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June 13, 2002

U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852-2738

Attn: Document Control Desk

Subject: Submittal of NAC International Responses to a Conference Call Request for
Clarifications of the Previous CY-STC SAR Submittal

Docket No. 71-9235

References: 1. Certificate of Compliance No. 9235 for the Model No. NAC-STC, Revision 3,
United States Nuclear Regulatory Commission (NRC), August 8, 2001
2. Submittal of the NAC International Responses to the Conference Call Request
for CY-STC SAR Clarifications (STC-02A), NAC International, May 31, 2002
3. E-mail Regarding Additional SAR Clarifications Questions, NRC, June 10, 2002
4. Conference Call between NAC and the NRC Regarding Additional SAR
Clarifications Questions, June 11, 2002

NAC International (NAC) herewith submits eight copies of the responses to the conference call
questions (References 3 and 4) resulting from the NRC review of the NAC-STC Amendment
Application and additional pages submitted in Reference 2. The amendment incorporates
Connecticut Yankee Nuclear Power Plant spent fuel and GTCC waste as approved contents.

This submittal includes the SAR clarification questions and NAC’s responses presented in the
standard NAC response format, followed by the associated NAC-STC Safety Analysis Report
(SAR) changed pages, which are designated as Revision STC-02B. Note: The enclosed SAR
changed pages are to be inserted as replacement or new additional pages, as applicable, into the
existing CY-STC SAR binders. After replacement/insertion of the changed pages provided in this
submittal, the List of Effective Pages should be reviewed to ensure that the correct page revisions
are included in the SAR binders.

The changed pages have been prepared in accordance with the following conventions:

e Revision indicators (revision bars) are used to highlight changes. Revision bars are not used to
indicate text flow.

e The changed pages for this submittal are designated as Revision STC-02B to provide a unique
identification of the pages and changes.
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e All of the pages in the List of Effective Pages are designated Revision STC-02B and no
revision bars are used on those pages.

In addition, NAC has rescinded applicable pages that were changed in Reference 2 (Revision STC-
02A) for consistency to show the load per bolt. The changes proposed on these pages were not
directly associated with the CY amendment. The following pages have reverted back to their
original revision of STC-00A with an August 2000 date:

2.6.1-1
2.6.2-1
2.6.7.1-2
2.6.7.2-2
2.6.7.3-3
27.1.1-2
27.1.2-2
2.7.1.3-2
2.10.2-12
2.10.2-25
2.10.2-26

If you have any further questions, please contact me on my direct line at 678-328-1321.

Sincerely,

Thomas C. Thompson
Director, Licensing
Engineering & Design Services

Enclosure

cc: E. Glasbergen, Bechtel

ED20020378
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Docket # 71-9235

NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR SAR CLARIFICATIONS

CHAPTER 2: STRUCTURAL EVALUATION

Page 2.6.7.4-1

Item 1 The change page 2.6.7.4-1 was not included in the most recent submittal
package.
NAC Response

The original change pages and the NAC copies of the submittal were checked and found
to include the noted page. In response to NAC’s request, the NRC (Steve Baggett)
determined that the page was included in at least two other copies that he checked and he
will follow up on the other five copies. The page was copied and inserted into the
submittal and there is no problem to be addressed further.
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CHAPTER 2: STRUCTURAL EVALUATION
Figures 2.6.16.2-4 and 2.6.16.4-2
Item 2 Figures 2.6.16.2-4 and 2.6.16.4-2 should also be revised, as a result of

revising other related figures.

NAC Response

Figure 2.6.16.2-4 is revised to remove the coordinate axes. As discussed in the
conference call, Figure 2.6.16.4-2 does not exist. However, Figure 2.6.16.4-1 is revised
for minor corrections of the section numbering.
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CHAPTER 2: STRUCTURAL EVALUATION

Section 2.10.4
Item 3 Unless calculations in Section 2.10.4 are revised, the bolt preload

revisions should only address the CY configuration and change pages
involving the Yankee-STC may have to be rescinded.

NAC Response

NAC explained that the bolt preload was not changed, but that the applicable sections
were changed for consistency to show the load per bolt. NAC agreed that these changes
were not directly associated with the CY amendment. The NRC requested that no
changes be made other than those for the CY amendment to preclude the need to redo
reviews of the sections previously reviewed and approved. NAC agreed to rescind the
changes on the applicable pages.
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Regulatory Guide 7.6 requires that the range of primary plus secondary stress intensities between
any two normal conditions of transport be less than 3.0 Sy,. Therefore, it is necessary to evaluate
the range of primary plus secondary stresses between all of the recognized normal conditions of
transport: including the heat, cold, 1-foot end drop, 1-foot side drop, and 1-foot corner drop
conditions. A simple, straightforward, and very conservative method of showing compliance
with the 3.0 S,, criteria is to establish an allowable stress limit criteria of 1.5 Sp, for the range of
primary plus secondary stress intensities between each normal condition and the ambient
condition. If each normal condition meets the 1.5 Sy, allowable stress intensity range criteria at all
locations within the cask when paired with the ambient condition, then all pairs of normal

conditions will meet the 3.0 Sy, stress intensity range criteria.

Table 2.10.4-28 documents the range of primary plus secondary stress intensity between the heat
condition and the unloaded, ambient condition. The maximum calculated primary plus secondary
stress intensity is shown to be 24.3 ksi, which is less than 1.5 Sy,. In conjunction with the 1.5S,
criteria for the stress intensity range between the ambient condition and each of the other normal
conditions, it is therefore concluded that the NAC-STC meets the 3.0 Sy, criteria for the primary
plus secondary stress intensity range for the heat condition. For the fatigue evaluation of the
NAC-STC, Section 2.1.3.2 documents that the requirements of Regulatory Guide 7.6 are satisfied
by the 3.0 Sy, criteria for the extreme total stress intensity range limit.

The documentation of the adequacy of the NAC-STC in satisfying the buckling criteria for the
stresses of the heat condition is presented in Section 2.10.5.

Since the margins of safety are all positive, the NAC-STC, therefore, satisfies the requirements

of 10 CFR 71.71(c)(1) for the heat (normal transport) condition for the directly loaded fuel, the
canistered fuel configuration and the canistered GTCC waste configuration.

2.6.1.2 Heat Condition for the NAC-STC Cask in the CY-MPC Configuration

The three-dimensional model and analyses used in the 1-foot side drop evaluation for the
CY-MPC configuration are also used for the evaluation of the heat condition. The NAC-STC
cask with the CY-MPC canistered configuration is modeled as a three-dimensional structure
using ANSYS STIF45 isoparametric elements. A detailed description of the three-dimensional
finite element model of the NAC-STC cask body for the canistered configurations is provided in
Section 2.10.2.1.3. Since some of the loading contributions for the heat condition are
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axisymmetric, and the NAC-STC cask body is the same geometry for all fuel configurations,
results of the two-dimensional model and analyses are combined with the results of the

three-dimensional model of the CY-MPC fuel configuration.

Four categories of loads are considered in this evaluation: closure lid bolt preload, internal

pressure, thermal expansion, and gravity loading:

o

Closure lid bolt preload — The required bolt preloads on the inner and outer lid bolts are
115,066 pounds per bolt and 36,810 pounds per bolt, respectively. Bolt preload is applied
to the model by imposing initial strains to the bolt shafts. The stresses corresponding to
the bolt preload with a 50 psig internal pressure for the directly load configuration are
reported in Table 2.10.4-1 (for the two dimensional axisymmetric model), and the
maximum stress intensity is 1.9 ksi (Location U). To account for the preload and internal
pressure for the CY-MPC configuration, the 1.9 ksi is added to the stress intensity due to

the 1g lateral load.

Internal pressure - The cask internal pressure is temperature dependent and is evaluated in
Section 3.4.4. A pressure of 50 psig, which envelops the calculated pressure of 38.1 psig
for this configuration, is effectively used by adding the 1.9 ksi (reported above for the bolt
preload) to the stress intensity due to the 1 g lateral load.

Thermal - The ANSYS analysis determines the stresses arising from the thermal
expansion of the cask from its initial 70°F condition, including the effects of the
differential thermal growth within the components, which is a result of the temperature
difference across the walls of the cask. The cask temperature distributions are also used
in the ANSYS structural analyses to determine the values of the temperature-dependent
material properties. The heat transfer analysis performed for maximum normal operating
conditions determine the cask temperature distribution for the heat condition. The heat
condition corresponds to a 100°F ambient temperature, a maximum decay heat load (17

kW), and full solar insolation.

To bound the stresses arising from thermal expansion, the maximum gradient is used in
the heat condition evaluation. The maximum temperature gradient is actually associated
with the cold condition of —40°F with maximum decay heat and no solar insolation. To

ensure that the minimum stress allowable is used, the allowables are taken at the
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loading contributions for the cold condition are axisymmetric, and the NAC-STC cask body is
the same geometry for all fuel configurations, results of the two-dimensional model and analyses
are combined with the results of the three-dimensional model of the CY-MPC fuel configuration.

Four categories of loads are considered in this evaluation: closure lid bolt preload, internal

pressure, thermal expansion, gravity loading:

1. Closure lid bolt preload — The required bolt preloads on the inner lid and outer lid bolts
are 115,066 pounds per bolt and 36,810 pounds per bolt, respectively. Bolt preload is
applied to the model by imposing initial strains to the bolt shafts. The stresses
corresponding to the bolt preload with a 12 psig internal pressure for the directly load
configuration are reported in Table 2.10.4-2 (for the two-dimensional axisymmetric
model), and the maximum stress intensity is 2.2 ksi (Location U). To account for the
preload and internal pressure for the CY-MPC configuration, the 2.2 ksi is added to the

stress intensity due to the 1g lateral load.

2. Internal pressure - The cask internal pressure is temperature dependent and is evaluated in
Section 3.4.4. For analysis purpose for the cold condition, an internal pressure of 12 psig
is used, which envelop a backfill pressure of O psig. The 12 psig is effectively used by
adding the 2.2 ksi (reported above for the bolt preload) to the stress intensity due to the 1g

lateral load.

3. Thermal - The cold transfer analysis performed for maximum normal operating
conditions determines the cask temperature distribution for the cold condition. The
bounding cold load for the NAC-STC is for the directly loaded fuel of 22.1 kW, which is
larger than the CY-MPC configuration 17 kW design cold load. The cold condition

corresponds to a - 40°F ambient temperature, no decay heat and no solar insolation.

To bound the stresses arising from thermal expansion, the maximum stress intensity of 7
ksi for the directly loaded fuel (Table 2.10.4-6, location R1) is added to maximum stress
intensity of the other loading conditions for the cold condition of the CY-MPC
configuration. This stress intensity bounds the actual cold condition described above. To
ensure that the minimum stress allowable is used, the allowables are taken at the
maximum temperature of the inner shell (331°F) for the cold condition described above.
The temperature distribution for the canistered GTCC waste is considered to be

enveloped by the 17 kW design basis cold load.
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4. Gravity loads - The mechanical loads consist of gravity acting on the cask structure and it
contents. The cask is assumed to be loaded and resting in the horizontal position on the
front and rear cask supports. Mechanical loads resulting from a 1g application of the total
weight (260,000 1bs) of the cask structure and contents are imposed on the model.

These loading conditions are identical to the 1 foot side drop evaluated in 2.6.7.2.2 for the
CY-MPC configuration except the 1 foot drop condition employed 20g instead of 1g for the
gravity load. Descriptions of the three-dimensional finite element model are contained in
2.6.7.2.2 and 2.10.2.1.3. To determine the maximum primary stress intensity for the cold
condition, the stress intensity due to the 20g loading (in Tables 2.6.7.1-2 and 2.6.7.1-3) can be
factored by 1/20 and then added to the stress intensity associated with the 50 psig pressure + bolt
preload (2.2 ksi). The maximum primary stress intensity reported for Py, and Py, + Py, for the
1-foot side drop are 11.5 ksi and 20.9 ksi, respectively. Factoring these by 1/20 and adding the
result to 2.2 ksi for the pressure + bolt preload, results in 2.8 ksi and 3.2 ksi, respectively, for P,
and Py, + Py. Using the minimum allowables of 19.6 ksi for Py, and 29 .4 ksi for Py, + Py, reported
in Tables 2.6.7.1-4 and 2.6.7.1-5, the minimum margins of safeties for the cask body for the
primary stress intensity Py and Pp, + Py, are +6.0 and +8.2, respectively. It is concluded that the
CY-MPC configuration satisfies the primary stress limits for the cold condition.

Using the methodology to evaluate the range of Py, + Py, stress intensities described in 2.6.1.1, the
allowable stress intensity of 1.5 Sy, of 29.4 ksi should be compared to the bounding P, + Py, stress
intensity. This value is obtained by adding the maximum thermal stress intensity of 7 ksi to 3.2
ksi to obtain 10.2 ksi. Since 10.2 < 29.4 ksi, it is concluded that the CY-MPC configuration
meets the 3.0 S, criteria for the Py, + Py, stress intensity range for the cold condition.

2.6.2-8



NAC-STC SAR August 2000
Docket No. 71-9235 Revision STC-00A

Figure 2.6.16.2-3 Cask Orientation
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Figure 2.6.16.2-4 CONTACS2 Elements in the CY-MPC Support Disk Side Drop Model

(Interface between Disks & Canister Shell and between Canister Shell and Cask)
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2.6.164 Stress Evaluation of the CY-MPC Support Disk for a 1-Foot End Drop

Six (6) tie rods locate the support disks of the canistered fuel basket with spacers. A structural analysis
is performed using ANSYS to evaluate the effect of a 1-foot end drop impact, which corresponds to
the most severe out-of-plane loading under normal conditions. The model described in Section
2.6.16.2 is used with a 20g deceleration. Linearized stresses at the cross sections identified in Figure
2.6.16.2-5 are compared to stress allowables in accordance with the ASME Code, Section I,

Subsection NG.

The allowable stress intensity for Py, is Sy, For 17-4PH material, this value is equal to 42.5 ksi at
650°F and 45.0 ksi at —40°F. The allowable stress intensity for Py, + Py is 1.5 S, For 17-4PH
material, this value is equal to 63.8 ksi at 650°F and 67.5 ksi at —40°F.

The minimum margin of safety is 0.76 Py, + Py, stresses. Table 2.6.16.4-1 list the 10 highest P, + Py
stress intensities, respectively. Locations of the 10 highest Py, + Py, stress intensities are shown in
Figure 2.6.16.4-1. During an end drop, there are no membrane stresses in the support disk because
there is no inplane loading with the exception of thermal stresses, which are reported in the P+Q

results.
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Figure 2.6.16.4-1 Locations of CY-MPC Support Disk Maximum Py, + Py, Stresses, 1-Foot
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26.1 Heat

The NAC-STC body and closure lids are analyzed for structural adequacy in accordance with the
requirements of 10 CFR 71.71(c)(1) Heat (normal condition of transport). The cask is loaded,
ready for shipment and supported in the horizontal position with an ambient temperature
environment of 100°F, an assumed internal pressure of 50 psig, maximum decay heat load,

maximum solar insolation, and still air.

2.6.1.1 Heat Condition for the NAC-STC Cask in the Directly Loaded Fuel and Yankee-
MPC Configurations

The stress analysis of the cask is performed using both the two-dimensional and the three-
dimensional finite element models and the ANSYS computer program. For the two-dimensional
analysis, the cask is modeled as an axisymmetric structure using ANSYS STIF42 isoparametric
elements. The individual loading conditions of thermal heat, internal pressure, and bolt preload
are analyzed using a two-dimensional axisymmetric model, because both the cask structure and
the loads are axisymmetric. By contrast, the individual gravity loading condition, and the
combined loading conditions must be analyzed using the three-dimensional finite element model,
since the gravity loading condition is not axisymmetric. The ANSYS computer program is
described in Section 2.10.1.1. The finite element model descriptions are provided in Section
2.10.2.1. The temperature-dependent material properties considered in the analysis are
documented in Section 2.3.

For the heat condition, the cask is structurally loaded due to closure lid bolt preload, internal
pressure, thermal heat, and gravity. The following four categories of load are considered on the

cask:

1. Closure lid bolt preload — For the NAC-STC directly loaded and the Yankee-MPC
configurations, the required total bolt preloads on the inner lid bolts and the outer lid
bolts are 4.51 x 10° pounds and 6.02 x 10° pounds, respectively. Bolt preload is applied
to the model by imposing initial strains to the bolt shafts, as explained in Section
2.10.2.2.3. The bolts are modeled as beam (ANSYS STIF3) elements.
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o

Internal pressure - The cask internal pressure is temperature dependent and is evaluated in
Section 3.4.4. For analysis purposes, a conservatively assumed internal pressure of 50
psig is applied on the interior surfaces of the cask cavity in the outward normal direction.
The 50 psig is conservative, based on the calculated maximum normal operating cavity
pressure (MNOP) of 1.8 atmospheres absolute (12 psig) for fuel loaded directly into the
cask cavity. The calculated MNOP in the cask cavity for canistered fuel is 1.77
atmospheres absolute (11.31 psig). The cavity pressure is even less for the canistered
GTCC waste because no fuel rod fill-gas is present. The pressure loading region includes

the lid and upper body forging mating surfaces outward to the inner lid seal centerline.

Thermal - The heat transfer analyses performed for maximum normal operating
conditions determine the cask temperature distribution for the heat condition. The heat
condition considers the cask to be subjected to an ambient temperature of 100°F, with
maximum decay heat load (for directly loaded fuel) and maximum solar insolation, in still
air. The maximum decay heat load for Yankee Class canistered fuel is 12.5 kW and is
2.9 kW for Yankee GTCC waste. The directly loaded fuel configuration is considered to
bound the temperatures associated with the Yankee-MPC configurations. For The cask
temperature distribution, obtained for this heat condition, is used as an input to the
ANSYS analysis to determine the stresses in the cask. The ANSYS analysis determines
the stresses resulting from the thermal expansion of the cask from its initial, 70°F,
condition to its normal transport temperature condition. These stresses include the effects
of the differential thermal growth within the components, which result from the
temperature difference across the walls of the cask. The cask temperature distribution is
also used in the ANSYS structural analysis to determine the values of the temperature-

dependent material properties.

Gravity - The mechanical loads consist of gravity acting on the cask structure and its
contents. The cask is assumed to be loaded and resting in the horizontal position on the
front and rear cask supports. Mechanical loads resulting from a 1 g application of the
total weight (250,000 1bs for the NAC-STC directly loaded and Yankee-MPC
configurations) of the cask structure and contents are imposed on the model. The design

weight of the empty cask (194,000 Ibs) is imposed on the mass of the cask model.

The weight of the cavity contents (56,000 lbs) for directly loaded fuel is imposed on the
model as a contents pressure on the contact surface of the cask cavity (Section 2.10.2.2.1
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2.6.2 Cold

The NAC-STC body and closure lids are analyzed for structural adequacy in accordance with the
requirements of 10 CFR 71.71(c)(2) Cold (normal condition of transport). The cask is loaded
and ready for shipment in the horizontal position, with an ambient temperature environment of
-40°F, an assumed internal pressure of 12 psig, no decay heat load, no solar insolation, and in

still air and shade.

2.6.2.1 Cold Condition for the NAC-STC Cask in the Directly Loaded Fuel and
Yankee-MPC Configurations

The stress analysis of the cask is performed using both the two-dimensional and the three-
dimensional finite element models and the ANSYS computer program. For the NAC-STC
directly loaded configuration two-dimensional analysis, the cask is modeled as an axisymmetric
structure using ANSYS STIF42 isoparametric elements. The individual loading conditions of
thermal cold, internal pressure, and bolt preload are analyzed using a two-dimensional
axisymmetric model because both the cask structure and the load are axisymmetric. By contrast,
the individual gravity loading condition and the combined loading conditions must be analyzed
using three-dimensional finite element models, since the gravity loading condition is not
axisymmetric. The ANSYS computer program is described in Section 2.10.1.1. The finite
element model descriptions are provided in Section 2.10.2.1. The temperature-dependent
material properties considered in the analysis are documented in Section 2.3.

For the cold condition, the cask is structurally loaded due to closure lid bolt preload, internal
pressure, thermal cold, and gravity. The following four categories of load are considered on the

cask:

1. Closure lid bolt preload — For the NAC-STC directly loaded and the Yankee-MPC
configurations, the required total bolt preloads on the inner lid bolts and the outer lid
bolts are 4.51 x 10° pounds and 6.02 x 10° pounds, respectively. Bolt preload is applied
to the model by imposing initial strains to the bolt shafts, as explained in Section
2.10.2.2.3. The bolts are modeled as beam (ANSYS STIF3) elements.

2. Internal pressure - The cask internal pressure is temperature dependent and its maximum
value is evaluated in Section 3.4.4. For analysis purposes for the cold condition, an
internal pressure of 12 psig is applied on the interior surfaces of the cask cavity in the
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outward normal direction. The calculated cavity pressure is -0.8 psia at -40°F for directly
loaded fuel. Since the cask cavity is backfilled with helium to 1 atmosphere absolute (0
psig) at an ambient temperature, the cavity pressure at -40°F will be less than 12 psig for
both the canistered fuel and the canistered GTCC waste configurations. The pressure
loading region includes the lid and upper body forging mating surfaces outward to the

inner lid seal centerline.

3. Thermal - The cold condition considers the cask to be subjected to an ambient
temperature of -40°F, with no decay heat load and no solar insolation, in still air and
shade. This cask temperature distribution calculated for the cold condition is used as an
input to the ANSYS analysis to determine the stresses. The ANSYS analysis determines
the stresses resulting from the thermal expansion or contraction of the cask from its initial
70°F condition to its normal transport temperature condition. These stresses include the
effects of the differential thermal growth within the components, which result from the
temperature difference across the walls of the cask. The cask temperature distribution is
also used in the ANSYS structural analysis to determine the values of the temperature

dependent material properties such as modulus of elasticity, density, and Poisson’s ratio.

4. Gravity - The mechanical loads consist of gravity acting on the cask structure and its
contents. The cask is assumed to be loaded and resting in the horizontal position on the
front and rear cask supports. Mechanical loads resulting from a 1g application of the total
weight (250,000 Ibs for the directly loaded and Yankee-MPC configurations) of the cask
structure and contents are imposed on the model. The weight of the empty cask (194,000
Ibs) is imposed on the model as a deceleration on the mass of the cask model. The weight
of the cavity contents (56,000 Ibs) for directly loaded fuel is imposed on the model as a
contents pressure on the contact surface of the cask cavity (see Section 2.10.2.2.1 for the
contents pressure calculation). The weight of the cavity contents for the Yankee-MPC
canistered fuel configuration is 55,590 pounds, including the top and bottom cask cavity
spacers. For the canistered GTCC waste configuration, the weight of the cavity contents

1s 54,271 pounds. These weights include the cask cavity spacers.
Fabrication stresses are considered to be negligible as demonstrated in Section 2.6.11.

For the two-dimensional analyses, axisymmetric boundary conditions are applied to the two-

dimensional finite element model because axisymmetry exists in the cask geometry and in the
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2.6.7.1 One-Foot End Drop

The NAC-STC is structurally evaluated for the normal condition of transport 1-foot end drop in
accordance with the requirements of 10 CFR 71.71. In this event, the NAC-STC (equipped with
an impact limiter over each end) falls through a distance of one foot onto a flat, unyielding,
horizontal surface. The cask strikes the surface in a vertical position; consequently, an end
impact on the bottom end or top end of the cask occurs. The types of loading involved in an end
drop event are closure lid bolt preload, internal pressure, thermal, impact load, and inertial body
load. There are six credible end impact conditions to be considered, according to Regulatory
Guide 7.8:

L. Top end drop with 100°F ambient temperature, maximum decay heat load, and maximum

solar insolation.

2. Top end drop with -20°F ambient temperature, maximum decay heat load, and no solar
insolation.

3. Top end drop with -20°F ambient temperature, no decay heat load, and no solar
insolation.

4. Bottom end drop with 100°F ambient temperature, maximum decay heat load, and

maximum solar insolation.

5. Bottom end drop with -20°F ambient temperature, maximum decay heat load, and no

solar insolation.

6. Bottom end drop with -20°F ambient temperature, no decay heat load, and no solar

insolation.

During an impact event, the cask body will experience a vertical deceleration. Considering the
cask as a free body, the impact limiter will apply the load to the cask end to produce the
deceleration. Since the deceleration represents an amplification factor for the inertial loading of
the cask, the equivalent static method is adopted to perform the impact evaluations. The analyses
consider the behavior of the cask to be linearly elastic. Additionally, the fabrication stresses are

considered to be negligible (Section 2.6.11).
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26.7.1.1 One-Foot End Drop Evaluation of the NAC-STC Cask in the Directly LLoaded and
Yankee-MPC Canistered Fuel Configurations

The NAC-STC cask is modeled as an axisymmetric structure using ANSYS STIF42
isoparametric elements. A detailed description of the two-dimensional finite element model of
the NAC-STC is provided in Section 2.10.2.1.1.

Five categories of load—closure lid bolt preload, internal pressure, thermal, impact, and inertial

body loads—are considered on the cask:

1. Closure lid bolt preload - The required total bolt preloads on the inner lid bolts and the
outer lid bolts are 4.51 x 10° pounds and 6.02 x 10° pounds, respectively, as calculated in
Section 2.6.7.5. Bolt preload is applied to the model by imposing initial strains to the
bolt shafts, as explained in Section 2.6.7.5. The bolts are modeled as beam (ANSYS
STIF3) elements.

2

Internal pressure - The cask internal pressure is temperature dependent and is evaluated in
Section 3.4.4. Pressures of 50 psig and 12 psig are applied on the interior surfaces of the
cask cavity for the hot ambient and cold ambient cases, respectively. These pressures
envelope the calculated pressures for cask configurations—directly loaded fuel (12 psig),
canistered fuel (11.3 psig), and canistered GTCC waste (< 11.3 psig).

3. Thermal - The thermal conditions described in Sections 3.4.2 and 3.4.3 determine the
cask temperature distributions for the following three combinations of ambient

temperature, heat load, and solar insolation for directly loaded fuel:
Condition 1. 100°F ambient temperature, with maximum decay heat load, and
maximum solar insolation.

Condition 2. -20°F ambient temperature, with maximum decay heat load, and no

insolation.

Condition 3. -40°F ambient temperature, with no decay heat load, and no insolation.

The cask temperature distributions calculated for each of the three temperature conditions

discussed above are used as inputs to the ANSYS analyses for the directly loaded fuel
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2.6.7.2 One-Foot Side Drop

The NAC-STC is structurally evaluated for the normal conditions of transport 1-foot side drop in
accordance with the requirements of 10 CFR 71.71. In this event, the NAC-STC (equipped with
an impact limiter over each end) falls through a distance of 1 foot onto a flat, unyielding,
horizontal surface. The cask strikes the surface in a horizontal position; consequently, a side
impact on the cask occurs. The types of loading involved in a side drop accident are closure lid
bolt preload, internal pressure, thermal, impact load, and inertial body load. There are three

credible side impact conditions to be considered, according to Regulatory Guide 7.8:

1. Side drop with 100°F ambient temperature, maximum decay heat load, and maximum

solar insolation.

2. Side drop with -20°F ambient temperature, maximum decay heat load, and no solar
insolation.
3. Side drop with -20°F ambient temperature, no decay heat load, and no solar insolation.

During a side drop impact event, the cask body experiences a lateral deceleration. Considering
the cask as a free body, the impact limiters apply the load to the side of the cask (in the impact
limiter contact area) to produce the deceleration. Since the deceleration represents an
amplification factor for the inertial loading of the cask, the equivalent static method is adopted to
perform the impact evaluations. The analyses consider the behavior of the cask to be linearly
elastic. Additionally, fabrication stresses are considered to be negligible (Section 2.6.11).

2.6.7.2.1 One-Foot Side Drop Evaluation of the NAC-STC Cask in the Directly Loaded and
Yankee-MPC Canistered Fuel Configurations

The finite element analysis method is utilized to perform the side drop stress evaluations for the
NAC-STC. The 1-foot side drop condition is analyzed using a three-dimensional structural
model to accurately represent the non-axisymmetric loads involved in the side drop case. One-
half of the cask is modeled as a three-dimensional structure with one plane of symmetry. The
ANSYS STIF45 three-dimensional solid element is the primary element type used in the model.

In order to reduce the overall problem of size to satisfy the limitations of the ANSYS program
and the computer hardware, two three-dimensional models have been constructed for the directly
loaded fuel configuration—the top fine mesh model and the bottom fine mesh model. A single
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three-dimensional finite element model is constructed and used for the Yankee-MPC canistered
fuel configuration of the NAC-STC. A detailed description of the three-dimensional finite
element models of the NAC-STC is presented in Section 2.10.2.1.2 for each of the fuel
configurations. The top fine mesh model contains a fine mesh region at the upper half of the cask
with a relatively coarse mesh at the bottom end; the bottom fine mesh model contains a fine
mesh region at the bottom end of the cask with relatively coarse mesh at the top end.
Nevertheless, both models are complete representations of the cask, since the entire cask is
modeled. Both models are used in the side drop analyses to obtain the detailed stresses at each
end of the cask. The stress results from the fine mesh portion of each model are then combined to
provide a final stress summary for the NAC-STC for the 1-foot side drop condition for the
directly loaded fuel configuration. For the canistered fuel configuration, the stress results are
obtained from the single finite element model of the NAC-STC for the Yankee-MPC

configuration.

Five categories of load—closure lid bolt preload, internal pressure, thermal, impact, and body

inertia—are considered on the cask:

1. Closure lid bolt preload - The required total bolt preloads on the inner lid and outer lid are
4.51 x 10° pounds and 6.02 x 10° pounds, respectively. Bolt preload is applied to the
model by imposing initial strains to the bolt shafts, as explained in Section 2.10.2.2.3.
The bolts are modeled as beam (ANSYS STIF4) elements.

o

Internal pressure - The cask internal pressure is temperature dependent and is evaluated in
Section 3.4.4. Pressures of 50 psig and 12 psig are applied on the interior surfaces of the
cask cavity for the hot ambient and cold ambient cases, respectively. These pressures
envelope the calculated pressures for all cask configurations—directly loaded fuel (12
psig), canistered fuel (11.3 psig), and canistered GTCC waste (< 11.3 psig).

3. Thermal - The heat transfer analyses performed in Sections 3.4.2 and 3.4.3 determine the
cask temperature distributions for the following three combinations of ambient

temperature, heat load, and solar insolation for directly loaded fuel:

Condition 1. 100°F ambient temperature, with maximum decay heat load and maximum

solar insolation.

Condition 2. -20°F ambient temperature, with maximum decay heat load, and no solar

insolation.
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model is a complete representation of the cask. There is a fine mesh region at the impacting end
of the cask with a relatively coarse mesh at the opposite end of the cask. The maximum stresses
occur at the impacting end of the cask; therefore, the fine element mesh density is used in this
region to provide accurate results. The stresses calculated using the coarse element mesh at the
non-impacting end of the model are an accurate representation of the stresses present there;
however, the maximum stresses occur in that end of the cask for the load condition, in which it is
the impacting end of the cask. The detailed descriptions of the three-dimensional finite element
models of the NAC-STC are described in Section 2.10.2.1.2.

During a corner impact event, the impact limiter will apply the load to the cask impacting corner
to produce the deceleration. Since the deceleration represents an amplification factor for the
inertial loading of the cask, the equivalent static method is adopted to perform the impact
evaluations. Additionally, the fabrication stresses are considered to be negligible (Section
2.6.11).

Five categories of load—closure lid bolt preload, internal pressure, thermal, impact, and body
inertia—are considered on the cask:

1. Closure lid bolt preload - The required total bolt preloads on the inner lid bolts and the
outer lid bolts are 4.51 x 10° pounds and 6.02 x 10° pounds, respectively. Bolt preload is
applied to the model by imposing initial strains to the bolt shafts, as explained in Section
2.10.2.2.3. The bolts are modeled as beam (ANSYS STIF4) elements.

2. Internal pressure - The cask internal pressure is temperature dependent and is evaluated in
Section 3.4.4. Pressures of 50 psig and 12 psig are applied on the interior surfaces of the
cask cavity for the hot ambient and cold ambient cases, respectively. These pressures
envelope the calculated pressures for all cask configurations—directly loaded fuel (12
psig), canistered fuel (11.3 psig), and canistered GTCC waste (< 11.3 psig).

3. Thermal - The heat transfer analyses performed in Sections 3.4.2 and 3.4.3 determine the
cask temperature distributions for the following three combinations of ambient

temperature, heat load, and solar insolation for directly loaded fuel:

Condition 1: 100°F ambient temperature, with maximum decay heat load, and
maximum solar insolation.
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Condition 2: -20°F ambient temperature, with maximum decay heat load and no solar

insolation.

Condition 3: -20°F ambient temperature, with no decay heat load, and no solar

insolation.

The cask temperature distributions calculated for each of these three thermal conditions
are used as inputs to the ANSYS structural analyses for the directly loaded fuel
configuration. The ANSYS analysis determines the stresses induced by the thermal
expansion of the cask from its initial 70°F condition. The cask temperature distributions
are also used in the ANSYS structural analyses to determine the values of the
temperature-dependent material properties, such as modulus of elasticity, density, and

Poisson’s ratio.

4. Impact loads - The impact loads are produced by the impact limiter acting on the cask end
during a corner drop condition. The impact loads are determined from the energy
absorbing characteristics of the impact limiters, as described in Section 2.6.7.4. The
impact load is expressed in terms of the design cask weight (loaded or empty), multiplied
by an appropriate deceleration factor (g). A design deceleration factor of 20 g is used for
both top and bottom corner drops. This compares to the actual deceleration factor of 5.3
g, as documented in Section 2.6.7.4, Table 2.6.7.4.1-3.

The impact loads for the corner drop analyses have lateral and longitudinal components,
which are calculated from the total impact load. The lateral load component is applied
along the circumferential direction using a cosine-shaped distribution similar to that used
in the side drop analysis (over a 0° to 79.4° arc on each side of the impact centerline). The
longitudinal load component is applied using an uniform distribution on the end surface
of the impacting end of the cask, over the same 0- to 79.4-degree arc on each side of the

impact centerline.

Section 2.10.2.2.2 documents the calculation of the impact pressures for the NAC-STC
design weight of 250,000 pounds and an impact limiter contact length of 24.06 inches
(12.03 inches at each end). For the corner drop, the impact energy is absorbed by only

one impact limiter; hence, the corner drop lateral impact pressures may be calculated by
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2.7.1.1 Thirty-Foot End Drop

The NAC-STC is structurally evaluated for the hypothetical accident 30-foot end drop condition
in accordance with the requirements of 10 CFR 71.73(c)(1). In this evaluation, the directly
Joaded NAC-STC (equipped with an impact limiter over each end) falls through a distance of 30
feet onto a flat, unyielding, horizontal surface. The cask strikes the surface in a vertical position;
consequently, an end impact on the bottom end or top end of the cask occurs. The types of
loading involved in an end drop accident are closure lid bolt preload, internal pressure, thermal,
impact load, and inertial body load. There are six credible end impact conditions to be

considered, according to Regulatory Guide 7.8:

1. Top end drop with 100°F ambient temperature, maximum decay heat load, and maximum
solar insolation.

2. Top end drop with -20°F ambient temperature, maximum decay heat load, and no solar
insolation.

3. Top end drop with -20°F ambient temperature, no decay heat load, and no solar
insolation.

4. Bottom end drop with 100°F ambient témperature, maximum decay heat load, and

maximum solar insolation.

5. Bottom end drop with -20°F ambient temperature, maximum decay heat load, and no
solar insolation.

6. Bottom end drop with -20°F ambient temperature, no decay heat load, and no solar
insolation.

2.7.1.1.1 Thirty-Foot End Drop—NAC STC Directly ILoaded and Yankee-MPC
Configurations

The finite element analysis method is utilized to perform the end drop stress evaluations for the
NAC-STC. The end drop accident condition can be analyzed using a two-dimensional
axisymmetric model, because of the symmetry of both the cask structure and the loads involved
in the end drop case. The cask is modeled as an axisymmetric structure using ANSYS STIF42
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isoparametric elements. A detailed description of the two-dimensional finite element model of
the NAC-STC is provided in Section 2.10.2.1.1.

During an impact event, the cask body will experience a vertical deceleration. Considering the
cask as a free body, the impact limiter will apply the load to the cask end to produce the
deceleration. Since the deceleration represents an amplification factor for the inertial loading of
the cask, the equivalent static method is adopted to perform the impact evaluations. The analyses
consider the behavior of the cask to be linearly elastic. Additionally, the fabrication stresses are

considered to be negligible (Section 2.6.11).

Five categories of load--closure lid bolt preload, internal pressure, thermal, impact, and inertial

body loads--are considered on the cask:

L. Closure lid bolt preload - The required total bolt preload on the inner lid bolts is
4.51 x 10° pounds. For the outer lid bolts, the total bolt preload is 6.02 x 10° pounds.
Individual bolt preload is applied to the model by imposing initial strains to the bolt
shafts, as explained in Section 2.10.2.2.3. The bolts are modeled as beam (ANSYS
STIF3) elements.

o

Internal pressure - The cask internal pressure is temperature dependent and is evaluated in
Section 3.4.4. Pressures of 50 psig and 12 psig are applied on the interior surfaces of the
cask cavity for the hot ambient and cold ambient cases, respectively. These pressures
envelope the calculated pressures for cask configurations - directly loaded fuel (12 psig),
Yankee-MPC canistered fuel (11.3 psig), and Yankee-MPC canistered GTCC waste
(<11.3 psig).

3. Thermal - The heat transfer analyses performed in Sections 3.4.2 and 3.4.3 determine the
cask temperature distributions for the following three combinations of ambient

temperature, heat load, and solar insolation for directly loaded fuel.

Condition 1. 100°F ambient temperature, with maximum decay heat load, and

maximum solar insolation.
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2.7.1.2 Thirty-Foot Side Drop

The NAC-STC is structurally evaluated for the hypothetical accident 30-foot side drop condition
in accordance with the requirements of 10 CFR 71.73(c)(1). In this event the NAC-STC,
equipped with an impact limiter over each end, falls through a distance of 30 feet onto a flat,
unyielding, horizontal surface. The cask strikes the surface in a horizontal position; consequently,
a side impact on the cask occurs. The types of loading involved in a side drop accident are
closure lid bolt preload, internal pressure, thermal, impact load, and inertial body load. There are

three credible side impact conditions to be considered, according to Regulatory Guide 7.8:

1. Side drop with 100°F ambient temperature, maximum decay heat load, and maximum
solar insolation.

2. Side drop with -20°F ambient temperature, maximum decay heat load, and no solar
insolation.

3. Side drop with -20°F ambient temperature, no decay heat load, and no solar insolation.

The finite element analysis method is utilized to perform the side drop stress evaluations for the
NAC-STC. The side drop accident condition is analyzed using a three-dimensional structural
model to accurately represent the non-axisymmetric loads involved in the side drop case. One-
half of the cask is modeled as a three-dimensional structure with one plane of symmetry. The
ANSYS STIF45 3-D solid element is the primary element type used in the model. In order to
reduce the overall problem size, two three-dimensional models have been constructed for the
directly loaded fuel configuration--the top fine mesh model and the bottom fine mesh model. A
detailed description of the three-dimensional finite element models of the NAC-STC is presented
in Section 2.10.2.1.2. The top model contains a fine mesh region at the upper half of the cask
with a relatively coarse mesh at the bottom end; the bottom model contains a fine mesh region at

the bottom end with relatively coarse mesh at the top end.

Both models are used in the side drop analyses to obtain the detailed stresses throughout the cask
for the directly loaded fuel configuration. The stress results from the fine mesh portion of each
model are then used to form the final stress summary. For the Yankee-MPC and CY-MPC
canistered fuel configurations, the stress results are obtained from the single finite element model

of that configuration.

2.7.1.2-1
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2.7.1.2.1 Thirty-Foot Side Drop—NAC STC and Yankee-MPC Configurations

During a side impact event, the cask body experiences a lateral deceleration. Considering the
cask as a free body, the impact limiters apply the load to the side of the cask (in the impact
limiter contact area) to produce the deceleration. Since the deceleration represents an
amplification factor for the inertial loading of the cask, the equivalent static method is adopted to
do the impact evaluations. The analyses consider the behavior of the cask to be linearly elastic.

Additionally, fabrication stresses are considered to be negligible (Section 2.6.11).

Five categories of load--closure lid bolt preload, internal pressure, thermal, impact, and body

inertia—are considered on the cask:

1. Closure lid bolt preload - The required total bolt preload on the inner lid bolts is 42
(bolts) times 107,765 pounds/bolt or 4.51 x 10° pounds (Section 2.6.7.5.4.1). For the
outer lid bolts, the total bolt preload is 36 (bolts) times 17,963 pounds/bolt or 6.44 x 10°
pounds (Section 2.6.7.5.4.2). Bolt preload is applied to the model by imposing initial
strains to the bolt shafts, as explained in Section 2.10.2.2.3.

o

Internal pressure - The cask internal pressure is temperature dependent and is evaluated in
Section 3.4.4. Pressures of 50 psig and 12 psig are applied on the interior surfaces of the
cask cavity for the hot ambient and cold ambient cases, respectively. These pressures
envelope the calculated pressures for all cask configurations—directly loaded fuel (12
psig), Yankee-MPC canistered fuel (11.3 psig), and Yankee-MPC canistered GTCC
waste (< 11.3 psig).

3. Thermal - The heat transfer analyses determine the cask temperature distributions for the
following three combinations of ambient temperature, heat load, and solar insolation for

directly loaded fuel:

Condition 1. 100°F ambient temperature, with maximum decay heat load, and

maximum solar insolation.

Condition 2. -20°F ambient temperature, with maximum decay heat load, and no
solar insolation.
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2.7.1.3 Thirty-Foot Corner Drop

The NAC-STC in the directly loaded fuel configuration is structurally evaluated for the
hypothetical accident 30-foot corner drop condition in accordance with the requirements of
10 CFR 71.73(c)(1). In this event the NAC-STC, equipped with an impact limiter over each end,
falls through a distance of 30 feet onto a flat, unyielding, horizontal surface. The cask strikes the
surface on its top or bottom corner. The cask center of gravity is directly above the initial impact
point for the corner drop condition. For the NAC-STC, an angle of 24 degrees from vertical is
calculated for the corner drop orientation. The types of loading involved in a corner drop accident
are closure lid bolt preload, internal pressure, thermal, impact load, and inertial body load. There

are six credible corner impact conditions to be considered, according to Regulatory Guide 7.8.

1. Top corner drop with 100°F ambient temperature, maximum decay heat load, and

maximum solar insolation.

2. Top corner drop with -20°F ambient temperature, maximum decay heat load, and no solar

insolation.

3. Top comer drop with -20°F ambient temperature, no decay heat load, and no solar
insolation.

4, Bottom comer drop with 100°F ambient temperature, maximum decay heat load, and

maximum solar insolation.

5. Bottom corner drop with -20°F ambient temperature, maximum decay heat load, and no

solar insolation.

6. Bottom corner drop with -20°F ambient temperature, no decay heat load, and no solar

insolation.

The finite element analysis method is utilized to perform the corner drop stress evaluations for
the NAC-STC. The corner drop accident conditions are analyzed using a three-dimensional
structural model to accurately represent the non-axisymmetric loads involved in the corner drop
case. One-half of the cask is modeled as a three-dimensional structure with one plane of
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symmetry. The ANSYS STIF45 3-D solid element type is used in the model. Two finite element
models are constructed; a top fine mesh model and a bottom fine mesh model. Each model is a
complete representation of the cask, with a fine mesh region at the impacting end and with a
relatively coarse mesh at the opposite end. The fine element mesh is modeled at the impacting
end of the cask to provide detailed results in that region. The stresses predicted by the coarse
element mesh at the non-impacting end of the model are not critical, so less detail is required.
The detailed descriptions of the three-dimensional finite element models of the NAC-STC are
described in Section 2.10.2.1.2.

Considering the cask as a free body, the impact limiter will apply the load to the cask impacting
corner to produce the deceleration. Since the deceleration represents an amplification factor for
the inertial loading of the cask, the equivalent static method is adopted to do the impact
evaluations. The analyses consider the behavior of the cask to be linear elastic. Additionally, the

fabrication stresses are considered to be negligible (Section 2.6.11).

Five categories of load—closure lid bolt preload, internal pressure, thermal, impact, and body

imertia--are considered on the cask:

L. Closure lid bolt preload - The required total bolt preloads on the inner lid bolts and the
outer lid bolts are 4.51 x 10° pounds and 6.02 x 10° pounds, respectively (Section
2.6.7.5). Bolt preload is applied to the model by imposing initial strains to the bolt shafts,
as explained in Section 2.10.2.2.3. The bolts are modeled as beam (ANSYS STIF4)

elements.

o

Internal pressure - The cask internal pressure is temperature dependent and is evaluated in
Section 3.4.4. Pressures of 50 psig and 12 psig are applied on the interior surfaces of the
cask cavity for the hot ambient and cold ambient cases, respectively. These pressures
envelope the calculated pressures for all cask configurations—directly loaded fuel (12
psig), Yankee-MPC canistered fuel (11.3 psig), and Yankee-MPC canistered GTCC
waste (< 11.3 psig).

3. Thermal - The heat transfer analyses performed in Sections 3.4.2 and 3.4.3 determine the

cask temperature distributions for the following three combinations of ambient
temperature, heat load, and solar insolation for directly loaded fuel:
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two elements adjacent to a given node. Tables 2.10.2-3 and 2.10.2-4 document the calculated
effective properties for all of the bolts in both lids, including the associated real constant

numbers. Following are example calculations for the inner and outer lid bolt properties:

Inner Lid Bolts (42,1 1/2 - 8 UN)

Tensile area of one bolt = 1.492 in

Total tensile area = (42)(1.492) = 62.66 in®

Bolt minor radius (R) = 1.3444/2 = 0.6722 in

Moment of inertia (I) of one bolt = nR*/4 = 0.1604 in*
Total moment of inertia = (42)(0.1604) = 6.7368 in*

Referring to Table 2.10.2-3, the inner lid bolt properties for circumferential plane location

4, real constant number 17, are:

Tensile area = (0.0522)(62.66)(0.5) = 1.6354 in*
I=(0.0522)(6.7368)(0.5) =0.1758 in
Diameter for stress recovery = [(1.492)(4)/ ‘n‘.)]o'5 =1.378in

Additionally, to determine the shear area of the bolt, a shear factor of 10/9 is applied to
the bolt tensile area, as recommended by the ANSYS User's Manual, Section 4.0.5. In the
ANSYS model, bolt head properties are taken to be 10 times the associated bolt shaft
properties.

Quter Lid Bolts (36, 1 - 8 UNC)

Tensile area of one bolt = 0.606 in’

Total tensile area = (36)(0.606) = 21.816 in?

Bolt minor radius (R) = 0.8446/2 = 0.4223 in
Moment of inertia (I) of one bolt = TR*/4 = 0.0250 in*
Total moment of inertia = (36)(0.0250) = 0.900 in*
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Referring to Table 2.10.2-4, the outer lid bolt properties for circumferential plane

location 8, real constant number 38, are:

Tensile area = (0.0639)(21.816)(0.5) = 0.697 in’
I =(0.0639)(0.900)(0.5) =0.02876 in
Diameter for stress recovery = [(0.606)(4)/ n)]o'5 =0.878in

Additionally, to determine the shear area of the bolt, a shear factor of 10/9 is applied to
the bolt tensile area, as recommended by the ANSYS User's Manual, Section 4.0.5. In the
ANSYS model, bolt head properties are taken to be 10 times the associated bolt shaft
properties.

The bolt preload is calculated as shown in Section 2.6.7.5. The preload on the inner lid bolts is

calculated to be 4.51 x 10° pounds for 42 bolts. The preload on the outer lid bolts is calculated to
be 6.02 x 10> pounds for 36 bolts.

the inner and outer lids.

2.10.2.1.3 Transport Cask Body Finite Element Model for the Canistered Fuel Configurations

The cask body model used for the Yankee-MPC and CY-MPC analyses is represented using
ANSYS SOLID45, BEAM4, CONTACTS2, and spring/damper COMBIN14 elements. Gap
elements are used to model contact interfaces between components. Friction effects are ignored
in the model. Lump mass elements (MASS21) are used to model components such as the impact
limiters and NS-4-FR gamma shield.

The loaded canister is represented by a surface pressure load as described in Section 2.10.2.2.1.
An acceleration of 20g’s is applied to the cask and canister for the 1-ft drop. The pressure load
for the canister lid and canister body loaded with fuel is applied to the cask body using a cosine-
shaped pressure distribution, where the total pressure applied to the cask body is equal to the total
impact load of the contents. The weight of the spacers is included in the weight of the canister
and contents. Gap elements are defined at both ends of the cask to simulate the pressure applied
by the impact limiters during drop conditions (based on a cosine distribution). The stiffness of

the gap elements is varied from a maximum value (1 x 10° Ib/in) at the line of impact to a lower
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For the corner and oblique drop analyses, the impact pressure loading is a combination of the end
drop impact pressure load and the side drop impact pressure load. The comer and oblique drop
impact pressure loadings are determined by breaking up the impact pressure load into
longitudinal and lateral components, based on the drop angle. The longitudinal component is
applied to the cask end, and the lateral component is applied to the cask inner shell as previously
described for the side drop case.

2.10.2.2.3 Bolt Initial Strain Determination

The standard technique for applying bolt preload to a finite element model is employed. The
bolts are modeled using beam elements, ANSYS STIF3 elements for the two-dimensional model
and ANSYS STIF4 elements for the three-dimensional top fine mesh model. Each bolt is
modeled by four beam elements, two that represent the bolt head and two that represent the bolt
shaft. The two bolt head elements are defined by three nodes that are an integral part of the non-
threaded plate. The bolt head elements are assigned a stiffness of 10 times the actual bolt
stiffness. The first bolt shaft element connects the center node of the bolt head with a node
located at the top of the threaded hole. This element represents the portion of the bolt that is not
engaged in the threaded hole. This portion of the bolt will be in tension due to the bolt preload.
The second bolt shaft element connects the node at the top of the threaded hole with a node at the
bottom of the threaded hole. This element represents the portion of the bolt that is engaged in the
threaded hole. The two bolt shaft elements are assigned material property values (area and
stiffness) equal to the actual bolt properties.

The effect of bolt preload is imposed on the model by applying an initial strain to the bolt shaft.
The initial strain is applied only to the beam element representing the portion of the bolt shaft not
engaged in threads. The initial strain values, which result in the required preload values, are
determined by first running ANSYS analyses of both the two-and three-dimensional models with
a “trial” initial strain, applied to the bolt shaft element, as the only loading condition. The
resulting beam element force (from the element representing the portion of the bolt shaft not
engaged in threads), is then used to ratio the trial initial strain to a value that will result in a beam
element force closer to the actual bolt preload. This procedure is performed iteratively until the
beam element force is effectively equal to the actual bolt preload.

The trial initial strain values are first determined by performing hand calculations of the value of
P/nAE for the inner and the outer lid bolts. For the inner lid bolts, the calculation considers a
required total bolt preload of 4.51 x 10° pounds, a quantity (n) of 42 bolts, a bolt cross-sectional
area (A) of 1.492 square inches per bolt, and a Young’s modulus (E) of 31.0 x 10° psi.
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For the outer lid bolts, the calculation considers a required total bolt preload (P) of 6.02 x 10°
pounds, a quantity (n) of 36 bolts, a bolt cross-sectional area (A) of 0.606 square inches per bolt,
and a Young's modulus (E) of 28.3 x 10° psi.

2.10.2.2.4 Contents Pressure Calculation—CY-MPC Configuration

For the end drop analyses, the contents weight is assumed to be uniformly distributed on the cask
end, over an area determined by the inside diameter of the cask. Therefore, the conservatively
assumed CY-MPC contents weight of 67,621 pounds (Fuel + Fuel Basket + Canister with lids +
Spacer = 35,100 + 14,055 + 16,666 + 1,800), and the cask cavity inside radius of 35.5 inches are

used to calculate a contact pressure of:

p = &21, = 17.08 psi
(m)(35.5)°
Note a spacer heavier than the weight reported in Table 2.2-4 is conservatively used in this

evaluation.

This pressure applies to a 1 g loading condition. Pressure values for the 1-foot and 30-foot end
drop analyses are determined by ratioing this pressure by the g-load values applicable to the
specific case, which are documented in Sections 2.6.7.1 and 2.7.1.1.

For the side drop condition, the cask contents are conservatively assumed to contact the inner
cask diameter on an arc of only 30 degrees during the 1-foot drop and 45 degrees during the 30-
foot drop on either side of the impact centerline. The inertial load produced by each component
(Lids + Canister body and fuel + Spacer) are represented as equivalent static pressures applied on
the interior surface of the cask. The pressures are uniformly distributed along the cavity length,
and are varied in the circumferential direction as a cosine distribution. The maximum pressure
occurs along the impact centerline and decreases to zero at 30 degrees (1-foot drop) or 45 degrees
(30-foot drop) either side of the impact centerline. The method used to determine the varying

pressures on the elements within the contact arc is presented in Section 2.10.2.2.1.
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