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1. PURPOSE

The objective of this calculation is to determine the structural response of a waste package (WP)
dropped flat on its bottom from a specified height. The WP used for that purpose is the 44-Boiling
Water Reactor (BWR) WP. The scope of this document is limited to reporting the calculation results
in terms of stress intensities. The Uncanistered Waste Disposal Container System is classified as
Quality Level 1 (Ref. 4, page 7). Therefore, this calculation is subject to the requirements of the Quality
Assurance Requirements and Description (Ref. 16). AP-3.12Q, Design Calculations and Analyses
(Ref. 11) is used to perform the calculation and develop the document. The information provided by
the sketches attached to this calculation is that of the potential design of the type of 44-BWR WP
considered in this calculation and provides the potential dimensions and materials for that design.

2. METHOD

The finite element calculation was performed by using the commercially available LS-DYNA V950
(Software Tracking Number [STN] 10300-950-00; Ref. 7) finite element code. The results of this
calculation were provided in terms of maximum stress intensities in the Outer Shell (OS) and Inner
Shell (IS).

The control of electronic management of data was conducted in accordance with AP-3.13Q, Design
Control (Ref. 19).

3. ASSUMPTIONS

In the course of developing this document, the following assumptions are made regarding the structural
calculation. These assumptions do not require confirmation.

3.1 Some of the temperature-dependent material properties are not available for SB-575 N06022
(Alloy C-22), SA-516 K02700 (516 carbon steel [CS]), SA-240 S31600 (316 stainless steel
[SS]), SA-240 S30400 SS (304 SS), and SA-705 S017400 (17-4 PH). The room-temperature
(RT [70 °F]) density, Poisson’s Ratio, and elongation are assumed for these materials. The
impact of using room-temperature material properties is anticipated to be small. The rationale
for this assumption is that undetermined mechanical properties of said materials will not
significantly impact the results. This assumption is used in Section 5.2 and corresponds to
paragraph 5.2.8.4 of Ref. 20.

3.2 ThePoisson’s ratio of Alloy C-22 is not available in literature. The Poisson’s ratio of Alloy 625
(SB-443 N06625) is assumed for Alloy C-22. The impact of this assumption is anticipated to
be negligible. The rationale for this assumption is that the chemical compositions of Alloy C-22
and Alloy 625 are similar (see Ref. 2, Section II, SB-575, Table 1 and Ref. 13, p. 143,
respectively). This assumption is used in Section 5.2 and corresponds to paragraph 5.2.8.2 of
Ref. 20.

Originator: /4H<S Date: OCZ O«,2602 _ Checker: Vi Date: _10/oL/ 0L



Analyses & Component Design Calculation

Title: Vertical Drop of 44-BWR Waste Package with Lifting Collars
Document Identifier: 000-00C-DSU0-00800-000-00A Page 5 of 31

33

3.4

35

3.6

3.7

3.8

3.9

3.10

Some of the rate-dependent material properties are not available for Alloy C-22, 516 CS, 316
SS, 17-4 PH, and 304 SS, and therefore will not be considered. The rationale for this
assumption is that not taking strain-rate dependent material properties into account will yield
conservative results. This assumption is used in Sections 5.2 and 5.3 and corresponds to
paragraph 5.2.5 in Ref. 20.

The uniform strain of 304 SS is not available in literature. Therefore, it 1s assumed that the
uniform strain is 75% of the elongation. The rationale for this assumption is the character of
the stress-strain curve for 304 SS (Ref. 8, page 295). This assumption is used in Section 5.2.2
and corresponds to paragraph 5.2.14.1 of Ref. 20.

The exact geometry of the loaded internals was simplified for the purpose of this calculation.
The fuel basket was represented using shell elements of a constant thickness. The individual
fuel assemblies were represented as solid rectangles made from SA-240 S30400 (304 SS) and
given an appropriate density to approximate the correct total mass. The rationale for this
assumption was to simplify the finite element representation (FER) while preserving the
pertinent physics of the problem. This assumption was used in Sections 5.2 and 5.4 and
corresponds to paragraphs 5.2.9.1 and 5.2.9.2 of Ref. 20.

Three-stage deformation characteristics are not observed in the stress-strain curves for Alloy
C-22 or 316 SS (Ref. 12). Therefore, it is conservatively assumed that the uniform strain is
90% of the elongation. The rationale for this assumption is the character of the stress-strain
curves for Alloy C-22 and 316 SS. This assumption is used in Section 5.2.2 and corresponds
to paragraph 5.2.8.6 of Ref. 20.

The Poisson’s Ratio for 17-4 PH in the H900 condition is not available from traditional sources.
It is assumed that this value is 0.272. The rationale for this assumption is that this is what is
available from vendor resources (Ref. 17). The impact of this assumption 1s anticipated to be
negligible. This assumption is used in Section 5.2. :

It is assumed that the Engineering Stress and Engineering Strain will be representative of the
True Stress and True Strain for 17-4 PH in the H900 condition. The rationale for this
assumption is that this material is extremely hard in relation to the other metals being used.
H900 is the hardest condition for which 17-4 PH is available. The elongation equals 10 % (Ref.
2, Section II, SA-705/SA-705M, Table 3) and the yield strength is very close to its ultimate
strength. This assumption is used in Section 5.2.3.

The impact volume for the falling WP is assumed to be unyielding. The rationale for this
assumption is that it maximizes the stress on the falling WP. This assumption is used in Section
5.2 and Section 5.4 and corresponds to paragraph 5.2.8.1 of Ref. 20.

The elongations of Alloy C-22 and 316 SS at elevated temperatures are not available from
traditional sources. However, vendor data is available (Ref. 6, page 15 and Ref. 18, page 8).
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The percent difference between elongations at RT and elevated temperatures can be normalized
and applied to the data available from accepted codes. The rationale for this assumption is that
the relative change of typical elongations should be bounding for the relative change of
minimum elongation. Even though the values are not from traditional sources, the values are
conservative and create higher stress intensities for the same temperature. This assumption is
used in Section 5.2.1 and corresponds to paragraph 5.2.8.5 of Ref. 20.

3.11 The uniform strain of SA-516 K02700 carbon steel is not available in literature. Therefore, it
is assumed that the uniform strain is 50% of the elongation. The rationale for this assumption
is the character of the stress-strain curve for SA-36 carbon steel (Ref. 8, page 189) which has
a similar chemical composition as SA-516 K02700 carbon steel (Ref. 2, Section II, SA-516/SA-
516M, Table 1 and SA-36/SA-36M, Table 2). This assumption is used in Section 5.2.2 and
corresponds to paragraph 5.2.11.1 of Ref. 20.

4. USE OF COMPUTER SOFTWARE

The qualified Finite Element Analysis (FEA) code used for this calculation is Livermore Software
Technology Corporation (LSTC) LS-DYNA V950 (Ref. 7), which was obtained from the Software
Configuration Management in accordance with appropriate procedures, and is identified by the
Software Tracking Number 10300-950-00. LS-DYNA is a qualified, commercially available finite
element code and is appropriate for structural calculations of waste packages as performed in this
calculation. The calculations using LS-DYNA V950 were executed on the HP 9000 series UNIX
workstations (operating system HP-UX B.10.20) identified with YMP tag numbers 114434 and 117162,
located in Las Vegas, NV. The LS-DYNA evaluations performed for this calculation are fully within
the range of the validation performed for the LS-DYNA V950 code. Access to the code was granted
by the Software Configuration Management in accordance with the appropriate procedures.

TrueGrid, Version 2.1 was used in this calculation solely to mesh the geometric representations of the
domain. The suitability and adequacy of this mesh is based on visual examination, engineering
judgment, and the results of mesh verification in Section 6 (see Table 6-1). The mesh has been
evaluated in accordance with AP-3.12Q (Ref. 11), and determined to be suitable and adequate for use
as input to LS-DYNA V950. Therefore, the use of TrueGrid Version 2.1 is exempt from the
requirements of AP-SI.1Q (Ref. 9, Section 2.1).

The input and output files are listed in Section 8 of this document. They are located in Attachment I to
this document.

Originator: &O Date: O 7 09,2002 Checker: VB Date: lo/olloz




Analyses & Component Design Calculation

Title: Vertical Drop of 44-BWR Waste Package with Lifting Collars
Document Identifier: 000-00C-DSU0-00800-000-00A Page 7 of 31

5. CALCULATION
5.1 MASS AND GEOMETRIC DIMENSIONS OF WASTE PACKAGE

This calculation was performed using mass and geometric dimensions of the 44-BWR Waste Package
(see pp. II-2, 11-3, 1I-1, 1II-2, -4, and III-5):

Total mass of the loaded WP = 42,100 kg
Length = 5.097 m
Outer diameter of outer shell = 1.614 m

Outer diameter of lifting collar = 1.878 m
Total mass of the loaded WP and lifting collars = 45,100 kg

5.2 MATERIAL PROPERTIES

Material properties used in these calculations are listed in this section. Some of the temperature-
dependent and rate-dependent material properties are not available for Alloy C-22, 316 SS, 17-4 PH,
516 CS and 304 SS. Therefore, RT density and Poisson’s ratio obtained under the static loading
conditions are used for all materials (see Assumptions 3.1 and 3.3). Furthermore, all material properties
listed below are obtained under static loading conditions (see Assumption 3.3).

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

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

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

. Tensile strength = 689 MPa (100 ksi) (at RT) (Ref. 2, Section II, Table U)
Tensile strength = 657 MPa (95.3 ksi) (at 400 °F = 204 °C) (Ref. 2, Section I, Table U)
Tensile strength = 628 MPa (91.1 ksi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table U)
. Elongation = 0.45 (at RT) (Ref. 2, Section II, SB-575 Table 3)
. Poisson's ratio = 0.278 (at RT) (Ref. 13, p. 143; see Assumption 3.2)
. Modulus of elasticity = 206 GPa (at RT) (Ref. 6, p. 14)

Modulus of elasticity = 196 GPa (at 400 °F =204 °C) (Ref. 6, p. 14)
Modulus of elasticity = 190 GPa (at 600 °F =316 °C) (Ref. 6, p. 14)
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Analyses & Component Design Calculation

Title: Vertical Drop of 44-BWR Waste Package with Lifting Collars
Document Identifier: 000-00C-DSU0-00800-000-00A Page 8 of 31

SA-240 S31600 (316 SS) (Inner shell, inner shell lids, interface ring, and shear ring):

Density = 7980 kg/m’ (at RT) (Ref. 14, Table X1.1, p. 7)

Yield strength = 207 MPa (30.0 ksi) (at RT) (Ref. 2, Section II, Table Y-1)
Yield strength = 148 MPa (21.4 ksi) (at 400 °F = 204 °C) (Ref. 2, Section II, Table Y-1)
Yield strength = 130 MPa (18.9 ksi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table Y-1)

Tensile strength = 517 MPa (75.0 ksi) (at RT) (Ref. 2, Section II, Table U)
Tensile strength = 496 MPa (71.9 ksi) (at 400 °F = 204 °C) (Ref. 2, Section 1I, Table U)
Tensile strength = 495 MPa (71.8 ksi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table U)

Elongation = 0.40 (at RT) (Ref. 2, Section II, SA-240 Table 2)
Poisson's ratio = 0.30 (at RT) (Ref. 13, Figure 15, p. 755)

Modulus of elasticity = 195 GPa (28.3 * 10° psi) (at RT) (Ref. 2, Section II, Table TM-1)
Modulus of elasticity = 183 GPa (26.5 * 10° psi) (at 400 °F = 204 °C) (Ref. 2, Section II, Table
T™-1)

Modulus of elasticity = 174 GPa (25.3 * 10 psi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table
TM-1) |

SA-240 S30400 (304 SS) (44-BWR Fuel Assemblies, see Assumption 3.5):

Yield strength = 207 MPa (30.0 ksi) (at RT) (Ref. 2, Section II, Table Y-1)
Yield strength = 143 MPa (20.7 ksi) (at 400 °F = 204 °C) (Ref. 2, Section II, Table Y-1)
Yield strength = 127 MPa (18.4 ksi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table Y-1)

Tensile strength = 517 MPa (75.0 ksi) (at RT) (Ref. 2, Section I, Table U)
Tensile strength = 441 MPa (64.0 ksi) (at 400 °F =204 °C) (Ref. 2, Section II, Table U)
Tensile strength = 437 MPa (63.4 ksi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table U)

Elongation = 0.40 (at RT) (Ref. 2, Section II, SA-240 Table 2)
Poisson's ratio = 0.29 (at RT) (Ref. 13, Figure 15, p. 755)

Modulus of elasticity = 195 GPa (28.3 * 10° psi) (at RT) (Ref. 2, Section II, Table TM-1)
Modulus of elasticity = 183 GPa (26.5 * 10° psi) (at 400 °F = 204 °C) (Ref. 2, Section II, Table
TM-1)

Modulus of elasticity = 174 GPa (25.3 * 10° psi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table
T™-1)
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SA-36/36M K02600 (A36 CS, see Assumptions 3.9) (Impact Volume):
. Density = 7860 kg/m’ (at RT) (Ref. 14, Table X1.1, p. 7)
. Poisson's ratio = 0.30 (at RT) (Ref. 3, p. 374)
. Modulus of elasticity = 203 GPa (29.5 * 10° psi) (at RT) (Ref. 2, Section II, Table TM-1)
SA-705 S17400 (17-4 PH [H900 Condition]) (Lifting Collars):
. Density = 7800 kg/m’ (at RT) (Ref. 13, Table 12, page 34)
. Yield strength = 1170 MPa (170 ksi) (at RT) (Ref. 5, page 506)
Yield strength = 1030 MPa (150 ksi) (at 400 °F = 204 °C) (Ref. 5, page 506)
Yield strength = 965 MPa (140 ksi) (at 600 °F =316 °C) (Ref. 5, page 506)
o Tensile strength = 1310 MPa (190 ksi) (at RT) (Ref. 5, page 506)
Tensile strength = 1190 MPa (173 ksi) (at 400 °F =204 °C) (Ref. 5, page 506)
Tensile strength = 1100 MPa (160 £si) (at 600 °F =316 °C) (Ref. 5, page 506)
. Elongation = 0.10 (at RT) (Ref. 2, Section II, SA-705/SA-705M, Table 3)
. Poisson's ratio = 0.272 (at RT) (Ref. 17, Table “Physical Properties”, see Assumption 3.7)
o Modulus of elasticity = 197 GPa (28.5 * 10° psi) (at RT) (Ref. 2, Section II, Table TM-1)
Modulus of elasticity = 183 GPa (26.6 * 10° psi) (at 400 °F = 204 °C) (Ref. 2, Section II, Table
T™-1)
Modulus of elasticity = 176 GPa (25.5 * 10° psi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table
T™-1) ’
SA-516 K02700 (516 CS) (Sideguides, stiffeners, and baskets):
° Density = 7850 kg/m’ (at RT) (Ref. 2, SA-20/SA20M, Section 14.1)
. Yield strength = 262 MPa (38 ksi) (at RT) (Ref. 2, Section II, Table Y-1)
Yield strength = 224 MPa (32.5 ksi) (at 400 °F = 204 °C) (Ref. 2, Section II, Table Y-1)
Yield strength = 201 MPa (29.1 ksi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table Y-1)
. Tensile strength = 483 MPa (70 ksi) (at RT) (Ref. 2, Section II, Table U)

Tensile strength = 483 MPa (70 ksi) (at 400 °F =204 °C) (Ref. 2, Section II, Table U)
Tensile strength = 483 MPa (70 ksi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table U)

riginator: Date: , Lov2Z  Checker: _\) Date: 0/ol fozZ
Origi <S5 0C704, 20 ker: V& \ofol /



Analyses & Component Design Calculation

Title: Vertical Drop of 44-BWR Waste Package with Lifting Collars
Document Identifier: 000-00C-DSU0-00800-000-00A Page 10 of 31

J Elongation = 0.21 (at RT) (Ref. 2, Section II, SA-516/SA-516M, Table 2)
. Poisson's ratio = 0.3 (at RT) (Ref. 3, p. 374)

. Modulus of elasticity = 203 GPa (29.5 * 10° psi) (at RT) (Ref. 2, Section II, Table TM-1)
Modulus of elasticity = 191 GPa (27.7 * 10° psi) (at 400 °F =204 °C) (Ref. 2, Section II, Table
TM-1)
Modulus of elasticity = 184 GPa (26.7 * 10° psi) (at 600 °F = 316 °C) (Ref. 2, Section II, Table
T™-1)

5.2.1 Calculations for Elevated-Temperature Material Properties

The values for elongation at elevated temperatures are not listed in conventional listings such as
American Society for Testing and Materials (ASTM) Standards or American Society of Mechanical
Engineers (ASME) Boiler and Pressure Vessel Code. However, the elongation values at elevated
temperatures are available from vendor data. This vendor data will be used to estimate elevated

temperature elongations normalized to the RT values from accepted codes (see Assumption 3.10).

For Alloy C-22, the vendor data shows a 10% increase between RT and 600 °F (Ref. 6, page 15).
Therefore the elongation value for Alloy C-22 at 600 °F will be as follows:

Elongation gpgop = 0.45 * 1.10 = 0.50

For 316 SS, the vendor data shows a 30% decrease between RT and 600 °F (Ref. 18, page 3).
Therefore the elongation value for 316 SS at 600 °F will be as follows:

Elongation ¢y op = 0.40 * (1 — 0.30) = 0.28

Since the components made of 516 CS, 17-4 PH, and 304 SS will not be analyzed for stresses, their
elongations are not needed at elevated temperatures.

5.2.2 Calculations for True Measures of Ductility

The material properties in Sections 5.1 and 5.2 refer to engineering stress and strain definitions:

s=— and e = (Ref. 10, Chapter 9)

‘LO
Where P stands for the force applied during static tensile test, L is the deformed-specimen length, and
L, and A, are original length and cross-sectional area of specimen, respectively. It is generally

accepted that the engineering stress-strain curve does not give a true indication of the deformation
characteristics of a material during the plastic deformation since it is based entirely on the original
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dimensions of the specimen. Therefore, the LS-DYNA V950 finite element code requires input in terms
of true stress and strain definitions. These definitions are:

o =§ and € = ln[LiJ - (Ref. 10, Chapter 9)

0

The relationships between the true stress and strain definitions and engineering stress and strain
definitions can be readily derived based on constancy of volume (A4,-L,=A4-L) and strain

homogeneity during plastic deformation:
c=s5-(1+e) and & =1n(l+e) (Ref. 10, Chapter 9)

These expressions are applicable only in the hardening region of stress-strain curve that is limited by
the onset of necking.

The following parameters are used in the subsequent calculations:

s, = o, = yield strength

s, = engineering tensile strength

o, = true tensile strength

e, ~ &, = strain corresponding to yield strength

e, = engineering strain corresponding to tensile strength (engineering uniform strain)

&, = true strain corresponding to tensile strength (true uniform strain)

In absence of the uniform strain data in available literature, it needs to be estimated based on stress-
strains curves and elongation (strain corresponding to rupture of the tensile specimen).

The stress-strain curves for Alloy C-22 and 316 SS do not manifest three-stage deformation character
(Ref. 12). Therefore, the elongation, reduced by 10% for the sake of conservativism, can be used in
place of uniform strain (Assumption 3.6).

In the case of Alloy C-22 (e, = 0.9 * elongation = 0.41 at RT), the true measures of ductility are
&=In(1+e)=In(1 +0.41)=0.34
o=s*(1+e)=689 *(1+0.41)=971 MPa.
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400 °F (204 °C) Alloy C-22
&=In(l+e)=In(l +0.41)=0.34
o.=5.*(1+e)=657* (1 +0.41) = 926 MPa

600 °F (316 °C) Alloy C-22
&=In(l1+e)=In(1+041)=0.34 (ASME values)
o=s5.%(1+e)=628*(1+0.41)=885 MPa (ASME values)

&=In(1+e)=1In(1+0.45)=0.37 (vendor data)
o=5%(1+e)=628*(1+0.45)=911 MPa (vendor data)

For 316 SS at RT, e, = 0.9 * elongation = 0.36, therefore:
&=In(1+e)=1In(1+0.36) =0.31
o=s5*1+e)=517*(1+0.36) =703 MPa

400 °F (204 °C) 316 SS
&=1In(1 +e¢)=In(1 +0.36) = 0.31
o.=s.* (1 +e) =496 * (1 +0.36) = 675 MPa

600 °F (316 °C) 316 SS
&=In(1 +e)=1In(1+0.36) =0.31 (ASME values)
o.=5%(+e)=495*(1+0.36) =673 MPa (ASME values)

&=In(1+e)=In(1+0.25)=0.22 (vendor data)
c=5%(1+e)=495*(1+0.25) =619 MPa (vendor data)

For 516 CS at RT, e, = 0.5 * elongation = 0.11 (see Assumption 3.11), therefore:

&=In(1+e)=1In(1+0.11)=0.10
o.=5%(1+e)=483*(1+0.11) =536 MPa

400 °F (204 °C) 516 CS
&=In(l+e)=In(1 +0.11)=0.10
ag=s5%(1+e)=483*(1+0.11)= 536 MPa

600 °F (316 °C) 516 CS
&=In(1+e)=In(1+0.11)=0.10
o.=5*(1+e)=483* (1 +0.11) = 536 MPa

For 304 SS at RT, e, = 0.75 * elongation = 0.30 (see Assumption 3.4), therefore:

&=In(1+e)=1In(1+0.30)=0.26
G.=s5.*(1+e)=517* (1 +0.30) = 672 MPu
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400 °F (204 °C) 304 SS
&=1In(1+e,) =In(1 +0.30) = 0.26
o,=5,* (1 +e)=441* (1 + 0.30) = 573 Mpa

600 °F (316 °C) 304 SS
&=1In(l +e)=In(1+0.30)=0.26
o.=s.*(1+e)=437* (1 +0.30) = 568 MPa

5.2.3 Calculations for Tangent Moduli

As previously discussed, the results of this simulation are required to include elastic and plastic
deformations for Alloy C-22, 516 CS, 304 SS, 17-4 PH, and 316 SS. When the materials are driven
into the plastic range, the slope of the stress-strain curves continuously changes. Thus, a simplification
for these curves is needed to incorporate plasticity into the FER. A standard approximation commonly
used in engineering is to use a straight line that connects the yield point and the tensile strength point
of the material. The parameters used in the subsequent calculations in addition to those defined in
Section 5.1.2 are modulus of elasticity (£) and tangent modulus (E,). The tangent (hardening) modulus
represents the slope of the stress-strain curve in the plastic region. In the case of Alloy C-22, the strain
corresponding to the yield strength is:

&.= o/E=310* 10%/206 * 10° = 0.0015 (see Section 5.2.1)
Hence, the tangent modulus at RT is:

E..=(0..- 6,) /! (&.- &) =(0.973 - 0.310)/(0.34 — 0.0015) = 2.0 GPa (see Section 5.2, 5.2.1, and
5.2.2)

For Alloy C-22 at 400 °F (204 °C)
E inr = (Crssorr = o) | (Suso = Cpaowi Evarr) = (0.926 — 0.236)/(0.34 — 236/196e3) = 2.0 GPa (see
Section 5.2, 5.2.1, and 5.2.2)

For Alloy C-22 at 600 °F (316 °C, ASME values)
Eorr = (Cusoos = Caare) | (Eucowe = Craooel Eors) = (0.885 — 0.211)/(0.34 — 211/190€3) = 2.0 GPa (see
Section 5.2, 5.2.1, and 5.2.2) :

For Alloy C-22 at 600 °F (316 °C, vendor data)
E,wor = (Cusoorr = Oysoor) | (Gusoor = Oyoori/ Esarr) = (0.911 — 0.211)/(0.37 —211/190e3) = 1.9 GPa (see
Section 5.2, 5.2.1, and 5.2.2)

Similarly, for 316 SS at RT:
E,. =(Cin- 6.)/ (&n- 6,./E;)=(0.703 — 0.207)/(0.31 — 207/195¢3) = 1.6 GPa (see Section 5.2,
5.2.1,and 5.2.2)
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For 316 SS at 400 °F (204 °C)
E\soor = (Crsorr = C00w) | (Ewsoorr = Crraoor! Erorr) = (0.675 — 0.148)/(0.31 — 148/183€3) = 1.7 GPa (see
Section'5.2, 5.2.1, and 5.2.2)

For 316 SS at 600 °F (316 °C, ASME values) _
EI,EGU"F = (O-u,ﬁal]“F = 0},600"1?) / (&,600“1-‘ - O}}ggonp/Eggonp) = (0.673 - 0.130)/(0.31 - 130/17463) = 1.8 Gpa (See
Section 5.2, 5.2.1, and 5.2.2)

For 316 SS at 600 °F (316 °C, vendor data)
E e = (Ousoor = Oysoor) | (Ewsorr = Caooe Esowrr) = (0.619 — 0.130)/(0.22 — 130/174€3) = 2.2 GPa (see
Section 5.2, 5.2.1, and 5.2.2)

Tangent Modulus of 516 CS at RT:
E.=(6.-06.)!(&-0,/E,)=(0.536—0.262)/(0.10 - 262/203e3) = 2.8 GPa (see Section 5.2, 5.2.1,
and 5.2.2)

516 CS at 400 °F (204 °C)
E vor = (Croor = Oraoor) | (Eusorr = Craorrl Ewsorr) = (0.536 — 0.224)/(0.10 — 224/191e3) = 3.2 GPa (see Section
5.2,52.1,and 5.2.2)

516 CS at 600 °F (316 °C)
E e = (Crssor = Crsoor) | (Eusorr = Croome! Esorr) = (0.536 — 0.201)/(0.10 — 201/184e3) = 3.4 GPa (see Section
5.2,5.2.1,and 5.2.2)

Tangent Modulus of 304 SS at RT:
E.=(0.- 06,/ (&-0,/E)=(0.672—-0.207)/(0.26 — 207/195¢3) = 1.8 GPa (see Section 5.2, 5.2.1,
and 5.2.2) '

304 SS at 400 °F (204 °C)
El,400°[-‘ = (0-14,400"[-‘ = O;,mm}:) / (&,,moep = O;,400°F/E400°F) = (0.573 - 0.143)/(0.26 - 143/18363) = 1.7 GP(I (See Section
5.2,5.2.1,and 5.2.2)

304 SS at 600 °F (316 °C)
E]lgoon[: = (Oj,vgoaﬂ[: = O},mmp) / (84,600"1" = O;véogop/EgomF) = (0.568 - 0-127)/(0-26 - 127/17463) = 1-7 GPa (See SeCtion
5.2,52.1,and 5.2.2)

Tangent Modulus of 17-4 PH (H900 condition) at RT (see Assumption 3.8):
E..=(0..- 6..)/ (&n-0,/E,)=(1.31-1.17)/(0.10 - 1170/197e3) = 1.5 GPa (see Section 5.2, 5.2.1,
and 5.2.2)

17-4 PH at 400 °F (204 °C)
E/,wo»[: = (O-,,v,;gga[: = O}Aaoep) / (8,,‘400"1: = O;}moﬂ]r/E,;ooﬂF) = (1.19 e 1.03)/(0.10 - 1030/18363) = 1.7 GPa (See SeCtion
5.2,5.2.1,and 5.2.2)
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17-4 PH at 600 °F (316 °C)
E e = (Cusarr = Gy | (Eusoor - Crsooel Eenre) = (1.10 — 0.965)/(0.10 — 965/176€3) = 1.4 GPa (see Section
5.2,5.2.1,and 5.2.2)

5.3 INITIAL VELOCITY OF WASTE PACKAGE

To reduce the computer execution time while preserving all features of the problem relevant to the
structural calculation, the WP is set in a position just before impact and given an appropriate initial
velocity as can be seen in Figure 5-1.

CG

K :
X
z

TSI TI TSI

Figure 5-1. Vertical Drop Geometry

Using the following parameters:

g = acceleration due to gravity = 9.81 m/s?
S = Drop Height = 2.0 m (Ref. 1, Section 1.2.2.1.3)

~and Newton's equation of motion:
V2=V +2a(S - So)

Substituting values in yields:
V2= 0%+ 2%(9.81 m/s?)*(2.0 m), which reduces to
V=6.26 m/s
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5.4 FINITE ELEMENT REPRESENTATION

A half-symmetry three-dimensional FER of the WP was developed in TrueGrid using the dimensions
provided in Attachments II and II1.

The internal structure of the WP was simplified. The internal components of the IS (fuel basket,
thermal shunts, side guides, spent nuclear fuel, etc.) were simplified in the FER (Assumption 3.5). The
thermal shunts (made from aluminum) were not included in the representation, which is conservative.
It is conservative since including the plates would make the basket stronger. Not including the thermal
shunts lowered the number of contacts within the FER while still maintaining the proper mass needed
for the computer run.

The impact volume was conservatively assumed to be unyielding (Assumption 3.9). This was
accomplished using a target surface made from A36 CS, a mild steel commonly used in construction.
This impact volume was defined in LS-DYNA without plastic material properties. Therefore, by
definition, it is an unyielding surface. '

The mesh of the FER was appropriately generated and refined in the contact region according to
standard engineering practice (see Table 6-1). Thus, the accuracy of the results of this calculation is
deemed acceptable.

The initial drop height of the WP was reduced to a very small distance before impact and the WP was
given an initial velocity equal to 6.26 m/s (see Section 5.3).

The FER was then used in LS-DYNA V950 to perform the transient dynamic analysis for the 44-BWR
Waste Package vertical drop.
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6. RESULTS

Attachment I includes the input files and results files that show execution of the programs occurred
correctly. The stresses were recorded every 0.001 seconds after impact. The stresses in the OS and IS
peaked between 0.004 and 0.013 seconds. However, the solution was allowed to reach 0.014 seconds
to ensure that all stresses had climaxed.

The results file, d3hsp (Attachment I), lists the masses calculated by LS-DYNA. The total mass of the
WP equals 48,500 kg, while the mass of the loaded WP is 45,100 kg from Section 5.1. The percent
difference in mass is approximately 7.4%. However, it is conservative since the mass from LS-DYNA
is more than that from Attachment II.

The following pages contain figures that show various parts at states of maximum stress. These start
on the next page with Figure 6-1, which shows the maximum stress in the OS at RT. The stresses in
the IS lid and the shear ring that holds the IS lid in place were not reported. Since the impact of the
vertical drop occurs at the bottom of the WP, and the IS lid and shear ring are located at the top, these
components did not sustain a significant amount of damage to justify reporting their stresses.
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Fringe Levels

Time = 0.004
Contours of Maximum Shear Stress
5.165e+
miax ipt. value 08
min=2 68705e+06, at elems 3440 45651e+«08
max=5.1640e+08, al elems 76236
4.137e+08 _
3623+08 _
3.110e+08 £
2 59e+08
2 082e+08
1.568e+08 _
1.054e+08

5.407e+07
5BBe+06

Figure 6-1. Outer Shell at Room Temperature (Pa)

All of the stresses that are reported in the legends of the plots are Tresca stresses or maximum shear
stresses. The units are Pascals. Stress intensity is defined as twice the maximum shear stress. In order
to report stress intensity, therefore, the maximum shear stress must be multiplied by 2. Figure 6-1
shows that the maximum stress intensity in the OS at RT is 1030 MPa at 0.004 seconds. By comparing
the color of the mesh with that of the legend, it should be noted that this stress does not occur
completely through the thickness of the OS.

Figure 6-2 may be found on the next page. It shows the maximum shear stress in the IS at RT.
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lime = 0.0079999
Contours of Maximum Shear Stress
max ipt. value
min=512221, at elem# 66120
max=1.99063e+08, al elems 60666

Fringe Levels
1.991e408 _
1.792e+08 _I
1.594e+00
1.395e+08 _
1.196e+08
9.979e+07
7.993e+07
6.008e+07
4.022e+07
2037e+07

| 51220405 _

Figure 6-2. Inner Shell at Room Temperature (Pa)

Figure 6-2 shows that the maximum stress intensity in the IS is 398 MPa at 0.008 seconds. Figure 6-3
may be found on the next page. It shows the maximum shear stress in the OS at RT, but with a refined
mesh.
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Time =  0.0039999 |

Contours of Maximum Shear Stress
max ipt. value

min=1.45391e+06, al elems 4432
max=5.52031e+00, at elems 30790

Fringe Levels
5.528e+08
4.977e.08 I
4.426e+08 _
J074e+08 -
3.323e+08 L
277 es08
2220e+08
1.669e+08
1.117e+«08
5659%+07
1.454e+06 |

Figure 6-3. Outer Shell Refined Mesh at Room Temperature (Pa)

Figure 6-3 shows that the maximum stress intensity in the OS at RT is 1110 MPa at 0.004 seconds, with
the refined mesh. Figure 6-4 may be found on the next page. It shows the maximum shear stress in the
inner shell at RT, but with a refined mesh.
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Time = 0.008 Yinge Levels
Contours of Maximum Shear Stress

max Ipt, value 1.994e+08 _
min=536012, at elems 78141
max=1.99414e+08, at elems 73902

17950408 _
159604008 _
13960408
1.199e+08
9.996e+07
8.009e+07
6.0208+07 _
4.031e+07
2.042e+«07
5.3608+05 _
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Figure 6-4. Inner Shell Refined Mesh at Room Temperature (Pa)

Figure 6-4 figure shows that the maximum stress intensity in the IS at RT is 399 MPa at 0.008 seconds.
Table 6-1 shows a comparison of the results from the refined mesh with the standard mesh.

Table 6-1. Mesh Verification

____ StandardMesh [ RefinedMesh [ % Change
oS E# | V=15963e6m’ E# | V=84923e-7m’ __ -880% |
76236 | Tma=5.1648e+8Pa | 90790 | 1, =552831e+8Pa |  466% |
s | EW | V=05294e6m’ | El# | _V=7.1471lebm’ |  -333% |
60866 | Tma=1.99063e+8Pa | 73902 | 1T, =199414e+8Pa |  +02% |

For both the OS and the IS, the percent changes in stress are approximately one order of magnitude less
than the percent changes in volume of the element. Thus, the standard mesh is deemed acceptable, and
this mesh will be used throughout the rest of this calculation.

Figure 6-5 may be found on the next page. It shows the maximum shear stress in the OS at 400 °F,
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Time =  0.0059999
Contours of Maximum Shear Stress
max ipt. value

min=434139, at elems 3274
max=4.41802e+00, at elems 76230

Figure 6-5. Outer Shell at 400 °F (Pa)

Figure 6-5 shows that the maximum stress intensity in the OS is 884 MPa at 0.006 seconds. Figure 6-6
may be found on the next page. It shows the maximum shear stress in the IS at 400 °F.
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Time «  0.0089999
Contours of Maximum Shear Stress
max ipt. value
min=432284, at elems 66066
max=1.92740e+08, at elem# 63552

Fringe Levels
1.927e+08
1.735e+08
1.543e+00 _
1351408 _
1.158¢+08
9.659e+07
7.736a+07
5.813e+07
3.890e+07
1.9660+07 _
4.323e+05 |

Figure 6-6. Inner Shell at 400 °F (Pa)

Figure 6-6 shows that the maximum stress intensity in the IS is 385 MPa at 0.009 seconds. Figure 6-7
may be found on the next page. It shows the maximum shear stress in the OS at 600 °F.
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Time = 0.0059999 Fringe Levels

‘?;t:?vn;t:m Shear Stress i ]

MiN=720543, at elem# 2795 3.8270+08

max=4.25000e+08, at elems 76230
3.4028+08 _
25706400 __
255308 |
2.129e+08
1.705e+08
1.260e+08
8.559¢+07

4.316e+07

Figure 6-7. Outer Shell at 600 °F (Pa)

Figure 6-7 shows that the maximum stress intensity in the OS is 850 MPa at 0.006 seconds. Figure 6-8
may be found on the next page. It shows the maximum shear stress in the IS at 600 °F.
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Time = 0.m3 Fringe Levels
Contours of Maximum Shear Stress 1.905e+08

max ipl. value

min=0831127, at elem# 65735 1.715e+08
15260408 _

1.336e+00

ma=1.9040e+00, at elems 64022

1.146e-08
9.566e+07
7 669e+07
5.773e+07
3.876e«07
1.980e+07
8.311e405 _
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Figure 6-8. Inner Shell at 600 °F (Pa)

Figure 6-8 shows that the maximum stress intensity in the IS is 381 MPa at 0.013 seconds. Figure 6-9
may be found on the next page. It shows the maximum shear stress in the OS at 600 °F, but using
elongation at elevated temperatures based on vendor data.
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Time « 00059999
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Figure 6-9. Outer Shell at 600 °F with Vendor Elongation (Pa)

Figure 6-9 shows that the maximum stress intensity in the OS is 856 MPa at 0.006 seconds. Figure 6-
10 may be found on the next page. It shows the maximum shear stress in the IS at 600 °F, but using
elongation at elevated temperatures based on vendor data.
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Figure 6-10. Inner Shell at 600 °F with Vendor Elongation (Pa)

Figure 6-10 shows that the maximum stress intensity in the inner shell is 400 MPa at 0.009 seconds.
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Table 2 shows a comparison of observed stress to allowable stress.

Table 6-2. Maximum Stress by Load Case.

Max Stress
Part Temperature Elongation Value Intensity Gint | Caliowable
1S 70 °F ASME 398 MPa 0.629
OS 70 °F ASME 1030 MPa 1.18
IS 400 °F ASME 385 MPa 0.633
0sS 400 °F ASME 884 MPa 1.06
IS 600 °F ASME 381 MPa 0.629
g oS 600 °F ASME 850 MPa 1.07
IS 600 °F ASME - 30% 400 MPa 0.718
0Ss 600 °F ASME + 10% 856 MPa 1.04

Note: Galiowable 18 €qual to 90% of o,,.

As was stated earlier, the regions in the OS where the stress intensity is maximum does not extend
through the thickness of the OS. Therefore, the regions where Gin/Gaiowable €Xceeds a value of 1 do not
extend through the OS wall. This may be verified by examining the figures that contain the OS.

The output values are reasonable for the given inputs in this calculation. The uncertainties are taken into
account by consistently using the most conservative approach; the calculations, therefore, yield a
conservatively bounding set of results. The results are suitable for assessing the stress state of the IS
and OS during a vertical drop event.
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CRWMS M&O 2000. Stress-Strain-Curve Character for Alloy C-22 and 316 Stainless Steel.
Input Transmittal 00384.T. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20001013.0053.
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Materials and Special-Purpose Metals. Volume 3 of Metals Handbook. 9th Edition. Benjamin,
D., ed. Metals Park, Ohio: American Society for Metals. TIC: 209801.

ASTM G 1-90 (Reapproved 1999). 1999. Standard Practice for Preparing, Cleaning, and
Evaluating Corrosion Test Specimens. West Conshohocken, Pennsylvania: American Society
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8. ATTACHMENTS

Attachment I (on compact disc): contains electronic files (see Table 8-1 for a complete list).
The *k files are input files for LS-DYNA. The d3hsp files are LS-
DYNA output files. *.tg files are TrueGrid input files.

Attachment II (4 pages): Design sketch (44-BWR Waste Package Concept for License
Application [SK-0220 REV 01, 4 sheets])

Attachment III (5 pages): Design sketch (Waste Package Lifting Collars [SK-0234 REV 01, 5
sheets])

Table 8-1 provides a list of files submitted in the form of electronic files (compact disc) in
Attachment I.

Table 8-1. List of Files Submitted in the Form of Electronic Files in Attachment |

Description Date Time Size
b44.1g SEP 27, 2002 11:05 am 25 KB
b44ref.tg SEP 17, 2002 9:20 am 24 KB
Subfolder “400”
d3hsp SEP 27, 2002 11:06 am | 28,201 KB
b444.k SEP 27, 2002 11:06 am 10,257 KB
Subfolder “600”
d3hsp SEP 27, 2002 11:06 am | 28,201 KB
b446.k SEP 27, 2002 11:06 am 10,257 KB
Subfolder “600v”
d3hsp SEP 27, 2002 11:07 am | 28,193 KB
b446v.k SEP 27, 2002 11:07 am 10,257 KB
Subfolder “RT”
d3hsp SEP 27, 2002 11:06 am | 28,216 KB
b44RT.k SEP 27, 2002 11:06 am 10,257 KB
Subfolder “RT_refined”
d3hsp SEP 17, 2002 9:26 am 32,723 KB
b44ref.k SEP 17, 2002 9:26 am 12,057 KB

NOTE: The file sizes may vary with operating system.
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T0ME REV DATE APPROVED
00 INI 1SSUE 08/17/02 AKS
01! DECREASED QUTER SHELL 0D BY 10 MM ASSOCIATED PARTS ADJUSTED ALSO. |0c7 o120 445

i

INNER SHELL LID ASSEMBLY

INNER SHELL

. FUEL BASKET ASSEMBLY |
EXTENDED OUTER LID ASSEMLBY ‘

VALVE AND COVER PLATE AT RADIUS/2

|

]
SHEAR RING |
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_xo_m;uc—v ._*._mem* ommo.zumnx_:. :uZ__m_

== [66.299)
/
\

" o
-

|
ﬂ
! A

, SCALE

@1684.00 TRUNNION COLLAR SLEEVE OD

FUEL BASKET C-PLATE
5-MM THK PL TYP

BASKET B-SIDEGUIDE
10-MM THK PL TYP

BASKET B-STIFFENER
10-MM THK PL TYP

FUEL BASKET G-PLATE (THERMAL SHUNT)
5-MM THK wi TYp

0.090
@ 1562.48 EXTENDED OUTER LID
[61.515])
@ 1562.48 FLAT CLOSURE LID
(61.515] FUEL BASKET TUBE
@1484.00 INNER SHELL L1D0 ——] -
(58.425) SMMTHK PLTTP |
SEE DETAIL A
SEE DETAIL (€
EE DE FUEL BASKET B-PLATE
- 5-MM THK PL Z_vl/
8
4575.00 4587.70 4725.13
WWNM_WMOU [180.118] £180.618) [186.052]
NOM AL LENGTH BASKET LENGTH  CAVITY LENGTH INNER SHELL LENGTH
" VA VAR R O YO VN O W WO ) A Y
S $
1554, 00 INNER SHELL FLAT BOTTOM L1D SEE DETAIL B
(61.1811
1604.00 GUTER SHELL FLAT BOTTOM L1D
163.450)
SECTION A-A

FUEL BASKET E-PLATE
T 5-MM THK PL TYP

{

! BASKET STIFFENER
;\\\\\\\\\\\\urﬁo.;z THK PL TYP
BASKET CORNERGU!DE
10-MM THK PL TYP

O _“

: FUEL BASKET D-PLATE
S-MM THK PL TYP

@1604.00 OUTER SHELL 0D
{63.150])

@1564,00 OUTER SHELL 1D
(61.575]

@ 1554,00 INNER SHELL OD
[61.1811

! @1454,00 INNER SHELL ID
[57.2441

i FUEL BASKET F-PLATE
| ( THERMAL SHUNT)
WO 5-MM THK PL TYP

TRUNNION COLLAR SLEEVE

WELD

\ QUTER SHELL
|

155.30 TYP _Lm.wo TYP INNER SHELL
[6.114] [CRLED]
44 PLACES 44 PLACES

FUEL BASKET C-PLATE
S-MM THK PL TYP

FUEL BASKET A-PLATE !
5-MM THK PL TYP

SECTION B-B .
SCALE  0.375 :

y WASTE PACKAGE PROJECT

Bechtel SAIC Company, LLC

_ SKETCH NUMBER REVISION

SK-0220 01

scate AS NOTED | sueer_2 OF 4
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)

j
I .
!
)
|

3.0°TYP

Page 1I-3

lologlog

Checker: v

) 4 45.0
| o
. 40,0
(0.495] PN
£0.330]
RO.79  TYP —— I
10.0311
h A
‘ 10.394) i
T i t )
9.53 ]
] fe—12.70 10.375] _
t
10.5001 [} RE.35 SEE DETAIL D . 1950 :
/ i % 10.250) ’.-[0.1681 ;
Tocism) } — 25.00
: 0.79  ————nfHo— 5 {0.984]
P | S YT £0.031] 0.6 '[“»79,2)
45.0° (0.030) 0. : 25.00 —
< \/ fe.030] | (0.984) o0 00
. (3,930
DETAIL D DETAIL E (
SCALE  3.000 SCALE 3.000 ??'2291
- R5.00 :
[0.1971 l
50.00 — COMPONENT NAME MATERIAL nS o —30.00  GAP BETWEEN L1IDS
lunsﬁléggfe T SEL DETAIL E— et
T — OUTER SHELL $B-515 N0G022 4280 I L 25.40
FLAT BOTTOM L1D
OUTER SHELL FLAT BOTTOM L1ID $B-515 NO6022 440 ! [1.000} ‘
30.00 UPPER_TRUNNION COLLAR SLEEVE $B-515 N0G022 425 x |
[r.181} LOWER _TRUNNION COLLAR SLEEVE $B-575 N06022 399 ! { [
EXTENDED OUTER LID ASSEMBLY SB-515 N06022 102 | i
. 10.00 FLAT
9.53 FLAT CLOSURE LID ASSEMBLY $B-575 N0G0Z2 73 i j [8.23“ LAT CLOSURE 11D
0.375) INNER SHELL SUPPORT RING SB-575 NO60Z2 50 | 10.60
THNER SHELL SA-240 531600 8733 | (0.394]
30.00 — 40,00 T INNER SHELL FLAT BOTTOM LID SA-240 $31500 736 ) ALLOWS FOR THERMAL EXPANSION
Ligl 1515) INNER SHELL TOP LID ASSEMBLY SA-240 $31600 104 i | R
SHEAR RING SA-240 $31600 25 i L] '
N - SHELL INTERFACE RING SA-240 531600 34 ! e ! —(Zg'fa%s]
l \ \ E— 45,0 BASKET B-SIDEGUIDE SA-516 K02700 19 32 i :
25.40 BASKET B-STIFFENER SA-516 _K02700 30 54 f
[).0001 \ ! BASKET CORNERGUIDE SA-516 K02700 1 32 1580, NNER SHELL L1D
rLArog(T>$¥oaHE'IB BASKET STIFFENER SA-516 K02700 2.1 64
, FUEL BASKET A-PLATE NEUTRONIT A 973 63 1 ‘ 30,00
:gﬁgm 100,00 FUEL BASKET B-PLATE NEUTRONIT A 973 63 2 ) (181
£3.9311 FUEL BASKET C-PLATE NEUTRONIT A 978 s 6 i
FUEL BASKET D-PLATE NEUTRONET A 978 44 16
FUEL BASKET E-PLATE REUTRONIT A 978 7] s ! SEAL WELD AROUND SHEAR RING
FUEL BASKET F-PLATE $8-209 A96061 14 20 8
_1 FUEL BASKET G-PLATE 5B-209 A9606) 14 2 |
30.00 FUEL BASKET TUBE SA-516 K02700 03 4 l |
[r.181) —! L 2.70 - N N _ :
{0.5001 TOTAL ALLOY 22 WELDS SFA-5.14 NOB022 105 - / ’
TOTAL STAINLESS STEEL WELDS SFA-5.9 531680 13 - j ;
12.70 '
DETA”_ B N - M {0.5001 !
SCALE 0.750 44 BWR/DOE SNF - LONG WASTE PACKAGE - 26550 /L J
- - : i
12.70 © ——=f e 5
/J BWR_FUEL ASSEMBLY - 328.4 s 44 (eI 2000
NOTE: - : - - !
FULL PER WP_ASSEMBLY WITH SHF - 41000 - —f }——5.00 RAWL GAP
NARROW GROOVE WELD 0,197 |
180 BY FABRICATOR + COMPONENT MASSES INCLUDE MASS FROM WELDS 20 00 TO ALLOW FOR THERMAL EXPANSION
1hCRUAS MAO 1991, WASTE CONTAINER CAVITY §11€ DETERMINATION. 8BAA00000-01717-0200-00026 REV 00 (o.1871 STE PACRoE FRoRCT
o ’ ' o DETAIL A Beachtel SAIC Company, LLC
NOTE . s C AL E 0 7 5 SKETCH NUMBER S K 022 0 K[VIS’IDH
: R . - ot
TIGHT HATCHING REPRESENTS WELD CROSS-SECTION it WONE | et 3 OF 4
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| 0¢20-¥

__.o__:ozm_v &wx% 5 xmm.s.. ..uz,.m_

B?1604.00
{63.1501

SCALE
UPPER TRUNNION

ON C-C

C
6.35 TYP
@260.35 TyYP {0.250])
[10.250) 25.40 TYP
[1.000]
@% — min ]
1 *(?3 TYp
T — — _’ {0.256]
&’ W 19.05 TYP
[0.7501)
%IT\ LTI ~L\_|FMDM: DTN
DETAIL C
SCALE 0.500
20.00 —=i |=—o
(o 7871
Fem 3.1 75
{0.12501
rl\w/u.o,,
1Y N —
\ []
6,35
# [0.250] T
104.00
{4.094)
Loss 1w |
(072501
DETAIL H SECT]
SCALE  2.000 SEALE

0.300

I

60.0°TYP 3 PL

0.100
COLLAR SLEEVE

.00
(13.386]

o

i
1
0.0°TYP 3 PL ~

R4.76
[0.188]

i
@1604.00
[63.150)

)

E
R4.T6
10.188)
NOTE :
[A] MuST ALIGN wiTH [B] IN THE SAME PLANE -8-]
WAEN WELDED IN THE FINAL ASSEMBLY. i
THIS WILL ENSURE THE 60° GAPS ARE IN SCALE" 0.100
THE CORRECT POSITION. LOWER TRUNNION COLLAR SLEEVE
T e
]
17200 345.00 hwoowf ﬂimw%wo::v _
{6.712) 113.583] 172.00
1300 (6.772}
B | 1
104.00 E #
[4.094] _
: w?ue. | g,
g — .
r \ SECTION F-F
SECTION ~D-D SECTION E-E
SCALE 0.300
SCALE  0.300 SCALE  0.300

' WASTE PACKAGE PROJECT

Bechtel SAIC Company, LLC

SKETCH NUNBER REVISION

mx_-omwo o

SHEET 4 OF 4

) SCALE NONE
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7 l 6 l 5 + 4 3 I [wvg?ulls i’?}n’sl 7{20‘!5‘1”" W13 l

REYISIOH HISTORY
[[ALL_SHEETS ARE THE SANE REVISION STATUS | [0 Torv SrenpTion 7 i T
- oo YWITIAL 1SSUAICE TEB 15, 2002 | S
WANT | 01 USE ONE STOP ON LIFTING FEATURTS INSTEAD OF THREE
EN CHANGE TITLE FROM °21-PUR LIFTING COll.ARS' T0
“WASTE PACKAGE LIFTING COLLARS
WANY [ 01 WODIFY SHAPE AND PLACEMENT OF TRUNNIONS
{07 | CONDENSED TRUNNIONS 70 ONE PAGE, REMOVED PAGE 06 FRON REV 00
L1 ADD MASSES AND DIMENSIONS FOR DIFFEREAT WASTE PACKAGES

f
l
!

BILL OF MATERIALS WASTE | /ASSEMBLY
PART O, PART NATERFAL] CUANTITY PACKAGE | MASS {KG)
1 UPPER LIFTING COLLAR $A-105 i NAVAL | 1.69¢3 |
FORG I NG
2 SHORT TRUNNION SA-564 ) 12-PWR |7 1.18e3
BAR
3 LONG TRUNNTOR SAB~5R64 1 5-DHLW | 1.82¢3
A i
il
44-8WR 1,46¢3
21-PUR ‘. l4de3

l

NOTE f: WELD SHOULD BE MACHINED
FLUSH WITH SURFACE WHERE APPLICABLE.
SCALE 0.125 ON SIDE WITH SHOULDER, THE TRUNNION
UPPER LIFTING COLLAR ASSEMBLY SHOULD BE INSERTED, WELDED, THEN MACHINED
TO THE FINAL DIMENSIONS AFTER HEAT
TREATING. THE TRUNNION AND COLLAR SHOULD
BE SEAMLESS WHEN VIEWED FROM THE INSIDE.
AWS E630 WELD WIRE TO BE USED.

NOTE 2: SURFACES SHOULD BE MACHINED
N FLUSH WITH MATING SURFACES WHERE
Al , APPLICABLE AFTER HEAT TREATING.
AWS E630 WELD WIRE TO BE USED.

NOTE 3: ENTIRE ASSEMBLY SHOULD BE
HEAT TREATED TO CONDITION H300 (HEAT
\/U[ o SOLUTION-TREATED MATERIAL AT 900 °F )

FOR 1 HOUR AND AIR COOL).  ALL EDGES !
SHOULD BE BURR-FREE.

A

T T LT R
INTEND N .
SECTION A-A OR_FABRICATION.

1
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AND OEGREES UNLESS OTHERWISE NOTED |  JERRY COGAR EREET] THvision
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70 NOT SCALE FROM SKETCH °,§féf.}:f°’f,."§;sgy/“ ‘J\*\T‘i b’l-mu‘ s WOTE0_| SO T 0F S

Title: Vertical Drop of 44-BWR Waste Package with Lifting Collars

Document Identifier: 000-00C-DSU0-00800-000-00A

Analvses & Component Design

7 6 5 * 4 l 3 4 2 ,

Attachment III: SK-0234 Rev 01 — Waste Package Lifting Collars

Originator: 4K5 oct 04) 20072



_
i
!
!

8 IR 7 6 5 f 4 3 |l B T o | |

Calculation

RS.50
1.2117)
ALL AROUND

e 340.00 =
DOIM Al (13,3861

50.80 —=df
(2.000)

32.70
[1.287)

64.00
12.520)

172.00
(6.1721

Ri12. 70
[.500])
ALL AROUND

DETAIL C

\smwwv | SCALE 0.300
B

SEE DETAIL €

§0.0° TYP.

SCALE 0.125 |
PART | w
UPPER LIFTING COLLAR :
MAT’L: SA-705 FORGING X

1

150,00 WASTE | DIMENSION SIZE (M) | pagT ¢
15.906) PACKAGE | DiM Al DIM A2 | MASS {KG)
NAVAL 2164.00 1985. 40 1.65¢3
1,11 12-PWR 1534.00 1355.40 1.14e3
17186) 5-DHLW | 2314.00 | 2135.40 1.78¢3
’ 44-BWR 1818, 00 1699.40 1.42¢3

25.40 ,
_|munus Il:l&:..;s 21-PWR | 1856.00 | 1679.40 | 1.41e3
1 M .

SECTION B-B

THIS DRAW!NG IS PRELIMINARY AND NOT
INTENDED FOR CONSTRUCTION. PROCUREMENT
OR FABRICATION.

i
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Bechtel SAIC Company, LLE

SKTTCH NONBER | REVISION
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Title: Vertical Drop of 44-BWR Waste Package with Lifting Collars
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1 6 N 5 3 S A L PPN
]
1
]
,&
|
i
)
}
B156.00 — 178.50 —
[6.1421 b }45.68 ——ar] (7.0281 !
15,7351
—+] t—8.50 R3. 18 . 5.50
—Iuﬁ.&z (125 £.335) B156.00
t6.142)
= @139.00
(5.472)
._/ 1
R3.18
1,121
SCALE 0.600 SCALE 0600 '
PART 2 PART 3 J
LONG TRUNNION
SHORT TRUNNION 0. . k
MAT’L: SA-564 BAR STOCK MAL LD SA-363 BAR STOCK _
MASS = 171.5 KG ) ;
|
i
NOTE: THE LONG TRUNNION IS TO BE INSERTED ~
INTO THE LIFTING COLLAR, THEN WELDED INTO
PLACE. THE FINAL MACHINING OF THE INNER RADIUS
OF THE LIFTING SHOULDER SHOULD BE PERFORMED :
AFTER WELDING AND HEAT TREATMENT. !
[
|
i
H_.M DRAWING 1S PRELIMINARY AND NOT
INTENDED FOR CONSTRUCTION, PROCUREMENT
OR 'FABRICATION.
w ANALYSES L COMPONENT DESIGN
Beaohtel SBAIC Company, LLG
SXETCH ABBEN REVISION
ot
SCALE >.m NOTED | SHEET 3 OF §
8 1 ) 5

{
|
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Document Identifier: 000-00C-DSUQ0-00800-000-00A

!
|
|

'
/

1 6 3 _ _.a_m_o:. s m_m.u_.vu -ng.am.:x_..,_.uﬂﬂ_ !
I
D }
|
|
,_,
] {
BILL OF MATERIALS WASTE ASSEMBLY
PART WO. FART MATERTAL ] QUANTITY PACKAGE | MASS (KG)
4 LOWER LIFTING COLLAR SA-105 [ NAVAL 1.77e3
FORG ING
2 SHORT TRUNNION SA-564 ] 12-PWR 1.24e3
BAR STOCK :
3 LONG TRUNNIOM SA-564 } 5-DHLW i.90e3
BAR STOCK ;
44-BWR _f.uwnw
C 21-PWR |.51e3
|
|
i
IL ,
v [
)
NOTE 4: EDGES SHOULD BE MACHINED “
FLUSH WITH SURFACES WHERE APPLICABLE !
AFTER HEAT TREATING. AWS E630 '
SCALE 0.125 WELD WIRE TO BE USED. '
LOWER LIFTING COLLAR ASSEMBLY i
NOTE 5: WELD SHOULD BE MACHINED i
B FLUSH WITH SURFACE WHERE APPLICABLE. |
ON SIDE WITH SHOULDER, THE TRUNNION _
SHOULD BE INSERTED, WELDED, THEN MACH{NED
TO THE FINAL DIMENSIONS AFTER HEAT
TREATING. THE TRUNNION AND COLLAR SHOULD ~
BE SEAMLESS WHEN VIEWED FROM THE INSIDE. !
AWS E630 WELD WIRE TO BE USED. @
NOTE 6: ENTIRE ASSEMBLY SHOULD BE .f
- HEAT TREATED TO CONDITION H 900 (HEAT )
SOLUTION-TREATED MATERIAL AT 800 °F )
FOR | HOUR AND AIR COOL). ALL EDGES '
SHOULD BE BURR-FREE. w
A
|
SECTION D-D i
A |
TH({S DRAWING S PRELIMINARY AND NOT
_’.z,mnzoﬂv FOR CONSTRUCTION, PROCUREMENT
OR [FABRICATION. .
w ANALYSES § COMPONENT DESIGN
Beohtsl SBAIC Company, LLC
SKLTCH wyraeR REYISION
. SK-0234 1]
SEALE 15 NOTED | SHEET 4 OF 5
7 6 4 3 2 T !

»
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!

i

le— 357.70 =
114.083]

50.80 ———————am
[2.000)

SEE DETAIL E

60.0° TYP

$139.00
£5.4721
]
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DETAIL E .
SCALE O.SIOO
!
}
112,70 ’
[4.437) !
R5.50 )
£.211
ALL AROUND |
172.00 t
£6.772) |
RiZ.70 SCALE  0.125 19870 ————= -— {
(5000 PART 4 17.823)
ALL AROUND LOWER LIFTING COLLAR |
MAT‘L: SA-T05 FORGING
J
32.70 ;
11.2871 |
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