.59
97 -4.5 -14.4 -1.2 14.5 81.0 4.59
276 -5.6 -14.0 1.3 14.2 81.0 4.70

147 -5.6 -14.0 1.3 14.2 81.0 4.70
210 -5.5 -13.9 -1.3 14.1 81.0 4.74
84 -5.5 -13.9 -1.3 14.1 81.0 4.74
269 -6.7 -13.5 1.7 13.8 81.0 4.87
77 -6.5 -13.5 -1.6 13.8 81.0 4.87
140 -6.7 -13.5 1.7 13.8 81.0 4.87
203 -6.6 -13.5 -1.6 13.8 81.0 4.87
266 -8.3 -12.9 2.0 13.7 81.0 4.91
137 -8.3 -12.9 2.0 13.7 81.0 4.91

74 -8.2 -12.8 -2.0 13.6 81.0 4.96
18 -12.6 -7.2 2.4 13.6 81.0 4.96

200 -8.2 -12.8 -2.0 13.5 81.0 5.00
31 -12.6 -7.2 2.4 13.5 81.0 5.00
199 -13.0 -6.4 -1.5 13.3 81.0 5.09
73 -12.9 -6.3 -1.5 13.2 81.0 5.14
34 -12.4 -6.2 2.2 13.1 81.0 5.18
21 -12.4 -6.2 2.2 13.1 81.0 5.18

1 fl-t f- 1-4 -Mn n A-. -V -n- in f S.'I A A 11 . - -pnIlh 'A a A 1 1C

2.
Stressalloa bles artk at 80. 0 . - u . -

Stress allowtables are taken at 800°F.
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Table 3.4.4.1-17 Summary of Maximum Stresses for PWR and BWR Fuel Basket

Weldments - Normnal Conditions (ksi)

IMvlaximum Node

Stress Stress Temperature Stress Margin of

Component Category Intensity' (OF) Allowable2  Safety

PWR Top Pm + Pb 0.5 297 28.1 +Large

Weldment Pm +Pb + Q 52.4 292 56.1 0.07

PWR Bottom Pm + Pb 0.6 179 30.0 +Large

Weldment Pm +Pb + Q 20.9 175 60.0 +1.87

BWR Top Pm + Pb 0.8 226 26.3 +Large

Weldment Pm +Pb + Q 14.2 383 52.5 +Large

BWR Bottom Pm + Pb 0.9 269 26.7 +Large

Weldment Pm +Pb + Q 36.6 203 53.4 0.64

1. Nodal stresses are from the finite element analysis.

2. Conservatively, stress allowables are taken at 4001F for the PWR top weldment, 300'F for

the PWR bottom weldment, 500'F for the BWR top weldment, and 300'F for the BWR

bottom weldment.
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3.4.4.2 Vertical Concrete Cask Analyses

The stresses i 'the concretedcask are evaluated in'this'ssction'for'normal conditions of storage.

The evaluation for the steel base plate at the bottom of the cask is presented in Section 3.4.3.1.

The stresses in the concrete due to dead load, live load, and thermal load are calculated in this

section. The evaluations for off-normal and accident loading conditions are presented in Chapter

11.0. The radial dimensions of the concrete cask are the same for all cask configurations, only

the height of the cask varies. Thus, the temperature differences through the concrete for all cask

configurations vary only as a function of the heat source. Using the model described in this

section, thermal analyses were run for both the maximum BWR and PWR heat loads for normal,

off-normal, and accident conditions. The results of these analyses showed that the maximum

temperature differences across the concrete cask wall occurred under normal operating

conditions (760F, with a 1.275 load factor) for the BWR casks and under accident conditions

(1330 F, with a load factor of 1.0) for the PWR casks. Thus, the structural analyses in this chapter

use the temperature gradients from the BWR cask at 760F and the analyses in Chapter 1 I use the

temperature differences for the PWR cask at 1330F. A summary of calculated stresses for the

load combinations defined in Table 2.2-1 is presented in Table 3.4.4.2-1. As shown in Table

3.4.4.2-2, the concrete cask meets the structural requirements of ACI-349-85 [4].

The structural evaluation of the Universal Storage, System is based on consideration of the

bounding conditions for each aspect of the analysis. Generally, the bounding condition is

represented by the component, or combination of components, of each configuration that is the

heaviest. For reference, the bounding case used in each of the structural evaluations is presented

in the following table.
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Section Aspect Evaluated Bounding Condition Configuration

3.4.4.2.1 Dead Load Heaviest concrete cask PWR Class 3

3.4.4.2.2 Live Load Heaviest loaded transfer cask BWR Class 5

Snow Load Same for all configurations Not Applicable

3.4.4.2.3 Thermal Load Highest temperature gradient BWR Class 4

under normal conditions

3.4.4.2.1 Dead Load

The concrete cask dead load evaluation is based on the PWR Class 3 concrete cask, which is the

heaviest concrete cask. The weight used in this analysis bounds the calculated weight of the PWR

Class 3 concrete cask, as shown in Tables 3.2-1 and 3.2-2. The dead load of the cask concrete is

resisted by the lower concrete surface only. The concrete compression stress due to the weight of

the concrete cask is:

cr, = -W/A = - 26.1 psi (compression)

(30.0 psi conservatively used in the loading combination, Table 3.4.4.2-1)

where:

W = 250,000 lb concrete cask bounding dead weight (maximum calculated weight =

249,400 lb)

OD = 136 in. concrete exterior diameter

ID = 79.5 in. concrete interior diameter

A =7 (0D2 - I9)I/4 = 9,563 in.2

This evaluation of stress at the base of the concrete conservatively considers the weight of the

empty concrete cask, rather than the concrete alone. The weight of the canister is not supported by

the concrete.
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3.4.4.2.2 Live Load

The-concrete cask is subjected to two live: loads: the snow load and the weight of the fully loaded
transfer cask resting atop the concrete cask. These loads are conservatively assumed to be
applied to the concrete portion of the cask. No loads are assumed to be taken by the concrete
cask's steel liner. The loads from the canister and its contents are transferred to the steel support
inside the concrete cask and are not applied to the concrete. The stress in the steel support is
evaluated in Section 3.4.3.1. Under these conditions, the only stress component is the vertical
compression stress.

Snow Load
The calculated snow load and the resulting stresses are the same for all five of the concrete cask
configurations because the top surface areas are the same for all configurations. The snow load
on the concrete cask is determined in accordance with ANSI/ASCE 7-93 [30].

The uniformly distributed snow load on the top of the concrete cask, Pf, is

Pf=0.70CeCtIPg = 101 lbf/ft2

The concrete cask top area,

Atop = 7r (D/2)2 = 14,527 in.2 = 101 ft2

The maximum snow load, Fs, is,

F, = Pf XA0 p= 101 lbf/ft2 X (101 ft2) 10,201 lbf.

The snow load is uniformly distributed over the top surface of the concrete cask. This load is
negligible.

Transfer Cask Load

The live load of the heaviest loaded transfer cask is bounded by the weight used in this analysis,
which is much greater than the weight of the maximum postulated snow load. Consequently, the
stress due to the snow load is bounded by the stress due to the weight of the heaviest transfer
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cask. As with the snow load, the calculated transfer cask load, and the resulting stresses, are the
same for all five of the concrete cask configurations because the top surface areas are the same
for all configurations.

W = 215,000 lb-bounding transfer cask weight (fully loaded)
D = 136 in.-concrete exterior diameter
ID = 79.5 in.-concrete interior diameter

A =t(D2 ID2 )/4 = 9563 in.2

Compression stress at the base of the concrete is:

| = W/A = -22.5 psi Z -25.0 psi (compressive)
(25.0 psi conservatively used in loading combination, Table 3.4.4.2-1)

3.4.4.2.3 Thermal Load

A three dimensional finite element model, shown in Figure 3.4.4.2-1, comprised of SOLID45,
LINK8 (elements which support uniaxial loads only-no bending), and CONTAC52 elements
was used to determine the stresses in the concrete cask due to thermal expansion. The SOLID45
elements represented the concrete while the LINK8 elements were used to represent the hoop and
the vertical reinforcement bars. The model of the reinforcement bars is shown in Figure 3.4.4.2-2.
The concrete cask has two sets of vertical reinforcement. At the inner radius of the concrete cask,
there are 36 sets of vertical reinforcement, while at the outer radius, 56 sets of vertical
reinforcement are used. The finite element model is a 1/56th circumferential model (or 360/56 =

6.420), and the vertical reinforcement is modeled at the angular center of the model. To

compensate for the smaller number of reinforcement elements at the inner radial location, the
cross sectional area of the LINK8 elements were factored by 36/56. The cross sectional area of
the LINK8s at the outer radial location corresponds to a Number 6 reinforcement bar, which has
a 0.75-in. diameter and a cross sectional area of 0.44 in2. LINK8s are also employed for the hoop
reinforcements. The hoop reinforcements at the inner radial location are modeled 8-in. on center,
while the outer hoop reinforcements are modeled on 4-in. centers. The nodal locations of the

SOLID45 elements also correspond to the reinforcement locations to allow for the correct
placement of the LINK8 elements in the model.

To allow the reinforcement to contain the tension stiffness of the concrete, the SOLID45
elements having nodes at a specified horizontal plane were separated by a small vertical distance
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(0.1 in.) and were connected by CONTAC52 elements. The model contains three horizontal

planes located at points 1/4, ½2, and 3/4 of the axial length of the model. The CONTAC52 elements

transmit compression across the horizontal'planes, which allows the concrete elements to be

subjected to compression. The LINK8 elements maintain a continuous connection from top to

bottom. The structural boundary conditions are shown in Figure 3.4.4.2-3. The side of the

model at 0° is restrained from translation in the circumferential direction. At 6.40, the

circumferential reinforcing bar (LINK8) elements extend beyond the model boundary and are

also restrained at their ends from circumferential translation. The remaining nodes at 6.40 are

attached to the CONTAC52 elements that only support compressive loading. The steel inner

liner is radially coupled to the concrete, since for the thermal conditions analyzed, the steel will

expand more than the concrete. The boundary conditions used simulate a complete fracture of

the concrete at the 6.4° plane and between each of the axial sections of the model.

Analysis of the thermal loads and conditions for all cask configurations showed that maximum

temperature gradient across the concrete wall of the cask under normal conditions, 62.42WF, occurs

for the BWR configuration. Thus, the steady-state, three-dimensional thermal conduction analysis

used the surface temperature boundary conditions for the 760 F normal operating condition to

determine the temperature field throughout the model. These temperatures were applied with a

load factor of 1.275 along the steel liner interior and concrete shell.

After the thermal solution was obtained, the thermal model was converted to a structural model.

The nodal temperatures developed from the heat transfer analysis became the thermal load

boundary conditions for the structural model.

The membrane stresses occurring in each individual circumferential reinforcement bar (rebar)

varied on the basis of the rebar location along the longitudinal axis of the cask. The maximum

circumferential tensile stress, 6,423 psi, occurred in the outer rebar, 56.4 in. from the base of the

concrete cask.

The membrane stresses occurring in the vertical rebar varied on the basis of the radial location

within the concrete shell. The maximum vertical tensile stress, 5,338 psi, occurred in the outer

rebar 140.3 in. from the base of the cask.

The maximum allowable stress in the ASTM A-706 rebar material is:

Fc = 60,000 psi
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The maximum allowable stress for the rebar assembly in the concrete cask shell is:

arbar =4) Fc= (0.9)(60,000 psi) = 54,000 psi

where:

Fc = 60,000 psi, the allowable stress on the rebar, and

4 = 0.90, a load reduction factor based on the rebar configuration.

Thus, the margin of safety of the rebar in the BWR cask under normal operating conditions is

MS= 54,000psi 1 = +7.4
6,423psi

The concrete component of the shell carries the compressive loads in both the circumferential and

the vertical direction. The maximum calculated compressive stress, which occurs 144 in. from the

base of the cask, is 116 psi in the circumferential direction. The maximum compressive concrete

stress in the vertical direction is 653 psi, which occurs 136.34 in. from the base of the cask.

Tensile stresses were examined in both the axial and circumferential directions. Two vertical

planes (at O° and at 6.40 for circumferential stress) and three horizontal planes (bottom, middle and

top, for axial stress) were examined at each of the four concrete sections modeled. The locations of

the planes where the stress evaluations are performed are shown in Figures 3.4.4.2-4 and 3.4.4.2-5.

The appropriate element stress is examined at each plane to determine if the stress is tensile or

compressive. If the stress is tensile, the component stress and face area of that element are used to

calculate an average concrete stress on the plane. If compressive, the element results are excluded

from the calculation. Experimental studies show that the tensile strength of concrete is 8% to 15%

of the concrete compressive strength [35]. Using a compressive strength of 4,000 psi and an 8%

factor, an allowable tensile strength of 320 psi is used in the evaluation.

The results of the evaluation, presented in Tables 3.4.4.2-3 and 3.4.4.2-4, show that maximum

tensile stress in the concrete is 143 psi and 243 psi, for the normal and accident conditions,

respectively. These maximum stresses are less than the allowable stress (320 psi). Consequently,

no cracking of the concrete will occur.
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Ki Applying the ACI 349-85 load reduction factor, the allowable bearing stress on the concrete shell is,

Obearing = ) fc' = (0.70) ( 4,000) = 2,800 psi

where:

4, the strength reduction factor for the concrete shell = 0.70

fC', the nominal concrete compressive strength = 4,000 psi

The maximum 760F normal operating thermally induced stress of 653 psi represents a margin of

safety of

MS= 2,800psi 1 =+3.3
653psi
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Figure 3.4.4.2-1 Concrete Cask Thermal Stress Model
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Figure 3.4.4.2-2 Concrete Cask Thermal Stress Model - Vertical and Horizontal Rebar Detail
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Figure 3.4.4.2-3 Concrete Cask Thermal Model Boundary Conditions
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Figure 3.4.4.2-4 Concrete Cask Thermal Model Axial Stress Evaluation Locations
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Figure 3.4.4.2-5 Concrete Cask Thermal Model Circumferential Stress Evaluation Locations
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Table 3.4.4.2-1 Summary of Maximum Stresses for Vertical Concrete Cask Load Combinations

Load Stress Stress b (psi)
Comb" Direction Dead Live Wind Thermal d Seismic Tornado t Flood s Total

Concrete Outside Surface:
I Vertical -42.0 -43.0 - - -85.0
2 Vertical -32.0 -32.0 - - - - - -64.0
3 Vertical -32.0 -32.0 -26.0 - - - - -90.0
4 Vertical -30.0 -25.0 - - - - - -55.0
5 Vertical -30.0 -25.0 - - -135.0 - - -190.0
7 Vertical -30.0 -25.0 - - - - -20.0 -75.0
8 Vertical -30.0 -25.0 - - -20.0 - -75.0

Concrete Inside Surface:
I Vertical -42.0 -43.0 - - - - - -85.0

Circumferential 0.0 0.0 - -- - - - 0.0

2 Vertical -32.0 -32.0 - -833.0 - - - -897.0
Circumferential 0.0 0.0 - -147.0 - - - -147.0

3 Vertical -32.0 -32.0 -26.0 -833.0 - - - -923.0
Circumferential 0.0 0.0 0.0 -143.0 - - - -143.0

4 Vertical -30.0 -.30.0 - -.721.0 - - - -776.0
Circumferential 0.0 0.0 - -103.0 - - - -103.0

5 Vertical -.30.0 -30.0 - -.653.0 -100.0 - - -808.0
Circumferential 0.0 0.0 - -116.0 - - - -116.0

7 Vertical -30.0 -30.0 - -653.0 - - -20.0 -728.0
Circumferential 0.0 0.0 - -116.0 - - - -116.0

8 Vertical -30.0 -30.0 - -653.0 - -20.0 - -728.0
Circumferential 0.0 0.0 - -116.0 - - - -116.0

a Load combinations are defined in Table 2.2-1. See Sections 11.2.4 and 11.2.12 for evaluations of droprimpact and
tipover conditions for load combination No. 6.

b Positive stress values indicate tensile stresses and negative values indicate compressive stresses.
c Stress results from Section 11.2.11 (tornado) are conservatively used with a load factor of 1.275.
d Tensile stresses (at concrete outside surface) are taken by the steel reinforcing bars and therefore are not shown in this

Table. Stress Results for Ta (load combination #4) are obtained from Section 11.2.7.
' Stress results are obtained from Section 11.2.8.
f Stress results are obtained from Section 11.2.11 (tomado wind).
6 Stress results are obtained from Section 11.2.9.
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Table 3.4.4.2-2 Maximum Concrete and Reinforcing Bar Stresses

I

Calculated Allowable'

(psi) (psi) Margin of Safety

Concrete 923 2,800 +2.03

Reinforcing Bar

Normal - vertical 5,338 54,000 +9.1

- hoop 6,423 54,000 . - +7.4

Accident2 - vertical 6,619 54,000 +7.2

- hoop 7,869 54,000 +5.9

1 Allowable compressive stress for concrete is (0.7)(4,000 psi)=2,800 psi, where 0.7 is the strength

reduction factor per ACI-349-85, Section 9.3; 4,000 psi is the nominal concrete strength.

Allowable stress for reinforcing bar is determined in the calculation in this ACI Section.

2 Results are obtained from Section 11.2.7.
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Table 3.4.4.2-3 Concrete Cask Average Concrete Axial Tensile Stresses

Normal Conditions | Accident Conditions

Calculated Allowable Calculated Allowable
Stress Stress Stress Stress

Stress Location (psi) (psi) M.S. (psi) (psi) M.S.

Section l; Bottom Layer 38 320 7.4 149 320 1.1

Section 1; Middle Layer 27 320 10.8 46 320 6.0

Section 1; Top Layer 10 320 +Large 6 320 +Large

Section 2; Bottom Layer 85 320 2.7 133 320 1.4

Section 2; Middle Layer 42 320 6.6 90 320 2.6

Section 2; Top Layer 19 320 15.8 44 320 6.3

Section 3; Bottom Layer 77 320 3.2 120 320 1.7

Section 3; Middle Layer 66 320 3.8 136 320 1.4

Section 3; Top Layer 72 320 3.4 119 320 1.7

Section 4; Bottom Layer 37 320 7.6 65 320 3.9

Section 4; Middle Layer 59 320 4.4 116 320 1.8

Section 4; Top Layer 143 320 1.2 244 320 0.31

Table 3.4.4.2-4 Concrete Cask Average Concrete Hoop Tensile Stresses

Normal Conditions Accident Conditions

Calculated Allowable Calculated Allowable
Stress Stress Stress Stress

Stress Location (psi) (psi) M.S. (psi) (psi) M.S.

Section 1; 0° Layer 29 320 10.0 50 320 5.4

Section 1; 6.420 Layer 28 320 10.4 43 320 6.4

Section 2; 0° Layer 57 320 4.6 89 320 2.6

Section 2; 6.42° Layer 59 320 4.4 85 320 2.8

Section 3; 00 Layer 87 320 2.7 114 320 1.8

Section 3; 6.420 Layer 85 320 2.8 108 320 2.0

Section 4; 00 Layer 61 320 4.2 80 320 3.0

Section 4; 6.420 Layer 58 320 4.5 74 320 3.3
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3.4.5 Cold

Severe cold environments are evaluated in Section 11.1.1. Stress -intensities corresponding to

thermal loads in the canister are evaluated by using a finite element model as described in

Section 3.4.4.1. The thermal stresses that occur in the canister as a result of the maximum off-

normal temperature gradients in the canister are bounded by the analysis of extreme cold in

Section I 1.1.1.

The PWR canister and basket are fabricated from stainless steel and aluminum, which are not

subject to a ductile-to-brittle transition in the temperature range of interest. The BWR canister

and basket are fabricated from stainless steel, aluminum, with carbon steel support disks. The

carbon steel support disk thickness, 5/8 in., is selected to preclude brittle fracture at the design

basis low temperature (-40'F). However, low temperature handling limits do apply to the

transfer cask.
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3.5 Fuel Rods

The Universal Storage System is designed to-limit fuel cladding temperatures to levels below

those where Zircaloy degradation is expected to lead to fuel clad failure. As shown in Chapter 4,

fuel cladding temperature limits for PWR and BWR fuel have been established at 380'C based

on 5-year cooled fuel for normal conditions of storage and 570'C for short term off-normal and

accident conditions.

As shown in Table 4.1-4 and 4.1-5, the calculated maximum fuel cladding temperatures are well

below the temperature limits for all design conditions of storage.
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3.6 Structural Evaluation of Site Specific Spent Fuel

This section presents the structural evaluation of fuel assemblies or configurations, which are

unique to specific reactor sites or which differ from the UMSO Storage System design basis fuel.

These site specific configurations result from conditions that occurred during reactor operations,

participation in research and development programs, and from testing programs intended to

improve reactor operations. Site specific fuel includes fuel assemblies that are uniquely designed

to accommodate reactor physics, such as axial fuel blanket and variable enrichment assemblies,

and fuel that is classified as damaged. Damaged fuel includes fuel rods with cladding that

exhibit defects greater than pinhole leaks or hairline cracks.

Site specific fuel assembly configurations are either shown to be bounded by the analysis of the

standard design basis fuel assembly configuration of the same type (PWR or BWR), or are shown

to be acceptable contents by specific evaluation.

3.6.1 Structural Evaluation of Maine Yankee Site Specific Spent Fuel for Normal

Operating Conditions

This section describes the structural evaluation for site specific spent fuel configurations. As

described in Sections 1.3.2.1 and 2.1.3.1, the inventory of site specific spent fuel configurations

includes fuel classified as intact, intact with additional fuel and non fuel-bearing hardware,

consolidated fuel and fuel classified as damaged. Damaged fuel is separately containerized in

one of the two configurations of the Maine Yankee Fuel Can.

3.6.1.1 Maine Yankee Intact Spent Fuel

The description for Maine Yankee site specific fuel is in Section 1.3.2.1. The standard spent fuel

assembly for the Maine Yankee site is the Combustion Engineering (CE) 14xl4fuel assembly.

Fuel of the same design has also been supplied by Westinghouse and by Exxon. The standard

14x14 fuel assemblies are included in the population of the design basis PWR fuel assemblies for

the UMS® Storage System (see Table 2.1.1-1). The structural evaluation for the UMS® transport

system loaded with the standard Maine Yankee fuels is bounded by the structural evaluations in

Chapter 3 for normal conditions of storage and Chapter 11 for off-normal and accident

conditions of storage.
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With the Control Element Assembly (CEA) inserted, the weight of a standard CE 14x14 fuel

assembly is 1,360 pounds. This weight is bounded by the weight of the design basis PWR fuel

assembly (37,608/24 = 1,567 Ibs) used in the structural evaluations (Table 3.2-1). The fuel

configurations with removed fuel rods, with fuel rods replaced by solid stainless steel or Zircaloy

rods, or with poison rods replaced by hollow Zircaloy rods, all weigh less than the standard CE

14x14 fuel assembly. The configuration with instrument thimbles installed in the center guide

tube position weighs less than the standard assembly with the installed control element assembly.

Consequently, this configuration is also bounded by the weight of the design basis fuel assembly.

Since the weight of any of these fuel assembly configurations is bounded by the design basis fuel

assembly weight, no additional analysis of these configurations is required.

The two consolidated fuel lattices are each constructed of 17x17 stainless steel fuel grids and

stainless steel end fittings, which are connected by 4 stainless steel support rods. One of the

consolidated fuel lattices has 283 fuel rods with 2 empty positions. The other has 172 fuel rods,

with the remaining positions either empty or holding stainless steel rods. The calculated weight

for the heaviest of the two consolidated fuel lattices is 2,100 pounds. Only one consolidated fuel

lattice can be loaded into any one canister. The weight of the site specific 14x14 fuel assembly

plus the CEA is approximately 1,360 lbs. Twenty-three (23) assemblies (at 1,360 lbs each) in

addition to the consolidated fuel assembly (at approximately 2,100 Ibs) would result in a total

weight of 33,380 pounds.

Therefore, the design basis UMSO PWR fuel weight of 37,608 Ibs bounds the site specific fuel

and consolidated fuel by 12%. The evaluations for the Margin of Safety for the dead weight load

of the fuel and the lifting evaluations in Section 3.4.4 bound the Margins of Safety for the Maine

Yankee site specific fuel.

3.6.1.2 Maine Yankee Damaged Spent Fuel

The Maine Yankee fuel can, shown in Drawings 412-501 and 412-502, is provided to

accommodate Maine Yankee damaged fuel. The fuel can fits within a standard PWR basket fuel

tube. The primary function of the Maine Yankee fuel can is to confine the fuel material within

the can to minimize the potential for dispersal of the fuel material into the canister cavity

volume.
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The Maine Yankee fuel can is designed to hold an intact fuel assembly, a damaged fuel
assembly, a fuel assembly with a burnup between 45,000 and 50,000 MWD/MTU and having a
cladding oxidation layer thickness greater than 80 microns, or consolidated fuel in the Maine
Yankee fuel inventory.

The fuel can is provided in two configurations that differ only in the square cross-section of the
body of the fuel can. Both fuel can configurations have walls made of 0.048-inch thick Type 304
stainless steel sheet (18 gauge), have a total length of 162.8 inches and both have a bottom plate
that is 0.63 inches thick. Four holes in the plates, screened with a Type 304 stainless steel wire
screen (250 openings/inch x 250 openings/inch mesh), permit water to be drained from the can
during loading operations. Since the bottom surface of the fuel can rests on the canister bottom
plate, additional slots are machined in the fuel can (extending from the holes to the side of the
bottom assembly) to allow the water to be drained from the can. At the top of the can, the wall
thickness is increased to 0.15-inches to permit the can to be handled. Slots in the top assembly
side plates allow the use of a handling tool to lift the can and contents. To confine the contents
within the can, the top assembly consists of a 0.88-inch thick plate with screened drain holes
identical to those in the bottom plate. Once the can is loaded, the can and contents are inserted
into the basket, where the can may be supported by the sides of the fuel assembly tube, which are
backed by the structural support disks. Alternately, the empty fuel can may be placed in the
basket prior to having the designated contents inserted in the fuel can. The two configurations
have different cross-sections in the can body. The first configuration has a square minimum
internal width of 8.52 inches. The second has a square minimum internal width of 8.3 inches.
This smaller internal width is conservatively used in the load handling analysis.

In normal operation, the can is in a vertical position. The weight of the fuel can contents is
transferred through the bottom plate of the can to the canister bottom plate, which is the identical
load path for intact fuel. The only loading in the vertical direction is the weight of the can and
the top assembly. The lifting of the can with its contents is also in the vertical direction.

Classical hand calculations are used to qualify the stresses in the Maine Yankee fuel can.

A conservative bounding temperature of 600'F is used for the evaluation of the fuel can for

normal conditions of storage. A temperature of 300'F is used for the lifting components at the
top of the fuel can and for the lifting tool.
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Calculated stresses are compared to allowable stresses in accordance with ASME Code, Section

III, Subsection NG. The ASME Code, Section III, Subsection NG allowable stresses used for

stress analysis are:

Property 6000 F 3000 F

S, 63.3 ksi 66.0 ksi

SY 18.6 ksi 22.5 ksi

Sm 16.7 ksi 20.0 ksi

E 25.2x103 ksi- 27.0x103 ksi

The Maine Yankee fuel can is evaluated for dead weight and handling loads for normal

conditions of storage. Since the can is not restrained, it is free to expand. Therefore, the thermal

stress is considered to be negligible.

The Maine Yankee fuel can lifting components and handling tools are designed with a safety
factor of 3.0 on material yield strength.

3.6.1.2.1 Dead Weight and Handling Loading Evaluation

The weight of the Maine Yankee fuel can is 130 pounds. The maximum compressive stress

acting in the tube of the fuel can is due to its own weight in addition to that of the top assembly.

A 10% dynamic load factor is applied to the fuel can weight for an applied load of 143 pounds to

account for loads due to handling. Based on the minimum cross-sectional area of (8.42)2-

(8.32)2 = 1.674 in2, the margin of safety at 300'F is:

M.S. = 20,000/(143/1.674) - 1
M.S. = + Large

3.6.1.2.2 Lifting Evaluation

Based on the loaded weight of the fuel can, the lift evaluation does not require the use of the

design criteria of ANSI N14.6 or NUREG-0612. However, for purposes of conservatism and

good engineering practice, a factor of safety of three on material yield strength is used for the

stress evaluations for the lift condition. Since a combined stress state results from the loading

and the calculated stresses are compared to material yield strength, the Von Mises stress is

computed.
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Side Plates

The side plates will be subjected to bending, shear, and bearing stresses because of interaction

with the lifting tool during handling operations. The lifting tool engages the 1.875-inch X 0.38-

inch lifting slots with lugs that are 1-inch wide and lock into the four lifting slots. For this

evaluation, the handling load is the weight of the consolidated fuel assembly (2,100 lbs design

weight) plus the Maine Yankee fuel can weight (130 Ibs), amplified by a dynamic load factor of

10%. Although the four slots are used to lift the can, the analysis assumes that the entire design

load is shared by only two lift slots.

1.88
< 1o.125

.38

The stress in the side plate above the slot is determined by analyzing the section above the slot as

a 0.15-inch wide x 1.875-inch long x 1.125-inch deep beam that is fixed at both ends. The lifting

tool lug is I inch wide and engages the last I inch of the slot. The following figure represents the
configuration to be evaluated:

< a WL

A / 1 1 l L ;a
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where:

a = 0.875 in.

L = 1.875 in.

WVa = WL= (2,230 lbs/2)(1.10)/1.0 in. = 613.3 Ibs/in, use 620 lbs/in.

Reactions and moments at the fixed ends of the beam are calculated per Roark's Formula, Table

3, Case 2d.

The reaction at the left end of the beam (RA) is:

RA = w a (L-a (L+a)

620

= 2(1620 (1.875 - 0.875)3 (1.875 + 0.875) = 129.3 lbs

The moment at the left end of the beam (MA) is:

M = 2L:a (L - a)Y(L + 3a)

-1( )2 (1.875 - 0.875)3 (1.875 + 3(0.875)) = -66.1 lbs * in.

The reaction at the right end of the beam (RB) is:

RB = wa(L-a)-RA = 620(l.875-0.875)-164.2 =490.7 lbs

The moment at the right end of the beam (MB) is:

MB =RAL+MA- 2a (L-a)
2

=129.3(l.875) + (-66. 1) -- 20(1.875 -0.875)2 = -133.7 lbs- in.
2
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The maximum bending stress (Gb) in the side plate is:

Mc 133.7(0.5625) -4,224 i
I 0.0178

The maximum shear stress (X) occurs at the right end of the slot:

RB 490.7 =2,908 psi
A 1.125(0.15)

The Von Mises stress (ax) is:

a = b' +3 T2  4,2242 + 3(2,908) =6,573 psi

The yield strength (Sy) for Type 304 stainless steel is 22,500 psi at 300'F. The factor of safety is

calculated as:

FS= 2 2,50= 3.4 >3
6,573

The design condition requiring a safety factor of 3 on material yield strength is satisfied.

Tensile Stress

The tube body will be subjected to tensile loads during lifting operations. The load (P) includes

the can contents (2,100 lbs design weight), the tube body weight (78.77 Ibs), and the bottom

assembly weight (12.98 lbs) for a total of 2,191.8 pounds. A load of 2,200 lbs with a 10%

dynamic load factor is used for the analysis.

The tensile stress (at) is then:

L.p 1.1(2,200 lb) -1,446
A 1.674 in.'
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where:

I A = tube cross-section area = 8.422 - 8.322 = 1.674 in2

The factor of safety (FS) based on the yield strength at 6001F (18,600 psi) is:

FS = 18,600 psi- =12.9>3
1,446

Weld Evaluation

The welds joining the tube body to the bottom weldment and to the side plates are full

penetration welds (Type III, paragraph NG-3352.3). In accordance with NG-3352-1, the weld

quality factor (n) for a Type HI weld with visual surface inspection is 0.5.

The weld stress (a,) is:

1. (P) =1. 1(2 200) =1,446 psi
W A 1.674

'-
where:

P = the combined weight of the tube body, bottom weldment, and can contents

A = cross sectional area of thinner member joined

The factor of safety (FS) is:

FS =nSy = 0.5(18,600 psi) +64 3
a 1,446 psi
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3.8 Carbon Steel Coatings Technical Data

This section presents the technical data sheets for Carboline 890, Keeler & Long E-Series Epoxy

Enamel, Keeler & Long Kolor-Poxy Primer No. 3200, and Acrythane Enamel Y-1 Series top

coating. These coatings are applied to protect exposed carbon steel surfaces of the transfer cask

and the vertical concrete cask. Also provided is a description of the electroless nickel coating

that is applied to the BWR support disks. Each coating meets the service and performance

requirements that are established for the coating by the design and service environment of the

component to be covered.

The service and performance requirements for the coatings of the carbon steel components of the

transfer cask, the vertical concrete cask, and the BWR support disks are similar and require that

the coating:

* be applied to carbon steel

* be submersible for up to a week in clean water

* is rated Service Level 1 or 2 (EPRI TR-106160 for paints)

* does not contain Zinc

* have a service temperature of at least 200'F in water and 600'F in a dry environment

* generate no hydrogen, or minimal hydrogen, when submersed in water

* have no, or limited, special processes required for proper application or curing

* have a service environment in a high radiation field.

Either Carboline 890 or Keeler & Long E-Series Epoxy Enamel may be used on the exposed

carbon steel surfaces of the transfer cask and the transfer cask extension. These coatings are

listed in EPRI TR 106160, "Coating Handbook for Nuclear Power Plants," June 1996 [36], as

meeting the requirements for Service Level 1 or 2.

Electroless nickel coating is used on the carbon steel BWR support disks to provide a

submersible, passive protective finish. This coating has a history of acceptance and successful

performance in similar service conditions.

No coating characteristics that may enhance the performance of the coated components (such as

better emissivity) are considered in the analyses of these components. Therefore, no adverse

effect on system performance results from incidental scratching or flaking of the coating, and no

touchup of the coating on the BWR support disks or the storage cask liner is required.

3.8-1



FSAR-UMSO Universal Storagye System
Docket No. 72-1015

November 2000
Revision 0

3.8.1 Carboline 890

K>-}

"^Productlidata sheet V-;P*- 'O. .:0 -. -

CARB OLIN E9 890carboline
.l*.v-. -.. .. -. ' \�Iuinemyq - . -.

SELECTiON DATA
GENERIC TYPE: Two component cross-linked epoxy.

GENERAL PROPERTfES: CARBOUINE B90 Is a high solids, high
gloss, high build epoxy topcoa th t can be applied by spray.
brush, or roller. The cured film provides a tough. cleanable and
eateteny pesin urface. Avtilable In a wide varity of dean.
brIght coors. Features include:

* Good flexibility and loweir stress upon curing then moat
eporxy coatings.

a Very good weathering retrzsance for a high gloss epoxy.
a Very good abrasion resistarnc.
a Excellent performance in wet exposures.
a Meet the most stringent VOC iVotnile Organic Content)

regulations.

RECOMMENDED USES: Recommended where a high petfor.
marca attractive. chemically resistant epoxy topcoat is desired.
Offers outstanding protection for Interior floors wlls. piping
equipment end structural steel or s en exterior coating for tank
farms. railars structural steel and equipment in various corro-
sive environrments. Recommended Industrial environments in-
clude Chemical Processing. Offshore Oil and GaS. Food Process-
ing and PharmaceuticaL Water and Wate WaterTreatment Pulp
and Paper Power Generation among other. May be used as a
two coat system direct to metal or concrete for Water and
Municipal Waste Water immersion. CARBOLINE 890 has been
accepted for use in areas controlled by USDA regulations for
Incidental food contact Consult Carboline Technical Service
Department for other specific uses.

NOT RECOMMENDED FOR: Strong acid or solvent exposures, or
immersion service other than recommended

SPECIFICATION DATA
THEORETiCAL SOUDS CONTENT OF MIXED MATERIAL-

By Volume

CARBOUNE 890 75%± 2%

VOlATILE ORGANIC CONTENT -
An Supplied: 1.78 lbsJgal.1214 gmn,1terl
Thinned: The following are nominal values utilizing:

CARBOUNE Thinner C 2 Ispray application)
Flutd Poundsl Gramsl

%Thinned Ounces/Gal. Gallon Uter
10% 12.8 228 271

CARBOtiNE Thinner 033 (brush & roller application)
12% it 2.38 285

'Varies with color

RECOMMENDED DRY FILM THICKNESS PER COAT
4-6 milds100150 microns.
5-7 milc (125-h17 microns) DFT for a more uniform gloss over
inorganic zincs.
Dry film thicknesses in excess of 10 mits(250 microns) per coat
are not recommended. Excessive film thickness over inorganic
zinc may increase damage during shipping or erection.

THEORETICAL COVERAGE PER MIXED GALLON:
1203 mil sq. f. (30 eq. mi at 25 microns)

241 sq. ft. at 5 milsl&O sq. mrA at 125 microns)
Mixing and application losses will vary and must be taken into
consideration when estimating job requirements.

STORAGE CONDITIONS: Store Indoors
Temperature: 40-1101 F(4-43C)
Humidity: 0-100%

SHELF LIE: Twenty-four months minimum when stored at 75' F
124Ci.

COLORS: Available in Carbolin, Color Chart colors. Some colors
may require two coats for adequate hiding. Colors containing
leed orchrome pigments are not USDA acceptable Consult your
local Carboline representative orCarboline Customer Service for
availability.
See notice under DRYING TIMES.

GLOSS: High gloss (Epoxies loss gloss and eventually chalk in
sunlight exposure).

ORDERING INFORMATION
Prices may be obtained from your loal Carbollne Sales Repre-
sentative or Carboline Customer Service Department

APPROXIMATE SHIPPING WEIGHTY
2G&LKIt o0Gal.Kit

CARBfOUNE 890 291bs.(13kgl 145 Ibs.t 8 kg)
THINNER #2 8 lbs. in i's 39 IbL in S

14 kg) (18kgl
THINNER 033 9 Ibs in I's 45 Ibs. in S's

I4 kg) (20 kgt

FLASHPONT. IPensky-Marlena Closed Cup)
CARIBOUNE 890 Pan A 73F 123Ci
CARBOUNE 890 Part 8 71' F 122' C)
THINNER 02 24-F i -USa
THINNER *33 W F (37 Cl

I

TYPICAL CHEMICAL RESISTANCE:
Splash

Exposure Inmmnsion and Spllage
Acids NR Very Good
Alkalies NR Excellent
Solvents NR Very Good
Salt Solutions Excellent Excellent
Water Excellent Excellent

INR - Not recommended

TEMPERATURE RESISTANCE:
Continuous: 200r F 193 C)
Non-continuous: 250 F (t121 C)

Fumes

Very Good
Excellent
Exceitent
Excelient
Excatnent

At 300 F coating discoloration and loss of gloss is observed
without lose of film integrity.

SUBSTRATES: Apply over suitably prepared metal, concrete, or
other surfaces as recommended.

COMPATIBLE COATINGS: May be applied directly over inorganic
zincs. weathered galvanizing, catalyzed epoxies. phenolics or
other coatings as instructed. A test patch is recommended be.
fore use over existing coatings. May be used as a tiecoat over
inorganic zincs. A mist coat of CARBOLINE 890 is required when
applied over inorganic zince to minimize bubbling. May be
topcoeted to upgrade weathering resistance Not recommended
over chlorinated rubber or latex coaings. Consult Carboline
Technical Service Department for specific recommendations.

April 91 Replaces Oct. 90

C - Mex. i .a OV aa. - I.. b f. W -a ao ar .. N iaa . Of e a asa at a ..ar .5 els,- . i *had 1W ". .. .i a- P-s* -x is -xa.e.h as carv rs. e..wl a ~I. W .

are s. ,.e ra ae.sea, O Orit e YWA55ANIV 01S CAJARANiTES OrFAirYKIND PS IAUS e 3 C..se .ea tP~ttES30R PLjEo, SlATuTOet sY OPtA TItON or AIwE C
oTLv RW Lss. rrC woUD oiN fEPC..I rAS.UTV skoFrtvtSSFrOsA MAirCut UPPOs0t.
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APPLICATION INSTRUCTIONS'
CARBOLINE, 890

Those Instrhctions are not Intended to she podutrcnrnia- forp~f c ssv .They a,. liiued son am id n dulerrining CoomC surface pparatiion. orming
Inhtrucdioni Ifi Peliculion Procedure. Itin. assuined thatthe properpo utrecornmendatioria ha" been made.These instructions sh~ould be ofcloteed ctObeiylo obts.,,
fth maximnumsrv ice fromt the frateials.

SURFACE PREPARATION: Remove oil or grease from sur-
face to be coated with clean rags soaked In CARBOLINE
Thinner #2 or Surface Cleaner #3 (refer to Surface
Cleaner #3 Instructions) in accordance with SSPC-SP 1.

Steel: Normally applied over clean, dry recommended
primers. May be applied directly to metal. For immersion
service, abrasive blast to a minimum Near White Metal
Finish in accordance with SSPC-SP10. to a degree of
cleanliness in accordance with NACE #2 to obtain a 1.5-3
mil (40-75 micron) blast profile. For non-immersion, abra-
sive blast to a Commercial Grade Finish in accordance
with SSPC-SP6. to a degree of cleanliness in accordance
with NACE #3 to obtain a 1.5-3 mil (40-75 micron) blast
profile.

Concrete: Apply over clean, dry recommended surfacer or
primer. Can be applied directly to damp(not visibly wet)
or dry concrete where an uneven surface can be toler-
ated. Remove laitance by abrasive blasting or other
means.

Do not coat concrete treated with hardening solutions
unless test patches indicate satisfactory adhesion. Do not
apply coating unless concrete has cured at least 28 days
at 70' F (21- Cl and 50W RH or equivalent time.

MIXING: Mix separately, then combine and mix In the
following proportions:

2 Gal. Kit 10 Gal. Kit

CARBOUNE 890 Part A 1 gallon 5 gallons
CARBOLINE 890 Part B 1 gallon 5 gallons

THINNING: For spray applications, may be thinned
up to 10% (12.8 fI. ozlgal.) by volume with CARBOLINE
Thinner #2.

For brush and roller application may be thinned up to 12
% (16 II. ozJgal.Q by volume with CARBOLINE Thinner
#33.

Refer to Specification Data for VOC information.

Use of thinners other than those supplied or approved by
Carboline may adversely affect product performance and
void product warranty, whether express or implied.

POT UFE: Three hours at 75 F 124 Cl and less at higher
temperatures. Pot life ends when material loses film
build.

APPLICATION CONDITIONS:
Material Surfaces Ambient Humidity

Normal 6-85 F 60-85 F i0-90 F 0eSo
(16-29'Cl (16-29'CI (t6-32 Cl

Minimum 50WFMr Cl 50'FltD-C` 50 F(10 Cl - 0
Maximum 90 F Or Cl 125' F 152' Cl I tI F 143 Cl 80.

Do not apply when the surface temperature is less than
5- F (or 3' C} above the dew point.

Special thinning and application techniques may be re-
quired above or below normal conditions.

SPRAY: This is a high solids coating and may require slight
adjustments in spray techniques. Wet film thicknesses
are easily and quickly achieved. The following spray
equipment has been found suitable and is available from
manufacturers such as Binks. DeVilbiss and Graco.

Conventional: Pressure pot equipped with dual regulators.
3a I.D. minimum material hose. .070' I.D. fluid tip and
appropriate air cap.

Airless:
Pump Ratio: 30:1 Imin.i
GPM Output 3.0 (min.
Mateial Hose: 3811.D.(min.)
To Size: .017-.021'
Output psi: 2100-2300
Filter Size: 60 mesh

*Teflon packings are recommended and are available
from the pump manufacturer.

BRUSH OR ROLLER: Use medium bristle brush, or good
quality short nap roller, avoid excessive rebrushing and
rerolling. Two coats may be required to obtain desired
appearance, hiding and recommended DFT. For best
results, tie-in within 10 minutes at 75 F (24' Cl.

DRYING TIMES: These times are at 5 mils (125 microns)
dry film thickness. Higher film thicknesses will lengthen
cure times.

Dry to Touch 2 1/2 hours at 75' F (24' C
Dry to Handle 6 1)2 hours at 75' F (24' CM

Temperature Dry to Topcoat" Final Cure

50' F 110- C} 24 hours 3 days
60' F (16' C} 16 hours 2 days
75 F124 C) 8hours 1day
90' F (32'Ci 4 hours 16 hours

"When recoating with CARBOUNE 890. recoat times
will be drastically reduced. Contact Carboline Technical
Service for specific recommendation.

Recommended minimum cure before Immersion service
is 5 days at 75' F 124 Cl.

EXCESSIVE HUMIDITY OR CONDENSATION ON THE
SURFACE DURING CURING MAY RESULT IN SURFACE
HAZE OR BLUSH; ANY HAZE OR BLUSH MUST BE
REMOVED BY WATER WASHING BEFORE RECOATING.

CLEANUP: Use CARSOUNE Thinner #2.

CAUTION: READ AND FOLLOW ALL CAUTION STATEMENTS
ON THIS PRODUCT DATA SHEET AND ON THE MATERIAL
SAFETY DATA SHEET FOR THIS PRODUCT.

CAUfTION: CONTAINS FLAMMABLE SOLVENfTS. KEEP AWAY FAOU SPARCS AND OPEN FLAMES IN cONFINED AREAS WORKMEN MUST WEAR
FRESH AIRLINE RESPIRATOAS YPERSENSiTIvEPERSONS SHOLLO WEARGLOVESOR USE PROTECTIVE CREAM. ALL ELECTRICEQUIPMENT
AND INSTALLATIONS SHOULD BE MADE AND GROUNDED IN ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE. IN AREAS WHERE
EXPLOSION HAZARDS EXIST. WORKMEN SHOIILD BE REOUIRED TO USE NONFERROUS TOOLS AND TO WEAR CONDUCTIVE AND
NONSPARKING SHOES . .

carbol*ne
2`)0i~iano emes,.' Sit lesMO 63141t0

- Fn coioa, * 31444A-I0O

3.8-3



FSAR-UMS9 Universal Storage System
Docket No. 72-1015

November 2000
Revision 0

3.8.2 Keeler & Long E-Series Epoxy Enamel

PROTECTIVE COATING SYSTEMS
FOR NUCLEAR POWER PLANTS

INTRoDTuION
In the 1960's Keeler & Long made the commitment to develop
Protective Coating Systems for Nuclear Power Plants. Coatn
Systems were developed and qualified In accordance :;u
accepted standards, with emphasis upon their usage and
speciicaton for NEW constructIon projects. These systems
were applaed directly to either concrete or carbon steel
substrates utilizing ideal surface preparation.

Presently, there is a necessity to apply these same coating
systems or newly formulated systems over the original
systems or over substrates which cannot be ideally prepared.
Several years ago, Keeler & Long Initiated a test prograrn In
order to test and qualify systems In conjunction with
competitors products andlor with methods of preparation
which are considered less than ideaL. This test program
provides OPERATING Nuclear Plants with qualifIed methods of
preparation and a variety of qualified mixed coating systems.

HISTORY

In 1967, we embarked upon a testing program In order to
comply with standards being prepar!e by the experts In the
field and under the Jurisdiction of The American National
Standards Institute (ANS). Earlier testing had Involved
research in order to determine the radiation tolerance and the
decontamination properties of a variety of generic coating
types Including zinc rich, alkyds, chlorinated rubbers, vinyis,
latex emulsions, and epoxies. This testing was conducted by
various Independent laboratories, such as Oak Ridge Natlonal
Laboratory, Idaho Nuclear, and The Western New York Nuclear
Research Center. it was concluded from these tests that
almost any generic coating type would produce satisfactory
radiation resrstance and decontaminabilty.

Upon completion of the first ANSI Standards, however, It
became evident that only Epoxy Coatings would meet the
specific minimum acceptance criteria set forth In these
standards. The single most Important change from the earlier
testing was the inclusion of a test which simulates the
operation of the emergency core cooling system. This test is
referred to as the Loss of Coolant Accident (LOCA) or the
Design Basis Accident Condition (DBA). The test Involves a
high pressure, high temperature, alkaline, Immersion
environment.

Simultaneous with the preparation of these standards, we
prepared to test Epoxy Systems in order to comply with the
requirements. First hand knowledge of these standards was
available since our personnel assisted In the develoament o
these documents. Equipment was designed and buIt by our
laboratory in order to conduct In-house DBA tests. The
required physical and chemical tests were either conducted by
us or by universities through research grants.

In 1972 the testing program was taken a step further In order

to establish more credibility. The Franklin Institute of
Philadelphia constructed an apparatus in order to simulate
various Design Basis Accident Conditions and we prepared
blocks and panels for an independent evaluation. The lest
results were among the Fst from an independent source,
and these tests substantiated more than two years of inhouse
testing.

The Franklin Institute tests, along with our In-house testing
program, were used as a basis for quaification until 1976.
During this period also the following ANSI standards were
revised and/or developed:

AINSI N5!167 'Protective Coatings (Paints)
ft Nuclear Inuti? (Rev. ANSI N5121974)

ANSI N101.2-1iM 'Protective Coatings
Paints) foFrULe Water Nuclear Reactor

Containment Facilitles'

ANSI N101.4l19 t Oual'ty Assurance for
Piatice rscoaings Appied to Nuclear
Facilities

Simultaneously, we developed a written Quality Assurance
Program In compliance with ANSI N101.4 - 197Z Appendix B
1OCFR50 of the Federal Register, and ANSI N45.2-1971
'Ouakity Assurance Program Requirements For Nuclear Power
Plants'.

In 1976, Oak Ridge national Laboratory (ORNL) established a
testing program In order to conduct Radiation,
Decontamination, and DBA tests under one rodt. Keeler &
Long, under contract with ORNL. conducted a series of tests In
compliance with the parameters established by a major
engineering firm and the ANSI standards. These tests, and
similar series of tests conducted two years later in 1978,
became the basis for the qualification of several of our
concrete and carbon steel coating systems. From 19780 to he
present day we have continued to quaIMy through ORNL and
several other independent testing agencies any modifctons
to existing formulas and any changes In surface preparation or
application reqluirements. We have also maintained an In-
house testing program used to screen new products as weal as
mod ificaions of existing systems. Furthermore, progress has
continued In the revision of the ANSI standards during this time
frame. Revision of these documents is presently under the
jurisdiction of the American Society for Testing and Materials
(ASTM) as outlined In D3342-80 'Standard GuIde for Selection
of Test Methods for Coatings Used In Ught-Water Nuclear
Power Plants'.

The future dictates significantly less construction of new
Nuclear Plants and much more emphasis upon the repair and
maintenance of existing facilities, Our commitment remains
the same as It was In 1965: that Is, to meet the coating
requirements of Nuclear Power Plants.

- NUCLEAR COATINGS
<2
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The jodlowing Coating Systems are qualified for Cdating Service Level One of a Nuclear Power Plant 'Coating Service Level One
pertains to those systems applied to structures, systems and other safety related components which are essential to the prevention
oC. or the mitigation of the consequences of postulated accidents that could cause undue risk to the health and safety of the
public.

SSTEM IDENTIFICATION COATING SYSTEMS DRY FILM THICKNESS RANGE

CARBON STEEL COATINl SYSTEMS

Primr No. 64817107 EPOXY WHrTE PRIMER s.0.14 0 mii OFT
Fwih No. E-1 SERIES EPOXY ENAMEL 2.5 - 6.0 mii DFT

ys.tem 3-10
Primn No. 6548/7107 EPOXY WHITE PRIMER 5.0S 12 0 mils DFT
Finish No. D-1 SERIES EPOXY Ht-BUILD ENAMEL 3.0 * 6.0 mlh DFT

st1em s.11
Pr11w/Finish No. e4871o7 EPOXY WHrrE PRIMER 8.0 -18.0 mils DFT

S"em 8-12
Prtmer/Finish No. 4500 EPOXY SELF-PRIMINO SURFACING ENAMEL 5.0 - 18.0 mii DFT

Syst.m *-14 (FLOORS ONLY)
Finish No. 5000 EPOXY SELF-LEVELING FLOOR COAlING 10.0 - 25.0 mib DOFT

Primer No. 6548/107 EPOXY WHITE PRIMER 2z -56.0 mils DFr
Finish No. 960 N KEELOCK 5.0 * 8.0 mile DFr

CONCRETE COATING SYSTEMS
Syrtem KL,2

Curling Compound/Sealer No. 4129 EPOXY CLEAR CURING COMPOUND 0.5 * 1.75 mib DFr
Surlacer No. 6S EPOXY SURFACER Flush - 50.0 mils DFT

* Finish No. E-1 SERIES EPOXY ENAMEL 2.5 - .0 mie DOrF
Sy.tem KL4t

Curing Compound/SsaJer No. 4129 EPOXY CLEAR CURING COMPOUND 0. - 1.75 mils DFT
Suthfcsr No. 65464 EPOXY SURFACER Flush - 50.0 mils DFr
Finsh* .* No. D-A SERIES EPOXY HI-BUILD ENAMEL 4.0 - 8.0 miis DFr

System )KL-9
Curing Compound/se No. 4129 EPOXY CLEAR CURING COMPOUND 0.5 -1.75 mils DFr
Surfacer No. 654817107 EPOXY WHITE PRIMER 5.0- 1 0.0 mihs DFT
Finish No. 0- SERIES EPOXY HI-BUILD ENAMEL 3.0 - 8.0 mil DFT

System KL-10
Curing Compound/Sealer No. 4129 EPOXY CLEAR CURING COMPOUND 0.5 -1.75 mib DFr
Surfacer No. 4000 EPOXY SURFACER Flush -50.0 mii0 DFr
Finih No. 0-1 SERIES EPOXY H*-BUILD ENAMEL 10-6.0 mib DFT

System KL1-12
Curing Compound/Sealef No. 4129 EPOXY CLEAR CURING COMPOUNO 0.5 -1.75 mili DFT
Surfacer/Finish No. 4500 EPOXY SELF-PRIMING SURFACING ENAMEL 10.0 -50.0 mib OFT

System KLu14 (FLOORS ONLY)
Prim er/Ssier NO 6129 EPOXY CLEAR PRIMERJSEALER 1.5- 25 mis ODFr
Finish No. 5000 EPOXY SELF-LEVELING FLOOR COATING 25.0 -50.0 mis OFr

SUMMARY OF OUALIFICATION TEST RESULTS

KEELER & LONG maintains a complete file of Nuclear Test Reports which substantiate the specification of the carbon steel and
concrete coating systems Isted In this bulletin This file was Initiated In the early 1970's and provides complete qualification in
accordance with ANSI Standards N512 and N1012 Results for radiation tolerance, decontamination, and the Design Basis
Accident Condition are reported as performed by Independent Laboratories. Also reported are the chemical and physical tests
which were conducted by the Keeler & Long Laboratory In compliance with the ANSI Standards.

tEST REPORT REFERENCE

KAL COATING _ * IELER & LONG TEST REPORT NO.
SYSTEM . SUSTRATE 74728-1 704610-1 U454404 55424 904227 9418 93-01

S-' Sle. .

K-12 sm..
5.12 St"s

.8-14 81.4
S-1s Sise
I(L-2 Concrete
CL-S Concrste

10L-9 Conicre?.

KL-12 Concrese
KL-14 oncrete

Ttj. Real" is �71',Iod " 01� and M *cL In good felft to worst Vw ~ In *pp6-d^ No ~" ft OW*..d w NWI*d. No labill.1 Is 6-x-&1-1 -M 14"11:41 I
% %OL102-xv'IV ITERM MING M. uxuawou�

3.8-5



FSAR-UMSO Universal Storage System
Docket No. 72-1015

November 2000
Revision 0

R

la
T

7

EPOXY ENAMEL
E-SERIES

GENERIC TYPE:

PRODUCT
DESCRIPTION:

RECOMMENDED USES:

NOT RECOMMENDED
FOR:

COMPATIBLE
UNDERCOATS:

PRODUCT
CHARACTERISTICS:

POLYAMIDE EPOXY

A two component, olyamide epoxy enamel formulated to
provide excellent chemical resistance, as well as being
extremely resistant to abrasion and direct impact, for interior
exposures.

As a topcoat for concrete and steel surfaces subject to
radiation, decontamination, and loss-of-coolant accidents in
Coating Service Level I Areas of nuclear power plants.

Areas other than the above, as the J-SERIES can be utilized in
Coating Service Level II and IlIl Areas, as well as Balance of
Plant, of nuclear power plants, with attendant cost savings.

S:

795

1, 1994

Epoxy White Primer
Epoxy Surfacer

Solids by Volume:
Solids by Weight:
Recommended

Dry Film Thickness:
Theoretical Coverage:
Finish:
Available Colors:
Drying Time @ 72°F

To Touch:
To Handle:
To Recoat:

VOC Content:

53% ± 3%
66%t 3%

2.0 -2.5 mils
425 Sq. Ft./Gallon @ 2.0 mils DFT
Full Gloss (E-1), Semi-Gloss (E-2)
White, light tints, and dark red

4 Hours
8 Hours
48 Hours
3.4 Pounds/Gallon
407 Grams/Uter

eJun

TECHNICAL BULLET-IN
K>
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TECHNICL DATA

PHYSICAL DATA:

APPLICATION DATA:

Weight per gallon:
Flash Point Pensky-Martens):
Shelf Life:
Pot Lfe @ 720F:
Temperature Resistance:
Viscosity ) 770 F:
Gloss (60 meter):
Storage Temperature:
Mixing Ratio (Approx. by Volume):

Application Procedure Guide:
Wet Film Thickness Range:
Dry Film Thickness Range:
Temperature Range:
Relative Humidity:
Substrate Temperature:
Minimum Surface Prepparation:
Induction Tlime @ 72 F:
Recommended Solvent

@ 50 - 85 F:
@ 86- 120°F:

10.2 ± 0.5 (pounds)
85"F± 2"
1 Year
8 Hours
350°F
85 ± 5 (Krebs Units)
95 5 (E-1)
55-95 F
4:1

APG-2
4.0 - 5.0 mils
2.0 - 2.5 mils
55- 120*F
80% Maximum
Dew Point + 5OF
Primed
1 Hour

No. 4093
No. 2200

Application Methods

Air Spray
Tip Size:
Pressure:
Thin:

Airless Spray
Tip Size:
Pressure:
Thin:

Brush or Roller
Thin:

.055"
30 - 60 PSIG
1.0 - 2.0 Pts/Gal

.011 " - .01 7'
2500 - 3000 PSIG
0.5 - 1.5 Pts/Gal

1.0 - 2.0 Pts/Gal

Arnolts
-,-- \r-�

mET M lONG l.
P. 0. Box 460, 856 Echo Lake Road

Watertown, CT 06795
Tel: (860) 274-6701 Fax: (860) 274-5857

"hi 'l ntlon an prst tand rect. Io t as V to nd applkatlon. IJp-. uita
No Sanwty aspoa. or c,.gthid. No Mabity hi ws ad. Ptoo tu s etltu are Cubit han Bt
cot"e. Dahta t" breda o~whiIn ilie0 bseColor o i pot .Dtae fobr ofil l coin., ma

-- _- - is

3.8-7



FSAR-UMSO Universal Storage System November 2000
Docket No. 72-1015 Revision 0

3.8.3 Description of Electroless Nickel Coating

This section provides a description of the electroless Nickel coating process as prepared by the

ASM Committee on Nickel Plating. The electroless Nickel coating is used to provide corrosion

protection of the BWR carbon steel support disks during the short time period from placement of

the BWR canister in the spent fuel pool to the time of completion of vacuum drying and inerting

with helium. The coating is applied in accordance with ASTM B733-SC3, Type V, Class 1 [37].

Electroless nickel is a nickel/phosphorus alloy that is produced by the use of a chemical reducing

agent a hot aqueous solution to deposit nickel on a catalytic surface without the use of an electric

current. The chemical reduction process produces a uniform, predicable coating thickness.

Adhesion of the nickel coating to properly cleaned carbon steel is excellent with reported bond

strength in the range of 40 to 60 ksi [38].

Electroless nickel coating is highly corrosion resistant because of its non-porous structure that

seals off the coated surface from the environment. During the time following completion of the

coating of the UMS BWR support disk until actual use, the nickel surface bonds with oxygen

atoms in the air to create a passive nickel oxide layer on the surfaces of the support disk. Thus,

very few free electrons are available on the surface to cathodically react with water and produce

hydrogen gas. Test data for electroless nickel coated steel have been reported to show corrosion

rates from 1 to 2 gm per year in water [39].

The coating classification of SC3 provides a minimum thickness of 25 prm (0.001 inch).
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Nonelectrolytic Nickel Plating
I ., y th ASK Commited on Nclt Pkftti

TER= 111THODS may be employed
for depositing nickel coatings without
the use of electric current:

I !mmuulca plating
2 Chemica reduction et Dlkkaious oxide at

is"@ to 2am0?
, Auto atflic cemaicls reduction of ricul

salt by bypopeophit. anions in an aq4w
Om bath at 190 to 20 P (balectm
ulke pldiw).

AD three methods anre. under certain
limited conditions. useful substitutes for
nickel electroplating: they ar partlcu-
lady useful in appUcations In which
electroplating Is impracticable or Lm-
possible because of cost or technical
dfieulties. Of the three methods.
electroles nickel plating i in- widest
use. and 1s the method to which the
most attention is devoted In this article.

Immersion Plating
The composition and operating con-

ditions of an aqueous Immersion plating
bath are as follows:

Nickel chloride ttl4lCSO) ... 30 oxpergrS.
aort sE~ ff*) ............... 4t 01rr ft

pS.................. NJorj
u141 dg ULU b& It U derul. but

htu hMAXYJ2417, t° MU tl -2S t IL fite
et about to It Per -ss

Ths soleuton Is capable of depositing
* very thin (about 0 023 rall) and uni-
formu coating of nickel on steel In
periods of Up to 30 run The coating
is eonnu and possse only moder te
adhesin but these conditions can be
Improyed by heating the eefttd part at
12o F for 45 minLa In * nonoxIdalnc
atmosphere. (Htgher tempersktures wtUl
promote diffsi on of the coatting.t

HieheTemperature
Che iccl-Keduction Coating

By the reduction of a mixsture of
niekeloust oxdde and dibasd amonium
p sosphate in ybdroahn or oi er reduc-

lng atmosphere at low to 2000 ar. a
nickel soating can abe depostted without
the utn o (aboe t e eri urnt ) method
fUo S Patent 2of3nie) Conste Of np-
pering o slurry of the two Themicoa to
Is or seleated puasess on the worat-
pbece drying thesldumr in air. and
perormnd theng the emca teduction at
eleamted km temperature s to al tanwl

h shpatin hydroeor othes ru

or other plating facilities are requied.
Some dJfluslon ot nickel and phos-
phorut into the basis metal occurs at
elnted temperature when the coating
Is applied to steel, it wll consist of
nickel. Iron. and about 3% phosphorus.
The slurry may be used for brazing.

Electroless Nickel Plating

The electroless nilekel plating process
employs a chemical reducing agent
(sodium hypophoaphite) to redue" a
nickel salt (Such as nickel clodde) In
hot aqueous solution and to deposit
nickel on a catalytic surface. The de-
posit obtained from an electroless nickel
solution is an alloy contalning from 4
to 12% phosphorus and Is quite hard.
(As indicated later In this article, the
hardness of the as-plated deposit can
be increased by heat treatment.) Be-
cause the deposit Is not dependent on
current distribution, It Is uniform In
thickness, regardless of the shape or
ale of the plated surface.

Electroleas nickel deposits may be ap-
plied to provide the basis metal with
resistance to corrosion or wr, or for
the buildup of worn areas. Typical ap-
plicaUons of etectroless nickel for thes
purposes are given In Table 1. which
also Indicates plate thicknesses and
postplating heat treatments.

Surface Cleaning. In general the
methods employed for cleaning and
preparing metal surfaces for electroless
nickel plating are the same as those
used for conventional electroplating.
Heavy oxides are removed neehanIcally.
and oils and grease are removed by
vapor degreasing. A typical precleanLng
cycle might consist of alkaline cleaning
(either agitated soak or anodic) and
acid pickling, both followed by water
rinsing

Prior to electroless plating, the sur-
factes of all stainless steel parts must
be chemically activated In order to ob-
tain satisfactory adhesion of the plate.
One activating treatment consists of
Immersing the work for about 3 mlis In
a hot (200 Fl solution contalning equal
volumes of water and concentrated Sul-
furic acid. Another treatment consists
ot Immersing the work for 2 to 3 mtn
In the following solution at 6eo r:

tulthrik acid ttJ' P. . 2S% brt
Hreohlone acid (tlJd-).. jbyYihm.
Ferrid chloride besxaydrzko.. o0a per gal

Pretrcatnsents that are unique to
electroless nickel plating include:

IA strik cope Plate into be applied to
part Made ef or ateinia lead Itin.
Camiln mor sine.to U7mi adequte
coarase and to t-1t uceataminan
of the *laetiolea soutio.

2 Masive past an preated to bath tan-
Perature to A*uid delay to tne depotalon
at nck from Lh ot .lesouvaa bath.

Bath haracteristles. A simplihed
equation that describes the formation
of electroless nickel deposits Ls:

NIO, + NLO, .+ 10 ZM&
Ni + NL.PO, + 8W0.

The essential requirements for say
electroless nickel solution are:

I A ask to supl the michk-
5 A hbypoptieie sal to provide cheials

reduction
3 WSae
4 A eoiolexing annt
t A buler to conutrol pD

7 A catalytic surlain to be plat
Detailed dbscussions of the chemical

characterlstics of electroless baths, and
of the crItical concentration lmits of
the various reactants, can be found in
aevaral of the references listed at the
end of this rtle.

Both alkaline (pH. 7.5 to 10) and
add (pH, 4J to of electroless nickel
baths ar used In industrial production.
Although the acid baths are easier to
maintain and are more widely used, the
alkaline baths are reported to have
greater Compatibility with sensitive
substrates (such as magnesium, silIcon
and aluminum).

Catalysis. Nickel and hypophosphlte
ions can exist together In a dilute solu-
tion without interaction, but will react
on a catalytic surface to form a de-
posit. Furthermore, the surface of the
deposit Is also catalytic to the reaction..
so that the catalytic process continues
until any reasonable plate thickness is
applied. This autocatalytic etect s the
principle upon which all electroless
nickel solutions are based.

Metals that catalyze the platint re-
action are members of group VIZI In
the periodic table, which group Includes
nickel, cobalt and palladium A deposit
will begin to form on surfaces of thes
metais by simple contact with the
solution. Other metals, such as aluml-
num or low-alloy steel, first form an

3.8-9



FSAR-UMSO Universal Storage System
Docket No. 72-1015

November 2000
Revision 0

-444 NoNELE~crROLY-I1C N'ICXEL PLATINr.

Table L TypIcal Applultlons of Eleetrolbag NI

r..t . Ha b 4 .nIa

rLate APPUI1 5t2 C.TSeIOl X-ISL.Dt.
Valve body, cast Irn .....................
PMIntl rolls. cast Iron ....................................
Mectronrc C11L=1. 1010 steel ...............................
Railroad tank ca. 1020 a i ..............................
Reactor vtreus. 1020 Steel ...................................
Presure essel. 4130 steel ..................................
Tubular shaft 4340 steel ...................................

Flat. APpUed fot Wear Red1ataes
Centrifugal punp. sel .....................................
Plastic extrusion dies. steel .................................
Prmtntng.preM bed Stswl ......................
VzlIV insets, stell ..................................
HydruLIc pIstons. 4340 steel ...............................
Screws. 410 Stainles .....................................
Stator and rotor blades. 410 stainless ......................
Spray no brS ........................................ - .,.-

nlate ApplSd for Naildup Of Were Area

Carburred Kear (beastg Jorals) ..........................
spbled shaft (D Wpinel. 1625-6 stanles ..................
Connecting am (dowel-pLo holes). type 410 ................

(a) Beat treatments above 40 P should be amred out Isn an leer

immersion deposit of nickel on their
surfaces, which then catalyzes the re-
action: still othera such as copper.
require a galvanic nickel deposit In
order to be plated. Such a galvanic
nickel deposit can be formed by the
plating solution Itself, If the copper is
In contact with steel or aluminum.

Plastics, glass. ceramics and other
nonmetallics also can be plated, If their
surfaces can be made catalytic. This
usually Is done by the application of
traces of a strongly catalytic metal to
the nonmetallic surface by chemical or
mechanical means.

There Is. however, a group of metals
that not only do not display any cata-
lyUc action, but also Interfere with all

Tabte 2. Alkaline E&eetleas Nickel Baths
c~a~aeut & mesa 11"Ja D.ta1

. , 2 a

COMpoSlUeM. Grnase per UItr
Nickel chloride ..... 30. o 45 20
Sodium nypapnosphlta l0 11 10
Amnonlum chlorlde So so 50
SodIum cltrat . . 100to
AmnmonIum Cterte. . . 6.
A monlUM nydroxide to pH to pi to pH

OprntIg CaDudUems
..r............ 81010O O5tOIO 8t11

emperatue. ...... 19510 195t0 15510
Plating rats (approx). 206 ° s '0

miU per .. 0. 0.4 0o

plating actIvitt
metals. It dissc
In comparative
poisons and st
on all metals.
discarding of
formulation of
these anticatal
Sb. As and Mo.

Paradoxically
duction of exli
poisons has bee
of users of Otc
Intent of stabill
an inherently n
troless nickel
decompose spc
nickel and hYl
trace amount,
present In any I
minimize this p
ment Is added
of parts per mi
the or ginal m
The poison Is
impurities In C
to destroy theli
selective adsorp
deereases the cc
lytic poison to I
threshold so th
nickel Is not Iml
of deposition
The deliberate I
poisons for the

kxl rltunr Is covered by several patents, including
U. S. Patents 2.782,723 and 2.847.327.

,.e. = Alkaline Baths. host alkaline baths
erg. I,.Wrerbu s * in commercial use today are based on

the original formulations developed by
o.0 None Brenner and Riddell. They contain a

1.0 Non, nickel salt, sodium hypophosphite. am-
I10 a1ne montum hydroxide, and an ammonium
4.0 ilrat 15o? sat; they may also contain sodium
1.5 hr ya30 citrate or ammonium citrate. The am.
1.5 3hrat573 r montum salt serves to complex the

nickel and buffer the solution. Ammo-
o.0 2 hr at 400 nlum hydroxide Is used to maintain the

2.0 2 hrat3?r pH between 7.5 and 10. Table 2 gives
1.0 None the compositions and operating condt-
0.o hyat 150?P tlons of three alkaline electroless baths.
o2 None At the operating temperatures of

00toI.0 Ihrat7SOI these bat ( tabout 200 F), ammonia
0. Some losses are considerable. Thorough Yen-

. tlation and frequent adjustment of pH
0 8 t0 .0 5 hr at 275l are required. The alkaline solutions are

05 I hr at 730? Inherenly unstble and are pastlcu-
50 IthratliOP lasly sensitive to the poisoning effects

t or reducI atMplr. o ancatalysts such as lead, tin znc
cadmum, antimony, arsencandmolyb-
denum -even when these elements are

y. The sIts of these present in only trace quantities. How-
inse slutson een Lever, when depletion occurs, these solu-

;lved tn a solution even lions undergo a deflnite color change
*ly small amounts, are from blue to green, indicating the need
op the plating reaction, for addition of ammonium hydroxide.
thus necessitating the Acid baths are more wtdely used In
the solutlon and the - ci atIstalare ions thdei used ine
a new one. Examples of commercial instllatons than alkaline
ysts are Pb. Sn. 7r. Cd baths. Essentlally, acid baths contain a
yst" nickel salt, a hypophosphite salt, and

the deliberate Intro- a buffer: some solutions also contain a
cinely minute traces Of.' chelating agent, Frequently, wetting

n practiced by a number agents and stabilizers also are added.
:troless nickel. with the These baths are more stable than
zing the solution. Being alkaline solutions. are easier to control.
tetastable mixture. dele- and usually provide a higher plating
solutions are likely to ratse. Except for the evaporation of
)ntaneously. with the water, there is no loss of chemicals
)ophospblte reacting on when, acid baths are heated to their
* of solid Impurities operating range. Table 3 gives the
plating bath.. In order to composltioft5 and operating conditions
roblen. a poisoning dc- of several acid electroless baths.
In trace concentrations Solution Control. In order to assure
Illon (or per trilon) to optimum results and consistent plating
ake-up of the solution rates, the composition of the plating
adsorbed on the solsd solution should be kept relatively con-

luantitles large enough stan: this rcquires periodic analyses
r catalytic nature. Ths for the determination of PH, nickel
tIon on catalytic centers content, and phosphite and hypophos-
neentration of the cata- phite concentrations. The rate at which

L level below the critical these analyses should be made depends
tat normal deposition of on the quantity of work being plated
peded, although the rate and the volume and type of solution
1s somewhat reduced being used. The following methods

Introduction of catalytic have been employed:
purpose of stabilization Pt-Standard electonetu method

Nickel-Any one of the eCorlMeUtIP gMu-
mretzia or woumetfol methods la =uLalac-

t?.(5)1 torn the cyanide method Ls probably theroost popular.
C.p Phshlts -A 10-mi Sample of the latina . Soution eLiomblied WIth so ml d a o0

soaution of sodium bicarbonate and cooled
La La lCe btL Next, 50 ml of o0.I

10 . 230 todin solutIon U added and the auk
Is c°nttning this misture is stoppered and

it O 15 Permitted 10 stand for 2 hr at roomtemperature. Then the rLIk Is cooled3 fr It min L ewatr. after which It Ls
un* *io-ered, the m ixture La aeldidad with
aCei aCid and the execei Iodin Lo

5 Utrated with o.IN sodium thlomifale.
* -it Starch as an Indicator. Dctmmins-
Uos Is then iad, La follows:

0 56 to 4 3 10 toD. NaLR . per Ittkr =
0210 19010210 10t02 210 of0iNfIdine X 6.

.4 0.7 0.8 otIle pI l gt salutbo

*nt% 0aeu ed ldo us SNttIOMI P; e t* ( .S.P tn 265.01 1.3) -and natho a b U. at. a cn A _ b . at e so lu aA stlple of the platng U
diluted to I 1iter. A 5-miPalLquot of the

Takla 5. Acid Lectra ei Nickel Plating Bs
CUlar " Sala ab

In e a
composiumo, Gra-s per Lster

Nickel chlrid.2 30
Nickel sulfate ......
Soditu hypophoee i -sla . 10 24 20
SoihM acetate ............
Sodium hydryat ..... S0

O geratJg C adl ti..
........ .... i... ... ts 105*O4t

. 4 1 0 I 4 2 1 0 4.6 4 5 1 0 5. 4 t
Pb ltur.{,j ,- . 1010210 :0s 2000t220 too0

1=il1eI h.01....... 04 1.0 1.0 0
a "athe Ca4 vI1 ae r A; . S. Patent 2ls .25 go publiC tw'

our eu, at standardel: ba I. b U . 5. Fatlste 2Jxt12 3 S~d 32 6 .12S4.
2.61 1,041 and 25.52854 . "' b ,
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Flu 1. schmatic at cOnltlnuous-IV" SYe
tce for eftecltoe 'rketc: plating. ee test.

illuhton Is combined wIth 10 ml of a 10%
Soluton at semnontum molybdate and 10
al of fresh 6% oul/urous acId. The
mple Is co ered and heated to boiling.
nd a deep l Color develops. The

Amp lt e4 oled end diluted to JOO ol.
and transmittance at a wave leath ot
440 microns Is deteT1ined. The calirea-
ti curve on teeUag paper Is linear.

HT09PIewite ateagle method) - IA 5-
ml aple o the Piating e olUe Is
Mixed In a beaker with A ml et mtethyl
orange solution made up otf gram of

ehyl orang in I liter of water. In
noumer beaker I1 placed 15 ta of an acid

solution MAde up by (a) disolving 40
tras of sodiUmn Mteablulfate In 200 ml
of water. (0) lowlY -adding the eodlum
metableilfate solution to a eold solution
Of 8t of 01SWUc aidd In h 50 ml of
water. and the I%) dIluting this mixture
with water to I ter. Wben the acId
soutio and the solution containing the
ample and me1ty orange reach a tern.-
pature ot 77 r in * thermostat the two
seoutions are mined. The iume between
mbmm and the disapperaneeof tbe red
COWr is recorded. hypophoepit
concentratIon is a function at this time
104 Is read trom a concantntion-tims
curve made from knOwn standrds.

Equipment Requlrements. The pre-
Clekning and post-treating equlpment
for an eleetroless nickel line is com
parable to that employed In conven-

tlonil electrodepositlon. The plating

tank Itself. however. is unique.

The preferred plating tank for batch

operations Is constructed of stainless

steel or aluminum and I lined with a

coating of an Inert Material. such as

tetrmiuoroethylene or a phenollc-base

organic. The size and shape of the

tank are usually dictated by the parts

to be plated buti the surface area of the

plating solutlon should not be so large

tat excessive heat loss occur: as a
result of evaporation.

A large heat-transter area and a low

temperature gradient are necessary be-

tween the heating medium and the

plating solution. This combination pro-

vides tor a reasonable heat-up time

without local hot spots that could de-

compose the solution. it is accepted

practice to surround the plating tank

with a hot-water jacket or to Immerse

It In a tank containing hot Water.

Heating jackets using low-pressure
Stela also have been used successfully.

The use of Immersed steam coils Is not

favored, however, because it entaUls the

sacrifice of a large amount of working

area In the tank.

Accessory equipment required or

recommended for the tank Includes:

I An accurate temperature controller
2 A flter to remove any suspended enlide

I A pH meter
An agitator to prevent et streaking
On small uanks, a covy to minimum heat
los and exclude tfren patcls.

c On laree taks a sepurate small tank to
dilve and flter additives before they
an pug itO the plating tank.

Considerably more equipment LI re-
quIred for a continuous-type system.
such as that shown in FIg. 1. The bath
1s prepared and stored in a separate
tank and flows through a heater (which
raises Its temperature to 205 F) Into
the platling tank. From the plating
tank, the solution Is pumped through
a ctoler. which decreases Its tempera-
ture to 175 F or below, and then to an
agitated regeneratUon tank, where re-
agents are added In controlted amounts
to restore the solution to Its original
composition. The solution tI then
directed past a vertical undernow battle
and out of the regeneration tank to a
filter, and then returned to storage.

In externally heated conttnuous-type
systems such as the one shown In Fig.
I, the plating tank and other com-
ponents of the system that come In
contact with the plating solution are
constructed of type 304 stainless steel
and are not lined or coated: these com-
ponents are periodically deactivated by
chemical treatment Details of this
type of sytstm are covered by several
patents. Including U. S. Patents
2,941,02: 2.858J39 and 2.874.073.

Properties of the Deposit. Electrolesa
nickel is a hard. ltmetlar. brittUe. uni-
form depositt As plated. the hardness

I

ia
a

1200 .11 7

.044{-4 49010SK
1000 L..LL.I

Table J. Ceste fee Eletteplem Nckkel rIt teg
(Etamle st 1'1

c_4 1~ C0 VW "- 4

Orlgtinl Investment.. .S000
rixed cosus

Depreciation l 0 an) ...... ...... S 1J00Inirace.450
?iour pc 40.0I) . 5
RepaArS and matIntenance ......... 450

vaulable Costs:teo, en ete ria l . 6M.. . .InRA' y t cermd l~ ............................. U.Osc
* hwnrsu ................................ t.JO
Labor Corte

Diret .10.400
Inditre, ,t. 6
Towt ............................ $0.8

iTotal................. 27e5
Tota Ctl0 per hr ................... SIJ.
Total cat per eq t coated to I mlu... 1C00

Sao mduewe of ae e fhy eor: l oped and od-

electroUy les nicel are *IDte Ine Table4

ldanct,^es Cof,. elereo anice uarcle:

I cood resistnancet coros~aion ad wear. 5

ea en Cepeelus at I on *w e*.l-e-fztJ pau
2t e f sll p an lfoy

or 5. eq tUetii. Pe SrI oe n * eedlief at1
b3 pee ara y pett r mab rL co he p yla

9ome of the phyrsicl propertiea of
electroless nIckel re isted in Table 4

Advantages and Llmitataons. some
adantalgeas of electroless nickel are:

I Oceod rean er roeloet and r
7 tcilnt uniformit
7 Doideablyandbramblllty
4 Oood oxidtiotgn feltnos.

Limtatiaons of electroless nickel are:
I 15g enr
2 b~r~ttlees
3 Poor welding characterletlc
4 ltedt Un. cadmbim ad sino muag be

copper strik plated before *ectrolm
nIckel can be applied

s tlowr plating rate tin geral). " Dam-
pnetd to eaettrolrtid methods
l til driehbtr In depollt Cannot be ob-
td without extrvme brittteness.

Cost. Electroless nickel LI considerably
more expensive than electrodepoalted
nickel. Actual costs for electroless
nickel plaung as reported by Iwo users.
are given in the following examples.

Esamol 1. Bajed en the experience of
One manufacturing plant. It coine sl52 to

deposlt an electboless nickel moatin I mU
thick on a sQuare foot of surface area: 31*
for chaucais. see for labor. and 524 Nor
eQtIpment and maintenance.

xaple 7. Another menuofacturg plant
rporlts that it mate SI per aq ft In plate a
I-tMU thicknes of lectrless Dickel on
specuic paru with a surfaes ar of 0.1 ea
ft. on the basis of data obtained over a
one.year period (400 working boun). An
analysis of their costs Ia given in Table S.

Selected References
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varies over a considerable range (425
to 575 dph). depending primarily on
Phosphous content. which ranges Irom
4 to 12%. This hardness can be in-
creased by a precipitation heat treat-
ment. As Indicated In Fig. 2, which
shows temperature-hardness relation-
ships for a typical deposit, by heating
at 750 F for ' to 1 hr. hardness can be
Increased to about 1000 dph.

The corrosion resistance of electroless
nickel deposits Is superior to that of
electrodeposited nickel of comparable
thickness. but this superiority varies
with exposure conditions. Outdoor ex-
posure and salt spray coegoton dats
indicate that about 25% more resist-
ance Is given a stenl panel by electroless
nickel than by electrolytic.

Tabia 4. Phy*si Preperties ef Elet"Iase
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3.8.4 Keeler & Long Kolor-Poxy Primer No. 3200

KOLOR-POXY PRIMER
No. 3200

GENERIC TYPE: POLYAMIDE EPOXY

PRODUCT
DESCRIPTION:

RECOMMENDED USES:

NOT RECOMMENDED
FOR:

A two component, high solids, polyamide epoxy
primer/topcoat formulated to provide a high-build; abrasion,
impact and chemical resistant coating.

As a high-build primer for steel and concrete surfaces exposed
to a wide range of conditions. No. 3200 is certified by the
National Sanitation Foundation (NSF) and Ministry of
Environment (Ontario and Saskatchewan, CN)** for
application to the interior of potable water tanks.* No. 3200 is
also accepted by the USDA for application to Incidental food
contact surfaces.

immersion in strong acids.

COMPATIBLE
TOPCOATS:

PRODUCT
CHARACTERISTICS:

Kolor-Poxy Primers and Enamels
Kolor-Poxy Hi-Solids Primer
Kolor-Poxy Hi-Build Enamels
Poly-Silicone Enamels
Hydro-Poxy Enamels

Solids by Volume: 66% * 3'
Solids by Weight: 82%h ± 3'
Recommended

Dry Film Thickness: 2.5 - 6.0
Theoretical Coverage: 350 Sq.
Finish: Flat
Available Colors: White ar
Drying ime @ 72 F

ro Touch: 4 Hours
To Handle: 8 Hours
To Recoat: 24 Hour!
To Immersion: 10 Days

VOC Content: 2.52 Pot
302 Grai

Kolor-Sil Enamels
Acrythane Enamels
Kolorane Enamels
Tri-Polar Silicone Enamels

mils
.FtGallon @ 3.0 mils DFT

id tints

3

unds/Gallon
ms/Liter

WW galon UnksoriargW

Up to four cosat - TOta DFT 24 nrh*
fm~dmwum

Us* N*. 37CC Thlraw up to 2M% b?
VdU",

** Substrate temperatur;r 45 F (70 C) minimum during cure. Thorough rints required eaftr final cure.. June, 1994

TETECHNICAL BULLETIN _
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PHYSICAL DATA:

APPLICATION DATA:

Weigh! per gallon:
Flash Polnt (Pensky-Martens):
Shelf Life:
Pot Ufe @ 72F:
Temperature Resistance:
Viscosity 9 77"F:
Gloss (60 meter):
Storage Temperature:
Mixing Ratio (Approx. by Volume):

Application Procedure Guide:
Wet Film Thickness Range:
Dry Film Thickness Range:
Temperature Range:
Relative Humidity:
Substrate Temperature:
Minimum Surface Prepparation:
Induction Time @ 72 F:
Recommended Solvent

@ 50 -85F1
@ 86 -120OF:.

Application Methods

Air S Iray
tip Size:
Pressure:
Thin:

Airless Spray
lip Size:
Pressure:
Thin:

Brush or Roller
Thin:

13.6 ± 0.5 (pounds)
85"F
2 Years
8 Hours
3509F
87 ± 5 (Krebs Units)
6*5
50 - 95°F
4:1

APG-3
3.8 - 9.1 mils
2.5 - 6.0 mils
50- 120*F
80% Maximum
Dew Point + 5F
SSPC-SP6, SP10, SP5
45 Minutes

No. 3700
No. 2200

.055" -. 073"
30 - 60 PSIG
1.0 - 2.0 Pts/Gal

.015" - .019"
2500 PSIG
0.5- 1.5 Pts/Gal

0.5 - 1.5 Pts/Gal

[[E[3 m IONG we..
P. 0. Box 460, 856 Echo Lake FRoad

Wateiown, CT 06790
Tel: (850) 274-6701 Fax: (860) 274-557

ml. b__ h hd-~~ m~. emo W u .n r ond.w.hw*o I..qyh .d , N bh-. w .D lb ~ di~ N >kdj

puaku

I
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3.8.5 Acrvthane Enamel Y-l Series Top Coating

ACRYTHANE ENAMEL
Y-1-SERIES

GENERIC TYPE:

PRODUCT
DESCRIPTION:

RECOMMENDED USES:

NOT RECOMMENDED
FOR:

COMPATIBLE
UNDERCOATS:

PRODUCT
CHARACTERISTICS:

ACRYUC URETHANE

A two component, acrylic urethane high-gloss enamel
formulated to provide maximum appearance and protective
qualities when exposed to an exterior environment. It
produces the ultimate in long term color and gloss retention.

As a topcoat for exterior structural steel, tanks, piping,
conveyors, equipment, and other similar surfaces, as well as
interior and exterior concrete surfaces.

Immersion service; splash and spillage of strong acids and
alkalies.

Kolorane Aluminum Primer
Kolorane Zinc Rich Primer
Kolor-Poxy Primers and Enamels
Kolor-Poxy Hi-Solids Primer
Acrythane Intermediate Primer
Kolor-Poxy Surfacer

Solids by Volume: 52% i 5%
Solids by Weight: 67% *5%
Recommended

Dry Film Thickness: 2.0 - 4.0 mils
Theoretical Coverage: 278 Sq. Ft./Gallon @ 3.0 mils DFT
Finish: FuR Gloss
Available Colors: Unlimited
Drying T ime @ 72 "F

To Touch:. 6 Hours
To Handle: 12 Hours
To Recoat: 24 Hours

VOC Content: < 3.5 Pounds/Gallon
< 420 Grarns/liter

June, 1995

`s'

TECHNICAL BULLETIN.
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Y-SERIC§ 11 iB2

TYfLJA 1ff A I n A TA
iU I.%OU 85IVjy~zWRI &,finI

PHYSICAL DATA:

APPUCAT1ON DATA:

Weight per gallon:
Flash Point (Pensky-Martens):
Shelf Life:
Pot Life P 72F:
Temperature Resistance:
Viscosity O) 77-F:
Gloss (60 moter):
Storage Temperature:
Mixing Ratio (Approx by Volume):

Applicaton Procedure Guide:
Wet Film Thickness Range:
Dry Film Thickness Range:
Temperature Range:
Relative Humidity:
Substrate Temperature:
Minimum Surface Preqaration:
Induction Time @ 72 F:
Recommended Solvent

@ 45 - 85"F:
@ 86 -100°F:

Application Methods

Air Spray
Tlip Size:
Pressure:
Thin:

Airless Spray
Tip Size:
Pressure:
Thin:

Brush or Roller

Thin (No. 0700):

10.5 ± 0.5 (pounds)
85eF
1 Year
6 Hours
250'F
75.t 5 (Krebs Units)
90± 5 (Y-1)
45 -95 F
42:1 (White only)

APG-5
3.5 - 7.0 mils
2.0 - 4.0 mils
45- 100§F
80% Maximum
Dew Point + 5*F
Primed
None

No. 1200
No. 0700

.055"
30 - 60 PSIG
0.5 - 2.0 PtsIGal

.011 '-.015"
2000 - 2500 PSIG
0.0-1.5 Pts/Gal

Recommended only with
limitations

0.5 -1.5 Pts/Gal

r- -SLSEE?

MERM Em IONG -F..
P. 0. Box 460, 8s8 Echo Lake Road

Watertown, CT 06795
Tel: (860) 2744701 F=c (860) 274.S857

7hb k,4ama I. u.w~d _~S bd co. h ood h I~ pevn bO wpc'_
if _~n j d Pi&w IfI* N- P d s M~ a w difif
M o _af. v|g C1f r ~et pdndA Dh. dl_ jan. a 4d~

PJ&AMUNQ 11U

.f'
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4.0 THERMAL EVALUATION

This section presents the thermal design and analyses of the Universal Storage System for normal

conditions of storage of spent nuclear fuel. The analyses include consideration of design basis

PWR and BWR fuel. Results of the analyses demonstrate that with the design basis contents, the

Universal Storage System meets the thermal performance requirements of 10 CFR 72 [1].

4.1 Discussion

The Universal Storage System consists of a Transportable Storage Canister, Vertical Concrete

Cask, and a transfer cask. In long-term storage, the canister is installed in the concrete cask,

which provides passive radiation shielding and natural convection cooling. The fuel is loaded in

a basket structure positioned within the canister. The transfer cask is used for the handling of the

canister. The thermal performance of the concrete cask containing the design basis fuel (during

storage) and the performance of the transfer cask containing design basis fuel (during handling)

are evaluated herein.

The significant thermal design feature of the Vertical Concrete Cask is the passive convective air

flow up along the side of the canister. Cool (ambient) air enters at the bottom of the concrete

cask through four inlet vents. Heated air exits through the four outlets at the top of the cask.

Radiant heat transfer occurs from the canister shell to the concrete cask liner, which also

transmits heat to the adjoining air flow. Conduction does not play a substantial role in heat

removal from the canister surface. Natural circulation of air inside the Vertical Concrete Cask, in

conjunction with radiation from the canister surface, maintains the fuel cladding temperature and

all of the concrete cask component temperatures below their design limits.

The UMS® Storage System design basis heat load is 23.0 kNV for up to 24 PWR (0.958 kW per

assembly) or up to 56 BWR (0.411 kW per assembly) fuel assemblies, except in cases where

preferential loading patterns are employed.
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The thermal evaluation considers normal, off-normal, and accident conditions of storage. Each of

these conditions can be described in terms of the environmental temperature, use of solar insolation,

and the condition of the air inlets and outlets, as shown in Table 4.1-1. The design conditions for

transfer are defined in Table 4.1-2. The transfer conditions consider the transient effect for PWR

and BWR fuel, starting from the removal of the transfer cask/canister from the spent fuel pool. The

canister is considered under normal operation to be inside the transfer cask and initially filled with

water. The canister is vacuum dried, back-filled with helium and then transferred into the Vertical

Concrete Cask. As shown in Section 4.4.3, the time duration of the spent fuel in the water and

vacuum conditions is administratively controlled to prevent general boiling of the water and to

ensure that the allowable temperatures of the limiting components (fuel cladding, structural disks

and heat transfer disks) are not exceeded.

This evaluation applies different component temperature limits and different material stress

limits for long-terrn conditions and short-term conditions. Normal storage is considered to be a

long-term condition. Off-normal and accident events, as well as the transfer condition that

temporarily occurs during the preparation of the canister while it is in the transfer cask, are

considered as short-term conditions. Thermal evaluations are performed for the design basis

PWR and BWR fuels for all design conditions. The maximum allowable material temperatures

for long-term and short-term conditions are provided in Table 4.1-3.

During normal conditions of storage and hypothetical accident conditions, the concrete cask must

reject the fuel decay heat to the environment without exceeding the operational temperature

ranges of the components important to safety. In addition, to maintain fuel rod integrity for

normal conditions of storage the fuel must be maintained at a sufficiently low temperature in an

inert atmosphere to preclude thermally induced fuel rod cladding deterioration. To preclude fuel

degradation, the maximum allowable cladding temperature under normal conditions of storage

and transfer for PWR fuel and BWR fuel is 7520 F (400'C) in accordance with ISG- 11, Rev 2

[38]. For either of these fuel types, the maximum cladding temperature under off-normal and

accident conditions must remain below 1,0580 F (570'C). Finally, for the structural components

of the storage system, the thermally induced stresses, in combination with pressure and

mechanical load stresses, must be below material allowable stress levels.
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Thermal evaluations for normal conditions of storage and transfer (canister handling) condition

operations are presented in Section 4.4. The finite element method is used to calculate the

temperatures for the various components of the concrete cask, canister, basket, fuel cladding and

transfer cask. Thermal models used in evaluation of normal and transfer conditions are described

in Section 4.4.1.

A summary of the thermal evaluation results for the Universal Storage System are provided in

Tables 4.1-4 and 4.1-5 for the PWR and BWR cases, respectively. Evaluation results for

accident conditions of "All air inlets and outlets blocked" and "Fire" are presented in Chapter 11.

The results demonstrate that the calculated temperatures are below the allowable component

temperatures for all normal (long-term) storage conditions and for short-term events. The

thermally induced stresses, combined with pressure and mechanical load stresses, are also within

the allowable levels, as demonstrated in Chapter 3.
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Table 4.1-1 Summary of Thermal Design Conditions for Storage

Environmental Condition of
.1 2 Concrete CaskCondition Temperature (0F) Solar Insolation Cnletn OlsInlets and Outlets

Normal 76 Yes All inlets and
outlets open

Off-Normal 76 Yes Half inlets blocked

- Half Air Inlets Blocked and all outlets open

Off-Normal 106 Yes All inlets and

- Severe Heat outlets open

Off-Normal 40 No All inlets and

- Severe Cold outlets open

Accident 133 Yes All inlets and

- Extreme Heat outlets open

Accident 76 Yes All inlets and

- All Air Inlets and Outlets outlets blocked
Blocked 3

Accident During Fire 1475 Yes All inlets and
-Fire4  outlets open

Before and 76 Yes All inlets and
After Fire outlets open

1. Off-normal and accident condition analyses are presented in Chapter 11.
2. Solar Insolation per 10 CFR 71:

Curved Surface: 400 g cal/cm2 (1475 Btu/ft2 ) for a 12-hour period.
Flat Horizontal Surface: 800 g cal/cm2 (2950 Btu/ft2 ) for a 12-hour period.

3. This condition bounds the case in which all inlets are blocked, with all outlets open.
4. The evaluated fire accident is the described in Section 11.2.6.
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Table 4.1-2 Summary of Thermal Design Conditions for Transfer

Maximum Duration (Hours) 3

Condition"2  PWR BWR

Canister Filled with Water 4  17 17

Vacuum Drying 27 25

Canister Filled with Helium 20 16

(l) The canister is inside the transfer cask, with an ambient temperature of 76F.

(2) See Section 8.1 for description of limiting conditions.

(3) Maximum durations based on 23 kW heat load.

(4) The initial water temperature is considered to be 1000F.
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Table 4.1-3 Maximum Allowable Material Temperatures

Temperature Limits (IF)

Material Long Term Short Term Reference

Concrete 150(B)/300(L)(') 350 ACI-349 [41

Fuel Clad

PWR Fuel (5-year cooled) 752 752/1,058(2) ISG-11 [38] and

BWR Fuel (5-year cooled) 752 752/1,058(2) PNL-4835 [2]

Aluminum 6061-T651 650 750 MIL-HDBK-5G [7]

NS-4-FR 300 300 GESC [8]

Chemical Copper Lead 600 600 Baumeister [91

SA693 17-4PH Type 630 650 800 ASME Code [13]

Stainless Steel ARMCO [11]

.A240 Type 304 Stainless Steel 800 800 ASME Code [13]

SA240 Type 304L Stainless Steel 800 800 ASME Code [13]

ASTM A533 Type B Carbon 700 700 ASME Code [13]

Steel

ASME SA588 Carbon Steel 700 700 ASME Code Case

N-71-17 [12]

ASTM A36 Carbon Steel 700 700 ASME Code Case

N-71-17 [12]

K'

(1) B and L refer to bulk temperatures and local temperatures, respectively. The local temperature

allowable applies to a restricted region where the bulk temperature allowable may be exceeded.
(2) The temperature limit of the fuel cladding is 400'C (752 0F) for storage (long-term) and transfer

(short-term) conditions. The temperature limit of the fuel cladding is 570'C (1,058cF) for off-normal
and accident (short-term) conditions.
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Table 4.1-4 Summary of Thermal Evaluation Results for the Universal Storage System:
PWR Fuel

Long-Term Condition:
Maximum Temperatures (OF)

Concrete Heat Transfer Support
D esig n Condition Bulk Local Disks Disks(l) Canister(2 Fuel Clad
Normal (76C F Ambient) 135 186 599 601 351 648 l

Allowable 150 300 650 650 800 752

Short-Term Condition:
Maximum Temperatures (fF)

Heat Transfer Support
Design Condition Concrete Disks Disks Canister(2) Fuel Clad
Off-Normal
- Half Inlets Blocked 191 600 603 350 649

(760F Ambient)

Off-Normal
- Severe Heat 228 626 628 381 672

(106'F Ambient)

Off-Normal
- Severe Cold 17 502 505 226 561

(-40'F Ambient

Accident
- Extreme Heat 262 648 650 408 693

(1330F Ambient)

Accident
-Fire 244 639 641 391 688

Allowable 350 750 800 800 1058
Maximum Temperatures (fF)

Transfer
- Vacuum Drying N/A 641 644 304 732

Transfer
- Backfilled with N/A 680 683 455 732

Helium

Allowable 350 750 800 800 752

1. SA 693, 17-4PH Type 630 SS.
2. SA240, Type 304L SS (including canister shell, lid and bottom plate).

I

I

I
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Table 4.1-5 Summary of Thermal Evaluation Results for the Universal Storage System:
BWR Fuel

Long-Term Condition:
Maximum Temperatures ( F)

Concrete Heat Transfer Support
Design Condition Bulk Local Disks Disks(l) Canister(2  Fuel Clad

l Normal (76cF Ambient) 136 192 612 614 376 642

Allowable 150 300 650 700 800 752

Short-Term Condition:
. Maximum Temperatures (0F)

Heat Transfer Support
Design Condition Concrete Disks Diskst (' Canister(2 ) Fuel Clad
Off-Normal

l - Half Inlets Blocked 195 612 614 373 642
(760F Ambient)

Off-Normal
l - Severe Heat 231 638 640 405 667

(106'F Ambient)

Off-Normal
l - Severe Cold 20 504 505 252 540

(-40'F Ambient)

Accident
l - Extreme Heat 266 662 664 432 690

(1330F Ambient)

Accident
- Fire 244 652 654 416 682

Allowable 350 750 700 800 1058
Maximum Temperatures (0F)

Transfer
- Vacuum Drying N/A 653 659 267 733

Transfer
Backfilled with N/A 683 686 462 733
Helium

Allowable 350 750 700 800 752

1. SA 533, Type B, CS.
2. SA240, Type 304L SS (including canister shell, lid and bottom plate).

I
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V 4.2 Summary of Thermal Properties of Materials

The material thermal properties used in the thermal analyses are shown in Tables 4.2-1 through

4.2-13. Derivation of effective conductivities is described in Section 4.4.1. Tables 4.2-1 through

4.2-13 include only the materials that form the heat transfer pathways employed in the thermal

analysis models. Materials for small components, which are not directly modeled are not

included in the property tabulation.
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Table 4.2-1 Thermal Properties of Solid Neutron Shield (NS-4-FR and NS-3)

Property (units) [81 NS-4-FR NS-3

Conductivity (Btulhr-in-0 F) 0.0311 0.0407

Density (borated) (Ibmlin3 ) 0.0589 0.0621

Density (nonborated) (Ibm/in3 ) 0.0607 0.0640

Specific Heat (Btu/lbm-0 F) 0.319 0.149

Table 4.2-2 Thermal Properties of Stainless Steel

Type 304 and 304L

Value at Temperature

Property (units) WOOF 200 0F 400 0F 550 0F 750 0F

Conductivity (Btu/hr-in- 0F) [13] 0.7250 0.7750 0.8667 0.9250 1.0000

Density (lb/in3 ) [14] 0.2896 0.2888 0.2872 0.2857 0.2839

Specific Heat (Btu/lbm- 0F) [14] 0.1156 0.1202 0.1274 0.1314 0.1355

Emissivity [14] 1 0.36 -

17-4PH, Type 630

Value at Temperature

Property (units) 70 0F 200 0F 400 0F 650WF

Conductivity (Btu/hr-in- 0F) [13] 0.824 0.883 0.975 1.083

Density (lb/in3 ) [13] 0.291 1

Specific Heat (Btu/lbm- 0F) [11] 0.11 X

Emissivity [15] 0.58 P

' ,
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Table 4.2-3 Thermal Properties of Carbon Steel

Value at Temperature

MlaterialI Property (units) 100°F 200°F 400°F 500°F 700°F 800°F

Conductivity (Btu/hr-in-°F) [13] 1.992 2.033| 2.017 1.975 1.867 1.808

Density (lb/in3 ) [16] 0.284

Specific Heat (Btu/lbm-°F) [17] 0.113

Emissivity [9] 4 - 0.80

1. A-36, SA-533, A-588 and SA-350.

Table 4.2-4 Thermal Properties of Chemical Copper Lead

Value at Temperature

Property (units) 209°F 400°F 5810 F 630°F

Conductivity (Btu/hr-in-°F) [18] 1.6308 1.5260 1.2095 1.0079

Density (lb/in3 ) [18] 0.411

Specific Heat (Btu/lbm-°F) [18] 0.03

Emissivity [9] 0.28 (75°F)

Table 4.2-5 Thermal Properties of Type 6061-T651 Aluminum Alloy

Value at Temperature

Property (units) 200°F 300°F 400°F I 500°F 600°F1 7500F

Conductivity (Btu/hr-in-°F) [7,13] 8.25 8.38 8.49 | 8.49 8.49 8.49

Specific Heat (Btu/hr-in-°F) [13] 0.23

Emissivity [15] 0.22

I
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Table 4.2-6 Thermal Properties of Helium

Value at Temperature

Property (units) 800F J_2600 F I 4400 F I 8000 F

Conductivity (Btu/hr-in-0 F) [20] 0.00751 |J0.00915 1 0.01068 | 0.01355

Value at Temperature

Property (units) 2000 F 4000F I 6000 F I 8000 F

Density (lb/in3 ) [19] 4.83E-06 3.70E-06 I 3.01E-06 I 2.52E-06

Specific Heat (Btu/lbm-0 F) [19] ' 1.24 P

Table 4.2-7 Thermal Properties of Dry Air

Value at Temperature

Property (units) 100OF 3000 F 5000 F 7000 F

Conductivity (Btu/hr-in-0 F) [19] 0.00128 0.00161 0.00193 0.00223

Density (lb/in3) [19] 4.1 lE-05 3.01E-05 2.38E-05 1.97E-05

Specific Heat (Btu/lbm-0 F) [19] 0.240 0.244 0.247 0.253
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Table 4.2-8 Thermal Properties of Zircaloy and Zircaloy-4 Cladding

Value at Temperature

Property (units) 3920 F 5720F 7520F 9320 F

Conductivity (Btu/hr-in-0 F) [22] 0.69 0.73 | 0.80 1 0.87

Density (lb/in3 ) [23] ' 0.237

Specific Heat (Btu/lbm-0 F) [22] 0.072 | 0.074 | 0.076 | 0.079

Emissivity [22] L 0.75

Table 4.2-9 Thermal Properties of Fuel (UO2)

Value at Temperature

Property (units) 100H F 257JF __4820 F 7070 F 9320F

Conductivity (Btu/hr-in-0 F) [22] 0.38 0.347 0.277 0.236 0.212

Specific Heat (Btu/lbm-0 F) [22] 0.057 0.062 0.067 0.07 1 0.073

Density (Ibm/in3 ) [23] * 0.396

Emissivity [22] 1 0.85 -
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Table 4.2-10 Thermal Properties of BORAL Composite Sheet

Value at Temperature

Property (units) 1000F 5000 F

Conductivity (Btu/hr-in-OF)

Aluminum Clad [24] 7.805 8.976

Core Matrix

PWR (calculated) 3.45 3.05

BWR (calculated) 6.60 7.23

Emissivity`') [25] < 0.15

')The emissivity of the aluminum clad of the BORAL sheet ranges from 0.10 to 0.19. An
averaged value of 0.15 is used.

Table 4.2-11 Thermal Properties of Concrete

Value at Temperature

Property (units) 100F | 2000F I 3000 F

Conductivity (Btu/hr-in-0 F) [26] 0.091 0.089 1 0.086

Density (lbmlin3 ) [27] 1 140

Specific Heat (Btu/lbm-0 F) [171 4 0.20

Emissivity () [17,28] 4 0.90 0

Absorptivity [29] ' 0.60

(') Emissivity = 0.93 for masonry, 0.94 for rough concrete; 0.9 is used.
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Table 4.2-12 Thermal Properties of Water

Value at Temperature

Property (units) 70WF 200WF 300WF

Conductivity (Btu/hr-in-0F) [32] 0.029 0.033 0.033

Specific Heat (Btullbm-0F) [32] 0.998 1.00 1.03

Density (ibm/in3 ) [32] 0.036 0.035 0.033

Table 4.2-13 Thermal Properties of METAMIC I

Value at Temperature

Property (units) 770 F 2120 F 482WF

Conductivity (Btu/hr-in-0 F) [37] 4.54 4.42 4.64

Specific Heat (Btu/lbm-0 F) [37] 0.2207 T 0.2412 | 0.2938

Density (Ibm/in3 ) [37] 0.094 ,
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4.3 Technical Specifications for Components

Five major components of the Universal Storage System must be maintained within their safe

operating temperature ranges: the concrete, the lead gamma shield, the NS4-FR solid neutron

shield in the transfer cask, the aluminum heat transfer disks and steel (174PH and ASTM A533)

support disks in the basket structure inside the canister. The safe operating ranges for these

components are from a minimum temperature of 40'F to the maximum temperatures as shown

in Table 4.1-3.

The criterion for the safe operating range of the lead gamma shield is the prevention of the lead

from reaching its melting point of 620'F [9]. The maximum operating temperature limit of the

NS4-FR solid neutron shield material, determined by the manufacturer, is to ensure sufficient

neutron shielding capacity.

The primary consideration in establishing the safe operating range of the aluminum heat transfer

disks and steel support disks is maintaining the integrity of the aluminum and steel.

The temperature limit for the aluminum heat transfer disks is 650'F and 750'F for the long-term

and short-term conditions, respectively, based on data from MIL-HDBK-5G. Note that the heat

transfer disk is not a structural component. During the limiting condition (short term ) of canister

transfer, the heat transfer disk is subjected to a maximum loading of 1.1 g (normal handling). An

evaluation is performed for the heat transfer disks for both PWR and BWR configurations to the

stresses for this condition. Two quarter-symmetry models were generated using ANSYS

SHELL63 elements for the evaluation, as shown in Figures 4.3-1 and 4.3-2. The disks are

supported at the basket tie-rod locations in the canister axial direction. Symmetry boundary

conditions are applied at the planes of symmetry. An inertia load of 1.1 g is applied to the disk in

the out-of-plane direction.

The analysis results indicate that the stress is less than 0.13 ksi at the central region of the basket

where maximum temperature occurs for both the PWR and BWR configuration. The

corresponding margin of safety is + 9.8 based on the yield stress of 1.4 ksi at 750'F. Therefore,

the aluminum heat transfer disk will maintain its integrity as long as it does not exceed the

temperature limits.
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Figure 4.3-1 PWR Heat Transfer Disk Model for Normal Handling Condition
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KJ Figure 4.3-2 BWR Heat Transfer Disk Model for Normal Handling Condition

Lx
BWR Heat Transfer
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4.4 Thermal Evaluation for Normal Conditions of Storage

The finite element method is used to evaluate the thermal performance of the Universal Storage

System for normal conditions of storage. The general-purpose finite element analysis program

ANSYS Revisions 5.2 and 5.5 [6] are used to perform the finite element evaluations. I

4.4-1
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4.4.1 Thermal Models

Finite element models are utilized for the thermal evaluation of the Universal Storage System, as
shown below. These models are used separately to evaluate the system for the storage of PWR
or BWR fuel.

1. Two-Dimensional Axisymmetric Air Flow and Concrete Cask Models
2. Three-Dimensional Canister Models
3. Three-Dimensional Transfer Cask and Canister Models
4. Three-Dimensional Periodic Canister Internal Models
5. Two-Dimensional Fuel Models
6. Two-Dimensional Fuel Tube Models
7. Two-Dimensional Forced Air Flow Model for Transfer Cask Cooling

The two-dimensional axisymmetric air flow and concrete cask model includes the concrete cask,
air in the air inlets, annulus and the air outlets, the canister and the canister internals, which are
modeled as homogeneous regions with effective thermal conductivities. The effective thermal
conductivities for the canister internals in the radial direction are determined using the three-
dimensional periodic canister internal models. The effective conductivities in the canister axial

direction are calculated using classical methods. The two-dimensional axisymmetric air flow and
concrete cask model is used to perform computational fluid dynamic analyses to determine the
mass flow rate, velocity and temperature of the air flow, as well as the temperature distribution of
the concrete, concrete cask steel liner and the canister. Two models are generated for the
evaluations of the PWR and the BWR systems, respectively. These models are essentially
identical, but have slight differences in dimensions and the effective properties of the canister
internals.

The three-dimensional canister model comprises the fuel assemblies, fuel tubes, stainless steel or
carbon steel support disks, aluminum heat transfer disks, top and bottom weldments, the canister
shell, lids and bottom plate. The canister model is employed to evaluate the temperature
distribution of the fuel cladding and basket components. The fuel assemblies and the fuel tubes
in the three-dimensional canister model are modeled using effective conductivities. The effective
conductivities for the fuel assemblies are determined using the two-dimensional fuel models.
The effective conductivities for the fuel tubes are determined using the two-dimensional fuel tube

4.4.1-1
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models. Two three-dimensional canister models are generated for the PWR and BWR canisters,

respectively.

The three-dimensional transfer cask model includes the transfer cask and the canister with its

internals. This model is used to perform transient and steady state analyses for the transfer

condition, starting from removing the transfer cask/canister from the spent fuel pool, vacuum

drying and finally back-filling the canister with helium. Separate transfer cask models are

required for PWR and BWR systems.

The three-dimensional canister internal model consists of a periodic section of the canister

internals. For the PWR canister, the model contains one support disk with two heat transfer

disks (half thickness) on its top and bottom, fuel assemblies, fuel tubes and the media in the

canister. For the BWR canister, two models are required. The first model, for the central region

of the BWR canister, contains one heat transfer disk with two support disks (half thickness) on

its top and bottom, fuel assemblies, fuel tubes and the media in the canister. The other model,

for the region without heat transfer disks, contains two support disks (half thickness), fuel

assemblies, fuel tubes and the media in the canister. The purpose of the three-dimensional

periodic canister internal model is to determine the effective thermal conductivity of the canister

internals in the canister radial direction. The effective conductivities are used in the two-

dimensional axisymmetric air flow and concrete cask models. The media in the canister is

considered to be helium. The fuel assemblies and fuel tubes in this model are modeled as

homogeneous regions with effective thermal properties, which are determined by the two-

dimensional fuel models and the two-dimensional fuel tube models.

The two-dimensional fuel model includes the fuel pellets, cladding and the media occupying the

space between fuel rods. The media is considered to be helium for storage conditions and water,

vacuum or helium for transfer conditions. The model is used to determine the effective thermal

conductivities of the fuel assembly. In order to account for various types of fuel assemblies, a

total of seven fuel models are generated: Four models for the 14x14, 15x15, 16x16 and 17x17

PWR fuel assemblies and three models for the 7x7, 8x8 and 9x9 BWR fuel assemblies. The

effective properties are used in the three-dimensional canister models, the three-dimensional

periodic canister internal models and the three-dimensional transfer cask and canister model.
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The two-dimensional fuel tube model is used to determine the effective conductivities of the fuel

tube wall and neutron absorber. BORAL effective conductivity is considered in the model for

the neutron absorber. The effective conductivity of METAMIC is essentially identical to that of

BORAL. The effective conductivities are used in the three-dimensional canister models, the

three-dimensional periodic canister internal models and the three-dimensional transfer cask and

canister model.

The two-dimensional axisymmetric air flow model is used to determine the air flow rate needed

for the forced air cooling of the canister inside the transfer cask.

Detailed description of the finite element models are presented in Sections 4.4.1.1 through

4.4.1.7.

4.4.1.1 Two-Dimensional Axisymmetric Air Flow and Concrete Cask Models

This section describes the finite element models used to evaluate the thermal performance of the

vertical concrete cask for the PWR and BWR configurations. The model includes the concrete

cask, the air in the air inlets, the annulus and the air outlets, the canister and the canister internals,

which are modeled as homogeneous regions with effective thermal conductivities. Two separate

two-dimensional axisymmetric models are used for the PWR and BWR configurations,

respectively. The PWR model is shown in Figures 4.4.1.1-1 and 4.4.1.1-2. The BWR model is

essentially identical to the PWR model, but it incorporates different effective thermal properties

of the canister internals, and slight differences in dimensions.

The fuel canister is cooled by (1) natural/free convection of air through the lower vents (the air

inlets), the vertical air annulus, and the upper vents (the air outlets); and (2) radiation heat

transfer between the surfaces of the canister shell and the steel liner. The heat transferred to the

liner is rejected by air convection in the annulus and by conduction through the concrete. The

heat flow through the concrete is dissipated to the surroundings by natural convection and

radiation heat transfer. The temperature in the concrete region is controlled by radiation heat

transfer between the vertical annulus surfaces (the canister shell outer surface and the steel liner

inner surface), natural convection of air in the annulus, and boundary conditions applicable to the

concrete cask outer surfaces-e.g., natural convection and radiation heat transfer between the

outer surfaces and the environment, including consideration of incident solar energy. These heat

transfer modes are combined in the air flow and concrete cask model. The entire thermal system,
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including mass, momentum, and energy, is analyzed using the two-dimensional axisymmetric air

flow and concrete cask models. The temperature distributions of the concrete cask, the air region

and the canister are determined by these models. Detailed thermal evaluations for the canister

internals (fuel cladding, basket, etc.) are performed using the three-dimensional canister models

as described in Section 4.4.1.2.

The concrete cask has four air inlets at the bottom and four air outlets at the top that extend

through the concrete. Since the configuration is symmetrical, it can be simplified into a two-

dimensional axisymmetric model by using equivalent dimensions for the air inlets and outlets,

which are assumed to extend around the concrete cask periphery. The canister internals are

modeled as three homogeneous regions using effective thermal conductivities - the active fuel

region and the regions above and below the active fuel region. The two-dimensional

axisymmetric model is shown schematically in Figure 4.4.1.1-1. Determination of the effective

properties is described in Section 4.4.1.4.

ANSYS FLOTRAN FLUID141 fluid thermal elements are used to construct the two-dimensional

axisymmetric finite element models, as shown in Figure 4.4.1.1-2. In the air region (including

the air inlet, outlet and annulus regions), only quadrilateral elements are used and the element

sizes are nonuniform with much smaller element sizes close to the walls. In other regions, to

simulate conduction, a mix of quadrilateral elements and triangular elements are used. Radiation

heat transfer that occurs in the following regions is included in the model:

1. From the concrete outer surfaces to the ambient

2. Across the vertical air annulus (from the canister shell to the concrete cask liner)

3. From the top of the active fuel region to the bottom of the canister shield lid

4. From the bottom of the active fuel region to the top of the canister bottom plate

5. From the canister structural lid to the shield plug

6. From the shield plug to the concrete cask lid

Loads and Boundary Conditions

1. Heat generation in the active fuel region.

The distribution of the heat generation is based on the axial power distribution shown in Figures

4.4.1.1-3 and 4.4.1.1-4 for PWR and BWR fuels, respectively (see description in Chapter 5,

Section 5.2.6, for the design-basis fuel).
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2. Solar insolation to the outer surfaces of the concrete cask.

The solar insolation to the concrete cask outer surfaces is considered in the model. The incident

solar energy is applied based on 24-hour averages as shown below.

Side surface:

Top surface:

1475Btu/ft = 6 1.46Btu / hr * ft2

24hrs

2950Btu / ft 2
24hrs =1292t hrf2

3. Natural convection heat transfer at the outer surfaces of the concrete cask.

Natural convection heat transfer at the outer surfaces of the concrete cask is evaluated by using

the heat transfer correlation for vertical and horizontal plates [17, 29]. This method assumes a

surface temperature and then estimates Grashof (Gr) or Rayleigh (Ra) numbers to determine

whether a heat transfer correlation for a laminar flow model or for a turbulent flow model should

be used. Since Grashof or Rayleigh numbers are much higher than the critical values, correlation

for the turbulent flow model is used as shown in the following.

Side surface [17]:

Nu =0.13(Gr.Pr)"3

hc=Nu *kf/HVCC
for Gr > 109

Top surface [29]:

Nu = 0.l5Ra"3

hc =Nu -kf /L
for Ra > 107
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where:

Gr Grashof number

hc Average natural convection heat transfer coefficient

H,,C Height of the vertical concrete cask

kf Conductivity

L Top surface characteristic length, L = area / perimeter

Nu Average Nusselt number

Pr Prandtl number

Ra Rayleigh number

All material properties required in the above equations are evaluated based on the film

temperature, that is, the average value of the surface temperature and the ambient temperature.

4. Radiation heat transfer at the concrete cask outer surfaces.

The radiation heat transfer between the outer surfaces and the ambient is evaluated in the model

by calculating an equivalent radiation heat transfer coefficient.

a(Tl' + T 2) (TI + T2)

Y1 + Y,2 + YF. -2

where:

hd Equivalent radiation heat transfer coefficient

F12  View factor

T. & T2  Surface (TI) and ambient (T2) temperatures

El & S2  Surface (el) and ambient (e2=1) emissivities

a Stefan-Boltzmann Constant

At the concrete cask side, an emissivity for a concrete surface of sl = 0.9 is used and a calculated

view factor (F,2 ) = 0.182 [291 is applied. The view factor is determined by conservatively

assuming that the cask is surrounded by eight casks.
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At the cask top, an emissivity, cl , of 0.8 is conservatively used (emissivity for concrete is 0.9),

and a view factor, F12 , of I is applied.

Accuracy Check of the Numerical Simulation

To ensure the accuracy of the numerical simulation of the air flow in the concrete cask, and to

ensure reliable numerical results, the following checks and confirmations are performed.

I. Global convergence of the iteration process for the nonlinear system.

The system controlling air flow through the cask and, therefore, the temperature field is nonlinear

and is solved iteratively.

The global iteration process is monitored by checking the variation of parameters with the global

iteration-e.g., the maximum air temperature, the mass flow rate, and the net heat carried out of

the concrete cask by air convection. All of the results presented are at the converged state.

2. Overall energy balance and mass balance.

This step validates the overall energy balance and mass balance. The mass balance is also shown

in Figure 4.4.1.1-5. At the converged state, the mass flow rate at the air inlets matches the mass

flow rate at the air outlets, showing that an excellent mass balance has been obtained.

The overall energy balance is checked by computing the total heat input (Qjn) and total heat

output (Q0ut). The total heat input includes the total heat from the fuel (Qfuel) and the total

absorbed solar energy (Qsun) incident on the concrete cask outer surfaces. The total heat output is

the sum of the net heat carried out of the cask by air (Qair) and by convection and radiation heat

loss at the concrete cask outer surfaces (Qcon)-

For the normal storage condition with the PWR design heat load of 23.0 kW:

Qin = Qfuel + Qsun = 23.0 kW + 9.18 kW = 32.18 kW

Qout = Qair + Qcon = 20.97 kW + 11.72 kW = 32.69 kW

Qout/Qi, = 1.016
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For the normal storage condition with the BWR design heat load of 23.0 kW:

Qin = Qfuei + Q,,, = 23.0 kW + 9.52 kW = 32.52 kW

QOUt = Qair + Qcon = 20.70 kW + 12.12 kW = 32.82 kW

Qout/Qin = 1.009

The overall energy balance is demonstrated to be within 2 percent for all design conditions.

3. Finite Element Mesh Adequacy Study.

A sensitivity evaluation is performed to assess the effect of the number of elements used in the

Two-dimensional Axisymmetric Air Flow and Concrete Cask Models. The sensitivity evaluation

is performed with a reduced element model based on the model for the PWR fuel configuration.

The total number of elements in the reduced-element model (13,371 elements) is 21% less than

the number of elements used in the axisymmetric air flow and concrete cask model described

above. The reduction in the number of elements occurs in the air flow region in the radial

direction, which has the largest gradients in velocity and temperature. As shown below, the

temperatures calculated by the reduced element model (Case ESI) are essentially the same as the

temperatures calculated by the axisymmetric air flow and concrete cask model (Case ES2).

Number of Max. Air Temp. in Maximum Average Air Maximum
Elements Annular Region Concrete Temp. at the Canister

Case in Model (Canister Surface) Temp. Outlet Shell Temp.
ESI 13,371 451 K 360 K 335 K 452 K
ES2 16,835 448 K 359 K 339 K 449 K
ES l/ES2 0.79 1.01 1.00 0.99 1.01

A comparison of the two models (Case ESI/ES2) shows that the maximum difference is 1%.

Therefore, the number of elements used in the Two-dimensional Axisymmetric Air Flow and

Concrete Cask Model (16,835) is adequate.

Supplemental Shielding Fixture Evaluation

The effect of the installation of an optional supplemental shielding fixture, shown in Drawing

790-613, installed in the air inlet is evaluated based on one-half of the air inlets blocked. The

analysis results show that the maximum temperature increase is 5°F, which remains well below

normal condition allowables. The pipes in the shielding fixture are offset to block (gamma)

radiation, but allow air flow.
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Off-Center Canister Evaluation

The analysis assumes that the canister is centered in the concrete cask. However, the potential

exists for the canister to be placed off-center when it is installed in the storage cask. Placing the

canister within the boundary of the support ring limits the extent of off-center positioning, which

precludes the canister from being placed closer than 1 inch to the concrete cask liner. This

placement reduces the area of the air flow path in an arc established by the canister shell and

concrete cask liner. An air flow analysis is performed to evaluate the effects of the off-center

positioning of the canister. The analysis results show an increase in air mass flow rate occurs in

the annulus, which results in a temperature reduction in the canister shell and concrete cask liner.

Consequently, the off-center canister placement condition is bounded by the condition that the

canister is at the center of the concrete cask, as considered in the two-dimensional axisymmetric

finite element model described in this section.
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Figure 4.4.1.1-1 Two-Dimensional Axisymmetric Air Flow and Concrete Cask Model: PWR
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<2 Figure 4.4.1.1-2 Two-Dimensional Axisymmetric Air Flow and Concrete Cask Finite

Element Model: PWR
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Figure 4.4.1.1-3 Axial Power Distribution for PWR Fuel
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Figure 4.4.1.1-4 Axial Power Distribution for BWR Fuel
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4.4.1.2 Three-Dimensional Canister Models

Two three-dimensional canister models are used to evaluate the temperature distribution of the

fuel cladding and basket components inside the canister for the PWR and BWR configurations,

respectively. The model for PWR fuel is shown in Figures 4.4.1.2-1 and 4.4.1.2-2. The model

for BWR fuel is shown in Figures 4.4.1.2-3 and 4.4.1.2-4.

ANSYS SOLID70 three-dimensional conduction elements and LINK31 radiation elements are

used to construct the model. The model includes the fuel assemblies, fuel tubes, support disks,

heat transfer disks, top and bottom weldments, canister shell, lids, bottom plate and gas inside the

canister (helium). Based on symmetry, only half of the canister is modeled. The plane of

symmetry is considered to be adiabatic.

The canister outer surface temperatures obtained from the two-dimensional axisymmetric air

flow and concrete cask model (Section 4.4.1.1) are applied at the canister surfaces in the model

as boundary conditions. In the model, the fuel assemblies are considered to be centered in the

fuel tubes. The fuel tubes are centered in the slots of the support disks and heat transfer disks.

The basket is centered in the canister. These assumptions are conservative, since any contact

between components will provide a more efficient path to reject the heat.

The gaps used in the three-dimensional canister model between the support disks and canister

shell, as well as between the heat transfer disk and the canister shell, are shown in the following

table.

Nominal Gap Gap Used in the 3-D Thermal Model
At Room (inch)

Temperature At Room At Elevated
(inch) Temperature Temperature

Gap between Support Disk
PWR and Canister Shell 0.120 0.155 0.165

Gap between Heat Transfer
Disk and Canister Shell 0.245 0.280 0.195

Gap between Support Disk
BWR and Canister Shell 0.120 0.155 0.165

Gap between Heat Transfer
Disk and Canister Shell 0.280 0.315 0.232

I
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The gaps at room temperature are first used in the model to calculate preliminary temperature

distribution and to determine the differential thermal expansion of the disks and canister shell at

the elevated temperatures. The gaps at elevated temperature are then established, based on the

differential thermal expansions between components, and used in the model for final solution.

As shown above, the room temperature gaps used in the thermal model bound the actual nominal

gaps at room temperature.

These gap sizes are adjusted in the model to account for differential thermal expansion of the

disks and canister shell based on thermal conditions. The gaps used in the model are shown to be

larger than the actual gap size based on thermal expansion calculation using the thermal analysis

results; therefore, the model is conservative.

A sensitivity study was performed to assess the effect of gap sizes on temperature results, with

consideration of fabrication tolerance of the canister and basket. The ANSYS three-dimensional

canister model for the PWR fuel is used for the study. The gaps between the disks and canister

shell are increased to account for the worst case fabrication tolerance of the canister and basket.

The gaps are also adjusted based on the differential thermal expansion of the canister and basket at

elevated temperature. Compared to the gaps used in the original three-dimensional thermal model,

the gap between the support disk and the canister shell is increased by 27% and the gap between the

heat transfer disk and the canister shell is increased by 24%. The results of the sensitivity study

indicate that the increase in the maximum fuel cladding and basket temperatures is less than 90F,

which is less than 3% of the temperature difference between the maximum temperature of the fuel

cladding/basket and the canister shell. Therefore, the effect of the thermal model gap size on the

maximum temperature of the basket and fuel cladding is not significant.

The structural lid and the shield lid are expected to be in full contact due to the weight of the

structural lid. The thermal resistance across the contact surface is considered to be negligible

and, therefore, no gap is modeled between the lids.

All material properties used in the model, except the effective properties discussed below, are

shown in Tables 4.2-1 through 4.2-13.

The fuel assemblies and fuel tubes are modeled as homogenous regions with effective

conductivities, determined by the two-dimensional fuel models (Section 4.4.1.5) and the

4.4.1-15



FSAR - UMSO Universal Storage System March 2004
Docket No. 72-1015 Revision 3

two-dimensional fuel tube models (Section 4.4.1.6), respectively. The effective properties are

listed in Tables 4.4.1.2-1 through 4.4.1.2-4. The properties corresponding to the PWR 14 x 14

assemblies are used for the PWR model, since the 14 x 14 assemblies have lower conductivities

as compared to other PWR assemblies. For the same reason, the properties corresponding to the

BWR 9 x 9 assemblies are used in the BWR model.

In the model, radiation heat transfer is taken into account in the following locations:

I. From the top of the fuel region to the bottom surface of the canister shield lid.
2. From the bottom of the fuel region to the top surface of the canister bottom plate.
3. From the exterior surfaces of the fuel tubes (surface between disks) to the inner surface of the

canister shell.
4. From the edge of the PWR support disks to the inner surface of the canister shell.
5. From the edge of heat transfer disks to the inner surface of the canister shell.
6. Between disks in the PWR model in the canister axial direction.

The radiation heat transfer from the BWR support disk is conservatively neglected by using an

emissivity value of 0.0001 for the BWR support disk in the model. An emissivity of 0.22 is used

for the heat transfer disk, except the water-jet cut surfaces (the circumferential surfaces at the

edges of the disks facing the canister shell and the inner surfaces of each slot). The surface

condition of the water-jet cut surfaces is similar to that of the sandblasted surface and, therefore,

an emissivity of 0.4 is used.

Radiation elements (LINK31) are used to model the radiation effect for the first three locations.

Radiation across the gaps (Locations No. 4 through 6) is accounted for by establishing effective

conductivities for the gas in the gap, as shown below. The gaps are small compared to the

surfaces separated by the gaps.

Radiation heat transfer between two nodes i (hotter node) and j (colder node) is accounted for by

the expression:

q r = EAF(T4 -TJ)

where:

a = the Stefan-Boltzman constant

e = effective emissivity between two surfaces
A = surface area
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F = the gray body shape factor for the surfaces
Ti = temperature of the i th node
Tj = temperature of the j th node

The total heat transfer can be expressed as the sum of the radiation and the conduction processes:

Qt =qr+qk

where q, is specified above for the radiation heat transfer and qk, which is the heat transfer by

conduction is expressed as:

qk KA(T; - Tj)
g

where:

T; = temperature of the i th node

Tj = temperature of the j th node

g = gap distance (between the two surfaces defined by node i and node j)

K = conductivity of the gas in the gap

A = area of gap surface

By combining the two expressions (for qk and q,) and factoring out the term A(T; - Tj)/g,

Q1 = [gaEF(T,2 + Tj2)(T,+Tj) + K][A(Tj - Tj)/gl

or

. = KffA(T1 - Tj)/g

where:

Keff = gGsF(T, 2 + Tj2)(T,+Tj) + K

The material conductivity used in the analysis for the elements comprising the gap includes the

heat transfer by both conduction and radiation.

4.4.1-17



FSAR - UMS Universal Storage System
Docket No. 72-1015

March 2004
Revision 3

Effective emissivities (£) are used for all radiation calculations, based on the formula below [17].

The view factor is taken to be unity.

£ = I/ (/l/ + 1/E2 -1) where el & £2 are the emissivities of two

parallel plates

Radiation between the exterior surfaces of the fuel tubes is conservatively ignored in the model.

Volumetric heat generation (Btu/hr-in3) is applied to the active fuel region based on design heat

load, active fuel length of 144 inches and an axial power distribution as shown in Figures 4.4.1.1-

3 and 4.4.1.1-4 for PWR and BWR fuel, respectively.
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Figure 4.4.1.2-1 Three-Dimensional Canister Model for PWR Fuel
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Figure 4.4.1.2-2 Three-Dimensional Canister Model for PWR Fuel - Cross Section
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K> Figure 4.4.1.2-3 Three-Dimensional Canister Model for BWR Fuel
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Figure 4.4.1.2-4
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Table 4.4.1.2-1 Effective Thermal Conductivities for PWR Fuel Assemblies

Conductivity Temperature (IF)

(Btu/hr-in-0 F) 220 414 611 812

Kxx 0.020 0.027 0.037 0.049

Kyy 0.020 0.027 0.037 0.049

Kzz 0.171 0.154 0.145 0.142

I

Note: x, y and z are in the coordinate system shown in Figure 4.4.1.2-1.
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Table 4.4.1.2-2 Effective Thermal Conductivities for BWR Fuel Assemblies

Conductivity Temperature (IF)

(Btu/hr-in-0 F) 186 389 593 799

Kxx 0.021 0.029 0.041 0.056

Kyy 0.021 0.029 0.041 0.056

Kzz 0.181 0.165 0.157 0.156

Note: x, y and z are in the coordinate system shown in Figure 4.4.1.2-3.
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Table 4.4.1.2-3 Effective Thermal Conductivities for PWR Fuel Tubes

Conductivity Temperature (0F)
Fuel Assembly Group (Btufhr-in-0 F) 206 405 604 803

In SS disk recion
Kxx 0.022 0.028 0.033 0.040
Kyy 1.54 1.57 1.59 1.61
Kzz 1.54 1.57 1.59 1.61

In AL disk region
Kxx 0.022 0.027 0.032 0.038
Kyy 1.54 1.57 1.59 1.61
Kzz 1.54 1.57 1.59 1.61

Note: Kxx is in the direction across the thickness of the fuel tube wall.

Kyy is in the direction parallel to the fuel tube wall.

Kzz is in the canister axial direction.
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Table 4.4.1.2-4 Effective Thermal Conductivities for BWR Fuel Tubes

Conductivity Temperature (IF)

Tubes with Neutron (Btuthr-in-0 F) 200 400 600 800

Absorber

In CS disk region

Kxx 0.017 0.022 0.027 0.032

Kyy 1.665 1.759 1.815 1.830

Kzz 1.665 1.759 1.815 1.830

In AL disk region

Kxx 0.017 0.022 0.027 0.033

Kyy 1.665 1.759 1.815 1.830

Kzz 1.665 1.759 1.815 1.830

Tubes without Neutron 200 400 600 800

Absorber

In CS disk region

Kxx 0.012 0.015 0.018 0.021

Kyy 0.191 0.202 0.218 0.236

Kzz 0.191 0.202 0.218 0.236

In AL disk region

Kxx 0.012 0.015 0.019 0.023

Kyy 0.191 0.202 0.218 0.236

Kzz 0.191 0.202 0.218 0.236

Note: Kxx is in the direction across the thickness of fuel tube wall.

Kyy is in the direction parallel to fuel tube wall.

Kzz is in the canister axial direction.
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4.4.1.3 Three-Dimensional Transfer Cask and Canister Models

The three-dimensional quarter-symmetry transfer cask model is a representation of the PWR

canister and transfer cask assembly. A half-symmetry model is used for the BWR canister and

transfer cask. The model is used to perform a transient thermal analysis to determine the

maximum water temperature in the canister for the period beginning immediately after removing

the transfer cask and canister from the spent fuel pool. The model is also used to calculate the

maximum temperature of the fuel cladding, the transfer cask and canister components during the

vacuum drying condition and after the canister is backfilled with helium. The transfer cask is

evaluated separately for PWR or BWR fuel using two models. For each fuel type, the class of fuel

with the shortest associated canister and transfer cask is modeled in order to maximize the contents

heat generation rate per unit volume and minimize the heat rejection from the external surfaces. The

models for PWR and BWR fuel are shown in Figures 4.4.1.3-1 and 4.4.1.3-2, respectively. ANSYS

SOLID70 three-dimensional conduction elements, LINK3 1 (PWR model) and MATRIX50

(BWR model) radiation elements are used. The model includes the transfer cask and the canister

and its internals. The details of the canister and contents are modeled using the same

methodology as that presented in Section 4.4.1.2 (Three-Dimensional Canister Models).

Effective thermal properties for the fuel regions and the fuel tube regions are established using

the fuel models and fuel tube models presented in Sections 4.4.1.5 and 4.4.1.6, respectively. The

effective specific heat and density are calculated on the basis of material mass and volume ratio,

respectively.

Radiation across the gaps was represented by the LINK3 1 elements or the MATRIX50 elements,

which used the gray body emissivities for stainless and carbon steels. Convection is considered at

the top of the canister lid, the exterior surfaces of the transfer cask, as well as at the annulus

between the canister and the inner surface of the transfer cask. The combination of radiation and

convection at the transfer cask exterior vertical surfaces and canister lid top surface is taken into

account in the model using the same method described in Section 4.4.1.2 for the three-

dimensional canister models. The bottom of the transfer cask is modeled as being in contact with

the concrete floor. Volumetric heat generation (Btu/hr-in3 ) is applied to the active fuel region

based on a total heat load of 23 kW for both PWR and BWR fuel. The model considers the

active fuel length of 144 inches and an axial power distribution, as shown in Figures 4.4.1.1-3

and 4.4.1.1-4 for PWR and BWR fuel, respectively.
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An initial temperature of 100lF is considered in the model on the basis of typical maximum

average water temperature in the spent fuel pool. For the design basis heat loads, the water

inside the canister is drained within 17 hours and the canister is backfilled with helium

immediately after the vacuum drying and transferred to the concrete cask. The design basis heat

load transient analysis is performed for 17 hours with the water inside the canister, 27 hours

(PWR) and 25 hours (BWR) for the vacuum condition, and 20 hours (PWR) and 16 hours

(BWR) for the helium condition, followed by a steady state analysis (in helium condition).

Different time durations are used for the transient analyses for the reduced heat load cases, as

specified in Section 4.4.3.1. The temperature history of the fuel cladding and the basket

components, as well as the transfer cask components, is determined and compared with the short-

term temperature limits presented in Tables 4.4.3-3 and 4.4.3-4.
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K~i Figure 4.4.1.3-1 Three-Dimensional Transfer Cask and Canister Model - PWR
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Figure 4.4.1.3-2 '1
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K> 4.4.1.4 Three-Dimensional Periodic Canister Internal Models

The three-dimensional periodic canister internal model consists of a periodic section of the

canister internals. A total of three models are used: one for PWR fuel and two for BWR fuel.

For the PWR canister, the model contains one support disk with two heat transfer disks (half

thickness) on its top and bottom, the fuel assemblies, the fuel tubes and the media in the canister,

as shown in Figure 4.4.1.4-1. The first BWR model, shown in Figure 4.4.1.4-2, represents the

central region of the BWR canister, which contains one heat transfer disk with two support disks

(half thickness) on its top and bottom, the fuel assemblies, the fuel tubes and the media in the

canister. The second BWR model (not shown), for the region without heat transfer disks,

contains two support disks (half thickness), the fuel assemblies, the fuel tubes and the media in

the canister. The difference between the two BWR models is that the second model does not

have the heat transfer disk. The purpose of these models is to determine the effective thermal

conductivity of the canister internals in the canister radial direction. The effective conductivities

are used in the two-dimensional axisymmetric air flow and concrete cask models. The media in

the canister is considered to be helium. The fuel assemblies and fuel tubes in this model are

represented by homogeneous regions with effective thermal properties. The effective

conductivities for the fuel assemblies and the fuel tubes are determined by the two-dimensional

fuel models (Section 4.4.1.5) and the two-dimensional fuel tube models (Section 4.4.1.6)

respectively. The properties corresponding to the PWR 14 x 14 assemblies are used for the PWR

model, since the 14 x 14 assemblies have the lowest conductivities as compared to other PWR

assemblies. For the same reason, the properties corresponding to the BWR 9 x 9 assemblies are

used for the BWR models.

The effective thermal conductivity (keff) of the fuel region in the radial direction is determined by

considering the canister internals as a solid cylinder with heat generation. The temperature

distribution in the cylinder may be expressed as [17]:

T T. q"'R2 [1 ( r)2 ]
4kef R
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where:

T. = the surface temperature of the cylinder

T = temperature at radius "r" of the cylinder

R = the outer radius of the cylinder,

r = radius

q.. = the heat generation rate = QH

where: Q = total heat generated in the cylinder

H = length of the cylinder

Considering the temperature at the center of the canister to be Tmax, the above equation can be

simplified and used to compute the effective thermal conductivity (kff):

kQ = Q
4nH(T,,.,, - T,) 47rHAT

where:

Q = total heat generated by the fuel

H = length of the active fuel region

To = temperature at outer surface internals (inside surface of the canister)

AT = Tmax -To

The value of AT is obtained from thermal analysis using the three-dimensional periodic canister

internal model with the boundary temperature constrained to be T,. The effective conductivity

(kff) is then determined by using the above formula. Analysis is repeated by applying different

boundary temperatures so that temperature-dependent conductivities can be determined.
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Figure 4.4.1.4-1 Three-Dimensional Periodic Canister Internal Model - PWR

Fuel Tube

AL. Heat Transfer Disks
(Half Thickness)
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Figure 4.4.1.4-2 Three-Dimensional Periodic Canister Internal Model - BWR

Fuel Assembly

Carbon Steel Disk (Half Thickness)

AL. Heat Transfer Disk
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4.4.1.5 Two-Dimensional Fuel Models

The effective conductivity of the fuel is determined by the two-dimensional finite element model

of the fuel assembly. The effective conductivity is used in the three-dimensional canister models

(Section 4.4.1.2) and the three-dimensional periodic canister internal models (Section 4.4.1.4). A

total of seven models are required: four models for the 14x14, 15x15, 16x16 and 17x17 PWR

fuels and three models for the 7x7, 8x8 and 9x9 BWR fuels. Because of similarity, only the

figure for the PWR 17x17 model is shown in this section (Figure 4.4.1.5-1). All models contain

a full cross-section of an assembly to accommodate the radiation elements.

The model includes the fuel pellets, cladding, media between fuel rods, media between the fuel

rods and the inner surface of the fuel tube (PWR) or fuel channel (BWR), and helium at the gap

between the fuel pellets and cladding. Three types of media are considered: helium, water and a

vacuum. Modes of heat transfer modeled include conduction and radiation between individual

fuel rods for the steady-state condition. ANSYS PLANE55 conduction elements and

MATRIX50 radiation elements are used to model conduction and radiation. Radiation elements

are defined between fuel rods and from rods to the wall. Radiation at the gap between the pellets

and the cladding is conservatively ignored.

The effective conductivity for the fuel is determined by using an equation defined in a Sandia

National Laboratory Report [30]. The equation is used to determine the maximum temperature

of a square cross-section of an isotropic homogeneous fuel with a uniform volumetric heat

generation. At the boundary of the square cross-section, the temperature is constrained to be

uniform. The expression for the temperature at the center of the fuel is given by:

T= Te + 0.29468 (Qa2 / Kff)

where: Tc = the temperature at the center of the fuel (fF)

Te = the temperature applied to the exterior of the fuel (fF)

Q = volumetric heat generation rate (Btu/hr-in3 )

a = half length of the square cross-section of the fuel (inch)

Keff = effective thermal conductivity for the isotropic homogeneous fuel

material (Btu/hr-in-0 F)
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Volumetric heat generation (Btu/hr-in3 ) based on the design heat load is applied to the pellets.

The effective conductivity is determined based on the heat generated and the temperature

difference from the center of the model to the edge of the model. Temperature-dependent

effective properties are established by performing multiple analyses using different boundary

temperatures. The effective conductivity in the axial direction of the fuel assembly is calculated

on the basis of the material area ratio.

4.4.1-36



FSAR - UMSO Universal Storage System March 2004
Docket No. 72-1015 Revision 3

K> Figure 4.4.1.5-1 Two-Dimensional PWR (17xl7) Fuel Model
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4.4.1.6 Two-Dimensional Fuel Tube Models

The two-dimensional fuel tube model is used to calculate the effective conductivities of the fuel

tube wall and BORAL plate. These effective conductivities are used in the three-dimensional

canister models (Section 4.4.1.2),. the three-dimensional transfer cask and canister models

(Section 4.4.1.3) and the three-dimensional periodic canister internal models (Section 4.4.1.4). A

total of three models is required: one PWR model and two BWR models (one with the neutron

absorber plate, one without the neutron absorber plate), corresponding to the enveloping

configurations of the 7x7, 8x8 and 9x9 BWR fuels.

Two forms of the neutron absorber plates are evaluated. The configuration shown in the fuel

tube models in Figures 4.4.1.6-1 and 4.4.1.6-2 (for PWR and BWR fuel, respectively)

incorporates the BORAL core matrix sandwiched between two layers of aluminum cladding. An

alternate design substitutes a single layer of METAMIC for the BORAL. The thermal properties

of these materials are presented in Tables 4.2-10 (BORAL) and 4.2-13 (METAMIC). The

difference in thermal performance between the two neutron absorber materials is considered to

be insignificant, since the primary thermal resistance in the fuel tube design is not the neutron

absorber material, but rather the gaps between the fuel tube and the disks.

As shown in Figure 4.4.1.6-1, the PWR model includes the fuel tube, the BORAL plate

(including the core matrix sandwiched by aluminum cladding), the stainless steel cladding and

the gap between the stainless steel cladding and the support disk or heat transfer disk. Three

conditions of media are considered in the gaps: helium, water and a vacuum.

ANSYS PLANE55 conduction elements and LINK31 radiation elements are used to construct

the model. The model consists of six layers of conduction elements and two radiation elements

(radiation elements are not used for water condition) that are defined at the gaps (two for each

gap). The thickness of the model (x-direction) is the distance measured from the outside face of

the fuel assembly to the inside face of the slot in the support disk (assuming the fuel tube is

centered in the hole in the disk). The gap size between the neutron absorber plate and the

stainless steel cladding is 0.003 inch. The height of the model is defined as equal to the width of

the model.
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K> The fuel tubes in the BWR fuel basket differ from those in the PWR fuel basket in that not all

sides of the fuel tubes contain neutron absorber. In addition, the BWR fuel assembly is

contained in a fuel channel. Therefore, two effective conductivity models are necessary, one fuel

tube model with the neutron absorber plate (a total of eight layers of materials) and another fuel

tube model with a gap replacing the neutron absorber plate (a total of four layers of materials).

As shown in Figure 4.4.1.6-2, the BWR fuel tube model with neutron absorber includes the fuel

channel, the gap between the fuel channel and fuel tube, the fuel tube, the neutron absorber plate

(including the core matrix sandwiched by aluminum claddings), and a gap between the stainless

steel cladding for the neutron absorber plate and the support disk or heat transfer disk. The

effective conductivity of the fuel tube without the neutron absorber plate is determined using the

second BWR fuel tube model. As shown in Figure 4.4.1.6-3, this model includes the gap

between fuel assembly and the fuel channel, the fuel channel, gap between the fuel channel and

stainless steel fuel tube, the fuel tube, and a gap between the fuel tube and the support disk or

heat transfer disk. An emissivity value of 0.0001 is conservatively used for the BWR support

disk in the model.

Heat flux is applied at the left side of the model (fuel tube for PWR models and fuel channel for

BWR models), and the temperature at the right boundary of the model is constrained. The heat

flux is determined based on the design heat load. The maximum temperature of the model (at the

left boundary) and the temperature difference (AT) across the model are calculated by the

ANSYS model. The effective conductivity (K,,) is determined using the following formula:

q = K., (A/L) AT

or

K~x=q L/(AAT)

where:

KXX = effective conductivity (Btu/hr-in-0F) in X direction in Figure 4.4.1.6-1.

q = heat rate (Btu/hr)

A= area (in2)

L= length (thickness) of model (in)

AT = temperature difference across the model (fF)
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The temperature-dependent conductivity is determined by varying the temperature constraints at

one boundary of the model and resolving for the heat rate (q) and temperature difference. The

effective conductivity for the parallel path (the Y direction in Figure 4.4.1.6-1) is calculated by:

K E Ki t;Kyy = L

where:

Ki = thermal conductivity of each layer

t; = thickness of each layer

L = total length (thickness) of the model
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K>J Figure 4.4.1.6-1 Two-Dimensional Fuel Tube Model: PWR Fuel
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4.4.1.7 Two-Dimensional Forced Air Flow Model for Transfer Cask Cooling

A two-dimensional axisymmetric air flow model is used to determine the air flow rate needed to
ensure that the maximum temperature of the canister shell and canister components inside the
transfer cask do not exceed those presented in Tables 4.4.3-3 and 4.4.3-4 for the helium
condition. This air flow model considers a 0.34-inch air annulus between the outer surface of the
canister shell and the inner surface of the transfer cask, and has a total length of 191-inches. The
fuel canister is cooled by forced convection in the air annulus resulting from air pumped in
through fill/drain ports in the body of the transfer cask. The radiation heat transfer between the
vertical annulus surfaces (the canister shell outer surface and the transfer cask inner surface) is
conservatively neglected. All heat is considered to be removed by the air flow.

AINSYS FLOTRAN FLUID 141 fluid thermal elements are used to construct the two-dimensional
axisymmetric air flow finite element model for transfer cask cooling. The model and the
boundary conditions applied to the model, are shown in Figures 4.4.1.7-1, 4.4.1.7-2 and
4.4.1.7-3.

As shown in Tables 4.4.3-3 and 4.4.3-4, the temperature margin of the governing component (the
heat transfer disk) for the PWR fuel configuration is lower than the margin for the BWR fuel

configuration; therefore, the thermal loading for the PWR configuration is used. The
non-uniform heat generation applied in the model, shown in Figure 4.4.1.7-4, is based on the
axial power distribution shown in Figure 4.4.1.1-3 for PWR fuel.

The inlet air velocity is specified based on the volume flow rate. Room temperature (760F) is

applied to the inlet nodes, while zero air velocity, in both the X and Y directions, is defined as
the boundary condition for the vertical solid sides.

Results of the analyses of forced air cooling of the canister inside the transfer cask are shown in
Figure 4.4.1.7-5. As shown in the figure, the maximum canister shell temperature is less than
416'F for a forced air flow rate of 275 ft3 /minute, or higher, where 416'F is the calculated
maximum canister shell temperature for the typical transfer operation for the PWR configuration
(Table 4.4.3-3). A forced air volume flow rate of 375 ft3 /minute is conservatively specified for
cooling the canister in the event that forced air cooling is required. Evaluation of a forced air

volume flow rate of 375 ft3 /minute, results in a maximum canister shell temperature of 321F,
which is significantly less than the design basis temperature of 416'F.
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Figure 4.4.1.7-1 Two-Dimensional Axisymmetric Finite Element Model for Transfer Cask

Forced Air Cooling

191 inches
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Figure 4.4.1.7-2 Two-Dimensional Axisymmetric Outlet Air Flow Model for Transfer Cask
Cooling
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Figure 4.4.1.7-3 Two-Dimensional Axisymmetric Inlet Air Flow Model for Transfer Cask
Cooling
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Figure 4.4.1.7-4 Non-Uniform Heat Load from Canister Contents

|Heat Flux |
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Figure 4.4.1.7-5 Maximum Canister Temperature Versus Air Volume Flow Rate

--n . . . . . . . . . . .-

40 -- …_0-

4200 2 …45

330

- ~ 340-

0) 300…-

. ~ 260…-

220…-

140…-

to200 250 300 350 400 450 50
220 275 325 375 425 475 625

Vol ume F1 ow Rate (CFM)

4.4.1-49



THIS PAGE INTENTIONALLLY LEEF? BLANK



FSAR - UMS® Universal Storage System
Docket No. 72-1015

November 2000
Revision 0

4.4.2 Test Model

The Universal Storage System is conservatively designed by analysis. Therefore, no physical

model is employed for thermal analysis.
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4.4.3 Maximum Temperatures for PWR and BWR Fuel

Temperature distribution and maximum component temperatures for the Universal Storage

System under the normal conditions of storage and transfer, based on the use of the transfer cask,

are provided in this section. Components of the Universal Storage System containing PWR and

BWR fuels are addressed separately. Temperature distributions for the evaluated off-normal and

accident conditions are presented in Sections 11.1 and 11.2.

Figure 4.4.3-1 shows the temperature distribution of the Vertical Concrete Cask and the canister

containing the PWR design basis fuel for the normal, long-term storage condition. The air flow

pattern and air temperatures in the annulus between the PWR canister and the concrete cask liner

for the normal condition of storage are shown in Figures 4.4.3-2 and 4.4.3-3, respectively. The

temperature distribution in the concrete portion of the concrete cask for the PWR assembly is

shown in Figure 4.4.3-4. The temperature distribution for the BWR design basis fuel is similar

to that of the PWR fuel and is, therefore, not presented. Table 4.4.3-1 shows the maximum

component temperatures for the normal condition of storage for the PWR design basis fuel. The

maximum component temperatures for the normal condition of storage for the BWR design basis

fuel are shown in Table 4.4.3-2.

As shown in Figure 4.4.3-3, a high-temperature gradient exists near the wall of the canister and

the liner of the concrete cask, while the air in the center of the annulus exhibits a much lower

temperature gradient, indicating significant boundary layer features of the air flow. The

temperatures at the concrete cask steel liner surface are higher than the air temperature, which

indicates that salient radiation heat transfer occurs across the annulus. As shown in Figure 4.4.3-4,

the local temperature in the concrete, directly affected by the radiation heat transfer across the

annulus, can reach 1860 F (less than the 200'F allowable temperature). The bulk temperature in

the concrete, as determined using volume average of the temperatures in the concrete region, is

1350F, less than the allowable value of 150'F.

Under typical operations, the transient history of maximum component temperatures for the

transfer conditions (canister, inside the transfer cask, containing water for 17 hours, vacuum for

27 hours for PWR and 25 hours for BWR and for 20 hours in helium for PWR and 16 hours in
helium for BWR) is shown in Figures 4.4.3-5 and 4.4.3-6 for PWR and BWR fuels, respectively.

The maximum component temperatures for the transfer conditions (vacuum and helium

conditions) are shown in Tables 4.4.3-3 and 4.4.3-4, for PWR and BWR fuels, respectively.
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The maximum calculated water temperature is 203'F for both the PWR and BWR fuels at the

end of 17 hours based on an initial water temperature of 1000F.

4.4.3.1 Maximum Temperatures at Reduced Total Heat Loads

This section provides the evaluation of component temperatures for fuel heat loads less than the

design basis heat load of 23 kW. Transient thermal analyses are performed for PWR fuel heat

loads of 20, 17.6, 14, 11 and 8 kW to establish the allowable time limits for the vacuum

condition in the canister as described in the Technical Specifications for the Limiting Conditions

of Operation (LCO), LCOs 3.1.1 and 3.1.4. The time limits ensure that the allowable

temperatures of the limiting components - the heat transfer disks and the fuel cladding - are

not exceeded. A steady-state evaluation is also performed for all the heat load cases in the

vacuum condition and all the heat load cases in the helium condition. If the steady-state

temperature calculated is less than the limiting component allowable temperature, then the

allowable time duration in the vacuum or helium conditions is defined to be 600 hours (25 days)

based on the 30 day time test for abnormal regimes as described in PNL-4835 [34].

The three-dimensional transfer cask and canister model for the PWR fuel configuration,

described in Section 4.4.1.3, is used for the transient and steady-state thermal analysis for the

reduced heat load cases. To obtain the bounding temperatures for all possible loading

configurations, thermal analyses are performed for a total of 14 cases as tabulated in the

following table. The basket locations are shown in Figure 4.4.3-7. Since the maximum

temperature for the limiting components (fuel cladding and heat transfer disk) always occurs at

the central region of the basket, hotter fuels (maximum allowable heat load for 5-year cooled

fuel: 0.958 kW = 23 kW/24) are specified at the central basket locations. The bounding cases for

each heat load condition are noted with an asterisk (*) in the tabulation which follows. Six cases

(cases 3 through 8) are evaluated for the 17.6 kW heat load condition. The first four cases (cases

3 through 6) represent standard UMS® system fuel loadings. The remaining two cases (cases 7

and 8) account for the preferential loading configuration for Maine Yankee site-specific fuel

(Section 4.5.1.2), with case 8 being the bounding case for the Maine Yankee fuel. Based on the

analysis results of the 17.6 kW heat load cases, only two loading cases are required to establish

the bounding condition for the 20, 14, 11 and 8 kW heat loads.
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Canister Heat
Heat Load Load Heat Load (kW) Eval ated in Each Basket Locatio (See Figure 4 4.3-7)

(k ') Case 1 2 3 4 5 6
20 1 0.958 0.958 0.709 0.958 0.709 0.709
20* 2 0.958 0.958 0.958 0.958 0.958 0.210
17.6 3 0.958 0.958 0.509 0.958 0.509 0.509

17.6* 4 0.958 0.958 0.568 0.958 0.958 0.000
17.6 5 0.958 0.958 0.958 0.958 0.568 0.000
17.6 6 0.958 0.958 0.284 0.958 0.958 0.284
17.6 7 0.958 0.146 1.050 0.146 1.050 1.050
17.6 8 0.958 0.958 1.050 0.384 1.050 0.000
14 9 0.958 - 0.958 0.209 0.958 0.209 0.209

14* 10 0.958 0.958 0.000 0.958 0.626 0.000
1 I I 1 0.958 0.896 0.000 0.896 0.000 0.000

11* 12 0.958 0.958 0.000 0.834 0.000 0.000
8 13 0.958 0.521 0.000 0.521 0.000 0.000
8* 14 0.958 0.958 0.000 0.084 0.000 0.000

The heat load (23 kW/24 Assemblies = 0.958 kW) at the four (4) central basket locations

corresponds to the maximum allowable canister heat load for 5-year cooled fuel (Table 4.4.7-8).

The non-uniform heat loads evaluated in this section bound the equivalent uniform heat loads,

since they result in higher maximum temperatures of the fuel cladding and heat transfer disk.

Volumetric heat generation (Btu/hr-in3 ) is applied to the active fuel region in each fuel assembly

location of the model using the axial power distribution for PWR fuel (Figure 4.4.1.1-3) in the

axial direction.

The thermal analysis results for the closure and transfer of a loaded PWR fuel canister in the

transfer cask for the reduced heat load cases are shown in Table 4.4.3-5, with a comparison to the

results for the design basis heat load case. The temperatures shown are the maximum

temperatures for the limiting components (fuel cladding and heat transfer disk). The maximum

temperatures of the fuel cladding and the heat transfer disk are less than the allowable temperatures

(Table 4.1-3) of these components for the short-term conditions of vacuum drying and helium

backfill. As shown in Table 4.4.3-5, a time limit of 600 hours is specified for moving the canister

out of the transfer cask after the canister is filled with helium. This time limit is for the heat load

cases where the maximum fuel cladding/heat transfer disk temperatures for the steady-state

condition are below the short-term allowable temperatures. Note that the maximum water

temperature at the end of the "water period" is considered to be the volumetric average temperature

of the calculated cladding temperatures in the active fuel region of the hottest fuel assembly. The
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results indicate that the volumetric average water temperature is below 212'F for all cases

evaluated. This is consistent with the thermal model that only considers conduction in the fuel

assembly region and between the disks. This approach does not include consideration of

convection of the water or the energy absorbed by latent heat of vaporization.

The Technical Specifications specify the remedial actions, either in-pool or forced air cooling,

required to ensure that the fuel cladding and basket component temperatures do not exceed their

short-term allowable temperatures, if the time limits are not met. LCOs 3.1.1 and 3.1.4

incorporate the operating times for heat loads that are less than the design basis heat loads as

evaluated in this section.

Using the same three-dimensional transfer cask/canister models, analysis is performed for the

conditions of in-pool cooling and forced air cooling followed by the vacuum drying and helium

backfill operation (LCO 3.1.1). The conditions at the end of the vacuum drying as shown in

Tables 4.4.3-5 (PWR) and 4.4.3-8 (BWR) are used as the initial conditions of the analyses. The

LCO 3.1.1 "Action" analysis results are shown in Tables 4.4.3-6 and 4.4.3-7 for the PWR

configuration and Tables 4.4.3-9 and 4.4.3-10 for the BWR configuration. Note that the duration

of the second vacuum (after completion of the in-pool or forced air cooling) is limited (calculated

based on the heat-up rate of the first vacuum), so the maximum temperatures at the end of the

second vacuum cycle will not exceed those at the end of the first vacuum cycle. The maximum

temperatures at the end of the first vacuum (Table 4.4.3-5 for PWR and Table 4.4.3-8 for BWR)

are conservatively presented as the maximum temperatures for the second vacuum condition.

The maximum temperatures for the fuel cladding and the heat transfer disk are below the short-

term allowable temperatures.

The in-pool cooling and the forced-air cooling followed by the helium backfill operation in LCO

3.1.4 are also evaluated for the PWR configuration for the 23 kW case and the BWR

configuration for the 23 kW and 20 kW cases. The temperature profiles at the end of the helium

condition, as shown in Table 4.4.3-5 for PWR and Table 4.4.3-8 for BWR, are used as the initial

condition. The results for the BWR are shown in Tables 4.4.3-11 and 4.4.3-12 for the in-pool

cooling and forced-air cooling, respectively. The results for the PWR are shown in Tables 4.4.3-13

and 4.4.3-14 for the in-pool cooling and forced-air cooling, respectively. Note that the time limit

for the first helium backfill condition is used for the second helium backfill condition (after

completion of the in-pool or forced-air cooling). Based on the heat-up rate of the first helium

condition, the maximum component temperatures at the end of the second helium condition are

well below the maximum temperatures at the end of the first helium condition. The maximum
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temperatures at the end of the first helium condition (Table 4.4.3-5 for PWR and Table 4.4.3-8

for BWR) are conservatively presented as the maximum temperatures for the second helium

backfill condition, as shown in Tables 4.4.3-11 and 4.4.3-12 for the BWR configuration and

Tables 4.4.3-13 and 4.4.3-14 for the PWR configuration.
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Figure 4.4.3-1 Temperature Distribution (0F) for the Normal Storage Condition: PWR Fuel
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I\- Figure 4.4.3-2 Air Flow Pattern in the Concrete Cask in the Normal Storage Condition:

PWR Fuel
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Figure 4.4.3-3 Air Temperature (0 F) Distribution in the Concrete Cask During the Normal

Storage Condition: PWR Fuel
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Figure 4.4.3-4 Concrete Temperature (0F) Distribution During the Normal Storage

Condition: PWR Fuel
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Figure 4.4.3-5 History of Maximum Component Temperature (°F) for Transfer Conditions

for PWR Fuel with Design Basis 23 kW Uniformly Distributed Heat Load

800

700

600

500

at 400

K

E
g 300

200

100

0

_I

_ I_
________'_____-

I-

._

II I

I 14
I I I

I 4~ I

_ _ _ _ _ -_ _- -_ _- -_ __-- - - -

- -I

- , - - - - - - - - - -

-_-_ - -_-_ - -_-_ _ -_ -_ _ -_ _ _

- ,

- ,

Fuld '
_ _ _ - _ _- _ _- - _ _- _ _- -

Cw- W5__ ___

G9N.d

I.T

0 10 20 30 40

Time (hours)

50 60 70 80

I

Notes:

1. This graph corresponds to a canister containing water for 17 hours, vacuum for 27 hours

and 20 hours in the helium condition. The results correspond to a uniformly distributed

decay heat load of 23 kW.

2. "TFR" refers to the transfer cask.
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Figure 4.4.3-6
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and 16 hours in the helium condition. The results correspond to a uniformly distributed
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2. "TFR" refers to the transfer cask. I
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I Figure 4.4.3-7 Basket Location for the Thermal Analysis of PWR Reduced Heat Load

Cases

Location No.(Typical)
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| A quarter symmetry configuration is considered. X and Y axes are at the centerlines of the

basket.
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K> Figure 4.4.3-8 BWR Fuel Basket Location Numbers
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Table 4.4.3-1 Maximum Component Temperatures for the Normal Storage Condition -

PWR

.Maximum Temperature Allowable Temperatures

Component (OF) (OF)

Fuel Cladding 648 752

Heat Transfer Disk 599 650

Support Disk 601 650

Top Weldment 399 800

Bottom Weldment 159 800

Canister Shell 351 800

Canister Structural Lid 204 800

Canister Shield Lid 212 800

Concrete 186 (local) 300 (local)

135 (bulk*) 150 (bulk)

* The volume average temperature of the concrete region is used as the bulk concrete

temperature.
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Table 4.4.3-2 Maximum Component Temperatures for the Normal Storage Condition - BWR

Maximum Temperature Allowable Temperatures

Component (OF) (OF)

Fuel Cladding 642 752

Heat Transfer Disk 612 650

Support Disk 614 700

Top Weldment 361 - 800

Bottom Weldment 276 800

Canister Shell 376 800

Canister Structural Lid 180 800

Canister Shield Lid 185 800

Concrete 192 (local) 300 (local)

136 (bulk*) 150 (bulk)

*The volume average temperature of the concrete region is used as the bulk
concrete temperature.
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Table 4.4.3-3 Maximum Component Temperatures for the Transfer Condition - PWR Fuel

with Design Basis 23 kW Uniformly Distributed Heat Load

Maximum Te perature (OF) Allowable
Component Vacuum' Helium' Temperature (IF)
Fuel 724 724 752
Lead 151 271 600
Neutron Shield 149 267 300
Heat Transfer Disk 641 680 750
Support Disk 644 . 683 800
Canister 304 455 800
Transfer Cask Shells 168 300 700

I 1. See Figure 4.4.3-5 for history of maximum component temperatures.

Table 4.4.3-4 Maximum Component Temperatures for the Transfer Condition - BWR Fuel

with Design Basis 23 kW Uniformly Distributed Heat Load

Maximum Temperature (0F) Allowable
Component Vacuum' Helium' Temperature (0F)

Fuel 703 708 752
Lead 137 252 600
Neutron Shield 135 249 300
Heat Transfer Disk 645 683 750
Support Disk 646 686 700
Canister 267 462 800
Transfer Cask Shells 153 286 700

1. See Figure 4.4.3-6 for history of maximum component temperatures.

4.4.3-16



FSAR - UMS® Universal Storage System
Docket No. 72-1015

X March 2004
Revision 3

Table 4.4.3-5 Maximum Limiting Component Temperatures in Transient Operations for the

Reduced Heat Load Cases for PWR Fuel

_ _ Water Vacuum Helium
Maximum Maximum Max. Temp. / Temp.

Temperature ( 0F) Temperature (OF) at Steady-state (OF)
Heat Heat. Heat Heat
Load Duration Transfer Duration Transfer Duration Transfer
(kW) (hours) Fuel Disk (hours) Fuel Disk (hours) Fuel Disk
23.0 17 230 213 27 724 641 20 7243 680'
20.0 18 232 214 30 728 628 600 728/708 664/664
17.6 20 239 219 33 731 617 600, 731/672 651/624
7.6- 20 231 214 33 722 604 600- 722/657 635/609

14.0 22 240 219 40 732 596 6002 732/613 630/559
11.0 24 237 215 52 730 575 6002 730/555 611/495
8.0 37 247 221 103 731 557 600_ 731/483 595/412

1. Preferential loading configuration, site specific case for Maine Yankee.

2. Duration is defined based on a test time of 30 days for abnormal regimes as described in

PNL-4835 [34].

3. Since the time in helium is limited for the 23 kW configuration, only the maximum

temperatures are listed.
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Table 4.4.3-6 Maximum Limiting Component Temperatures in Transient Operations for the

Reduced Heat Load Cases for PWR Fuel after In-Pool Cooling

In- ool (helium) Vacuum Helium
End Temperature Maximum Max. Temp. / Temp.

(OF) Tempera ure (OF)2  at Stead} state (0F)
Heat Heat Heat Heat
Load Duration Transfer Duration' Transfer Duration Transfer
(kW) (hours) Fuel Disk (hours) Fuel Disk (hours) Fuel Disk
23.0 24 491 415 14 724 641 20 7244 6804
20.0 24 477 397 17 728 628 600 7281708 664/664
17.6 24 465 383 20 731 617 600 731/672 651/624
14.0 24 445 360 26 732 596 600 732/613 630/559
1 1 24 422 334 38 730 575 600 730/555 611/495
8 24 390 293 89 731 557 600__ _ 731/483 595/412

I. The maximum allowable time in the Technical Specification for this condition is equal to 2 hours less than the maximum
allowable time shown in this table. This 2-hour reduction allows the handling time required to enter the next stage.

2. The maximum temperatures at the end of the first vacuum (Table 4.4.3-5) are conservatively presented.
3. Duration is defined based on a test time of 30 days for abnormal regimes as described in PNL-4835.
4. Since the time in helium is limited for the 23 kW configuration, only the maximum temperatures are listed.

Table 4.4.3-7 Maximum Limiting Component Temperatures in Transient Operations for the

Reduced Heat Load Cases for PWR Fuel after Forced-Air Cooling

Forced-Air (helium) Vacuum Helium
End Temperature Maximum Max. Temp. / Temp.

_ F) Tempera ure (OF) 2  at Steady -state (0F)
Heat Heat Heat Heat
Load Duration Transfer Duration' Transfer Duration Transfer
(kV) (hours) Fuel Disk (hours) Fuel Disk (hours) Fuel Disk
23.0 24 621 564 5 724 641 20 7244 6804
20.0 24 591 530 8 728 628 600 728/708 664/664
17.6 24 567 502 11 731 617 600 731/672 651/624
14.0 24 530 458 18 732 596 600 732/613 630/559

11 24 493 415 29 730 575 600 730/555 611/495
8 24 450 363 80 731 557 60_0__ _ 731/483 595/412

1. The maximum allowable time in the Technical Specification for this condition is equal to 2 hours less than the maximum
allowable time shown in this table. This 2-hour reduction allows the handling time required to enter the next stage.

2. The maximum temperatures at the end of the first vacuum (Table 4.4.3-5) are conservatively presented.
3. Duration is defined based on a test time of 30 days for abnormal regimes as described in PNL-4835.
4. Since the time in helium is limited for the 23 kW configuration, only the maximum temperatures are listed.

'-~
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K> Table 4.4.3-8 Maximum Limiting Component Temperatures in Transient Operations for
BWR Fuel

Water Vacuum Helium
Maximum Maximum Max. Temp. / Temp.

Temperature (OF) Tempe rature (OF) at Stead -state (0 F)

Heat Heat Heat
Heat Load Duration Transfer Duration Transfer Duration Transfer

(kW) (hours) Fuel Disk (hours) Fuel Disk (hours) Fuel Disk

23 17 232 221 25 703 645 16 7082 6832
20 18 234 222 27 694 627 30 694 6612
17 19 234 221 33 701 629 600' 701/660 659/631
14 20 232 219 45 719 643 600' 719/606 671/574
11 23 234 220 72 733 653 600' 733/543 679/508
8 31 236 220 600_ 724 639 600' 724/467 639/427

I. Duration is defined based on a test time of 30 days for abnormal regimes as described in PNL-4835.
2. Since the time in helium is limited for the 23 kW and 20 kW cases, only the maximum temperatures are listed.
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Table 4.4.3-9 Maximum Limiting Component Temperatures in Transient Operations after

Vacuum for BWR Fuel after In-Pool Cooling

In-Pool (helium) Vacuum Helium
End Temperature Maximum Max. Temp. / Temp.

(0F) Temperature (OF) 2  at Steady-state (0 F)
Heat Heat Heat Heat
Load Duration Transfer Duration' Transfer Duration Transfer
(kW) (hours) Fuel Disk (hours) Fuel Disk (hours) Fuel Disk

23 24 488 444 12 703 645 16 7084 6834
20 24 476 431 13 694 627 30 6 661_4
17 24 467 419 19 701 629 6003 701/660 659/631
14 24 455 404 28 719 643 600- 719/606 671/574
11 24 439 383 54 733 653 600' 733/543 679/508

1. The maximum allowable time in the Technical Specification for this condition is equal to 2 hours less than the maximum
allowable time shown in this table. This 2-hour reduction allows the handling time required to enter the next stage.

2. The maximum temperatures at the end of the first vacuum (Table 4.4.3-8) are conservatively presented.
3. Duration is defined based on a test time of 30 days for abnormal regimes as described in PNL-4835.
4. Since the time in helium is limited for the 23 kW and 20 kW cases, only the maximum temperatures are listed.

Table 4.4.3-10 Maximum Limiting Component Temperatures in Transient Operations after

Vacuum for BWR Fuel after Forced-Air Cooling

Forced-Air (helium) Vacuum Helium
End Temperature Maximum Max. Temp. I Temp.

(OF) Temperature (OF) 2  at Steady-state (0 F)
Heat Heat Heat Heat
Load Duration Transfer Duration' Transfer Duration Transfer
(kMV) (hours) Fuel Disk (hours) Fuel Disk (hours) Fuel Disk

23 24 623 591 4 703 645 16 7084 6834
20 24 592 558 5 694 627 30 6944 6614
17 24 565 528 10 701 629 6003 701/660 659/631
14 24 541 503 20 719 643 60o3 719/606 671/574
11 24 519 477 43 733 653 600 733/543 679/508

1. The maximum allowable time in the Technical Specification for this condition is equal to 2 hours less than the maximum
allowable time shown in this table. This 2-hour reduction allows the handling time required to enter the next stage.

2. The maximum temperatures at the end of the first vacuum (Table 4.4.3-8) are conservatively presented.
3. Duration is defined based on a test time of 30 days for abnormal regimes as described in PNL-4835.
4. Since the time in helium is limited for the 23 kW and 20 kW cases, only the maximum temperatures are listed.
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Table 4.4.3-1I1 Maximum Limiting Component Temperatures in Transient Operations after

Helium for BWR Fuel after In-Pool Cooling

In- ool (helium) Helium
End Temperature Max. Temp.

( 'F)( l
Heat Heat Heat
Load Duration Transfer Duration Transfer
(MV ) (hours) Fuel Disk (hours) Fuel Disk

23 24 489 :444 16 708 683
20 24 477 431 30 694 661

1. The maximum temperatures at the end of helium in Table 4.4.3-8 are conservatively used.

Table 4.4.3-12 Maximum Limiting Component Temperatures in Transient Operations after

Helium for BWR Fuel after Forced-Air Cooling

Forced-Air (helium) Helium
End Temperature Max. Temp.

DF) ( )
Heat Heat Heat
Load Duration Transfer Duration Transfer
(kW) (hours) Fuel Disk (hours) Fuel Disk

23 24 630 598 16 708 683
20 24 601 566 30 694 661

1. The maximum temperatures at the end of helium in Table 4.4.3-8 are conservatively used.

Table 4.4.3-13 Maximum Limiting Component Temperatures in Transient Operations after

Helium for PWR Fuel after In-Pool Cooling

In- ool (helium) Helium
End Temperature Max. Temp.

Heat Heat Heat
Load Duration Transfer Duration Transfer
(kW) (hours) Fuel Disk (hours) Fuel Disk

23 24 489 413 20 724 680

1. The maximum temperatures at the end of helium in Table 4.4.3-5 are conservatively used.
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Table 4.4.3-14 Maximum Limiting Component Temperatures in Transient Operations after
Helium for PWR Fuel after Forced-Air Cooling

Forced-Air (helium) Helium
End Temperature Max. Temp.

(0F) (CF )I
Heat Heat Heat
Load Duration Transfer Duration Transfer
(kV) (hours) Fuel Disk (hours) Fuel Disk

23 24 626 569 20 724 680

1. The maximum temperatures at the end of helium in Table 4.4.3-5 are conservatively used.
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K>~ 4.4.4 Minimum Temperatures

The minimum temperatures of the Vertical Concrete Cask and components occur at -40'F with

no heat load. The temperature distribution for this off-normal environmental condition is

provided in Section I 1.1. At this extreme condition, the component temperatures are above their

minimum material limits.
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K. 4.4.5 Maximum Internal Pressures

The maximum internal operating pressures for normal conditions of storage are calculated in the

following sections for the PWR and BWR Transportable Storage Canisters.

4.4.5.1 Maximum Internal Pressure forPWR Fuel Canister

The internal pressures within the PWR fuel canister are a function of fuel type, fuel condition

(failure fraction), burnup, UMS® canister type, and the backfill gases in the canister cavity. Gases

included in the canister pressure evaluation include rod-fill, rod fission and rod backfill gases,

canister backfill gases and burnable poison generated gases. Each of the fuel types expected to be

loaded into the UMS® canister system is separately evaluated to arrive at a bounding canister

pressure.

Fission gases include all fuel material generated gases including long-term actinide decay

generated helium. Based on detailed SAS2H calculations of the maximum fissile material mass

assemblies in each canister class, the quantity of gas generated by the fuel rods rises as burnup

and cool time is increased and enrichment is decreased. To assure the maximum gas is available

for release, the PWR inventories are extracted from 60,000 MWD/MTU burnup cases at an

enrichment of 1.9 wt. % 2 3 5 U and a cool time of 40 years. Gas inventories at 60,000 MWD/MTU

bound those calculated at 45,000 MWD/MTU, the maximum allowable burnup. Gases included

are all krypton, iodine, and xenon isotopes in addition to helium and tritium (3H). Molar

quantities for each of the maximum fissile mass assemblies are summarized in Table 4.4.5-1.

Fuel generated gases are scaled by fissile mass to arrive at molar contents of other UMS® fuel

types.

Fuel rod backfill pressure varies significantly between the PWR fuel types. The maximum

reported backfill pressure is listed for the Westinghouse 17x17 fuel assembly at 500 psig. With

the exception of the B&W fuel assemblies, which are limited to 435 psig, all fuel assemblies

evaluated are set to the maximum 500 psig backfill reported for the Westinghouse assembly.

Backfill quantities are based on the free volume between the pellet and the clad and the plenum

volume. The fuel rod backfill gas temperature is conservatively assumed to have an initial

temperature of 68'F.
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Burnable poison rod assemblies (BPRAs) placed within the UMSO storage canister may

contribute additional molar gas quantities due to (n,alpha) reactions of fission generated neutrons

with '0B during in-core operation. 10B forms the basis of a portion of the neutron poison

population. Other neutron poisons, such as gadolinium and erbium, do not produce a significant

amount of helium nuclides (alpha particles) as part of their activation chain. Primary BPRAs in

existence include Westinghouse Pyrex (borosilicate glass) and WABA (wet annular burnable

absorber) configurations, as well as B&W BPRAs and shim rods employed in CE cores. The CE

shim rods replace standard fuel rods to form a complete assembly array. The quantity of helium

available for release from the BPRAs is directly related to the initial boron content of the rods

and the release fraction of gas from the matrix material in question. Release from either of the

low temperature, solid matrix materials is likely to be limited, but no release fractions were

available in open literature. As such, a 100% release fraction is assumed based on a boron

content of 0.0063 glcm '0B per rod, with the maximum number of rods per assembly. The

maximum number of rods is 16 for Westinghouse core 14x14 assemblies, 20 rods for

Westinghouse and B&W 15x15 assemblies, and 24 rods for Westinghouse and B&W 17xl7

assemblies. The length of the absorber is conservatively taken as the active fuel length. CE core

shim rods are modeled at 0.0126 g/cm '0B for 16, 12, and 12 rods applied to CE manufactured

14x 14, 15x 15 and 16x 16 cores, respectively.

The canister backfill gases are conservatively assumed to be at 250'F, which is significantly

below the canister shell maximum initial temperature of 304'F at the end of vacuum drying. The

initial pressure of the canister backfill gas is I atm (0.0 psig). Free volume inside each PWR

canister class is listed in Table 4.4.5-2. The listed free volumes do not include fuel assembly

components since these components vary for each assembly type and fuel insert. Subtracting out

the rod and guide tube volumes and all hardware components arrives at free volume of the

canisters including fuel assemblies and a load of 24 BPRAs. For the Westinghouse BPRAs, the

Pyrex volume is employed since it displaces more volume than the WABA rods.

The total pressure for each of the UMS0 payloads is found by calculating the releasable molar

quantity of each gas (30% of the fission gas and 100% of the rod backfill adjusted for the 1% fuel

failure fraction), and summing the quantities directly. The quantity of gas is then employed in

the ideal gas equation in conjunction with the average gas temperature at normal operating

conditions to arrive at system pressures. The normal condition average temperature of the gas

within the PWR canister is conservatively considered to be 420'F. This temperature bounds the
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K> calculated gas temperature (418'F) for normal conditions of storage using the three-dimensional

canister models. Each of the UMS® PWR fuel types is individually evaluated for normal

condition pressure, and sets the maximum normal condition pressure at 4.21 psig. A summary of

the maximum pressure in each PWR canister class is shown in Table 4.4.5-3. The table also

includes the fuel type producing the listed maximum pressures.

4.4.5.2 Maximum Internal Pressure for BWR Fuel Canister

BWR canister maximum pressures are determined in the same manner as those documented for

the PWR canister cases. Primary differences between PWR and BWR analysis include a

maximum normal condition average gas temperature of 410'F, rod backfill gas pressures of 132

psig, and limits pressurizing gases to fission gases (including helium actinide decay gas), rod

backfill gases, and canister backfill gas. The 132 psig employed in this analysis is significantly

higher than the 6 atmosphere maximum pressure reported in open literature. BWR assemblies do

not contain an equivalent to the PWR BPRAs and, therefore, do not require '0 B helium generated

gases to be added. Fissile gas inventories for the maximum fissile material assemblies in each of

the three BWR lattices configurations (7x7, 8x8, and 9x9) are shown in Table 4.4.5-4. Free

volumes, without fuel components, in UMS® canister classes 4 and 5 are shown in Table 4.4.5-5.

Maximum pressures for each canister class are listed in Table 4.4.5-6. The maximum normal

condition pressure of 3.97 psig is based on a GE 7x7 assembly, designed for a BWR/2-3 reactor,

with gas inventories conservatively taken from a 60,000 MWD/MTU source term. The normal

condition pressure for a UMS® storage canister containing the GE 9x9 fuel assembly with 79

fuel rods is 3.96 psig. Similar fuel masses and displaced volume account for similar canister

pressures.
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Table 4.4.5-1 PWR Per Assembly Fuel Generated Gas Inventory

Array Assy Type MlTU Moles

14xl4 WE Standard 0.4144 35.52

15x15 B&W 0.4807 41.32

16x16 CE (System 80) 0.4417 38.10

17x17 WE Standard 0.4671 40.18

Table 4.4.5-2 PWR Canister Free Volume (No Fuel or Inserts)

Canister Class 1 2 3

Basket Volume (in3) 69800 74490 77460

Canister Height (inch) 175.05 184.15 191.75

Canister Free Volume w/o Fuel (liter) 7970 8400 8770

Table 4.4.5-3 PWR Maximum Normal Condition Pressure Summary

Canister Class Fuel Type Pressure (psig)

Class I WE 17x17 Standard 4.20

Class 2 B&W 17x17 Mark C 4.21

Class 3 CE 16x16 System 80 4.11
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Table 4.4.5-4 BWR Per Assembly Fuel Generated Gas Inventory

Array Assy Type MTU Moles

7x7 GE 7x7 (49 Rods) 0.1985 16.78

8x8 GE 8x8 (63 Rods) 0.1880 16.07

9x9 GE 9x9 (79 Rods) 0.1979 16.86

Table 4.4.5-5 BWR Canister Free Volume (No Fuel or Inserts)

Canister Class 4 5

Basket Volume (in3) 73110 74680

Canister Height (inch) 185.55 190.35

Canister Free Volume w/o Fuel (liter) 8500 8740

Table 4.4.5-6 BWR Maximum Normal Condition Pressure Summary

Canister Class Fuel Type Pressure (psig)

Class 4 | GE 7x7 3.97

Class 5 GE 9x9 3.96
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4.4.6 Maximum Thermal Stresses

The results of thermal stress calculations for normal conditions of storage are reported in Section

3.4.4.
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4.4.7 Evaluation of System Performance for Normal Conditions of Storage

Results of thermal analysis of the Universal Storage System containing PWR or BWR fuel under

normal conditions of storage are summarized in Tables 4.4.3-1 through 4.4.3-4. The maximum

PWR and BWR fuel rod cladding temperatures are below the allowable temperatures;

temperatures of safety-related components during storage and transfer operations under normal

conditions are maintained within their safe operating ranges; and thermally induced stresses in

combination with pressure and mechanical load stresses are shown in the structural analysis of

Chapter 3.0 to be less than the allowable stresses. Therefore, the Universal Storage System

performance meets the requirements for the safe storage of design basis fuel under the normal

operating conditions specified in 10 CFR 72.
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K 4.5 Thermal Evaluation for Site Specific Spent Fuel

This section presents the thermal evaluation of fuel assemblies or configurations, which are
unique to specific reactor sites or which differ from the UMS® Storage System design basis fuel.
These site specific configurations result from conditions that occurred during reactor operations,
participation in research and development programs, and from testing programs intended to
improve reactor operations. Site specific fuel includes fuel assemblies that are uniquely designed
to accommodate reactor physics, such as axial fuel blanket and variable enrichment assemblies,
and fuel that is classified as damaged. Damaged fuel includes fuel rods with cladding that
exhibit defects greater than pinhole leaks or hairline cracks.

Site specific fuel assembly configurations are either shown to be bounded by the analysis of the

standard design basis fuel assembly configuration of the same type (PWR or BWR), or are shown

to be acceptable contents by specific evaluation.

4.5.1 Maine Yankee Site Specific Spent Fuel

The standard spent fuel assembly for the Maine Yankee site is the Combustion Engineering (CE)
14x14 fuel assembly. Fuel of the same design has also been supplied by Westinghouse and by
Exxon. The standard 14x14 fuel assembly is included in the population of the design basis PWR

fuel assemblies for the UMS® Storage System (See Table 2.1.1-1). The maximum decay heat for

the standard Maine Yankee fuel is the design basis heat load for the PWR fuels (23 kW total, or
0.958 kW per assembly). This heat load is bounded by the thermal evaluations in Section 4.4 for
the normal conditions of storage, Section 4.4.3.1 for less than design basis heat loads and Chapter
11 for off-normal and accident conditions.

Some Maine Yankee site specific fuel has a bumup greater than 45,000 MWD/MTU, but less

than 50,000 MWD/MTU. As shown in Table B2-6 in Appendix B of the Amendment 3

Technical Specifications, loading of fuel assemblies in this burnup range is subject to preferential

loading in designated basket positions in the Transportable Storage Canister. Certain fuel

assemblies in this burnup range must be loaded in one of the two configurations of the Maine

Yankee Fuel Can.

The site specific fuels included in this evaluation are:

1. Consolidated fuel rod lattices consisting of a 17 x 17 lattice fabricated with 17 x 17

grids, 4 stainless steel support rods and stainless steel end fittings. One of these
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lattices contains 283 fuel rods and 2 rod position vacancies. The other contains 172

fuel rods, with the remaining rod position locations either empty or containing

stainless steel dummy rods.

2. Standard fuel assemblies with a Control Element Assembly (CEA) inserted in each

one.

3. Standard fuel assemblies that have been modified by removing damaged fuel rods and

replacing them with stainless steel dummy rods, solid zirconium rods, or 1.95 wt %

enriched fuel rods.

4. Standard fuel assemblies that have had the burnable poison rods removed and

replaced with hollow Zircaloy tubes.

5. Standard fuel assemblies with in-core instrument thimbles stored in the center guide

tube.

6. Standard fuel assemblies that are designed with variable enrichment (radial) and axial

blankets.

7. Standard fuel assemblies that have some fuel rods removed.

8. Standard fuel assemblies that have damaged fuel rods.

9. Standard fuel assemblies that have some type of damage or physical alteration to the

cage (fuel rods are not damaged).

10. Two (2) rod holders, designated CFI and CA3. CF1 is a lattice having approximately

the same dimensions as a standard fuel assembly. It is a 9x9 array of tubes, some of

which contain damaged fuel rods. CA3 is a previously used fuel assembly lattice that

has had all of the rods removed, and in which damaged fuel rods have been inserted.

11. Standard fuel assemblies that have damaged fuel rods stored in their guide tubes.

12. Standard fuel assemblies with inserted startup sources and other non-fuel items.

The Maine Yankee site specific fuels are also described in Section 1.3.2.1.

The thermal evaluations of these site specific fuels are provided in Section 4.5.1.1. Section

4.5.1.2 presents the evaluation of the Maine Yankee preferential loading of fuel exceeding the

design basis heat load (0.958 kW) per assembly on the basket periphery.
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4.5.1.1 Thermal Evaluation for Maine Yankee Site Specific Spent Fuel

The maximum heat load per assembly for site specific fuel considered in this section is limited to

the design basis heat load (0.958 kW). The evaluation of fuel configurations having a greater

heat load is presented in Section 4.5.1.2.

4.5.1.1.1 Consolidated Fuel

There are two (2) consolidated fuel lattices. One lattice contains 283 fuel rods and the other

contains 172 fuel rods. Conservatively, only one consolidated fuel lattice is loaded in any

Transportable Storage Canister.

The maximum decay heat of the consolidated fuel lattice having 283 fuel rods is 0.279 kW. This

heat load is bounded by the design basis PWR fuel assembly, since it is less than one-third of the

design basis heat load.

The second consolidated fuel lattice has 172 fuel rods with 76 stainless steel dummy rods at the

outer periphery of the lattice. Due to the existence of the stainless steel rods, the effective

thermal conductivities of this assembly may be slightly lower than those of the standard CE

14x14 fuel assembly. While the stainless steel rods provide better conductance in the axial

direction, the radiation heat transfer is less effective at the surface of stainless steel rods, as

compared to the standard fuel rods. The radiation is a function of surface emissivity and the

emissivity for stainless steel (0.36) is less than one-half of that for Zircaloy (0.75). A parametric

study is performed to demonstrate that the thermal performance of the UMS PWR basket loading

configuration consisting of 23 standard CE 14x14 fuel assemblies and the consolidated fuel

lattice with stainless rods is bounded by that of the configuration consisting of 24 standard CE

14x14 fuel assemblies. Two finite element models are used in the study: a two-dimensional fuel

assembly model and a three-dimensional periodic canister internal model.

The two-dimensional model is used to determine the effective thermal conductivities of the

consolidated fuel lattice with stainless steel rods. Considering the symmetry of the consolidated

fuel, the finite element model represents a one-quarter section as shown in Figure 4.5.1.1-1. The

methodology used in Section 4.4.1.5 for the two-dimensional fuel model for PWR fuel is

employed in this model. The model includes the fuel pellets, cladding, helium between the fuel

Vj rods, and helium occupying the gap between the fuel pellets and cladding. In addition, the
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rods at the two outer layers are modeled as solid stainless steel rods to represent the configuration

of this consolidated fuel lattice. Modes of heat transfer modeled include conduction and

radiation between individual rods for steady-state condition. ANSYS PLANE55 conduction

elements and LINK31 radiation elements are used in the model. Radiation elements are defined

between rods and from rods to the boundary of the model. The effective conductivity for the fuel

is determined using the procedure described in Section 4.4.1.5.

The three-dimensional periodic canister internal model consists of a periodic section of the

canister internals. The model contains one support disk with two heat transfer disks (half

thickness) on its top and bottom, the fuel assemblies, the fuel tubes and the helium in the

canister, as shown in Figure 4.5.1.1-2. The purpose of this model is to compare the maximum

fuel cladding temperatures of the following cases:

1) Base Case: All 24 positions loaded with standard CE 14x14 fuel assemblies.

2) Case 2: 23 positions with standard fuel, with one consolidated fuel lattice in

position 2.

3) Case 3: 23 positions with standard fuel, with one consolidated fuel lattice in

position 3.

4) Case 4: 23 positions with standard fuel, with one consolidated fuel lattice in

position 4.

5) Case 5: 23 positions with standard fuel, with one consolidated fuel lattice in

position 5.

Positions 2, 3, 4, and 5 are shown in Figure 4.5.1.1-3. Based on symmetry, these locations

represent all of the possible locations for consolidated fuel in the basket.

The fuel assemblies and fuel tubes are represented by homogeneous regions with effective

thermal conductivities. The effective conductivities for the consolidated fuel are determined by

the two-dimensional fuel assembly model discussed above. The effective conductivities for the

CE 14x14 fuel assemblies are established based on the model described in Section 4.4.1.5.

Effective properties for the fuel tubes are determined by the two-dimensional fuel tube model in

Section 4.4.1.6. Volumetric heat generation corresponding to the design basis heat load of 0.958

kW per assembly is applied to the CE 14x14 fuel regions in the model. Similarly, a heat

generation rate corresponding to 0.279 kW is applied to the consolidated fuel assembly region.

The heat conduction in the axial direction is conservatively ignored by assuming that the top and
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K> bottom surfaces of the model are adiabatic. A constant temperature of 400'F is applied to the

outer surface of the model as boundary conditions. Note that the maximum canister temperature

is 351'F for PWR configurations for the normal condition of storage (Table 4.1-4). Steady state

thermal analysis is performed for all five cases and the calculated maximum fuel cladding

temperatures in the model are:

Base Case Case 2 Case 3 Case 4 Case 5

Maximum Fuel Cladding 755 733 738 740 740

Temperature (fF)

As shown, the maximum temperatures for Cases 2 through 5 are less than those of the Base Case.

It is concluded that the thermal performance of the configuration consisting of 23 standard CE

14x14 fuel assemblies and one consolidated fuel lattice is bounded by that of the configuration

consisting of 24 standard CE 14x14 fuel assemblies. This study shows that a consolidated fuel

lattice can be located in any basket position. However, as shown in Table B2-6 of Appendix B,

the consolidated fuel assembly must be loaded in a corner position of the fuel basket (e.g.,

Position 5 shown in Figure 4.5.1.1-3).

K.> 4.5.1.1.2 Standard CE 14 x 14 Fuel Assemblies with Control Element Assemblies

A Control Element Assembly (CEA) consists of five solid B4C rods encapsulated in stainless

steel tubes. The B4C material has a conductivity of 1.375 BTU/hr-in-0 F. With the CEA inserted

into the guide tubes of the CE 14x14 fuel assembly, the effective conductivity in the axial

direction of the fuel assembly is increased because solid material replaces helium in the guide

tubes. The change in the effective conductivity in the transverse direction of the fuel assembly is

negligible since the CEA is inside of the guide tubes. Note that the total heat load, including the

small amount of extra heat generated by the CEA, remains below the design basis heat load.

Therefore, the thermal performance of the fuel assemblies with CEAs inserted is bounded by that

of the standard fuel assemblies.

4.5.1.1.3 Modified Standard Fuel Assemblies

These assemblies include those standard fuel assemblies that have been modified by removing

damaged fuel rods and replacing them with stainless steel dummy rods, solid zirconium rods or

1.95 wt % enriched fuel rods.
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The maximum number of fuel rods replaced by stainless steel rods is six (6) per assembly, which

is about 3% of the total number of fuel rods in each assembly (176). The conductivity of the

stainless steel is similar to that of Zircaloy and better than that of the U0 2. The resultant increase

in effective conductivity of the modified fuel assembly in the axial direction offsets the decrease

in the effective conductivity in the transverse direction (due to slight reduction of radiation heat

transfer at the surface of the stainless steel rods). The maximum number of fuel rods replaced by

solid Zirconium rods is five (5) per assembly. Since the solid Zirconium rod has a higher

conductivity than the fuel rod (UO2 with Zircaloy clad), the effective conductivity of the repaired

fuel assembly is increased. The thermal properties for the enriched fuel rod remain the same as

for standard fuel rods, so there is no change in effective conductivity of the fuel assembly results

from the use of fuel rods enriched to 1.95 Wt % 235U. These rods replace other fuel rods in the

assembly after the first or second burnup cycles were completed. Therefore, these replacement

fuel rods have been burned a minimum of one cycle less than the remainder of the assembly,

producing a proportionally lower per rod heat load. The heat load (on a per rod basis) of the fuel

rods in a standard assembly, bounds the heat load of the 1.95 wt % 235U enriched fuel rods.

Consequently, the loading of modified fuel assemblies is bounded by the thermal evaluation of

the standard fuel assembly.

4.5.1.1.4 Use of Hollow Zircaloy Tubes

Certain standard fuel assemblies have had the burnable poison rods removed. These rods were

replaced with hollow Zircaloy tubes.

There are 16 locations where burnable poison rods were removed and hollow Zircaloy tubes were

installed in their place. Since the maximum heat load for these assemblies is 0.552 kW per

assembly (less than two-thirds of the design basis heat load) and the number of hollow Zircaloy

rods is only about one-tenth (16/176) of the total number of the fuel rods, the thermal

performance of these fuel assemblies is bounded by that of the standard fuel assemblies.

4.5.1.1.5 Standard Fuel with In-core Instrument Thimbles

Certain fuel assemblies have in-core instrument thimbles stored within the center guide tube of

each fuel assembly. Storing an in-core instrument thimble assembly in the center guide tube of a

fuel assembly will slightly increase the axial conductance of the fuel assembly (helium replaced

by solid material). Therefore, there is no negative impact on the thermal performance of the fuel

4.5-6



FSAR - UMSO Universal Storage System March 2004
Docket No. 72-1015 Revision 3

K> assembly with this configuration. The thermal performance of these fuel assemblies is bounded

by that of the standard fuel assemblies.

4.5.1.1.6 Standard Fuel Assemblies with Variable Enrichment and Axial Blankets

The Maine Yankee variably enriched fuel assemblies are limited to two batches of fuel, which

have a maximum burnup less than 30,000 MWDIMTU. The variably enriched rods in the fuel

assemblies have enrichments greater than 3.4 wt % 235U, except that the axial blankets on one

batch are enriched to 2.6 wt % 235U. As shown in Table B2-8 of Appendix B, fuel at burnups

less than or equal to 30,000 MWD/MTU with any enrichment greater than, or equal to, 1.9 wt %

235U may be loaded with 5 years cool time.

The thermal conductivities of the fuel assemblies with variable enrichment (radial) and axial

blankets are considered to be essentially the same as those of the standard fuel assemblies. Since

the heat load per assembly is limited to the design basis heat load, there is no effect on the

thermal performance of the system due to this loading configuration.

4.5.1.1.7 Standard Fuel Assemblies with Removed Fuel Rods

Except for assembly number EF0046, the maximum number of missing fuel rods from a standard

fuel assembly is 14, or 8% (14/176) of the total number of rods in one fuel assembly. The

maximum heat load for any one of these fuel assemblies is conservatively determined to be 0.63

kW. This heat load is 34% less than the design basis heat load of 0.958 kW. Fuel assembly

EF0046 was used in the consolidated fuel demonstration program and has only 69 rods

remaining in its lattice. This fuel assembly has a heat load of 70 watts, or 7% of the design basis

heat load of 0.958 kW. Therefore, the thermal performance of fuel assemblies with removed fuel

rods is bounded by that of the standard fuel assemblies.

4.5.1.1.8 Fuel Assemblies with Damaged Fuel Rods

Damaged fuel assemblies are standard fuel assemblies with fuel rods with known or suspected

cladding defects greater than hairline cracks or pinhole leaks. Fuel, classified as damaged, will

be placed in one of the two configurations of the Maine Yankee Fuel Can. The primary function

of the fuel can is to confine fuel material within the can and to facilitate handling and

retrievability. The Maine Yankee fuel can is shown in Drawings 412-501 and 412-502. The

placement of the loaded fuel cans is restricted by the operating procedures and/or Technical
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Specifications to loading into the four corner positions at the periphery of the fuel basket as

shown in Figure B2-1. The heat load for each damaged fuel assembly is considered to be the

design basis heat load of 0.958 kW (23 kW/24).

A steady-state thermal analysis is performed using the three-dimensional canister model

described in Section 4.4.1.2 simulating 100% failure of the fuel rods, fuel cladding, and guide

tubes of the damaged fuel held in the Maine Yankee fuel can. The canister is assumed to contain

twenty (20) design basis PWR fuel assemblies and damaged fuel assemblies in fuel cans in each

of the four corner positions.

Two debris compaction levels are considered for the 100% failure condition: (Case 1) 100%

compaction of the fuel rod, fuel cladding, and guide tube debris resulting in a 52-inch debris

level in the bottom of each fuel can, and (Case 2) 50% compaction of the fuel rod, fuel cladding,

and guide tube debris resulting in a 104-inch debris level in the bottom of each fuel can. The

entire heat generation rate for a single fuel assembly (i.e., 0.958 kW) is concentrated in the debris

region with the remainder of the active fuel region having no heat generation rate applied. To

ensure the analysis is bounding, the debris region is located at the lower part of the active fuel

region in lieu of the bottom of the fuel can. This location is closer to the center of the basket

where the maximum fuel cladding temperature occurs. The effective thermal conductivities for

the design basis PWR fuel assembly (Section 4.4.1.5) are used for the debris region. This is

conservative since the debris (100% failed rods) is expected to have higher density (better

conduction) and more surface area (better radiation) than an intact fuel assembly. In addition, the

thermal conductivity of helium is used for the remainder of the active fuel length. Boundary

conditions corresponding to the normal condition of storage are used at the outer surface of the

canister model (see Section 4.4.1.2). A steady-state thermal analysis is performed. The results of

the thermal analyses performed for 100% fuel rod, fuel cladding, and guide tube failure are:

Maximum Temperature (fF)

Fuel Damaged Support Heat
Description Cladding Fuel Disk ransker

Case 1 (100% Compaction) 654 672 598 594

Case 2 (50% Compaction) 674 594 620 616

Design Basis PWR Fuel 670 N/A 615 612

Allowable 752 N/A 650 650I
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As demonstrated, the extreme case of 100% fuel rod, fuel cladding, and guide tube failure with

50% compaction of the debris results in temperatures that are less than 1% higher than those

calculated for the design basis PWR fuel. The maximum temperatures for the fuel cladding,

damaged fuel assembly, support disks, and heat transfer disks remain within the allowable

temperature range for both 100% failure cases. Additionally, the temperatures used in the

structural analyses of the fuel basket envelop those calculated for both 100% failure cases.

Additionally, the above analysis has been repeated to consider a maximum heat load of 1.05

kW/assembly (see Section 4.5.1.2) in the Maine Yankee fuel cans. To maintain the 23 kW total

heat load per canister, the model considers a heat load of 1.05 kW/assembly in the four (4) Maine

Yankee fuel cans and 0.94 kW/assembly in the rest of the twenty (20) basket locations. The

analysis results indicate that the maximum temperatures for the fuel cladding and basket

components are slightly lower than those for the case with a heat load of 0.958 kW in the

damaged fuel can, as presented above. The maximum fuel cladding temperature is 650'F (<

6540F) and 6720 F (< 6740 F) for 100% and 50% compaction ratio cases, respectively. Therefore,

the case with 1.05 kW/assembly in the Maine Yankee fuel can is bounded by the case with 0.958

kW'/assembly in the fuel cans.

4.5.1.1.9 Standard Fuel Assemblies with Damaged Lattice

Certain standard fuel assemblies may have damage or physical alteration to the lattice or cage

that holds the fuel rods, but not exhibit damage to the fuel rods. Fuel assemblies with lattice

damage are evaluated in Section 11.2.15. The structural analysis demonstrates that these

assemblies retain their configuration in the design basis accident events and loading conditions.

The effective thermal conductivity for the fuel assembly used in the thermal analyses in Section

4.4 is determined by the two-dimensional fuel model (Section 4.4.1.5). The model

conservatively ignores the conductance of the steel cage of the fuel assembly. Therefore, damage

or physical alteration to the cage has no effect on the thermal conductivity of the fuel assembly

used in the thermal models. The thermal performance of these fuel assemblies is bounded by that

of the standard fuel assemblies.
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4.5.1.1.10 Damaged Fuel Rod Holders

The Maine Yankee site specific fuel inventory includes two (2) damaged fuel rod holders

designated CF1 and CA3. CFl is a 9x9 array of tubes having roughly the same dimensions as a

fuel assembly. Some of the tubes hold damaged fuel rods. CA3 is a previously used fuel

assembly cage (i.e., a fuel assembly with all of the fuel rods removed), into which damaged fuel

rods have been inserted.

Similar to the fuel assemblies that have damaged fuel rods, the damaged fuel rod holders will be

placed in one of the two configurations of the Maine Yankee Fuel Can and their location in the

basket is restricted to one of the four corner fuel tube positions of the basket. The decay heat

generated by the fuel in each of these rod holders is less than one-fourth of the design basis heat

load of 0.958 kW. Therefore, the thermal performance of the damaged fuel rod holders is

bounded by that of the standard fuel assemblies.

4.5.1.1.11 Assemblies with Damaged Fuel Rods Inserted in Guide Tubes

Similar to fuel assemblies that have damaged fuel rods, fuel assemblies that have up to two

damaged fuel rods or poison rods stored in each guide tube are placed in one of the two

configurations of the Maine Yankee Fuel Can and their loading positions are restricted to the four

corner fuel tubes in the basket. The rods inserted in the guide tubes can not be from a different

fuel assembly (i.e., any rod in a guide tube originally occupied a rod position in the same fuel

assembly). Storing fuel rods in the guide tubes of a fuel assembly slightly increases the axial

conductance of the fuel assembly (helium replaced by solid material). The design basis heat load

bounds the heat load for these assemblies. Therefore, the thermal performance of fuel assemblies

with rods inserted in the guide tubes is bounded by that of the standard fuel assemblies.

4.5.1.1.12 Standard Fuel Assemblies with Inserted Start-up Sources and Other Non-Fuel

Items

Five Control Element Assembly (CEA) fingertips and a 24-inch ICI segment may be placed into

the guide tubes of a fuel assembly. In addition, four irradiated start-up neutron sources and one

unirradiated source, having a combined total heat load of 15.4 watts, will be loaded into separate

fuel assemblies. With the CEA fingertips and the neutron sources inserted into the guide tubes of

the fuel assemblies, the effective conductivity in the axial direction of the fuel assembly is

increased because solid material replaces helium in the guide tubes. The change in the effective
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conductivity in the transverse direction of the fuel assembly is negligible, since the non-fuel
items are inside of the guide tubes. In addition, the fuel assemblies that hold these non-fuel items
are restricted to basket corner loading locations, which have an insignificant effect on the
maximum fuel cladding and basket component temperatures at the center of the basket.

Note that the total heat load of the fuel assembly, including the small amount of extra heat
generated by the CEA fingertips, ICI 24-inch segment, and the neutron sources, remains below
the design basis heat load. Therefore, the thermal performance of the fuel assemblies with these
non-fuel items inserted is bounded by that of the standard fuel assemblies.
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Figure 4.5.1. 1-1 Quarter Symmetry Model for Maine Yankee Consolidated Fuel
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Q J Figure 4.5.1.1-2 Maine Yankee Three-Dimensional Periodic Canister Internal Model
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Figure 4.5.1.1-3 Evaluated Locations for the Maine Yankee Consolidated Fuel Lattice in the

PWR Fuel Basket
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KJ Figure 4.5.1.1-4 Active Fuel Region in the Three-Dimensional Canister Model

Damaged Fuel Can
is restricted to these
positions

100% of the fuel is
concentrated in the
lower 52 inches of the
active fuel region

Note: Finite element mesh not shown for clarity.
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Figure 4.5.1.1-5 Fuel Debris and Damaged Fuel Regions in the Three-Dimensional

Canister Model

Damaged Fuel Cans
are restricted to these
positions

Damaged fuel debris
(from 100% failure of a
fuel assembly with 50%
compaction) are
concentrated in the lower
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4.5.1.2 Preferential Loading with Higher Heat Load (1.05 kW) at the Basket Periphery

The Maine Yankee fuel inventory includes fuel assemblies that will exceed the initial per

assembly heat load of 0.958 kW. To enable loading of these assemblies into the storage cask, a

higher peripheral heat load is evaluated. The maximum heat load for peripheral assemblies is set

at 1.05 kW. The maximum basket heat load for this configuration remains restricted to 23 kW.

To ensure that these fuel assemblies do not exceed their allowable cladding temperatures, a

loading pattern is shown that places higher heat load assemblies at the periphery of the basket

(Positions "A" in Figure 4.5.1.2-1) and compensates by placing lower heat load assemblies in the

basket interior positions (Positions "B" in Figure 4.5.1.2-1). There are 12 interior basket

locations and 12 peripheral basket locations in the UMSO PWR basket design. The maximum

total basket heat load of 23 kW is maintained for these peripheral loading scenarios.

Given the higher than design basis heat load in peripheral basket locations, an evaluation is

performed to assure that maximum cladding temperature does not exceed the allowable

temperature of 400'C (7520 F) per ISG-I 1, Revision 2 [38].

A parametric study is performed using the three-dimensional periodic model, as described in

Section 4.5.1.1 (Figure 4.5.1.1-2), to demonstrate that placing a higher heat load in the peripheral

locations does not result in heating of the fuel assemblies in the interior locations beyond that

found in the uniform heat loading case. The side surface of the model is assumed to have a

uniform temperature of 350'F.

Two cases are considered (total heat load per cask = 20 kW for both cases):

1. Uniform loading: Heat load = 0.833 (20/24) kW per assembly for all 24
assemblies

2. Non-uniform loading:
Heat load = 0.958 (23/24) kW per assembly for 12 peripheral assemblies
Heat load = 0.708 (17/24) kW per assembly for 12 interior assemblies
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The analysis results (maximum temperatures) are:

Case I Case 2

Uniform Loading (CF) Non-Uniform Loading (CF)

Fuel (Location 1) 675 648

Fuel (Locations 2 & 4) 632 611

Fuel (Location 5) 577 588

Fuel (Locations 3 & 6) 563 576

Basket 611 592

Locations are shown in Figure 4.5.1.2-1.

The maximum fuel cladding temperature for Case 2 (non-uniform loading pattern) is well below

that for Case I (uniform loading pattern). The comparison shows that placing hotter fuel in the

peripheral locations of the basket and cooler fuel in the interior locations (while maintaining the

same total heat load per basket) reduces the maximum fuel cladding temperature (which occurs

in the interior assembly), as well as the maximum basket temperature.

Based on the parametric study (uniform versus non-uniform analysis) of the 20 kW basket, a

15% redistribution of heat load resulted in a maximum increase of 13'F (576-563=13) in a

peripheral basket location. Changing the basket peripheral location heat load from 0.958 kW

maximum to 1.05 kW is a less than 10% redistribution for the 23 kW maximum basket heat load.

The highest temperature of a peripheral basket location may, therefore, be estimated by adding

13'F to 5660 F (maximum temperature in peripheral assemblies for the 23 kW basket with

uniform heat load distribution). The 5790 F (3040 C) temperature is well below the allowable

cladding temperature of 400'C .

Therefore, the maximum fuel cladding temperature for the preferential loading configuration

with the higher heat load of 1.05 kW at the periphery basket locations will not exceed the

allowable fuel cladding temperature.
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K Figure 4.5.1.2-1 Canister Basket Preferential Loading Plan

"A" indicates peripheral locations.

"B" indicates interior locations.

Numbered locations indicate positions where maximum fuel temperatures are presented.
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