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1. PURPOSE

The objective of this calculation is to determine the residual stress distribution in the outer shell (OS)
of a waste package (WP) exposed to vibratory ground motion, and to estimate the area of the WP OS
for which the residual stress exceeds certain limits. The WP OS area for which the residual 1'
principal stress exceeds certain limits will be, for brevity, referred to as "the damaged area"
throughout this document. The stress limit (damage threshold) is defined as a fraction of the yield
strength of the OS material, Alloy 22 [SB-575 N06022], at given temperature. Two, lower and upper,
stress limits used throughout this document are respectively defined as 80 percent and 90 percent of
yield strength of Alloy 22 (see Assumption 3.22) at temperature of 150 0C (except for the
simulations presented in Attachments V and VII when 200 0C is used). The maximum stress
intensity is also presented for all calculations since it can be used to estimate whether or not the WP
OS is safe from immediate breach.

A set of 15 calculations is performed at two different annual frequencies of occurrence (annual
exceedance frequency): 1 1O per year (i/yr) and 1. 1o-7 1/yr. One calculation is also performed
per each of the following two annual frequencies of occurrence: 1 -104 l/yr and 5. 104 1/yr .
Additionally, three simulations are performed using approximate time histories for annual frequency
of occurrence of 1 - IO-' 1/yr. (These approximate time histories are created by scaling the three
acceleration components of the selected 1 10- 1/yr ground motions [see Attachment XI].) The WP
used to perform these simulations is the 21-PWR (Pressurized Water Reactor) WP.

The scope of this document is limited to: 1) reporting the calculation results in terms of maximum
stress intensity in the course of transient simulation, 2) reporting the calculation results in terms of
residual 1" principal stress plot (see Section 2 for details), and 3) estimating the damaged area. All
these results are evaluated in the WP OS.

This calculation is intended for use in support of the Total System Performance Assessment-License
Application seismicity modeling. This calculation is associated with the WP design and was
performed by Waste Package Design. AP-3.12Q, Design Calculations andAnalyses (Ref. 1) is used
to perform the calculation and develop the document. The 21-PWR WP is classified as a Safety
Category item (Ref. 5, p. A-3). Therefore, this calculation is subject to the requirements of Quality
Assurance Requirements and Description (Ref. 4).

The design of the 21 -PWR WP used in this calculation is that defined in Reference 24; exceptions
are the gap between the inner shell and the OS (for which a value of 4 mm was used [Ref. 25, Section
8.1.8]), and the OS thickness (for which a value of 18 mm was assumed [Assumption 3.21]). The
sketch in Attachment I provides additional information not included in Reference 24. Design ofthe
emplacement pallet (pallet, for brevity, throughout the document) used in this calculation is that
defined in Reference 22; the sketch in Attachment II provides additional information not included in
Reference 22 (see also Assumption 3.17). Finally, design of the interlocking drip shield (DS) used'in
this calculation is provided in Attachment mH. All obtained results are valid for these designs only.
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2. METHOD

The finite element (FE) mesh is created by using the commercially available ANSYS V5.6.2 FE code
(Software Tracking Number [STN] 10364-5.6.2-01, Ref. 6). The FE calculation was then performed
by using the commercially available LS-DYNA V960.1106 (STN 10300-960.1106-00, Ref 7) FE
code. One calculation for annual frequency of occurrence of 1 -10 14 /yr was performed by using the
commercially available LS-DYNA V970.3858 (STN 10300-970.3858 D SMP-00, Ref. 39) finite
element code.

The results of these calculations were provided in terms of residual I" principal stress plot in the WP
OS. Subsequent analysis of residual Ist principal stress plot was performed to identify the damaged
area. It is important to acknowledge the conservatism of the criterion used to define the damaged
area (conservatism unrelated to the choice of the residual stress-threshold distribution). Namely, the
failure criterion implies (see Section 1 and Assumption 3.22) that if a region on (either inner or
outer) surface of WP OS exceeds the residual stress threshold the area "fails" (i.e., it is considered
damaged) regardless of the residual stress distribution across the thickness of the region. Finally, the
maximum stress intensity was presented to make an assessment regarding the safety of the WP OS
from immediate breach.

3. ASSUMPTIONS

In the course of developing this document, the following assumptions are made regarding the
structural calculation.

3.1 Some of the temperature-dependent material properties (specifically: density, Poisson's ratio,
and elongation) are not available for Alloy 22, SA-240 S31600 (316 stainless steel [SS]), and
SB-265 R52400 (Titanium Grade 7 [Ti-7]) except at room temperature (RT) (20 'C ). The
RT density and RT Poisson's ratio are assumed for these materials. The impact of using RT
density and RT Poisson's ratio is anticipated to be small. The rationale for this assumption is
twofold: first, the said mechanical properties of the materials used do not change
significantly at the temperature of interest in this calculation; and second, the material
properties in question do not have dominant impact on the calculation results. This
assumption is used in Section 5.1 and corresponds to paragraph 5.2.8.6 of Reference 8.

3.2 The temperature-dependent material properties are not available for TSw2 (Topopah Spring
Welded-Lithophysal Poor) rock except at RT. The corresponding RT material properties are
assumed for this material. The impact of using RT material properties is anticipated to be
small. The rationale for this assumption is that the material properties of the rock do not have
an impact on the calculation results. This assumption is used in Section 5.1 and corresponds
to paragraph 5.2.16.1 of Reference 8.

3.3 Some of the rate-dependent material properties are not available for Alloy 22,316 SS and Ti-
7 at any strain rate. The material properties obtained under the static loading conditions are
assumed for these materials. (Note that the following discussion is, for all practical purposes,
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relevant exclusively for Alloy 22 since all parts made of 316 SS and Ti-7 are represented as
rigid in the FE representation [see Section 5.2].) The impact of using material properties
obtained under static loading conditions is anticipated to be small. The rationale for this
assumption is that the mechanical properties of subject materials (most importantly, Alloy
22) do not significantly change at the peak strain rates that occur during the earthquake
simulation. The maximum plastic-strain rates in the WP OS observed in this calculation are
of the order of 1 s-' (as indicated by maximum slopes of the effective-plastic-strain time
histories), but this may not be a sufficiently accurate estimate due to the relatively coarse
result-output frequency (0.025 s ) that is necessarily used in the lengthy seismic calculations.
More reliable estimate of the peak strain rate, presented in Reference 27 (Section 3), is
50 s-'; this strain rate is obtained for impact speed of 20 m/s (see Ref. 27, Fig. 1), which is

bounding for all impacts encountered in the course of vibratory ground motions in this
document. As elaborated in Reference 27 (Section 3) no significant strain-rate sensitivity is
observed at this strain-rate level. Furthermore, the end impacts (WP-WP interactions)
addressed in Reference 27 are the dominant contributors to the cumulative damaged area in
almost all realizations presented in this document (see Tables 6.1.4-2 and 6.2.4-2). This
assumption is used in Section 5.1 and corresponds to paragraph 5.2.5 in Reference 8.

3.4 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. 9 and Ref.10 [p. 143], respectively). This assumption
is used in Section 5.1 and corresponds to paragraph 5.2.8.2 of Reference 8.

3.5 The modulus of elasticity and Poisson's ratio of the TSw2 are characterized by significant
scatter of data (see Ref. 28, Tables 3 and 4, respectively). For the purpose of the present
calculation, modulus of elasticity is assumed to be 33 GPa, and Poisson's ratio 0.21. The
rationale for this assumption is that these values agree well with typical values of said
properties for most rocks of interest (see Ref. 28, Tables 3 and 4). This assumption is used in
Section 5.1 and corresponds to paragraph 5.2.16.3 of Reference 8.

3.6 The density of the TSw2 is assumed to be 2370kg/mr . The rationale for this assumption is
that this value agrees well with all Topopah Spring Welded rocks and is not exceeded by any
of other rocks presented in Reference 23 (Table 2). It should be noted that this assumption
has no effect on the calculation results since density of the rock affects only masses of the
essentially rigid invert and the rigid drift walls. This assumption is used in Section 5.1 and
corresponds to paragraph 5.2.16.4 of Reference 8.

3.7 The exact geometry of the loaded internals is simplified for the purpose of this calculation.
The WP inner shell (including the inner shell lids) and its internals (including the spent
nuclear fuel [SNF]) are represented by a thick-wall cylinder of uniform thickness and circular
cross section, made from 316 SS (see Section 5.2). The thickness of this cylinder is
determined based on the cumulative mass of these components. The rationale for this
assumption is that the inner shell internal structure and the SNF affect the results of this
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calculation predominantly through the mass and overall dimensions. This assumption is used
in Section 5.2.

3.8 The uniform strain (strain corresponding to tensile strength on the stress-strain curve) of
Alloy 22 is not available in literature. Therefore, it is conservatively assumed that the
uniform strain is 90 percent of the elongation. The rationale for this assumption is the
character of stress-strain curve for Alloy 22 (see Ref. 15). This assumption is used in Section
5.1.2 and corresponds to paragraph 5.2.6.3 of Reference 8.

3.9 The uniform strain of 316 SS is not available in literature. Therefore, it is conservatively
assumed that the uniform strain is 90 percent of the elongation. The rationale for this
assumption is the character of stress-strain curve for 316 SS (see Ref. 16 [p. 304]). This
assumption is used in Section 5.1.2 and corresponds to paragraph 5.2.6.3 of Reference 8.

3.10 The change of minimum elongation with increase of temperature for 316 SS is not available
in literature. Therefore, the magnitude of this change at 150 0C and 200 0C is assumed to be
-23 percent and -25 percent, respectively, based on the relative change of typical elongation
for 316 SS available in Reference 14 (p. 8) (see Section 5.1.2 for details). The rationale for
this conservative assumption is that the relative change of typical elongation should be
bounding for the relative change of minimum elongation. This assumption is used in Sections
5.1 and 5.1.2 and corresponds to paragraph 5.2.8.7 of Reference 8.

3.11 The friction coefficients for metal-to-metal contact and metal-to-rock contact are considered
random parameters in this calculation. The range of values for both of these friction
coefficients is 0.2 to 0.8. The rationale for this assumption follows:

Reference 26 (Table 3.2.1, p. 3-26) provides coefficients of static and sliding friction for
various metals and other materials. However, coefficients of friction for the materials used
in this calculation are not specifically mentioned in this handbook. The potential for long-
term corrosion to modify the sliding friction must also be considered in defining the friction
coefficient. In this situation, the appropriate coefficients of friction for the repository
components have high uncertainty. It is thus appropriate to pick a distribution of values for
the coefficients of friction that encompass a range of materials and a range of mechanical
responses from little or no sliding between components to substantial sliding between
components.

A distribution of values for the friction coefficient between 0.2 and 0.8 will achieve these
goals (see Section 6.1 and Ref. 35, Table 1-4). First, this distribution is broad enough to
encompass typical values of the dry sliding friction coefficients for a wide variety of metals
and other materials (Reference 26, Table 3.2.1, p. 3-26). The appropriateness of this range is
independently confirmed by seismic analyses for spent fuel storage racks (Ref. 32). This
distribution is also broad enough to represent a range of mechanical response for the WP,
pallet, and DS. A friction coefficient near 0.2 maximizes sliding of the WP on the pallet, of
the pallet on the invert, and ofthe DS on the invert. Similarly, a friction coefficient near 0.8
minimizes sliding among the various components.
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This assumption is used in Section 5.2.

3.12 The variation of functional friction coefficient between the static and dynamic value as a
function of relative velocity of the surfaces in contact is not available in literature for the
materials used in this calculation (see Section 5.2). Therefore, the effect of relative velocity
of the surfaces in contact is neglected in these calculations by assuming that the functional
friction coefficient and static friction coefficient are both equal to the dynamic friction
coefficient. The impact of this assumption on results presented in this document is
anticipated to be negligible. The rationale for this conservative assumption is that it provides
the bounding set of results by minimizing the friction coefficient within the given FE-
analysis framework. This assumption is used in Section 5.2 and corresponds to paragraph
5.2.14.2 of Reference 8.

3.13 The FE representation of DS is simplified in this analysis (see Section 5.2 for details), and
density of Ti-7 is accordingly modified to account for the simplified DS representation. The
impact of this assumption on results presented in this document is anticipated to be
negligible. The rationale for this assumption is that it enables capturing the essential
kinematics of freestanding components in the drift, while reducing the computer execution
time. This assumption is used in Section 5.2.

3.14 The interaction between the WP and the longitudinal boundaries (representing the
neighboring WPs) is, for the purpose of the calculation of the damaged area, assumed to be
adequately described by a sequence of impacts of the WP on an essentially unyielding
surface (Ref. 27). The rationale for this notably conservative assumption is that the initial
longitudinal distance between the neighboring WPs is only 0.1 m (Ref. 33, Table 2). In the
course of the strong vibratory ground motions considered in this study, it is conceivable - if
not very likely - that the motion of the WP-pallet assemblies would results in the local pile-
up of the assemblies along the drift. Consequently, it may happen that the WP colliding with
the neighboring WP cannot slide off but resists the impact as if it is fixed to the ground. This
assumption is used in Section 5.2.

3.15 The interaction between the WP and DS (i.e., the lateral or side impacts) is not taken into
account for the calculation of the total OS damaged area. The impact of this assumption on
results presented in this document is anticipated to be negligible. The rationale for this
assumption is twofold. First, the WP is by an order of magnitude heavier than the DS (see
Attachments I and 11); consequently, the impact between the WP and DS would result in the
DS being simply pushed around by the WP without significant deformation of the WP OS.
Second, the interaction between WP and DS (similarly to the longitudinal interaction [end
impacts]) takes place by the way of the trunnion collar sleeves. Since the longitudinal
interactions are much more frequent, and the WP is much stiffer "target" than the DS, it is
not likely (see Ref. 27, Tables 4 through 8, for impact angles) that the side impacts would
damage an area that is not already damaged by the end impacts. This assumption is used in
Sections 6.1.3 and 6.2.3, and Attachment VIII.
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3.16 All interactions between the WP and the longitudinal boundaries (representing the
neighboring WPs) with impact velocities less than 1 M/s are not taken into account for the
calculation of the OS damaged area. The impact of this assumption on results presented in
this document is negligible. The rationale for this assumption is that Reference 27 (Tables 4
through 8) indicates that the damaged area for impact velocity of 1 m/s is either zero or
negligible compared to the other evaluated impact velocities. This assumption is used in
Section 6.1.2 and Attachment XI.

3.17 The longitudinal pallet tubes (Tube I in Attachment II) are, for the purpose of this
calculation, assumed to be made of Alloy 22. This assumption has a significant impact on the
calculation results. The rationale for this assumption is that due to the long-term corrosion it
is impossible to take structural credit for these tubes as long as they are made of 316 SS.
Thus, unless this design change is made, the pallet is going to fail due to an unacceptable
performance (i.e., it would fail to support the WP as intended). This assumption is used in
Sections 1, 5.1, and 5.2.

3.18 The damaged area of the OS due to the WP-pallet interaction is evaluated only on one WP
end, in the finely meshed OS region (see Section 5.2 for details). The total damaged area due
to the WP-pallet interaction is obtained by assuming that the damaged areas on the two WP
ends are the same (i.e., by multiplying by two the damaged area evaluated on one side). The
rationale for this assumption is that the number and intensity of impacts on the two ends
should be statistically similar. This assumption is used in Sections 6.1.1 and 6.5.2.

3.19 The WP is assumed to be symmetric about its mid-plane. Both WP ends are represented
based on the bottom-end configuration (see Attachment I and Reference 24). This
simplification has no effect on the results, as obtained in this calculation. The rationale for
this assumption is that it simplifies FE representation, without affecting the calculation
results. This assumption is used in Section 5.2.

3.20 The temperature of the WP is assumed to be 150 'C for temperature-dependent material
properties. The rationale for this assumption is that this temperature is conservative for most
of the regulatory period for high-temperature operating modes (97 percent of the regulatory
period [see Reference 21, Figure 6-3]) and strictly conservative for low-temperature
operating modes. This assumption is used in Section 5.1 and Attachment V.

3.21 The thickness of the WP OS is reduced by 2 mm. The rationale for this assumption is that
the thickness reduction of 2 mm over the regulatory period of 10,000 years is conservative
(Reference 3, Sheet 1 in accordance with Reference 40, Section 6.3.4). This assumption is
used in Sections I and 5.2.

3.22 The distribution of the residual stress threshold is assumedtobe uniform with alowerbound
of 80 percent of the yield strength of Alloy 22 and an upper bound of 90 percent of the yield
strength of Alloy 22. Thebasis forthis assumption is the data provided inReference 36. This
assumption is used in Sections 1 and 2.
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4. USE OF COMPUTER SOFTWARE

One of the FE analysis computer codes used for this calculation is ANSYS V5.6.2, which is obtained
from Software Configuration Management in accordance with appropriate procedure (Ref. 2), and is
identified by STN 10364-5.6.2-01 (Ref. 6). ANSYS V5.6.2 is a qualified commercially available FE
code and is appropriate for application performed in this calculation. The calculations using ANSYS
V5.6.2 software were executed on four Hewlett-Packard (HP) 9000 series UNIX workstations
(Operating System HP-UX 11.00) identified with the YMP (Yucca Mountain Project) property tag
numbers 151324, 151325, 151664, and 151665, located in Las Vegas, Nevada. The development of
FE mesh by ANSYS is fully within the range of the validation performed for ANSYS V5.6.2 code.
Access to the code is granted by the Software Configuration Management in accordance with the
appropriate procedures.

The input files (identified by .inp file extension) and output files (identified by .out file extension)
for ANSYS V5.6.2 are listed in Section 8, and provided in Attachment X.

A qualified FE analysis computer code used for this calculation is Livermore Software Technology
Corporation (LSTC) LS-DYNA V960.1106 (Ref. 7). LS-DYNA V960.1106 was obtained from
Software Configuration Management in accordance with the appropriate procedure (Ref. 2) and is
identified by STN 10300-960.1106-00. Double-precision version of LS-DYNA V960.1106 is
appropriate for its intended use. The LS-DYNA V960.1106 evaluation performed for this
calculation is fully within the range of the validation performed for the LS-DYNA V960.1106 code.
The calculations were executed on eight BP 9000 series UNIX workstations (Operating System HP-
UX 11.00) identified with the YMP property tag numbers 151324,151325, 150688, 150689, 150690,
151691, 151664, and 151665 located in Las Vegas, Nevada. Access to LS-DYNA V960.1106 was
granted by the Software Configuration Management in accordance with the appropriate procedures.

The second qualified FE analysis computer code used for 1 104 1/yr calculation is LSTC LS-
DYNA V970.3858 (Ref. 39). LS-DYNA V970.3858 was obtained from Software Configuration
Management in accordance with the appropriate procedure (Ref. 2) and is identified by STN 10300-
970.3858 D SMP-00. Double-precision version of LS-DYNA V970.3858 is appropriate for its
intended use. The LS-DYNA V970.3858 evaluation performed forthis calculation is fully within the
range of the validation performed for the LS-DYNA V970.3858 code. The calculations using LS-
DYNA V970.3858 were executed on the BP Itanium2 (IA64) series UNIX workstations (Operating
System HP-UX 11.22), identified with YMP tag number 501711, located in Las Vegas, Nevada.
Access to LS-DYNA V970.3858 was granted by the Software Configuration Management in
accordance with the appropriate procedures.

The input files (identified by .k, .dat, and .inc file extensions) and output files (d3hsp, d3plot, and
messag) for LS-DYNA V960.1106 and LS-DYNA V970.3858 are listed in Section 8, and provided
in Attachment X. (LS-DYNA V960.1106 output files rcforc and glstat are provided for realizations
number 1 [at annual frequency of occurrence 1 10- 1/yr and 1 10-7 1/yr ] for illustration.)
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As identified in Section 6, LSPOST V2.0 and LS-PREPOST V.0 (LSTC) are postprocessors used
for visual display and graphical representation of results that are exempt of the requirements defined
in Reference 2 (Section 2.1.2). Note that LS-PREPOST V.0 is used only for postprocessing results
of the 1- 104 lyr calculation.
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5. CALCULATION

5.1 MATERIAL PROPERTIES

Material properties used in these calculations are listed in this section. The material properties are
evaluated for two different WP OS temperatures experienced in the repository emplacement drift:
150 0C (Assumption 3.20) and 200 'C. The latter is selected as a reasonable upper bound for high-
temperature operating modes (according to Ref. 21 [Fig. 6-3] temperature of 200 'C is conservative
for more than 99 percent of the regulatory period) to study the effect of ambient temperature on
calculation results. Some of the temperature-dependent and rate-dependent material properties are
not available for Alloy 22, 316 SS, Ti-7, and TSw2 rock. Therefore, RT density and RT Poisson's
ratio are used for Alloy 22, 316 SS, and Ti-7 (see Assumption 3.1). The change of minimum
elongation for 316 SS is estimated based on the relative change of typical elongation available in
vendor catalogue (Assumption 3.10). The RT material properties are used for TSw2 rock
(Assumption 3.2). Finally, the material properties obtained under the static loading conditions are
used for all materials in this calculation (Assumption 3.3).

SB-575 N06022 (Alloy 22) (OS, OS lids, upper and lower trunnion collar sleeves, and pallet [see
Assumption 3.17]) (Note: All properties of Alloy 22 are obtained from Reference
9. But while the density, Poisson's ratio, and modulus of elasticity are uniquely
defined therein, the elongation and strengths are available in more than one table.
The latter properties are, for the purpose of this calculation, obtained from Table
"Plate, X - X in. (6.4 - 19.1 mm) thick"):

Density = 8690 kg/r 3 (at RT) (Ref. 9)

Yield strength = 338 MPa (at 200 OF = 93 "C) (Ref. 9)
Yield strength = 283 MPa (at 400 "F = 204 "C) (Ref. 9)

Tensile strength = 738 MPa (at 200 OF = 93 "C) (Ref. 9)
Tensile strength = 676 MPa (at 400 OF = 204 'C) (Ref. 9)

Elongation = 0.65 (at 200 "F = 93 "C) (Ref. 9)
Elongation = 0.66 (at 400 "F = 204 "C) (Ref. 9)

Poisson's ratio = 0.278 (at RT) (Ref. 9; see Assumption 3.4)

Modulus of elasticity = 203 GPa (at 93 'C) (Ref 9)

Modulus of elasticity = 196 GPa (at 204 "C) (Ref. 9)
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SA-240 S31600 (316 SS) (Inner shell and inner shell lids):

Density = 7980 kg/r 3 (at RT) (Ref. 11, Table XI. l, p. 7)

Yield strength = 161 MPa (23.4 ksi) (at 300 OF = 149 'C ) (Ref. 12, Sec. I, Part D,
Subpart 1, Table Y-1)

Yield strength = 148 MPa (21.4 ksi) (at 400 0 F = 204 'C) (Ref. 12, Sec. H, Part D,
Subpart 1, Table Y-1)

Tensile strength = 503 MPa (72.9 ksi) (at 300 0F = 149 'C) (Ref 12, Sec. , Part D,
Subpart 1, Table U)

Tensile strength = 496 MPa (71.9 ksi) (at 400 OF = 204 'C) (Ref 12, Sec. II, Part D,
Subpart 1, Table U)

Elongation = 0.40 (at RT) (Ref. 12, Sec. HI, Part A, SA-240, Table 2)

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

Modulus ofelasticity= 186 GPa(27.0. 106 psi) (at 300 OF = 149 'C) (Ref. 12, Sec. II,
Part D, Subpart 2, Table TM-1)

Modulus of elasticity = 183 GPa (26.5 106 psi) (at 400 OF = 204 0C) (Ref. 12, Sec. 11,

Part D, Subpart 2, Table TM-1)

SB-265 R52400 (Titanium Grade 7 [Ti-7]) (DS) (Note: Poisson's ratio and moduli of elasticity
of Ti-7 are obtained from Reference 19; both properties are uniquely defined in
Section "Mechanical Properties"):

Poisson's ratio = 0.32 (at RT)

Modulus of elasticity = 101 GPa (at 149 °C)
Modulus of elasticity = 97 GPa (at 204 °C)

TSw2 Rock:

Density = 2370 kg/r 3 (at RT) (Assumption 3.6)

Poisson's ratio = 0.21 (at RT) (Assumption 3.5)

Modulus of elasticity = 33.0 GPa (at RT) (Assumption 3.5)
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5.1.1 Calculations for Elevated-Temperature Material Properties

The structural calculations are performed at two differentWP OS temperatures: 150 0C and 200 'C.
The material properties at these two temperatures are obtained by linear interpolation of
corresponding material properties presented in Section 5.1, by using the formula:

p =p(T)= pi + (P -pi)
( ) ( T. - T., (

Subscripts u and I denote the bounding values of generic material property p at the corresponding
bounding temperatures.

The following parameters are used in the subsequent calculations:

sy t cry = yield strength

s. = engineering tensile strength

el= elongation
E = modulus of elasticity

These material properties are obtained from Section 5.1.

In the case of Alloy 22, the material properties at 150 0C are:

ay ssy =338 +[(150-93).(283-338)1/(204-93)=310MPa

s,= 738 + [(150 - 93). (676 - 738)1/(204 - 93) = 706MPa

el = 0.65 + [(150 - 93). (0.66 - 0.65)1/(204 - 93) = 0.66

E = 203 + [(150 - 93). (196 - 203)1/(204 - 93) = 199GPa

For the temperature of 200 'C, the material properties of Alloy 22 are:

ay k sy = 338 + [(200 - 93). (283 - 338)11(204 - 93) = 285MPa

s. = 738 + [(200 - 93). (676- 738)]/(204 - 93) = 678MPa

el = 0.65 + [(200 - 93). (0.66 - 0.65)11(204 - 93) = 0.66

E = 203 + [(200 - 93). (196 - 203)1/(204 - 93) = 196GPa

Similarly, for 316 SS at 150'C:

ay sy = 161 + [(150 -149).(148 -161)1/(204 -149) = 161MPa

s, 503 + [(150 -149). (496 - 503)J/(204 -149) = 503MPa

E = 186+[(150-149). (183 -186)V1(204-149)= 186GPa
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While at 200 'C:

say :e sy = 161 + [(200 - 149)- (148 - 161)V/(204 - 149) = 149MPa

s. =503 + [(200 -149). (496 - 503)1V(204 -149) = 497MPa

E =186 + [(200 -149).(183 -186)V/(204 -149) = 183GPa

Finally, for Ti-7:

E=101+[(150-149)-(97-101)/(204-149)=101GPa (150 OC)

E=101+[(200-149).(97-101)]/(204-149)=97GPa (200 oC)

5.1.2 Calculations for True Measures of Ductility

The material properties in Section 5.1 referto engineering stress and strain definitions: s = P/Ao and

e = LILO - I (see Ref. 13, Chapter 9), where P stands for the force applied during a static tensile test,

L is the length of the deformed specimen, and Lo and A, are the original length and cross-sectional

area of the specimen, respectively. The engineering stress-strain curve does not give a true indication
of the deformation characteristics of a material during plastic deformation since it is based entirely
on the original dimensions of the specimen. In addition, ductile metal that is pulled in tension
becomes unstable and necks down during the course of the test. Hence, LS-DYNA V960.1106 FE
code requires input in terms of true stress and strain definitions: a = P/A and e = ln(L/LO) (see

Ref. 13, Chapter 9).

The relationships between the true stress and strain definitions and the engineering stress and strain
definitions, or = s (I + e) and £ = In(1 + e), can be readily derived based on constancy of volume

(4 -Lo = A -L) and strain homogeneity during plastic deformation (see Ref. 13, Chapter 9). These

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

The following parameters are added in the subsequent calculations:

o= true tensile strength

ey esy = strain corresponding to yield strength

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

q.= true strain corresponding to tensile strength (true uniform strain)

In absence of data on the uniform strain in available literature, the uniform strain needs to be
estimated based on the character of stress-strain curves and elongation (strain corresponding to
rupture of the tensile specimen).
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Furthermore, the change of minimum elongation with increase of temperature for 316 SS is not
available in literature. Therefore, for 316 SS the magnitude of this change at the two temperatures of
interest in this calculation (150"C and 200'C) is estimated based on the change of typical
elongation for said material (Assumption 3.10). Reference 14 (p. 8) suggests that the elongation
decreases by 21 percent for an increase of temperature from RT to 93 "C, and by 25 percent for an

increase of temperature from RT to 204 'C. Hence, the decrease of elongation corresponding to an

increase of temperature from RT to 150 'C is 23 percent, while the decrease of elongation

corresponding to an increase of temperature from RT to 200 'C is 25 percent. Consequently, the
true measures of ductility and tangent moduli have to take into account the variability of elongation
due to change of temperature.

The stress-strain curves for Alloy 22 and 316 SS do not manifest three-stage (elastic-hardening-
softening) deformation character (see Assumptions 3.8 and 3.9). Therefore, the elongation reduced
by 10 percent (to take into account the specimen-failure part ofthe stress-strain curve) is assumed for
uniform strain for both materials.

In the case of Alloy 22

e. = 0.9 * el = 0.9*0.66 = 0.59 (at 150 'C)

e. = 0.9 *el = 0.9- 0.66 = 0.59 (at 200 'C)

The true measures of ductility at 150 "C are

o= In( + e.) = ln(1 + 0.59) = 0.46

a= s. (I + e. ) = 706.(1 + 0.59) = 1120 MPa

while at 200 "C

e= InO + e.) = In(1 + 0.59) = 0.46
c;= sU*(I+e,)=678.(1+0.59)=1080MPa

Therefore, the true tensile strength of Alloy 22 at 150 "C and 200 'C is, respectively, 1 120 MPa
and 1080MPa.

For 316 SS

e. = (I- 0.23).(0.9. el) = (1- 0.23).(0.9-0.40) = 0.28 (at 150 "C)

e. = (I - 0.25).(0.9 -el) = (1- 0.25).(0.9.0.40) = 0.27 (at 200 "C)

Therefore, the true uniform strain and true tensile strength at 150 "C are
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£"= ln(l+e,)=n(ln+0.28)= 0.25

a.= sU.(I+e.)=503*(1+0.28)=644MPa

while at 200 0C

= In(1 + e. ) = In(1 + 0.27) = 0.24

a.= S. .(I+e.)= 497.(1+0.27)= 631MPa

Hence, the true tensile strength of 316 SS at 150 TC and 250 0C is, respectively, 644 MPa and
631 MPa.

5.1.3 Calculations for Tangent Moduli

As previously discussed, the results of this simulation are required to include elastic and plastic
deformations for Alloy 22 and 316 SS. When the materials are driven into the plastic range, the
slope of the stress-strain curve continuously changes. A ductile failure is preceded by a protracted
regime of hardening and substantial accumulation of inelastic strains. Thus, a simplification for
stress-strain curve is needed to incorporate plasticity into the FE analysis. 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 (E) and tangent (hardening) modulus (E,). The
tangent modulus represents the slope of the stress-strain curve in the plastic region.

In the case of Alloy 22, the tangent modulus is:

El = (or - --uy/E)= (I.12 - 0.310)/(0.46 - 0.310/199) =1.77 GPa (see Sections 5.1,

5.1.1, and 5.1.2) (at 150 0 C)
El = (a - a )/(6- - cry /E) = (1.08 - 0.285)/(0.46 - 0.285/196) = 1.73 GPa (see Sections 5. 1,

5.1.1, and 5.1.2) (at 200 TC)

Similarly, for 316 SS:

E. = (a. -uy)/(l£, - ay/E)= (0.644-0.161)/(0.25 -0.161/186)=1.94 GPa (see Sections 5.1,

5.1.1, and 5.1.2) (at 150 0C)
E, = (vu - - ay /E) = (0.631 - 0.149)/(0.24 - 0.149/183) = 2.02 GPa (see Sections 5.1,

5.1.1, and 5.1.2) (at 200 C )
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5.2 FINITE ELEMENT REPRESENTATION

Three-dimensional FE representation, used for the vibratory ground-motion simulations, is presented
in Figure 1. A corresponding cut-away view (portions of various parts are removed to offer a more
revealing outlook) is presented in Figure 2. As seen in these figures, the FE representation consists of
the WP mounted on the pallet, the DS, the invert surface, and the lateral and longitudinal boundaries.
The longitudinal boundary represents the neighboring WP/pallet assembly (Assumption 3.14), while
the lateral boundary represents the repository emplacement drift. The FE representation is developed
in ANSYS V5.6.2, by using the dimensions provided in References 22 and 24; and Attachments I, Il
and mH (see Assumption 3.17).

According to Reference 33 (Table 2) the average WP skirt-to-skirt spacing is 0.1 Im. Thus, the
distance between the WP (specifically, the trunnion collar sleeve [i.e., skirt]) and the longitudinal
boundary (representing the neighboring WP-pallet assembly) in all FE representations developed for
the purpose of this calculation is 0.1 Im.

Three components of the ground-motion acceleration time history are simultaneously applied on the
platform representing the invert surface. The invert surface is essentially unyielding (elastic). (This is
just a formal LS-DYNA requirement; the same acceleration time history applied to all platform
nodes result in zero deformation by definition.)

Thne = a

Figure 1. Setup for WP Vibratory Simulations at 1 10-6 1/yr Annual Frequency of Occurence

CO)
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rue. n

Figure 2. Cut-Away View of Setup for WP Vibratory Simulations

lime= U

Figure 3. Pallet and Two Regions of WP OS That Can Come in Contact with Pallet
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The lateral and longitudinal boundaries are both rigid and fixed to the platform in such a way that
their motion is completely synchronous. Externally applied momentum is transferred to all
freestanding (unanchored) objects solely by the way of friction and impact.

The WP is represented as symmetric throughout this calculation (Assumption 3.19). Thus, both WP
ends are represented based on the bottom-end configuration (see Attachment I and Reference 24).
The details of the WP top end (such as, for example, the extended OS lid and closure lid) are ignored
and their mass is taken into account by increasing thickness of the OS lid.

For the simulation of the WP/pallet assembly exposed to vibratory ground motion, the thickness of
the WP OS is reduced by 2 mm (from 20 mm to 18 mm; see Assumption 3.21). It needs to be
emphasized, though, that the objective of this calculation is not to rigorously evaluate the OS-
thickness reduction due to corrosion or the corrosion-acceleration effects. A depth of corroded layer
of 2 mm is, therefore, a conservatism within the stated objective of this calculation (see Section 1).

The WP OS, the trunnion collar sleeve, and the boundary walls are represented by 8-node solid
(brick) elements. The part of the OS that can come in contact with the pallet (see Figs. 3 and 7; also
designated by F and C in Fig. 4), is of the most importance in this calculation. The FE representation
of this region of the OS is finely meshed on one side of the WP (F in Fig. 4), with four layers of brick
elements across the OS thickness and relatively dense in-plane mesh. The corresponding OS region
on the other side (C in Fig. 4) is more coarsely meshed with only two layers of brick elements across
the thickness (see Figs. 3 and 4). These two parts of the WP OS are represented as elastoplastic
(linear kinematic hardening).

All results reported in this document are presented for the part of the OS designated by F in Figure 4.
The part of the OS designated by C (Fig. 4), although coarsely meshed compared to F, is still
relatively finely meshed compared to the remaining part of the OS (P and R in Fig. 4), in order to
ensure proper WP-pallet interaction and, consequently, the WP rigid-body motion. In a way, the
main purpose of the WP OS parts P and R is to provide appropriate boundary conditions for the WP
OS parts F and C. The main difference between parts of the OS designated as P and R is that P is
represented as elastoplastic (linear kinematic hardening) while R is rigid. The WP components
(excluding inner shell and inner shell lids) represented as rigid bodies are presented in Figures 5 and
7b. These components are also called "rigid Alloy 22 components" throughout this document.

It cannot be overemphasized that the region F is especially important since the stress state, and
consequently the damaged area, are evaluated for that region only. Two regions of the OS that can
get in contact with pallet (F and C) are connected to the remaining part of the OS (P and R) by tied-
interface contacts (Refs. 17 [Section 23.9] and 18 [p. 6.29]).
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Figure 4. WP OS Regions (Side View)

Fw

Figure 5. Parts of WP Represented as Rigid Bodies (Inner Shell and Inner Shell Lids Excluded)
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The WP inner shell and its lid, pallet, and DS are represented by shell elements. The shell elements
are adequate for representation of said components since their dominant mode of deformation is
local bending. Additionally, the stress states in the inner shell, pallet, and DS are of secondary
importance in this analysis that is focused on the WP OS. In order to reduce the computer execution
time while preserving all the features relevant for the solution, the inner shell and inner shell lids,
and DS are represented as rigid bodies (see Attachment VI).

The pallet is represented as elastoplastic but it is very coarsely meshed (see Fig. 6). The coarse mesh
of the pallet - necessitated by the computer-execution-time considerations - results in an artificial
increase of the pallet stiffness. In other words, the pallet is not as flexible as in reality and some of
the cushioning effect of the pallet on the WP is, therefore, lost. The ultimate consequences of the
coarse pallet mesh are increase in the relative motion between the WP and pallet, and increase of
stress in the WP. Both of these effects are conservative from the viewpoint of the results of this
analysis. Nonetheless, for the set of calculations performed for the annual frequency of occurrence of
10-7 1/yr the pallet mesh is refined (see Fig. 6b) to prevent excessive relative motion and ensure
more realistic results. This change is necessitated by the much higher intensity of the ground motion
at the annual frequency of occurrence of 1 0-7 1/yr.

(a) (b)

Figure 6. Front View of Pallet Mesh for: (a) 10- 6 1/yr Calculations, and (b) 10-7 1/yr Calculations

The structure ofthe 21-PWRWP is simplified by reducing the structure ofthe inner shell and all WP
internals, including the SNF, to a thick-wall cylinder of circular cross section and uniform density
(Assumption 3.7). The outside diameter of the inner shell is kept unchanged. The thickness of the
inner shell is determined by using the material properties (including density) of 316 SS, and
matching the total mass of the inner shell and internals as presented in Attachment I. The benefit of
using this approach is to reduce the computer execution time while preserving all features of the
problem relevant to the structural response.

The FE representation of the 21 -PWR WP is developed in such a way that the loose-fit gap between
the outer and inner shell is maximized to 4mm (Ref 25, Section 8.1.8). Consequently, the inner

CIQk~_
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shell is free to move within the OS. This maximized gap provides a conservatively bounding set of
results, as demonstrated in Reference 27 (Attachment II).

The FE representation of DS is simplified in this analysis (Assumption 3.13). All the details of the
DS structure are disregarded, and the DS is represented as a rigid shell structure following the
contour of the actual DS presented in Attachment HI. For the same reason, the DS is considered to be
made completely of Ti-7. Density of Ti-7 is accordingly modified to account for the simplified DS
representation (i.e., to match the DS mass). These simplifications make it possible to capture the
essential kinematics of freestanding components in the drift, while reducing the computer execution
time. The impact of this DS-representation on results presented in this document is anticipated tobe
negligible.

The most notable differences (in addition to the pallet mesh [Fig. 6]) between the two FE
representations (1 1 0-7 1/yr vs. 1 * 1 O6 1/yr ) is that the finely-meshed region is fully extended in the

circumferential direction, and that the configuration of the rigid OS parts is changed (as illustrated by
Figure 7). These modifications are necessitated by much more intense ground motion, causing much
more relative (rigid-body) motion between the unanchored repository components. Figures 7(a) and
7(b) (for the FE representation for 10-7 1/yr calculations) correspond to Figures 3 and 5 (for the FE

representation for Io-6 1/yr calculations).

(a) (b)

Figure 7. Modifications in FE Representation for 10-7 I/yr Calculations: (a) Extended Finely-Meshed OS
Region, and (b) Rigid Parts

The FE representation is then used in LS-DYNA V960.1106 and LS-D YNA V 970 .3858to perform
a transient dynamic analysis of the WP exposed to vibratory ground motion.

Contacts are specified between: OS and inner shell, OS and pallet, WP (i.e., trunnion collar sleeve)
and longitudinal and lateral boundaries, pallet and invert, pallet and longitudinal and lateral
boundaries, etc. In absence of more specific data, the dynamic friction coefficients for all contacts are

C05&'
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randomly sampled from a uniform distribution between 0.2 and 0.8 (see Assumption 3.11). One
metal-to-metal friction coefficient and one metal-to-rock friction coefficient are sampled for each
realization (see Table 6.1-1), and applied to all metal-to-metal and metal-to-rock contacts. In other
words, the friction coefficients vary from realization to realization (random sampling) but all metal-
to-metal contacts have the same friction coefficient in a specific realization regardless of the contact
pair; the same applies to metal-to-rock contacts. Moreover, the functional friction coefficient used by
LS-DYNA V960.1106 and LS-DYNA V970.3858 FE codes is defined in terms of static and dynamic
friction coefficients, and relative velocity of the surfaces in contact (Ref. 18, p. 6.9). The effect of the
relative velocity of the surfaces in contact is introduced by the way of a fitting parameter -
exponential decay coefficient. The variation of friction coefficient between the static and dynamic
value as a function of relative velocity of the surfaces in contact is not available in literature for the
materials used in this calculation. Therefore, it is not possible to objectively evaluate the exponential
decay coefficient. Hence, the effect of the relative velocity of the surfaces in contact is neglected in
these calculations by assuming that the functional friction coefficient and the static friction
coefficient are equal to the dynamic friction coefficient. This approach maximizes the relative
motion of the unanchored repository components by minimizing the friction coefficient within the
given FE-analysis framework (Assumption 3.12).

The simulation is performed in two steps. First step is the vibratory part. During this computational
phase the three components of ground-motion acceleration time history are simultaneously applied to
all invert nodes. The stochastic (uncertain) input parameters for 15 simulations of events
corresponding to annual frequencies of occurrence 1 -104 1/yr and 1. 10-7 1/yr are listed in Table
6.1-1 (Ref. 35, Table I-4). In the course of this vibratory simulation neither system damping nor
contact damping are applied. This, admittedly conservative, approach is used in order to prevent
unwanted interference of the damping with the rigid-body motion of unanchored structures that could
contaminate results. The second step of the simulation is the post-vibratory relaxation. During this
computational phase the motion of the invert nodes is constrained in all three directions, and the only
load applied to freestanding objects is the acceleration of gravity. In the course of this phase the
system damping is applied globally (to all objects). The goal of this step is to obtain steady-state
results (i.e., residual stresses) in a reasonable time, and the purpose of the global system damping is
to reduce this time as much as possible (see Section 5.2.2 for details). The specified duration of this
post-vibratory relaxation part of simulation is such to allow for the steady-state stresses to establish;
most of the time duration of 0.5 s suffices.

The mesh of the FE representation was appropriately generated and refined in the contact regions
according to standard engineering practice. Thus, the accuracy and representativeness of the results
of this calculation were deemed acceptable (see Section 6.5 and Attachments V through IX for
discussion of results). The uncertainties are taken into account by random sampling (from
appropriate probability distributions) of the calculation inputs that are inherently stochastic
(uncertain) and characterized by a large scatter of data (namely, ground-motion time histories and
friction coefficients). The results are suitable for the intended use, but Section 6.5 should be carefully
studied prior to use of the results.
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5.2.1 Ground-Motion Time History Cutoff

Structural calculations of WP exposed to vibratory ground motion are extremely computationally
intense. This is not surprising having in mind the complex FE representation (Section 5.2), the highly
nonlinear nature of the problem (large deformation plasticity, friction, impacts, etc.), the small
computational time step necessary to ensure convergence (w 1 us or less), and a long duration ofthe
ground-motion time histories (= 30 - 40 s ). In order to obtain credible results in a reasonable time, it
is necessary to reduce the duration of seismic excitation used in the simulation.

Therefore, the specified termination times of the vibratory part of simulations at the annual frequency
of occurrence 1 10- 1/yr are such to cover the range from 5 percent to 95 percent of the externally
applied energy. (For brevity, the minimum time corresponding to 5 percent of energy of ground
motion is, in the remainder of this document, called "5%-time". Similarly, the maximum time
corresponding to 90 percent and 95 percent of energy of ground motion is called "90%-time" and
"95%-time", respectively. Note that all three time instances are determined by taking into account all
three components of ground motion.) In few 1-1 0- l/yr cases the termination time is extended
beyond this 95%-energy cutoff to examine the effect of the cutoff (i.e., the ending time is larger than
the 95%-time). Similarly, in five realizations the starting time is moved slightly below the 5%-time
to encompass some pertinent feature of the time history in question (i.e., the starting time is smaller
than the 5%-time, see Table 5.2.1-1).

All simulations at the annual frequency of occurrence 1 10-7 1/yr are performed from 50/%-time to
90%-time. Thus, the starting time coincides with the 5%-time, while the ending time coincides with
the 90%-time.

Table 5.2.1 -1 presents the duration of each simulation, and characteristic times used to define the
duration. The time in the third column is the starting time of the simulation. (In other words, the
starting point of simulation [ t = 0 ] corresponds to this time in Reference 29.) The three components
of initial velocity, specified in LS-DYNA input file (see as an example Attachment X:
lE-6/RNI/seisWPPc.k, lines 312 through 319), correspond to this time in Reference 29. The starting
time, for most realizations, is defined as the 5%-time. The ending time is nominally the 95%-time
(see again Ref. 29). The calculated duration of the simulation is then obtained by subtracting the
5%-time from the 95%-time. The duration of the simulation that was actually run is calculated by
subtracting the starting time from the ending time.

As previously mentioned, the duration that is actually run during simulation is, in a few cases,
different from the computed duration calculated based on the characteristic times. Specifically, the
realizations 1, 2, 4, 9, and 12 are extended for a short time after 95%-time for the purpose of
examining the damage-evolution trend as a function of time-history cutoff (see Attachment VII). On
the other hand, realizations number 3, 8, 13, and 14 are not run up to the 95%-time since - as
indicated in Table VII-1 - it was unnecessary from the standpoint of the damage evolution.

Additionally, Table 5.2.1-2 presents the 900/6-time and corresponding duration for 1 10' 1/yr time
histories. The values from the fourth column (Duration of Simulation to 90%-Time) represent the
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time in the simulation (thus, measured from the starting time corresponding to t = 0 in the
simulation) when the 90 percent of energy is reached for all three components of ground motion.
This data is used in Attachment VII (specifically, in Table VI[-5) to examining the damage-evolution
trend as a function of time-history cutoff.

Table 5.2.1-1 Duration and Characterstic Times Corresponding to 5%-95% Energy Range (Annual
Frequency of Occurrence 1 10-6 l/yr)

Ground 5%- Starting 95%- Ending Duration of Simulation Realization
Motion Time Time Time Time ( I Number
Number (s) (S) (s) (s) Calculated Run

1 0.85 0.85 7.05 7.05 6.2 6.2 6
2 0.58 0.41 8.13 8.41 7.6 8.0 7
3 1.7 1.5 5.04 5.00 3.4 3.5 15
4 1.3 1.1 15.0 13.9 13.7 12.8 3
5 2.0 2.0 10.3 10.3 8.3 8.3 11
6 2.3 2.3 9.96 11.2 7.7 8.9 12
7 4.0 4.0 11.6 12.9 7.6 8.9 1
8 1.1 1.1 5.99 6.80 4.9 5.7 4
9 0.79 0.6 8.18 7.90 7.4 7.3 10
10 1.6 1.6 10.8 11.9 9.2 10.3 9
11 2.1 2.1 10.3 10.3 8.2 8.2 5
12 1.4 1.4 13.6 12.9 12.2 11.5 13
13 1.9 1.85 17.0 15.4 15.1 13.5 8
14 7.2 7.2 21.5 18.2 14.3 10.9 14
16 3.8 3.8 11.8 12.8 8.0 9.0 2

Finally, Table 5.2.1-3 presents the duration of each simulation and characteristic times used to define
the duration for 1 1 0' 1/yr (see Reference 30). In this case, as discussed previously, the starting
time presented in the second column coincides with the 5%-time (i.e., the starting time is the 5%-
time rounded to two significant digits). The most pronounced difference between
1 *0-6 1/yr realizations and I1 *0 10-/ realizations is that the latter are run only up to the maximum
of 90 percent energy of ground motion (i.e., the ending time coincides with the 900/o-time). The
rationale is to reduce the simulation running time without significantly affecting the simulation
results. This rationale is based on the results for 1-10-6 1/yr realizations (see Attachment VII), and
its appropriateness is confirmed to a large extent by the results of I -10-7 1/yr realizations (see
Section 6.2).
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Table 5.2.1-2 Duration and Characteristic Times Corresponding to 5%-90% Energy Range (Annual
Frequency of Occurrence 1.10-6 l/yr)

Ground Starting 90%- Duration of Simulation Realization
Motion Time Time to 90%-Time Number

Number (s)__S_ (S)
1 0.85 5.21 4.36 6
2 0.41 6.05 5.47 7
3 1.5 3.64 1.94 15
4 1.1 10.2 8.90 3
5 2.0 7.46 5.46 11
6 2.3 9.20 6.90 12
7 4.0 11.1 7.10 1
8 1.1 5.12 4.02 4
9 0.6 6.98 6.19 10

10 1.6 7.66 6.06 9
11 2.1 8.30 6.20 5
12 1.4 12.2 10.8 13
13 1.85 12.7 10.8 8
14 7.2 19.8 12.6 14
16 3.8 9.57 5.77 2

Table 5.2.1-3 Duration and Characteristic Times Corresponding to 5%-90%
Frequency of Occurrence 1 1 0-7 /yr )

Energy Range (Annual

Ground Starting Ending Duration of Simulation Realization
Motion Time Time ( )Number

Number (s) (s) Calculated Run

1 1.3 6.5 5.2 5.2 6
2 0.80 5.8 5.0 5.0 7
3 1.75 3.45 1.7 1.7 15
4 1.5 11.8 10.3 10.3 3
5 1.7 9.3 7.6 7.6 11
6 2.4 9.2 6.8 6.8 12
7 3.6 11.4 7.8 7.8 1
8 1.2 5.1 3.9 3.9 4
9 0.70 6.7 6.0 6.0 10
10 1.6 7.2 5.6 5.6 9
11 2.1 8.5 6.4 6.4 5
12 2.0 12.7 10.7 10.7 13
13 1.9 15.2 13.3 13.3 8
14 5.3 21.0 15.7 15.7 14
16 3.4 9.0 5.6 5.6 2



Waste Package and Components Calculation

Title: Structural Calculations of Waste Package Exposed to Vibratory Ground Motion
Document Identifier: 000-OOC-WISO-01400-000-OOA Page 33 of 120

5.2.2 System Damping

In order to obtain steady-state results (i.e., residual stresses) in a reasonable time, it is necessary to
apply damping in the course of the post-vibratory relaxation. The system damping is applied
globally.

As discussed in Reference 17 (Section 28.2), the most appropriate damping constant for the system is
usually the critical damping constant. Therefore,

DC = 2 -awm = 2 -350 =700rad/s

Where oin =2 -n- 56 350 rad/s is the minimum non-zero frequency of the WP OS (see
Attachment X [Modal Analysis/wpp6Bmod.out, line #6517]). This value represents the closest
analogue to the natural frequency in the more familiar case of anchored objects. Having in mind that
the objects we are dealing with in this study are unanchored, the damping constant is conservatively
reduced to DC = 200rad/s, to avoid over-damping ofthe system. Furthermore, the parametric study
of various damping constants presented in Reference 27 confirms the appropriateness ofthis choice.
The system is obviously not over-damped, and the steady-state results are reached in reasonable time
(see Ref. 27, Fig 4, p. 21).
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6. RESULTS

Attachment X includes the input files and results files that show execution of the programs occurred
correctly. The stress time histories, residual stress distribution plots, impact parameters, and
damaged areas have been obtained by using postprocessors LSPOST V2.0 and LS-PREPOST V1.0.

The stress intensity presented in this section is defined as

UD =U 1 -U 3 =2 rmax

where cr. and a>3 are maximum principal stress and minimum principal stress, respectively; and

r.m, is the maximum shear stress (Ref. 12, Sec. III, Div. 1, Art. NB-3000; and Ref. 13, Chapter 3).

Recall that the area of the WP OS where the residual 1 s principal stress exceeds certain limits is, for
brevity, called "damaged area" throughout this document (see Section 1).

6.1 EVENTS WITH ANNUAL FREQUENCY OF OCCURRENCE 1.10-61/yr

The stochastic (uncertain) input parameters for 15 simulations of events corresponding to annual
frequency of occurrence 1 10 1/yr are listed in Table 6.1-1 (see Ref. 35, Table 1-4). (The same

simulation parameters were subsequently used for annual frequency of occurrence I _ 10-7 I/yrI as
well.) The values of the friction coefficients presented in Table 6.1-1 are, for the purpose of this
calculation, presented (and used) with two significant digits. The ground motion (acceleration,
velocity, and displacement) time histories are available in Reference 29. The time history cutoff and
the simulation duration are discussed in detail in Section 5.2.1 (see Table 5.2.1-1).

Table 6.1-1 Simulation Parameters

Realization Ground Friction Coefficient (-)
Number Motion Metal Metal

Number to metal to rock
1 7 0.80 0.34
2 16 0.33 0.49
3 4 0.50 0.62
4 8 0.60 0.22
5 11 0.20 0.24
6 1 0.27 0.69
7 2 0.71 0.60
8 13 0.56 0.54
9 10 0.55 0.36
10 9 0.36 0.41
11 5 0.42 0.67
12 6 0.65 0.73
1 3 12 0.75 0.31
14 14 0.29 0.45
15 3 0.46 0.78
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6.1.1 Interaction between Waste Package and Pallet

The damaged area due to the WP-pallet interaction is evaluated only on one WP end, specifically in
the finely-meshed region (see Figures 3 and 4, and corresponding discussion in Section 5.2). The
total damaged area due to the WP-pallet interaction is then obtained by multiplying by two the
measured damaged area on one side (see Assumption 3.18).

Throughout this document the damaged area is also presented as a fraction of the total OS area
(including the OS lids). For this purpose the area of the WP OS is calculated based on the WP
dimensions presented in Reference 24 and Attachment I. Specifically, the outer diameter ofthe OS is
Dos = 1.564 m, the total length ofthe WP is L = 5.165 m. The distance from the WP bottom endto
the OS flat bottom lid is d = 0.1 m; the distance from WP top end to the extended lid base is the
same. Hence, the OS length is Los = L - 2 -d = 5.165 - 2 -0.1 = 4.965 m .Thus, the area of the intact

WP OS (including the OS lids) is

Aos = Los * Dos * ir + 2. (D2s .*r)/4 = 4.965.1.564 -ir + 2.(1.5642.;r)/4 = 28.2 m2

This area of the OS (28.2 M2 ) is used henceforth throughout this document.

Table 6.1.1 -1 presents the damaged area resulting from the WP-pallet interaction during the vibratory
ground motion. The damaged area is evaluated based on the residual 1st principal stress plot (see
Section 1) by using postprocessor LSPOST V2.

Table 6.1.1-1 Damaged Area from WP-Pallet Interaction at 1 -104 1/yr

Realization Ground Damaged Area
Number Motion (m; % of total OS area)

Number 80% Yield Strength 90% Yield Strength

1 0.0029; 0.010% 0.0014; 0.0050%
2 16 0; 0 0; 0
3 4 0.0050; 0.018% 0; 0
4 8 0.030; 0.11% 0.0064; 0.023%

5 0.0015; 0.0053% 0; 0
0.025; 0.089% 0.0028; 0.0099%

7 2 0.017; 0.060% 0; 0
8 13 0; 0 0; 0
9 10 0.0035; 0.012% 0; 0
10 9 0;0 0; 0
11 5 0.012; 0.043% 0.0037; 0.013%
12 6 0.0039; 0.014% 0; 0
13 12 0;0 0; 0
14 14 0.010; 0.035% 0.0043; 0.015%
15 3 0.0078; 0.028% 0.0015; 0.0053%
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According to results presented in Table 6.1.1-1 the damage due to the WP-pallet interaction is
relatively small, especially for the upper stress limit.

6.1.2 Interaction between Waste Package and Waste Package (Longitudinal Boundary)

This section presents the damaged area of the WP OS resulting from the impacts in longitudinal
direction. This damaged area is, thus, attributed to the WP-WP interaction (end impacts) during the
vibratory ground motion. It is calculated (by using Reference 27 [Tables 4,5,7, and 8]) based on the
speed, location, and angle of the end impacts, estimated from the simulations of the vibratory ground
motion.

The end-impact parameters presented in this section are evaluated by using the postprocessor
LSPOST V2. The "time" presented in the second column (Tables 6.1.2-1 through 6.1.2-15) is the
time of impact, and it can be obtained directly from the postprocessor. The impact speed (the third
column) is relative speed between the longitudinal boundary (representing the neighboring WP) and
the first WP (i.e., its trunnion collar sleeve) node that first comes in contact with the axial boundary
at the time of impact. The impact angle presented in the fourth column defines inclination of the WP
with respect to the longitudinal boundary; zero angle corresponding to ideal end impact. The impact
location is important for the damage accumulation. The rationale for introducing the impact location
is to prevent excessive conservatism by simply adding the damage from individual impacts
regardless of their location. The used approach is based on purely geometrical arguments. If two
impacts take place sufficiently close to each other their damage may overlap to a certain extent. The
extent of damaged area depends on both the impact speed and the impact angle, and is presented in
Reference 27. The convention used for evaluation of the impact location - presented in the first
column - is illustrated in Figure 8.

Figure 8. Convention Used for Evaluation of Impact Location

cocop
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The impact location in circumferential direction is defined with 12 discrete values (i.e., from I to 12
with 300 increments) equidistantly distributed in clockwise direction (see red numbers in Fig. 8).
Moreover, an end impact can take place on the WP side corresponding to the finely meshed (as
distinguished by designation "F" in Fig. 4) or coarsely meshed ("C") part of the OS. As an example,
assuming that the impact between WP and axial boundary takes place on the "coarse side" of the WP
OS, the impact location marked by blue asterisk in Figure 8 would be designated as "C 2."

Throughout this analysis, damage contribution of each individual impact, with impact speed
exceeding 1 m/s (Assumption 3.16), is taken into account in one of the three ways, depending of the
location and the circumferential extent of damage. The damage contribution can be either fully taken
into account, or just one-half of it (designated with " x 0.5 " in appropriate tables), or it may not be
taken into account at all (designated as "NC" for "not counted"). Furthermore, if damage caused by
two impacts partially overlap, the larger damage is fully taken into account while the smaller is
reduced.

As an example, the damage contribution from the impact at location "C 10" in Table 6.1.2-1 is taken
into account as one-half of the corresponding value, since the damage caused by impact at location
"C 11" partially overlaps the "C 10" damage according to Reference 27 (Tables 4 and 5). On the
other hand, the "C 6" damage in Table 6.1.2-3 is not taken into account at all ("NC") since it is
completely overlapped by "C 7" damage.

Table 6.1.2-1 End-impact Parameters and Damaged Area for Realization Number 1 at 1 -104 1/yr

Damaged Area
Impact Time Speed Angle (m2)

Location (S) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 8 6.025 1.3 1.0 0.0089 0.0046
C 10 4.750 1.0 1.5 0.0031X0.5 0.0017X0.5
C 11 4.875 1.5 1 1.3 0.0122 0.0063

Total 0.023 0.012

The end-impact parameters and corresponding damaged areas (calculated for both the lower and
upper damage thresholds) are presented in Tables 6.1.2-1 through 6.1.2-15 for all 15 realizations at
1.10- 1/yr.

Table 6.1.2-2 End-impact Parameters and Damaged Area for Realization Number 2 at 1 -10- 1/yr

Damaged Area
Impact Time Speed Angle (r 2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 0.750 1.2 0 0 0
F 8 3.150 1.8 0.5 0.0092X0.5 0.0047X0.5
F 9 5.000 1.5 1.0 0.0127 0.0065

Total 0.017 0.0089
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Table 6.1.2-3 End-Impact Parameters and Damaged Area for Realization Number 3 at 1. 10-6 1/yr

Damaged Area
Impact Time Speed Angle (m2)

Location (s) (mis (degree) 80% Yield 90% Yield
Strength Strength

F 1 6.050 1.3 1.3 0.0086 0.0045
F 8 3.500 3.9 3.4 0.0771 0.0374
F9 0.675 1.5 1.1 0.0125 0.0064
F11 3.100 2.4 0.9 0.0296 0.0124
C4 0.975 1.1 1.6 0.0048 0.0026
C 6 2.625 1.1 1.6 0.0048 NC 0.0026 NC
C 7 3.225 3.6 0.9 0.0588 0.0192
C 8 4.575 1.5 1.6 0.0117 NC 0.0060 NC
C8 7.350 1.1 1.1 0.0051 NC 0.0027 NC

Total 0.19 0.083

Table 6.1.2-4 End-Impact Parameters and Damaged Area for Realization Number 4 at 1l1 0-l6 I/yr

Damaged Area
Impact Time Speed Angle (M2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 3 2.400 1.9 1.0 0.0202 0.0103
F 9 2.775 2.5 4.1 0.0307 0.0162
C 9 2.650 2.6 2.9 0.0354 NC 0.0166 NC
C 9 2.700 3.5 4.0 0.0650 0.0343

Total 0.12 0.061

It is necessary to make an observation regarding the end impact at t = 2.700 s presented in
Table 6.1.2-4. Studious examination of the kinematics suggests that a strong impact takes place at
t = 2.700 s. Unfortunately, the output frequency (0.025 s ) is - in this case - not fine enough to
capture the impact speed. Thus the impact speed (at this moment only) is obtained by examination of
the same realization performed without the rigid Alloy-22 parts (i.e., with all Alloy-22 parts
represented as deformable [namely elastoplastic with kinematic hardening]) (see Attachment VI).

Table 6.1.2-5 End-Impact Parameters and Damaged Area for Realization Number 5 at I. 10 6 I/yr

Damaged Area
Impact Time Speed Angle jM2j

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 2 0.425 1.6 1.2 0.0142 NC 0.0073 NC
F 2 2.025 2.0 1.7 0.0201 NC 0.0102 NC
F 2 2.075 4.2 1.4 0.0836 NC 0.0275 NC
F 3 3.425 1.3 2.9 0.0068 NC 0.0036 NC
F 3 5.025 1.8 3.0 0.0137 NC 0.0070 NC
F 3 5.075 4.4 2.5 0.0947 0.0385
F 3 5.900 1.3 1.0 0.0089 NC 0.0046 NC
F 9 1.325 1.2 1.7 0.0064 0.0034
F 9 2.500 1.0 3.8 0.0022 NC 0.0013 NC
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Damaged Area
Impact Time Speed Angle Jm)

Location (S) (ls) (degree) 80% Yield 90% Yield
Strength Strength

C2 3.125 1.2 0.2 0.0014 0.0007
C 3 0.800 1.2 1.7 0.0064X0.5 0.0034X0.5
C4 1.650 1.7 2.9 0.0125 0.0064
C9 2.325 2.4 4.7 0.0262 0.0145
C 11 0.200 1.4 0.2 0.0022 0.0011

Total 0.15 0.066

Table 6.1.2-6 End-impact Parameters and Damaged Area for Realization Number 6 at 10 06 1/yr

Damaged Area
Impact Time Speed Angle (m2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 4 1.950 2.5 1.4 0.0344 0.0140
F 4 2.600 2.4 0.5 0.0186 NC 0.0090 NC
F 8 1.525 1.9 1.0 0.0202X0.5 0.0103X0.5
F 9 1.100 2.4 1.5 0.0315 0.0134
F 9 3.025 1.9 1.6 0.0187 NC 0.0095 NC
C 9 3.125 4.0 2.7 0.0692 0.0300
C 9 2.750 2.9 0.9 0.0418 NC 0.0152 NC

Total 0.15 0.063

Table 6.1.2-7 End-Impact Parameters and Damaged Area for Realization Number 7 at I. 10- 1/yr

Damaged Area
Impact Time Speed Angle (m2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 2 2.350 1.4 0.4 0.0043 0.0022
F 9 3.700 2.7 0.5 0.0243 0.0116
F 10 2.925 2.1 2.5 0.0209 NC 0.0103 NC
C 3.150 2.2 0 0.0024 0.0024

C 3 4.150 1.2 0.8 0.0056 NC 0.0029 NC
C 3 4.200 4.5 0.4 0.0538 0.0265
C 8 2.775 1 2.4 3.0 0.0290 0.0139

Total 0.11 0.057

Table 6.1.2-8 End-impact Parameters and Damaged Area for Realization Number 8 at 1-104 1/yr

Damaged Area
Impact Time Speed Angle (m2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 3 4.025 1.5 0.6 0.0076 0.0039
F 5 2.775 1.9 0.1 0.0020 0.0010
F 3.600 1.7 0 0 0

C 3 1.950 1.8 0.5 0.0092 0.0047
C 9 3.400 1.1 0.8 0.0041 0.0022

Total 0.023 0.012
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The initial velocity components are not specified properly for realization number 8. Specifically, the
three initial velocity components do not correspond to the beginning ofthe acceleration time history.
Consequently, the velocity and displacement time histories are not appropriately specified, and the
results from this realization are not included in the tables summarizing results (Tables 6.1.2-16,
6.1.4-1, and 6.1.4-2).

Table 6.1.2-9 End-impact Parameters and Damaged Area for Realization Number 9 at 1 l06 1/yr

Damaged Area
Impact Time Speed Angle (m2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 3 0.800 1.5 1.7 0.0116 0.0059
F 3 7.075 1.0 2.4 0.0027 NC 0.0016 NC
F 5 2.625 1.7 2.7 0.0129 0.0066
F 8 1.575 2.8 4.5 0.0408 0.0226
F 9 2.250 1.6 5.0 0.0072 NC 0.0038 NC
F 9 2.325 1.1 4.1 0.0021 NC 0.0013 NC

F 10 3.950 1.8 1.4 0.0174 0.0089
C8 1.375 1.4 2.6 0.0086 0.0045
C 9 1.925 1.7 4.2 0.0098X0.5 0.0051X0.5

C 10 2.450 2.2 3.8 0.0210 0.0107
Total 0.12 0.062

Table 6.1.2-10 End-Impact Parameters and Damaged Area for Realization Number 10 at 1 -0-6 1/yr

Damaged Area
Impact Time Speed Angle mrn2)

Location (S) (m/s) (degree) 80% Yield 90% Yield
Strength Strength

F 3 5.425 1.1 2.7 0.0041 0.0022
C 3 5.050 1.5 0.3 0.0038 NC 0.0020 NC
C 3 5.175 1.6 3.8 0.0094 0.0049

Total 0.014 0.0071

Table 6.1.2-11 End-impact Parameters and Damaged Area for Realization Number I1 at 1.10 6 1/yr

Damaged Area
Impact Time Speed Angle {m2)

Location (S) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 6 4.150 1.7 1.5 0.0154 0.0079
F 10 1.275 1.5 0.3 0.0038 NC 0.0020 NC
F 10 2.125 1.6 1.7 0.0133 0.0068
C3 0.975 1.1 0.5 0.0026 0.0014
C 8 3.400 1.6 1.9 0.0129 NC 0.0066 NC
C 9 2.000 1.7 1.6 0.0152NC 0.0078 NC
C 9 2.225 2.8 1.3 0.0425 0.0158

Total 0.074 0.032
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Table 6.1.2-12 End-impact Parameters and Damaged Area for Realization Number 12 at . 10-6 1/yr

Damaged Area
Impact Time Speed Angle Jm2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 3 6.400 1.1 0.7 0.0036 0.0019
F 8 5.950 3.0 0.4 0.0264 0.0138
F 9 3.575 1.1 0.8 0.0041 NC 0.0022 NC
C 3 1.025 2.2 0.5 0.0148 0.0073
C 4 5.825 2.2 0.2 0.0074X0.5 0.0044X0.5
C 4 6.175 1.0 1.7 0.0030 NC 0.0017 NC
C 9 3.775 2.3 0.8 0.0246 0.0109

Total 0.073 0.036

Table 6.1.2-13 End-impact Parameters and Damaged Area for Realization Number 13 at I *10-6 1/.yr

Damaged Area
Impact Time Speed Angle (r2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 4 2.300 1.9 0.6 0.0121 0.0062
C 3 2.025 1.2 0.5 0.0035 NC 0.0018 NC
C 3 2.450 2.0 3.2 0.0159 0.0081
C 3 7.625 1.1 0.9 0.0047 NC 0.0025 NC
C 9 9.875 1.1 0.7 0.0036 0.0019

Total 0.032 0.016

Table 6.1.2-14 End-Impact Parameters and Damaged Area for Realization Number 14 at -106 1/yr

Damaged Area
Impact Time Speed Angle (M)

Location (s) (ms) (degree) 80% Yleld 90% Yield
Strength Strength

F2 2.775 1.4 0.2 0.0022 0.0011
F3 3.925 1.0 0.6 0.0020 0.0011

C 10 4.450 1.2 0.2 0.0014 0.0007
Total _ 0.0056 0.0029

Table 6.1.2-15 End-impact Parameters and Damaged Area for Realization Number 15 at 1 -10- 1/yr

Damaged Area
Impact Time Speed Angle ()-

Location (s) (m/s) (degree) 80% Yield 90% Yleld
StrengthStrength

F 8 1.125 2.0 1.7 0.0201 0.0102
Total 0.020 0.010

Table 6.1.2-16 presents a summary of Tables 6.1.2-1 through 6.1.2-15, except for realization
number 8 (see above).
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Table 6.1.2-16 Damaged Area from End Impacts (WP-WP Interaction) at I * 10- l/yr

Realization Ground Damaged Area
Number Motion (M 2 ; % of total OS area)

80% Yield Strength 90% Yield Strength
1 7 0.023; 0.082% 0.012; 0.043%
2 16 0.017; 0.060% 0.0089; 0.032%
3 4 0.19; 0.67% 0.083; 0.29%
4 8 0.12; 0.43% 0.061; 0.22%
5 11 0.15; 0.53% 0.066; 0.23%
6 1 0.15; 0.53% 0.063; 0.22%
7 2 0.11; 0.39% 0.057; 0.20%
9 10 0.12; 0.43% 0.062; 0.22%
10 9 0.014; 0.050% 0.0071; 0.025%
11 5 0.074; 0.26% 0.032; 0.11%
12 6 0.073; 0.26% 0.036; 0.13%
13 12 0.032; 0.11% 0.016; 0.057%
14 14 0.0056; 0.020% 0.0029; 0.010%
15 3 0.020; 0.071% 0.010; 0.035%

It should be emphasized that although an attempt has been made (by using the damage accumulation
technique described at the beginning of this section and used henceforth) to prevent excessive
conservatism of the damaged area resulting from end impacts, the estimate is still extremely
conservative. This conservatism is unavoidable consequence of the used FE representation. Two
sources of conservatism need to be mentioned herein.

First, the damaged area from the WP impacting the longitudinal boundary (representing the
neighboring WP) is calculated based on the end impacts on the surface that is not only unyielding but
also completely constrained (see Ref. 27). Consequently, almost entire kinetic energy (characterizing
a particular impact) is transformed into the deformation of one WP. In reality the part of kinetic
energy transferred into deformation energy is not only distributed between the two colliding WPs but
is also smaller to begin with since the WPs are free to bounce off upon the impact.

Second, the damage accumulation technique, as described and used herein, is intrinsically unable to
capture damage relaxation during the seismic event. In reality the damaged area is not a
nondecreasing deformation measure. A region of the OS that exceeded the residual stress threshold
at time t1 can be below that threshold following a "favorable" impact at time t, (where t2 > 11 ). It is
important to recognize that these aspects of the FE representation lead to extremely conservative
estimates of the damage area.

6.1.3 Interaction between Waste Package and Drip Shield

The impact velocity between the WP and the DS is presented in this section. It is assumed in this
calculation that these lateral impacts do not cause any damage to the WP (see Assumption 3.15).

The interaction between the WP (i.e., trunnion collar sleeves) and the DS occurred only in
realizations 4, 7, 9, 1 1, and 15. In all other realizations there was no impact between the WP and the
DS.



Waste Packagze and Compvonents Calculation

Title: Structural Calculations of Waste Package Exposed to Vibratory Ground Motion
Document Identifier: 000-OOC-WISO-01400-000-OOA Page 43 of 120

The DS motion was not constrained by the drift wall at any time of impact with the WP. In other
words, the DS was free to move following all impacts from Table 6.1.3-1 through 6.1.3-5.

Table 6.1.3-1 Lateral-Impact Parameters for Realization Number 4 at 1 -0-6 1/yr

Impact Time Speed Angle
Location (s) (m/s) (degree) I

F 3 2.700 2.9 3.0

Table 6.1.3-2 Lateral-impact Parameters for Realization Number 7 at 1. 10-6 1/yr

Impact Time Speed Angle
Location (s) (mis) (degree)

C 3 2.800 1.2 3.4

Table 6.1.3-3 Lateral-Impact Parameters for Realization Number 9 at 1 -10-6 1/yr

Impact Time Speed Angle
Location (s) (m/s) (degree)

C 3 1.000 1.3 3.4
F 3 1.575 2.1 4.4
F 3 2.225 2.0 4.8
F 3 2.300 1.2 4.4
F 9 2.600 4.1 0.2

Table 6.1.3-4 Lateral-impact Parameters for Realization Number 11 at 1- 10-6 1/yr

Impact Time Speed Angle
Location (s) (mis) (degree)

C 9 2.500 1.8 4.8

Table 6.1.3-5 Lateral-impact Parameters for Realization Number 15 at 1. 10-6 1/.yr

Impact Time Speed Angle
Location (s) (mis) (degree)

F 3 1.125 1.2 1.0

It is obvious from results presented in Tables 6.1.3-1 through 6.1.3-5 that the side impacts between
WP and DS are not only rare events in the course of ground motions at 1. 10-6 1/yr annual frequency
of occurrence but are also characterized by relatively modest impact speed (mostly between 1 m/s
and 2 m/s). The impact speeds in this range do not contribute significantly to thetotal damaged area
even when the WP is impacting an unyielding surface (see Ref. 27, Table 4 through Table 8 [Side
Impacts]).
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6.1.4 Summary of Results for Events with Annual Frequency of Occurrence 1-10- 1/yr

Table 6.1.4-1 presents the maximum peak stress intensity in the WP OS in the course ofthe vibratory
ground motion for 14 realizations. This stress measure can be used to estimate whether or not the
structure in question is safe from immediate breach (i.e., fracture, perforation). The stress-intensity
time history plots, used to determine the values presented in Table 6.1.4-1, are presented in
Attachment IV. These plots are filtered by using Butterworth filter with the cutoff frequency of 1000
Hz.

The initial velocity components are not specified properly for realization number 8. Specifically, the
three initial velocity components do not correspond to the beginning ofthe acceleration time history.
Consequently, the velocity and displacement time histories are not appropriately specified, and the
results from this realization are not included in Tables 6.1.4-1 and 6.1.4-2.

Table 6.1.4-1 Maximum Stress Intensity During Vibratory Ground Motion
of Annual Frequency of Occurrence 1 -10- 1/yr

Realization Ground Maximum
Number Motion Stress Intensity

Number (MPa)
1 7 354

(Figure IV-1)
2 16 341

(Figure IV-3)
3 4 352

(Figure IV-5)
4 8 360

(Figure IV-7)
5 11 356

(Figure IV-9)
6 1 358

(Figure IV- 1)
7 2 359

(Figure IV-13)
9 10 353

(Figure IVI 7)
10 9 340

(Figure IV-1 9)
11 5 363

(Figure IV-21)
12 6 348

(Figure IV-23)
13 12 344

(Figure IV-25)
14 14 348

(Figure IV-27)
15 3 358

.____ _ _(Figure IV-29)

The maximum stress intensities presented in Table 6.1.4-1 do not vary significantly, although the
ground motion energy range is extremely wide. A possible explanation is that the pallet, as a thin-
walled structure, can offer a limited resistance to the much heavier and stiffer WP. During the more
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intense WP-pallet interactions, the pallet bulges (see Fig. 9). This flexibility of the pallet provides a
cushioning effect for the WP.

In analyzing the maximum stress intensity reached during the vibratory ground motion at
1. 104 1/yr (Table 6.1.4-1) itis importantto keep inmindthattheuniaxial tensilestrengthforAlloy
22 at 150 0C is 1120 MPa (see Section 5.1.2). Thus, all maximum stress intensities presented in
Table 6.1.4-1 are less than one-third of the uniaxial tensile strength implying that the immediate
breach of the OS appears highly unlikely.

The damaged areas characterizing 14 different realizations at annual frequency of occurrence
11 10- 1/yr are summarized in Table 6.1.4-2. According to the results presented in that table the
cumulative damage area is dominated by the end-impact contribution. In all realizations (with
exception of realization number 14) the damaged area due to the WP-pallet interaction is much
smaller than the one due to the WP-WP interaction. (It cannot be overemphasized though that the
damaged areas due to the WP-WP interaction are conservatively estimated [see Section 6.1.2].)

Table 6.1.4-2 Damaged Area from Vibratory Ground Motion

of Annual Frequency of Occurrence 1 -10 1/.yr

Damaged Area
Realization Ground WP-Pallet Interaction WP-WP Interaction Cumulative

Nu mber Motion (m ) (m 2 ; % of total OS area)
umber 80% Yield 90% Yield 80% Yield 90% Yield 80% Yield 90% Yield

Strength Strength Strength Strength Strength Strength
0.0029; 0.0014; 0.023; 0.012; 0.026; 0.013;

1 7 0.010%A 0.0050% 0.082% 0.043% 0.092%h 0.046%
0; 0; 0.017; 0.0089; 0.017; 0.0089;

2 16 0 0 0.060% 0.032% 0.060% 0.032%
0.0050; 0; 0.19; 0.083; 0.20; 0.083;

3 4 0.018% 0 0.67% 0.29% 0.71% 0.29%
0.030; 0.0064; 0.12; 0.061; 0.15; 0.067;

4 8 0.11% 0.023% 0.43% 0.22% 0.53% 0.24%
0.0015; 0; 0.15; 0.066; 0.15; 0.066;

5 11 0.0053 0 0.53% 0.23% 0.53% 0.23%
0.025; 0.0028; 0.15; 0.063; 0.18; 0.066;

6 1 0.089% 0.0099% 0.53% 0.22% 0.64% 0.23%
0.017; 0; 0.11; 0.057; 0.13; 0.057;

7 2 0.060% 0 0.39% 0.20% 0.46% 0.20%
0.0035; 0; 0.12; 0.062; 0.12; 0.062;

9 10 0.0120h 0 0.43% 0.22% 0.43% 0.22%
0; 0; 0.014; 0.0071; 0.014; 0.0071;

10 9 0 0 0.050% 0.025% 0.050% 0.025%
0.012; 0.0037; 0.074; 0.032; 0.086; 0.036;

11 5 0.043% 0.013% 0.26% 0.11% 0.30% 0.13%
0.0039; 0; 0.073; 0.036; 0.077; 0.036;

12 6 0.014% 0 0.26% 0.13% 0.27% 0.13%
0; 0; 0.032; 0.016; 0.032; 0.016;

13 12 0 0 0.11% 0.057% 0.11% 0.057%
0.010; 0.0043; 0.0056; 0.0029; 0.016; 0.0072;

14 14 0.035% 0.015% 0.020% 0.010% 0.057% 0.026%
0.0078; 0.0015; 0.020; 0.010; 0.028; 0.012;

15 3 0.028% 0.0053% 0.071% 0.035% 0.099% 0.043%
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6.2 EVENTS WITH ANNUAL FREQUENCY OF OCCURRENCE - 10- 7 1/yr

The stochastic simulation parameters for the simulations of WP exposed to vibratory ground motion
at 1.1 0-7 l/yr annual frequency of occurrence are the same as those for the 1.1o-6 l/yr realizations
presented in Table 6.1-1.

The ground motions at annual frequency of occurrence of 1 l 1
0-7 1/yr are much more intense than

their counterparts at 1. 10-6 1/yr .As an example the maximum peak ground acceleration reached in
ground motion number 9 is approximately 34. g (g = 9.81 M/S2 being acceleration of gravity),

while the maximum peak ground velocity in ground motion number 3 is approximately 16 m/s (see

Ref. 30). (For comparison, at the annual frequency of occurrence of 1- 10- 1/yr the maximum peak

ground acceleration and the maximum peak ground velocity are approximately 10- g and 2.4 M/s,
respectively [see Ref. 29].) As a consequence of these high-intensity ground motions the kinematics
of the unanchored repository components are characterized by plethora of rigid-body motion and
high-speed impacts (see Figs. 25 and 26).

6.2.1 Interaction between Waste Package and Pallet

Table 6.2. 1 -1 presents the damaged area resulting from the WP-pallet interaction during the vibratory
ground motion.

Table 6.2.1-1 Damaged Area from WP-Pallet Interaction at 1 _o -7 1/yr

Damaged Area
Realization Ground m 2 ;% of total Os area)

Number Motion 80% Yield 90% Yield
Number Strength Strength

1 7 0.20; 0.71% 0.17; 0.60%
3 4 0.096; 0.34% 0.083; 0.29%
4 8 0.12; 0.43% 0.096; 0.34%
5 11 0.093; 0.33% 0.071; 0.25%
6 1 0.046; 0.16% 0.024; 0.085%
7 2 0.038; 0.13% 0.028; 0.099%
8 13 0.095; 0.34% 0.068; 0.24%
9 10 0.0052; 0.018% 0.0035; 0.012%
10 9 0.16; 0.57% 0.14; 0.50%
11 5 0.0016; 0.0057% 0; 0
12 6 0.062; 0.22% 0.041; 0.15%
13 12 0.027; 0.096% 0.018; 0.064%
14 14 0.020; 0.071% 0.016; 0.057%
15 3 0.0045; 0.016% 0; 0

NOTE: Accuracy of the results (damaged area) due to the WP-pallet interaction is
doubtful (see discussion in Section 6.5)

Note that results are not available for realization number 2. That realization was one out of four from
the 1 10-7 1/yr set for which the simulation was performed by using the FE representation for
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1 10-6 1/yr calculations (compare Figures 3 and 7a, and see discussion in Section 5.2).
Unfortunately, this attempt failed for realization number 2 due to the intensity of motion of the WP
and pallet. In other words, the finely meshed region of WP OS could not retain appropriate contact
with the pallet (see Figure VIII-2 for illustration). Consequently, since the basic premise of the
1 10- 1/yr FE representation is violated, the results are not representative and are not presented.

6.2.2 Interaction between Waste Package and Waste Package (Longitudinal Boundary)

This section presents the damaged area of the WP OS resulting from the longitudinal (end) impacts.
This damaged area is, thus, attributed to the WP-WP interaction during the vibratory ground motion.
It is calculated (by using Reference 27 [Tables 4, 5, 7, and 8]) based on the speed, location, and angle
of the longitudinal impacts, estimated from the simulations of the vibratory ground motion.

Table 6.2.2-1 End-Impact Parameters and Damaged Area for Realization Number I at 1 _ lo-7 1/yr

Damaged Area
Impact Time Speed Angle (m2)

Location (a) (m/s) (degree) 80% Yield 90% Yield
Strength Strength

F 3 4.825 2.0 2.6 0.0176 0.0090
F 7 2.725 1.4 2.7 0.0085 0.0044
F 8 4.025 1.0 7.2 0.0013 NC 0.0010 NC
F 8 7.100 1.2 3.7 0.0047 0.0025
F 9 2.350 1.0 3.9 0.0021 0.0013
C 2 4.900 4.5 5.3 0.1005 0.0556
C 3 5.400 1.8 1.0 0.0183 NC 0.0093 NC
C 7 2.100 1.8 2.1 0.0158 0.0080

C 10 4.525 1.2 6.6 0.0033 0.0020
CII 6.900 1.3 4.0 0.0056 0.0030

Total 0.16 0.086

Table 6.2.2-2 End-impact Parameters and Damaged Area for Realization Number 2 at 1 10-7 1/yr

Damaged Area
Impact Time Speed Angle (m2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 2 3.500 1.1 2.8 0.0040X0.5 0.0022X0.5
F 3 4.975 1.9 1.0 0.0202 0.0103
F 9 0.500 1.6 0.3 0.0044 0.0022

F 12 2.300 1.1 1.0 0.0052 0.0027
C 1 1.600 1.4 0.2 0.0022 0.0011
C 3 4.675 1.3 0.6 0.0054 0.0028
C7 3.725 1.3 1.0 0.0089 0.0046

Total 0.048 0.025
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Table 6.2.2-3 End-impact Parameters and Damaged Area for Realization Number 3 at 1 _10-
7 1/yr

Damaged Area
Impact Time Speed Angle ( 2)

Location (s) (mis) (degree) 80% Yield 90% Yield
_____ ____ __ __ _ Strength Strength

F 1 1.225 1.3 1.7 0.0082 NC 0.0042 NC
F 1 2.650 2.4 1.4 0.0317 0.0133
F 4 5.600 3.4 1.3 0.0584 0.0196
F 5 0.925 1.7 2.2 0.0140 NC 0.0071 NC
F 5 2.900 3.7 2.5 0.0688 NC 0.0288 NC
F 7 3.100 4.0 3.6 0.0809 0.0404
F 8 6.600 1.5 0.3 0.0038 NC 0.0019 NC
F 8 8.450 1.7 1.4 0.0156 NC 0.0080 NC
F 9 1.700 2.2 1.7 0.0257X0.5 0.0118X0.5
F 9 4.725 2.2 0.2 0.0074 NC 0.0044 NC
F 9 9.000 1.1 5.0 0.0026 NC 0.0016 NC

F 10 3.975 2.3 3.2 0.0255 0.0125
F 10 10.275 1.7 3.1 0.0121 NC 0.0062 NC
C 2 1.875 2.7 0.8 0.0338 NC 0.0135 NC
C 3 0.375 2.5 2.8 0.0325 0.0151
C 3 3.825 2.5 0.4 0.0176 NC 0.0064 NC
C 3 8.650 2.0 1.3 0.0177 NC 0.0090 NC
C 4 6.750 1.7 5.2 0.0081 NC 0.0043 NC
C 5 6.075 1.5 0.6 0.0076 NC 0.0039 NC
C 6 6.950 1.3 1.9 0.0079 NC 0.0041 NC
C7 1.350 1.1 1.8 0.0047 NC 0.0025 NC
C 7 2.825 4.7 1.4 0.1064 0.0357
C 7 7.300 1.8 4.8 0.0095 NC 0.0049 NC
C 8 1.525 1.0 1.4 0.0031 NC 0.0017 NC
C 8 5.425 1.4 1.0 0.0108 NC 0.0056 NC
C a 9.825 1.5 2.4 0.0105 NC 0.0054 NC
C 9 4.125 2.4 2.5 0.0299 NC 0. 0137 NC
C 10 2.150 1.3 1.9 0.0079 NC 0.0041 NC
C 10 3.200 2.2 1.5 0.0261 NC 0.0119 NC
C 10 4.100 2.1 2.6 0.0206 NC 0.0098 NC
C 11 2.225 1.2 2.2 0.0060 NC 0.0031 NC
CII 3.000 3.8 2.4 0.0715 0.0293
C 11 5.900 1.2 4.7 0.0038 NC 0.0021 NC
CII 6.150 1.8 0.6 0.0110 NC 0.0056 NC

Total 0.42 0.17

Table 6.2.2-4 End-Impact Parameters and Damaged Area for Realization Number 4 at 1 _ 10- /yr

Damaged Area
Impact Time Speed Angle (m2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 3 2.125 3.0 2.5 0.0478 0.0207
F 5 2.875 1.5 2.4 0.0105 0.0054
F 6 2.925 1.6 3.0 0.0109 NC 0.0056 NC
F 7 3.000 1.4 2.0 0.0095 NC 0.0049 NC
F 7 3.725 2.2 1.3 0.0266 0.0120
F 12 3.325 1.2 7.0 0.0033 0.0020
C 2 1.250 1 .2 0.4 0.0028 0.0015
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Damaged Area
Impact Time Speed Angle jm2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

C 5 2.475 1.9 4.6 0.0110 0.0057
C 5 3.250 1.7 6.1 0.0082 NC 0.0045 NC
C 6 2.575 1.2 3.6 0.0048X0.5 0.0026X0.5
C S 1.150 1.3 0.2 0.0018 0.0009

Total 0.11 0.050

Table 6.2.2-5 End-Impact Parameters and Damaged Area for Realization Number 5 at 1 1i0-7 1/yr

Damaged Area
Impact Time Speed Angle jm'

Location (S) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 3.675 1.8 0 0 0
F 1 1.925 2.0 4.1 0.0134 0.0069
F 1 4.850 1.4 1.6 0.0100 NC 0.0052 NC
F 5 1.300 2.7 0.9 0.0369 0.0141
F 6 2.700 1.8 1.7 0.0167 NC 0.0085 NC
F 6 5.000 1.2 0.4 0.0028 NC 0.0015 NC
F 7 3.425 1.4 2.6 0.0086 0.0045

F 10 0.350 2.1 1.6 0.0232 0.0111
F 12 5.900 1.3 3.0 0.0067X0.5 0.0035X0.5
C 2 0.525 1.6 1.3 0.0140 0.0072
C 3 5.375 1.7 0.1 0.0016X0.5 0.0008X0.5
C 4 0.825 1.2 0.7 0.0049 NC 0.0026 NC
C 4 3.950 1.2 1.0 0.0071X0.5 0.0037X0.5
C 5 3.000 1.9 2.4 0.0166 0.0085
C 8 1.650 3.4 0.8 0.0498 0.0180
C 8 2.300 1.5 1.3 0.0122 NC 0.0063 NC

C11 6.225 1.3 2.0 0.0078 0.0041
C 12 0.100 1.4 0.2 0.0022 0.0011
C 12 3.125 1.4 0.2 0.0022 NC 0.0011 NC

Total 0.18 0.080

Table 6.2.2-6 End-Impact Parameters and Damaged Area for Realization Number 6 at 1.10-7 1/yr

Damaged Area
Impact Time Speed Angle 2n3

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 2 0.950 4.0 1.7 0.0754 NC 0.0264 NC
F 2 2.325 4.4 1.7 0.0933 0.0328
F 3 3.225 1.3 0.1 0.0009 NC 0.0004 NC
F 6 3.075 2.0 2.0 0.0193 0.0098
F 8 1.775 3.2 2.9 0.0541 NC 0.0246 NC
F 9 1.275 4.4 6.9 0.0863 NC 0.0455 NC
F 9 1.425 1.4 3.3 0.0077 NC 0.0040 NC
F 9 2.125 1.6 1.5 0.0137 NC 0.0070 NC

F 10 0.600 2.9 0.9 0.0418 NC 0.0152 NC
F 10 2.725 5.0 2.0 0.1200 0.0445
C 1 1.575 3.2 1.1 0.0529 NC 0.0176 NC
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Damaged Area
Impact Time Speed Angle (m)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

C1 2.650 4.6 1.9 0.1024NC 0.0374NC
C1 2.875 2.5 1.2 0.0347NC 0.0139NC
C3 2.250 6.4 1.7 0.1572 0.0563
C 6 0.700 3.7 0.7 0.0522X0.5 0.0200X0.5
C7 4.275 1.3 0.1 0.0009 NC 0.0004 NC

Total 0.42 0.15

Table 6.2.2-7 End-Impact Parameters and Damaged Area for Realization Number 7 at 1. 10-7 1/yr

Damaged Area
Impact Time Speed Angle (M)

Location (s) (mis) (degree) 80% Yield 90% Yield
_ Strength Strength

F 0.325 1.9 0 0 0
F 1 2.400 6.0 8.4 0. 1019 NC 0.0466 NC
F1 4.150 1.8 0.7 0.0128NC 0.0065NC
F 2 4.350 2.3 2.2 0.0275X0.5 0.0126X0.5
FB 1.700 1.5 1.2 0.0124NC 0.0063NC
F7 4.075 3.4 1.3 0.0584 0.0196
F 9 3.250 3.8 3.7 0.0746 NC 0.0378 NC
FII 2.175 5.4 1.4 0.1382 0.0472
F 12 2.225 3.1 3.2 0.0511 NC 0.0243 NC
C 2.100 2.0 0 0 0

C 3 2.700 3.3 2.5 0.0568 0.0242
C3 2.900 1.9 3.3 0.0143NC 0.0073NC
C 4 2.000 4.0 0.5 0.0489 NC 0.0228 NC
C 4 3.675 1.6 0.3 0.0044 NC 0.0022 NC
C6 2.325 1.5 8.0 0.0062 0.0038
C9 3.375 2.3 1.9 0.0280 0.0126
C10 4.550 2.0 1.5 0.0207 NC 0.0105 NC
CII 0.900 1.7 1.3 0.0158 0.0081

Total 0.32 0.12

Table 6.2.2-8 End-Impact Parameters and Damaged Area for Realization Number 8 at 1-10- 7 1/yr

Damaged Area
Impact Time Speed Angle (m3

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 12.075 1.2 0 0 0
F 1 2.925 1.7 6.2 0.0082X0.5 0.0045X0.5
F2 1.100 1.2 1.9 0.0063NC 0.0033X0.5
F3 7.025 1.9 4.0 0.0125NC 0.0064NC
F3 9.300 2.0 1.5 0.0207 0.0105
F4 1.975 1.7 2.5 0.0133 NC 0.0068 NC
F4 1.550 1.7 1.6 0.0152NC 0.0077NC
F 4 5.375 2.2 6.2 0.0179 NC 0.0099X0.5
F 6 3.425 2.6 3.2 0.0351 NC 0.0169 NC
F7 2.675 3.5 2.9 0.0634 0.0286
F 8 9.350 2.1 0.3 0.0423 NC 0.0254 NC
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Damaged Area
Impact Time Speed Angle (2M

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F9 11.325 1.0 1.5 0.0031 NC 0.0017 NC
F 10 6.475 1.5 0.6 0.0076 NC 0.0039 NC
F 10 6.775 2.1 1.7 0.0229 0.0110
F11 4.325 1.6 0.8 0.0117 NC 0.0060 NC
F 12 3.825 2.0 3.2 0.0159 0.0081
F 12 9.900 1.7 0.2 0.0033 NC 0.0017 NC
C 1 2.375 2.0 1.3 0.0213 NC 0.0108 NC
C 2 4.450 1.7 2.5 0.0071 NC 0.0038 NC
C 2 5.225 1.2 3.5 0.0049 NC 0.0026 NC
C 2 5.450 1.2 6.5 0.0033 NC 0.0020 NC
C 2 6.900 2.3 1.6 0.0286 0.0127
C 3 2.275 1.2 0.4 0.0028 NC 0.0015 NC
C 4 2.825 2.2 4.9 0.0185 NC 0.0102 NC
C 4 3.050 3.0 3.2 0.0479 0.0228
C 5 3.075 2.1 3.0 0.0196 NC 0.0098 NC
C 6 4.625 1.2 1.3 0.0068 0.0036
C 8 3.700 3.4 0.6 0.0416 NC 0.0178 NC
C 9 1.850 4.1 1.2 0.0786 0.0243
C 9 9.500 1.6 2.0 0.0127 NC 0.0065 NC
C 10 2.100 2.2 1.4 0.0263 NC 0.0120 NC
C 10 11.725 1.5 1.6 0.0117 NC 0.0060 NC
C 12 3.375 2.3 1.1 0.0296 0.0127

Total 0.32 0.14

Table 6.2.2-9 End-impact Parameters and Damaged Area for Realization Number 9 at 1 -0- 7 1/yr

Damaged Area
Impact Time Speed Angle n2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 1 1.725 1.7 0.3 0.0049 0.0025
F 8 3.425 1.1 1.0 0.0052 0.0027
C 4 1.475 1.2 0.1 0.0007 NC 0.0004 NC
C 4 3.100 1.4 1.3 0.0104 0.0054

C11 1.900 1.8 3.2 0.0132 0.0068
Total 0.034 0.017

Table 6.2.2-10 End-Impact Parameters and Damaged Area for Realization Number 1 0 at 1. o-7 l/yr

Damaged Area
Impact Time Speed Angle jm)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 2 1.250 6.5 8.0 0.1079 0.0486
F 4 4.950 2.1 8.0 0.0143 NC 0.0081 NC
F 5 2.450 2.4 1.5 0.0315 0.0134
F 6 0.600 2.5 3.7 0.0312 NC 0.0159 NC
F 12 0.875 3.6 5.8 0.0673 0.0388
F 12 1.675 2.7 6.2 0.0241 NC 0.0132 NC
C 1 1.475 3.8 1.8 0.0701 0.0254
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Damaged Area
Impact Time Speed Angle (m)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

C 1 5.200 3.7 8.0 0.0626 NC 0.0322 NC
C 4 0.475 1.3 0.1 0.0009 NC 0.0005 NC
C4 1.300 1.3 8.0 0.0042 0.0026
C5 0.825 1.8 4.0 0.0114NC 0.0057NC
C5 1.200 2.5 7.1 0.0273 0.0150
C 5 2.200 1.2 4.3 0.0042 NC 0.0023 NC
C6 0.975 1.0 7.2 0.0013 0.0010

C11 4.775 2.8 1.8 0.0422X0.5 0.0169X0.5
Total 0.33 0.15

Table 6.2.2-11 End-impact Parameters and Damaged Area for Realization Number 11 at I IO-' 1/yr

Damaged Area
Impact Time Speed Angle _ (nM)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F2 4.950 1.7 1.9 0.0146 0.0075
F4 2.950 1.7 3.7 0.0108 NC 0.0056 NC
F 4 3.325 1.2 0.8 0.0056 NC 0.0029 NC
F4 3.875 1.5 3.3 0.OO90NC 0.0046NC
F4 5.800 1.6 0.9 0.0131NC 0.0067NC
F 5 2.375 2.7 2.4 0.0389 0.0171
F 8 2.050 1.4 0.8 0.0087 NC 0.0044 NC
F8 4.350 3.1 1.0 0.0503 0.0167
F9 6.200 2.0 0.7 0.0155NC 0.0078NC
F9 6.550 1.4 1.0 0.0108NC 0.0056NC
F 10 3.550 3.0 3.3 0.0479X0.5 0.0231X0.5
C 1 3.050 1.9 3.7 0.0133 0.0068
C 1 5.550 1.7 3.9 0.0104 NC 0.0054 NC
C 3 4.225 3.2 2.6 0.0539 0.0234
C3 6.375 1.7 1.0 0.0165NC 0.0084NC
C4 1.850 2.5 0.2 0.0147NC 0.0084NC
C4 4.650 1.1 2.5 0.0042NC 0.0023NC
C7 3.725 4.6 1.0 0.1013 0.0313
Ca 2.250 2.0 1.2 0.0215NC 0.0109NC
Ca 2.275 2.7 1.0 0.0401 NC 0.0147 NC
Ca 3.450 2.5 3.3 0.0318NC 0.0155NC
C8 5.150 2.2 1.7 0.0257NC 0.0118NC

Total 0.30 0.11

Table 6.2.2-12 End-Impact Parameters and Damaged Area for Realization Number 12 at 1 _ 10-7 I/yr

Damaged Area
Impact Time Speed Angle (m2

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 0.275 1.8 0 0 0
F 1 1 5.775 2.1 4.8 0.0151 0.0081
F 1 6.225 1.5 5.9 0.0063 NC 0.0035 NC
F12 3.750 1.9 4.2 0.0120 NC 0.0062 NC
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Damaged Area
Impact Time Speed Angle (M2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 2 5.350 1.4 1.4 0.0103NC 0.0053NC
F 2 6.750 1.8 3.4 0.0128X0.5 0.0065X0.5

F 10 1.425 1.2 1.3 0.0068 0.0036
F 12 3.450 2.0 0.6 0.0133X0.5 0.0067X0.5
C 3 3.875 1.6 7.2 0.0072 0.0042
C 5 5.600 1.3 5.4 0.0044 NC 0.0025 NC
C6 1.150 3.5 0.9 0.0563 0.0187
C6 3.650 2.2 1.5 0.0261 NC 0.0119 NC
C7 0.875 2.2 1.5 0.0261 NC 0.0119 NC

C 10 5.125 1.1 2.3 0.0043 0.0024
Total 0.10 0.044

Table 6.2.2-13 End-impact Parameters and Damaged Area for Realization Number 13 at 1. 10- 1/yr

Damaged Area
Impact Time Speed Angle m2)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 1 7.125 1.2 5.1 0.0035X0.5 0.0020X0.5
F 3 1.075 1.5 0.5 0.0064NC 0.0033NC
F 3 2.275 2.2 3.1 0.0225 NC 0.0111 NC
F 3 4.950 1.1 2.8 0.0040NC 0.0022NC
F 4 1.625 2.4 1.4 0.0317 0.0133

F 11 6.350 1.2 0.8 0.0056X0.5 0.0029X0.5
F 12 9.375 1.7 3.8 0.0106 0.0055
C 2 9.175 1.8 0.2 0.0037 0.0019
C3 1.900 1.5 3.9 0.0081 0.0042
C6 2.475 2.2 2.2 0.0246 0.0116
C 6 2.550 1.0 2.9 0.0025 NC 0.0015 NC
C6 3.950 2.0 1.2 0.0215NC 0.0109NC
C7 3.900 1.6 1.3 0.0140NC 0.0072NC
C9 0.750 1.1 0.2 0.0010NC 0.0005NC
C 9 1.300 2.2 0.7 0.0198 NC 0.0093 NC
C9 1.350 1.4 0.6 0.0065NC 0.0033NC
C9 2.975 2.4 0.8 0.0269 0.0115

C 12 10.325 1.4 0.5 0.0054 0.0028
Total 0.12 0.053

Table 6.2.2-14 End-impact Parameters and Damaged Area for Realization Number 14 at 1 -1o-7 1/yr

Damaged Area
Impact Time Speed Angle (n 2

Location (s) (m/s) (degree) 80%Yield 90% Yield
Strength Strength

F1 7.150 1.3 2.1 0.0077 0.0040
Total 0.0077 0.0040
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Table 6.2.2-15 End-impact Parameters and Damaged Area for Realization Number 15 at 1 10-7 1/yr

Damaged Area
Impact Time Speed Angle (Mt)

Location (s) (mis) (degree) 80% Yield 90% Yield
Strength Strength

F 4 1.075 4.3 3.3 0.0921 0.0426
F 4 0.850 1.5 0.6 0.0076 NC 0.0039 NC
F 7 0.750 1.5 7.2 0.0062 0.0036
F 7 1.225 1.1 10.0 0.0018 NC 0.0014 NC
F 11 0.025 2.8 0.1 0.0130 0.0103
C 3 0.150 3.5 0.4 0.0352 0.0185
C 4 0.500 2.2 0.6 0.0173 NC 0.0083 NC
C 6* 1.400 8.6 5.2 0.0332 0.0133
C 9 0.925 4.1 2.7 0.0825 0.0353

C 11 0.600 1.6 0.8 0.0117 NC 0.0060 NC
C 11 1.200 2.4 7.8 0.0235X0.5 0.0128X0.5
C 12 0.325 1.6 1.9 0.0129 0.0066

Total 0.29 0.14
NOTE: Trunnion collar sleeve impacts the invert not the axial boundary

Table 6.2.2-16 presents a summary of Tables 6.2.2-1 through 6.2.2-15.

Table 6.2.2-16 Damaged Area from End Impacts (WP-WP Interaction) at 1.10-7 1/yr

Damaged Area
Realization on (M

2
; % of total OS area)

Number Motion 80% Yield Strength 90% Yield Strength

1 7 0.16; 0.57% 0.086; 0.30%
2 16 0.048; 0.17% 0.025; 0.089%
3 4 0.42; 1.49% 0.17; 0.60%
4 8 0.11; 0.39% 0.050; 0.18%
5 11 0.18; 0.64% 0.080; 0.28%
6 1 0.42; 1.49% 0.15; 0.53%
7 2 0.32; 1.13% 0.12; 0.43%
8 I 13 0.32; 1.13% 0.14; 0.50%
9 10 0.034; 0.12% 0.017; 0.060%

10 9 0.33; 1.17% 0.15; 0.53%
11 5 0.30; 1.06% 0.11; 0.39%
12 6 0.10; 0.35% 0.044; 0.16%
13 12 0.12; 0.43% 0.053; 0.19%
14 14 0.0077; 0.027% 0.0040; 0.014%
15 3 0.29; 1.03% 0.14; 0.50%

I

Two important observations can be made by comparing the end-impact results from 1 -10- 1/yr

(Tables 6.1.2-1 through 6.1.2-15) and I 0-' 1/yr (Tables 6.2.2-1 through 6.2.2-15) annual
frequencies of occurrence. First, the end impacts for the latter case are much more frequent and of
higher intensity (as indicated by impact speed). Second, the damaged area that is not taken into
account due to the damage overlap (as indicated by x 0.5 and NC designators; see Section 6.1.2) is
significantly larger.
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6.2.3 Interaction between Waste Package and Drip Shield

The impact velocity between the WP and the DS is presented in this section. It is assumed in this
calculation that these lateral impacts do not cause any damage to the WP (see Assumption 3.15).

Table 6.2.3-1 Lateral-impact Parameters for Realization Number 1 at 1.10-7 1/yr

Impact Time Speed Angle
Location (s) (mis) (degree)

F 3 4.050 3.3 6.1
F 8 3.675 3.6 0.2
F 9 4.650 10.0 5.6
C 3 3.625 4.6 2.3
C 4 4.450 2.1 6.1
C 9 3.275 1.6 1.7

C11 7.375 1.9 0.2
C 12 5.825 1.8 0.2

Table 6.2.3-2 Lateral-Impact Parameters for Realization Number 2 at 1- 10-7 1/yr

Impact Time Speed Angle
Location (s) (mis) (degree)

F 1 4.700 3.3 0.1
F 1 5.350 1.9 6.3
F 8 3.800 2.1 0.1
C 1 3.675 2.6 1.3
C 3 4.075 1.2 0.3
C 4 2.900 2.4 1.7
C 5 5.225 4.8 2.5
C 6 5.500 1.9 6.3
C 9 2.150 2.7 0.3
CIO 4.725 2.5 0.6
C 10 4.775 4.7 0.2
C 12 3.550 3.0 1.1

Table 6.2.3-3 Lateral-Impact Parameters for Realization Number 3 at 1.10-7 1/yr

Impact Time Speed Angle
Location (s) (mis) (degree)

F 2 5.550 3.9 1.4
F 2 6.900 8.1 1.8
F 3 0.450 3.4 0.6
F 4 2.125 2.6 0.8
F 4 3.400 2.1 4.6
F 9 2.875 2.5 0.1

F 10 1.100 2.3 0.1
C 1 6.775 1.4 1.0
C 2 1.250 1.7 0.8
C 2 1.450 2.4 1.6
C 3 1.000 3.9 1.0
C 3 2.925 3.5 0.2
C 3 3.050 2.4 0.1
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Impact Time Speed Angle
Location (8) (mis) (degree)

C 3 3.150 2.9 0.9
C 9 5.625 1.6 0.2
C 11 6.950 4.7 0.1

Table 6.2.34 Lateral-impact Parameters for Realization Number 4 at 1.1 0-7 1/yr

Impact Time Speed Angle
Location (s) (m/s) (degree)

F 4 2.500 4.2 0.8
F 9 2.875 2.9 0.6
C 3 2.275 3.8 2.7
C 4 2.925 6.3 0.2
C 8 2.500 4.2 1.5
C 10 3.225 6.1 4.6

Table 6.2.3-5 Lateral-Impact Parameters for Realization Number 5 at 1l_ 1-07 1/yr

I
Impact Time Speed Angle

Location I (s) I (mis) I (degree) I
F 9 0.475 1.0 0.2
C 3 0.425 2.1 1.6

C 10 0.675 J 1.0 2.7

Table 6.2.3-6 Lateral-Impact Parameters for Realization Number 6 at 1 _ 107 1/yr

[
Impact Time Speed Angle

Location (s) Im/s) I(degree) I
I C 2 3.325 j 1.2 1.2

Table 6.2.3-7 Lateral-Impact Parameters for Realization Number 7 at -10-7 1/yr

Impact Time Speed Angle
Location (s) (mis) (degree)

F 2 2.800 7.8 1.0
F 3 3.500 5.2 2.4
F 4 4.275 8.0 1.7
F 9 2.550 6.1 0.1
F 9 4.025 5.9 0.8
F 10 4.95 3.3 0.6
C 1 2.325 4.0 9.2
C 1 2.475 1.5 10.2
C 2 4.550 6.3 4.9
C 3 1.450 1.8 1.5
C 8 4.250 7.1 1.5
C 8 4.300 1.7 0.6
C 9 1.900 3.0 1.2
CIO 2.875 1.8 2.5
C 1 3.600 1.8 2.5
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Table 6.2.3-8 Lateral-impact Parameters for Realization Number 8 at 1. 10- 1/yr

Impact Time Speed Angle
Location (s) (m/s) (degree)

F 1 4.700 1.1 0.4
F 2 3.575 3.4 0.4
F 7 5.100 1.8 2.8
F 8 4.075 2.7 0.3
F 9 9.575 2.8 0.1
F 9 9.675 1.2 0.3
F 9 10.050 1.0 0.3

F 10 2.000 2.0 2.2
C 1 2.075 3.1 0.4
C-2 0.925 1.3 0.1
C 3 9.550 1.1 0.1
C 4 3.950 2.9 2.0
C 4 4.050 2.5 0.2
C 4 5.225 4.5 0.9
C 8 1.450 1.2 4.0
C 9 2.850 1.8 4.1
C 9 3.075 1.6 1.8
C 10 3.525 4.8 0.2
Ci1 4.650 2.2 0.5
C11 4.725 4.1 0.5

Table 6.2.3-9 Lateral-impact Parameters for Realization Number 9 at l 10-7 1/yr

Impact Time Speed Angle
Location (s) (mis) (degree)

F 1 2.150 2.4 2.8
F 2 1.550 4.0 0.9
F 8 2.550 3.9 0.3
C 3 1.125 2.4 1.8
C4 _ 2.475 3.9 1.3
CI 1 2.225 5.5 1.0

Table 6.2.3-10 Lateral-Impact Parameters for Realization Number 10 at 1.10-7 l/yr

Impact Time Speed Angle
Location (s) (mis) (degree)

F5 1.025 3.8 6.3
F 9 3.425 3.3 3.4
F9 4.250 1.5 5.3
F9 4.875 9.0 2.4

F 10 0.525 3.0 0.5
F 10 4.950 7.2 10.5
F 11 3.550 5.7 6.1
F 12 0.575 5.4 3.9
C 9 3.725 1.5 4.9
C10 5.175 1.3 2.6
C 10 5.575 2.9 3.7
C 12 0.900 2.6 6.0
C 12 1.200 4.9 7.3
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Table 6.2.3-11 Lateral-Impact Parameters for Realization Number 11 at 1 _1 0-7 1/yr

Impact Time Speed Angle
Location (s) (m/s) (degree)

F 2 3.075 1.8 0.2
F 2 3.100 1.1 0.6
F 9 3.825 4.5 2.0
F 9 5.325 3.4 2.1
F 9 5.400 1.8 3.3
C 4 2.550 5.2 2.4

C 10 2.750 5.9 3.5

Table 6.2.3-12 Lateral-Impact Parameters for Realization Number 12 at I _ 10-7 I/yr

Impact Time Speed Angle
Location (s) (m/s) (degree)

F 3 0.550 1.2 0
F 6 6.175 3.6 4.1
F 7 1.100 1.8 1.8
F 7 5.350 2.6 0.9
F 12 3.475 7.0 0.2
C 2 0.875 2.8 1.5
C 2 0.925 1.5 1.8
C 9 0.475 2.7 1.1

C 12 0.775 2.1 2.6
C 12 1.750 1.5 1.5
C 12 3.450 1.7 0.5

Table 6.2.3-13 Lateral-impact Parameters for Realization Number 13 at I _ 10-7 l/yr

Impact Time Speed Angle
Location (s) (mis) (degree)

F 1 6.675 2.8 2.3
F 2 9.150 2.4 0.6
F 7 8.775 1.1 0.1
F 8 5.025 1.8 1.8
F 9 1.475 2.3 1.8
F 9 3.125 2.0 4.6

C 10 2.750 1.6 1.1
C 10 3.700 2.0 2.3
C 10 10.625 1.3 0.2
C 11 6.800 2.2 1.9
C11 10.000 3.1 0.2

Table 6.2.3-14 Lateral-impact Parameters for Realization Number 14 at 1.10-7 yr

Impact Time Speed Angle
Location (s) (m/s) (degree)
C9&F3 6.150 5.9 0

F 2 5.975 1.8 0.1
F 2 6.425 1.5 0.5
F 3 6.050 5.0 0.2
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Impact Time Speed Angle
Location (SL (mis) (degree)

C 3 7.425 1.2 0.5
C 9 6.000 2.3 0.2

C 10 6.350 2.0 0.3

Table 6.2.3-15 Lateral-impact Parameters for Realization Number 15 at 1.10-7 1/yr

Impact Time Speed Angle
Location (s) (mis) (degree)

F 2 0.400 14.3 4.6
F 2 0.650 4.5 3.0
C 8 0.450 3.2 0.3
C10 0.800 11.4 2.3

Few important differences are indicated by the lateral-impact results presented in Tables 6.2.3-1
through 6.2.3-15 as compared with their 1- 10-6 1/yr counterparts (Tables 6.1.3-1 through 6.1.3-5).
First, while at 1 10' 1/yr annual frequency of occurrence the WP-DS impacts are rare and low-
intensity events, the same interaction at 1. 10-7 1/yr annual frequency of occurrence is significantly
more frequent and more intense. Not only there is no realization at 1. 10-7 1/yr for which the WP-DS
interaction is absent but also the impact speed is significantly larger. Second, the WP-DS interaction
at 1.10- l/yr takes place exclusively between the trunnion collar sleeves and the "vertical" DS
plates. On the other hand, at 1.10-7 1/yr the WP can impact any part of the DS. (Note that the impact
between WP and invert takes place only once - in realization number 15; this WP-invert impact is,
for convenience, included among the end-impacts in Table 6.2.2-15.)

6.2.4 Summary of Results for Events with Annual Frequency of Occurrence 1.10-7 1/yr

Table 6.2.4-1 presents the maximum (peak) stress intensity in the WP OS in the course of the
vibratory ground motion for 15 realizations. This stress measure can be used to estimate if the
structure in question is safe from immediate breach (i.e., fracture, perforation).

The maximum stress intensities presented in Table 6.2.4-1 do not vary significantly, although the
ground motion energy range is extremely wide. Also, there is no significant difference in the
maximum peak stress intensity levels reached at 1 106 1/yr (Table 6.1.4-1) annual frequency of
occurrence compared to 1 i0-7 1/yr (Table 6.2.4-1). As suggested in Section 6.1.4, a possible
explanation is that the pallet, as a thin-walled structure, can offer a limited resistance to the much
heavier and stiffer WP. During the more intense WP-pallet interactions, the palletbulges (see Fig. 9).
This flexibility of the pallet provides a cushioning effect for the WP.

In analyzing the maximum stress intensity reached during the vibratory ground motion at
1.10-7 1/yr (Table 6.2.4-1) it is important to recall that the uniaxial tensile strength for Alloy 22 at

150 0C is 1120 MPa (see Section 5.1.2). Thus, all maximum stress intensities presented in Table
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6.2.4-1 are less than one-third of the uniaxial tensile strength implying that the immediate breach of
the OS appears highly unlikely.

Table 6.2.4-1 Maximum Stress Intensity During Vibratory Ground Motion
of Annual Frequency of Occurrence 1.10-7 l/yr

Realization Ground Maximum
Number Motion Stress Intensity

Number (MPa)
1 7 365

(Figure IV-31)
2 16 359

(Figure IV-32)
3 4 362

(Figure IV-33)
4 8 353

(Figure IV-34)
5 11 350

(Figure IV-36)
6 1 360

(Figure IV37)
7 2 350

(Figure IV39)
8 13 363

(Figure IV-40)
9 10 357

(Figure IV-42)
10 9 365

(Figure IV-43)
11 5 358

(Figure IV-44)
12 6 358

(Figure IV-45)
13 12 355

(Figure IV-47)
14 14 356

(Figure IV-48)
15 3 349

(Figure IV-50)

The damaged areas characterizing 14 different realizations at annual frequency of occurrence
I- 1 -7 1/yr are summarized in Table 6.2.4-2. According to these results the cumulative damage area
is dominated by the end-impact contribution. In most realizations the damaged area due to the WP-
pallet interaction is much smaller than the one due to the WP-WP interaction. It should be kept in
mind though that the damaged areas due to the WP-WP interaction are extremely conservatively
estimated (see discussion in Section 6.1.2). More importantly, it is unclear to what extent the
damaged area from WP-pallet interaction reflects the physics of the problem considering that the
residual stress fields are significantly affected by FE representation (see Section 6.5 for detailed
discussion). It is also noteworthy that the only two realizations conspicuous by the absence of the
nonphysical damaged area at the boundary of the finely-meshed OS region - realization number 11
(see Figure IV46) and realization numberl 5 (see Figure IV-5 1) - are characterized by extremely
small contribution from the damaged area from the end impacts to the cumulative damaged area.
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Table 6.2.4-2 Damaged Area from Vibratory Ground Motion
of Annual Frequency of Occurrence 1 10-7 1/yr

Realization Ground Damaged Area
Number Motion WP-Pallet Interaction WP-WP Interaction Cumulative

Number (m ) (m ) (m2; % of total OS area)
80% Yield 90% Yield 80% Yield 90% Yield 80% Yield 90% Yield
Strength Strength Strength Strength Strength Strength

0.20; 0.17; 0.16; 0.086; 0.36; 0.26;
1 7 0.71% 0.60% 0.57% 0.30% 1.28% 0.92%

0.096; 0.083; 0.42; 0.17; 0.52; 0.25;
3 4 0.34% 0.29% 1.49% 0.60% 1.84% 0.89%

0.12; 0.096; 0.11; 0.050; 0.23; 0.15;
4 8 0.43% 0.34% 0.39% 0.18% 0.82% 0.53%

0.093; 0.071; 0.18; 0.080; 0.27; 0.15;
5 11 0.33% 0.25% 0.64% 0.28% 0.96% 0.53%

0.046; 0.024; 0.42; 0.15; 0.47; 0.17;
6 1 0.16% 0.085% 1.49% 0.53% 1.67% 0.60%

0.038; 0.028; 0.32; 0.12; 0.36; 0.15;
7 2 0.13% 0.099% 1.13% 0.43% 1.28% 0.53%

0.095; 0.068; 0.32; 0.14; 0.42; 0.21;
8 13 0.34% 0.24% 1.13% 0.50% 1.49% 0.74%

0.0052; 0.0035; 0.034; 0.017; 0.039; 0.021;
9 10 0.018% 0.012% 0.12% 0.060% 0.14% 0.074%

0.16; 0.14; 0.33; 0.15; 0.49; 0.29;
10 9 0.57% 0.50% 1.17% 0.53% 1.74% 1.03%

0.0016; 0; 0.30; 0.11; 0.30; 0.11;
11 5 0.0057% 0 1.06% 0.39% 1.06% 0.39%

0.062; 0.041; 0.10; 0.044; 0.16; 0.085;
12 6 0.22% 0.15% 0.35% 0.16% 0.57% 0.30%

0.027; 0.018; 0.12; 0.053; 0.15; 0.071;
13 12 0.096% 0.064% 0.43% 0.19% 0.53% 0.25%

0.020; 0.016; 0.0077; 0.0040; 0.028; 0.020;
14 14 0.071% 0.057% 0.027% 0.014% 0.099% 0.071%

0.0045; 0; 0.29; 0.14; 0.29; 0.14;
15 3 0.016% 0 1.03% 0.50% 1.03% 0.50%

NOTE: Accuracy of the results (damaged area) due to the WP-pallet interaction is doubtful (see discussion
in Section 6.5)

I

I
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j

Figure 9. Bulging of the Pallet (Realization Number 10 at 1-10-7 1/yr Annual Frequency of Occurrence)

CO7 3
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6.3 EVENT WITH ANNUAL FREQUENCY OF OCCURRENCE 5.10-4 1/yr

The event with annual frequency of occurrence 5 10 4 1/yr is evaluated by using the same FE

representation previously used for most of the 1 1- O-'/yr realizations (with the exception of the

realization number 6). The simulation is performed at temperature of 150 'C. The simulation started
at 3.0 s of the ground motion time history (corresponding to 5 percent of energy of ground motion),
and the ending time was 15 s (corresponding to 65 percent of energy of ground motion) (see
Ref 31). This duration covered the most intense period of the ground motion time history. Further
extension of the simulation is considered unnecessary based on the results presented in this section
(see, as an example, Fig. 13).

The ground motion with annual frequency of occurrence .1 I0 4 1/yr is much less intense then its

1 10-6 1/yr counterparts. Consequently, the rigid-body motion during the I1 10-4 l/yr vibratory
simulation is extremely small. Specifically, the relative motion oftheWP with respecttothe pallet in
longitudinal (Y) and vertical (Z) direction is practically nonexistent. Figure 10 indicates that - once
the initial gap between WP and pallet is closed (see Section 6.3.1) - the relative displacement of two
WP and pallet nodes (the locations of nodes number 20 and 18007 are depicted in Figure 17) is less
than ± 0.01 mm even for the raw (unfiltered) plot (i.e., it varies within the range 0.15 ± 0.01 mm).
The filtered plot is more meaningful since the noise - very pronounced due to the high-frequency
excitation and the lack of damping - is eliminated. A Butterworth filter with cutoff frequency of
1000 Hz is used for that purpose throughout this section.

Ir vI~:

--0.145;Vz

- 0.15 -

2 4 a 10 12

Time (s)

Figure 10. Relative Longitudinal (Y) Displacement (Raw and Filtered) of WP with respect to Pallet for Annual
Frequency of Occurrence 5. 10-4 1/yr
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The relative displacement in vertical (Z) direction of the WP with respect to the pallet is also small
as indicated in Figure 11. Most of the time in varies within the range 0.44 ± 0.03 mm. (Note the
spikes in Figures 10 and 11 at the onset of simulations, which will be discussed at length in Section
6.3.1.)

0.35

0.54

*0.45

~0jI
2 4 6 8 10 12

Time (s)

Figure 1 1. Relative Vertical (Z) Displacement (Raw and Filtered) of WP with respectto PalletforAnnual Frequency
of Occurrence 5 .10-4 1/yr

As a consequence of the limited rigid-body motion, there is no contact between the WP and the
longitudinal boundary in the course of 5 10-4 1/yr simulation. For the same reason, there is no
contact between the WP and the drip shield either, at any time during the simulation. Thus, the only
remaining interaction, relevant for the objective of this analysis, is the one between the WP and the
pallet.

As far as the WP-pallet interaction is concerned, another important consequence of limited rigid-
body motion (especially in the vertical direction) is the very small impact velocity characterizing that
interaction. As Figure 12 indicates, the impact velocity between the WP and the pallet rarely exceeds
0.005 m/s even for the raw (unfiltered) plot. (The apparent singularity at the onset of simulation will
be discussed in Section 6.3. 1.) The maximum impact velocity (between WP and the pallet) based on
the filtered plot (Fig. 12) does not exceed 0.0015 M/s.

It seems appropriate to emphasize that the vibratory part of the simulation is performed without
either the system damping or the contact damping (see Section 5.2). Keeping that in mind, the claim
that the rigid-body motion is negligible at this annual frequency of occurrence seems well supported
by the results presented in Figures 10 through 12.

con
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Time 1s)

Figure 12. Relative Vertical (Z) Velocity (Raw and Filtered) of WP with respect to Pallet for Annual Frequency of
Occurrence 5 .10-4 1/yr

Figure 13 presents the stress intensity plot for the vibratory part of the simulation. The maximum
peak stress intensity remains comfortably below the yield strength (31 OMPa at 150 0C, see Section
5.1.1) in the course of vibratory simulation. The peak value of the maximum stress intensity is
208 MPa based on the filtered plot (Fig. 13). Thus, the WP deformation is elastic during the
vibratory ground motion (see also Fig. 18). An apparent exception occurring only for the raw plot
and a very brief period of time (less than 0.05 s) - is the beginning of the event, which will be
demonstrated in Section 6.3.1 to be unrelated to the physics of the problem.

0.1 _ l

O.,

Time (1)

Figure 13. Stress Intensity (Raw and Filtered) for WP OS for Annual Frequency of Occurrence 5. 10- 1/yr
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Finally, the maximum residual 1st principal stress (77 MPa, see Fig. 14) is below the stress limit
(80%-90% of yield strength) by a large margin. It should be emphasized that since the deformation
of the WP OS is elastic throughout the ground motion the residual stresses due to that motion should
be theoretically zero, and the actual residual stresses approach the static emplacement solution.

In summary, it can be concluded that the WP OS remains undamaged throughout the
event (i.e., the OS area exceeding established stress limits is zero).

Tine - 12.3
Cmntors of Meaxkmxn PIi Stress
max ipt. Vable
min=-4.00GMeo07, at elem* 16004
max-7.74270e.07, at elem* 20673

5.104 1/yr

Fringe Levefs

7.743e.07

65688-07|

5,.3938 |07 1

421 7e.07

3.042e.07

|1 .67e. 1073
6.919e-96_

-4.632e.06

-1 .S5ee.07 -
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Figure 14. Residual 1st Principal Stress Plot in OS (Top View) for Annual Frequency of Occurrence
5-.10-4 l/yr
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6.3.1 Nonphysical Impact at Onset of Simulation Due to the Settling of WP on Pallet

The results presented in Section 6.3 repeatedly suggest two important conclusions regarding the
simulation of the WP-pallet assembly exposed to the vibratory ground motion. First, the rigid-body
motion of all freestanding components is negligible. Second, the deformation of the WP OS is elastic
throughout the seismic event. An apparent exception is the onset of vibratory simulation (roughly
first 0.1 s ) that somewhat tarnishes otherwise consistent results. Fortunately, it can be convincingly
demonstrated that the misleading singular behavior at the onset of simulation is nonphysical
(unrelated to the nature of the problem), that it results from the small imperfections in the FE
representation, and should be completely disregarded as such.

First, it is necessary to analyze Figures 15 and 16, which are - for the purpose at hand - more
revealing versions of Figures 11 and 12, respectively (the latter were concerned with details difficult
to observe in the former counterparts). A careful examination of Figures 15 and 16 indicates that the
cause of the singular behavior at the onset of simulation is the existence of the initial gap between
the WP OS and the pallet. Figure 15 suggest that the gap is approximately 0.42 mm, but the value is
somewhat exaggerated due to the unavoidably limited resolution of the FE mesh. (The nodes are not
perfectly positioned as seen in Fig. 17, but are the best available for the purpose; the actual gap is
approximately 0.3 mm.) The gaps like this are side effects of the FE meshing; they are routinely
introduced to avoid accidental merging of node of the parts in contact.

0.8
Nodes:20-18007

A 18007
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Figure 15. Relative Vertical (Z) Displacement of WP with respect to Pallet
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Figure 16. Relative Vertical (Z) Velocity of WP with respect to Pallet

Figure 17. Detail of Contact Region between Pallet and WP OS (Depicting Nodes 20 and 18007)

The contact gaps could be minimized, even eliminated, but for the purpose of most of the vibratory
simulations that was considered unnecessary. The rationale is twofold: first, the gap is negligible

I compared to the average rigid-body displacements (see Figs. 25 and 26, for example), and second,

Cl?2
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the WP is not likely to be ideally settled on the pallet at the onset of simulation, anyway, due to the
time history cutoff. Needless to say, for the events with annual frequency of occurrence 1 1O' 1/yr

or 1-1 0-7 1/yr the gaps are completely irrelevant for the calculation results. On the other hand, for

the relatively low-intensity events (such as the 5 10-4 1/yr) the initial gap of approximately 0.42

mm (Fig. 15) can result in the initial impact velocity of approximately 0.12 m/s (Fig. 16). This small

impact velocity is - in the absence of damping - sufficient to cause the stress intensity and effective
stress exceeding the yield strength (see Figs. 13 and 18), and, thus, to cause the small plastic
deformation (see Fig. 19).

Effective plastic strain, presented in Figure 19, is defined as

to

0

where a, is plastic strain rate tensor (Ref. 17, p. 16.11), t is time, and repeated indices imply

summation.

The effective plastic strain is a hardening parameter that, similar to plastic work, provides a
cumulative measure of plastic distortion. If a specimen of an isotropic material, characterized by
plastic incompressibility, is subjected to a uniaxial test, the effective plastic strain reduces to the true
strain (Ref 20, Chapter Ia Section 3). The effective plastic strain is non-decreasing strain invariant;
in other words, it is increasing during plastic deformation, and is constant during elastic deformation.
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Figure 18. Raw and Filtered Effective Stress for WP OS
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It is important to recognize that the entire plastic deformation results from an isolated spike barely
exceeding the yield strength for an extremely small period of time (Fig. 19) in the absence of any
kind of damping. The entire deformation following the initial singularity (essentially at t = 0+) is
elastic as indicated by Figure 19.
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Figure 19. Effective Plastic Strain in WP OS

It can be easily verified that once the initial gap is closed and the WP is settled on the pallet:
(1) relative (rigid-body) motion of WP with respect to pallet becomes negligible (Figs. 10

and 11),
(2) WP-pallet impact velocity becomes extremely small (Fig. 12),
(3) stress intensity (Fig. 13) and effective (von Mises) stress (Fig. 18) are significantly below

the yield strength,
(4) effective plastic strain remains constant (Fig. 19), implying the elastic deformation.

In summary, the singularity at the onset of the simulation is due to the impact caused by the settling
of the WP on the pallet (i.e., closing of the initial gap). Thus, the results at the onset of simulation
(roughly first 0.1 s ) are not representative of the physics of the problem, and should be disregarded

as misleading, although they do not affect the final results (i.e., the damaged area) and conclusions.
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6.4 EVENT WITH ANNUAL FREQUENCY OF OCCURRENCE 110-4 1/yr

The event with annual frequency of occurrence 1 1 04 1/yr is evaluated by using the same FE
representation previously used for the 5 10-4 1/yr realization and most of the 1.10-6 1/yr
realizations (with the exception of realization number 6). The simulation is performed at a
temperature of 150 'C. The simulation started at 9.7 s of the ground motion time history
(corresponding to 5 percent of energy of ground motion), and the ending time was 34.9 s
(corresponding to 65 percent of energy of ground motion) (see Ref. 38). This duration covered the
most intense period of this ground motion time history. Further extension of the simulation is
considered unnecessary based on the results presented in this section (see, as an example, Figs. 21
and 22).

The rigid-body motion during the 1.10-4 1/yr vibratory simulation is very small due to the small
intensity of the ground motion. Figure 20 indicates that-once the initial gap between WP and pallet
is closed (see Section 6.3. 1)-the relative displacement of two typical WP and pallet nodes (the
locations of nodes number 20 and 18007 are depicted in Figure 17) is less than ± 0.07 mm even for
the raw plot. The filtered plot is more meaningful since the high-frequency noise-very pronounced
due to the high-frequency excitation and the absence of damping-is eliminated. A Butterworth filter
with cutoff frequency of 1000 Hz is used for that purpose throughout this section.

0.08

E

Time (s)

Figure 20. Relative Longitudinal (Y) Displacement (Raw and Filtered) of WP with respect to Pallet for Annual
Frequency of Occurrence 1 10-4 1/yr
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The relative displacement in vertical (Z) direction of the WP with respect to the pallet is also small
as indicated in Figure 21. Most of the time it varies within the range from 0 to 0.3 mm. (Note the
spikes in Figures 20 and 21 at the onset of simulations, which are discussed at length in
Section 6.3.1.)
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Figure 21. Relative Vertical (Z) Displacement (Raw and Filtered) of WP with respect to Pallet for Annual Frequency
of Occurrence 1 10-4 1/yr

As a consequence of the limited rigid-body motion, there is no contact between the WP and the
longitudinal boundary in the course of the 1 10-' 1/yr simulation. For the same reason, there is no
contact between the WP and the drip shield either. Thus, the only remaining interaction, relevant for
the objective of this analysis, is the one between the WP and the pallet.

As far as the WP-pallet interaction is concerned, another important consequence of limited rigid-
body motion (especially in the vertical direction) is the very small impact velocity characterizing that
interaction. As Figure 22 indicates, the impact velocity between the VYP and the pallet rarely exceeds
0.005 m/s (for the filtered plot). (The apparent singularity at the onset of the simulation is discussed
in Section 6.3.1.) The maximum impact velocity (between the WP and the pallet) based on the
filtered plot (blue curve in Fig. 22) does not exceed 0.006 m/s.

It seems appropriate to emphasize that the vibratory part of the simulation is performed without
either the system damping or the contact damping (see Section 5.2). Keeping that in mind, the claim
that the rigid-body motion is negligible at this annual frequency of occurrence is well supported by
the results presented in Figures 20 through 22.



Waste Package and Components Calculation

Title: Structural Calculations of Waste Package Exposed to Vibratory Ground Motion
Document Identifier: OOO-OOC-WISO-01400-000-OOA Page 73 of 120

allI

Time (s)

Figure 22. Relative Vertical (Z) Velocity (Raw and Filtered) of WP with respect to Pallet for Annual Frequency of
Occurrence 1 10-4 1/yr

Finally, according to Figure 23, the maximum residual Ist principal stress (87 MPa) is below the
stress limit (80%-90% of yield strength) by a large margin. (Note that the stress unit in Figure 23 is
Pascal.) It should be emphasized that since the deformation of the WP OS is elastic throughout the
ground motion the residual stresses due to that motion should be theoretically zero, and the actual
residual stresses approach the static emplacement solution.

In summary, it can be concluded that the WP OS remains undamaged throughout the 1 10-4 1/yr

event (i.e., the OS area exceeding established stress limits is zero).
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6.5 SOME COMMENTS ON THE VIBRATORY SIMULATIONS

The purpose of this section is to emphasize complexities of the simulation of the unanchored
structures exposed to the vibratory ground motion and to highlight some problems encountered
during this effort. The additional goal is also to estimate the effects of the discussed issues on the
cumulative damaged area presented in this document.

It is important to recognize that the issues discussed herein affect significantly only the damaged area
from WP-pallet interaction. This part of the damaged area accounts (on average) for less than 10
percent of the cumulative damaged area at the annual frequency of occurrence of 1- 10 1/yr
(presented in Table 6.1.4-2). For the simulations at annual frequency of occurrence of 1 *1 o-' 1/yr it
is not appropriate to make similar estimate of the relative contribution of the two interactions since in
most realizations the validity of the results from the WP-pallet interaction is clouded by the
nonphysical residual stress distributions. Since the damaged area from WP-pallet interaction is
obtained directly from the residual Ist principal stress plots this adversely affects the accuracy of the
damaged area from WP-pallet interaction (see detailed discussion in Section 6.5.1). Nonetheless, as
already mentioned (see Section 6.2.4), realizations number 11 and 15 are conspicuous (among
1-10-7 1/yr realizations) by absence of the damaged area at the boundary of the finely-meshed OS
region. Thus, the damaged area from WP-pallet interaction for these two realizations is not affected
by the presence of the boundary. Hence, it is noteworthy that for these two realizations the damaged
area from WP-pallet interaction accounts (on average) for less than 1 percent of the cumulative
damaged area (see Table 6.2.4-2).

6.5.1 Overview

The complexities inherent to the nature of the problem (enumerated at the beginning of Section
6.5.2) render a comprehensive FE simulation (that would result in direct estimate of the cumulative
damaged area) prohibitively time-consuming. Consequently, the contributions to the cumulative
damaged area are separated into two groups: i) the damaged area from WP-pallet interaction, and ii)
the damaged area from WP-WP interaction. The former results directly from this calculation (i.e., it
is evaluated based on the residual 1t principal stress plots [see Attachment lY]). The latter is
evaluated indirectly based on the end-impact parameters obtained in this simulation and the damaged
area resulting from the WP end impacts on the unyielding surface (Ref. 27, Tables 4 through 8).
Common to both of these calculations is the conservatism of the criterion used to define the damaged
area (independently of the conservatism related to the choice of the residual stress-threshold
distribution, which is beyond the scope of this work). Specifically, the method used to evaluate the
damaged area conservatively neglects the residual stress distribution across the thickness of the OS
since it is entirely based on the residual stress distributions at the OS surfaces (see Section 2 for
discussion). Additional conservatism in estimating the damaged area from the end impacts is
inherent to the FE representation (see Section 6.1.2 for details). The entire kinetic energy associated
with the impact of two WPs is transferred into deformation energy of one WP. This approximately
doubles the deformation energy imparted to the WP. Moreover, this deformation energy is
overestimated to begin with since the unanchored neighboring WP is represented by the rigid wall
anchored to the invert. Finally, the damage accumulation technique is inherently unable to capture
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the "damage relaxation", which results in further significant overestimate of the damaged area
(discussed in Section 6.1.2). All this conservatism is necessitated by the reasons of the computational
economy.

Some features of the FE representation and the kinematics of unanchored structures (resulting from
the extremely intense ground motions) impair - to a certain extent - the accuracy of the damaged
area resulting from the WP-pallet interaction, which is discussed in detail in Sections 6.5.2 and 6.5.7
and in Attachments VI through IX. It should be emphasized though that the nonphysical residual
stress plots, which is the most troublesome adverse effect: 1) are not observed in any 1 10-6 1/yr
realization, and 2) have no influence on the damaged area from the end impacts that is dominant
contributor to the cumulative damaged area (more than 90 percent, on average, for 1. 10- l/yr
realizations). Therefore it can be concluded that discussed problems have low consequence on the
cumulative damaged area (presented in Tables 6.1.4-2 and 6.2.4-2) and that the cumulative damage
area is conservatively estimated.

6.5.2 Limitations of WP-Pallet Interactions

The structural calculations of the WP-pallet assembly exposed to the vibratory ground motion are
beset with complexities inherent in the nature of the problem.

First, the externally applied loads (i.e., the ground motion time histories) are extremely intense. This
causes variety of problems even at 1 -106 1/yr level but is especially troublesome at 1 10-' 1/yr.
The extremely large ground velocities and accelerations are either directly causing or further
aggravating almost all difficulties discussed henceforth.

Second, the phenomena are highly nonlinear. Momentum is transferred among the repository
emplacement drift and unanchored repository components (WP, pallet, and DS) solely by the way of
friction and impact. Geometrical nonlinearity (large deformations) is coupled with nonlinear
constitutive behavior of materials (elastoplastic behavior with kinematic hardening).

Third, the FE simulation must directly capture the physical phenomena on two different scales (both
in space and time). The appropriate simulation of the large-scale kinematics is essential for
appropriate definition of the boundary value problem, that is, boundary conditions and contact
forces. The contact forces, on the other hand, act locally causing small-scale deformations at
individual time instances. Capturing of these small-scale deformations (in the WP OS) is crucial for
obtaining sufficiently detailed residual stress plots, but this small-scale (at particular instant of time)
deformation can cover - in the course of vibratory ground motion - a relatively large portion of the
OS. Needless to say, this imposes difficult meshing requirements.

Fourth, the extraordinary meshing requirements are, together with the intensity of ground motion,
mainly responsible for the very small time step (approximately a fraction of microsecond, depending
of annual frequency of occurrence and particular ground-motion time history). The very small time
step is, in turn, necessary for simulation of a long-duration event ( t 30 - 40 s).
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Fifth, the modes of deformation of the WP OS defy readily available and commonly used
simplifications. The most important example is the use of time-efficient shell elements. The shell
elements are used in this study for structural representation of the pallet where the dominant
deformation mode is local bending. The deformation modes of the OS are, on the other hand, more
complex; involving relatively significant local denting (very localized thinning of the OS) and,
possibly, in-plane loading. This makes it necessary to use more computationally costly 8-node brick
elements over a relatively large portion of the OS. (In order to properly represent stiffness of the OS
represented by brick elements, the minimum requirements regarding the number of brick layers need
to be met, which, in turn, significantly contributes to the size of the FE representation.)

All discussed complexities impose extreme computational requirements. (The feasibility study was,
therefore, by no means a routine exercise in this case.) Consequently, it is requisite to sacrifice some
details while retaining all pertinent features of the problem. The most important simplification -
already discussed in detail in Section 5.2 - was to define a part of the OS (on one side of the WP
only) that can come in contact with the pallet. This part of the OS (designated by F in Fig. 4) is finely
meshed, and all results are evaluated for this part of the structure exclusively (see also Assumption
3.18). The remaining part of the OS, and the rest of the mesh for that matter, serve only to ensure that
the contact forces and boundary conditions are appropriately captured.

It is important to emphasize that the capability of the FE representation to capture accurately the
damaged area from WP-pallet interaction is limited by the intensity of the applied loads. The contact
between WP OS and pallet has to remain within the finely meshed region, preferably as far as
possible from the region boundaries. The increase of the intensity of the ground motion has twofold
effect on the reliability of the results derived from the WP-pallet interaction. Directly, the more
intense ground motion causes larger contact forces (see Fig. 24), which in itself may lead to
excessive deformation of the elements at the boundary of the finely meshed region due to its limited
size (in longitudinal direction). Indirectly, the more intense ground motion results in increased rigid-
body motion of all freestanding components (see Figs. 25 and 26), which can again lead to the WP-
pallet contacts very close to the boundary of the finely meshed region. The cumulative result of these
two adverse effects is that the boundaries of finely-meshed region may be overstrained if the size of
that region is insufficient or if density of the trunnion-collar-sleeve mesh is insufficient for the
applied load. (The term "overstrained", as used herein and henceforth, implies that the elements at
the boundary of the finely-meshed region are nonphysically and excessively deformed due to the
presence of the tied-interface boundary.) This is the problem with the simulations performed at
1.10-7 1/yr annual frequency of occurrence, as indicated by the residual stress plots (see, for
example, Figs. IV-35 and IV-38). This is further supported by Figures IV-46, IV49, and IV-51
presenting the residual l' principal stress plot for realizations number 11, 13, and 15, respectively.
These three realizations are characterized among the 1.10-7 0 /yr ground motions by relatively small
intensity. Consequently, in Figures IV46 and IV-5 1 there is very little damage on the bottom side of
the region (similar to many 1*1 o-6 1/yr realizations) but, more importantly, there is no damage due
to the overstrain of the boundary elements. In Figure IV-49 there is a little damage on the outer side
of the region (bottom view) but significant damage appears on the boundary (top view). The trend
continues in Figure IV4 1. Finally, at sufficiently intense ground motions all damage is concentrated
around the region boundaries as indicated in Figure IV-38 (note the location of the trunnion collar
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sleeve). Most I o0-7 1/yr realizations for which stress plots are not presented in Attachment IV
qualitatively resemble Figure IV-38. This clearly indicates that with the increased intensity of the
ground motion the elements at the boundary of the finely-meshed region are increasingly
overstrained.

Finally, it should be reiterated that: first, there is no damaged area at the boundary of the finely
meshed OS region at 1. 10-6 1/yr , and second, the residual stress field has no effect on the damaged
area from the end impacts (WP-WP interaction).

6.5.3 Effect of Time-History Cutoff

The cutoff of ground-motion time history is discussed in detail in Section 5.2 and Attachments VII.
The effect of the cutoff on the calculation results is negligible according to the detailed study
presented in Attachment VII. Energy plots in Figure 27 support this claim. Figure 27a presents
energies (total, kinetic, internal, sliding, and hourglass) for realization number 1 at 11 0I 1/yr
annual frequency of occurrence. The kinetic energy plot indicates that there is no motion by the end
of simulation. Also, the total energy does not increase substantially anymore. Both of these
observations support the claim that the further ground motion cannot substantially change the overall
results. The energy plots for realization number 1 at 1-1 0- 1/yr annual frequency of occurrence
presented in Figure 27b are similar although the simulations are performed up to the 90%-time.

6.5.4 Hourglass Control

Energy plots presented in Figure 27 indicate that the hourglass energy is negligible compared to the
total energy. Thus, it can be concluded that the hourglassing is properly controlled and does not
constitute a problem, even at the very intense ground motions. This conclusion applies to all
simulations performed in this study. This is important since undesirable hourglass modes are the
biggest disadvantage of the one-point integration in the 8-node hexahedron elements (see Ref. 17,
page 3.4). Use of the one-point integration elements is, on the other hand, a necessity in the vibratory
simulations in order to reduce the computer execution time.

6.5.5 Effect of Rigid Elements

The use of rigid elements in OS representation is a more complex issue discussed at length in
Attachment VI. There was no indication initially (i.e., based on the stress time histories) that use of
rigid elements in OS representation can have any effect on the calculation results, since the relatively
pronounced differences are limited almost exclusively to the damaged area (and even then only to the
cases where cumulative damage is rather small). Nonetheless, as indicated in Attachment VI, the
introduction of the rigid parts has only minor effect on the calculation results for the annual
frequency of occurrence of 1 10 1/yr. Since the differences in the damaged area, if any, amount to
only very small portion of the total OS area (less than 0.04 percent), the effect of different FE
representations is not pronounced for most realizations. On the other hand, both attempts to perform
the simulation without rigid OS parts for the annual frequency of occurrence of 1 10-7 1/yr failed
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due to inability to achieve numerical convergence (see Attachment X: IE-7/Deformable
OS/RN1 5/d3hsp and IE-7/Deformable OS/RN4/d3hsp). The extremely intense ground motion time
histories at this annual frequency of occurrence, cause an extremely high deformation (and
deformation rate), perpetual reduction of the computational time step (down to t 1- 104 s ), and
finally failure to converge. It is, consequently, impossible to make any estimate of the effect of the
difference in FE representations (with and without the rigid OS parts) for 1- IO-' /yr annual
frequency of occurrence. Nonetheless, the effect of the use of rigid elements should not be more
pronounced for the 1 -IO-' 1/yr simulations than for the 1. 10-6 1/yr simulations judging by the
locations of the rigid parts (compare Fig. 5 with Fig. 7b).

6.5.6 Mesh Sensitivity

Finally, the mesh-sensitivity study presented in Attachment IX indicates that the mesh size (i.e.,
relatively small variation [from 70 percent to 100 percent] ofthe average element size) does not have
notable effect on the calculation results from the viewpoint of the cumulative damaged area.
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Figure 24. Resultant Contact Force Between Finely-Meshed OS Region and Pallet for Realization Number 1 at
Annual Frequency of Occurrence: (a) 1. 10-6 1/yr, and (b) 1-10-7 1/yr
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I Figure 26. Snapshot at Component Locations in Realization Number 15 at 1 0-7 1/yr Annual Frequency of
Occurrence (t = 0.875 s)
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6.5.7 Some Issues of Kinematics at 110-7 1/yr

As already discussed the capability of FE representation to capture accurately the damaged area from
the WP-pallet interaction depends to a large extent on the kinematics of the WP and the pallet. It
must be acknowledged that it is imperative for the validity of this portion of results to contain the
WP-pallet interaction to the finely-meshed OS region (designated F in Fig. 4), preferably as far as
possible from the region boundaries.

This requirement was satisfied for realizations at the 1 -106 1/yr annual frequency of occurrence.
(The only exception being realization number 6, which was for that reason redone with the
11 0-7 1/yr FE representation.)

On the other hand, kinematics of the unanchored repository components is qualitatively different for
the 1.1 0-7 1/yr ground motions. The qualitative difference between ground motions at these two
annual frequencies of occurrence is nicely illustrated in Figure 24. The WP-pallet interaction at
1 -104 1/yr (Fig. 24a) is characterized by frequent low-to-moderate-intensity contacts. The WP-
pallet interaction at I 10-7 1/yr (Fig. 24b) is, on the other hand, characterized by less frequent high-
intensity contacts. In other words, the WP and pallet are not in contact for a large portion of the
duration of vibratory ground motion. This absence of contact is then followed by strong impacts.
This description, based on the contact-force time history (Fig. 24), is directly supported by Figures
25 and 26. (As a further illustration, see the note below Table 6.2.2-15 that indicated an 8.6 M/s -
impact between WP and invert.)

Two realization at the 1 10-7 1/yr annual frequency of occurrence were conspicuous for their
kinematics characterized by excessive rigid-body motion and excessive contact forces. Realization
number 10 is, at the 1 10-7 1/yr annual frequency of occurrence, characterized by the extremely
intense ground motion (number 9, see Reference 30). The ground motion number 9 is noticeable for
the peak ground acceleration exceeding 34 * g in vertical direction (gbeing gravity acceleration). As
a consequence of this high-intensity motion in vertical direction, the WP is at one moment (by the
end of simulation) thrown in the air with an extreme velocity and at a high angle of inclination, and it
is jammed in between the rigid longitudinal walls (see Fig. 28). The impact is followed by a
significant plastic deformation of the trunnion collar sleeves. The WP remained wedged from that
moment on.

Finally, in realization number 14, a strong lateral motion of the DS resulted in a localized contact
penetration (with the lateral [i.e., drift] wall). As a result, the motion of the DS was "arrested", i.e., it
could not break from the contact with the drift wall (see Fig. 29). The motion of the WP and DS
continued, but it was naturally affected by - essentially - the new boundary condition.
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8. ATTACHMENTS

Attachment 1 (2 pages):

Attachment II (13 pages):

Attachment 11 (24 pages):

Attachment IV (28 pages):

Attachment V (4 pages):

Attachment VI (8 pages):

Attachment VII (5 pages):

Attachment VIII (4 pages):

Attachment IX (15 pages):

Design sketch (21-PWR Waste Package Configuration for Site
Recommendation [SK-0 175 REV 02, 2 sheets]) (Includes Reference
34)

Design sketch (Emplacement Pallet Long [SK-0232 REV 00, 13
sheets])

Design sketch (Interlocking Drip Shield [SK-0230 REV 00, 24
sheets])

Stress Plots

Effect of Ambient Temperature on Results

Effect of Rigid Elements in Representation of Outer Shell on
Results

Effect of Acceleration Time History Cutoff on Results

Effect of Constrained Drip Shield on Results

Mesh Objectivity

I
Attachment X (3 Compact Discs): ANSYS V5.6.2, LS-DYNA V960.1106 and LS-DYNA

V970.3858 electronic files

Attachment XI (4 pages): Events at Annual Frequency of Occurrence of 1- 10-5 1/yr

Table 8-1 provides a list of files submitted on compact discs as Attachment X.

Table 8-1. Ust of Electronic Files in Attachment X

CONTENT OF CD1

File name I Size (kB) I Date Time
IE-GConstrained DS |

acci Ohl.dat 25 2/10/2003 10:59am
accl Oh2.dat 24 2/10/2003 10:59am
accl Ov.dat 24 2/10/2003 10:59am

constraint.dat 4 2/10/2003 10:59am
d3hsp 8833 2/10/2003 10:59am

d3hspl 41 2/10/2003 10:59am
d3hsp2 120 2/10/2003 10:59am
d3hsp3 69 2/10/2003 10:59am
d3plot 14450 3/13/2003 08:36am
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d3plotl 77 6009 311312003 08:36am
element.inc 1563 2/10/203 10:59am

messag 16 2/11/2003 08:42am
nodes.inc 1662 2/10/2003 1 1:00am

nodeselO.inc 21 2/10/2003 1 1:00am
nodesell.inc 4 211012003 1 1:00am
nodese12.inc 21 2/10/2003 1 1:00am
nodesel3.inc 4 2/10/2003 1 1:00am
nodeset.inc 5 2/1012003 1 1:00am
nodeset3.inc 15 2/1012003 11:00am
nodeset4.inc 3 2/1012003 11:00am
nodeset5.inc 1 2/1012003 1 1:00am
relaxWPP.k 1 2/10M2003 1 1:00am

segmen20.inc 4 2/1012003 1 1:00am
segmen2l.inc 2 2/1012003 1 1:00am
segmen25.inc 7 2/10/2003 1 1:00am
segmen26.inc 6 2/10/2003 1 1:00am
segmen27.inc 30 2/10/2003 1 1:00am
segmen28.inc 6 2/10/2003 1 1:00am

seisWPPcDS.k 12 2/1012003 1 1:00am
seisWPPcDS1.k 12 2/10/2003 1 1:00am

I E-6Constrained DSIFER
wpp6CDS.inp 36 2/10/2003 E 11:49am
wpp6CDS.out 369 2/10/2003 11:49am

I E-6\Deformable OS\RN1 5
acc3hl.dat 69 2/10/2003 09:50am
acc3h2.dat 71 2/10/2003 09:50am
acc3v.dat 70 2/1 0O03 09:50am

constraint.dat 7 211012003 09:50am
d3hsp 9662 2/1012003 09:50am

d3hspl 83 2/1 0103 09:50am
d3hsp2 81 2/1012003 09:50am
d3plot 8667 3/1312003 09:31 am

d3plot8l 6214 3/1312003 09:31am
element.inc 1577 2/1012003 09:50am

messag 11 2/1112003 08:48am
nodes.inc 1677 2110/2003 09:51am

nodesel0.inc 21 2/10/2003 09:51 am
nodesell.inc 4 2/10/2003 09:51 am
nodesel2.inc 21 2/1012003 09:51 am
nodesel3.inc 4 2/1012003 09:51am
nodeset.inc 8 2/1012003 09:51 am

nodeset3.inc 15 2/10/2003 09:51 am
nodeset4.inc 3 2/10/2003 09:51 am
nodeset5.inc 1 2/1 012003 09:51 am
relaxWPP .k 1 2/1012003 11:11am

segmen2O.inc 4 2/10/2003 09:51 am
segmen2l.inc 2 2/10/2003 09:50am
segmen25.inc 7 2/10/2003 09:50am
segmen26.inc 6 2/11012003 09:50am
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segmen27.inc 30 2/10/2003 09:50am
segmen28.inc 6 2/10/2003 09:50am
seisWPcE.k 12 2/012003 11:11am

I E-6MDeformable OSIRN4
acc8h1.dat 106 2/10/2003 09:27am
acc8h2.dat 107 2/10/2003 09:27am
acc8v.dat 105 2/10/2003 09:27am

constraint.dat 7 2/10/2003 09:27am
d3hsp 9857 2/012003 09:27am

d3hspl 51 2/10/2003 09:27am
d3hsp2 51 2/10/2003 09:27am
d3hsp3 88 2/10/2003 09:27am
d3plot 8667 3/13/2003 08:34am

d3plotl26 6214 3/13/2003 08:34am
element.inc 1577 2/10/2003 11:12am

messag 17 2/11/2003 08:41 am
nodes.inc 1677 2/10/2003 09:26am

nodesel0.inc 21 2110/2003 09:26am
nodesel.inc 4 2/10/2003 09:26am
nodesel2.inc 21 2/10/2003 09:26am
nodesel3.inc 4 2/10/2003 09:26am
nodeset.inc 8 2/102003 09:26am

nodeset3.inc 15 2/10/2003 09:26am
nodeset4.inc 3 2/102003 09:26am
nodeset5.inc 1 2/10/2003 09:26am
relaxWPP.k 1 2/10/2003 09:26am

segmen20.inc 4 2/10/2003 09:26am
segmen2l.inc 2 2/10/2003 09:26am
segmen25.inc 7 2/10/2003 09:26am
segmen26.inc 6 2/10/2003 09:26am
segmen27.inc 30 2/10/2003 09:26am
segmen28.inc 6 2/10/2003 09:26am
seisWPcE.k 12 2/10/2003 09:26am

I E-6MDefornable OS\RN5
accl1h1.dat 140 2/10/2003 10:04am
acc11 h2.dat 139 2/10/2003 10:04am
acc1 1v.dat 139 2/10/2003 10:04am

constraint.dat 7 2/10/2003 10:04am
d3hsp 9980 2/10/2003 10:04am

d3hsp1 129 2/10/2003 10:04am
d3hsp2 87 2/10/2003 10:04am
d3plot 8667 3/13/2003 09:35am

d3plotl75 6214 3/13/2003 09:35am
element.inc 1577 2/10/2003 10:04am

messag 17 2/11/2003 08:51 am
nodes.inc 1677 2/10/2003 10:05am

nodesel0.nc 21 2/10/2003 10:05am
nodesell.inc 4 2/10/2003 10:05am
nodesel1.inc 21 2/10/2003 10:05am
nodesel1.inc 4 2/10/2003 10:05am
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nodeset.inc 8 2/10/2003 10:05am
nodeset3.inc 15 2/10/2003 10:05am
nodeset4.inc 3 211012003 10:05am
nodeset5.inc 1 211012003 10:05am
relaxWPP.k 1 2/10/2003 10:05am

segmen2O.inc 4 2/10/2003 10:05am
segmen2l .inc 2 2/10/2003 10:05am
segmen25.inc 7 2_10/2003 10:05am
segmen26.inc 6 2110/2003 10:05am
segmen26.inc 30 2/10/2003 10:05am
segmen28.inc 6 2/10/2003 10:05am
seisWPPc.k 12 2110/2003 10:05am

I E-6SElevated Temp
acc1Oh1 .dat 25 2/10/2003 10:46am
acc1 Oh2.dat 24 2/10/2003 10:46am
acc1 Ov.dat 24 211 02003 10:46am

constraint.dat 7 2110/2003 10:46am
d3hsp 9437 2/10/2003 10:46am

d3hsp1 135 2/10/2003 10:46am
d3hsp2 88 2/102003 1 0:46am
d3plot 8667 3/13/2003 10:05am

d3plot178 6214 3/13/2003 10:05am
element.inc 1577 2/10/2003 10:47am

messag 17 2/11/2003 09:00am
nodes.inc 1677 2/10/2003 10:47am

nodeselO.inc 21 2110/2003 10:47am
nodese11 .inc 4 2/10/2003 10:47am
nodesel2inc 21 2/10/2003 10:47am
nodese13.inc 4 2/10/2003 10:47am
nodeset.inc 8 2/1 02003 1T0:47am

nodeset3.inc 15 2110/2003 10:47am
nodeset4.inc 3 2/10/2003 10:47am
nodeset5.inc 1 2110/2003 10:47am
relaxWPP.k 1 2/10/2003 10:47am

segmen20.inc 4 2/10/2003 10:47am
segmen2l .inc 2 2/10/2003 10:47am
segmen25.inc 7 2/10/2003 10:47am
segmen2_inc 6 210/2003 10:47am
segmen26.inc 30 2110/2003 10:47am
segmen28.inc 6 2/10/2003 10:47am
seisWPPc.k 12 2110/2003 10:47am

I E-6kRN1
acc7hl .dat 43 2110/2003 10:39am
acc7h2.dat 43 2/10/2003 10:39am
acc7v.dat 42 2/1012003 10:39am

constraint.dat 7 2110/2003 10:39am
d3hsp 9573 2/10/2003 10:39am

d3hspl 48 2110/2003 10:39am
d3hsp2 85 2/1 0/2003 10:39am
d3hsp3 88 2/1 0/2003 10:39am
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d3plot 8667 3113/2003 09:57am
d3plotl90 6214 3/13/2003 09:57am

element.inc 1577 211012003 10:40am
gistat 353 2/1112003 08:59am

messag 17 2/1112003 08:58am
messag_1 21 2/11i2003 08:58am
nodes.inc 1677 2/10/2003 10:40am

nodesel0.inc 21 2/10/2003 10:40am
nodesel1.inc 4 2/10i2003 10:40am
nodesel2.inc 21 2/10/2003 10:40am
nodesel3.inc 4 2/10/2003 10:40am
nodeset.inc 8 2/10/2003 10:40am
nodeset3.inc 15 2/1012003 10:40am
nodeset4.inc 3 2/10/2003 10:40am
nodeset5.inc 1 2/1 02003 10:40am

rcforc 1568 2/1112003 08:58am
relaxWPP.k 1 2/1 12003 10:40am

segmen20.inc 4 2/10/2003 10:40am
segmen2l.inc 2 2/1012003 10:40am
segmen25.inc 7 211012003 10:40am
segmen26.inc 6 2/10/2003 10:40am
segmen27.inc 30 2/10/2003 10:40am
segmen28.inc 6 2/10/2003 10:40am
seisWPPc.k 12 2110/2003 10:40am

I E-6RN10
acc9hlA.dat 97 2/1012003 09:58am
acc9h2A.dat 98 2/1012003 09:58am
acc9vA.dat 108 2/10/2003 09:58am

constraint.dat 7 2/1 012003 09:58am
d3hsp 9885 2/1012003 09:58am

d3hspl 74 2/1012003 09:58am
d3hsp2 87 2/1 012003 09:58am
d3plot 8667 3/1312003 09:34am

d3plot157 6214 3/13/2003 09:34am
element.inc 1577 2/10/2003 09:59am

messag 17 2/111/2003 08:50am
nodes.inc 1677 2/1012003 09:59am

nodesel0.inc 21 2/10/2003 09:59am
nodesell.inc 4 2/10/2003 09:59am
nodesel2.inc 21 2/10/2003 09:59am
nodesel3.inc 4 2/10/2003 09:59am
nodeset.inc 8 2/10/2003 09:59am

nodeset3.inc 15 2/10/2003 09:59am
nodeset4.inc 3 2/10/2003 09:59am
nodeset5.inc 1 2/1 012003 09:59am
relaxWPP.k 1 2/1012003 09:59am

segmen2O.inc 4 2/1012003 09:59am
segmen2l.inc 2 2/10/2003 09:59am
segmen25.inc 7 2/1012003 09:59am
segmen26.inc 6 2/1012003 09:59am
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segmen27.inc 30 2/10/2003 09:59am
segmen28.inc 6 2/10/2003 09:59am
seisWPPc.k 12 2/10/2003 09:59am

I E-61RN1 I
acc5hl.dat 50 2/10/2003 09:37am
acc5h2.dat 50 2/1012003 09:37am
acc5v.dat 49 2/10/2003 09:37am

constraint.dat 7 2/10/2003 09:37am
d3hsp 9666 2/10/2003 09:37am

d3hspl 88 2/1012003 09:37am
d3plot 8667 3/13/2003 09:30am

d3plot177 6214 3113/2003 09:30am
element.inc 1577 2/10/2003 09:48am

messag 17 211112003 08:45am
nodes.inc 1677 2/10/2003 09:48am

nodesel0.inc 21 2/10/2003 09:48am
nodesel.inc 4 2/10/2003 09:48am
nodesel2.inc 21 2/10/2003 09:48am
nodesel3.inc 4 2/1012003 09:48am
nodeset.inc 8 2/10/203 09:48am
nodeset3.inc 15 2110/2003 09:48am
nodeset4.inc 3 2/10/2003 09:48am
nodeset5.inc 1 2/10/2003 09:48am
relaxWPP.k 1 2/10/2003 09:37am

segmen2O.inc 4 2/10/2003 09:48am
segmen2l.inc 2 2110/2003 09:48am
segmen25.inc 7 2/10/2003 09:48am
segmen26.inc 6 2110/2003 09:48am
segmen27.inc 30 2/10/2003 09:48am
segmen28.inc 6 2/10/2003 09:48am
seisWPPc.k 12 2/1 /2003 09:37am

I E-6\RN12\Long Run
acc6h1.dat 71 2/10/2003 10:38am
acc6h2.dat 70 2/101/2003 10:38am
acc6v.dat 71 2110/2003 10:38am

constraint.dat 7 2/1 02003 10:38am
d3hsp 9733 2/10/2003 10:38am

d3hspl 74 2/10/2003 10:38am
d3hsp2 87 2/10/2003 10:38am
d3plot 8667 3/13/2003 09:56am

d3plotl89 6214 3/13/2003 09:56am
element.inc 1577 2/10/203 10:39am

messag 16 2/1112003 08:58am
messag_1 141 2/11/2003 08:58am
nodes.inc 1677 2/10/2003 10:39am

nodesel0.inc 21 2/10/2003 10:39am
nodesell.inc 4 2/10/2003 10:39am
nodesel2.inc 21 2/10/2003 10:39am
nodese13.inc 4 2/10/2003 10:39am
nodeset.inc 8 2/10/2003 10:39am
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nodeset3.inc 15 2/10/2003 10:39am
nodeset4.inc 3 2/10/2003 10:39am
nodeset5.inc 1 2110/2003 10:39am
relaxWPP.k 1 2/10/2003 10:39am

segmen20.inc 4 2/10/2003 10:39am
segmen2l.inc 2 2/10/2003 10:39am
segmen25.inc 7 2/10/2003 10:39am
segmen26.inc 6 2/10/2003 10:39am
segmen27.inc 30 2/10/2003 10:39am
segmen28.inc 6 2110/2003 10:39am
seisWPPc.k 12 2/10/2003 10:39am

1E-61RN12IShort Run
acc6h1.dat 71 2/10/2003 10:37am
acc6h2.dat 70 2/10/2003 10:37am
acc6v.dat 71 2/10/2003 10:37am

constraint.dat 7 2/10/2003 10:37am
d3hsp 9733 2/10/2003 10:37am

d3hspl 87 2/10/203 10:37am
d3plot 8667 3/13/2003 09:56am

d3plot149 6214 3/13/2003 09:56am
element.inc 1577 2/102003 10:37am

messag 16 2/11/2003 08:58am
messag-1 141 2/11/2003 08:58am
nodes.inc 1677 2/10/2003 10:38am

nodesel0.inc 21 2/10/2003 10:38am
nodesell.inc 4 2/10/2003 10:38am
nodese12.inc 21 2/10/2003 10:38am
nodesel3.inc 4 2/10/2003 10:38am
nodeset.inc 8 2110/2003 10:38am

nodeset3.inc 15 2/10/2003 10:38am
nodeset4.inc 3 2/10/2003 10:38am
nodeset5.inc 1 2/10/2003 10:38am
relax WPP.k1 2/10/2003 10:38am

segmen2O.inc 4 2/10/2003 10:38am
segmen2l.inc 2 2/10/2003 10:38am
segmen25.inc 7 2/10/2003 10:38am
segmen26.inc 6 2/10/2003 10:38am
segmen27.inc 30 2/10/2003 10:38am
segmen28.inc 6 2/10/2003 10:38am
seisWPPc.k 12 2/10/2003 10:38am

1 E-61RN13
acc12h1.dat 34 2/10/2003 10:23am
accl2h2.dat 34 2/10/2003 10:23am
accl2v.dat 34 2/10/2003 10:23am

constraint.dat 7 2/10/2003 10:23am
d3hsp 9649 2/10/2003 10:23am

d3hspl 88 2/10/2003 10:23am
d3plot 8667 3/13/2003 09:46am

d3plot241 6214 3/13/2003 09:46am
element.inc 1577 2/10/2003 10:24am
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messag 17 2/11/2003 08:55am
nodes.inc 1677 2/1012003 10:24am

nodesel0.inc 21 2/10/2003 10:24am
nodesell.inc 4 2/10/2003 10:24am
nodesel2.inc 21 2/10/2003 10:24am
nodesel3.inc 4 2/10/2003 10:24am
nodeset.inc 8 2/10/2003 10:24am
nodeset3.inc 15 2/10/2003 10:24am
nodeset4.inc 3 2/10/2003 10:24am
nodeset5.inc 1 2/10/2003 10:24am
relaxWPP.k 1 2/1012003 10:24am

segmen2O.inc 4 2/10/2003 10:24am
segmen2l.inc 2 2/10/2003 10:24am
segmen25.inc 7 2/10/2003 10:24am
segmen26.inc 6 2/10/2003 10:24am
segmen27.inc 30 2/10/2003 10:24am
segmen28.inc 6 2/10/2003 10:24am
seisWPPc.k 12 2/10/2003 10:24am

I E-61RN14
acc1 4h1.dat 150 2/10/2003 10:24am
accl4h2.dat 147 2110/2003 |10:24am
accl4v.dat 148 2/10/2003 10:24am

constraint.dat 7 2/10/2003 10:24am
d3hsp 10209 2/10/2003 10:24am

d3hsp1 88 2/10/2003 10:24am
d3plot 8667 3/13/2003 09:46am

d3plot229 6214 3/13/2003 09:46am
element.inc 1577 2/10/2003 10:25am

messag 17 2/11(2003 08:55am
messag_1 222 2/11/2003 08:55am
nodes.inc 1677 2/10/2003 10:25am

nodesel0.inc 21 2/10/2003 10:25am
nodesel.inc 4 2/10/2003 10:25am
nodesel2inc 21 2/10/2003 10:25am
nodesel3.inc 4 2/10/2003 10:25am
nodeset.inc 8 2/10/2003 10:25am
nodeset3.inc 15 2/10/2003 10:25am
nodeseW4.inc 3 2/1012003 10:25am
nodeset5.inc 1 2110/2003 10:25am
relaxWPP.k 1 2/10/2003 10:25am

segmen20.inc 4 2/10/2003 10:25am
segmen2l.inc 2 2/10/2003 10:25am
segmen25.inc 7 2/10/2003 10:25am
segmen26.inc 6 2/10/2003 10:25am
segmen27.inc 30 2/10/2003 10:25am
segmen28.inc 6 2/10/2003 10:25am
seisWPPc.k 12 2/10/2003 10:25am

I E-61RN15
acc3h1.dat 69 2/10/2003 09:52am
acc3h2.dat 71 2/10/2003 09:52am
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acc3v.dat 70 2/10/2003 09:52am
constraint.dat 7 2/10/2003 09:52am

d3hsp 9660 2/10/2003 09:52am
d3hsp1 83 2/10/2003 09:52am
d3hsp2 81 2/10/2003 09:52am
d3plot 8667 3/13/2003 09:30am

d3plot8l 6214 3/13/2003 09:30am
element.inc 1577 2/10/2003 09:52am

messag 11 2/11/2003 08:45am
nodes.inc 1677 2/10/2003 09:52am

nodese10.inc 21 2/10/2003 09:52am
nodese 4inc 2/10/2003 09:52am
nodese12.inc 21 2/10/2003 09:52am
nodesel3.inc 4 2110/2003 09:52am
nodeset.inc 8 2/10/2003 09:52am

nodeset3.inc 15 2/10/2003 09:52am
nodeset4.inc 3 2/10/2003 09:52am
nodeset5.inc 1 2/10/2003 09:52am
relaxWPP.k 1 2/10/2003 09:52am

segmen2o.inc 4 2/10/2003 09:52am
segmen2l.inc 2 2/10/2003 09:52am
segmen25.inc 7 2/10/2003 09:52am
segmen26.inc 6 2/10/2003 09:52am
segmen27.inc 30 2/10/2003 09:52am
segmen28.inc 6 2/10/2003 09:52am
seisWPPc.k 12 2/10/2003 09:52am

IE-6\RN2lLong Run
accl6hl.dat 50 2110/2003 10:42am
acc16h2.dat 50 2/10/2003 10:42am
accl6v.dat 50 2/10/2003 10:42am

constraint.dat 7 2/10/2003 10:42am
d3hsp 9590 2/10/2003 10:42am

d3hspl 42 2/10/2003 10:42am
d3hsp2 60 2/10/2003 10:42am
d3hsp3 54 2/10/2003 10:42am
d3hsp4 54 2/10/2003 10:42am
d3hsp5 87 2/10/2003 10:42am
d3plot 8667 3/13/2003 09:58am

d3plotl92 6214 3/13/2003 09:58am
element.inc 1577 2/10/2003 10:42am

messag 16 2/11/2003 08:59am
messag_1 101 2/11/2003 08:59am
nodes.inc 1677 2/10/2003 10:43am

nodese10.inc 21 2/10/2003 10:43am
nodesell.inc 4 2/10/2003 10:43am
nodese12.inc 21 2/10/2003 10:43am
nodese3inc 4 2/10/2003 10:43am
nodeset.inc 8 2/10/2003 10:43am

nodeset3.inc 15 2/10/2003 10:43am
nodeset4.inc 3 2/10/2003 10:43am
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nodeset5.inc 1 2110/2003 10:43am
relaxWPP.k 1 2110/2003 10:43am

segmen20.inc 4 2110/2003 10:43am
segmen2l.inc 2 2/10/2003 10:43am
segmen25.inc 7 2/10/2003 10:43am
segmen26.inc 6 2/10/2003 10:43am
segmen27.inc 30 2110/2003 10:43am
segmen28.inc 6 2/10/2003 10:43am
seisWPPc.k 12 2/10/2003 10:43am

I E-6\RN21Short Run
accl6hl.dat 50 2/10/2003 10:41 am
accl6h2.dat 50 2110/2003 10:41am
accl6v.dat 50 2/10/2003 10:41am

constraint.dat 7 2/10/2003 10:41 am
d3hsp 9590 2/10/2003 10:41 am

d3hsp1 42 2/10/2003 10:41 am
d3hsp2 60 2110/2003 10:41am
d3hsp3 54 2110/2003 10:41 am
d3hsp4 87 2110/2003 10:41 am
d3plot 8667 3/13/2003 09:58am

d3plotl72 6214 3/13/2003 09:58am
element.inc 1577 2/10/2003 10:41 am

messag 16 2/11/2003 08:59am
messag_1 101 2/11/2003 08:59am
nodes.inc 1677 2/10/2003 10:42am

nodeseinc 21 2/10/2003 10:42am
nodesell.inc 4 2/10/2003 10:42am
nodesel2.inc 21 2/10/2003 10:42am
nodesel1.inc 4 2/10/2003 10:42am
nodeset.inc 8 2/10/2003 10:42am
nodeset.inc 15 2/10/2003 10:42am
nodeset3.inc 3 2/10/2003 10:42am
nodeset4.inc 1 2/10/2003 10:42am
renaxWst.i 1 2/10/2003 10:42am

segmenx.inc 4 2110/2003 10:42am
segmen2l.inc 2 2/10/2003 10:42am
segmen21.inc 7 2/10/2003 10:42am
segmen25.inc 6 2/10/2003 10:42am
segmen26.inc 30 2/10/2003 10:42am
segmen27.inc 6 2/10/2003 10:42am
seisWPPc.k 12 2/10/2003 10:42am

I E-6XRN3
acc4hl.dat 40 2/10/2003 09:59am
acc4h2.dat 40 2/10/2003 09:59am
acc4v.dat 40 2/10/2003 09:59am

constraint.dat 7 2/10/2003 09:59am
d3hsp 9727 2/10/2003 09:59am
d3hspl 88 2110/2003 09:59am
d3plot 8667 3/13/2003 09:34am

d3plot267 6214 3/13/2003 09:34am



Waste Package and Comp~onents Calculation

Title: Structural Calculations of Waste Package Exposed to Vibratory Ground Motion
Document Identifier: OO0-OOC-WISO-01400-000-OOA Page 99 of 120

element.inc 1577 2110/2003 1 0:00am
messag 17 2/11/2003 08:51am

nodes.inc 1677 2/10/2003 10:00am
nodeselO.inc 21 2/10/2003 10:00am
nodesell.inc 4 2/10/2003 10:00am
nodesel2.inc 21 2/10/2003 10:00am
nodesel3.inc 4 2/10/2003 10:00am
nodeset.inc 8 2/10/2003 10:00am

nodeset3.inc 15 2110/2003 10:00am
nodeset4.inc 3 2/10/2003 10:00am
nodeset5.inc 1 2/10/2003 10:00am
reiaxWPP.k 1 210/2003 10:00am

segmen20.inc 4 2/10/2003 10:00am
segmen2l.inc 2 2/1012003 10:00am
segmen25.inc 7 2/1012003 10:00am
segmen26.inc 6 2/10/2003 10:00am
segmen27.inc 30 2/10/2003 10:00am
segmen28.inc 6 2/10/2003 10:00am
seisWPPc.k 12 2/10/2003 10:00am

1 E-6kRN4
acc8hl .dat 106 2/10/2003 09:23am
acc8h2.dat 107 2/10/2003 09:23am
acc8v.dat 105 2/10/2003 09:23am

constraint.dat 7 2/10/2003 09:23am
d3hsp 9853 2110/2003 09:23am

d3hspl 51 2/10/2003 09:23am
d3hsp2 51 2/10/2003 09:23am
d3hsp3 87 2/10/2003 09:23am
d3plot 8667 3/13/2003 08:35am

d3plot125 6214 3/13/2003 08:35am
element.inc 1577 2/10/2003 09:23am

messag 17 2/11/2003 08:42am
nodesel0.inc 21 2/10/2003 09:23am
nodesel1.inc 4 2/10/2003 09:23am
nodesel2.inc 21 2/10/2003 09:23am
nodesel3.inc 4 2/10/2003 09:23am
nodeset.inc 8 2/10/203 09:23am

nodeset3.inc 15 2/10/2003 09:23am
nodeset4.inc 3 2/102003 09:23am
nodeset5.inc 1 2/10/2003 09:23am
relaxWPP.k 1 2/10/2003 09:23am

segmen20.inc 4 2/10/2003 09:23am
segmen21.inc 2 2/10/2003 09:23am
segmen25.inc 7 2/10/2003 09:23am
segmen26.inc 6 2/10/2003 09:23am
segmen27.inc 30 2/10/2003 09:23am
segmen28.inc 6 2/1012003 09:23am
seisWPPc.k 12 2/10/2003 09:23am

I E-6RN5
accl1h1 .dat 140 1 2/10/2003 10:45am
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acc11 h2.dat 139 2/10/2003 10:45am
accl1v.dat 139 2110/2003 10:45am

constraint.dat 7 2/10U2003 10:45am
d3hsp 10095 2V10/2003 10:45am
d3hsp1 41 2/10/2003 10:45am
d3hsp2 41 210/2003 10:45am
d3hsp3 88 2/10/2003 10:45am
d3plot 8667 3/13/2003 10:04am

d3plot175 6214 3/13/2003 10:04am
element.inc 1577 2/10/2003 10:45am

messag 17 2/11/2003 09:00am
nodes.inc 1677 2/10/2003 10:46am

nodese10.inc 21 2/10/2003 10:46am
nodesell.inc 4 2/10/2003 10:46am
nodesel2.inc 21 2/10/2003 10:46am
nodesel3.inc 4 2/10/2003 10:46am
nodeset.inc 8 2/10/2003 10:46am

nodeset3.inc 15 2/10/2003 10:46am
nodeset4.inc 3 2/10/2003 10:46am
nodeset5.inc 1 2/10/2003 10:46am
relaxWPP.k 1 2/102003 10:46am

segmen2O.inc 4 2/10/2003 10:46am
segmen2l.inc 2 2/10/2003 10:46am
segmen25.inc 7 2/10/2003 10:46am
segmen26.inc 6 2/10/2003 10:46am
segmen27.inc 30 2/10/2003 10:46am
segmen28.inc 6 2V10/2003 10:46am
seisWPPc.k 12 2/10/2003 10:46am

1 E-6\RN6
acclhl.dat 70 2/10/2003 10:28am
accl h2.dat 70 2/10/2003 10:28am
acci v.dat 65 2/10/2003 10:28am

constraint.dat 7 2/10/2003 10:28am
d3hsp 15092 2110/2003 10:28am

d3hspl 75 2/10/2003 10:28am
d3hsp2 89 2/10/2003 10:28am
d3plot 13464 3/13/2003 09:48am

d3plot269 9019 3/13/2003 09:48am
element.inc 2906 2/1012003 10:29am

messag 18 2/11/2003 08:56am
messag_1 99 2V11/2003 08:56am
nodes.inc 2932 2/10/2003 10:29am

nodesel0.inc 55 2/10/2003 10:29am
nodesell.inc 10 2/10/2003 10:29am
nodesel2.inc 55 2/10/2003 10:29am
nodesel3.inc 10 2V10/2003 10:29am
nodeset.inc 8 2/10/2003 10:29am

nodeset3.inc 20 2/10/2003 10:29am
nodeset4.inc 4 2/10/2003 10:29am
nodeset5.inc 1 2/10/2003 10:29am
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relaxWPP.k 1 2/10/2003 10:29am
segmen20.inc 4 2/10/2003 10:29am
segmen2l.inc 2 2/10/2003 10:29am
segmen25.inc 26 2/10/2003 10:29am
segmen26.inc 6 2/10/2003 10:29am
segmen27.inc 26 2/10/2003 10:29am
segmen28.inc 6 2/10/2003 10:29am
segmen35.inc 7 2/10/2003 10:29am
segmen36.inc 6 2/1012003 10:29am
segmen37.inc 7 2/10/2003 10:29am
segmen38.inc 6 2/10/2003 10:29am
seisWPPc.k 13 2/10/2003 10:29am
wpp7C.inp 38 2/11/2003 08:56am

IE-81RN7
acc2h1.dat 91 2/10/2003 10:05am
acc2h2.dat 92 2/10/2003 10:05am
acc2v.dat 91 2/10/2003 10:05am

constraint.dat 7 2/10/2003 10:05am
d3hsp 9822 2/10/2003 10:05am

d3hspl 35 2/10/2003 10:05am
d3hsp2 54 2/10/2003 10:05am
d3hsp3 79 2/10/2003 10:05am
d3hsp4 88 2/10/2003 10:05am
d3plot 8667 3/13/2003 09:36am

d3plot173 6214 3/13/2003 09:36am
element.inc 1577 2/10/2003 10:06am

messag 18 2/11/2003 08:51 am
nodes.inc 1677 2/10/2003 10:06am

nodese10.inc 21 2/10/2003 10:06am
nodesell.inc 4 2/10/2003 10:06am
nodesel2.inc 21 2/10/2003 10:06am
nodesel3.inc 4 2/10/2003 10:06am
nodeset.inc 8 2/10/2003 10:06am

nodeset3.inc 15 2/10/2003 10:06am
nodeset4.inc 3 2/10/2003 10:06am
nodeset5.inc 1 2/10/2003 10:06am
relaxWPP.k 1 2/10/2003 10:06am

segmen20.inc 4 2/10/2003 10:06am
segmen2l.inc 2 2/10/2003 10:06am
segmen25.inc 7 2/10/2003 10:06am
segmen26.inc 6 2/10/2003 10:06am
segmen27.inc 30 2/10/2003 10:06am
segmen28.inc 6 2/10/2003 10:06am
seisWPPc.k 12 2/10/2003 10:06am

IE-6%RN8
acc1 3h1.dat 139 2/10/2003 10:06am
acc1 3h2.dat 138 2/10/2003 10:06am
accl3v.dat 139 2/10/2003 10:06am

constraint.dat 7 2/10/2003 10:06am
d3hsp 10136 2/10/2003 10:06am
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d3hsp1 117 2V10/2003 10:06am
d3hsp2 88 2/10/2003 10:06am
d3plot 8667 3/13/2003 09:36am

d3plot281 6214 3/13/2003 09:36am
element.inc 1577 2110/2003 10:07am

messag 17 2/11/2003 08:51 am
nodes.inc 1677 2/10/2003 10:07am

nodesel0.inc 21 2/10/2003 10:07am
nodese .inc4 2/10/2003 10:07am
nodesel2.inc 21 2110/2003 10:07am
nodesel3.inc 4 2110/2003 10:07am
nodeset.inc 8 2/10/2003 10:07am
nodeset3.inc 15 2/10/203 10:07am
nodeset4.inc 3 2/10/2003 10:07am
nodeset6.inc 1 2/10/2003 10:07am
relaxWPP.k 1 2/10/203 10:07am

segmen20.inc 4 2/10/2003 10:07am
segmen2l.inc 2 2/10/2003 10:07am
segmen25.inc 7 2/10/2003 10:07am
segmen26.inc 6 2110/2003 10:07am
segmen27.inc 30 2110/2003 10:07am
segmen28.inc 6 2/10/2003 10:07am
seisWPPc.k 12 2110/2003 10:07am

1E-61RN9%Long Run
acc1Oh1.dat 25 2110/2003 10:10am
accl Oh2.dat 24 2110/2003 10:10am
accl0v.dat 24 2/10/2003 10:10am

constraint.dat 7 2/1 0/03 10:10am
d3hsp 9479 2/10/2003 10:10am
d3hsp1 43 2/10/2003 10:1 Oam
d3hsp2 76 2/10/2003 10:10am
d3hsp3 76 2/10/2003 10:10am
d3hsp4 88 2/10/2003 10:10am
d3plot 8667 3/13/2003 09:38am

d3plot217 6214 3/13/2003 09:38am
element.inc 1577 2/10/2003 10:16am

messag 17 2/11/2003 08:52am
messag_1 16 2/11/2003 08:52am
messag.2 49 2/11/2003 08:52am
nodes.inc 1677 2/10/2003 10:16am

nodesel0.inc 21 2110/2003 10:16am
nodesell.inc 4 2110/2003 10:16am
nodesel2.inc 21 2/10/2003 10:16am
nodesel3.inc 4 2/10/2003 10:16am
nodeset.inc 8 2/10/2003 10:16am
nodeset.inc 15 2/10/2003 10:16am
nodeset3.inc 3 2/10/2003 10:16am
nodeset5.inc 1 2/10/2003 10:16am
relaxWPP.k 1 21 0/203 10:16am

segmen20.inc 4 2/10/2003 10:16am
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segmen2l.inc 2 2/10/2003 10:16am
segmen25.inc 7 2/10/2003 10:16am
segmen26.inc 6 2/10/2003 10:16am
segmen27.inc 30 2/10/2003 10:16am
segmen28.inc 6 2110/2003 10:16am
seisWPPc.k 12 2/10/2003 10:16am

I E-61RN9EShort Run
acc1 Oh1.dat 25 2/10/2003 10:09am
accl 0h2.dat 24 2/10/2003 10:09am
acclOv.dat 24 2/10/2003 10:09am

constraint.dat 7 2/10/2003 10:09am
d3hsp 9479 2/10/2003 10:09am

d3hsp1 43 2/10/2003 10:08am
d3hsp2 76 2/10/2003 10:08am
d3hsp3 88 2/10/2003 10:08am
d3plot 8667 3/13/2003 09:37am

d3plot177 6214 3/13/2003 09:37am
elementinc 1577 2110/2003 10:09am

messag 17 2/11/2003 08:52am
messagl 16 2/11/2003 08:52am
messag2 49 2/11/2003 08:52am
nodes.inc 1677 2/10/2003 10:09am

nodesel0.inc 21 2/10/2003 10:09am
nodesell.inc 4 2/10/2003 10:09am
nodese12.inc 21 2/10/2003 10:09am
nodesel3.inc 4 2/10/2003 10:09am
nodeset.inc 8 2/10/2003 10:09am

nodeset3.inc 15 2/10/2003 10:09am
nodeset4.inc 3 2/10/2003 10:09am
nodeset5.inc 1 2/10/2003 10:09am
relaxWPP.k 1 2/10/2003 10:09am

segmen20.inc 4 2/10/2003 10:09am
segmen2l.inc 2 2/10/2003 10:09am
segmen25.inc 7 2110/2003 10:09am
segmen26.inc 6 2110/2003 10:09am
segmen27.inc 30 2110/2003 10:09am
segmen28.inc 6 2110/2003 10:09am
seisWPPc.k 12 2110/2003 10:09am

CONTENT OF CD2

1IE-6\FER
wpp6C.inp 37 l 2110/2003 11:46am
wpp6C.out 370 1 2/10/2003 11:46am

I E-6Refined M eshIFER
wpp6Crm.inp 37 f 2/10/2003 11:47am
wpp6Crm.out 371 2f10/2003 1 11:47am

1E-6lRefined Mesh\RN2
accl6hl.dat 50 2/10/2003 T 10:44am
accl6h2.dat 50 2f10/2003.| 10:44am
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accl6v.dat 50 2/10t2003 10:44am
constraint.dat 7 2/10/2003 10:44am

d3hsp 11900 2/10/2003 10:44am
.d3hsp1 50 2/10/2003 10:43am
d3hsp2 65 2/1012003 10:43am
d3hsp3 60 2110/2003 10:43am
d3hsp4 60 2/10/2003 10:43am
d3hsp5 90 2110/2003 10:43am
d3plot 11162 3/13/2003 10:02am

d3plot381 7905 3/13/2003 10:02am
element.inc 2123 2/10/2003 10:44am

messag 19 2/11/2003 08:59am
nodes.inc 2174 2/10/2003 10:45am

nodese10.inc 27 2/10/2003 10:45am
nodesell.inc 5 2/10/2003 10:45am
nodesel2.inc 27 2/10/2003 10:45am
nodesel3.inc 5 2/10/2003 10:45am
nodeset.inc 8 2110/2003 10:45am
nodeset3.inc 15 2/10/2003 10:45am
nodeset4.inc 3 2/10/2003 10:45am
nodeset5.inc 1 2/10/2003 10:45am
relaxWPP.k 1 2/1 02003 10:45am

segmen20.inc 4 2110/2003 10:45am
segmen2l.inc 2 2/10/2003 10:45am
segmen25.inc 8 2110/2003 10:45am
segmen26.inc 6 2/10/2003 10:44am
segmen27.inc 43 2/10/2003 10:44am
segmen28.inc 6 2/10/2003 10:44am
seisWPPc.k 12 2/10/2003 10:44am

I E-6\Refined MeshIRN4
acc8hl.dat 106 2/10/2003 10:26am
acc8h2.dat 107 2/10/2003 10:26am
acc8v.dat 105 2/10/2003 10:26am

constraint.dat 7 2(10/2003 10:26am
d3hsp 12162 2/10/2003 10:26am

d3hspl 55 2/10/2003 10:26am
d3hsp2 55 2/10/2003 10:26am
d3hsp3 90 2/10/2003 10:26am
d3plot 11162 3/13/2003 09:47am

d3plot249 7905 3/13/2003 09:47am
element.inc 2123 2110/2003 10:27am

messag 19 211/2003 08:55am
nodes.inc 2174 2/10/2003 10:27am

nodesel0.inc 27 2/10/2003 10:27am
nodesel.inc 5 2/10/2003 10:27am
nodesel2.inc 27 2110/2003 10:27am
nodesel3.inc 5 2/10/2003 10:27am
nodeset.inc 8 2/1012003 10:27am
nodeset3.inc 15 2(10/2003 10:27am
nodeset4.inc 3 2/10/2003 10:27am
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nodeset5.inc 1 2/10/2003 10:27am
relaxWPP.k 1 2/10/2003 10:27am

segmen2O.inc 4 2/10/2003 10:27am
segmen2l.inc 2 2/10/2003 10:27am
segmen25.inc 8 2/10/2003 10:27am
segmen26.inc 6 2/10/2003 10:27am
segmen27.inc 43 2/10/2003 10:27am
segmen28.inc 6 2/10/2003 10:27am
seisWPPc.k 12 2/10/2003 10:27am

I E-7\RN1
acc7hl.dat 41 2/10/2003 10:17am
acc7h2.dat 41 2/10/2003 10:17am
acc7v.dat 41 2/10/2003 10:17am

constraint.dat 7 2/10/2003 10:17am
d3hsp 15173 2/10/2003 10:17am

d3hspl 62 2/10/2003 10:17am
d3hsp2 39 2/10/2003 10:17am
d3hsp3 99 2/10/2003 10:17am
d3hsp4 89 2/10/2003 10:17am
d3plot 13779 3113/2003 09:39am

d3plot334 9277 3/13/2003 09:39am
element.inc 2944 2/10/2003 10:17am

glstat 324 2/11/2003 08:54am
messag 18 2/11/2003 08:54am

nodes.inc 2973 2/10/2003 10:18am
nodesel0.inc 55 2/10/2003 10:18am
nodesell.inc 10 2/10/2003 10:18am
nodesel2.inc 55 2/10/2003 10:18am
nodesel3.inc 10 2/10/2003 10:18am
nodeset.inc 8 2/10/2003 10:18am

nodeset2.inc 2 2/10/2003 10:18am
nodesetinc 20 2/10/003 10:18am
nodeset3.inc 5 2/10/203 10:18am
nodeset4.inc 2 2/10/2003 10:18am

rcforc 1440 2/11/2003 08:54am
relaxWPP.k 1 2/10/2003 10:18am

segmen20.inc 4 2/10/2003 10:18am
segmen2l.inc 2 2/10/2003 10:18am
segmen25.inc 26 2/10/2003 10:18am
segmen26.inc 6 2/10/2003 10:18am
semen27.inc 26 2/10/2003 10:18am
segmen28.inc 6 2/10/2003 10:18am
segmen35.inc 7 2/10/2003 10:18am
segmen36.inc 6 2/10/2003 10:18am
segmen37.inc 7 2/10/2003 10:18am
segmen38.inc 6 2/10/2003 10:18am
seisWPPc.k 13 2/10/2003 10:18am

1 E-7RNIO
acc9hl.dat I 97 | 2/10/2003 T 09:33am
acc9h2.dat 97 2/10/2003 09:33am
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acc9v.dat 97 2/10/2003 09:33am
constraint.dat 7 2/10/2003 09:33am

d3hsp 15519 2/10/2003 09:33am
d3hsp1 35 2/10/2003 09:33am
d3hsp2 39 2/10/2003 09:33am

__ d3hsp3 35 2/10/2003 09:33am
d3hsp4 88 2110/2003 09:33am
d3plot 13779 3/13/2003 08:37am

d3plot247 9277 3/13/2003 08:37am
element.inc 2944 2/10/2003 09:54am

messag 18 2/11/2003 08:43am
nodes.inc 2973 2/10/2003 09:54am

nodesel0.inc 55 2/10/2003 09:54am
nodesell.inc 10 2/10/2003 09:54am
nodesel2.inc 55 2/10/2003 09:54am
nodesel3.inc 10 2/10/2003 09:54am
nodeset.inc 8 2/10/2003 09:54am

nodeset3.inc 20 2/10/2003 09:54am
nodeset4.inc 5 2/10/2003 09:54am
nodeset5.inc 2 2/10/2003 09:54am
relaxWPP.k 1 2/10/2003 09:34am

segmen2O.inc 4 2110/2003 09:54am
segmen2l.inc 2 2/10/2003 09:54am
segmen25.inc 26 2/10/2003 09:54am
segmen26.inc 6 2110/2003 09:54am
segmen27.inc 26 2/10/2003 09:54am
segmen28.inc 6 2/10/2003 09:54am
segmen35.inc 7 2/10/2003 09:54am
segmen36.inc 6 2/10/2003 09:54am
segmen37.inc 7 2/10/2003 09:54am
segmen38.inc 6 2/10/2003 09:54am
seisWPPc.k 13 2/10/2003 09:34am

1 E-7XRN11
acc5h 1.dat 29 2110/2003 10:29am
acc5h2.dat 29 2/10/2003 10:29am
acc5v.dat 29 2/10/2003 10:29am

constraint.dat 7 2/10/2003 10:29am
d3hsp 15186 2/10/2003 10:29am
d3hspl 88 2/10/2003 10:29am
d3plot 13779 3/13/2003 09:49am

d3plot325 9277 3/13/2003 09:49am
element.inc 2944 2/10/2003 10:30am

messag 17 2111/2003 08:56am
nodes.inc 2973 2110/2003 10:30am

nodeselO.inc 55 2/10/2003 10:30am
nodesel 1.inc 10 2110/2003 10:30am
nodesel2.inc 55 2/10/2003 10:30am
nodesel3.inc 10 2110/2003 10:30am
nodeset.inc 8 2110/2003 10:30am
nodeset3.inc 20 2/10/2003 10:30am
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nodeset4.inc 5 2/10f2003 10:30am
nodesetS.inc 2 2/10/2003 10:30am
relaxWPP.k 1 2/10/2003 10:30am

segmen2O.inc 4 2/10/2003 10:30am
segmen2l.inc 2 2/10/2003 10:30am
segmen25.inc 26 2/10/2003 10:30am
segmen26.inc 6 2/10/2003 10:30am
segmen27.inc 26 2/10/2003 10:30am
segmen28.inc 6 2/10/2003 10:30am
segmen35.inc 7 2/10/2003 10:30am
segmen36.inc 6 2/10/2003 10:30am
segmen37.inc 7 2/10/2003 10:30am
segmen38.inc 6 2/10/2003 10:30am
seisWPPc.k 13 2/10/2003 10:30am

I E-7URN1 2
acc6hl.dat 28 2/10/2003 10:31am
acc6h2.dat 28 2/10/2003 10:31am
acc6v.dat 28 2/10/2003 10:31 am

constraint.dat 7 2110/2003 10:31 am
d3hsp 15078 2/10/2003 10:31am

d3hspl 118 2/10/2003 10:31am
d3hsp2 88 2/10/2003 10:31 am
d3plot 13779 3/1312003 09:44am

d3plot293 9277 3/13/2003 09:44am
element.inc 2944 2/10/2003 10:32am

messag 17 2/11/2003 08:57am
nodes.inc 2973 2/10/2003 10:32am

nodesel0.inc 55 2/10/2003 10:32am
nodese11.inc 10 2110/2003 10:32am
nodesel2.inc 55 2110/2003 10:32am
nodese13.inc 10 2/10/2003 10:32am
nodeset.inc 8 2/10/2003 10:32am

nodeset3.inc 20 2/10/2003 10:32am
nodeset4.inc 5 2/10/2003 10:32am
nodeset5.inc 2 2/10/2003 10:32am
relaxWPP.k 1 2/10/2003 10:32am

segmen2O.inc 4 2/10/2003 10:32am
segmen2l.inc 2 2/10/2003 10:32am
segmen25.inc 26 2/10/2003 10:32am
segmen26.inc 6 2/10/2003 10:32am
segmen27.inc 26 2/10/2003 10:32am
segmen28.inc 6 2/10/2003 10:32am
segmen35.inc 7 2/10/2003 10:32am
segmen36.inc 6 2/10/2003 10:32am
segmen37.inc 7 2/10/2003 10:32am
segmen38.inc 6 2110/2003 10:32am
seisWPPc.k 13 2/10/2003 10:32am

I E-7\RN1 3
accl2hl.dat 30 2/10/2003 I 10:48am
accl2h2.dat 33 2/10/2003 10:47am
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accl2v.dat 33 2/10/2003 10:47am
constraint.dat 7 2J10/2003 10:47am

d3hsp 10080 2/10/2003 10:47am
d3hsp1 88 2110/2003 10:47am
d3plot 9232 3/13/2003 10:07am

d3plot225 6664 3/13/2003 10:07am
element.inc 1649 2/10/2003 10:48am

messag 18 2/11/2003 09:00am
nodes.inc 1757 2/10/2003 10:48am

nodese10.inc 21 2/10/2003 10:48am
nodesel1.inc 4 2110/2003 10:48am
nodesel2.inc 21 2/10/2003 10:48am
nodesel3.inc 4 2/10/2003 10:48am
nodeset.inc 8 2/10/2003 10:48am

nodeset3.inc 15 2/10/2003 10:48am
nodeset4.inc 5 2/10/2003 10:48am
nodesetS.inc 2 2/10/2003 10:48am
relaxWPP.k 1 2/10/2003 10:48am

segmen2O.inc 4 2/10/2003 10:48am
segmen2l.inc 2 2/10/2003 10:48am
segmen25.inc 7 2/10/2003 10:48am
segmen26.inc 6 2/10/2003 10:48am
segmen27.inc 30 2/10/2003 10:48am
segmen28.inc 6 2/10/2003 10:48am
seisWPPc.k 13 2/10/2003 10:48am

I E-ARN1 4
accl4hl.dat 116 2/10/2003 10:48am
accl4h2.dat 116 2/10/2003 10:48am
acc1 4v.dat 116 2/10/2003 10:48am

constraint.dat 7 2/10/2003 10:48am
d3hsp 10539 2/10/2003 10:48am

d3hspl 35 2/1012003 10:48am
d3hsp2 87 2/10/2003 10:48am
d3plot 9232 3/13/2003 10:07am

d3plot253 6664 3/13/2003 10:07am
element.inc 1649 2W10/2003 10:49am

messag 17 2/11/2003 09:00am
nodes.inc 1757 2/10/2003 10:49am

nodesel0.inc 21 2/10/2003 10:49am
nodesel.inc 24 2/10/2003 10:49am
nodesel.inc 21 2/10/2003 10:49am
nodesel1.inc 4 2/10/2003 10:49am
nodeset.inc 8 2/10/2003 10:49am
nodeset3.inc 15 2/10O2003 10:49am
nodeset4.inc 5 2/10/2003 10:49am
nodeset5.inc 2 2/10/2003 10:49am
relaxWPP.k I 2/10/2003 10:49am

segmen20.inc 4 2/10/2003 10:49am
segmen2l.inc 2 2/10/2003 10:49am
segmen25.inc 7 2/10/2003 10:49am
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segmen26.inc 6 2110/2003 10:49am
segmen27.inc 30 2/10/2003 10:49am
segmen28.inc 6 2/10/2003 10:49am
seisWPPc.k 12 2/10/2003 10:49am

I E-71RN1 5
acc3h1 .dat 31 3/13/2003 08:23am
acc3h2.dat 31 3/13/2003 08:23am
acc3v.dat 31 3113/2003 08:23am

constraint.dat 7 3/132003 08:23am
d3hsp 15088 3/13/2003 08:23am

d3hspl 88 3/13/2003 08:23am
d3plot 13779 3/13/2003 09:27am

d3plot9O 9277 3/13/2003 09:27am
element.inc 2944 3/13/2o03 08:23am

messag 17 3/13/2003 08:23am
nodes.inc 2973 3/13/2003 08:23am

nodesel O.inc 55 3/13/2003 08:23am
nodesell.inc 10 3/13/2003 08:23am
nodesel2.inc 55 3/13/2003 08:23am
nodesel 3.inc 10 3/13/2003 08:23am
nodeset.inc 8 3/1V3/203 08:23am

nodeset2.inc 2 3/13/2003 08:23am
nodeset3.inc 20 3/13/2003 08:23am
nodeset4.inc 5 3/13/2003 08:23am
nodeset5.inc 2 3/13/2003 08:23am
relaxWPP.k 1 3/13/2003 08:23am

segmen2O.inc 4 3/13/2003 08:23am
segmen2l .inc 2 3/13/2003 08:23am
segmen25.inc 26 3/13/2003 08:23am
segmen26.inc 6 3/13/2003 08:23am
segmen27.inc 26 3/13/2003 08:23am
segmen28.inc 6 3/13/2003 08:23am
segmen35.inc 7 3/13/2003 08:23am
segmen36.inc 6 3/13/2003 08:23am
segmen37.inc 7 3/13/2003 08:23am
segmen38.inc 6 3/13/2003 08:23am
seisWPPc.k 13 3/13/2003 08:23am

I E-7\RN2
accl6hl.dat 50 2/10/2003 10:32am
accl 6h2.dat 50 2/10/2003 10:32am
accl6v.dat 50 2110/2003 10:32am

constraint.dat 7 2i1 02003 10:32am
d3hsp 9990 2/10/2003 10:32am

d3hspl 119 2110/2003 10:32am
d3hsp2 88 2/1 0/2003 10:32am
d3plot 9232 3/13/2003 09:44am

d3plot124 6664 3/13/2003 09:44am
element.inc 1649 211 02003 10:33am

messag 17 2111/2003 08:57am
nodes.inc 1757 2/10/2003 10:33am
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nodesel0.inc 21 2/10/2003 10:33am
nodese11.inc 4 2/10/2003 10:33am
nodesel2.inc 21 2/10/2003 10:33am
nodesel3.inc 4 2/10/2003 10:33am
nodeset.inc 8 2/10/2003 10:33am
nodeset2.inc 2 2/10/2003 10:33am
nodeset3.inc 15 2/10/2003 10:33am
nodeset4.inc 5 2/10/2003 10:33am
nodeset5.inc 2 2/10/2003 10:33am
relaxWPP.k 1 2/10/2003 10:33am

segmen20.inc 4 2/10/2003 10:33am
segmen2l.inc 2 2/10/2003 10:33am
segmen25.inc 7 2/10/2003 10:33am
segmen26.inc 6 2/10/2003 10:33am
segmen27.inc 30 2/10/2003 10:33am
segmen28.inc 6 2/10/2003 10:33am
seisWPPc.k 13 2/10/2003 10:33am

I E-ARN3

acc4hl.dat 39 2/10/2003 09:31 am
acc4h2.dat 39 2/10/2003 09:31 am
acc4v.dat 39 2/10/2003 09:31 am

constraint.dat 7 2/10/2003 09:31 am
d3hsp 15208 2/10/2003 09:31 am
d3hspl 134 2/10/003 09:31 am
d3hsp2 89 2/10/2003 09:31am
d3plot 13779 3/13/2003 08:38am

d3plot434 9277 3/13/2003 08:38am
element.inc 2944 2/10/2003 09:54am

messag 18 2/11/2003 08:43am
nodes.inc 2973 2110/2003 09:54am

nodesel0.inc 55 2/10/2003 09:54am
nodesel1.inc 10 2110/2003 09:54am
nodesel2.inc 55 2/10/2003 09:54am
nodesel3.inc 10 2110/2003 09:54am
nodeset.inc 8 2/10/2003 09:54am

nodeset3.inc 20 2/10/2003 09:54am
nodeset4.inc 5 2/10/2003 09:54am
nodeset5.inc 2 2/10/2003 09:54am
relaxWPP.k 1 2/10/2003 09:31 am

segmen20.inc 4 2/10/2003 09:54am
segmen2l.inc 2 2110/2003 09:54am
segmen25.inc 26 2/10/2003 09:54am
segmen26.inc 6 2/10/2003 09:54am
segmen27.inc 26 2/10/2003 09:54am
segmen28.inc 6 2/10/2003 09:54am
segmen35.inc 7 2/10/2003 09:54am
segmen36.inc 6 2/10/2003 09:54am
segmen37.inc 7 2/1012003 09:54am
segmen38.inc 6 2/10/2003 09:54am
seisWPPc.k 13 2/10/2003 09:31 am
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1E-7ARN4
acc8hl.dat 69 2/10/2003 10:49am
acc8h2.dat 68 2/10/2003 10:49am
acc8v.dat 68 2/10/2003 10:49am

constraint.dat 7 2/10/2003 10:49am
d3hsp 15322 2/10/2003 10:49am

d3hsp1 88 2/10/2003 10:49am
d3plot 13779 3/13/2003 10:08am

d3plotl 77 9277 3/13/2003 10:08am
element.inc 2944 2/10/2003 10:50am

messag 17 2/11/2003 09:01 am
nodes.inc 2973 2/10/2003 10:50am

nodesel0.inc 55 2/10/2003 10:50am
nodesell.inc 10 2/10/2003 10:50am
nodesel2.inc 55 2/10/2003 10:50am
nodesel3.inc 10 2/10/2003 10:50am
nodeset.inc 8 2/10/2003 10:50am

nodeset2.inc 2 2/10/2003 10:50am
nodeset3.inc 20 2/10/2003 10:50am
nodeset4.inc 5 2/10/2003 10:50am
nodeset5.inc 2 2/10/2003 10:50am
relaxWPP.k 1 2/10/2003 10:50am

segmen20.inc 4 2/10/2003 10:50am
segmen2l.inc 2 2/10/2003 10:50am
segmen25.inc 26 2/10/2003 10:50am
segmen26.inc 6 2/10/2003 10:50am
segmen27.inc 26 2/10/2003 10:50am
segmen28.inc 6 2/10/2003 10:50am
segmen35inc 7 2/10/2003 10:50am
segmen36.inc 6 2/10/2003 10:50am
segmen37.inc 7 2/10/2003 10:50am
segmen38.inc 6 2/10/2003 10:50am
seisWPPc.k 13 2/10/2003 10:50am

I E-7ARN5
acc1 I h.dat 61 2/10/2003 09:44am
acc1 Ih2.dat 61 2/10/2003 09:44am
accllv.dat 61 2/10/2003 09:44am

constraint.dat 7 2/10/2003 09:44am
d3hsp 15310 2110/2003 09:44am

d3hspl 63 2/10/2003 09:44am
d3hsp2 89 2/10/2003 09:44am
d3plot 13779 3/13/2003 09:28am

d3plot277 9277 3/13/2003 09:28am
element.inc 2944 2/10/2003 09:45am

messag 18 2/11/2003 08:50am
nodes.inc 2973 2/10/2003 09:45am

nodesel0.inc 55 2/10/2003 09:45am
nodesell.inc 10 2/10/2003 09:45am
nodesel2.inc 55 2/10/2003 09:45am
nodese13.inc 10 2/10/2003 09:45am
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nodeset.inc 8 2110/2003 09:45am
nodeset3.inc 20 2/10/2003 09:45am
nodeset4 inc5 21102003 09:45am
nodeset5.inc 2 2/10/2003 09:45am
relaxWPP.k 1 2/1012003 09:45am

segmen20.inc 4 2/10/2003 09:45am
segmen2l.inc 2 2/10/2003 09:45am
segmen25.inc 26 2/10/2003 09:45am
segmen26.inc 6 2/10/2003 09:45am
segmen27.inc 26 2/10/2003 09:45am
segmen28.inc 6 2/10/2003 09:45am
segmen35.inc 7 2/10/2003 09:45am
segmen36.inc 6 2/1012003 09:45am
segmen37.inc 7 2/10/2003 09:45am
segmen38.inc 6 2/10/2003 09:45am
seisWPPc.k 13 2/10/2003 09:45am

I E-71RN6
acc1 hi.dat 67 2/10/2003 09:46am
acc1 h2.dat 67 2/10/2003 09:46am
acclv.dat 63 2/10/2003 09:46am

constraint.dat 7 2/10/2003 09:46am
d3hsp 15326 2/10/2003 09:46am

d3hspl 88 2/10/2003 09:46am
d3plot 13779 3/13/2003 09:29am

d3plot229 9277 3/13/2003 09:29am
element.inc 2944 2/10/2003 09:46am

messag 17 2/11/2003 08:50am
nodes.inc 2973 2/10/2003 09:47am

nodesel0.inc 55 2/10/2003 09:47am
nodesel1.inc 10 2/10/2003 09:47am
nodesel2.inc 55 2/10/2003 09:47am
nodesel3.inc 10 2/10/2003 09:47am
nodeset.inc 8 2/10/2003 09:47am
nodeset3.inc 20 2/10/2003 09:47am
nodeset4.inc 5 2/10/2003 09:47am
nodeset5.inc 2 2/10/2003 09:47am
relaxWPP.k 1 2/10/2003 09:47am

segmen20.inc 4 2/10/2003 09:47am
segmen2l.inc 2 2/10/2003 09:47am
segmen25.inc 26 2/10/2003 09:47am
segmen26.inc 6 2/10/2003 09:47am
segmen27.inc 26 2/10/2003 09:47am
segmen28.inc 6 2/1012003 09:47am
segmen35.inc 7 2/10/2003 09:47am
segmen36.inc 6 2/10/2003 09:47am
segmen37.nc 7 2/10/2003 09:47am
segmen38.inc 6 2/10/2003 09:47am
seisWPPc.k 13 2/10/2003 09:47am

I E-7kRN7
acc2hl.dat 69 2/10/2003 09:35am
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acc2h2.dat 68 2/10/2003 09:35am
acc2v.dat 68 2/10/2003 09:35am

constraint.dat 7 2/10/2003 09:35am
d3hsp 15353 2/10/2003 09:35am

d3hspl 88 2/10/2003 09:35am
d3plot 13779 3/13/2003 08:39am

d3plot221 9277 3113/2003 08:39am
element.inc 2944 2/10/2003 09:56am

messag 17 2/11/2003 08:43am
nodes.inc 2973 2/10/2003 09:56am

nodesel0.inc 55 2/10/2003 09:55am
nodesell.inc 10 2/10/2003 09:55am
nodesel2.inc 55 2/10/2003 09:55am
nodesel3.inc 10 2/10/2003 09:55am
nodeset.inc 8 2/10/003 09:55am

nodeset2.inc 2 2/10/2003 09:55am
nodeset3.inc 20 2/10/2003 09:55am
nodeset4.inc 5 2/10/2003 09:55am
nodeset5.inc 2 2/10/2003 09:55am
relaxWPP.k 1 2/10/2003 09:36am

segmen20.inc 4 2/10/2003 09:55am
segmen2l.inc 2 2/10/2003 09:55am
segmen25.inc 26 2/10/2003 09:55am
segmen2.inc 6 2/10/2003 09:55am
segmen26.inc 26 2/10/2003 09:55am
segmen28.inc 6 2/10/2003 09:55am
segmen35.inc 7 2/10/2003 09:55am
segmen36.inc 6 2/10/2003 09:55am
segmen36.inc 7 2110/2003 09:55am
segmen37.inc 6 2/1012003 09:55am
seisWPPc.k 13 2/10/2003 09:36am

IE-7\RN8
acc1 3h 1.dat 127 2/10/2003 10:21am
accl3h2.dat 127 2/10/2003 10:21 am
accl3v.dat 127 2/10/2003 10:21am

constraint.dat 7 210/2003 10:21 am
d3hsp 10641 2/10/2003 10:21am

d3hspl 89 2/10/2003 10:21 am
d3plot 9232 3/13/2003 09:41 am

d3plot277 6664 3/13/2003 09:41 am
element.inc 1649 2/10/2003 10:22am

messag 18 2/11/2003 08:54am
nodes.inc 1757 2/10/2003 10:22am

nodeselO.inc 21 2/10/2003 10:22am
nodesell.inc 4 2/10/2003 10:22am
nodesel2.inc 21 2/10/2003 10:22am
nodesel3.inc 4 2/10/2003 10:22am
nodeset.inc 8 2/10/2003 10:22am
nodeset3.inc 15 2/10/2003 10:22am
nodeset4.inc 5 2/10/2003 10:22am



Waste Packaize and Comnonents Calculation
Waste PackaQe and Comnonents Calculation
Title: Structural Calculations of Waste Package Exposed to Vibratory Ground Motion
Document Identifier: 000-OOC-WISO-01400-000-OOA Page 114 of 120

nodeset5.inc 2 2/10/2003 10:22am
relaxWPP.k 1 2/10/2003 10:22am

segmen2O.inc 4 2/10/2003 10:22am
segmen2l.inc 2 2/10/2003 10:22am
segmen25.inc 7 2/10/2003 10:22am
segmen26.inc 6 2/10/2003 10:22am
segmen27.inc 30 2/10/2003 10:22am
segmen28.inc 6 2/10/2003 10:22am
seisWPPc.k 12 2/1 02003 10:22am

I E-71RN9
acc1Oh1.dat 14 2/10/2003 10:34am
acc1 Oh2.dat 14 2/10/2003 10:34am
accl Ov.dat 14 2/10/2003 10:34am

constraint.dat 7 2/1012003 10:34am
d3hsp 9899 2/10/2003 10:34am

d3hsp1 88 2/10/2003 10:34am
d3plot 9232 3/13/2003 09:45am

d3plotl23 6664 3113/2003 09:45am
element.inc 1649 2/10/2003 10:34am

messag 18 2/111/2003 08:57am
nodes.inc 1757 2/10/2003 10:34am

nodesel0.inc 21 2/10/2003 10:34am
nodesell.inc 4 2/10/2003 10:34am
nodesel2.inc 21 2/10/2003 10:34am
nodesel3.inc 4 2/10/2003 10:34am
nodeset.inc 8 2/10/2003 10:34am

nodeset2.inc 2 2/1012003 10:34am
nodeset3.inc 15 2/1012003 10:34am
nodeset4.inc 5 2/10/2003 10:34am
nodeset5.inc 2 2/1012003 10:34am
relaxWPP.k 1 2/1012003 10:34am

segmen2O.inc 4 2/10/2003 10:34am
segmen2l.inc 2 2/10/2003 10:34am
segmen25.inc 7 2/10/2003 10:34am
segmen26.inc 6 2/10/2003 10:34am
segmen27.inc 30 2/10/2003 10:34am
segmen28.inc 6 2/10/2003 10:34am
seisWPPc.k 13 2/012003 10:34am

CONTENT OF CD3

I E-ADeformable OSIRN1 S
acc3hl.dat 31 2/10/2003 10:19am
acc3h2.dat 31 2/10/2003 10:19am
acc3v.dat 31 2/10f2003 10:19am

d3hsp 15075 2/10/2003 10:19am
d3plot 13779 3/13/2003 09:40am

d3plot46 9277 3/13/2003 09:40am
d3plot47 9277 3/1312003 09:40am

element.inc 2944 2/10/2003 10:20am
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messag 32 2/11/2003 08:54am
nodes.inc 2973 2/10/2003 10:20am

nodesel0.inc 55 2/10/2003 10:20am
nodesell.inc 10 2/10/2003 10:20am
nodesel2.inc 55 2/10/2003 10:20am
nodesel3.inc 10 2/10/2003 10:20am
nodeset.inc 8 2/10/2003 10:20am
nodeset2.inc 2 2/102003 10:20am
nodeset3.inc 20 2/10/2003 10:20am
nodeset4.inc 5 2/10/2003 10:20am
nodeset5.inc 2 2/10/2003 10:20am

segmen20.inc 4 2/10/2003 10:20am
segmen2l.inc 2 2/10/2003 10:20am
segmen25.inc 26 2/10/2003 10:20am
segmen26.inc 6 2/10/2003 10:20am
segmen27.inc 26 2/10/2003 10:20am
segmen28.inc 6 2/10/2003 10:20am
segmen35.inc 7 2/10/2003 10:20am
segmen36.inc 6 2/10/2003 10:20am
segmen37.inc 7 2/10/2003 10:20am
segmen38.inc 6 2/10/2003 10:20am
seisWPcE.k 13 2/10/2003 10:20am

1E-7\Deformable OSIRN4
acc8hl.dat 69 2/10/2003 10:20am
acc8h2.dat 68 2/10/2003 10:20am
acc8v.dat 68 2/10/2003 10:20am

d3hsp 15242 210/2003 10 20am
d3hsp1 67 2/10/2003 10:20am
d3plot 13779 3113/2003 09:41 am

d3plotl31 9277 3/13/2003 09:41 am
d3plotl32 9277 3113/2003 09:41 am

element.inc 2944 2/10/2003 10:20am
messag 63 2/11/2003 08:54am

nodes.inc 2973 2/10/2003 10:21 am
nodese10.inc 55 2/10/2003 10:21 am
nodesell.inc 10 2/10/2003 10:21 am
nodese12.inc 55 2/10/2003 10:21 am
nodesel3.inc 10 2/10/2003 10:21am
nodeset.inc 8 2/10/2003 10:21am
nodeset2.inc 2 2/10/2003 10:21am
nodeset3.inc 20 2/10/003 10:21am
nodeset4.inc 5 210/2003 10:21 am
nodeset5.inc 2 2/10/2003 10:21am

segmen2O.inc 4 2/10/2003 10:21am
segmen2l.inc 2 2/10/2003 10:21am
segmen25.inc 26 2/10/2003 10:21am
segmen26.inc 6 2/10/2003 10:21am
segmen2l.inc 26 2/10/2003 10:21am
segmen28.inc 6 2/10/2003 10:21 am
segmen35.inc 7 2/10/2003 10:21 am
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segmen36.inc 6 2110/2003 10:21am
segmen37.inc 7 2110/2003 10:21 am
segmen38.inc 6 211012003 10:21 am
seisWPcE.k 1_ 3 2/10/2003 10:21 am

I E-71FER
wpp7C.inp 38 2/10/2003 11:50am
wpp7C.out 400 2110/2003 11:50am

1E-7\Mesh Study Uesh1
acc3hl.dat 31 3/17/2003 08:32am
acc3h2.dat 31 3/17/2003 08:32am
acc3v.dat 31 3/17/2003 08:32am

constraint.dat 7 3/17/2003 08:32am
d3hsp 15087 3/17/2003 08:32am
d3hspl 87 3/17/2003 08:32am
d3plot 13779 3/17/2003 08:34am

d3plot89 9227 3/17/2003 08:34am
element.inc 2944 3/17/2003 08:32am
messagO 43 3/17/2003 08:32am
messag 17 3/17/2003 08:32am

nodes.inc 2973 3/17/2003 08:32am
nodesel0.inc 55 3/17/2003 08:32am
nodesel1.inc 10 3/17/2003 08:32am
nodesel2.inc 55 3/17/2003 08:32am
nodesel3.inc 10 3/17/2003 08:32am
nodeset.inc 8 3/17/2003 08:32am

nodeset2.inc 2 3/17/2003 08:32am
nodeset3.inc 20 3/17/2003 08:32am
nodeset4.inc 5 3/17/2003 08:32am
nodeset5.inc 2 3/17/2003 08:32am
relaxWPP.k 1 3/17/2003 08:32am

segmen2O.inc 4 3/17/2003 08:32am
segmen2l.inc 2 3/17/2003 08:32am
segmen25.inc 26 3/17/2003 08:32am
segmen26.inc 6 3/17/2003 08:32am
segmen27.inc 26 3/17/2003 08:32am
segmen28.inc 6 3/17/2003 08:32am
segmen35.inc 7 3/17/2003 08:32am
segmen35.inc 6 3/17/2003 08:32am
segmen36.inc 7 3/17/2003 08:32am
segmen37.inc 6 3/17/2003 08:32am
seisWPPc.k 13 3/17/2003 08:32am

1E-7\ Mesh StudyMesh2
acc3hl.dat 31 2/13/2003 07:53am
acc3h2.dat 31 2/13/2003 07:53am
acc3v .dat 31 2/13/2003 07:53am

constraint.dat 7 2/13/2003 07:53am
d3hsp 19840 2/13/2003 07:53am

d3hspl 90 211312003 07:53am
d3plot 18080 3/13/2003 08:43am

d3piot89 11674 3/13/2003 08:42am
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element.inc 4279 2/13/2003 07:54am
messag 20 2/13/2003 07:54am

nodes.inc 4064 2/13/2003 07:54am
nodesel0.inc 78 2/13/2003 07:54am
nodesel1.inc 10 2/13/2003 07:54am
nodesel2.inc 78 2/13/2003 07:54am
nodesel3.inc 10 2/13/2003 07:54am
nodeset.inc 8 2/13/2003 07:54am
nodeset3.inc 20 2/13/2003 07:54am
nodeset4.inc 5 2/13/2003 07:54am
nodeset5.inc 3 2/13/2003 07:54am
relaxWPP.k 1 2/13/2003 07:54am

segmen2O.inc 4 2/13/2003 07:54am
segmen2l.inc 2 2/13/2003 07:54am
segmen25.inc 37 2/13/2003 07:54am
segmen26.inc 6 2/13/2003 07:53am
segmen27.inc 37 2/13/2003 07:53am
segmen28.inc 6 2/13/2003 07:53am
segmen35.inc 7 2/13/2003 07:53am
seamen36.inc 6 2/13/2003 07:53am
segmen37.inc 7 2/13/2003 07:53am
segmen38.inc 6 2/13/2003 07:53am
seisWPPc.k 13 2/13/2003 07:53am

1E-'7 Mesh StudyMesh21FER
wpp7Crm.inp 38 J 2/10/2003 J 11:51am
wpp7Crm.out 400 2/10/2003 11:51am

5E-4
acc_h1.dat 144 2/10/2003 09:57am
acc h2.dat 143 2/10/2003 09:57am
acc v.dat 144 2/10/2003 09:57am

constraint.dat 7 2/1012003 09:57am
d3hsp 10070 2/10/2003 09:57am

d3hspl 126 2/102003 09:56am
d3hsp2 83 2/10/2003 09:56am
d3plot 8674 3/312003 09:33am

d3plot247 6224 3/13/2003 09:33am
element.inc 1577 2/1012003 09:57am

messag 12 2/11/2003 08:53am
messag_1 137 2/11 f2003 08:53am
nodes.inc 1677 2/10/2003 09:58am

nodesel0.inc 21 2/10/2003 09:58am
nodesell.inc 4 2/10/2003 09:58am
nodesel2.inc 21 2/10/2003 09:58am
nodesel3.inc 4 2/10/2003 09:58am
nodeset.inc 8 2/10/2003 09:58am

nodeset3.inc 15 2110/2003 09:58am
nodeset4.inc 3 2/10/2003 09:58am
nodeset5.inc 1 2/10/2003 09:58am
relaxWPP.k 1 2/10/2003 09:58am

segmen20.inc 4 2/10/2003 09:58am
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segmen2l.inc 2 2/1012003 J 09:58am
segmen25.inc 7 211012003 09:58am
segmen26.inc 6 2/10/2003 09:58am
segmen27.inc 30 2/10/2003 09:58am
segmen28.inc 6 2/10/2003 09:58am
seisWPPc.k 12 211 0o2003 09:58am

Modal Analysis
wpp6Bmod.inp 29 2110/2003 11:48am
wpp6Bmod.out 239 2110/2003 11:48am

I E-SRN6
a1 hi .dat 23 4/28/2003 08:56am
a1h2.dat 23 4/28/2003 08:56am
alv.dat 23 4/28/2003 08:56am

constraint.dat 7 4/28/2003 08:56am
d3hsp 6672 4/28/2003 08:56am

d3hspl 89 4/28/2003 08:56am
d3plot 8667 4/28/2003 08:57am

d3plot287 6214 4/28/2003 08:57am
element.inc 1577 4/28/2003 08:56am

messag 1 8 4/28/2003 08:56am
messagO 125 4/28/2003 08:56am
nodes.inc 1677 4/28/2003 08:56am

nodeselO.inc 21 4/28/2003 08:56am
nodesel l.inc 4 4/28/2003 08:56am
nodese12.inc 21 4/28/2003 08:56am
nodesel Sinc 4 4128/2003 08:56am
nodeset.inc 8 4/28/2003 08:56am
nodeset3.inc 15 4/28/2003 08:56am
nodeset4.inc 3 4/28/2003 08:56am
nodeset5.inc i 4/28/2003 08:56am
relaxWPP.k 1 4/28/2003 08:56am

segmen20.inc 4 4/28/2003 08:56am
seqmen2l .inc 2 4/28/2003 08:56am
segmen25.inc 7 4/282003 08:56am
segmen26.inc 6 4/28/2003 08:56am
segmen27.inc 30 4/28/2003 08:56am
segmen28.inc 6 4/28/2003 08:56am
seisWPPc.k 12 4/28/2003 08:56am

1 E-RN7
a2hl.dat 26 4/28/2003 08:59am
a2h2.dat 28 4/28/2003 08:59am
a2v.dat 26 4/28/2003 08:59am

constraint.dat 7 4/28/2003 08:59am
d3hsp 6718 4/28/2003 08:59am

d3hspl 90 4/28/2003 08:59am
d3plot 8667 4/28/2003 08:58am

d3plot329 6214 4/28/2003 08:58am
element.inc 1577 4/28/2003 08:59am

messag 19 4/28/2003 08:59amr
messagO 150 4/28/2003 08:59am
nodes.inc 1677 4/28/2003 08:59am

nodeselO.inc 21 4/28/2003 08:59am
nodesell.inc 4 4/28/2003 08:59am
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nodesel2.inc 21 4/28/2003 08:59am
nodesel3.inc 4 4/28/2003 08:59am
nodeset.inc 8 4/28/2003 08:59am

nodeset3.inc 15 4/28/2003 08:59am
nodeset4.inc 3 4/282003 08:59am
nodeset5.inc 1 4/28/2003 08:59am
relaxWPP.k 1 4/28/2003 08:59am

segmen2O.inc 4 4/28/2003 08:59am
segmen2l.inc 2 4/28/2003 08:59am
segmen25.inc 7 4/28/2003 08:59am
segmen26.inc 6 4/28/2003 08:59am
segmen27.inc 30 4/28/2003 08:59am
segmen28.inc 6 4/28/2003 08:59am
seisWPPc.k 12 4/28/2oo3 08:59am

1 E-MRN9
al Oh1.dat 8 4/28/2003 09:26am
al Oh2.dat 8 4/28/2003 09:26am
al Ov.dat 9 4/28/2003 09:26am

constraint.dat 7 4/28/2003 09:26am
d3hsp 6642 4/28/2003 09:26am

d3hspl 88 4/28/2003 09:26am
d3plot 8667 4/28/2003 09:27am

d3plot4O9 6214 4/28/2003 09:27am
element.inc 1577 4/28/2003 09:26am

messag 18 4/28/2003 09:26am
nodes.inc 1677 4/28/2003 09:26am

nodesel0.inc 21 4/28/2003 09:26am
nodesel1.inc 4 4/28/2003 09:26am
nodesel2.inc 21 4/28/2003 09:26am
nodese13.inc 4 4/28/2003 09:26am
nodeset.inc 8 4/28/2003 09:26am

nodeset3.inc 15 4/28/2oo3 09:26am
nodeset4.inc 3 4/28/2003 09:26am
nodeset5.inc 1 4/28/2003 09:26am
relaxWPP.k 1 4/28/2003 09:26am

segmen2O.inc 4 4/28/2003 09:26am
segmen2l.inc 2 4/28/2003 09:26am
segmen25.inc 7 4/28/2003 09:26am
segmen26.inc 6 4/28/2003 09:26am
segmen27.inc 30 4/28/2003 09:26am
segmen28.inc 6 4/2812003 09:26am
seisWPPc.k 12 4/28/2003 09:26am

I E-4
acc hi.dat 240 1/30/2004 12:26pm
acc h2.dat 240 1/30/2004 12:26pm
acc v.dat 238 1/30/2004 12:26pm

constraint.dat 7 1/30/2004 12:26pm
d3hspO 10540 1/30/2004 12:26pm

d3hspOl 231 1130/2004 12:26pm
d3hspO2 86 1130/2004 12:26pm

d3plot 8464 1130/2004 12:27pm
d3plot523 12132 1/30/2004 12:27pm
d3plot524 6068 1/30/2004 12:26pm

element.inc 1540 1/30/2004 12:26pm
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messagO 259 1/30/2004 12:26pm
messag X 205 1/30/2004 12:26pm
messag2 16 1/30/2004 12:26pm
nodes.inc 1638 1/30/2004 12:26pm

nodesel0.inc 21 1/30/2004 12:26pm
nodese1 .inc 4 1/30/2004 12:26pm
nodesel2.inc 21 1/30/2004 12:26pm
nodesel3.inc 4 1/30/2004 12:26pm
nodeset.inc 8 1/30/2004 12:26pm

nodeset3.inc 15 1/30/2004 12:26pm
nodeset4.inc 3 1/30/2004 12:26pm
nodeset5.inc 1 1/30/2004 12:26pm
relaxWPP.k 1 1/30/2004 12:26pm

segmen2O.inc 4 1/30/2004 12:26pm
segmen2l.inc 2 1130/2004 12:26pm
segmen25.inc 7 1/30/2004 12:26pm
segmen26.inc 7 1/30/2004 12:26pm
segmen27.inc 30 1130/2004 12:26pm
segmen28.inc 7 1/30/2004 12:26pm
seisWPPc.k 13 1/30/2004 12:26pm

NOTE 1: The file sizes and times may vary with operafing system.
NOTE 2: The only change in Attachment X of this revision of the document, compared to the
previous revision, is addition of the 1 E-4 files to CD3. (The contents of CD1 and CD2 are
identical to those in the previous revision and the initial issue of the document.) Nonetheless,
depending on the dates the CDs were recorded, the times in Table 8-1 may be shifted for one
hour from one revision to the other.
















































































