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1. PURPOSE

The objective of this calculation is to determine the structural response of the waste package (WP)
swinging down from a horizontally suspended height. The WP used for that purpose is the 21-
Pressurized Water Reactor (PWR) WP. The scope of this document is limited to reporting the
calculation results in terms of stress intensities. This calculation is associated with the WP design
and was performed by the Waste Package Design group in accordance with the Technical Work Plan
for: Waste Package Design Description for LA (Ref. 13). AP-3.12Q, Calculations (Ref. 18) 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 21-PWR WP design
considered in this calculation and provides the potential dimensions and materials for the 21-PWR
WP design.

2. METHOD

The finite element calculation was performed by using the commercially available ANSYS Version
(V) 5.6.2 (Computer Software Configuration Item [CSCI] 10364 V5.6.2; Ref. 5) and LS-DYNA
V950.C (Software Tracking Number [STN] 10300-950-00; Ref. 7) finite element codes. The results
of this calculation were provided in terms of maximum stress intensities in the outer shell (OS), inner
shell (IS), and Shear Ring.

With regard to the development of this calculation, the control of electronic management of data was
evaluated in accordance with AP-SV.1Q, Control of the Electronic Management of Information
(Ref. 17). The evaluation (Addendum B of Ref. 13) determined that current work processes and
procedures are adequate for the control of the electronic management of data for this activity.

3. ASSUMPTIONS ‘

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

3.1 Some of the temperature-dependent material properties, such as Poisson’s Ratio, Coefficient
of Thermal Expansion, and density, are not available or are negligible for SB-575 N06022
(Alloy 22), SA-516 K02700 (516 carbon steel [CS]), and SA-240 S31600 (316 stainless steel
[SS]). The room-temperature (20 °C) material properties 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 material properties of said materials will
not significantly impact the results. This assumption is used in Section 5.2.

3.2 The Poisson’s ratio of Alloy 22 is not available in literature. The Poisson’s ratio of Alloy 625
(SB-443 N06625) is assumed for Alloy 22. The impact of this assumption is anticipated to
be negligible. The rationale for this assumption is that the chemical compositions of Alloy
22 and Alloy 625 are similar (see Ref. 2, Table 1 and Ref. 10, p. 143, respectively). This
assumption is used in Section 5.2.
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3.3

3.4

3.5

3.6

3.7

3.8

3.9

Strain rate hardening material properties are not available for SB-575 N06022 (Alloy 22),
SA-516 K02700 (516 carbon steel [CS]), and SA-240 S31600 (316 stainless steel [SS]). The
effects of this phenomena are neglected. The impact of ignoring these properties is
anticipated to be conservative. The rationale for this assumption is that strain rate hardening
would make the material stronger. This assumption is used in Section 5.2.

Poisson’s ratio is not available for 516 CS. Therefore, Poisson’s ratio of cast carbon steel
is assumed for 516 CS. The impact of this assumption is anticipated to be negligible. The
rationale for this assumption is that the elastic constants of cast carbon steels are only slightly
affected by changes in composition and structure (see Ref. 3). This assumption is used in
Section 5.2.

The exact geometry of the loaded internals is simplified for the purpose of this calculation.
The spent fuel was modeled as 21 separate solid rectangles made from SS304L., but the
thermal shunts, fuel tubes, and dividers between the fuel assemblies were omitted. The
density of the spent fuel was increased to account for the missing mass. However, the
sideguides, cornerguides, and stiffeners were included to accurately represent the contact
with the inner shell. The rationale for this assumption is to simplify the finite element
representation (FER), thus reducing processing time and file size, without compromising the
accuracy of the calculation. This assumption is used in Section 5.2 and Section 5.4.

The elongations of Alloy 22 and 316NG SS at elevated temperatures are not available from
traditional sources. However, vendor data is available (Ref. 6 and Ref. 14). The percent
difference between elongations at room temperature 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.

The impact surface that the WP is to be dropped on is conservatively assumed to be perfectly
rigid (unyielding). Such a material does not exist. LS-DYNA V950.C (Ref. 7) is able to
simulate such a surface. The result will be that the stresses produced by this calculation will
be a small percentage higher than those that would result if a realistic surface were used. The
rationale is that this is a conservative assumption. This assumption is used in Section 5.4.

Three-stage deformation characteristics are not observed in the stress-strain curves for Alloy
22 or Type 316 stainless steel (Ref. 9). However, in order to capture the uniform strain of
the material from the curves, the total elongation should be conservatively reduced by 10%.
The rationale for this assumption is to truncate the last portion of the curve that has
decreasing slope. This assumption is used in Section 5.2.2.

The uniform strain of A 516 Grade 70 CS is not available in literature. Therefore, it is
conservatively assumed that the uniform strain is 50% of the elongation. The rationale for
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this assumption is the character of stress-strain curve for A 36 CS (see Refs. 8 and 12) that
has similar chemical composition with A 516 Grade 70 CS (see Ref. 2, SA-516/SA-516M
and SA-36/SA-36M). This assumption is used in Section 5.2.2.

3.10 For the purposes of analyzing the initial angular velocity of the waste package before impact,
the WP will be assumed to be a solid cylinder. This is necessary to calculate the rotary
moment of inertia. The impact of this assumption on the results is negligible. The rationale
for this assumption is the overall cylindrical shape of the WP and the relatively solid packing
of the contents. This assumption is used in Section 5.3.

4. USE OF COMPUTER SOFTWARE AND MODELS
4.1 SOFTWARE

The first finite element analysis (FEA) computer code used for this calculation is ANSYS V5.6.2
(Ref. 5), which is identified with the Software Tracking Number (STN) 10364 V5.6.2 and was
obtained from Software Configuration Management in accordance with appropriate procedures.
ANSYS VS5.6.2 is a commercially available finite element analysis code and is appropriate for
structural calculations of WPs as performed in this calculation. The calculations using the ANSYS
V5.6.2 software were executed on a Hewlett-Packard (HP) UNIX workstation, Bechtel SAIC
Company, LLC (BSC) tag number 700314. The ANSYS evaluations performed for these designs
are fully within the range of the validation performed for the ANSYS V5.6.2 code. The code used
to perform these calculations was obtained from the Software Configuration Secretariat in
accordance with the appropriate procedures.

The second FEA code used is Livermore Software Technology Corporation (LSTC) LS-DYNA
V950.C (Ref. 7). LS-DYNA V950.C was obtained from the Software Configuration Secretariat in
accordance with the appropriate procedures and is identified by STN 10300-950-00. LS-DYNA
V950.C is appropriate for its intended use. The LS-DYNA evaluation performed for this calculation
is fully within the range of the validation perfromed for the LS-DYNA V950.C code. The
calculations were executed on HP 9000 series UNIX workstations identified with YMP tag numbers
117161 and 114435 located in Las Vegas, NV.

The input and output files are defined in Section 8 of this document. They are located in Attachment
IT to this document.
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4.2 SOFTWARE ROUTINES
None used.
4.3 MODELS

None used.
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S. CALCULATION
5.1 MASS AND GEOMETRIC DIMENSIONS OF WASTE PACKAGE

This calculation was performed using mass and geometric dimensions of the 21-PWR waste
package (see pp. I-1, I-15 and 1-24):

Total mass of the loaded WP = 41,598 kg

Length =5.129 m

Outer diameter of outer shell = 1.574 m

Outer diameter of trunnion collar sleeve = 1.654 m

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 22, 316NG SS, and 516
CS. Therefore, room-temperature density and Poisson’s ratio obtained under the static loading
conditions are used for for Alloy 22, 316NG SS, and 516 CS (see Assumptions 3.1 and 3.3).

SB-575 N06022 (Alloy 22) (Outer shell, outer shell lids, upper and lower trunnion collar sleeves):
. Density = 8690 kg/n’' (0.314 [b/in’) (at room temperature) (Ref. 2, SB-575 Section 7.1)
. Yield strength = 310 MPa (45 ksi) (at room temperature) (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)
. Tensile strength = 690 MPa (100 ksi) (at room temperature) (Ref. 2, Table U)
Tensile strength = 657 MPa (95.3 ksi) (at 400 °F = 204 °C) (Ref. 2, Table U)
Tensile strength = 628 MPa (91.1 ksi) (at 600 °F =316 °C) (Ref. 2, Table U)
. Elongation = 0.45 (at room temperature) (Ref. 2, SB-575 Table 3)
. Poisson's ratio = 0.278 (at room temperature) (Ref. 10, p. 143; see Assumption 3.2)
. Modulus of elasticity = 206 GPa (at room temperature) (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)
SA-240 S31600 (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. 15, page 931 and Ref. 2, Section II, SA-240
Table 1}) (Inner shell, inner shell lids, and inner shell lifting feature):
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. Density = 7980 kg/m’ (at room temperature) (Ref. 11, Table X1, p. 7)

. Yield strength = 207 MPa (30.0 ksi) (at room temperature) (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)

. Tensile strength = 517 MPa (75.0 ksi) (at room temperature) (Ref. 2, Table U)
Tensile strength = 496 MPa (71.9 ksi) (at 400 °F = 204 °C) (Ref. 2, Table U)
Tensile strength = 495 MPa (71.8 ksi) (at 600 °F = 316 °C) (Ref. 2, Table U)

. Elongation = 0.40 (at room temperature) (Ref. 2, SA-240 Table 2)

. Poisson's ratio = 0.298 (at room temperature) (Ref. 10, Figure 15, p. 755)

. Modulus of elasticity = 195 GPa (28.3 * 10° psi) (at room temperature) (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)

SA-516 K02700 (516 CS) (Sideguides, stiffeners, and baskets):
. Density = 7850 kg/m’ (at room temperature) (Ref. 2, SA-20/SA20M, Section 14.1)
. Yield strength = 262 MPa (38 ksi) (at room temperature) (Ref. 2, Table Y-1)

Yield strength = 224 MPa (32.5 ksi) (at 400 °F = 204 °C) (Ref. 2, Table Y-1)
Yield strength = 201 MPa (29.1 ksi) (at 600 °F = 316 °C) (Ref. 2, Table Y-1)

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

. Elongation = 0.21 (at room temperature) (Ref. 2, SA-240 Table 2)

. Poisson's ratio = 0.3 (at room temperature) (Ref. 3, p. 374) (see Assumption 3.4)

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

SA-240 S30400 (304 SS, see Assumption 3.5) (21-PWR Fuel):

. Yield strength = 207 MPa (38 ksi) (at room temperature) (Ref. 2, Table Y-1)

Yield strength = 143 MPa (32.5 ksi) (at 400 °F = 204 °C) (Ref. 2, Table Y-1)
Yield strength = 127 MPa (29.1 ksi) (at 600 °F = 316 °C) (Ref. 2, Table Y-1)
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. Tensile strength = 517 MPa (70 ksi) (at room temperature) (Ref. 2, Table U)
Tensile strength = 441 MPa (70 ksi) (at 400 °F =204 °C) (Ref. 2, Table U)
Tensile strength = 437 MPa (70 ksi) (at 600 °F =316 °C) (Ref. 2, Table U)

. Elongation = 0.40 (at room temperature) (Ref. 2, SA-240 Table 2)

. Poisson's ratio = 0.290 (at room temperature) (Ref. 10, Figure 15, p. 755)

. Modulus of elasticity = 195 GPa (29.5 * 10° psi) (at room temperature) (Ref. 2, Table TM-1)
Modulus of elasticity = 183 GPa (27.7 * 10° psi) (at 400 °F = 204 °C) (Ref. 2, Table TM-1)
Modulus of elasticity = 174 GPa (26.7 * 10° psi) (at 600 °F = 316 °C) (Ref. 2, Table TM-1)

S.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 elongation normalized to the room temperature values from accepted codes (see

Assumption 3.6).

For Alloy 22, the vendor data shows a 13% increase between 600 °F and room temperature (Ref. 6).

Therefore the elongation values for Alloy 22 at elevated temperatures will be as follows:

Elongation (5., = 0.45 * 1.13 =0.51

For SS 316, the vendor data shows a 30% decrease between 600 °F and room temperature (Ref. 14).

Therefore the elongation values for SS 316 at elevated temperatures will be as follows:

Elongation (.- = 0.40 * (1 — 0.30) = 0.28

Since the components made of SA-516 will not be analyzed for stresses, its elongation is not needed
at elevated temperatures. The SA-516 components are only needed for their density.

5.2.2 Calculations for True Measures of Ductility

The material properties in Sections 5.2 and 5.2.1 refer to engineering stress and strain definitions:

P _
s=— and e = L-1L,
4, L,

(Ref. 4)
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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
dimensions of the specimen. Therefore, the LS-DYNA V950.C finite element code requires input
in terms of true stress and strain definitions:

o= P and € =In L (Ref. 4)
A L

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 (4, *L,, = A*L) and strain
homogeneity during plastic deformation:

c=s*(1+te)and £ = ln(l + e) (Ref. 4)

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 22, 316 SS and 316NG SS do not manifest three-stage deformation
character (Ref. 9). Therefore, the elongation, reduced by 10% for the sake of conservativism, can be
used in place of uniform strain (Assumption 3.8).

In the case of Alloy 22 (e, = 0.9 * elongation = 0.41 at room temperature), the true measures of
ductility are

&=In(1+e)=In(1+041)=0.34
oun=5,%(1+e)=690* (1 +041)=973 MPa.
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400 °F (204 °C) Alloy 22
&=In(1+e)=In(1+0.41)=034
Gu=5.* (1 +e,) =657 * (1 +0.41) = 926 MPa

600 °F (316 °C) Alloy 22
&=In(l +¢,)=In(1 +0.41)=0.34 (ASME values)
ou=s,%(1+e¢,)=628*(1+0.41)=885 MPu (ASME values)

&= In(1 +¢,) = In(1 + 0.45) = 0.37 (vendor data)
ou=s5,*%1+e)=628*(1+0.45)=911 MPa (vendor data)

For 316NG SS at room temperature, ¢, = 0.9 * elongation = 0.36, therefore:

&=1In(1 +¢,) =In(1 + 0.36) = 0.31
Gy =s,* (1 +e,)=517* (1+0.36) = 703 MPa

400 °F (204 °C) SS 316NG
&=1In(1 +e,) = In(1 +0.36) = 0.31
Gy =5,* (1+e,)=496 * (1 + 0.36) = 675 MPa

600 °F (316 °C) SS 316NG
&=In(1 +¢,)=In(1 +0.36)=0.31 (ASME values)
ou=5,* (1 +e,)=495* (1 +0.36) =673 MPa (ASME values)

600 °F (316 °C) SS 316NG(cont’d)
& =1In(l +¢,)=In(1+0.25)=0.22 (vendor data)
ou.=5,%(1+¢,)=495*(1+0.25) =619 MPa (vendor data)

For 516 CS at room temperature, ¢, = 0.5 * elongation = 0.11, therefore:
&=In(1+¢,)=In(1+0.11)=0.10
ou=s,*(1+e,)=483*(1+0.11)=536 MPa

400 °F (204 °C) 516 CS
&=In(1+e¢,)=In(1+0.11)=0.10
ou=8,*(1+e,)=483* (1 +0.11) =536 MPa

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

For 304 SS at room temperature, ¢, = 0.75 * elongation = 0.30, therefore:
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& =In(1 +¢,)=In(1 +0.30) = 0.26
g =s5,*(1+e,)=517*(1+0.30)=672 MPu

400 °F (204 °C) 304 SS
& =1In(l +¢,)=1In(1+0.30)=0.26
o, =5 * (1 +e,)=441* (1 +0.30)=573 MPa

600 °F (316 °C) 304 SS
& =In(1 +¢,) = In(1 +0.30) = 0.26
oy =5, % (1 +e,) =437 * (1 +0.30) = 568 MPu

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 22, 516 CS, and 316NG SS. When the materials are driven into the plastic
range, the slope of stress-strain curve continuously changes. Thus, a simplification for this curve
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
5.2.2 are modulus of elasticity (£) and tangent modulus ( £,). The tangent (hardening) modulus
represents the slope of the stress-strain curve in the plastic region. In the case of Alloy 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 room temperature is:

E1ri = (Ourt = Opr) | (Eri - &,00) = (0.973 — 0.310)/(0.34 — 0.0015) = 2.0 GPa (see Section 5.2,
5.2.1,and 5.2.2)

For Alloy 22 at 400 °F (204 °C) .
E} q0000 = (Gug00°r = Oy 400°8) | (Ewatoer = Oy g00°1/ Egpoer?) = (0.926 — 0.236)/(0.34 — 236/196€3) =
2.0 GPa (see Section 5.2, 5.2.1, and 5.2.2)

For Alloy 22 at 600 °F (316 °C, ASME values)
E\ 600°r = (Gu600°F = Gy,600°F) | (Eu600°F = Oy600°r Egooor) = (0.885 — 0.211)/(0.34 — 211/190e3) =
2.0 GPa (see Section 5.2, 5.2.1, and 5.2.2)

For Alloy 22 at 600 °F (316 °C, vendor data)

E\ 600°r = (Ou.600°F = Ty.600°%) | (&u.600°F - Gy600°r Egooer) = (0.911 = 0.211)/(0.37 — 211/190e3) =
1.9 GPa (see Section 5.2, 5.2.1, and 5.2.2)
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Similarly, for 316NG SS at room temperature:
Eiv =(0un- 0yn)! (&uri - Oyn/En) =(0.703 — 0.207)/(0.31 — 207/195€3) = 1.6 GPa (see Section
5.2,5.2.1,and 5.2.2)

For 316NG SS at 400 °F (204 °C)
E s000r = (O g00°r = Gyd0008) | (Euanoor = Oya00°-/Egooer) = (0.675 — 0.148)/(0.31 — 148/183e3) =
1.7 GPa (see Section 5.2, 5.2.1, and 5.2.2)

For 316NG SS at 600 °F (316 °C, ASME values)

E; s00°r = (Ou,600°F = Oy.600°F) | (Eu600°r = Gy600°r ! Egooerr) = (0.673 — 0.130)/(0.31 — 130/174e3) =
1.8 GPa (see Section 5.2, 5.2.1, and 5.2.2)

For 316NG SS at 600 °F (316 °C, vendor data)
E1600°F = (Ou600°F - Gy.600°F) | (Eu.600°r - Oy600°0 ' Egooer) = (0.619 — 0.130)/(0.22 — 130/174e3) =
2.2 GPa (see Section 5.2, 5.2.1, and 5.2.2)

Tangent Modulus of 516 CS at room temperature:

E1n=(Gun - G} | (€urt - Syl Er) = (0.536 — 0.262)/(0.10 — 262/203¢3) = 2.8 GPu (see Section 5.2,
5.2.1,and 5.2.2)

516 CS at 400 °F (204 °C)
E1,400°ﬁ‘ - (0—1/.4()0"/7 - O:v‘./()()olr) / (6‘,,_4()()01.‘ - O}J(){)"/?/E‘;()()O/") = (0536 - 0224)/(0 10 - 224/191 63) =32
GPua (see Section 5.2, 5.2.1, and 5.2.2)

516 CS at 600 °F (316 °C)
Ej 6000k = (Ou,600°F = Oy,600°) | (&u,600°F - Oy600°1 Egooer) = (0.536 —0.201)/(0.10 — 201/184¢3) = 3.4
GPa (see Section 5.2,5.2.1, and 5.2.2)

Tangent Modulus of 304 SS at room temperature:

Ein= (o;, vt = Oyrt) | (8ur - Oy 1 Er) = (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)
E} s00°r = (Oug00°F = Oy.400°F) | (& g00°F = Oyg00°r ! Ego00r) = (0.573 — 0.143)/(0.26 — 143/183e3) = 1.7
GPua (see Section 5.2, 5.2.1, and 5.2.2)

304 SS at 600 °F (316 °C)
£ 600°r = (Ou.600°r - Ty,600°F) | (8u600°F = Op.600°r [ Egooor) = (0.568 — 0.127)/(0.26 — 127/174e3) = 1.7
GPa (see Section 5.2, 5.2.1, and 5.2.2)
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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

1 I
(O A

2.4m

1\ "I T ETES IS TSI TSI IS

Figure 1. Swing-Down Initial Geometry

Figure 2. Geometry After Swing-Down

Using the following parameters:

g = acceleration due to gravity = 9.81 m/s2

= Drop Height = 2.4 m (Ref. 1)
b = Distance between Trunnion and Corner of WP
b=(1.654*+(5.129-.1725)")*° = 5.225 m

6, = Angle between b and top horizontal of WP
tan 6| = opposiw/ _ |,(v54/ _ l.()54/

adjacent (5.129-0.1725) — 4,957
-0, =18.45°
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0,

Figure 3. Overlaid Geometry

0, = Angle between b after swing-down and original top horizontal of WP

— 4.054/

opposite
/hypolcnusc

sin 6, =

.8, =50.89°

5.225

y=0,-0,=50.89°- 18.45° = 32.44°
tan 32.44° ="/ (A from Figure 2)
A=2.602m,", =130l m

Length ()I'Wl’/2 + A/2 — 3866 m

The final height of the center of mass over the surface is equal to
Sin 32.44° = OO/ cnuse

3.866 * sin 32.44° = opposite

opposite = 2.074 m

The total change in height of the center of mass of the WP is equal to
Ah=(24+"'%)-2.074=1.153m

The initial angular velocity may be calculated using the energy method:
mgAh = 3l o’

The rotary inertia (1) of a solid cylinder (Assumption 5.10) is known to equal to
I,="/,(3d> + 41%)
1, = "% ke/, (3%(1.654 m) + 4*(5.129 m)?) = 98,304 kg-m"

1, is about the centroid of the WP, which is in the center of the WP. The parallel axis theorem may
be used to find the rotary moment of inertia about the corner of the WP.
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I, =1 +Mc
c= ((Icnglh o]‘wl’/z)Z + (Dimnclcr ()rWlx/z)Z)().S — (25652 + 0.8272)0'5 = 2695 m
I, = 98,304 kg-nm* + (41,598 kg)*(2.695 m) = 400,431 kg-m’

Now the initial angular velocity may be found.

mgAh = %4l,0°

(41,598 kg)*(9.81 m/sy*(1.153 m) = Y4(400,431 kg-m’)* &’
o’ =2.35 rad/s®

o =1.53 rad/s

5.4 FINITE ELEMENT REPRESENTATION

A full three-dimensional (3-D) FER of the WP was developed in ANSYS V5.4 using the dimensions
provided in Attachment I. The internal structure of the WP was simplified. The internal components
of the Inner Shell (thermal shunts, side guides, spent nuclear fuel, etc.) were represented using solid
elements (Assumption 3.5). This significantly lowered the number of contacts within the FER while
still maintaining the proper mass needed for the computer run. However, the sideguides and
stiffeners between the spent nuclear fuel and the IS were accurately modeled using shell elements
to accurately model the contacts in this region.

The target surface was conservatively assumed to be unyielding (Assumption 3.7). This was
accomplished using the *RIGIDWALL command within LS-DYNA. This command creates an
invisible rigid wall within LS-DYNA. All nodes are slaves to the RIGIDWALL, and the
RIGIDWALL is immovable.

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

The initial drop height of the WP was reduced to 0.01 m before impact and the WP was given an
initial angular velocity equal to 1.55 rad/s, which is conservative (see Section 5.3).

The FER was then used in LS-DYNA V950.C to perform the transient dynamic analysis for the 21-
PWR Waste Package swing-down.
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6. RESULTS

This document may be affected by technical product input information that requires confirmation.
Any changes to the document that may occur as a result of completing the confirmation activities
will be reflected in subsequent revisions. The status of the technical product input information
quality may be confirmed by review of the DIRS database.

Attachment 11 includes the input files and results files that show execution of the programs occurred
correctly. The stresses were reported via plots that have been made interactively using the
postprocessor LSPOST. The stresses were recorded every 0.002 seconds after impact. The stresses
in all components peaked between 0.002 and 0.030 seconds. However, the solution was allowed to
reach 0.038 seconds to ensure that all stresses had climaxed.

The results file, d3hsp (Attachment II), lists the calculated masses used by LS-DYNA. The sum of
the masses of the WP equals 42,550 kg, with the mass of the loaded WP 41,598 kg from Section 5.1.
The percent difference in mass would then be ~ 2.3%. However, this difference is on the positive
side, and thus considered to be conservative and negligible.

The following pages contain figures that show various parts at states of maximum stress. These start
on the next page with Figure 4, which shows the maximum shear stress in the inner shell at room
temperature.
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Figure 4. Inner Shell Stresses at Room Temperature

All of the stresses that are reported in the legends of the plots are Tresca Stresses or Maximum Shear
Stresses. The units are Pascals. Figure 4 shows that the maximum stress intensity in inner shell is
360 MPa at 0.028 seconds.

Figure 5 may be found on the next page. It shows the maximum stress intensity in the same part, but
at 400 degrees Fahrenheit.
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Figure 5. Inner Shell Stresses at 400 °F

Figure 5 shows that the maximum stress intensity in the inner shell is 268 MPa at 0.030 seconds. This
is slightly lower than the room temperature value, which is to be expected.

Figure 6 may be found on the next page. It shows the maximum stress intensity in the same part, but
at 600 degrees Fahrenheit.
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Figure 6. Inner Shell Stresses at 600 °F

Figure 6 shows that the maximum stress intensity in the inner shell is 278 MPa at 0.030 seconds. This
is slightly higher than the 400 °F value.

Figure 7 may be found on the next page. It shows the maximum stress intensity in the inner shell at
600 degrees Fahrenheit using vendor data for elongation values.




Waste Package Department Calculation

Title: Swing-Down of 21-PWR Waste Package

Document Identifier: CAL-UDC-ME-000013 REV 00 Page 22 of 35
Time = 0.03 Fringe Levels
Contours of Maximuwmn Shear Stress 1.4320+08
max ipt. value
min=276027, at elem# 20963 1.269e+08 ]
max=1.43169e+08, at elems 26901

1.146e+08 _
10036400
86010407
7.172e+07

5.743+07
43156407
2.6860+07 |
1.457e+07
2.7808+05 _

Figure 7. Inner Shell Stresses at 600 °F Using Vendor Elongation

Figure 7 shows that the maximum stress intensity in the inner shell is 286 MPa at 0.030 seconds. This
is slightly higher than the 600 °F ASME value, but is to be expected considering the elongation values
of 316NG SS at elevated temperatures.

Figure 8 may be found on the next page. It shows the maximum stress intensity in the outer shell at
room temperature.
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Figure 8. Outer Shell Stresses at Room Temperature

Figure 8 figure shows that the maximum stress intensity in the outer shell is 1,050 MPa at 0.002
seconds.

Figure 9 may be found on the next page. It shows the maximum stress intensity in the same part, but
at 400 degrees Fahrenheit.
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Time = 0.0019998
Contours of Maximum Shear Stress

max ipt. value
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Figure 9. Outer Shell Stresses at 400 °F

Fringe Levels
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Figure 9 shows that the maximum stress intensity in the outer shell is 908 MPa at 0.002 seconds.

This is slightly lower than the room temperature value, which is to be expected.

Figure 10 may be found on the next page. It shows the maximum stress intensity in the same part,

but at 600 degrees Fahrenheit.
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Figure 10. Outer Shell Maximum Stresses at 600 °F

Figure 10 shows that the maximum stress intensity in the outer shell is 851 MPa at 0.002 seconds.
This is slightly lower than the 400 °F value, which is to be expected.

Figure 11 may be found on the next page. It shows the maximum stress intensity in the outer shell
at 600 degrees Fahrenheit using vendor elongation data.
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Figure 11. Outer Shell Maximum Stresses at 600 °F Using Vendor Elongation

Figure 11 shows that the maximum stress intensity in the upper trunnion collar is 836 MPa at 0.002
seconds. This is slightly higher than the 600 °F ASME value, which is to be expected due to the

elongation values of Alloy 22 at elevated temperatures.

Figure 12 may be found on the next page. It shows the maximum stress intensity in the Shear Ring

at room temperature.
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Figure 12. Shear Ring Stresses at Room Temperature

Figure 12 shows that the maximum stress intensity in the Shear Ring is 347 MPa at 0.02 seconds.

Figure 13 may be found on the next page. It shows the maximum stress in the same part, but at 400

degrees Fahrenheit.
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Figure 13. Shear Ring Stresses at 400 °F
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Figure 13 shows that the maximum stress intensity in the Shear Ring is 258 MPa at 0.032 seconds.

This is lower than the room temperature value.

Figure 14 may be found on the next page. It shows the maximum stress in the same part, but at 600

degrees Fahrenheit.
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Figure 14. Shear Ring Stresses at 600 °F

28510406 |

Figure 14 shows that the maximum stress intensity in the Shear Ring is 264 MPa at 0.032 seconds.

This is slightly higher than the 400 °F value.

Figure 15 may be found on the next page. It shows the maximum stress in the same part at 600

degrees Fahrenheit, but using vendor elongation data.
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Figure 15. Shear Ring Stresses at 600 °F Using Vendor Elongation

Figure 15 shows that the maximum stress intensity in the Shear Ring is 273 MPa at 0.032 seconds.
This is slightly higher than the 600 °F ASME value, which is to be expected due to 316NG SS

elongation properties at elevated temperatures.
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Table 6-1 provides a list maximum Stress Intensities sorted by Part, Temperature, and Elongation
Value per Load Case.

Table 6-1. Maximum Stress Intensity by Load Case

Max Stress
Part Temperature Elongation Value Intensity St/ Satowable
Inner Shell 70 °F : ASME 360 MPa 0.568
Outer Shell 70 °F ASME 1,050 MPa 1.20
Shear Ring 70 °F ASME 347 MPa 0.548
Inner Shell 400 °F ASME 268 MPa 0.441
Outer Shell 400 °F ASME 908 MPa 1.09
Shear Ring 400 °F ASME 258 MPa 0.424
Inner Shell 600 °F ASME 278 MPa 0.459
Outer Shell 600 °F ASME 851 MPa 1.07
Shear Ring 600 °F ASME 264 MPa 0.436
Inner Shell 600 °F ASME - 30% 286 MPa 0.513
Outer Shell 600 °F ASME + 10% 836 MPa 1.02
Shear Ring 600 °F ASME - 30% 273 MPa 0.490

Note: S is equal to 90% of &,

allowable

Even though Table 6-1 shows that the Outer Shell has a ratio of S, /S ;w0 €qual to 1.20, this does
not mean that the OS fails completely through the thickness. Figure 16 on the next page shows a
plot of the Max Shear Stress in the elements through the thickness of the OS where the maximum
stress occurs. If the ratio of S /S, .waye does not exceed 1, then the OS does not fail completely
through the thickness.
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Figure 16. Max Shear Stfess of Elements Surrounding Peak, Temp. 1

Figure 16 shows that element 52069 has a Maximum Shear Stress of approximately 270 MPa, which
is equal to a Stress Intensity of 540 MPa. The ratio of Si/Satiowabte is €qual to 0.616, which is less
than unity. Room temperature was the worst case for the OS. Therefore, the other temperature
cases do not need to be investigated.
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8. ATTACHMENTS

Attachment I (25 pages): Design sketches (2/-PWR Waste Package Concept for License
Application [SK-0219 REV 01, 25 sheets])

Attachment II (on compact disc):  contains electronic files (see Table 8-1 for a complete list). The
*k files are input files for LS-DYNA at the three
temperatures and they call the *.inc files. The d3hsp files are
the LS-DYNA output files at the three temperatures. The file
*.inp is used in ANSYS to create the *.inc files.

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

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

Description Date Time Size
d3hspt1 02/07/2001 1:56 PM 26,625 KB
d3hspt2 02/07/2001 1:52 PM 26,608 KB
d3hspt3 02/07/2001 1:58 PM 26,598 KB
d3hspt3v 02/07/2001 1:54 PM 26,598 KB
elist.inc 02/07/2001 1:52 PM 5,439 KB
nlist.inc 02/07/2001 1:52 PM 5,563 KB

sd.inp 02/07/2001 1:56 PM 37KB
sdt1.k 02/07/2001 1:56 PM 3 KB
sdt2 .k 02/07/2001 1:52 PM 3 KB
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- - - - OUTER SHELL L1D LIFTING FEATURE PLATE-2 $B-515 K06022 6.35 1.2 1 08-9 | o1 [ADDED SECTION ® otfzzfor| S
_ - - " " - 18725 i - Jor JorLeven 1o Tvp in z0MEs B5-9, C5-9, AND D5-9 oz(zzfor | 38
- INNER SHELL ASSEMBLY - - - - - 18748 1 - o1 |aDDED 20 TYP IN ZONES 85-9, C5-9. AND D5-9 CAZNEL
; . B - INNER SHELL $A-240 $31600 ) 8554 ] = ] o1 TaTEN 26 WAS ITEM 22 1N ZONES DT-8, AT-21, AND B8-24 Py z:ﬁg Sul
- - B - INNER SHELL BOTTOM LID $A-240 $31600 88.9 1274 1 - Ol | ITEN 25 WAS ITEM 2) IN ZONES D6-9, C7-21, AND B8-24 ol ZZ-I'\ S
- - - - FUEL BASKET TUBE SA-516 K02700 ] 164 2t - | ot JITEM 28 WAS 1TEN 24 (N ZONES CT-9, Bt-21, AND 88-24 oz li2)e) | SM8
- - - - SHEAR RING SECTION-I SA-240 $31800. 22.22% 8.2 ] = | o1 [ATEM 27 wAS ITEW 23 IN TONES BT-21, C6-9, AND BS-24 ol |22]et]| SBP
- - - - SHEAR RING SECTION-2 SA-240 531400 22,225 1.8 i ¢8-9 | 01 |ADDED SECTION T oz fazfol | Sms
- - INNER SHELL TOP LID ASSENBLY - - - - 15 ' - o1 ]iTen 30 wA 1TEN 26 1N ZONES 88-9, D3-22, AND B8-24 oz jz2fe) | 34
- - - - {NNER SHELL TOP LID $5A-240 $31600 50,8 §12 ' - | ot |4TEM 29 WAS ITEN 25 IN Z0NES Dé-22, B7-9, AND B8-24 oz[r2fei| SmE
s . - - INKER L1D LIFTING FEATURE PLATE- $A-240 $31800 $.35 0.89 [ 68-9 | 01 |ADDED SECTHOK U o2 [zz)o( | S8
- N s - INKER LID LIFTING FEATURE PLATE-? $A-240 $31400 $.35 1.1 ] - | ot [1TEN 31 wAY 1TEW 27 1N Z0MES C4-10, AB-22, AND BS-24 ozlrzot | 576 l‘—
- - - - EVACUATION-BACKF ILL QUICK RELEASE Y.LVE $A-240 $31600 12.1 0.06 1 - o1 [1TEm 33 WAS ITEM 29 1N ZOKES C4-11, C2-23, AND B8-24 oz [ezfon | <mS
- - - - EVACUATION-BACKFILL PORT COVER PLATE $A-240 $31600 6.35 0.82 1 - [on JaTEN 32 waq 1TEM 28710 20NES D2-11, C6-23, AND B8-24 sz fzzjel | SmB
R R END SIDEGUIDE ASSEMBLY B - - - 29 32 - 01 |ATEN 35 WAS ITEN 31 IN ZONES Bd-VI, B1-23, AND A8-24 etfzrfot | SmM8
- - - - BASKET A-SIDEGUIDE $A-516 02700 10 21 32 - [0 JoTEM 34 wAS 17EM 30 1N ZONES Bz-11, AS-23. AND AS-Z4 44[;},[.! Smg
- - ~ - - BASKET A-STIFFENER $A-518 K02100 10 0.12 64 - | ot [6.35 was 2.7 1N 20NES 04-12 AND D2-12 ozlzz]n| Smé
. . SIDEGUIDE ASSEMBLY - . - - 39 16 03-12] 01 |ADDED W9 (N 2 PLACES ;.!,Ma( Smg
- - - - BASKET 8-SIDEGYIDE $A-516 K02100 10 3 s 08-25] 01 |ADDED WELD § orfx{s) | sm3
- - - - BASKET 8-STIFFENER SA-516 K02700 10 1.5 32 D3-12] 01 [ADDED W1 1] 2 PLACES ezlnafn | SM
: - CORNERGUIDE ASSEMBLY : - - ~ [T T 84-12] 01 | ADDED Wit azfzrfei| SAp
. - - X BASKET C-STIFFENER SA-516 K02100 10 2.3 32 -] 01 |ADDED 1TEW 13 CALLOUT IN ZONES D2-12 AND DS-12 orfzzfor | SmE
- - - - BASKET CORNERGUIDE SA-516 K02700 1 a2 1 c2-12] o1 [17eM 20 A5 1TEN 18 ozl KV ]
- . - - - - 598 4 €8-25] 01 {ADDED WELD 19 2/2%or | 3
- - FUEL PLATE ASSEMBLY - " N - 405 ] ca-12] ot [wis mas mit ?:1% o MML—
- N - - NEUTRONIT A 978 7 “" 1% €8-25] 01 |WELD 18 WA} WELD 14 orferfel | SmB
- - - — FUEL BASKET C-PLATE SA-516 K02700 7 45 1% C4-12] 01 [6.35 WAS 12.7 ozfzzle | Smg
- - - . - N 106 s €3-12] 01 [wiT wAS Wi} ozlzl,
- . - FUEL PLATE A-D ASSEMBLY - " " To1 s c8-25] 01 [WELD 17 was wELD 13 oZizzfot f:;
- - - - NEUTRONIT A 978 1 85 s ¢4-12] o1 |aboED Wi7 A OED
- - . - FUEL BASKEY A-PLATE SA-516 K02700 1 8 s gi-12] ot [v21 mas m szfzzfe| SR
- - - - FUEL BASKET D-PLATE SB-209 A36061 T4 5 21 ) c8-25] o1 [WELD 21 wAS weLD 16 zefol] Smg
- - - : - - 108 s Az-12] o1 w20 was wi§ oz [rajol| Sag
; : - FUEL PLATE 8- ASSEMOLY - - : TH s C8-25| 01 {WELD 20 WAS WELD 15 ox[t2for | Smg
Z - - - FUEL BASKET B-PLATE NEUTRONIT A 978 1 85 s c8-13] o1 [wio wAS we' orftzfo (| sms
- - - - SA-516 Ko2700 1 8 ) €8-25{ 01 | WELD 10 WAS WELD 9 et fe3{e (| SMg
. : - . FUEL BASKET E-PLATE 58-209 A%6061 T4 5 21 3 €8-13[ 01 [12.7 wAS 12.5 IN 2 PLACES ezjzx)oer | smb
: . . . . - . . . | ©1 | TYP WAS REMOVED FROM DINENSIONS IN ZONES A3-13 AND B4-13 oz [22]0) | S8
- - - . TOTAL CARBON STEEL WELDS SFA-5.18 K10724 - 34 - - | 01 |REFERENCE NOTE ! CALLOUT WAS REMOVED IN JONES A3-13 AND B4-13 | o
- - - - TOTAL ALLOY 22 WELDS SFA-5. 14 R08022 - 182 - €8-25 01 |ADDED WELD §3 AND WELD 14 ozfzzlon 5%
3 - - - TOTAL 31§ WELDS SFA-5.9 S31580 - 4 - 03-25] - [CONTINUED ON SHEET 25 ozfaafo;| 3B
- - PUR FUEL ASSEMBLY . . . - N 1134 21
- s - 3 - - 41574 ]
21-PWR WP ASSEMBLY WITH SNF - n - N " T 21598 1 . WASTE PACKAGE DEPARTNENT
! MANAGEMENT & OPERATING
SEETCK IWBER REVISION
SK-0219 ot
P |

|
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REVISION HISTORY - REVISION NISTORY
0ME § REV DESCRIPTION QATE APPROVED IOME | REV i DESCRIPTION DATE APPROVED
A3-25] - |CONTINUED FROM SHEET 25 otfezfor | smp A3-24] - [CONTINUED FROM SHEET 24 ' 02/2Z/e | Sm8
A3-20] 01 [DETAIL AA WAS WODIFIED OUE TO ITEM 20 REDESIGN izl | SMm 88-13] 01 [ADDED W13 AND WId P ED
- ] 00 [1TEW 22 WAS ADDED IN ZONES 03-20 WITH SECTION AA AND C8-24 | oz[ZZJet | SMA | - o1 [waz wAS Wi in ZOMES AS-13 AND DI-13 oczJzzpi| sm8 |
5 82-20] 01 [ADDED SECTION AA-AA WiTH DETAIL FF oz|12]ot| SmB cs-25] o1 [weLo 22 wAg wELD 17 o2]zz)el | SMB
T AZ-20] 01 | ADDED OETAIL FF ozlzzfel] SmB cs-13] 01 [wiz2 was i ozJz2hy | 546
WO ma— o e e o-_ 1 Ao | C2-21] 01 [95.25 WA 101.8 s2fzz)er] SMB €0-25) 01 |WELD 12 WAS WELD I vzf2fstl Sm
| GROOVE | SFA-5.14 106022 1.8 ! 03-24] 01 [ 25333 wAS 24647 o;’zﬂel SmA C5-13] 01 |9.525 'ASLI. 2 PLACES »2 ll’.\ SMB
2 FILLET | SFA-S.14 Noe622 | 35 | ! D3-24] 01 [25357 WAS 24611 sz]zz]o| smé | €5-13] 01 [wit WAS Wid ozfzz/m| M6
3 FILLET | SFA-5.04 Wos022 | 13 | D3-24] 01 | 5728 WAS 5679 sefzz]a| SMm8 €8-25( 0% [WELD 11 WAS WELD 10 szl2zja)| S0
4 FILLEY | SFA-5.14 woso22 § 12 | 1 D3-24] 01 [4134 WAS 4152 orl2jol| SmB C4-13] 01 W24 WAS Wi DI ELT IR
§ FILLEY |} SFA-S.14 noco22 | 12 | 1 03-24] 01 | 423 WAS 418 or[22fo\] SKOB €8-25] 01 {WELD 24 WAS WELD 19 orjzzjol| S48
6 FILLET | SFA-5.14 k0s022 | 11 1- 03-24| 01 {713 mas T18 ox|z2jo\| SMA ¢3-13] 01 [9.525 wAS 9.5 ozhtt/nl smp |
1 FILLET | SFA-5.14 n06022 | o.16 | 4 D3-24) 01 | 377 WAS 311 ozftr)an] smB i €3-13] 01 [w25 waAS w29 o2lzzjo\[ SHA |
8 FILLET | SFA-5.14 NoG022 ) 0.17 | 2 ca-24] o1 [6.35 was 27 1n 3 pLaCES ozfezfoi| Sm& | ¢s-25] o1 [wELD 25 WAS WELD 20 s2(12ol| M8
[ GROOVE | SFA-5.14 MOG022 | 0.09 | 2 €3-24] 01 [0.96 WAS 13 IN 2 PLACES ezfz2/o | SME €3-131 08 [6.35 WAS 6,4 ozjr2[o\ | s44
10 GROOVE | SFA-5.14 wosoz2 | 3.3 | 2 C3-zal o1 |14 was 15t _ oxjzz|or | SMA €3-13] 01 |w27 was w22 oz2je2lo)] sm@é
1 FILLET | SFA-5.14 Woe022 | 1.9 | C3-24] 01 [156 wAs 176 oz[2z)or | SMB C8-25] 01 |WELD 27 WAS WELD 22 szlzajon] sa8
12 SOUARE | SFA-5.14 NO§022 | 1.6 | | co-24 o1 (8550 was 6329 oxfer/d | SMA Ci-13] 01 [nze was w2 sefzefo| s#8 |
13 FILLET | SFA-5.8 531680 | 0.18 | 1 c3-24] 01 | 18725 wAs 18062 wxfzjor | Smg €8-25] 01 |WELD 26 WAS WELD 21 P IMIELL
14 TILLET | SFA-5.9 531680 | 0.18 | | €3-24] o1 [18748 was 18086 ozjz2ful| Sm4 D1-13] 01 jW23 WAS Wi} o2]22/el| IO
15 SOUARE | SFA-5.9 31680 | 0.00) ; | €3-24] 01 | 1274 WAS 708 ozf2zfo] Sm@ 8-25] 01 [WELD 23 WAS WELD I8 ozfez[| SmA
16 SOUARE | SFA-5.3 831680 | 0.002 | 2 €3-24] 01 | $75 WAS 648 oz/ezfp | Smg C7-14] 01 |ADDED SECTION R-R TO SHOW ADDITION OF W28 MM 4 PLACES w2z ol | Sms
1 FILLET | SFA-5.8 $31680 | 0.15 | 2 T3-24] of [$72 WAS $32 ezlzefoy | smB | ¢8-25[ 01 {A0pED wELD 28 ezftz]et| sm8
18 FILLET | SFA-5.9 531680 | 0.18 { €3-241 01 |0.89 WAS 12 ozlza)el| SuB ¢8-25] o1 |ADDED weLD 29 ozizajn| 4
1y GROOVE | SFA-5.9 531680 | 0.08 | 1 Ba-24] 01 [6.35 #AS .4 ozjiz)ei| SMD | B7-14] OI | ADDED SECTION T-T TO SHOW ADDITION OF ¥29 IN 4 PLACES otlrzfot]| smp
20 FILLET | SFA-5.9 531680 | 6.0 | 1 5328101 10.82 WAS .84 ozfzzfor] Sm8 814 o1 :g?Eosszcﬂou V-V 10 SHOW ADDITION OF W15 WITH REFERENCE selezfor| 58
21 FILLET | SFA-5.9 $31680 | 0.07 | | - {01 | ADDED TOTAL CARBON STEEL WELDS (N ZOKES AS-24 AND 62-25 ozj22/o1]| Swp ,
2 FILLET } SFA-5.14 Noso2z | 14 | 2 - |01 ]182 wAS 183 10 ZONES A3-24 AND B1-25 oz]zzle, | SM8 (023100 {A00ED DS ozlzz/e(} Smb
2 GROOVE | SFA-5.9 831680 | 40 | | 3-14] 01 |ADDED SECTION W-W TO SHOW ADDITION OF W6 WITH REFERENCE
- [ or {41 was 59 in 20MES A3-24 AND B1-25 ezlz2jol | SMA NOTE 6 .r—[ulw SmMG
2 GROOVE | SFA-S.i4 Wos022 | 1.8 | | A3-24] 01 | 41574 WAS 40883 ozjzzfol| SMB | €8-25 01 | ADDED WELD I szlzzfot | SMa
25 FILLET | SFA-5.14 Nos022 | o.81 | ! A3-24] 01 | 41548 WAS 40913 ozjezjn | SMH 83-14] 01 |ADDED SECTION U-U TO SHOW ADDITION OF W30 IN 4 PLACES szfirfe| SmA
26 GROOVE | SFA-5.14 NOs022 | 13 | | 27-25 01 1015 was 20 oz 22| SME | D6-15] 01 [OD AND 1D REMOVED FROM DINENSIONS oz [rzhog 5.«%
21 FILLET | sFA-s.14mos022 | 31 | 1 26-25] o1 14 was 2 I NEL B8-15] 01 | 5004 WAS 4955 wzfzain] sus
28 FILLET | SFA-5.18 Kio726 | 0.1 ] 128 01-25] 01 Jo.17 WAS .98 ezjz2jat| IMS A6-16] 01 [245 DIMENSIOK WAS REMOVED oz lzz ot sup
29 FILLET | SFA-5.18 KI10726 | ©0.15 | 4 D7-251 01 |3.3 WAs 3.2 ezfzzin | smb 88-25| 01 [ADDED WELG: 30 seizzfot] S
30 FILLET | SFA-5.18 X10726 | '0.17 | 64 C1-25| 00 1.9 WAS 2.1 XINELY |01 |25.4 WAS 25 IX ZONES C3-17, C8-17. AND DA-24 IN 2 PLACES ovjz]et
TOTAL CARBOK STEEL WELDS SFA-S.18 K10726 | 34 - c1-25l o1 |16 mas 1.7 ox)z2]el|l SHS B2-17]{ 01 L12.7 WAS 12.5 ozlrzla] 5M8
TOTAL ALLOY 22 WELDS - SFA-5.14 NOG022 | 182 - -2l o1 1o 15 was .18 OZIZUO_\ Smp - 101 [9.525 WAS 10 IN ZONES CG-(8 AND C4-24 oziztion] ¢mB
TOTAL 316 WELDS - SFA-5.9 s3n680 | 41 | - c1-251 01 10,16 ¥AS .90 ozl2pl] SMm& = or [ 116 13 ¥AS RODED I ZORES B4-18 WiTh SECTION ¥ MWD C8-24 ozlztfel| Sm8
€1-25] 01 10.41 WAS .01 oxjual sME A4-18] of | ADDED sccnou Y=Y WITH DETAIL EE ezlrlo | sm8 |
= Jor [ FEFERENCE WOTE 1 #AS REFERENCE WOTE 2 W ZOKES 86-20 ozfzz/ar| Sme v2 el o1 Taooto SETAIL EC oz zalol| £uA
- | 01 |ARo Do ge "OTC 2 ™S REFERENCE WOTE 3 1k ToNEs B8-23 ez /:z/u| 3m8 Y é.‘.g‘t'kzgg‘flﬂrﬂ?%:HﬁaE'7.'."z'%uEE‘E‘:"-‘fa"kﬁ{‘éé-!ﬁs.3'"“ ozlerfui| SmB
R P L R e e R R R R A szfzafor| Sm8 DA-18] O1 | ITEM 12 WAS REDESIGHED szt sm&
NOTES: IN 8 PLACES, A4-24 I 2 PLACES, A3-24 IN 6 PLACES, AND BS8-25 Ca-18] 01 [SECTION L-L HODIFIED OUE TO ITEM 12 REDESIGH o] ;}_’ol 6&
/) GEOMETRY FOR THE EVACUATION-BACKFILL VALVE 1S TBD. #8-25| o1 | REFEREMCE MOTE 4 WAS REFERENCE WOTE 5 IN ZOMES A8-25 oz/zz[‘q S c1-18] 0t [OETAIL U EAS MODIFIED DUE TO ITEN 12 REDESIGN okfez]at] <mf
525 o1 | REFERERCE WOTE 5 whs FOBED vefzitfol| Sob AS-19] 01 | INNER SHELL CLOSURE CONF1GURATION MODIF IED et/2t/e| sm8
A\ THE 21.PWR WASTE PACKAGE CONF IGURATION WITH ABSORBER PLATES 48-25] 01 [REFERENCE MOTE ¢ WAS ADDED ox[2z/u] smB 38-13{ 01 | 1813 WAS 4635 ozlejoi M8
IS 1DENTICAL 1O THE 21-PUE WASTE PACKAE CONF IGURATION WITH | D6-20] 01 | 1454 WAS {430 ozfzzjor| Swé
SRKET A B ARD.€ PLATES. ALL IWFORMAY 104 BROVIDED 1N TWIS TABLE . -1 911508 WAS 50 IN ZOMES B8-20 AND C4-24 od-/zz/ol| Smg |
s ¥R T’I:ELE;S '5'}"!:5{%;':8'#28‘ CONF IGURAT 10N WITH ASSORBER 87-20] 01 | 101.6 WAS 102 ozlzzlo(]| <m8
B7-20| 01 |76.2 WAS 16 erferjor| Swd
87-20] 01 {19.05 wAS 13 ozftrfo | Smb
A “;gﬁ&}g& FOR Tll[ 24-PUR WASTE PACKAGE CONF{GURATION A6-201 01 | SCALE 2.500 WAS 3.500 oz_[zz/o( 35‘6
48-20| 01 {DETAIL Y w0DIF IED DUE TO REDESIGN OF 1TEM 20 wizr/a | SvB
CRENS WLO 1991, WASTE CONTAINER CAVITY S11€ DETERMINATIOK. AB-201 01 125.4 WS 25 ozjzzfol] Smb
BBAACODD0-01717-0200-00026 REV 0. LAS VEGAS, NV: - [ o1 [12.7 ¥AS 13 1N 200ES A1-20 AND A8-20 srfzr/ot| Suh
CREMS M0, ACC: MOL. 19980106.0061 08-20] o1 | (TEN 20 wAS REDESIGNED szfzz)e1] 3B
WELD 15 SOUARE BUTT WELD IS PLACED OM THE EXPOSED SURFACES ABOVE THE OPEN BT.201 OLSTELION Nk VP[50 Dz T0 RSO M 20 cxfze)on | Sus
1TEN 1D LIFTING FEATURE PLAT
SAcHLcE CRCATED BETHLCL THC WG SURACES O BOTH MEAR ik Sectiok |0 | ki W o R e el B 10 M | onfazfer| s
OF THE INNER SHELL ASSEMGLY FROM EXTERNAL ENVIRONMENTS. : 05-20] 01 [ ITEM 21 WAS REDESIGNED ozlzzfol | smp
, B5-20] 01 [SECTION F-P WODIFIED OUE TO REDESIGN OF 1TEM 21 otlzafui| 5
A LS 0 S it 0t B o] - Jeommey o i selex/ol 5o
SHEAR RING SECTION-2 COMPONENTS, THIS WELD 1S INTERDED TO INSURE ISOLATION

OF THE INTERIOR OF THE INNER SHELL ASSEMBLY FROM EXTERNAL ENVIRONMENTS.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT  1.0a: QA
SPECIAL INSTRUCTION SHEET flla_, Lol pager 1 of: 1
Complete Only Applicable Items 5'01.( -0 he

[
-

This is a placeholder page for records that cannot be scanned.

2. Record Date 3. Accession Number
03/07/2001 —_— ,
A7=To M 0. P00 /05 2/ DDCe 2
4. Author Name(s) 5. Author Organization
ADAM K. SCHEIDER N/A

6. Title/Description

SWING-DOWN OF 21-PWR WASTE PACKAGE

7. Document Number(s) 8. Version Designator
CAL-UDC-ME-000013 REV 00

9. Document Type 10. Medium

DATA CD-ROM

11. Access Control Code
PUB

12. Traceability Designator
DC # 27456

13. Comments
THIS IS A SPECIAL PROCESS CD-ROM DUE TO THE CD-ROM ENCLOSED AS PART OF ATTACHMENT II, AND CAN
BE LOCATED THROUGH THE RPC

NOTE: SEE ATTACHMENT OF ELECTRONIC SOUP£E "iLE VERIFICATION FORM PER AP-17.1Q/ICN 3,
SECTION 5.1 (C), ELECTRONIC RECORDS.

THIS DATA SUBMITTAL TO THE
RECORDS PROCESSING CENTER IS
FOR ARCHIVE PURPOSES ONLY, AND
IS NOT AVAILABLE FOR VIEWING OR
REPRODUCTION

AP-17.1Q.1 Rev. 04/30/2001



OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
ELECTRONIC SOURCE FILE VERIFICATION

QA: N/A

1. DOCUMENT TITLE:

SWING-DOWN OF 21-PWR-WASTE PACKAGE

2. DOCUMENT IDENTIEIERTY 3. REVISION DESIGNATOR:

CAL-UDC-ME-000013 REV. 00

ELECTRONIC SOURCE FILE INFORMATION

4. ELECTRONIC SOURCE FILE NAME WITH FILE EXTENSION PROVIDED BY THE SOFTWARE:

calME9r01.doc

5. DATE LAST MODIFIED: 6. ELECTRONIC SOURCE FILE APPLICATION: | 7. FILE SIZE IN KILOBYTES:
(L.E., EXCEL, WORD, CORELDRAW) '

05/04/2001 [/ See. OtraChed MS WORD [9ee Ot alhed. [906kB | Her auk alhe &
8. FILE LINKAGE INSTRUCTIONS/INFORMATION: ! v

NORMAL - NORMAL

9. FILE CUSTODIAN: (L.E., DC, OR DC APPROVED CUSTODIAN) 10. FILE LOCATION FOR DC APPROVED CUSTODIAN: (LE., SERVER,
DIRECTORY)
DOCUMENT CONTROL NONE - NONE

11. PRINTER SPECIFICATION (LE., HP4Sl) INCLUDING POSTSCRIPT INFORMATION (LE., PRINTER DRIVER) AND PRINTING PAGE SETUP: (L.E.,

LANDSCAPE, 11 X 17 PAPER) Azd rAyY 10
) 200 ]
A

HP4si, 8.5"x11 Paper, Normal Driver, Portrait /HP5Si Landscape for Att}f on 11"x 17" paper

12. COMPUTING PLATFORM USED: (LE., SUN) 13. OPERATING EQUIPMENT USED: (1.E., UNIX, SOLARIS)
DOV 5-11-0l

FBM-COMRATIBLE PG F IO MS WINDOWS

14. ADDITIONAL HARDWARE/SOFTWARE REQUIREMENT USED TO CREATE FILE(S): 15. ACCESS RESTRICTIONS: (IF ANY)
NONE NONE

COMMENTS/SPECIAL INSTRUCTIONS

16.

ATTACHMENT I FOR CAL-UDC-ME0000013 REV. 00
SEE ATTACHED #5 & 7 FOR INFORMATION ON ATTACHMENT

CERTIFICATION

17. NAME (Print and Sign) 18. DATE:

ADAM K. SCHEIDER f péaa. %_ Mg 05/10/01

19. ORGANIZATION: 20. DEPARTMENT: ~ 21. LOCATION/MAILSTOP: 22. PHONE:

WPP STRUCTURAL MS 423 295-4602
DC USE ONLY

23. DATE RECEIVED: 24. DATE REVIEWED: 25. DATE FILES TRANSFERRED:

Vs . s . & 2
05/0/0/ ‘/5///1//2&'@/ CS5/1L/5 60/
26. NAME (Print and Sign): ’ / . 27. DATE: ° /
o Wars ne, 14 lacaoe s Wlﬂitm &adkmﬁ( | o]/ / Jey/

AP-6.1Q.8 ° Rev. 06/07/2000

»i



CD contents:

CAL-UDC-ME-000013 REV 00

Swing-Down of 21-PWR Waste Package

Attachment 11

Description Date Time Size
d3hspti 02/07/2001 1:56 PM 26,625 KB
d3hspt2 02/07/2001 1:52 PM 26,608 KB
d3hspt3 02/07/2001 1:58 PM 26,598 KB
d3hspt3v 02/07/2001 1:54 PM 26,598 KB
elist.inc 02/07/2001 1:52 PM 5,439 KB
nlist.inc 02/07/2001 1:52 PM 5,563 KB

sd.inp 02/07/2001 1:56 PM 37KB
sdt1.k 02/07/2001 1:56 PM 3 KB
sdt2 k 02/07/2001 1:52 PM 3 KB
sdt3.k 02/07/2001 1:58 PM 3 KB
sdt3v.k 02/07/2001 1:54 PM 3 KB

Note: The file sizes may vary with operating system.
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