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Table 3.4.4.1-8 Summary of Maximum Canister Combined Load Primary Membrane (P.)

Stresses (ksi)

Location Stress Allowable Margin
No.1  SX SY SZ SXY SYZ SXZ Intensity Stress2  of Safety

1 -1.3 6.1 1.9 -1.4 0.6 0.2 8.02 16.70 1.08

2 3.2 -2.5 -2.1 -1.2 0.2 -0.3 6.16 16.70 1.71
3 <0.1 0.7 0.6 <0.1 <0.1 <0.1 0.71 14.50 19.42

4 <0.1 0.8 0.6 <0.1 <0.1 < 0.1 0.76 14.50 18.08
5 <0.1 0.8 0.6 <0.1 <0.1 <0.1 0.84 14.50 16.26

6 <0.1 0.9 0.6 <0.1 <0.1 0.1 0.94 14.50 14.43
7 <0.1 1.2 0.3 <0.1 0.1 <0.1 1.23 16.70 12.63

8 0.1 1.1 0.4 0.1 0.1 < 0.1 1.06 16.70 14.77
9 -0.3 1.3 0.4 <0.1 0.1 0.1 1.67 16.70 9.00
10, <0.1 0.5 0.8 -0.2 <0.1 0.1 0.86 16.70 18.31
11 -0.1 0.9 0.3 <0.1 0.1 0.1 0.98 16.70 15.97
12 0.1 0.3 1.1 -0.3 <0.1 0.1 1.19 K69 W
13 14 0 O.1 1.3 -1.5 -4.5 <0.1 9.47 16.70 0.76
143 -0.1 <0.1 -0.1 <0.1 <0.1 <0.1 0.09 20.00 221.22

15 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 0.14 16.70 121.34

1 See Figure 3.4.4.1-4 for definition of locations of stress sections.

2 Allowable stresses for bottom plate region (location no. 1-2, 13) taken at 250°F; allowable stresses for

canister shell region between shield lid and bottom plate (location no. 3-6) taken at 550*F; allowable

stresses for structural/shield lid region (location no. 7-12, 14-15) taken at 2500F.

3 The allowable stress for SA240, Type 304 stainless steel was used for location No. 14. The allowable

stress for SA240, Type 304L stainless steel was used for all other locations.
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Table 3.4.4.1-9 Summary of Maximum Canister Combined Load Primary Membrane Plus

Primary Bending (P. + Pb) Stresses (ksi)

Location Stress Allowable Margin
No,.' SX SY SZ SXY SYZ SXZ Intensity Stress2  of Safety

1 -8.5 0.7 1.3 -2.0 0.8 0.4 10.77 25.05- 1.33

2 1.4 -18.8 -7.0 -1.5 <0.1 -0.6 20.50 25.05 0.22

3 <0.1 0.9 0.6 <0.1 <0.1 <0.1 0.92 21.75 22.64

4 <0.1 0.8 0.7 <0.1 <0.1 0.1 0.79 21.75 26.53

5 < 0.1 0.9 0.8 < 0.1 < 0.1 0.1 0.88 21.75 23.72

6 <0.1 1.0 0.8 <0.1 <0.1 0.1 1.00 21.75 20.75

7 <0.1 1.3 0.3 <0.1 <0.1 <0.1 1.31 25.05 18.14

8 031 1.2 0.4 0.1 0.1 < 0.1 1.17 25.05 20.45

9 -0.4 1.4 0.4 <0.1 0.1 0.1 1A85 25.05 12.53

10 -0.1 1.7 1.1 -0.5 0.1 0.1 2.06 25.05 11.14

11 -0.4 1.0 0.3 <0.1 0.1 0.1 1.45 25.05 16.26

12 0.3 -0.3 1.3 -0.1 -0.1 0.2 1.66 ,
13 21.2 3.7 20.5 -1.4 -4.5 <0.1 19.33 25.05 0.30

14 -0.5 -0.1 -0.5 <0.1 < 0.1 < 0.1 0.43 30.00 68.77

15 0.8 0.1 0.8 <0.1 0.1 <0.1 0.67 25.05 36.12

I See Figure 3.4.4.1-4 for definition of locations of stress sections.

2 Allowable stresses for bottom plate region (location no. 1-2, 13) taken at 250°F; allowable stresses for

canister shell region between shield lid and bottom plate (location no. 3-6) taken at 550TF; allowable

stresses for structural/shield lid region (location no. 7-12, 14-15) taken at 2500 F.

3 The allowable stress for SA240, Type 304 stainless steel was used for location no. 14. The allowable stress

for SA240, Type 304L stainless steel was used for all other locations.

~~~0 :S wedon& ~ j
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Table 3.4.4.1-10 Summary of Maximum Canister Combined Load Primary Membrane Plus

Primary Bending Plus Secondary (Pm + Pb Q) Stresses (ksi)

Location Stress Allowable Margin
No.' SX SY SZ SXY SYZ SXZ Intensity Stress2  of Safety

1 -9.1 0.6 3.6 2.1 0.8 -0.6 13.38 50.10 2.74
2 2.1 -22.9 -5.4 -1.5 0.1 -0.5 25.20 50.10 0.99
3 <0.1 0.9 0.6 <0.1 <0.1 <0.1 0.90 43.50 47.33
4 -0.1 0.7 1.0 <0.1 <0.1 -0.1 1.11 43.50 38.19
5 -0.1 0.7 0.9 <0.1 <0.1 -0.1 1.01 43.50 42.07
6 <0.1 1.0 0.8 <0.1 <0.1 0.1 1.02 43.50 41.65
7 <0.1 1.8 -0.6 -0.1 0.1 -0.1 2.43 50.10 19,59
8 1.2 -2.3 -0.5 -1.2 .-0.1 0.1 4.22 50.10 10.86
9 -2.3 10.8 2.6 0.3 0.1 0.3 13.14 50.10 2.81
10 2.8 -12.4 -1.8 -0.8 -0.2 0.7 15.32 50.10 2.27
11 -5.0 -5.5 -2.8 0.9 <0.1 -0.1 3.34 50.10 14.01
12 -4.9 1.8 <0.1 -0.9 -0.1 -0.3 6.99 p
13 -26.4 0.5 -25.2 -1.4 -4.0 < 0.1 27.74 50.10 0.81
43r 1.7 3.9 1.8 <0.1 -0.1 0.1 2.21 60.00 26.15
15 1.7 3.9 1.8 ý<0.1 -0.1 0.1 2.21 50.10 21.68

1 See Figure 3.4.4.1-4 for definition of locations of stress sections.
2 Allowable stresses for bottom plate region (location no. 1-2, 13) taken at 250°F; allowable stresses for

canister shell region between shield lid and bottom plate (location no. 3-6) taken ,at 550°F; allowable
stresses for structural/shield lid region (location no. 7-12, 14-15) taken at 2500F.

3 The allowable stress for SA240, Type 304 stainless steel was used for location no. 14. The allowable stress
for SA240, Type 304L stainless steel was used for all other locations.

tostress i eutoiacto-rs f*or" we-1a- '-- ,
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Table 3.4.4.1-11 Summary of Maximum Stresses for the Fuel Basket Weldments and

Support Disks

Component Load Stress Intensity Allowable Stress Margin of
-_ Condition Reported Value (psi) Criteria Value (psi) Safety

Dead Load Pm 0 Smi- 16,299
Pm+ Pb 3,297 1.5Sm 24,449 6.42

ToP Dead Load + Pm+Pb+Q 32,364 3.0Sm 48,898 0.51
WELDMENT Thermal _

DeadLoad+ Pm 0 Sm 16,299 -

Handling, " . ..... .. . _____- _ -
....... __" " Pm + Pb 3,626 . .. Sm -. 24,449 5.74
Dead Load + Pm+Pb+Q _32,521 3 .0Sm ... 48,898 0.50
-Handling +

Thermal "_ __ - _"____"_

Dead Load Pm 0 Sm 16,269
_____ _ Pm + Pb 857 l.5Sm 24,403 27.47

BOTTOM Dead Load+ Pm+Pb+Q 44,094 3 .0Sm 48,806 0.11..
WEWDMENT, Thermal -

Dead Load + Pm 0 sm 16,269 -

Handling

Pm +Pb 942 1.5Sm 24,403 24.89
Dead Load + Pm+Pb+Q 44,119 3 .0Sm 48,806 0.11
Handling +

Thermal
Dead Load Pm 0 Sm 41,528, -

-_Pm + Pb 870 1.5Sm 62,292 70.60
SUPPORT Dead Load + Pm + Pb + Q 35,427 3.OSm 124,584 2.52

Disxs Thermal
Dead Load + Pm 0 sm 41,528

Handling .

Pm + Pb 958 l.5Sm 62,292 64.02
Dead Load + Pm+Pb+Q 35,495 3 .OSm 124,584 2.51
Handling +

Thermal
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3.6 Canister Closure Weld Evaluation -Normal Conditions

3.6.1 Stress Evaluation for the Canister Closure Weld

0 b a py~~ .n"- £1 xi;T~ to e-drss owa e- or- s W

The stresses for the canister are evaluated using sectional stresses as permitted by Subsection
NB. The location of the section for the canister weld evaluation is shown in Figure 3.4.4.1-4 and
corresponds to Section 12. The governing Pm, Pm+ Pb, and P + Q stress intensity for Section 12

and the associated allowables are listed in Table 3.4.4.1-8, Table 3.4.4.1-9, and Table 3.4.4.1-10,
respectively. The factored allowables, incorporating a 6 stress reduction factor, and the
resulting controlling Margin of Safeties are:

Analysis Stress P.64 x Allowable
Stress Type Intensity (ksi) Stress (ksi) Margin of Safety

P. 1.19 2:9
P. + Pb 1.66
P + Q 6.99 5.06 L95

This confirms that the canister closure weld is acceptable for normal operation conditions.

3.6.2 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 defme 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.

3.6-1
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The safety margins used in this evaluation correspond to the stress limits contained in Section XI

of the ASME Code.

One of the stress components 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 corresponds to Section 12 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 for the normal operating condition. The maximum reported radial tensile stress is 0.7 ksi. To

perform the flaw evaluation, a 10 ksi stress is conservatively used, resulting in a significantly

larger safety factor than the required safety factor of 3. Using 10 ksi as the basis for the

evaluation, the critical flaw size is 0.52 inch for a flaw that extends 360 degrees around the

circumference of the canister. Stress comp6nents for the circumferential and'axial directions are

also reported in the above tables, which would be associated with flaws oriented in the radial or

horizontal directions, respectively. The maximum stress reported for these components is 1.8 ksi,

which is also enveloped by the stress value of 10 ksi for radial stresses. 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 0.52-inch critical flaw size.
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9.1.3 Leak Tests

The canister is leak tested at the time of use. After the pressure test described in Section 9.1.2,

the canister is drained of residual water, vacuum dried and backfilled with helium. The canister

is pressurized with helium to 22 psia. The shield lid to canister shell weld is helium leak tested.

The leak test is performed at a sensitivity of at least 4.0 x 10' cm3/sec (helium). Any indication

of a leak is unacceptable and repair of the leak is required.

9.1.4 Component Tests

The components of the NAC-MPC do not require any special tests in addition to the material

receipt, dimensional, and form and fit tests described above, or as described below.

9.1.4.1 Valves, Rupture Disks and Fluid Transport Devices

The NAC-MPC canister and storage cask do not contain rupture disks or fluid transport devices.

There are no valves that are part of the confinement boundary for transport or storage. Quick-

disconnect valves are installed in the canister vent and drain ports of the shield lid. These valves

are intended to be convenience items for the operator, as they provide a means of quickly

connecting (or disconnecting) ancillary drain and vent lines to the canister. The quick-disconnect

fittings consist of male and female halves. The male fitting is installed in the canister and the

female fitting is used as the connecting piece. The male fitting is automatically closes when the

mating fitting is removed; however, no credit is taken for this sealing feature. During storage

and transport, these fittings are not accessible, as port covers that are welded in place cover them

when the canister is closed. As presented for storage, the canister has no accessible valves or

fittings.

9.1.4.2 Gaskets

The NAC-MPC canister and concrete cask have no mechanical seals or gaskets that form an

integral part of the package, and there are no mechanical seals or gaskets in the confinement

boundary.

9.1.5 Shielding Tests

Based on the conservative design of the NAC-MPC storage cask for shielding criteria and the

k detailed construction requirements, no shielding tests of the concrete storage cask are required.
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9.1.6 Neutron-Absorber Tests
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9.1.7 Thermal Tests

No thermal acceptance testing of the NAC-MPC system is required during construction.

Temperature measurements are taken at the air outlets of the storage cask during operation in

accordance with Chapter 12.0 as verification of the thermal performance of the storage system.

9.1.8 Cask Identification

A stamped stainless steel nameplate, as shown on Drawing No. 455-856, is permanently attached

on the outer surface of the storage cask. The nameplate includes the following information:

Vertical Concrete Cask

Owner:
Designer:
Fabricator:
Date of Manufacture:

Model Number:
Cask No.:

Date of Loading:
Empty Weight:

(Utility Name)

NAC International Inc.

(Vendor Name)

(mm/dd/yy)
(MPC-YR)
(xxx)

(mm/dd/yy)
(Pounds [kilograms])
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Therefore, the minimum acceleration that may cause a tip over of a fully loaded concrete cask is

0.559g. Since the 0.25g design basis earthquake acceleration is less than 0.559g, the concrete

cask will not tip over.

The factor of safety is 0.559 / 0.25 = 2.24, which is greater than the factor of safety of 1.1

required by ANSI /ANS-57.9.

To keep the cask from sliding, the force holding the cask (F5) has to be greater than or equal to

the force trying to move the cask. Based on the equation for static friction:

F =pN_ ŽGhW

p (I-Gv)W > GhW

where: p = coefficient of friction
N = normal force
W = weight of the concrete cask

G, = vertical acceleration component

Gh = resultant of horizontal acceleration component

4 Substituting for Gh and G, for the two combination conditions:

1) u(1 - 0.667a) >0.566 a 2) u(i - 0.267a) _1.077 a

0.566a 1.077a
U 1 -0.667a U 1- 0.267a

For a - 0.25g

1) pŽ0.17 2) g_0.29

The analysis shows that the minimum coefficient of friction, g, required to prevent sliding of the

concrete cask is 0.29. The coefficient of friction between the steel bottom plate of the concrete

cask and the concrete surface of the storage pad, 0.35 (Funk), is greater than the coefficient of

friction required to prevent sliding of the concrete cask. Therefore, the concrete cask will not

slide under design-basis earthquake conditions. The factor of safety is 0.35 / 0.29 =1.21 which is

greater than the factor of safety of 1.1 required by ANSI/ANS-57.9.
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The stresses in the concrete due to the design basis G-loads are conservatively calculated below.
The fully loaded concrete cask is considered to be fixed at its base and subjected to seismic loads
equal to 0.25 g in the two orthogonal horizontal directions and the vertical direction.

The accelerations are:

a= (0.25.2 +;0.25 2)0.5= 0.354 g (horizontal D j
direction) .[ ID .......

a= 0.25 g (vertical direction)

ay
The following parameters are used in the WI

a 'Icalculation: 15.9• i 159.92a "
, I

H = 83.2 in. (Location of Center of Gravity) 4 i

W,, = 206,100 lb. (VCC weight) H ay ,I

D = 128 in. (concrete exterior diameter) '

ID = 86 in. (concrete interior diameter)
A = 1(& 2 - ID 2) /4 = 7,059.2 in.2  7 7 , 7--7
I = 7E(D4 - ID4)/64 = 10.492 x 106 in.4

S o = 21 /D = 163,937.5 in.3

S inn = 21 / (ID) = 244,000.0 in.3

w = a. W, / 159.92 = 456.22 lb / in.

The maximum bending moment (M) at support is:

M =w (159.92)2 /2 5.834 x 106 in.-lb

I , ,
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Density = 100 pcf

Poisson's Ratio (u) = 0.4i

Modulus of Elasticity 1 k--w psi

(EPRI-TR-108760)

where:
A~d = the area of the concrete pad in square inches,

k = 250 psi/in., is the soil stiffness for the soil under the pad,

a = 1.08 for a square area.

For the 30 x 30 square foot pad, the modulus of elasticity of the soil is calculated as 70,000 psi.

The concrete cask steel liner has the properties:

Density = 0.284 lb/in3

Poisson's ratio = 0.31

Modulus of elasticity = 2.9E7 psi

To account for the weight of the shield plug, the loaded canister, and the concrete cask pedestal,

effective densities are used for the elements in the first row of the steel liner model adjacent to

the impact plane of symmetry. These densities represent the regions (60 in the circumferential

direction) of the steel liner subjected to the weight of the shield plug, the loaded canister and the

pedestal, during the side impact (tip over) condition. The contact angle (60) is determined based

on the canister/basket analysis for the tip over condition (Section 11.2.12.3). Based on the status

of the gap elements at the outer surface of the canister shell (representing the interface between

the canister shell and the concrete cask steel liner) in the finite. element model used in Section

11.2.12.3, the contact angle between the canister shell and the concrete cask liner is between 4.5°

and 90 for the half-symmetry model.

11.2.12.2.3 Boundary Conditions and Initial Conditions

A friction coefficient of 0.25 is used at the interface between the steel liner and the concrete

shell, between the concrete cask and the pad, and between the pad and the soil. For all the

embedded faces (three side surfaces and the bottom surface) of the soil in the model, the

displacements in the direction normal to the surface are restrained. The symmetry boundary

conditions are applied for all nodes at the plane of symmetry.
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The initial condition corresponds to the concrete cask in a horizontal position with an initial

vertical velocity into the concrete pad. The pad and soil are initially at rest.

The initial velocity is simulated by applying an angular velocity (o) of 1.516 radians/sec to the

entire cask. The angular velocity value is computed by considering energy conservation at the

cask "center of gravity over corner" tip condition versus the side impact condition.

From energy conservation:

mgh = 1
2

where:

mg = total weight of the loaded concrete cask = 206,094 lbs

h = height change of the concrete cask center of gravity (LcG)= R + - R

= 40.97 inches

where:

Lcr = location of the center of gravity above the pad for the concrete cask = 83.2 inches
R = radius of the concrete cask = 64 inches

I = total mass moment of inertia of the concrete cask about the pivot point

= •---,f lb-sec'-inch

Concrete Cask Tip-Over Height Change
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The stress evaluation for the canister is performed in accordance with the ASME Code, Section

S III, Subsection NB, by comparing the linearized stresses of cross sections of the structure against
the allowable stresses. Allowable stresses are conservatively taken at a temperature of 372°F

(maximum canister temperature is 319°F for normal condition of storage). The allowable

stresses for accident conditions are taken from Subsection NB as shown below., S. and S. are

16.05 ksi and 59.17 ksi, respectively, for Type 304L stainless steel (canister shell and structural

lid). Sm and S., are 19.06 ksi and 64.85 ksi, respectively, for Type 304 stainless steel (shield lid).

Accident (Level D) Allowable Stress

P. Lesser of 0.7 SU or 2.4 Sm

P,+Pb Lesser of 1.0 SU or 3.6 SM

During the tip over accident, the canister shell at the structural and shield lids is subjected to the
inertial load of the lids, which results in highly localized bearing stresses (Sections 8 through 12

at angular locations of 0 and 4.5 degrees). This stress is predominant because the weights of the

structural and shielding lids are transferred to the canister shell through the thickness of the weld

(7/8 inch weld for structural lid and 1 inch weld for shield lid). According to ASME Section III,

Appendix F, bearing stresses need not be evaluated for Level D service (accident) conditions.

Therefore, the P. stresses are not presented for the region local to the impact (angular locations

of 0 and 4.5 degree) for Sections 8, 9, 1 and in Table 11.2.12.3-1. Stresses are conservatively

presented for all locations: (including bearing region) for Sections 11.

The inertial load of the shield lid also results in localized bending stresses at the canister shell (at
the shield lid weld, i.e., Section 8). ý This stress state is identified as the case of a cylindrical shell

at the junction with a head, as shown in Table NB-3217-1 of the ASME Code, Section III,

Subsection NB. The localized bending stress at the structural discontinuity is classified as

secondary (Q) stress. In accordance with ASME Section III, Appendix F, secondary stresses are

not considered for the stress evaluation for Level D (accident) conditions. Therefore, the P=+Pb

stresses are not presented for the region local to the impact for Section 8 (angular locations of 0

and 4.5 degree) in Table 11.2.12.3-2.

The stress evaluation results for tip-over accident conditions show that the minimum margin of

safety in the canister is F for P. (Section •) and +0.10 for Pm+Pb (Section 10).
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11.2.12.3.3 Analysis Results for the Support Disk ':j

To evaluate the most critical regions of the support disk, a series of cross sections are considered.

To aid in the identification of these sections, Figure 11.2.12.3-5 shows the locations on a support

disk. Table 11.2.12.3-3 lists the cross sections versus Point 1 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, Section III,

Subsection NG. According to this subsection, linearized stresses of cross sections of the

structure are to be compared against the allowable stresses. The allowable stresses for tip over

accident conditions are taken from Subsection NG as shown below at the maximum support disk

temperature of 575°F (accident-extreme heat). The Sm and S. are 42.3 ksi and 127.1 ksi,

respectively, for 17-4 PH stainless steel.

Accident (Level D) Allowable Stresses

P. Lesser of 0.7 Su or 2.4 Sm

Pm+Pb Lesser of 1.0 S. or 3.6 Sm

The stress evaluation results for the support disks for tip-over impact condition are presented in

Tables 11.2.12.3-4 through 11.2.12.3-13. The tables list the 40 highest Pm and Pm+Pb stress

intensities for Disks 1 through 5. The minimum margin of safety is +0.21, which occurs in Disk

5 (See Figure 11.2.12.3-4 for identification of support disks). The highest Pm and PI+Pb stresses

occur in Disk 5, with the minimum margin of safety of 1.51 and 0.21, respectively. Locations of

the 10 highest Pm and Pm+Pb linearized stresses for Disk 5 are given in Figure 11.2.12.3-6 and

11.2.12.3-7.

11.2.12.3.4 Support Disk Buckling Evaluation

The fuel basket support disks are subjected to compressive and/or inertial loads during impact

conditions. For the tip-over accident, the support disks experience in-plane loads. The in-plane

loads apply compressive forces and in-plane bending moments on the support disk.; Buckling of

the support disk is evaluated in accordance with the methods and acceptance criteria of

NUREG/CR-6322. Because the ASME Code identifies 17-4PH disk material as ferritic steel, the

formulas for non-austenitic steel are used.
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Table 11.2.12.3-1 Canister Primary Membrane Stresses[ 4
Stress Allowable

Angle Sx Sy Sz Sxy Syz Sxz Intensity Stress Margin

Section UR (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) of Safety

1 0.00 -4.10 [_ E Up 21.67 38.52 0.78

2 0.00 -1.20 "2 L ] _ • 18.67 38.52 1.06

3 0.00 -1.80 [t PT 3 L l6fF 15.40 38.52 1.50

4 99.00 • _ ___ 1 • 16.43 38.52 1.34

5 94.50 V•tl L-I_ 0 W E N 19.63 38.52 0.96

6 90.00 130 . E, 1 23.08 38.52 0.67

7 85.50 l KAI•-0 L • _ _ 22.85 38.52 0.69
8 9.00 .7 __ _ _ 0 16.13 38.52 1.39

r9.00,04 :f• [ fL7 9.36 38.52 3.12
91- 9.052 1,2.0667

10_ 9.00 1 L V. A7 10.53 38.52 2.66

11 0.00 -37.60 g2AP 31JQ VL _ 1 25.84 38.52 0.49

12 P I L"$ L R _§5 _M

13 0.00 -1.10 P.40 _____0_ P___ (A P)5T 1.55 45.74 28.51

14 0.00 -1.50 P.40 p.00 1_____. 1.97 38.52 18.57

Notes:

Stresses are not presented for the region with localized bearing stresses. Per ASME Section III, Appendix F, bearing

stresses need not be evaluated for Level D service (accident) conditions.

Table 11.2.12.3-2 Canister Primary Membrane + Bending Stresses4
Stress Allowable

Angle Sx Sy Sz- Sxy Syz Sxz Intensity Stress Margin

Section ( . (ksi) (ksi), (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) of Safety

1 0.00 -4.40 . 2§ O -0 -M 2 9 36.87 57.79 0.57

2 0.00 -4,90, gO K.5 " ! 31.63 57.79 0.83

3 0.00 -2.70 "- .90 "8 8 P PA. 28.72 57.79 1.01

4 0.00 -2.10 j a jqL6 "6 L 26.96 57.79 1.14

5 0.00 -2.90- E-60 k00 LOO 47q ** pW 25.51 57.79 1.27

6 90.00 .O . 0 - .4 28.89 57.79 1.00

7 0.00 -1.50 V4270 LO UL0 L 0 1 42.76 57.79 0.35

82 9.00 pj! 4I 177 L 7 3 45.14 57.79 0.28

9 0.00 -16.50 *U1 L $ O' 49.72 57.79 0.16

10 0.00 -30.60 fL99 9- ELQ 1 1 52.62 57.79 0.10

11 0.00 -21.60 L!1. ft1%j 0,90 X I LO 30.23 57.79 0.91
12 g'045 .14 0 L 6

13 0.00 -1.30 r7 J P.00 .00" L A 1.94 57.79 28.76

14 0.00 -0.90 E UP m0Q I I m -T 00 2.44 57.79 22.73

Notes:

Stresses are not presented for the region with bearing stress (membrane) and secondary (Q) stress (bending). Per ASME

Section III, Appendix F, both bearing stresses and secondary stresses are not required for evaluation for Level D service

(accident) conditions.
vpoa 6.8am W.4'cc
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Table 11.2.12.3-3 Listing of Cross Sections for Stress Evaluation of Support Disk

Q
Coordinates (in.)

Section Point Point Point 1 Point 2
Number 1 2 X Y X Y

1 1 2 22.15 22.15 24.39,' :24.39
2 - 3 4 -5.84 0 6.46 -0.62,
3 5 6 6.46 -0.62 7.07 0
4 7 8 7.07 0 6.46 0.62
5 9 10 6.46 -0.62 5.84 0
6 11 12 12.29 6.46 12.91 5.84

7 13 14 12.91 5.84 13.48 6.41
8 15 16 13.48 6.41 12.86 7.03
9 17 18 12.86 7.03-- 12.29 6.46
10 19 20 18.7 12.86 19.32 12.25

11 21 22 19.32 12.25 19.85 12.78
.12 23 24 19.85 - 12.78 19.23 13.4
13 25 26 19.23 13.4 18.7 12.86
14 27 28 25.07 19.23 25.69 18.61

15-. 29 30 25.07 19.23 27.13 21.3
16 31 32 25.69 18.61 27.67 20.59
17 33 34 12.29 -6.46 12.86 -7.03
18 35 36 12.86 -7.03 13.48 -6.41
19 37 38 13.48 -6.41 12.91 -5.84
20 39 40 12.91 -5.84 12.29 -6.46

21 41 42 18.75 0 19.32 -0.57,
22 43 44 19.32 -0.57 19.89 0
23 45 46 19.89 0 19.32 0.57
24 47 48 19.32 0.57 18.75 0
25 49, 50 25.16 6.41 25.73 5.84
26 51 52 25.16 6.41 25.69 6.94
27 53 54 31.52 12.78 31.97 12.96
28 55 56 18.7 -12.86 19.23 -13.4
29 57 58 19.23 -13.4 19.85 -12.78
30 59 60 19.85 -12.78 19.32 -12.25
31 61 62 19.32 -12.25 18.7 -12.86

32 63 64 25.16 -6.41 25.69 -6.94

33 65 66 25.16 -6.41 25.73 -5.84

34 67 68 31.57 0 34.49 0
35 69 70 22.15 -22.15 24.39 -24.39
36 71 72 25.07 -19.23- 27.13 -21.3
37 73 74 25.07 -19.23 25.69 -18.61

38 75 76 25.69 -18.61 27.67 -20.59
39 77 78 31.52 -12.78 31.95 -12.9
40, 79 80 0 -5.84 0.62 -6.46
41 81 82 0.62 -6.46 0 -7.07

42 83 84 6.46 -12.29 7.03 -12.86

43 85 86 7.03 -12.86 6.41 -13.48

44 87 88 6.41 -13.48 5.84 -12.91
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Figure 11.3.2.3-1 Yankee Class Fuel Basket Tube Configuration
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11.3.2.4 Fuel Basket Weldment Analysis for End Impact Conditions

The response of the top and the bottom weldment plates of the fuel basket assembly to a 56.1 g
accident impact load are examined. The top and bottom weldment are 0.5-inch thick plates

constructed of SA240, Type 304 stainless steel. The weldments support their own weight plus

the weight of 36 fuel assembly tubes.

A finite element analysis is performed for both plates, since the support for each weldment is
different due to the location of the welded ribs for each. Eight structural ribs, eight tie-rod ends,

and a circumferential ring support the top weldment and its loads during a top end drop. These
structural components are modeled as zero-translation restraints in the direction of the end drop.

The load from the fuel tube (2,108 pounds) are 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 since the tube weight is transmitted to the edge of
the slot, which provides support to the fuel tubes in the end drop condition. Both models use the

SHELL63 element which permits out of plane loading. The finite element models represent one-
quarter sections of the weldments. Figures 11.3.2.4-1 through 11.3.2.4-4 show the finite element

models for the weldments.
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11.5 Canister Closure Weld Evaluation- Accident Conditions

11.5.1 Stress Evaluation for the Canister Closure Weld

V' ua f nohtbs-wel i~5&- '-ccr cCwz'ce ' iio ;ws m 'e

tern .(Th!e-se lwo wed stress r cion factors a~re ri~ic orat aa d6or.,

The stresses for the canister are evaluated using sectional stresses as permitted by Subsection

NB. The canister stress results from the VCC tip-over accident evaluation (Section 11.2.12.3)

are used for evaluation. The location of the section for the canister weld evaluation is shown in

Figure 11.2.12.3-4 and corresponds to Section 12. The Pm and Pm+ Pb stress intensity for Section

12 and the associated allowables are listed in Table 11.2.12.3-1 and Table 11.2.12.3-2,

respectively. The factored allowables, incorporating a F stress reduction factor, and the

resulting controlling Margin of Safeties are:

Analysis Stress 0.6 x Allowable

Stress Type Intensity (ksi) Stress (ksi) Margin of Safety

Pm + Pb P. B69 _ _ _ _ _

This confirms that the canister closure weld is acceptable for the accident conditions.

11.5.2 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.

The safety margins used in this evaluation correspond to the stress limits contained in Section XI

of the ASME Code.
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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 an accident (Level D) event, in

accordance with ASME Code Section XI, a safety factor of -12 is required. For the purpose of

identifying the stress for the flaw evaluation, the weld region corresponds to Section 12 in Figure

11.2.12.34 is considered. From additional post processing of the tipover analysis, the maximum

tensile radial stress is 3.8 ksi. To perform the flaw evaluation, a 10 ksi stress is conservatively

used, resulting in a significantly larger safety factor than the required safety factor of N42. Using

10 ksi as the basis for the evaluation, the minimum detectable flaw size is 0.52 inch for a flaw

that extends 360 degrees around the circumference of the canister. Stress components for the

circumferential and axial directions are also determined, which would be associated with flaws

oriented in the radial or horizontal directions respectively. The maximum stress for these

components is 1.7 ksi, which is enveloped by the stress value of ksi used for the critical flaw

evaluation for radial directions. 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 0.52-inch critical flaw

size. ,
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LCO Applicability
A 3.0

3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY

LCO 3.0.1 LCOs shall be met during specified conditions in the Applicability,
except as provided in LCO 3.0.2.

LCO 3.0.2 Upon discovery of a failure to meet an LCO, the Required Actions of
the associated Conditions shall be met, except as provided in LCO
3.0.5.

If the LCO is met or is no longer applicable prior to expiration of the
specified Completion Time(s), completion of the Required Action(s) is
not required, unless otherwise stated.

LCO 3.0.3 Not applicable to an NAC-MPC SYSTEM.

LCO 3.0.4 When an LCO is not met, entry into a specified condition in the
Applicability shall not be made except when the associated ACTIONS
to be entered permit continued operation in the specified condition in
the Applicability for an unlimited period of time. This Specification
shall not prevent changes in specified conditions in the Applicability
that are required to comply with ACTIONS or that are related to the
unloading of an NAC-MPC SYSTEM.

Exceptions to this Specification are stated in the individual
Specifications. These exceptions allow entry into specified conditions
in the Applicability where the associated ACTIONS to be entered allow
operation in the specified conditions in the Applicability only for a
limited period of time.

LCO 3.0.5 Equipment removed from service or not in service in compliance with
ACTIONS may be returned to service under administrative control
solely to perform testing required to demonstrate it meets the LCO or
that other equipment meets the LCO. This is an exception to LCO
3.0.2 for the System to return to service under administrative control to
perform the testing.
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LCO Applicability
A 3.0

LCO 3.0.6 Not applicable to an NAC-MPC SYSTEM.

LCO 3.0.7 Not applicable to an NAC-MPC SYSTEM.
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NAC-MPC SYSTEM Average Surface Dose Rate
A 3.2.1

Figure 12A3-1

CONCRETE CASK Surface Dose Rate Measurement
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CANISTER Surface Contamination
A 3.2.2

3.2 NAC-MPC SYSTEM Radiation Protection

3.2.2 CANISTER Surface Contamination

LCO 3.2.2 Removable contamination on the accessible exterior surfaces of the
CANISTER or accessible interior surfaces of the TRANSFER CASK
shall each not exceed:

a. 1000 dpm/100 cm2 from beta and gamma sources and

b. 20 dpm/1 00 cm2 from alpha sources.

APPLICABILITY: During LOADING OPERATIONS

ACTIONS

----------------------------- NOTE---------------

Separate Condition entry is allowed for each NAC-MPC SYSTEM.

CONDITION REQUIRED ACTION COMPLETION TIME

A. CANISTER or A.1 Restore CANISTER and Prior to TRANSPORT
TRANSFER CASK TRANSFER CASK OPERATIONS
removable surface removable surface
contamination limits not contamination to within
met. limits.
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Special Requirements for First NAC-MPC SYSTEM Placed in Service
A 5.3

5.3 Special Requirements for First NAC-MPC SYSTEM Placed in Service

The heat transfer characteristics of the NAC-MPC SYSTEM will be recorded by temperature

measurements of the first NAC-MPC SYSTEM placed in service with a heat load equal to or

greater than 7.5 kW.

U
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Programs
A 5.4

5.4 Programs

5.4.1 CONCRETE CASK Thermal Monitoring Program

The following programs shall be established, implemented and maintained.

This program provides guidance for the temperature measurement and visual inspection activities
that are used to monitor the thermal performance of each CONCRETE CASK.

a. The ambient air temperature and the air outlet temperatures are measured and compared
every 24 hours. The temperature difference between the air outlet temperatures and the
ambient air temperature is calculated and recorded. The air inlets and outlets are
inspected and verified to be free of blockage every 24 hours.

b. If any air outlet temperature, or temperature difference between air outlet and ambient
temperature shows an unexplained reading, appropriate actions are taken to determine the
cause and to return the outlet temperatures to acceptable values. One of the immediate
actions will be to increase the frequency of temperature monitoring until normal
conditions are returned.

c. If an air outlet temperature exceeds the ambient air temperature by 92*F, the NRC will be
notified and actions will be taken to evaluate the effects and impact of the elevated
temperature on the CONCRETE CASK and CANISTER. A temperature differential of
92*F corresponds to a concrete temperature of 165°F. The long-term normal concrete
temperature limit for the CONCRETE CASK is 200°F and the short-term bulk concrete
temperature limit is 350 0F.
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