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1. PURPOSE

The objective of this calculation was to determine the structural response of a 12-Pressurized Water
Reactor (PWR) Long, a 24-Boiling Water Reactor (BWR) and a 5-Defense High Level
Waste/Department of Energy (DHLW/DOE) - Long spent nuclear fuel waste packages lifted in a
horizontal position (see Ref. 8, Section 1.2.1.18). The scope of this calculation was limited to
reporting the calculation results in terms of maximum stress intensities in the trunnion collar
sleeves. In addition, the maximum stress intensities in the inner and outer shells of the waste
packages were presented for illustrative purposes. The information provided by the sketches
(Attachments 1, II and III) is that of the potential design of the types of waste packages considered
in this calculation, and all obtained results are valid for these designs only. This calculation is
associated with the waste package design and was performed by the Waste Package Design Section
in accordance with the Technical work plan for: Waste Package Design Description for LA
(Ref. 7). AP-3.12Q, Calculations (Ref. 13), was used to perform the calculation and develop the
document.

2. METHOD

The finite element calculations were performed using the commercially available ANSYS version
(V) 5.4 (Ref. 6) finite element code. The results of these calculations are provided in terms of stress
intensities.

With regard to the development of this calculation, the control of the electronic management of data
was accomplished in accordance with the Technical work plan for: Waste Package Design
Description for LA (Ref. 7) and evaluated in accordance with AP-SV.1Q, Control of the Electronic
Management of Information (Ref. 14). The evaluation (Addendum B of Ref. 7) determined that
current work processes and procedures are adequate for the control of electronic management of data
for this activity.

3. ASSUMPTIONS

In the course of developing this document, the following assumptions were made regarding the
structural calculations for the waste packages.

3.1 Some of the temperature-dependent material properties were not available for SB-575
N06022 (Alloy 22) and SA-240 S31600 (316 nuclear grade [NG] stainless steel
[SS]). Therefore, room-temperature (RT) (20°C) density and RT Poisson’s ratio were
assumed for both materials used. The impact of using RT density and RT Poisson’s ratio
was anticipated to be small. The rationale for this assumption was that the mechanical
properties of these materials do not change significantly at the temperatures experienced
during handling and lifting operations. This assumption was used in Section 5.1.

3.2  ThePoisson’sratio of Alloy 22 was not available in literature. Therefore, the Poisson’s ratio
of Alloy 625 (SB-443 N06625) was assumed for Alloy 22. The impact of this assumption
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was anticipated to be negligible. The rationale for this assumption was that the chemical
compositions of Alloy 22 and Alloy 625 are similar (see Ref. 2 and Ref, 1,
respectively). This assumption was used in Section 5.1.

3.3 The masses of the BWR and PWR fuel assemblies were increased by 25 1bs. The rationale
for this assumption was to take into account potential variations in fuel assembly weight
while providing a set of bounding results. This assumption was used in Section 5.2 and 5.3.
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4. USE OF COMPUTER SOFTWARE AND MODELS

41 SOFTWARE

The finite element analysis (FEA) computer code used for this calculation is ANSYS V5.4 (see
Ref. 6), which was obtained from Software Configuration Management in accordance with
appropriate procedures, and is identified by the Computer Software Configuration Item number
30040 V5.4. ANSYS V5.4 is a commercially available FEA code and is appropriate for structural
calculations of waste packages as performed in this calculation. The calculations using the ANSYS
V5.4 software were executed on the Hewlett-Packard (HP) 9000 series workstation identified with
YMP (Yucca Mountain Project) tag number 117161. The software qualification of ANSYS V5.4
was summarized in reference 6. The ANSYS evaluation performed for this calculation is fully
within the range of the validation performed for the ANSYS V5.4 code. Access to the code was
granted by the Software Configuration Secretariat in accordance with the appropriate procedures.

The input files (identified by .inp file extensions) and output files (identified by .out file extensions)
for ANSYS V5.4 are provided in Attachments V, VI and VII.

4.2 SOFTWARE ROUTINES
None used.
4.3 MODELS

None used.
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5. CALCULATION
MATERIAL PROPERTIES

Material properties used in this calculation are listed in this section. Some of the temperature-
dependent material properties were not available for Alloy 22 and 316NG SS. Therefore, RT density
and RT Poisson’s ratio were used for Alloy 22 and 316NG SS (see Assumption 3.1).

SB-575 N06022 (Alloy 22) (outer shell, outer shell lids, extended outer shell lid, upper and lower
trunnion collar sleeves, and inner shell support ring):

Density = 8690 kg/m’ (0.314 Ib/in’) (at RT) (Ref. 2, SB-575 Section 7.1)

Yield strength = 310 MPa (45 ksi) (at RT) (Ref. 2, Table Y-1)
Yield strength =236 MPa (34.3 ksi) (at 400°F = 204°C) (Ref. 2, Table Y-1)
Yield strength =211 MPa (30.6 ksi) (at 600°F = 316°C) (Ref. 2, Table Y-1)

Poisson's ratio = 0.278 (at RT) (Ref. 1, p. 143; see Assumption 3.2)
Modulus of elasticity = 206 GPa (at RT) (Ref. 12, p. 14)

Modulus of elasticity = 196 GPa (at 400°F = 204°C) (Ref. 12, p. 14)
Modulus of elasticity = 190 GPa (at 600°F = 316°C) (Ref. 12, p. 14)

SA-240S31600 (316NG SS, which is 316 SS with tightened control on carbon and nitrogen content
and has the same material properties as 316 SS [see Ref. 2, page 931 and Ref. 2, Section II, SA-240
Table 1]) (Inner shell and inner shell lids):

Density = 7980 kg/m’ (at RT) (Ref. 4, Table X1, p. 7)

Yield strength =207 MPa (30 ksi) (at RT) (Ref. 2, Table Y-1)
Yield strength = 148 MPa (21.4 ksi) (at 400°F = 204°C) (Ref. 2, Table Y-1)
Yield strength = 130 MPa (18.9 ksi) (at 600°F = 316°C) (Ref. 2, Table Y-1)

Poisson's ratio = 0.298 (at RT) (Ref. 1, Figure 15, p. 755)

Modulus of elasticity = 195 GPa (28.3 - 108 psi) (at RT) (Ref. 2, Table TM-1)
Modulus of elasticity = 183 GPa (26.5 - 10° psi) (at 400°F = 204°C) (Ref. 2, Table TM-1)
Modulus of elasticity = 174 GPa (25.3-10° psi) (at 600°F = 316°C) (Ref. 2, Table TM-1)
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5.2 MASS OF PWR FUEL ASSEMBLIES

This calculation was performed by using the following mass of the PWR fuel assemblies (Ref. 8,
Table 2, p. 10 and Assumption 3.3):

Total mass = 1920 + 25 = 1945 Ibs (882.2 kg)
5.3 MASS OF BWR FUEL ASSEMBLIES

This calculation was performed by using the following mass of the BWR fuel assemblies (Ref. 8,
Table 1, p. 10 and Assumption 3.3):

Total mass = 699 + 25 = 724 Ibs (328.4 kg)
5.4  FINITE ELEMENT REPRESENTATIONS

A three-dimensional FER of each waste package was developed in ANSYS V5.4 using the
dimensions provided in Attachments I, II and III.

The internal structure of the waste packages was simplified as follow: The fuel plates and tubes, the
basket sideguides and stiffeners and the fuel assemblies were not taken into account in the FER
representation of the 12-PWR long and 24-BWR waste packages. The FER representation of the
5 DHLW/DOE - long does not include the divider plates, brackets, support tubes, HLW glass
assemblies and canister. Nevertheless, the mass of those elements were taken into account in the
mass of the inner shell of the corresponding waste package. The lid lifting features were not
represented in the FER either. Their mass was taken into account in the mass of the lid they are
attached to. Furthermore, the densities of all components of the waste packages were adjusted so
that the masses of the waste packages match the masses given in Attachment I, II and III.

Besides, the inner and outer shells were represented with solid connections at their adjacent surfaces,
although reference 9 specifies loose fit between those two components. However, since the
structural performance of the trunnion collar sleeves was the main objective of this calculation and
total force acting on the trunnion collar sleeves remained unchanged, this had no impact on the
results for the trunnion collar sleeves.

Due to the geometry and loadings of these calculations, half-symmetry models were used.

The benefit of using this approach was to reduce the computer execution time while preserving all
features of the problem relevant to the structural calculation.

The mesh of each FER was appropriately generated and refined in the contact region according to
standard engineering practice. Thus, the accuracy and representativeness of the results of this
calculation were deemed acceptable. The meshes of the S DHLW/DOE - long, 12-PWR long and
24-BWR waste packages are presented in Figures 1, 5 and 7 of Attachment IV, respectively.

Each FER was then used in ANSYS V5.4 to perform the static analysis for the 5 DHLW/DOE - long,
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12-PWR long and 24-BWR waste packages horizontal lifting (See Ref. 8) at RT, 204 °C, and

316 °C.
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6. RESULTS

The maximum stresses were found by examining the results of the calculations for each part of the
waste packages. Table 1 lists the maximum stress intensities in the outer and inner shells, as well
as in the trunnion collar sleeves of the 5 DHLW/DOE - long waste package at three different
temperatures: RT, 204 °C, and 316 °C. Figures 2, 3 and 4 of Attachment IV show the stress

intensities in the 5 DHLW/DOE - long waste package at those temperatures.

Table 1. Maximum Stress Intensities for the 5 DHLW/DOE - Long Waste Package at Three Different

Temperatures
Temperature 5§ DHLW/DOE - Long

Inner Shell and Lids Outer Shell and Lids Trunnion Collar Sleeves

RT 3.4 MPa 5.1 MPa 5.1 MPa
(see Att. V, postSDRT.out, (see Att. V, postSDRT.out, (see Att. V, postSDRT.out,

line 483) line 395) line 294 )

204 °C 3.4 MPa 5.1 MPa 5.0 MPa
(see Att. V, post5D400.out, (see Att. V, post5D400.out, (see Att. V, post5D400.out,

line 483) line 395) line 294)

316 °C 3.4 MPa 5.2 MPa 5.0 MPa
(see Att. V, post5D600.out, (see Att. V, post5D600.out, (see Att. V, post5D600.out,

line 483) line 395) line 294)

The above table shows that for each temperature condition, the maximum stress intensities in the
outer and inner shells, as well as in the trunnion collar sleeves, of the 5 DHLW/DOE - long were far
lower than the yield strength of the corresponding materials (see Sections 5.1). Furthermore, it
shows that the increase of temperature has a negligible influence on the results. Therefore, for the
two other waste package designs -12-PWR long and 24-BWR-, the behavior of the waste package
was studied only at 316°C.

Remark: As noted in Section 5.4, the inner and outer shells were represented with solid connections
at their adjacent surfaces, although reference 9 specifies loose fit between those two
components. Although this approach had no impact on the results in the trunnion collar sleeves, this
could affect the results in the inner and outer shells of the waste packages. Nevertheless, considering
that the level of the maximum stress intensities in these components were low, and that these
components were of secondary importance in this study, the representation of the connection
between inner and outer shell in the FER was deemed acceptable for the purpose of this calculation.

The maximum stress intensities in the outer and inner shells, as well as in the trunnion collar sleeves,
of the 12-PWR long waste package at 316°C are presented in Table 2. Figure 6 of Attachment IV
shows the stress intensities in the 12-PWR long waste package at this temperature.
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Table 2. Maximum Stress Intensities for the 12-PWR Long Waste Package at 316°C

Temperature 12-PWR Long
Inner Shell and Lids Outer Shell and Lids Trunnion Collar Sleeves
316 °C 4.0 MPa 6.1 MPa 5.7 MPa
(see Att. VI, post12PWR.out, (see Att. VI, (see Att. VI,
line 483) post12PWR.out, line 395 ) post12PWR.out, line 294)

The maximum stress intensities in the outer and inner shells, as well as in the trunnion collar sleeves
of the 24-BWR waste package at 316°C are presented in Table 3. Figure 8 of AttachmentIV shows
the stress intensities in the 24-BWR waste package at this temperature.

Table 3. Maximum Stress Intensities for the 24-BWR Waste Package at 316°C

Temperature 24-BWR __ -
Inner Shell and Lids Outer Shell and Lids Trunnion Collar Sleeves
316 °C 3.4 MPa 5.2 MPa » 5.0 MPa
(see Att. VII, (see Att. VII, (see Att. VII,
post24BWR.out, line 483) post24BWR.out, line 395) post24BWR.out, line 294)

The values of the stress intensities were far lower than the yield strength of the corresponding
material in both inner and outer shell, and in the trunnion collar sleeves, for the 12-PWR long and
24-BWR waste package designs.
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Attachment I:

Attachment II:

Attachment III:

Attachment IV:

8. ATTACHMENTS

Design sketches (5 DHLW/DOE SNF - long waste package configuration for Site
Recommendation [SK-0200 REV 04] and 5 DHLW/DOE SNF — long weld
configuration [SK-0201 REV 00]. This attachment uses Ref. 10 and 11)

Design sketches (/2-PWR long waste package -configuration for Site
Recommendation [SK-0183 REV 01] and /2-PWR long waste package weld
configuration [SK-0205 REV 00]. This attachment uses Ref. 5)

Design sketches (24-BWR waste package configuration for Site Recommendation
[SK-0184 REV 00] and 24-BWR waste package assembly weld configuration
[SK-0202 REV 00]. This attachment uses Ref. 5)

Figures obtained from ANSYS V5.4 for the horizontal lifting of the
5 DHLW/DOE - long, 12-PWR long and 24-BWR waste packages

Attachments V to VII (Compact Disc):

ANSYS V5.4 electronic files for the horizontal lifting of the 5 DHLW/DOE -
long, 12-PWR long and 24-BWR waste packages

Table 4 contains the name, size, date and time of creation of each file in Attachments V to VII.
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Table 4. Name, Size, Date and Time of Creation of the Files in Attachments V to VII

Attachment# and title | Name Size (Kbytes) Date Time
V: Horizontal lifting horiz_5D400.inp 2 4/10/01 5:08 pm
of the 5 DHLW/DOE - | horiz_5D400.out 72 4/10/01 5:08 pm
long waste package horiz_5D600.inp 2 4/10/01 5:08 pm
at three different horiz_5D600.out 72 4/10/01 5:08 pm
temperatures horiz_ 5DRT.inp 2 4/10/01 5:08 pm
horiz_5DRT.out 71 4/10/01 5:08 pm
mesh5DHLW.inp 22 4/10/01 5:08 pm
meshSDHLW.out 961 4/10/01 5:08 pm
post5D400.inp 2 4/10/01 5:09 pm
post5D400.out 23 4/10/01 5:09 pm
post5D600.inp 2 4/10/01 5:08 pm
post5D600.out 23 4/10/01 5:08 pm
post5DRT.inp 2 - 4/10/01 5:09 pm
post5DRT.out 23 ~ 4/10/01 5:09 pm
VI: Horizontal lifting | horiz_12PWR.inp 2 4/10/01 3:18 pm
“of the 12-PWR long horiz_12PWR.out 24 4/10/01 3:18 pm
waste package at mesh12PWR.inp 22 4/10/01 3:18 pm
316°C mesh12PWR.out 846 4/10/01 3:18 pm
post12PWR.inp 2 4/10/01 3:18 pm
post12PWR.out 23 4/10/01 3:18 pm
Vil: Horizontal lifting | horiz24BWR.inp 2 4/10/01 4:02 pm
of the 24-BWR waste | horiz24BWR.out 24 4/10/01 4:02 pm
package at 316°C mesh24BWR.inp 22 4/10/01 4:02 pm
mesh24BWR.out 830 4/10/01 4:02 pm
post24BWR.inp 2 4/10/01 4:02 pm
post24BWR.out 23 4/10/01 4:02 pm




ATTACHMENT I
Design sketches

5 DHLW/DOE SNF - Long Waste Package Configuration
for Site Recommendation [SK-0200 REV 04]

5 DHLW/DOE SNF - Long Weld Configuration
[SK-0201 REV 00]
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ATTACHMENT I
Design sketches

12-PWR Long Waste Package Configuration
for Site Recommendation [SK-0183 REV 01]

12-PWR Long Waste Package Weld Configuration
[SK-0205 REV 00]
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ATTACHMENT III
Design sketches

24-BWR Waste Package Configuration
for Site Recommendation [SK-0184 REV 00]

24-BWR Waste Package Assembly Weld Configuration
[SK-0202 REV 00]
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ATTACHMENT IV

Figures obtained from ANSYS V 5.4 for the Horizontal Lifting
of the SDHLW/DOE - Long, 12-PWR Long and 24-BWR Waste Packages
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