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Executive Summary

Mé&D Professional Services, Inc. (M&D) is under subcontract to Pacific Northwest
National Laboratories (PNNL) to perform seismic analysis of the Hanford Site Double-
Shell Tanks (DSTs) in support of a project entitled Double-Shell Tank (DST) Integrity
Project - DST Thermal and Seismic Analyses. The original scope of the project was to
complete an up-to-date comprehensive analysis of record of the DST System at Hanford
in support of Tri-Party Agreement Milestone M-48-14. The work described herein was
performed in support of the seismic analysis of the DSTs. The thermal and operating
loads analysis of the DSTs is documented in Rinker et al. (2004). Although Milestone
M-48-14 has been met, Revision 1 is being issued to address external review comments
with emphasis on changes in the modeling of anchor bolts connecting the concrete dome
and the steel primary tank.

The work statement provided to M&D (PNNL 2003) required that a nonlinear soil-
structure interaction (SSI) analysis be performed on the DSTs. The analysis is required
to include the effects of sliding interfaces and fluid sloshing (fluid-structure interaction).
SSI analysis has traditionally been treated by frequency domain computer codes such as
SHAKE (Schnabel, ¢t al. 1972) and SASSI (Lysmer et al. 1999a). Such frequency
domain programs are limited to the analysis of linear systems. Because of the contact
surfaces, the response of the DSTs to a seismic event is inherently nonlinear and
consequently outside the range of applicability of the linear frequency domain programs.
That is, the nonlinear response of the DSTs to seismic excitation reqguires the use of a
time domain code.

The capabilities and limitations of the commercial time domain codes ANSYS® and
MSC Dytran® for performing seismic SSI analysis of the DSTs and the methodology
required to perform the detailed seismic analysis of the DSTs has been addressed in
Rinker et al (2006a). On the basis of the results reported in Rinker et al. (2006a), it is
concluded that time-domain SSI analysis using ANSYS® is justified for predicting the
global response of the DSTs.

The capabilities and limitations of Dytran® and ANSYS® for performing seismically-
induced Fluid-Structure Interaction (FSI) analysis between the contained waste and the
DST primary tank are documented separately in Rinker and Abatt (2008a) and Rinker et
al. (2006b), respectively. The results of those two studies show that both codes have the
capability to analyze the fluid-structure interaction behavior of the primary tank and
contained waste. As expected, Dytran® appears to have more robust capabilities for FSI
analysis. The ANSYS® model used in that study captures much of the FSI behavior, but
does have some limitations for predicting the convective response of the waste. While
Dytran® appears to have stronger capabilities for the analysis of the FSI behavior in the
primary tank; it is more practical for the overall analysis to use ANSYS®. Thus, Dytran®

! ANSYS® is a registered trademark of ANSYS, Inc.
2 Dytran® is a registered trademark of MSC. Software Corporation
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served the purpose of helping to identify limitations in the ANSYS® FSI analysis so that
those limitations can be addressed in the structural evaluation of the primary tank.

The limitations of ANSYS® for predicting the details of the convective (sloshing)
response of the waste are not expected to be critical due to the large structural margins
that exist in the upper portion of the primary tank. However, the analysis of the lower
knuckle of the primary tank is supplemented by a more refined ANSYS® sub-model to
aid in the structural evaluation (see Appendix A of Deibler et al. [2008b]).

This calculation provides the results of the SSI analysis of the DSTs using the
methodologies developed in Rinker et al. (2006a), Rinker et al. (2006b), and Rinker and
Abatt (2008a).

The most significant difference between the current revision (Revision 1) of this report
and the original issue (Revision 0) is the treatement of the anchor bolts that tie the steel
dome of the primary tank to the concrete tank dome. In the current revision, the shear
and anchor bolt stiffnesses are modified as follows:

e The anchor bolt stiffnesses are derived from test data and local models of the
anchors, and are significantly lower than the original values.

e The shear and axial stiffnesses are set to the same values.

e A range of anchor bolt stiffnesses is evaluated to reflect the dependence of anchor
bolt shear response on the range of concrete strengths encompassed by the
baseline analysis.

The updated shear and axial stiffness values represent the equivalent linear moduli
(secant moduli) for the shear and axial response of the anchor bolts. This is an
improvement over the Revision 0 formulation because the new values are tied more
directly to test data. The use of the more realistic shear stiffness also reflects the finite
shear deformation that occurs in the connection prior to failure. Consistent with the use
of an equivalent linear modulus is that the demand and capacity of the anchor bolts are
evaluated in the displacement domain rather than the force domain. This is discussed in
detail in Deibler et al. (2008b).

The range of anchor bolt stiffnesses has increased the run matrix from the original four
combinations to six combinations. The four seismic cases of Best-Estimate Soil, Best-
Estimate Concrete (BES-BEC), Lower-Bound Soil, Best-Estimate Concrete (LBS-BEC),
Upper-Bound Soil, Best-Estimate Concrete (UBS-BEC), and Best-Estimate Soil, Fully-
Cracked Concrete (BES-FCC) were re-run using the Lower Bound Secant Modulus
anchor bolt response. The two additional cases of Best-Estimate Soil, Best-Estimate
Concrete, Upper-Bound Secant Modulus (BES-BEC-UBMod), and Best-Estimate Soil,
Best-Estimate Concrete, Fully-Cracked-Secant Modulus (BES-BEC-FCMod) were also
run to determine the sensitivity of the anchor bolt results to possible variations in the
anchor bolt response curves.
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Results have been summarized for gravity load, gravity plus horizontal and vertical
seismic excitation, and seismic excitation only. Where forces and moments, stresses, or
strains are presented, these results will be combined with non-seismic demands from the
thermal and operating loads analysis (Rinker et al. 2004) to determine the structural
integrity of the DSTs.

Of the five contact interfaces used in the model, only two were important to the seismic
response. The first is the contact interface between the soil and the concrete tank, which
controls how the forces and displacements of the surrounding soil are transferred to the
concrete tank. The second is the interface between the primary tank and the inside face
of the concrete dome, where the presence and behavior of the contact interface is critical
to obtaining the correct load path.

The three other contact surfaces modeled were the interfaces between the concrete wall
and the footing, between the primary tank and the insulating concrete, and between the
insulating concrete and the secondary liner. The relative displacements at these
interfaces due to seismic loading were insignificant to the seismic analysis.

The seismic loads reported in this document are combined with the thermal and operating
loads to perform code evaluations of the DSTs. The results of the combined loading and
accompanying code evaluations are reported in Deibler ¢t al. (2008b).
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1.0 INTRODUCTION

Mé&D Professional Services, Inc. (M&D) is under subcontract to Pacific Northwest
National Laboratories (PNNL) to perform seismic analysis of the Hanford Site Double-
Shell Tanks (DSTs) in support of a project entitled Double-Shell Tank (DST) Integrity
Project - DST Thermal and Seismic Analyses. The original scope of the project was to
complete an up-to-date comprehensive analysis of record of the DST System at Hanford
in support of Tri-Party Agreement Milestone M-48-14. The work described herein was
performed in support of the seismic analysis of the DSTs. The thermal and operating
loads analysis of the DSTs is documented in Rinker et al. (2004). Although Milestone
M-48-14 has been met, Revision 1 is being issued to address external review comments
with emphasis on changes in the modeling of anchor bolts connecting the concrete dome
and the steel primary tank.

The work statement provided to M&D (PNNL 2003) required that the seismic analysis of
the DST assess the impacts of potentially non-conservative assumptions in previous
analyses and account for the additional soil mass due to the as-found soil density
increase, the effects of material degradation, additional thermal profiles applied to the full
structure including the soil-structure response with the footings, the non-rigid (low
frequency) response of the tank roof, the asymmetric seismic-induced soil loading, the
structural discontinuity between the concrete tank wall and the support footing and the
sloshing of the tank waste.

The seismic analysis considers the interaction of the tank with the surrounding soil, and
the effects of the primary tank contents. The DST and the surrounding soil are modeled
as a system of finite elements. The depth and width of the soil incorporated into the
analysis model are sufficient to obtain appropriately accurate analytical results. The
analyses required to support the work statement differ from previous analyses of the
DSTs in that the soil-structure interaction (SSI) model includes several (nonlinear)
contact surfaces in the tank structure, and the contained waste must be modeled explicitly
in order to capture the fluid-structure interaction behavior between the primary tank and
contained waste.

This calculation documents the final stage of the SSI analysis which adopts the
methodologies developed in earlier reports (Rinker et al. [2006a], Rinker et al., [2006b],
and Rinker and Abatt [2008a]). The following four combinations of soil and concrete
properties were considered:

Lower Bound Soil Properties, Best-Estimate Concrete
Best-Estimate Soil Properties, Best-Estimate Concrete
Upper Bound Soil Properties, Best-Estimate Concrete
Best-Estimate Soil Properties, Fully-Cracked Concrete

Also included is a discussion of studies performed to determine certain model parameters
to provide the best possible results. These studies address the modeling of the soil near
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the tank and the interface conditions between the soil and concrete. Gravity or dead load
only, was used for these studies, which are grouped as “Dead Load Study” and “Soil
Arching Study.”

The most significant difference between the current revision (Revision 1) of this report
and the original issue (Revision 0) is the treatement of the anchor bolts that tie the steel
dome of the primary tank to the concrete tank dome. In the original report (Revision 0),
the nominal values of the anchor bolt shear and axial stiffness were 139 kip/in and
189.8 kip/in, respectively. In the current revision, the shear and anchor bolt stiffnesses
are modified as follows:

e The anchor bolt stiffnesses are derived from test data and detailed finite element
models of the anchors, and are significantly lower than the original values.

¢ The axial stiffness is set equal to the shear stiffness.

e A range of anchor bolt stiffnesses i1s evaluated to reflect the dependence of anchor
bolt shear response on the range of concrete strengths encompassed by the
baseline analysis.

The current values of anchor bolt shear and axial stiffness are 47 kip/in for concrete with
a 4 kip/in® compressive strength, 90 kip/in for concrete with an 8 kip/in® compressive
strength, and 23.5 kip/in for fully-cracked concrete. The updated shear and axial
stiffnesses are an improvement over the Revision 0 formulation because the values are
tied more directly to test data. The updated stiffness values represent the equivalent
linear moduli (secant moduli) for the shear and axial response of the anchor bolts. The
use of the more realistic shear stiffness also reflects the finite shear deformation that
oceurs in the connection prior to failure. Consistent with the use of an equivalent linear
modulus is that the demand and capacity of the anchor bolts are evaluated in the
displacement domain rather than the force domain. This is discussed in detail in
Deibler et al. (2008b).

The range of anchor bolt stiffnesses has increased the run matrix from the original four
combinations to six combinations. The four seismic cases of Best-Estimate Soil, Best-
Estimate Concrete (BES-BEC), Lower-Bound Soil, Best-Estimate Concrete (LBS-BEC),
Upper-Bound Soil, Best-Estimate Concrete (UBS-BEC), and Best-Estimate Soil, Fully-
Cracked Concrete (BES-FCC) were re-run using the Lower Bound Secant Modulus
anchor bolt response. The two additional cases of Best-Estimate Soil, Best-Estimate
Concrete, Upper-Bound Secant Modulus (BES-BEC-UBMod), and Best-Estimate Soil,
Best-Estimate Concrete, Fully-Cracked-Secant Modulus (BES-BEC-FCMod) were also
run to determine the sensitivity of the anchor bolt results to possible variations in the
anchor bolt response curves.
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Table 1. Anchor Bolt Properties and Corresponding Appendix.

Combination Anchor Bolt Stiffness | Location of Detailed Results
1L.BS-BEC-I.BMod 47 kip/in Appendix E
BES-BEC- LBMod 47 kip/in Appendix F
UBS-BEC- 1.LBMod 47 kip/in Appendix G
BES-FCC-L.BMod 47 kip/in Appendix H
BES-BEC-UBMod 90 kip/in Appendix [
BES-BEC FCMod 23.5 kip/in Appendix J

Further details on the anchor bolt modeling and revised run matrix are provided in
Sections 3.4.1 and 3.4.2.

The other notable change in the current revision is that the friction coefficient at the
interface between the primary tank dome and the concrete tank dome has been reduced
from 0.4 to 0.01 (essentially frictionless) as noted in Section 3.7. The lower friction
value is consistent with the seismic analysis reported in Rinker and Abatt (2008b) and
Deibler et al. (2008a).

Because the changes to the models were limited to the anchor bolt response and the dome
friction value, the significant effects on the response of the overall tank model are
expected to be limited local changes. That is, the forces and displacements of the anchor
bolts are expected to change, but the differences in the response of the other tank
components such as the primary tanks stresses, secondary liner straing, and concrete tank
forces and moments are expected to be small.

Consequently, focus was placed on the changes in the anchor bolt responses, and a full
re-evaluation of all tank components was judged to be unnecessary. To confirm this
judgement, primary tank stresses from the revised analysis of the BES-BEC LBMod case
are compared to the original BES-BEC case and it was verified that the changes do not
significantly affect the results in the primary tank, and by inference, do not significantly
affect the results at other locations away from the anchor bolts.

The significant updates to Revision 1 of this report appear in Sections 1.0, 1.1, 1.2, 3.4,
3.4.1,3.4.2,6.3,6.4,6.5,7.3, and 8.5.

1.1 DISCUSSION

This analysis uses the baseline liquid level of 422 inches with a specific gravity of 1.7.
DST geometry and material properties are based on the configuration of the AY Tank
Farm.

Variations in soil and concrete properties are addressed with the four combinations
identified above. Soil conditions vary across the tank farms and need to be accounted for
in this SSI analysis. An acceptable method to account for uncertainties in SSI analysis is
to vary the low strain soil shear modulus (ASCE 1998). According to ASCE (1998), the
low strain shear modulus shall be varied between the Best-Estimate value times (1+C,)
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and the Best-Estimate value divided by (1+C,), where C, is a factor that accounts for
uncertainties in the SST analysis and soil properties. Because the site response analyses
and site specific spectra were developed separately for the AP site, the remaining

200 East sites, and the 200 West site, the site conditions are sufficiently characterized to
support a Cy value of 0.5 (Geomatrix [2005]).

Uncertainty in the tank concrete properties is addressed by analyzing both a Best-
Estimate Concrete and Fully-Cracked Concrete condition. Best-Estimate Concrete uses
shell properties to reflect the cracked or uncracked condition of the concrete, along with
degradation due to thermal transients. For the seismic analysis, the results from the
250°F case are used. Fully-Cracked Concrete uses shell properties based on an
assumption that all concrete section have cracked at some point. Fully-Cracked
conditions will result in the “softest” concrete tank.

Variations in the anchor bolt response due to the dome concrete properties were
addressed by introducing Lower-Bound, Upper-Bound, and Fully-Cracked stiffness
properties for the anchor bolts. This lead to the introduction of two new cases and
resulted in a total of six cases that were run for Revision 1 of this analysis.

The purpose of the dead load study was to verify the functionality and determine best
analysis methodology for the ANSYS® model. A simpler ANSYS® model was
developed and used in Rinker et al. (2006a) to study using ANSY S® for SSI analysis; this
simpler model is referred to at the ANSYS®™ Phase I model. In order to verify the
functionality of the detailed ANSYS® model, the dead weight results were compared to
the ANSYS® Phase I model (Rinker et al. [2006a]) and the model as described in TOLA
report (Rinker et al. 2004) from this point referred to as the TOLA model. The dead
weight results from a variety of analysis methodologies were also compared to the
ANSYS® Phase I and TOLA model to confirm the best analytical approach, including
reduction in soil arching. The analytical approach chosen will then be used to determine
the seismic only results from the ANSYS® detailed transient analyses. The seismic-only
results were obtained by subtracting the gravity-only case from the transient (seismic plus
gravity) results.

The dead load study concluded that a combination of friction coefficients resulted in the
best match in results between the detailed ANSYS® model and the TOLA model. A
friction coefficient of 0.05 over the dome and 0.30 along the walls provided the best
result. However, it was also noted that additional effort was required to address potential
soil arching over the tank dome and the tension remaining in the soil.

When linear elastic material properties are used to model soils, there is potential for
developing artificial tensile zones. As related to the tank and soil model, there is a
potential for soil arching behavior over the dome of the tank. Arching in the model can
occur in the soil because the model soil elements can carry tension and artificially reduce
the vertical load on the dome and the tank walls. The potential for soil arching over the
dome was studied to determine an acceptable method for modeling the soil to prevent
arching from occurring,.
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Creating two “softened” zones in the soil above the DST dome virtually eliminates any
soil arching. A cubic region directly over the center of the dome combined with a ring
above the haunch results in soil contact pressures and concrete forces that show a good
match to the TOLA model and to a theoretical solution based on Coulomb lateral soil
pressures. The arching study also provided a basis for using a friction coefficient of 0.6
between the soil and the concrete for the transient analysis.

Detailed results were obtained from the full model and include the following:

Concrete Forces and Moments
Anchor Bolt Displacements
Primary Tank Stresses

Strains for Concrete Backed Steel
Waste Behavior

Contact Data for Interface Surfaces

The transient analysis consists of 2,048 time steps plus an initial static step. For each
result item, the full time history and a listing of the minimum and maximum values are
extracted. To summarize the results, each item is enveloped around the circumference of
the model. Depending on the item, the sign of the result may or may not have been
maintained. All data presented in this calculation have been summarized and presented
against a ‘path’ representing the location on the DST. The electronic files from which the
results were summarized can be used to determine the specific location and time step at
which the result occurred.

Forces and moments are generally highest in the concrete tank for the Lower-Bound soil
load case. Due the higher relative stiffness of the tank as compared to the soil for the
Lower-Bound soil, loads are transmitted through the stiffer path. The lowest forces and
moments are generally found in the Fully-Cracked Concrete case. In this case, the
concrete tank is much less stiff and therefore, the load path is retained in the soil.

The highest seismically-induced stresses in the primary tank are general primary
membrane hoop stresses that occur just above the transition from 34 inch to ¥z inch plate
approximately one-third up from the tank bottom as shown in Figure 6-23. There is little
variation in the peak hoop stresses in the primary tank for the Upper-Bound, Best-
Estimate, and Fully-Cracked configurations, but the peak hoop stress for the Lower-
Bound soil configuration is approximately 15% less than the other three configurations.
This is consistent with the dip in the foundation level spectrum for the Lower-Bound Soil
Case that occurs near 5.5 Hz, which is the impulsive frequency for the tank-waste system
(see Figure 2-7). This suggests that the primary tank stresses are mainly controlled by the
tank foundation level soil response.

Of the five contact interfaces used in the model, only two were important to the seismic
response. The first is the contact interface between the soil and the conerete tank, which
controls how the forces and displacements of the surrounding soil are transferred to the
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concrete tank. The second is the interface between the primary tank and the inside face
of the concrete dome, where the presence and behavior of the contact interface is critical
to obtaining the correct load path. Where the concrete dome and primary tank are in
contact and the load path is in compression, the contact elements are in contact and
transmit the load between these surfaces. Where separation occurs, the forces are
transmitted through the anchor bolt connections only.

The three other contact surfaces modeled were the interfaces between the concrete wall
and the footing, between the primary tank and the insulating concrete, and between the
insulating concrete and the secondary liner. Of specific interest was the potential for the
concrete wall sliding relative to the footing,

Steel plates were incorporated into the DST design between the bottom of the wall and
the footing to minimize loads due to thermal expansion. The results of the analysis show
that this interface does not slip or show significant displacement due to seismic loading.
The reason is twofold; the axial load in the wall carries a significant soil load down to the
footing, and the lateral load from the soil is not transmitted to the wall perpendicular to
direction of excitation, but through friction as the walls become parallel to the direction
of excitation.

The maximum sliding distance between the primary tank and the insulating concrete is
0.035 inches, of which 0.033 is due to seismic loading. This displacement is
insignificant. The maximum displacements occur near the edge of the tank and are
centered over a region perpendicular to the direction of excitation. The majority of the
tank base moves significantly less. The interface between the insulating concrete and the
secondary liner showed even smaller displacements, with a maximum of 0.011 inches.

It is noted that the displacements of the contacts between the primary tank and insulating
concrete and the insulating concrete and the secondary liner are dependent on the level of
seismic excitation and the coefficient of friction used. The coefficient of friction used for
both these interfaces was 0.4 and was based on Rinker et al. (2004). No additional
studies were performed as part of this analysis.

1.2 CONCLUSIONS

1.2.1 Force and Stress Results

Results have been obtained from the detailed SSI analysis for six tank and soil
configurations and have been summarized in this calculation. Most of the results
contained in Revision 1 of this report are from the original four tank and soil
configurations reported in Revision 0. Selected results have been updated to reflect the
modified tank and soil configurations including the two new configurations

Results have been included for dead load only, seismic loading only, and combined dead
load and two-direction seismic motion. The results are presented graphically in the body
of the calculation and numerically in the attachments. These results will be combined
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with non-seismic demands from the thermal and operating loads analysis
(Deibler et al. 2008b) to determine the structural integrity of the DSTs.

Specific results included are as follows:

Concrete Forces and Moments

Anchor Bolt Displacements

Primary Tank Stresses (component stresses for shell top, middle, and bottom)
Concrete Backed Steel Strains (component and principal strains)

1.2.2 Sliding

No significant sliding occurs at the interfaces between the concrete wall and the footing,
primary tank and insulating concrete, or insulating concrete and secondary liner. The
maximum displacements are as follows:

e Concrete Wall/Footing 0.00093 inch
¢ Primary Tank/Insulating Concrete  0.033 inch
¢ Insulating Concrete/Secondary Liner 0.011 inch

Including contact surfaces between the soil and the concrete tank and the concrete tank
dome and top of the primary tank are critical features for the performance of the model.
Allowing for sliding between the soil and the concrete tank results in the best estimate of
the initial conditions. Contact surfaces between the primary tank and inside face of the
concrete dome simulate the behavior by realistically capturing the load path for
compressive or tensile loads (i.e., face to face contact in compression and tension on the
anchor bolts only if separation occurs).

1.2.3 General Seismic Behavior

Because response spectra extracted at the lateral boundary of the model provide a good
match to the free-field spectra at the the surface and tank foundation level, the model is
sufficiently large that the boundary conditions do not adversely affect the interaction
between the soil and the tank.

The dynamic response of the waste/tank system appears to be well-predicted by the
foundation level spectra. In the Lower-Bound soil configuration the modified vertical
foundation level spectrum is greater than the vertical surface spectrum at frequencies
above approximately 14 Hz (Figure 2-8). In this specific instance it could be
unconservative to use the surface spectra to predict the response of the primary tank and
contained waste.
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2.0 METHODOLOGY

2.1 MODEL DEVELOPMENT

Significant effort has gone into the development of the model used in this analysis. A
detailed description of the model is provided in Section 3.0. Where other studies have
been performed supporting the development of this model, these will be referenced as
appropriate.

Three related studies were conducted in support of the development of this model.

e Methodology Report (Rinker et al. 2006a) — The methodology report documents
the investigation performed to establish the methodology to perform the required
SSI analysis of the DSTs in the time domain. Specifically, the report documents
the capabilities and limitations of the commercial time domain codes ANSYS®
and Dytran® for performing seismic analysis of the DSTs and establishes much of
the methodology required to perform the detailed seismic analysis of the DSTs.
The justification for using a time domain code for SST analysis proceeded in a
step-by-step process in which the time domain solutions were benchmarked or
calibrated against frequency domain solutions beginning with simpler site
response problems and progressing to more complex SSI problems. The
methodology report documents the conclusion that time domain SSI analysis
using ANSYS®is justified for predicting the global response of the DSTs.

¢ ANSYS® Benchmarking (Rinker ¢t al. 2006b) — The ANSYS® benchmarking
study documents the capabilities and limitations of ANSYS® for performing a
fluid-structure interaction analysis of the primary tank and contained waste. To
this end, the ANSYS® solutions were benchmarked against theoretical solutions
appearing in BNL (1995), when such theoretical solutions exist. When theoretical
solutions were not available, comparisons were made to theoretical solutions of
similar problems and the results from Dytran® simulations (Rinker and
Abatt [2008a]. The results of the study demonstrated that the ANSYS® model has
the capability to adequately predict global responses such as frequencies and
overall reaction forces. It was also documented that while the ANSYS® model is
capable of adequately predicting waste pressures and primary tank stresses in a
large portion of the waste tank, the model does not completely capture the
convective behavior of the waste near the free surface, and it did not give accurate
predictions of slosh heights.

¢ Dytran® Benchmarking (Rinker and Abatt [2008a]) - The benchmarking study
documented in Rinker et al. (2006b) showed that the ANSYS® model used in that
study captured much of the fluid-structure interaction (FSI) behavior, but did have
limitations for predicting the convective response of the waste. Dytran® was
developed specifically as a fluid-structure interaction code and was used to
identify and quantify possible shortcomings of the ANSYS® model for the
evaluation of the FSI behavior. Once the limitations of the ANSYS® model were
identified, they were addressed in the structural evaluation of the primary tank.
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2.2 SEISMIC INPUT

The seismic analysis of the DSTs requires appropriate acceleration time-history records
representing the required seismic excitation. Time history records must be available for
both the horizontal and vertical directions. Typically, the required seismic input is
specified in terms of design spectra. If time-histories are required, such time histories are
often synthesized numerically subject to certain requirements related to the proper
representation of the design spectra (ASCE 1998, NUREG-0800). Generation of
acceptable time-histories is not a trivial task. If time-histories exist that are appropriate
for or can be modified appropriately to apply to the analysis of the DSTs, significant
budget and schedule savings can be realized for the project. Accordingly, the time-
history records used in this analysis of the DSTs were existing time-histories that were
used on the Hanford Waste Treatment Project (WTP). The justification for the use of
existing time-histories is presented below.

The Hanford Tank Farms Documented Safety Analysis or DSA (RPP-13033) designates
the DSTs as Performance Category 2 (PC-2) structures. DOE-STD-1020-2002,

Section 2, states that the ground motions for PC-2 shall be developed following IBC
2000, in which the surface response spectra are specified to be 2/3 of the Maximum
Considered Earthquake (MCE) ground motions. The MCE ground motions are defined
as the ground motions with a mean annual frequency of exceedance of 4x10™

(2% probability of exceedance in 50 years). The MCE motions may be defined based on
either the USGS National Hazard Mapping results, adjusted for the appropriate site
classification, or from a site-specific Probabilistic Seismic Hazard Analysis (PSHA). If
the MCE response spectrum is to be defined from a site-specific PSHA, it cannot be less
that 80% of the spectrum defined from the USGS National Hazard Mapping results. The
PC-2 ground motions used in the DST analysis are based on a site-specific PSHA. The
detailed development of the PC-2 spectra for the DST Farms is documented in
Geomatrix (2005).

Acceleration time-histories for two horizontal components and one vertical component of
seismic motion were synthesized for the seismic design and evaluation of the Hanford
Site WTP (BNFL. 2000). The horizontal design spectrum for the WTP is anchored at
0.257g (peak ground acceleration (PGA), and the vertical design spectrum is anchored at
0.175g PGA. The time-histories generated to match the WTP design spectra were
previously used by M&D in the preliminary soil-structure interaction analysis of the
WTP high-level waste and pretreatment facilities, and were readily available

(M&D 2001a and 2001Db).

The Hanford Double-Shell Tank Farms horizontal design spectrum for 5% spectral
damping is shown in Figure 2-1. Also shown in Figure 2-1 are the horizontal control
motion spectra for the WTP project. All reference or control motions are defined at the
soil surface. Similar plots for the vertical direction are shown in Figure 2-2.



RPP-RPT-28966 Rev. 1
Page 31 of 888
Mé&D-2008-004-CALC-001, Rev. 1

The relationships between the design spectra and the control motion response spectra
show that it is acceptable to use the acceleration time-histories from the WTP for the
analysis of the DSTs.

Figure 2-1. Comparison of Iorizontal Surface Spectra at 3% Spectral Damping.
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Figure 2-2. Comparison of Vertical Surface Spectra at $% Spectral Damping.
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Acceleration and displacement time histories for horizontal and vertical input are shown
in Figure 2-3 and Figure 2-4 respectively.

11
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Figure 2-3. Horizontal and Vertical Surface Acceleration Time History
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Figure 2-4. Horizontal and Vertical Surface Displacement Time History
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2.3 SOIL AND CONCRETE PROPERTIES

Four combinations of soil and concrete properties have been considered in this analysis.
These combinations are:

Lower Bound Soil, Best-Estimate Concrete Properties
Best-Estimate Soil, Best-Estimate Concrete Properties
Upper Bound Soil, Best-Estimate Concrete Properties
Best-Estimate Soil, Fully-Cracked Concrete Properties

The three variations in soil properties address the uncertainty as required by
ASCE (1998). The Fully-Cracked Concrete case covers the additional uncertainty of
expected concrete condition.

Each configuration is run as a full nonlinear seismic time history including gravity, and
again separately as a gravity-only analysis. The difference between the two cases
represents the seismic effects in the absence of gravity. Two input motions (horizontal
and vertical) have been defined as acceleration time histories consisting of 2,048 time
steps. Acceleration time histories were developed for each of the three soil conditions at
the -266 ft level (Rinker, et al. [2006a]).

2.3.1 Acceptance Criteria for Response Spectra

The following acceptance or screening criteria were applied to the tank foundation-level
response spectra generated by the ANSYS® column model:

1. The envelope of the Best-Estimate, Lower-Bound, and Upper-Bound response
spectra at the tank foundation level (-57.6 ft) should be at least 60% of the surface
control motion. This applies to both horizontal and vertical motion.

2. The envelope of the Best-Estimate, Lower Bound, and Upper-Bound ANSYS®
and Dytran® response spectra at the tank foundation level (-57.6 ft) should be at
least 90% of the SHAKE response spectrum.

3. The envelope of the best-Estimate, Lower-Bound, and Upper-Bound ANSYS®
and Dytran® response spectra at the tank foundation level (-57 ft) should be
greater than or equal to the SHAKE response spectrum over any £15%
bandwidth.

The above criteria should be met for both horizontal and vertical spectra. Additional
criteria were evaluated for these input motions and response spectra. The additional
criteria are discussed in Rinker ¢t al. (2006a). The first condition is intended to minimize
the dip that can occur in deconvolved response spectra at moderate depth at the frequency
of the overlying soil column. Such a dip appears in the foundation level SHAKE
spectrum shown in Figure 2-5 as well as in other plots.

13
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The tests of the first criterion is shown graphically for both horizontal and vertical input
as shown in Figure 2-5 and Figure 2-6, respectively. The results indicate that the first
condition is not met at all frequencies. Modifications to ensure that the condition is met
will be discussed in Section 2.3.2.

Figure 2-5. Ratio of the ANSYS® Tank Foundation Level Spectra to the SHAKFE
Surface Spectrum for Horizontal Excitation.
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Figure 2-6. Envelope of the Ratio of the ANSYS® Tank Foundation-Level Spectra
to the SIHAKE Surface Spectrum for Vertical Ixcitation.

Ratio of ANSYS Vertical Tank Foundation Level Spectra to SHAKE Vertical Surface Spectrum

120

1.00

N N
L
N DL X~

020

Spectral Ratio

Frequency (Hz)

—— 57 6 fySurface Ratio (Mean) —=—-57.6 ft/Surface Ratio (LB) —a—-57 6 ft/Surface Ratio [LUB) =z, Env.

2.3.2 Modification to ANSYS® Base Time Histories

Comparison of the ANSYS® soil column spectra at the tank foundation level to the
SHAKE surface spectra for horizontal and vertical excitation (Figure 2-5 and Figure 2-6)
showed that the tank foundation spectra do not meet the first criterion. The envelope of
the Best-Estimate, Lower-Bound, and Upper-Bound response spectra at the tank
foundation level (-57.6 ft) should be at least 60% of the surface control motion. This
applies to both horizontal and vertical motion. To ensure that the envelope of the tank
foundation level spectra is at least 60% of the SHAKE surface spectrum, the horizontal
lower and Upper-Bound base time histories used as input to the ANSY S® soil column
model were scaled up by factors of 1.175 and 1.12, respectively. The vertical lower and
Upper-Bound base time histories were scaled up by factors of 1.12 and 1.19, respectively.
Comparisons of the tank foundation-level spectra to the SHAKE surface spectra for the
modified base time histories are shown in Figure 2-7 and Figure 2-8. Increasing the base
time histories by the above factors results in the ratio of the tank foundation-level spectra
to SHAKE surface spectra meeting the 60% criterion.

15
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Figure 2-7. Ratio of the ANSYS® Tank Foundation Level Spectra to the SHAKFE

Surface Spectrum for Modified Horizontal Excitation.
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Figure 2-8. Envelope of the Ratio of the Tank Foundation Level Spectra to the

Surface Spectra for Modified Vertical Excitation.
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2.3.3 ANSYS® Base Acceleration Time Histories

Individual time histories are applied for each different soil condition. Lower Bound,
Best-Estimate, and Upper Bound soil horizontal and vertical acceleration time histories
are shown in Figure 2-9, Figure 2-11, and Figure 2-13 respectively. Lower Bound, Best-
Estimate, and Upper Bound soil horizontal and vertical displacement time histories are
shown in Figure 2-10, Figure 2-12, and Figure 2-14 respectively.

Figure 2-9. Horizontal and Vertical Base Acceleration Time History, -266 ft, Lower
Bound Soil

Horizontal and Vertical Acceleration Time History, Lower Bound Soil
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Figure 2-10. Horizontal and Vertical Base Displacement Time History, -266 ft,
Lower Bound Soil
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Figure 2-11. Horizontal and Vertical Base Acceleration Time History, -266 ft, Best-
Estimate Soil
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Figure 2-12. Horizontal and Vertical Base Displacement Time History, -266 ft, Best-
Estimate Soil
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Figure 2-13. Horizontal and Vertical Base Acceleration Time History, -266 ft,
Upper Bound Soil
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Figure 2-14. Horizontal and Vertical Base Displacement Time History, -266 ft,
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2.4 RESULTS EXTRACTION

The following data is recorded for the gravity and transient analyses.

Nodes

Reactions

Concrete Tank
Primary Tank
Secondary Liner
Insulating Concrete
Anchor Bolts

Soil Contacts

Waste Contacts
Primary tank contacts
Liner contacts
Footing contact
Excavated Soil
Excavated Soil Contacts
Native Soil

Waste

All active degrees of freedom
All reactions

All element results
Element stresses

Element strains

Element stresses

All element results

All element results

All element results

All element results

All element results

All element results
Element stresses

All element results
Element stresses near tank
Displacements Only

The following results have been extracted from the analyses
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¢ Nodes Displacements at selected locations
o Used to generate response spectra for soil, concrete tank, and primary tank
e Reactions None
e Concrete Tank Element Forces and Moment and Selected Strains
¢ Primary Tank Element stresses (top, middle, bottom)
e Secondary Liner Element strains (top, middle bottom)
¢ Insulating Concrete None
¢ Anchor Bolts Selected element forces
¢ Soil Contacts Pressures, displacements, status
¢  Waste Contacts Pressures, displacements, status
e Primary tank contacts Pressures, displacements, status
¢ Liner contacts Pressures, displacements, status
¢ Footing contact Pressures, displacements, status
o Excavated Soil None
¢ Excavated Soil Contacts None
e Native Soil None
e Waste Displacements at free surface

For each of the results listed above, all time history results have been extracted into text
files. Minima and maxima data was also obtained for all the above listed results. In
general, only the result minima and maxima data is used in this report. Results are
obtained throughout the model and then summarized around the circumference for
presentation.

3.0 MODEL DESCRIPTION

A model of a Hanford Double Shell Tank (DST) was created and analyzed using
version 8.1 of the general-purpose finite element program ANSYS®. A half-symmetry
model of the DST, including the concrete tank, primary tank, secondary liner, anchor
bolts, waste, and surrounding soil was developed to evaluate the seismic loading on the
DST. Figure 3-2 shows the complete model. Details for each part of the model are
discussed in detail in the following sections.

The tank model geometry was based on the AY tank configuration shown in Hanford
Drawing No. H-2-64449. The primary tank has a 450 inch radius and the height of the
vertical wall is 424 inches. The dome apex is 561.5 inches above the bottom of the tank.
The models were run using waste depth of 422 inches. An excerpt from Drawing No.
H-2-64449 is shown as Figure 3-1. The complete model, including the DST and
surrounding soil is shown in Figure 3-2.
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Figure 3-1. AY Primary Tank Dimensions
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Figure 3-2. Composite Tank Model Detail.

AN

M&D Professional Services, Inc
Load Case:

LES-BEC, Full Non-linear, Final ET Mech

A significant effort was undertaken to determine the best approach for modeling various
aspects of the tank and surrounding soil. Rinker et al. (2006a), provides a discussion of
the development of the soil models, including material properties and boundary
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conditions. Rinker et al. (2006b) and Rinker and Abatt (2008a) document benchmarking
studies for the methodology used to model the waste. The reports provide comparisons
to theoretical fluid-structure interaction predictions of waste pressures and total
hydrodynamic reactions to those obtained from ANSYS® and Dytran® models.

The detailed ANSYS® model was developed based on coordinates developed for models
used in the static tank analyses. A series of input files were used to break the model
creation into manageable parts. The files used, and a short description is provided in
Table 3-1. Files that are common to all load cases are provided in Appendix D. Files
that are unique to a specific load case are provided in the appendix for each load case.

Table 3-1. ANSYS®™ Model Input File Description

File Name

Description

Run-Tank txt

Calls each input for development of model

Tank-Coordinates-AY .txt

Defines key geometry and model parameters. Concrete
geometry set to match PNNL section cut locations.

Tank-Props-##H.txt

Defines concrete material and real properties for model.
Uses properties based on best-Estimate or fully-cracked
conditions. Hach tank layer can be assigned unique
properties.

Tank-Mesh] txt

Creates concrete tank mesh. Foundation and wall are
separate entities

Primary-Props-AY .txt

Defines primary tank material and real properties.

Primary txt

Creates primary tank mesh. Primary tank is not connected
to concrete tank.

Insulate.txt

Creates insulating concrete mesh. Uses existing geometry
from concrete and primary tanks, but is not connected.

Waste-Solid-AY .txt

Creates model of waste. Uses Solid45 elements with low
shear modulus. Uses primary tank geometry.

Interfacel txt

Creates interface connections or contacts between pieces of
model

Interface-gapl .txt

Creates interface connections or contacts between pieces of
model

Bolts-friction.txt

Creates elements for anchor bolts and contact surface
between the primary tank and concrete tank in the dome

Liner.txt

Creates elements for Secondary Liner

Near-Soil-1.txt

Creates soil model for excavated region around tank.
Merges coincident nodes with concrete tank.

Soil-Props-#H#-Geo.txt

Defines all soil geometry and material properties.
Excavated region and native soil have different material

properties. Unique files are used for each soil condition
(UB, BE, LB).

Far-Soil .txt

Creates far-field/native soil to a radius of 320 ft and depth
of 266 ft. Merges coincident nodes with near soil and
concrete tank. Places large mass at bottom of model for
excitation force.

Fix-Soil txt Creates the contact interface between the excavated soil
and native soil portions of the model

Slave. txt Creates slaved boundary conditions around exterior of
model.

Boundary txt Creates boundary conditions for symmetry. Does not set

boundary conditions for solution phase.

23




RPP-RPT-28966 Rev. 1
Page 45 of 888
Mé&D-2008-004-CALC-001, Rev. 1

File Name Description
Live Load.txt Applies surface concentrated load over center of dome
Outer-Spar. txt Creates spar elements at edge of soil model to control shear
behavior.

All components of the model are based on 9 degree slices over the half model, for a total
of twenty slices.

The model description will address the tank components first, then the surrounding soil.

3.1 CONCRETE VAULT

The first component developed in the model is the concrete tank shell and footing,
Thirty-three sections are used between the dome and center of the floor for each 9 degree
slice. In the detailed TOLA model, seventy sections were identified and used for
extracting forces and moments. Using the profile coordinates for these seventy sections,
a subset of 33 sections was developed for the profile of the ANSYS® seismic model (See
Table 3-2). Based on the need to allow for connecting other portions of the full model,
some coordinates were adjusted relative to the TOLA model.

The geometry of the concrete tank is based on a combination in data from drawings and
the TOLA model. The basic geometry is based on drawings H-2-64310 and H-2-64307.
Nodal locations were selected to correspond reasonably well to the TOLA model. This
was done to simplify load combinations. Table 3-2 provides a listing comparison of
nodal coordinates for the ANSYS® seismic model and TOLA model.

Input file “Tank-Coordinates-AY .txt” is used to read coordinate data for the concrete
tank.

Table 3-2. Concrete Tank Centerline Coordinates

Coordinates ANSYS
Section R H t X Z Set #
{inch) {inch) {Inch)
0 568.6 15 0 568.8 1
Dome 1 30.2 568.6 15
15 45 568 2
Dome 2 61.4 567.5 15
Dome 3 90.4 565.8 15 90.4 565.8
Dome 4 120.72 563.21 15 120.72 563.21
Dome 5 152.9 559.7 15 152.9 559.7
Dome 6 184 .14 555.34 15
Dome 7 211.4 550.7 15 211.4 550.7
Dome 8 2391 545.2 15 2391 5452
Dome 9] 271.85 537.45 15
Dome 10] 306.63 527.68 15 306.63 527.68 8
Dome 11 316.22 524.68 15
Dome 12 3356 518.2 15 3356 518.2 9
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Coordinates ANSYS
Section R H t X Z Set #
{inch) {inch) {Inch)
Dome 13 356.7 510.37 15
Dome 14 371.86 504.24 15
Dome 15 393.7 494 5 15 393.7 4945 10
Dome 16 4045 4893 18.92
Haunch 17 415.2 483.7 20.31
Haunch 18 428.7 476.2 22.58 428.7 476.2 11
Haunch 19 441.8 468.2 25.56
Haunch 20 454 5 459.5 29.46
Haunch 21 469.9 447 .4 36.36 469.9 447.4 12
Haunch 22 483.8 423.18 29.71
Haunch 23 486.9 407 1 22.52 486.9 4071 13
Haunch 24 488.47 3983.5 19.07
Wall 25 489 3821 18 489 3821 14
Wall 26 489 360.8 18
Wall 27 489 3456 18
Wall 28 489 335 18 489 335 15
Wall 29 489 321 18
Wall 30 489 306 18
Wall 3 489 300 18
Wall 32 489 281 18 489 281 16
Wall 33 489 260.5 18
Wall 34 489 236 18 489 236.5 17
Wall 35 489 2105 18
Wall 36 489 201 18
Wall 37 489 186.8 18 489 186.8 18
Wall 38 489 171 18
Wall 39 489 150.5 18
Wall 40 489 1455 18 489 1455 19
Wall 41 489 120.5 18
Wall 42 489 100.5 18
Wall 43 489 80 18
Wall 44 489 60 18 489 70.0 20
Wall 45 489 39.9 18
Wall 46 489 21 18 489 20 21
Wall 47 489 -45 18
489 -4.0 22
531 -4.0 23
Slab 48 517 -18.4 235
Slab 49 508.5 -18.4 235
Slab 50 503 -18.4 235
Slab 51 496.8 -19.1 235
Slab 52 493 -19.1 235
Slab 53 489 -19.1 22 489 -4.0 24
Slab 54 4851 -19.1 22
Slab 55 481 -19.1 22
Slab 56 477 -19.1 22
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Coordinates ANSYS
Section R H t X Z Set #
{inch) {inch) {Inch)
Slab 57 471 -19.1 22
Slab 58 465 -19.1 22
Slab 59 440 -19.1 19.38 438 -4.0 25
Slab 60 421.4 -17.9 17.05
Slab 61 390 -15.9 13.12
410 -4.0 26
Slab 62 358 -13.9 9.13 358 -4.0 27
Slab 63 338 -13.4 8
Slab 64 2777 -13.4 8 2777 -4.0 28
Slab 65 2185 -13.4 8 2185 -4.0 29
Slab 66 180 -13.4 8 180 -4.0 30
Slab 67 129.9 -13.4 8 129.9 -4.0 31
Slab 68 95.7 -13.4 8 95.7 -4.0 32
Slab 69 54 -17.1 15.43
36 -4.0 33
Slab 70 20 -20.1 215
0 -4.0 34
Note: The concrete tank wall is 8 inches short due to modeling error

Element stiffnesses are also based on the TOLA model for Best-Estimate concrete
conditions for a maximum temperature of 250°F. Common propertics for all concrete
sections are provided below.

Poisson’s Ratio (v)=0.18
Damping = 7%

Input file “Tank-Props-BEC-250.txt” defines the concrete tank material properties and
real constants (thickness) for the best-Estimate concrete. Input file “Tank-Props-BEC-
Crack.txt” defines the concrete tank material properties and real constants (thickness) for
the fully-cracked concrete. Table 3-3 provides a complete listing of section properties
based on the TOLA model. Table 3-4 provides concrete section properties assuming all
sections are cracked.

Table 3-3. Best-Estimate Concrete Properites, 250°F

Shell Shell
Eshl Thickness Density, M&D PNNL
Cracked t-shi Rho-shl Section | Section
YIN {psi) (ksf) (in) {ft) {Ibfin® (Ibfift%) No. No.
N 4 502E+06 648,297 15.35 1.28 0.08484 147 1
N 4 352E+06 626,754 15.18 1.26 0.08578 148 1 2
N 4.306E+06 620,114 15.12 1.26 0.08609 149 3
N 4 282E+06 616,594 15.09 1.26 0.08627 149 3 4
N 4 262E+06 613,774 15.15 1.26 0.08595 149 5
N 4 243E+06 610,922 15.13 1.26 0.08609 149 4 6
N 4 315E+06 621,305 15.21 1.27 0.08558 148 5 7
N 4 295E+06 618,475 15.19 1.27 0.08572 148 8
N 4.216E+06 607,093 15.17 1.26 0.08583 148 6 9
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Shell Shell
Eshl Thickness Density, M&D PNNL
Cracked t-shi Rho-shl Section | Section
YiIN {psi) {ksf) (in) {ft) {Ib/in%) (IbfHt%) No. No.
N 4 201E+06 604,939 15.15 1.26 0.08594 148 10
N 4 439E+06 639,237 15.39 1.28 0.08463 146 7 11
N 4 425E+06 637,265 15.34 1.28 0.08487 147 12
N 4 405E+06 634,338 15.32 1.28 0.08497 147 a 13
N 4 392E+06 632,441 1531 1.28 0.08504 147 14
N 4 31BE+06 621,503 15.30 1.28 0.08510 147 15
N 4 40BE+06 634,531 19.32 1.61 0.08499 147 16
N 4 366E+06 628,756 20.73 1.73 0.08505 147 9 17
N 4 323E+06 622,528 22.99 1.92 0.08527 147 18
Y 1.655E+086 238,350 26.72 2.23 0.08302 143 19
Y 1.345E+06 193,677 26.78 2.23 0.09548 165 10 20
N 4.000E+06 575,959 37.86 3.15 0.08337 144 11 21
N 3.960E+06 570,283 30.93 2.58 0.08335 144 22
Y 1.264E+086 182,025 21.60 1.80 0.09052 156 23
Y 1.409E+086 202,953 18.00 1.50 0.09197 159 12 24
Y 1.120E+06 161,221 15 28 127 0.10227 177 25
Y 1.093E+06 157,426 15.36 1.28 0.10170 176 13 26
Y 1.076E+06 155,010 15.42 1.28 0.10133 175 27
Y 1.068E+06 153,784 14 .00 117 0.11163 193 28
Y 1.068E+086 153,784 14 .00 117 0.11163 193 29
Y 1.068E+086 153,784 14 .00 117 0.11163 193 14 30
Y 9.490E+05 136,651 13 53 113 0.11552 200 31
Y 9.490E+05 136,651 13 .53 113 0.11552 200 32
Y 9.490E+05 136,651 13.53 113 0.11552 200 15 33
Y 9.490E+05 136,651 13 .53 1.13 0.11552 200 34
Y 9.490E+05 136,651 13 .53 1.13 0.11552 200 16 35
Y 9.490E+05 136,651 13 53 113 0.11552 200 36
Y 9.490E+05 136,651 13 .53 113 0.11552 200 37
N 9.589E+05 138,084 14 89 1.24 0.10496 181 17 38
N 3.467E+06 499,310 18.08 1.51 0.08644 149 39
Y 3.435E+06 494 646 18.06 1.50 0.08652 150 40
Y 8.568E+05 123,378 12.89 1.07 0.12123 209 18 41
Y 8.568E+05 123,378 12.89 1.07 0.12123 209 42
Y 8.555E+05 124,633 14 21 1.18 0.10997 190 19 43
Y 8.555E+05 124,633 14 .21 1.18 0.10997 190 44
Y 8.568E+05 123,378 12.89 1.07 0.12123 209 45
Y 8.638E+05 124,388 12 .86 1.07 0.12149 210 20 46
Y 8.871E+05 127,746 14.12 1.18 0.11067 191 47
N 3.810E+06 548,683 23.64 1.97 0.09606 166 21 48
N 3.764E+06 542,010 23.65 1.97 0.09604 166 49
Y 1.038E+06 149,405 20.05 1.67 0.10680 185 50
Y 1.054E+086 151,733 20.06 1.67 0.10674 184 51
Y 1.075E+08 154,870 20.12 1.68 0.10643 184 22 52
Y 7.157E+05 103,055 14.04 117 0.13627 235 53
N 3.571E+06 514,287 17.19 1.43 0.09959 172 23 54
N 3.570E+06 514,043 13.20 1.10 0.10383 179 55
Y 1.140E+06 164,113 6.14 0.51 0.16690 288 24 56
N 3.532E+06 522 946 7.94 0.66 0.11656 201 25 57
Y 1.349E+06 194,254 4.95 0.41 0.18649 322 26 58
Y 1.387E+06 199,783 7.02 0.58 0.16289 281 27 59
Y 1.129E+06 162,553 6.61 0.55 0.17280 299 28 60
Y 1.393E+06 200,531 5.01 0.42 0.22800 394 29 61
Y 1.163E+086 167,538 4.81 0.40 0.23765 411 30 62
Y 8.719E+05 125,560 12.28 1.02 0.14557 252 63
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Shell Shell
Is Section Eshl Thickness Density, M&D PNNL
Cracked? t-shl Rho-shl Section Section

(psi) {ksf) {in) (ft) {Ibfin®) (IbfFft’) No. No.
Y 1.435E+06 206,708 14.64 1.22 0.08893 154 1
Y 1.084E+06 156,131 13.21 1.10 0.09854 170 1 2
Y 9.438E+05 135,907 12.40 1.03 0.10504 182 2 3
Y 8.552E+05 123,148 11.78 0.98 0.11053 191 3 4
Y 9.951E+05 143289 12.81 1.07 0.10168 176 5
Y 9.318E+05 134,181 12.41 1.03 0.10491 181 4 3
Y 1.141E+06 164,239 13.58 113 0.09590 3 5 7
Y 1.089E+06 156,781 13.32 1.11 0.09774 169 8
Y 1.029E+06 148,115 13.08 1.09 0.09951 172 6 9
Y 9.768E+05 140,657 12.53 1.04 0.10391 180 10
Y 1.512E+06 217,769 14.64 1.22 0.08897 154 7 11
Y 1.482E+06 213,340 14.39 1.20 0.08048 156 12
Y 1.443E+06 207,751 14.28 119 0.08119 158 8 13
Y 1.417E+06 204,062 14.20 118 0.09168 158 14
Y 1.371E+06 197 485 1412 118 0.09219 159 15
Y 1.544E+06 222,339 18.42 153 0.08916 154 16
Y 1.474E+06 212,206 19.67 1.64 0.08962 155 9 17
Y 1.394E+06 200,772 21,66 1.81 0.09047 156 18
Y 1.531E+06 220,469 2713 2.26 0.08177 141 19
Y 1.240E+06 178,532 27.37 2.28 0.09343 161 10 20
Y 1.046E+06 150,644 34.88 2.91 0.09050 156 11 21
Y 1.270E+06 182,924 32.31 2.69 0.07982 138 22
Y 1.163E+06 167,483 22.03 1.84 0.08873 153 23
Y 1.302E+06 187 438 18.31 1.53 0.05041 156 12 24
Y 1.028E+06 147 988 15.59 1.30 0.10025 173 25
Y 1.004E+06 144 559 15.67 1.31 0.09972 172 13 26
Y 9.887E+05 142377 15.72 1.31 0.05937 172 27
Y 9.808E+05 141234 14.29 119 0.10936 189 28
Y 9.808E+05 141,234 14.29 119 0.10936 189 29
Y 9.808E+05 141,234 14.29 119 0.10936 189 14 30
Y 8.B90E+05 125,131 13.83 115 0.11297 195 31
Y 8.B90E+05 125,131 13.83 115 0.11297 195 32
Y 8.B90E+05 125,131 13.83 115 0.11297 195 15 33
Y 8.B90E+05 125,131 13.83 115 0.11297 195 34
Y 8.B90E+05 125,131 13.83 115 0.11297 195 16 35
Y 8.B90E+05 125,131 13.83 115 0.11297 195 36
Y 8.B90E+05 125,131 13.83 115 0.11297 195 37
Y 8.782E+05 126,463 15.21 1.27 0.10273 178 17 38
Y 8.B90E+05 125,131 13.83 115 0.11297 195 39
Y 7 828E+05 112,717 13.20 110 0.11839 205 40
Y 7 828E+05 112,717 13.20 110 0.11839 205 18 41
Y 7 828E+05 112,717 13.20 110 0.11839 205 42
Y 7 G08E+05 113,881 14.54 1.21 0.10747 186 19 43
Y 7 G08E+05 113,881 14.54 1.21 0.10747 186 44
Y 7 828E+05 112,717 13.20 110 0.11839 205 45
Y 7.891E+05 113,629 13.17 110 0.11864 205 20 46
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Shell Shell
Is Section Eshl Thickness Density, M&D PNNL
Cracked? t-shli Rho-shl Section Section

(psi) (ksP) {in) (ft) {Ibfin®) {Ibf/it) Nao. No.
Y 8.104E+05 116,693 14.45 1.20 0.10813 187 47
Y 9.322E+05 134,235 21.54 1.79 0.10546 182 21 48
Y 9.324E+05 134,263 21.66 1.80 0.10488 181 49
Y 9 504E+05 136,857 2046 1.71 0.10463 181 50
Y 9.659E+05 139,096 20.46 1.71 0.10465 181 51
Y 9 861E+05 141,998 20.52 1.71 0.10436 180 22 52
Y 6.510E+05 93,743 14.43 1.20 0.13263 229 53
Y 7 .229E+05 104,007 1413 1.18 0.12100 209 24 54
Y 8.420E+05 121,245 11.21 0.93 0.12227 211 55
Y 1.048E+06 150,866 6.25 0.52 0.16372 283 24 56
Y 1.147E+06 165,097 4.93 0.41 0.18777 324 25 57
Y 1.246E+06 179,441 5.05 042 0.18346 317 26 58
Y 1.283E+06 184,804 7.1 0.59 0.16072 278 27 59
Y 1.038E+06 149,438 6.73 0.56 0.16977 2893 28 60
Y 1.288E+06 185,420 5.09 0.42 0.22441 388 29 61
Y 1.070E+06 154,101 4.90 0.41 0.23326 403 30 62
Y 7 964E+05 114 687 12 .57 1.05 0.14218 246 63

Input file “Tank-Meshl.txt” develops the concrete tank model. Element type SHELL143
is used for the concrete tank to be able to extract through-wall shear forces.

Figure 3-3 and Figure 3-4 show the profile and full concrete tank model respectively.

Figure 3-3. Concrete Tank Profile, Inlcuding Shell Thickness.

Load Case: LBE-BEC,; Full Mon-linear, Final PT Mesh
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Load Case: LES-BEC, Full Non-linear, Final PT Mesh
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The geometry of the primary tank is based on drawing H-2-64449. To ensure that the
anchor bolt elements are perpendicular to the primary tank, the primary tank dome
coordinates were calculated based on the location of the corresponding concrete tank
coordinate, taking into account the concrete shell thickness. and normal to the primary
tank (See Figure 3-5). The concrete shell thickness used 1s based on the nominal concrete

thickness.
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Figure 3-5. Primary/Concrete Tank Node Geometry

Normal to Primary

Tank Surface \

Concrete Coordinate

Concrete Shell

Thickness Primary Tank

Coordinate
J-Bolt Element

The locations of the primary tank nodes were iteratively determined as follows:
Select a value for x (radial distance from center of the tank).

Calculate the respective location for y’ based on the defined shape of the primary tank.
The primary tank is an ellipse with a major axis of 80 ft and minor axis of 30 ft. The
equation for location of vy’ is as follows:

2
y'= 01{1—;:—2 —a, where

a = Minor Radius =180 in
b =Major Radius = 480 in

x=Test Location for x

2
For x=61.0398, y'= 180‘/1—(51::;(;928—180 =-1.46

The slope of the ellipse can be calculated by taking the derivative of the equation for y’.
a
2 X—
i a }1_36_2 b
o b B2 — x?

For x = 61.0398, the slope of the ellipse is —0.048. The corresponding angle is the
arctangent of the slope, or in this case, -0.048. The length of line connecting the
centerline of the concrete to the primary tank is half the thickness of the tank at that point.
Therefore, to check the accuracy of the assumed x location of the primary tank, back-
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calculate the location of the concrete coordinates. If the back-calculated concrete
location is the same as the known location, the x location of the primary tank must be
correct, otherwise, reselect x until it is correct.

Following the example, for concrete location of (60.4), the x location of the primary tank
is 61.0398. y’ was determined to be —1.46. Adjusting this to value for the vertical
location of the center of the ellipse, add 561.45 (elevation of the primary tank at the
apex). For this case, y=559.99. The check is as follows:

CORC

.
Koo =X iy T+ Esm(@), where @ is the angle of the slope from horizontal
X, . =61.0398+ %sin(0.048) =061.39966 ~61.4

=Y +;cos(t9)= 559.99+12500s(0.048) =567.48136 ~ 567.5

Table 3-3. Primary Tank Dome Coordination Calculation

Concrete Primary Tank
Angle Angle
X ¥ t X ¥ y Slope (rad) (Deg)
0 568.95 15| 0% 0 561.45 0.00 0.000 0.000 0.000| 7.500| 0.000
30.2 568.6 15| 0%| 30.0238 561.10 -0.35 -0.024 -0.023 -1.346( 7.498| -0.176
45 568.2 15| 0%| 447369 560.67 -0.78 -0.035 -0.035 -2.010( 7.495| -0.263
61.4 567.5 15| 0%| 61.0398 559.99 -1.46 -0.048 -0.048 -2.753 7.491| -0.360
120.72 | 563.21 15| 0%| 119.9972 555.73 -5.72 -0.097 -0.097 -5.530( 7.465| -0.723
1529 | 559.7 15| 0%| 151.9685 552.19 -9.26 -0.125 -0.125 -7.134( 7.442) -0.931
2114 | 5507 15| 0%| 210.0535 543.30 -18.15 -0.183 -0.181 -10.343| 7.378| -1.347
2391 545.2 15| 0%| 237.5336 537.86 -23.59 -0.214 -0.210 -12.055| 7.335| -1.566
306.63 | 527.68 15| 0%| 304.4248 520.62 -40.83 -0.308 -0.298 -17.099| 7.169| -2.205
3356 | 5182 15| 0%| 333.0513 511.07 -50.38 -0.361 -0.347 -19.866| 7.054| -2.549
3937 | 4945 15| 0%| 390.2214 486.27 -75.18 -0.524 -0.482 -27.633| 6.645| -3.479
4287 | 476.2 2258 0%| 4222643 467.04 -94.41 -0.694 -0.607 -34.752| 9.276| -6.436
432 459.91 -101.54 -0.774 -0.659 -37.750| 0.000| 0.000
440 453.39 -108.06 -0.860 -0.710 -40.700| 0.000| 0.000
180
480

Element thicknesses are based on the drawing H-2-64449. General steel properties are
used and are as follows:

Elastic Modulus (E) = 4,176,000 kip/ft*

Poisson’s Ratio (v) = 0.30

Mass Density (p) = 0.001522 kip-sec™/ft* = ((0.490 kip/ft*)/(32.2 fi/sec?))
Damping = 2%
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Tank coordinates are developed in the model from input file “Tank-Coordinates-AY.txt.”
Tank element properties are from input file “Primary-Props-AY.” The tank mesh is
generated using ‘“Primary.txt” and uses SHELL 143 elements.

Figure 3-6 shows the full primary tank model and Figure 3-7 shows the detail in the
knuckle region at the bottom of the tank.

Figure 3-6. Primary Tank Model Detail

.

M&D Profezsional Services, Inc
Load Case: LBE-BEC, Full Non-linear, Final PT Mesh

It was noted during checking that the overall height of the primary tank is 8 inches short.
This does not affect the waste depth modeled (422 inches). Because the difference is
small, it does not have a significant affect on the results and 1s therefore acceptable.
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Figure 3-7. Primary Tank Model Detail — Knuckle Region

M&D Professional Services, Inc
Load Case: LBE-BEC, Full Men-linear, Final PT Mesh

3.3 INSULATING CONCRETE

The insulating concrete uses the geometry defined for the concrete and primary tanks and
fills in the open volume with solid element (SOLID45). Concrete properties are taken as
follows Rinker et al. (2004).

Elastic Modulus (E) = 23,760 kip/ft*

Poisson’s Ratio (v) =0.15

Mass Density (p) = 0.00155 kip-sec’/ft* = ((0.050 kip/ft)/(32.2 ft/sec?))
Damping = 7%

Matenal properties for the insulating concrete are in the file “Tank-Props-BEC-250.txt.”

The element mesh is generated using “Insulate.txt.” Figure 3-8 shows the insulating
concrete elements.
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Figure 3-8. Insulating Concrete Model Detail.

AN

M&D Professional Services, Inc
Load Case: LBE-BEC, Full MNon-linear, Final BT Mesh

3.4 ANCHOR BOLTS

The anchor bolts connecting the primary tank to the concrete shell are modeled using
beam elements (BEAM4) and spring elements (COMBIN14). Based on drawing
H-2-64310 the anchor bolts are spaced on an average of 2 ft in each direction. Therefore,
the contributing arca of the bolts in the model is based on the number of 4 ft* arcas
associated with the element. The required area 1s calculated based on the number of bolts
to be represented and the thickness of the concrete at the bolt location.

Table 3-6. Anchor Bolt Area Calculation.

Ring No. 1 2 3 4 5 6 7 8 9 10 11

X 0.00 44.72 89.87 120.00 151.97 | 210.05 | 237.53 | 304.42 | 333.05 390.22 42226

¥ 561.45 560.77 558.37 555.83 552.29 | 543.40 | 537.96 | 520.72 | 511.17 486.37 467.14
0.00 0.68 3.08 5.62 9.16 18.05 2349 40.73 50.28 75.08 94.31

Delta Y 0.00 0.68 2.40 253 3.54 8.89 5.43 17.25 9.55 24.80 19.23

X' 0.00 44.72 89.92 12013 15224 | 210.83 | 238.69 | 307.14 | 336.83 397.38 432,67

®" 0.00 44.72 89.93 12017 15234 | 21110 | 239.11 | 308.19 | 338.37 400.69 438.06

Horizontal 22.36 67.33 105.05 136.26 181.72 | 22511 | 273.65 | 323.28 | 369.53 419.37 443 88

Midpoint

Ring 785.52 | 6335.32 | 10214.8 | 11827.2 | 22708.3 | 27726. | 38033. | 46534. | 50329. | 61766.6 | 41420.22

Area 1 7 4 13 10 03 54 6

Number 1.36 11.00 17.73 2053 3942 48.14 66.03 80.79 87.38 107.23 71.91

of Bolts

in Ring

Bolts per 1.36 0.55 0.89 1.03 1.97 2.41 3.30 4.04 4.37 5.36 3.60

element

(20 Sections)
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The BEAM4 elements are modeled as essentially rigid, and are oriented normal to the
tank dome. Attached to the base of each beam element are three orthogonal springs
oriented in the directions of the global coordinate system. Because the beams are rigid,
the springs define the response of the anchor bolts in the model.

3.4.1 Anchor Bolt Shear Properties

The baseline model encompasses the DSTs from the AN, AW, AY, AZ, and SY Tank
Farms. The approach to the baseline model is that it should represent a Lower-Bound
configuration for the tank farms listed above. However, in the case of anchor bolts, it is
not clear a priori what represents a conservative or non-conservative configuration.
Consequently, a range of anchor bolt properties will be used to represent the variation
across the different tank farms. The most significant variable affecting the shear response
of the anchor bolts is the concrete compressive strength. The anchor configurations for
the DST Farms are summarized in Table 3-7. For the AN, AW, AY, A7, and SY Tank
Farms represented by the baseline model, both J- and L-configurations of hooked anchors

are present, and the minimum 28-day concrete compressive strengths range from 3 to
5 ksi.

Table 3-7. Summary of Anchor Configurations for DST Farms.

Tank Farm Concrete 28- Anchor Bolt
Day Minimum | Configuration
Compressive
Strength (ksi)
AN 4.5 L-bolt
AP 5 Headed stud
AW 5 I-bolt
AY 3 J-bolt
AZ, 3 J-bolt
SY 4.5 J-bolt

Common to all the tanks is the use of a 3/4 inch external diameter by 1-3/8 inch long
internally threaded weld stud (Nelson TBI. shown in Figure 1, except that AY tank
drawings call out a TPF stud) that is welded onto the steel tank or liner. The 1/2 inch
anchor bolt, whether J, L, or headed stud is then threaded into this stud.
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Figure 3-9. Nelson Internally Threaded Stud.
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The development of the shear stiffiesses used to represent that anchor bolt response for
the baseline model 15 discussed in detail 1n Dabler et al. (2008b), Appendizz D, The most
sgnificant points are as foll ows:

e The shear behavior of the hooked anchors 15 assumed to be represented by test
data for headed studs of the same diameter,

* The shear response of J- and L-baltz 15 assumed to be the same.

* Theeffect of thetapped bazeis detenmined by a detalled finite element model
of the anchor as described in Detbler etal, (2008a), Appendiz B

¢ Theeffect of concrete compressive strength on the anchor shear response is
hased on test data as described in Deibler et al, (2008, Appendix D

* Toaccount for theage-hardened condition ofthe concrete, the estimated chear
stiffnesses for the anchors 15 based on concrete compressive strengths of' 4 o
8 ke,

o TheLower-B ound shear stiffness for the anchors is estimated to be 47 kip/in,
atid 15 based on 4 ka concrete.

» The Upper-Bound shear siffmess for the anchors 12 estimated to be 90 lap/in,
and 12 based on & kgt concrete.

# Thecaze afa Fully-Cracked section 12 addressed by reducing the shear
stiffniess to 23,5 kip/n, or 50% of the estimated lower-bound value, The
allowable shear displacements for the Fully-Cracked case are approximately
180% of the Lower-B ound values.

3.4.2 Anchor Bolt Axial Properties

Theresponse of theanchor bolts to tensile loads was based ontest data provided in
Melzon(1961). The data included tensile load-deformation curves for Y%-in. diameter
bent stud anchors. The data showed that for the range of deformations experienced in
this analysis, atypical secant axial modulug was of drmilar magnitude as the secant shear
moduli established using the methodology outlined in the previous section and described
in detail in Dethler etal (2008}, Appendix D. For this reason, the amal stiffhess of the
anchor holts was selected to be the same as the shear stiffhess. The bolts were azsigned
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the same properties independent of radial position, which leads to conservative
predictions of displacement.

The combinations of bolt secant modulus and concrete and soil properties lead to the run
matrix shown in Table 3-8. The appendix containing the detailed results for that run is
also shown.

Table 3-8. Run Matrix for Baseline Analysis.

Secant Concrete and Soil Properties

Modulus
BES-BEC | UBS-BEC | LBS-BEC | BES-FCC

Best- No No No No
Estimate

Lower Yes Yes Yes Yes

Bound (App. F) (App. G) | (App-E) | (App. H)

Upper Yes No No No

Bound (App. D

Fully- Yes No No No
Cracked (App. D

The anchor bolt model is developed using input file “Bolt-Friction.txt”. See Figure 3-10
for the distribution of anchor bolts. Figure 3-11 shows the locations of spring elements
connecting the end of each anchor bolt to the primary tank.

Figure 3-10. Anchor Bolt Model Detail.

M&D Professional Services, Inc
Load Case: LES-BEC, Full Non-linear, Final PT Mesh
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Figure 3-11. Spring Elements — Anchor Bolts to Primary Tank.
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3.5 SECONDARY LINER

RPP-RPT-28966 Rev. 1
Page 60 of 838

The secondary liner 1s modeled using SHELL 143 elements and its geometry is taken
from H-2-64449. The steel thickness i1s 0.25 inch throughout the liner. The model stops

after the 1™ full wall element coincident with the liner.

Input file “Liner.txt” develops the model for the liner using the geometry defined for the
concrete tank in “Tank-Coordinates.txt.”” The following material properties are used for

the steel liner.

Elastic Modulus (E) =4,176,000 kip/ft*
Poisson’s Ratio (v) = 0.30

Mass Density (p) = 0.001522 kip-sec/ft* = ((0.490 kip/ft*)/(32.2 ft/sec™))

Damping = 2%
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Figure 3-12. Secondary Liner Model Detail.

AN

M&D Professional Bervices, Inc
Load Case: LESE-BEC, Full Non-linear, Final PT Mesh

3.6 WASTE

The waste is modeled using solid elements (SOLID45) with material properties defined
to emulate a liquid. The waste elements are meshed such that there are no common
nodes with the primary tank; however, those on the exterior (at the primary tank) are
coincident with the primary tank nodes. Contact elements are used for the mterface
between the waste and the primary tank. The material properties are as follows:

Elastic Modulus (E) = 2.592 kip/ft*

Poisson’s Ratio (v) = 0.49999

Mass Density (p) = 0.003294 kip-sec™/ft* = ((1.7+0.0624 kip/ft’)/(32.2 ft/sec?))
Damping = 0

Shear Modulus (G) = 0.216 kip/ft®

E was calculated based on the Bulk Modulus of water (~300,000 psi). Using a value of v
close to 0.5 (0.49990), the value of E can be calculated.

B=rE/[31-2v)]or

E =B[3(1-2v)]=300,000[3(1 - 2(0.49999))| = 1814/ in* = 2.592k / f¢*

G can then be calculated based on E and v, G=E/[2(1+v)]. For the values shown above,
this gives a value for G of 0.864 kip/ft>. However, because a fluid cannot carry shear, a

smaller value 1s used. The value was selected such that the solution remams
mathematically stable.

Figure 3-13 shows the waste elements.
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Figure 3-13. Waste Model Detail.

M&D Professional Services, Inc
Load Case: LBE-BEC, Full Non-linear, Final DT Meszsh

Two benchmarking studies were performed to assess the fluid-structure interaction
behavior of the primary tank and contained waste under seismic excitation. In the study
documented in Rinker et al. (2006b), the fluid-structure interaction was simulated in
ANSYS®. In the study documented in Rinker and Abatt (2008a), the fluid-structure
interaction was simulated using Dytran®. The studies showed that the modeling approach
used in ANSYS® adequately predicts the total hydrodynamic reaction force and pressure
distribution both vertically and circumferentially, but that the model was deficient in
predicting the convective response of the waste. In particular, the maximum slosh height
18 not well characterized, under-predicting the maximum displacement by a factor of
three.

3.7 PRIMARY TANK/CONCRETE DOME INTERFACE

A combination of TARGE170 and CONTA173 elements are used to model the interface
between the top of the primary tank and the inside face of the concrete dome. Key-
Option controls are used to place the interface location at the inside face of the concrete
(or bottom of the concrete shell element). A coefficient of friction of 0.01 was used for
the contact surface.

The contact surface is developed using mput file “bolt-friction.txt.”” Figure 3-14 shows
the contact and target elements comprising the dome contact surface.
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Figure 3-14. Contact Elements — Primary Tank to Concrete Dome.

AN

M&D Professional Services, Inc
Load Case: LBS-BEC, Full Non-linear, Final PT Mesh

3.8 PRIMARY TANK/INSULATING CONCRETE INTERFACE

A combination of TARGE170 and CONTA173 elements arc used to model the interface
between the bottom of the primary tank and the top of the insulating concrete. The
contact and target surfaces are modeled as coincident (i.e., no offsets are included for
shell thicknesses). A coefficient of friction of 0.4 was used for the contact surface. The
contact surface is developed using input file “interfacel.txt.” See Figure 3-15 shows the
contact elements (Top layer of elements)

3.9 INSULATING CONCRETE/SECONDARY LINER INTERFACE

A combination of TARGE170 and CONTA173 elements are used to model the mmterface
between the bottom of the primary tank and the top of the insulating concrete. The
contact and target surfaces arc modeled as coincident (i.e., no offscts are included for
shell thicknesses). A coefficient of friction of 0.4 was used for the contact surface. . The
contact surface is developed using input file “interfacel.txt.” See Figure 3-15 shows the
contact elements (Bottom layer of elements).
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Figure 3-15. Contact Elements —Insulating Concrete Top and Bottom.

AN

M&D Professiocnal Services, Inc
Load Case: LES-BEC, Full Nen-linsear, Final PT Mesh

3.10 SOIL/CONCRETE TANK INTERFACE

A combination of TARGE170 and CONTA173 elements are used to model the interface
between the soil and the concrete tank, and for the mterface plane between the native and
excavated soils. A coefficient of friction of 0.2 was used for the contact surface during
the gravity solution phase (static case), and then changed to 0.6 for the transient portion
of the solution. See Sections 4.1 and 4.2 for a discussion of development of the modeling
the soil/conerete interface. See Figure 3-16 for the contact surface model.

For the interface between the bottom of the footing and the native soil, COMBIN 14

(spring) elements were used. Arbitrarily high stiffness values were applied to these
springs. See Figure 3-17.
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Figure 3-16. Contact Elements — Soil to Concrete Tank.

AN

Me&D Professional Services, Inc
Load Casge: LBS-BEC, Full Non-linear, Final PT Mesh

Figure 3-17. Spring Elements — Concrete Footing to Soil.
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Load Case: LES-BEC,
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3.11 EXCAVATED/NATIVE SOIL INTERFACE

A combination of TARGE170 and CONTA173 elements are used to model the interface
between the native and excavated soils. An initial coefficient of friction of 0.3 1s used for
the gravity (static) analysis. The coefficient of friction 1s changed to 0.7 for the transient
analysis. This surface is included to improve the initial conditions for the transient
analysis by allowing an initial displacement between the native and excavated soil.

This surface is developed using the input file “fix-soil txt”
Figure 3-18. Contact Elements — Near Soil to Far Seil.

AN

M&D Professional Services, Inc
Load Case: LBS-BEC, Full Non-linear, Final PT Mesh

3.12 WASTE/PRIMARY TANK INTERFACE

A combination of TARGE170 and CONTA173 elements are used to model the interface
between waste and primary tank. No friction is included for this surface. A high

stiffness was defined for this contact to obtain the correct hydrostatic pressure on the
tank. The high stiffness of the contact was needed because the waste model was very
soft. Excessive displacements occur without modifying the contact stiffness. The contact
surface 1s developed using input file “Waste-Solid-AY .txt.”
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Figure 3-19. Contact Elements — Waste to Primary Tank.

. AN

M&D Professiconal Services, Inc
Load Case: LBS-BEC, Full Non-linear; Final BT Mesh

3.13 CONCRETE WALL/FOOTING INTERFACE

The contact at the bottom of the wall was modeled using CONTA178 elements. A
friction coefficient of 0.2 was used for this contact to reflect the steel on steel interface.
Use of contact elements for this interface will be used to establish if displacement can
occur during a seismic event, and allows only normal and shear forces to be transferred to
the footing.

Figure 3-20. Contact Elements — Concrete Wall to Footing.
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3.14 SURFACE LOADS

MASS?21 elements were added to the soil surface over the center of the dome to create a
“live load” over the tank dome. The mass provides an equivalent weight of 200,000 Ibf.
Mass elements were used in licu of forces to capture the dynamic participation of
equipment that creates this load.

Figure 3-21. Mass Elements — Soil Surface.
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3.15 SOIL MODEL

3.151 Soil Properties

The soil surrounding the tank is modeled in two groups, the excavated soil, and the far-
field soil. The excavated soil fills the volume outside the concrete tank and bounded by
the slope matching the soil removed during construction. The far-field soil 1s comprised
of all other soil out to a radius of 320 ft and a depth of 266 ft. Both regions are modeled
using SOLID4S5 clements.

Two SHAKE analyses were performed for cach soil condition to obtain soil propertics
for the layering used in the model, Rinker et al. (2006a). One run used the native soil
properties and 1s used for the far-field soil material properties. The second run used
material properties associated with structural backfill and the results are used for the
material properties in the excavated soil region.

Soil properties used for the model are listed in the following Tables:

o Table 3-9. Best-Estimate Native Soil Iterated Soil Properties
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Table 3-10. Best-Estimate Excavated Soil Iterated Soil Properties
Table 3-11. Upper Bound Native Soil Iterated Soil Properties
Table 3-12. Upper Bound Excavated Soil Iterated Soil Properties
Table 3-13. Lower Bound Native Soil Iterated Soil Properties
Table 3-14. Lower Bound Excavated Soil Iterated Soil Properties

Table 3-9. Best-Estimate Native Soil Iterated Soil Properties

Material
Layer Poisson’s Density Property
Depth (ft) | Damping G (kip/ft) Ratio E (kip/ft}) (Ibfift%) No.

25 0.017 6622.3 0.24 . 16423 110 901
9.2 0.025 6241.7 0.24 . 15,479 110 902
16.4 0.034 5839.1 0.24 14,481 110 903
221 0.028 5930.4 0.24 . 14707 110 904
29 0.032 57249 0.19 . 13625 110 905
37.2 0.033 64942 0.19 . 15456 110 906
447 0.033 7366.4 0.19 . 17,532 110 907
529 0.025 8811.9 0.19 . 20972 110 908
65.5 0.026 9851.5 0.19 . 23447 110 909
82 0.027 97219 0.19 23,138 110 910
98.8 0.029 9560.1 0.19 . 22753 110 911
115.5 0.033 92725 0.19 . 22,069 110 912
132 0.025 10831.8 0.19 . 25780 110 913
1483 0.027 10644 0.19 . 25333 110 914
167.5 0.022 13867 .4 0.28 . 35501 120 915
189.5 0.021 15416 0.28 39,465 120 916
2115 0.023 15064.3 0.28 . 38,565 120 917
2335 0.025 147325 0.28 . 37,715 120 918
2555 0.024 16209.2 0.28 . 41,496 120 919

Table 3-10. Best-Estimate IExcavated Soil Iterated Soil Properties

Material
Layer Poisson's Density Property
Depth (ft) Damping G (kip/ft) Ratio E (kip/ft}) (IbfHt%) No.

25 0.019 3920.4 0.27 9,958 125 801
9.2 0.035 3463.4 0.27 8797 125 802
16.4 0.048 3088.5 0.27 7,845 125 803
221 0.039 3231.8 0.27 8,209 125 804
29 0.048 3005.6 0.27 7634 125 805
37.2 0.055 2829.8 0.27 7188 125 806
447 0.058 2729.6 0.27 6,933 125 807
52.9 0.045 3018.4 0.27 7 667 125 808

Table 3-11. Upper Bound Native Soil Iterated Soil Properties

Material
Layer Poisson’s Density Property
Depth (ft) Damping G (kip/ft) Ratio E (kipfth {Ibfift%) No.
25 0.016 10004.3 0.24 . 24811 110 801
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Material
Layer Poisson’s Density Property
Depth (ft) Damping G (kip/ft%) Ratio E (kip/ith (Ibfit%) No.
9.2 0.022 9607.3 0.24 23,826 110 902
16.4 0.027 9268.4 0.24 22,986 110 903
22.1 0.022 9383.3 0.24 23,271 110 904
29 0.026 9068.8 0.19 21,584 110 905
37.2 0.027 10289.2 0.19 24,488 110 906
447 0.028 11649.1 0.19 27.725 110 907
529 0.022 13709.7 0.19 32,629 110 908
65.5 0.022 15284.2 0.19 36,376 110 909
82 0.024 15035.4 0.19 35,784 110 910
9588 0.025 14863.1 0.19 35,374 110 911
1155 0.026 14746.3 0.19 35,006 110 912

132 0.02 16982.4 0.19 40,418 110 913
1483 0.021 16838.8 0.19 40,076 110 914
167.5 0.019 21821.5 0.28 55,863 120 915
189.5 0.019 23910.6 0.28 61,211 120 916
2115 0.02 23673.5 0.28 60,604 120 917
2335 0.02 23525 0.28 60,224 120 918
2555 0.019 25917.8 0.28 66,350 120 919

Table 3-12. Upper Bound Excavated Soil Iterated Soil Properties

Material
Layer Poisson's Density Property
Depth (ft) Damping G (kip/ft®) Ratio E (kip/ft) {Ibft°) No.

25 0.017 5956.9 0.27 15,131 125 301
9.2 0.027 5554.3 0.27 14,108 125 302
16.4 0.039 5041.9 0.27 12,806 125 303
22.1 0.031 5191.5 0.27 13,186 125 304
29 0.035 5005.7 0.27 12,714 125 805
37.2 0.042 4747 8 0.27 12,058 125 806
447 0.047 4551.9 0.27 11,562 125 307
529 0.037 4864.9 0.27 12,357 125 308

Table 3-13. Lower Bound Native Soil Iterated Soil Properties

Material
Layer Depth Poisson’s Density Property
(ft) Damping G (kip/ft) Ratio E (kip/ft?) {IbfHt) No

25 0.018 4382.9 0.24 10,870 110 901
9.2 0.03 4004 0.24 9,930 110 902
16.4 0.043 3580.3 0.24 8,904 110 903
221 0.034 3739.6 0.24 9,274 110 904
29 0.04 3551.3 0.19 8,452 110 905
37.2 0.042 4004.4 0.19 9,530 110 906
447 0.042 4561.5 0.19 10,856 110 907
52.9 0.03 5629.7 0.19 13,399 110 908
655 0.03 6331 0.19 15,068 110 909
a2 0.035 6066.4 0.19 14,438 110 910
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Material
Layer Depth Poisson’s Density Property
(ft) Damping G (kip/ft) Ratio E (kip/ft) {IbfHt) No

988 0.039 5831.4 0.19 13,879 110 911
115.5 0.043 5633.7 0.19 13,408 110 912
132 0.032 6786.7 0.19 16,152 110 913
1483 0.032 6763.3 0.19 16,097 110 914
167.5 0.028 8619.5 0.28 22 066 120 915
189.5 0.028 94453 0.28 24 180 120 916
2115 0.029 9314.8 0.28 23 846 120 917
2335 0.029 9320.7 0.28 23 861 120 918
2555 0.026 10588.1 0.28 27,106 120 919
279 0.014 29929.7 0.3 77,817 125 920
304 0.014 29856.3 0.3 77,626 125 921
329 0.015 297143 0.3 77,257 125 922
354 0.015 29602.2 0.3 76,966 125 923

Table 3-14. Lower Bound Excavated Soil Iterated Soil Properties

Material
Layer Poisson's Density Property
Depth (ft) Damping G (kip/fth) Ratio E (kip/ft}) {Ibft°) No

25 0.023 2547 2 0.27 6,470 125 801
9.2 0.044 2126.7 0.27 5,402 125 802
16.4 0.066 1782.2 0.27 4527 125 803
221 0.053 1910.9 0.27 4,854 125 804
29 0.061 1777 0.27 4,514 125 805
372 0.067 1689.3 0.27 4,291 125 806
447 0.07 1628.4 0.27 4,136 125 807
529 0.056 18159 0.27 4612 125 808

3.15.2 Excavated Soil

The excavated soil portion of the soil is developed using the input file “Near-Soil-1.txt.”
Figure 3-22 shows the detail of the excavated region of soil. The development of the
softened regions of the soil over the tank dome is discussed in detail in Section 4.2.
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Figure 3-22. Excavated Soil Model Detail.

’ AN

M&D Professional Services, Ing
Load Casze: LBS-BEC, Full Nen-linear, Final PT Mezh

Figure 3-23. Excavated Soil - Softened Soil Zones.

g1 Services, Inc
¥ o-BEEC, Full Non-linear, Final PT Mesh
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Figure 3-24. Model Detail.

3.15.3 Native Soil

The native soil region of the model is developed using input file “Far-Soil.txt.”
SOLID45 elements are used and the material properties are discussed above. Figure 3-25
shows the native soil portion of the model.

Figure 3-25. Far-Field Soil Model Detail.
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M&D Professional Services, Inc
Load Zasze: LES-BEC, Full MNen-linear, Final PT Mesh

52



RPP-RPT-28966 Rev. 1
Page 74 of 838
M&D-2008-004-CALC-001, Rev. 1

LINKS elements are used to connect the native soil slaved nodes on each layer to the
symmetry plane. These are required because the slaved node of a couple cannot have a
boundary condition applied to it. Therefore, to maintain the desired soil behavior, the
link elements effectively complete the coupling of the outside soil node at each layer.
Figure 3-26 shows the locations of the link elements. Input file “Outer-Spar.txt”
develops these elements.

Figure 3-26. Link Elements — Edges of Soil Model.
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3.16 BOUNDARY CONDITIONS

3.16.1 Soil Boundary Conditions

All nodes on the outside edge (radius = 320 ft) have been “slaved” to a single node at
cach layer. Couples are used in each of the three translations to force the soil to behave
essentially as a shear beam. This approach is used to create the appropriate conditions for
vertical and horizontal waves to pass through the model (see Figure 3-28 and

Figure 3-29). The effectiveness of this approach is documented in Rinker et al. (2006a).
All nodes on the bottom of the model (-266 ft) are coupled together to create a rigid
foundation (see Figure 3-27).
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Figure 3-27. Boundary Conditions - Soil Base.

Load Casze: LBS-BEC, Full Nen-linear, Final PT Mezh

Figure 3-28. Boundary Conditions — Typical Seil Layer.

Load Case: LES-BEC, Full Non-linear, Final BT Mesh
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Figure 3-29. Boundary Conditions — Slaved Boundary Conditions.
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Lead Cass: LES-BEC, Full Nen-linsar, Final BT Mesh

The symmetry plane for the soil has all nodes fixed for Y translation, see Figure 3-30.
Figure 3-30. Boundary Conditions — Symmetry Plane
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3.16.2 Tank Boundary Conditions

The tank model has all nodes on the symmetry plane fixed to the Y translation, X rotation
and Z rotation (See Figure 3-31 and Figure 3-32). Couples have been used between some
components to ensure compatible displacements occur. Where no common nodes exist
between the concrete tank and secondary liner, couples are used to control the
deformation of the secondary liner where it is in contact with the concrete tank. This
ensures that the secondary liner does not “pass through™ the concrete on the footing and
on the walls (See Figure 3-33).

Figure 3-31. Boundary Condition — Concrete Tank.

e AN
2

Load Case: LBES-BEC, Full MNeon-linear, Final DT Mesh
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Figure 3-32. Boundary Conditions — Primary Tank.

Load Case: LBS-BEC, Full Non-linear, Final PT Mecsh
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Figure 3-33. Boundary Conditions — Secondary Liner.

Load Case: LES-BEC, Full Non-linear, Final PT Mesh
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3.17 MODEL EXCITATION

RPP-RFT-28966 Rev. 1
Page 78 of 888

An acceleration time history extracted from SHAKE at the -266 ft level 1s used for the
excitation of the full model. A very large mass element is located at the bottom of the
soil model (-266 ft) and a force 1s applied to that node. The force is the product of the
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point mass and the acceleration for that time step of the time history. The point mass
used is greater than 100 times the mass of the full model.

4.0 STUDIES

4.1 DEAD LOAD

The purpose of the dead load study was to verify the functionality, and determine best
analysis methodology for the ANSYS® detailed model. In order to verify the
functionality of the detailed ANSYS® model, the dead weight results were compared to
the ANSYS® Phase I model (Rinker et al. 2006a) and the model as described in PNNL
report (Rinker et al. 2004) from this point referred to as the TOLA model. A simpler
ANSYS®™ model was developed and used in Rinker et al. (2006a) to study using ANSYS®
for SSI analysis. This simpler model is referred to at the ANSYS® Phase I model. The
dead weight results from a variety of analysis methodologies were also compared to the
ANSYS® Phase I and TOLA model to confirm the best analytical approach, including
reduction in soil arching. The analytical approach chosen will then be used to determine
the seismic only results from the ANSYS® detailed transient analyses. The seismic only
results were obtained by subtracting the gravity only case from the transient (seismic plus
gravity) results.

4.1.1 Model

The ANSYS® detailed model used for this dead weigh study is essentially the same as
described in Section 2.1. The main difference is that, for most analvses, no contact
elements are used. Instead of contact elements, stiff springs are used across the interfaces.
Some of the dead weight analyses do include contact elements, but only between the
concrete tank and the excavated soil. The soil and concrete tank are identical in
geometry. Soil properties are the same as discussed above, but the concrete was modeled
as nominal concrete which, per ACI 318-02, is 450,000 kip/f‘[2 and the TOLA model uses
concrete with a modulus of 731,952 kip/ft®. For comparison, an analysis was done using
the ANSYS® detailed model using the same concrete modulus as the TOLA model. The
model for the primary tank and waste is less refined in the wall (i.e., fewer elements over
the wall height). The ANSYS® Phase I model has the following additional differences:
1) the concrete tank floor is modeled along the centerline of each section thickness and
2) the primary tank knuckle is square and there is less refinement in the wall and floor.

4.1.2 Load Cases

A variety of load cases were examined for effects on the concrete tank forces and
moments, Anchor bolt forces and the primary tank stresses. Included in these load cases
are variations in excavated soil to concrete tank interface properties. The following Load
Cases were considered for this study:
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Load Model Excavated Soil Interface Concrete | J-Bolts Figure Label
Case Description Merged| Springs | Dome |Haunch| Wall M(')dulus
Friction | Friction| Friction (kip/f2)
1 TOLA Model - - 03 03 0.05 731,952 Beam
I.inks PNNL
2 ANSYS Phaes I Y - - - - 450,000 |Rigid Links
Model Old Geom
3 ANSYS Detailed - Stiff - - - 450,000 |Rigid Links
Model New Geom
3a | ANSYS Detailed - Stiff - - - 731,952 |Rigid Links] New Geom -
Model PNNL Concrete
3b | ANSYS Detailed - Staff - - - 450,000 Beam New Geom -
Model Elements New Jbolts
9 ANSYS Detailed - - 0 0 0 450,000 Beam
Model Elements | No Friction Soil
10 | ANSYS Detailed - - 0 0 0.05 450,000 Beam No Dome
Model Elements Friction Soil
11 | ANSYS Detailed - - 03 0 0 450,000 Beam No Wall Friciton
Model Elements Soil
12 | ANSYS Detailed - - 0.3 0.3 0.05 450,000 Beam
Model Elements |Low Soil Friction
Haunch Friciton
0.30
12a | ANSYS Detailed - - 03 0.05 0.05 450,000 Beam
Model Elements |Low Soil Friction
Haunch Friciton
0.05
13 | ANSYS Detailed - - 1 1 1 450,000 Beam
Model Elements |High Friction Soil
14 | ANSYS Detailed - Soft - - - 450,000 |Rigid Links
Model (Element
Birtn & Death) B&D Spr Soil

In the table above the column headers are as follows:

Model — Model used for the analysis

Excavated Soil Interface — method which the excavated soil/concrete tank

interface 1s connected.
=  Merged — coincident excavated soil and concrete tank nodes are merged

= Springs — spring elements connect coincident excavated soil and concrete

tank nodes in all three component directions.

= Dome Friction — Friction coefficient used on the concrete tank dome

=  Haunch Friction — Friction coefficient used on the concrete tank haunch

=  Wall Friction — Friction coefficient used on the concrete tank wall

Concrete Modulus — the elastic modulus of the concrete in kip/ft*

Anchor Bolts — the modeling of the anchor bolts varied in the ANSYS® Phase I

and II models to ensure that a shear connection was maintained and moments

were not transferred to the primary tank.
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= Rigid links — beam elements with rotational degrees of freedom released
on the end attaching to the primary tank

= Beam Elements — in the locations of the anchor bolts, the primary tank had
coincident, duplicate nodes. Beam elements were used to connect the
concrete tank to one set of the coincident nodes, and spring elements were
used between the coincident nodes.

=  Beam Links —the TOLA model used beam elements to link the concrete
tank to the primary tank

¢ Figure Label — provides the labels used for comparison graphs

The analysis done with element birth and death simulates the construction sequence in a
four-step process. The first step includes all the native soil, and an empty double shell
tank. The second step adds the excavated soil in contact with the walls only. The
vertical spring stiffness for the interface elements between the soil and concrete tank are
softened, to 1e4 to allow for “sliding™ and to prevent the soil drag from adding load to the
walls and basemat footing. The third step was to add the excavated soil over the dome.
The horizontal component springs were made soft to allow for sliding. The fourth step
was to add the waste elements to the model as well as the live load over the dome apex.

4.1.3 Results

Results from the concrete tank elements, primary tank elements, and anchor bolts were
extracted and evaluated. Concrete tank forces and moments, primary tank stresses, and
anchor bolt forces are compared against the TOLA model and the ANSYS® Phase 1
Model. A preliminary evaluation of soil tension was done on each model to determine
which methodology provides the best solution.

4.1.3.1 Concrete Tank Results and Conclusions

The concrete tank forces and moments from load cases 1, 2, 3, 3a, 3b, 12a and 14 are
compared in Figure 4-1 through Figure 4-4. Friction parameters were varied on the
concrete tank dome, haunch and wall in load cases 9, 10, 11, 12,12a and 13 and the
concrete tank forces and moments are a compared in Figure 4-5 through Figure 4-8.
See Table 4-1 for the description and labels associated with of these load cases.

The concrete tank meridional forces were compared in Figure 4-1, and provide some
interesting trends. It can be seen that the use of element birth and death closely emulates
the results obtained from the TOLA model. Changing the concrete modulus (from the
nominal high strength value of 450,000 kipfft2 to the TOLA model value of 731,952
kip/ft?) has a significant effect of the meridional forces in the dome, haunch. It can also
be seen that there is very little difference between the ANSYS® Phase I and detailed
model results. Including friction elements between the concrete tank and the excavated
soil does not have a significant impact on the meridional forces. The largest impact
ocecurs in the dome, haunch and wall, where it appears to have similar results as TOLA
model and element birth and death. The variables considered do appear to have some
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effect on the concrete tank meridional forces but, other than in the dome, the ANSYS®
detailed model predicts higher forces.

Figure 4-1. Concrete Tank Meridional Force Comparison.

COMPARISON OF ANSYS PHASE Il MODELS: MERGED SOIL - OLD GEOMETRY, NEW GEOMETRY, ELEMENT BIRTH & DEATH WITH SOIL SPRING S, LOW
FRICTION WALL & DOME SOIL, NEW G EOMETRY - PNNL CONCRETE MODULUS , TO PNNL WATH VERTICAL GRAVITY LOAD
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Figure 4-2 provides results for the concrete tank hoop forces. The general trends for

hoop forces are very similar to those for the meridional forces, with TOLA model results
and element birth and death being the most similar. Unlike the meridional forces, there

seems to be almost no difference through the entire path between the analyses.
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Figure 4-2. Concrete Tank Hoop Force Comparison.
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The concrete tank meridional and hoop moments were also evaluated and compared for
the various analyses. The meridional moments in Figure 4-3 are all very similar, except
at the interface between the base of the concrete tank wall and the basemat footing. The
TOLA model predicts a higher meridional moment. This is attributed to the fact that the
Phase I and detailed models model the concrete tank as shells (SHELL143) instead of
solids like the TOLA model. The forces and moments for shells are extracted at the
center of the element, and forces and moments for solids are extracted at the nodes. As a
result, the M&D Phase I and detailed models are not extracting results at the same
location and not capturing the peak directly under the base of the wall. If the trend lines
of the ANSYS® Phase I and detailed models are extended as shown in the figure as long
dash-dot-dot bright blue lines, the results are more closely matched, with the TOLA
model. The hoop moments in Figure 4-4, are also very similar irregardless of solution
methodology, except in the haunch. The haunch is different due to the selection of which
elements are considered to have the dome coefficient of friction 0.30 and which elements
are part of the wall and receive the 0.05 friction coefficient. A more detailed discussion
of the effects of varying friction parameters is discussed below.
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Figure 4-3. Concrete Tank Meridional Force Comparison.
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Figure 4-4. Concrete Tank Hoop Moment Comparison.
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The meridional and hoop forces extracted from analyses done varying the friction
coefficients from Figure 4-5 and Figure 4-6 respectively, show several trends. It can be
seen that, any dome friction coefficient value other than zero, yields approximately the
same meridional and hoop forces. The TOLA model predicts a meridional force that is
nearly halfway in-between any friction coefficient and frictionless. Hoop forces also
show that any dome friction (between the tried 0.30 and 1.0) appears to yield very
consistent results. The hoop force results for a frictionless dome are very similar to the
TOLA model results. Changing the wall friction coefficient changes the meridional
forces in the wall, with zero friction forces being almost the same from top to bottom of
the wall. It is also evident that increasing the wall friction coefficient increases the
meridional forces going down the wall. The wall friction coefficient has almost no effect
on the wall hoop forces. The variation of wall and dome friction coefficients has little
effect on the basemat meridional and hoop forces.

Figure 4-5. Concrete Tank Meridional Force Friction Parameter Comparison.
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Figure 4-6. Concrete Tank Hoop Force Friction Parameter Comparison.
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The meridional and hoop moments for the concrete tank are presented in Figure 4-7 and
Figure 4-8 respectively. The meridional moments are consistent irregardless of friction
coefficient used, except for at the interface between the wall and the external basemat
footing. At this location, increasing the friction coetficient increases the meridional
moment. There is virtually no difference between frictionless, a 1.0 friction coefficient,
and the detailed linear model using stiff springs. Projecting the maximum footing
meridional moment due to the previously discuss modeling differences using a green long
dash-dot-dot line, there is a nearly 30% increase in meridional moments between the
TOLA model and the detailed linear model. Hoop moments are a little more sensitive to
changes in friction coefficients, especially at the haunch. There is around a 56% increase
in hoop moment in the haunch based on the friction coefficient used for the haunch, with
the largest negative hoop moment being -6.5 kip-ft/ft corresponding to using the wall
friction coefficient of 0.05. The detailed model predicts a lower positive haunch hoop
moment than does the TOLA model.
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Figure 4-7. Concrete Tank Meridional Moment Friction Parameter Comparison.
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Figure 4-8. Concrete Tank Hoop Moment I'riction Parameter Comparison.
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The concrete tank forces and moments were analyzed using a variety of analysis methods
and component parameters, and were presented in Figure 4-1 through Figure 4-8. Based
on the results obtained from these analyses, the TOLA model friction coefficients should
be used with the transition from the dome coetficient to the wall coefficient before the
haunch. The remainder of the analysis methodologies, except element birth and death
meridional forces, and parameters had little influence on the forces and moments.
Element birth and death did change the meridional forces to more closely match the
TOLA model results. Element birth and death is not considered an acceptable analysis
alternative at this point due to difficulties in running non-linear seismic analyses. As a
result of the review of the concrete tank forces and moments, the best overall
methodology is to use the ANSYS® detailed model with the haunch having a 0.05 friction
coefficient.

4.1.3.2 Primary Tank Results and Conclusions

The primary tank stresses for the shell top, middle and bottom surfaces from load cases 1,
2,3, 3a, 3b, 12a and 14 are compared in Figure 4-9 through Figure 4-14. Friction
parameters were varied on the concrete tank dome, haunch and wall in load cases 9, 10,
11, 12,12a and 13 and the concrete tank forces and moments are a compared in Figure
4-5 through Figure 4-8. All primary tank stresses presented in these graphs are
summarized as absolute values. See Table 4-1 for the description and labels associated
with of these load cases.

Comparing the outside, middle and inside surface meridional stresses shown in Figure
4-9, Figure 4-11 and Figure 4-13, there are several trends that become apparent. From
these figures, it is apparent that the ANSYS® Phase I linear model does not properly
determine the meridional stresses in the primary tank, and therefore will be ignored for
this comparison. Considering the remaining models and methodologies, it can be seen
that the meridional stresses are nearly identical for the inside and outside surface. The
TOLA model predicts a significantly higher meridional stress in the knuckle and a
slightly higher stress prior to the haunch and in the middle of the wall than all of the
ANSYS® detailed models. All other variables considered here do not have a significant
effect of the meridional force.

Results for the primary tank hoop forces on the outside, middle and inside shell surfaces
from Figure 4-10, Figure 4-12 and Figure 4-14 respectively. The general trends for hoop
forces are very similar to those for the meridional forces, with TOLA model results and
all of the ANSYS® detailed models providing very similar results. There seems to be
almost no difference in meridional stresses along the path between all of the models
considered.
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Figure 4-9. Primary Tank Meridional Stress Comparison — Qutside Surface
(Away from Waste).
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Figure 4-10. Primary Tank Hoop Stress Comparison — Qutside Surface
(Away from Waste).
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Figure 4-11. Primary Tank Meridional Stress Comparison — Middle Surface.
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Figure 4-12. Primary Tank Hoop Stress Comparison — Middle Surface.
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Figure 4-13. Primary Tank Meridional Stress Comparison — Inside Surface
(Near Waste).

Comparison of Meridional Stress (Inside)
2000

Dame Haunch all Knuckle Flaor

1800

1600
1400 1
1200 \
1000 \
300 I\Y
|
2
~f

7
B
m e = 8 = = o% om @ om om0 ® om @ m o@m % B o= = @m o o oo om @
5 5 3 % 3 £ 9 3 3 &8 8§ T g o2 = g 3 oo o5o=2 9 o9 o8 o8 @ @ o9 o=
= R R T 0» T & T B m & om @ o= om m» & o®m 3 @ B N o~ = B3 O
= < & & ©N 9 ® @ ¥ F ¥ w0 © =~ ~ ®w @ 6 o & » O = - o © @
Slice Degree
— ey GEOM Wall & Dome - Low Friciton Haunch  —#—Birth & Death - Wall & Dome Sail Spr
Linear Model - PNML Concrete —#&—Linear Model - Revised J-Baolts T OLA Model
=--=20ld Geom

Figure 4-14. Primary Tank Hoop Stress Comparison — Inside Surface (Near
Waste).
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Several different frictionless gap element studies were done during the dead weight
analyses. For a detailed description of the friction coefficient parameters, see Table 4-1
above. Figure 4-15 through Figure 4-20 provide a friction effect comparison for
meridional and hoop stresses for the outside, middle and inside shell surfaces. After
reviewing the figures below, it is apparent that the variation in friction coefficient and
friction coefficient transition location has no apparent impact on meridional and hoop
stresses for the primary tank.

Figure 4-15. Primary Tank Meridional Stress Comparison Iriction Variation —
Outside Surface (Away from Waste).

Comparison of Meridional Stress (Outside)
2000

Dome Haunch Wall Knuckle Floor

1800 &

1600

1400

1200

1000

Stress (kip/fth2)

800

" m
400 "
200 4= el "

105534 (¢<

89.7
1275
1538.7
204.1
7.5
296.1
a7
391.9
441.8
466.3
492.3
529.9
582.0
650.8
718.8
786.8
B44.8
g92.8
921.4

11250
11733
12182
1260.3

Slice Degree

MNew Geamn —8B—Wall & Dome Soil - Zera Friction —#—Wall & Dome Soil - Zero Dome Friction
Wall & Dome Soil - Zero Wall Friction Wall & Dome Sail - Low Friction === =Wall & Dome Soil - High Friction
—&—Wall & Dome - Low Friciton Haunch TOLA Model

71



RPP-RPT-28966 Rev. 1
Page 93 of 888
Mé&D-2008-004-CALC-001, Rev. 1

Figure 4-16. Primary Tank Hoop Stress Comparison Friction Variation —
Outside Surface (Away from Waste).
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Figure 4-17. Primary Tank Meridional Stress Comparison Iriction Variation —
Middle Surface.
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Figure 4-18. Primary Tank Hoop Stress Comparison Friction Variation —
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Figure 4-19. Primary Tank Meridional Stress Comparison Iriction Variation —
Inside Surface (Near Waste).
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Figure 4-20. Primary Tank Hoop Stress Comparison Friction Variation —
Inside Surface (Near Waste).
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The primary tank hoop and meridional stresses were analyzed using a variety of analysis
methods and component parameters, and were presented in Figure 4-9 through Figure
4-20. Based on the results obtained from these analyses, the TOLA model compares very
well to the ANSYS® detailed models for hoop stresses. There is more variation between
the TOLA model and the ANSYS® detailed models for meridional stresses, with the
greatest discrepancy at the knuckle. As a result of the review of the primary tank
stresses, there was no specific ANSYS® detailed methodology that provided significantly
better results or closer comparison to the TOLA model results. As a result, it is suggested
to use the best methodology as discussed for the concrete tank, the ANSYS® detailed
model with the haunch having a 0.05 friction coefficient.

4.1.3.3 Anchor Bolt Results and Conclusions

The anchor bolt axial and shear forces were extracted from load cases 1, 2, 3, 3a, 3b, 12a
and 14 are compared in Figure 4-21 through Figure 4-22. Friction parameters were
varied on the concrete tank dome, haunch and wall in load cases 9, 10, 11, 12,12a, and 13
and the anchor bolt axial and shear forces are a compared in Figure 4-23 through

Figure 4-24. The anchor bolt shear forces are extracted as components, and combined by
the square root of the sum of the squares (SRSS). See Table 4-1 for the description and
labels associated with these load cases.
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Figure 4-21. Anchor Bolt Axial Forces.
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Figure 4-22. Anchor Bolt Shear Resultant (SRSS) Forces.
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The axial and resultant shear forces are presented in Figure 4-21 and Figure 4-22 above.
The axial forces seen in Figure 4-21, show that the ANSYS® detailed models produce
higher results for the first six rings (path length from zero to 210 inches) and the tenth
ring (path length 390 inches), whereas the TOLA model is higher for the seventh through
the ninth rings (path 211 inches through 389 inches) and for the outer, eleventh ring (path
422 inches). The result SRSS shear forces for the TOLLA model are slightly higher for
the seventh through the ninth ring ((path 211 inches through 389 inches), while the
detailed model is significantly higher at the second and eleventh rings (path 45 inches and
422 inches).

Gap elements across the excavated soil/concrete dome interface had varying friction
coefficients applied to study the impact on anchor bolt forces for the dead weight
analysis. For a detailed description of the friction coefficient parameters, see Table 4-1
above. Figure 4-23 through Figure 4-24 provides a comparison for the axial and resultant
SRSS shear anchor bolt forces based on friction coefficients.

Figure 4-23. Anchor Bolt Axial Forces — Soil Friction Variation.
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Figure 4-24. Anchor Bolt Shear Resultant (SRSS) Forces — Soil Friction Variation.
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It can be seen that soil interface friction coefficients for the dome do affect the axial
loading seen by the anchor bolts. Frictionless soil on the dome significantly increases the
axial forces seen by all the anchor bolts, except the outer most ring (path 422 inches).
This is consistent with expected results due to the effect of the soil on the concrete tank.
The resultant SRSS shear forces are not significantly affected by varying the friction
coefficient. The effect is most dramatic in the last three rings of anchor bolts (path 333
inches through 422 inches). As aresult, it is suggested to use the best methodology as
discussed for the concrete tank, the ANSYS® detailed model with the haunch having a
0.05 friction coefficient.

4.1.3.4 Soil Tension Results and Conclusions
Soil tension, as an indication of soil arching over the dome, was investigated for each of
the three component directions for load case 1, 2, 3, 12a, and 14. Figure 4-25 through

Figure 4-39 present the component direction soil tensions for each load case. See
Table 4-1 for the description and labels associated with of these load cases.
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Figured4-25. TOLA Model Soil Stresses (psi) - X Component
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Figured4-26. TOLA Model Soil Stresses (psi) - ¥ Component
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Figured4-27. TOLA Model Soil Stresses (psi) - Z Component
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Fizure 4-30. Phase I ANSY ST (0ld Geom. ) Soil Siresses (kip /fi*) - Z Component.
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Figure 4-32. Detailed ANSYS™ (New Geam.) Soil Stresses (kip/fi’) - ¥ Component
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Figure 4-37. Soil Gaps (Low Friction Seoil — Haunch 0.05) Soil Stresses (kip/ftz) -
X Component.
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Figure 4-38. Soil Gaps (Low Friction Soil — Haunch 0.05) Soil Stresses (kip/ftz) —
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From the results presented in Figure 4-25 through Figure 4-39, it can be seen that the best
method for reducing soil tension would be the ANSYS® detailed model using element
birth and death method. Due to solution convergence issues, the ANSYS® detailed model
using element birth and death method cannot be used for the seismic analyses. As a
result, the ANSYS® detailed model should be modified to reduce or eliminate any soil
tension and potential soil arching around the concrete tank.

4.1.4 Dead Weight Analysis Conclusions

Based on the information and discussions above, the ANSYS® detailed model should use
contact elements with friction coefficients of (.30 on the dome, 0.05 on the haunch and
wall. In addition, further study of the ANSYS® detailed model should be done to
minimize soil tension and potential soil arching around the concrete tank

4.2 SOIL ARCHING

When linear elastic material properties are used to model soils, there is potential for
developing artificial tensile zones. As related to the tank and soil model, there is a
potential for soil arching behavior over the dome of the tank. Excessive arching behavior
will result in underestimating the loads on the concrete dome and tank walls. Therefore,
a study of arching behavior was performed to minimize the effect on the seismic analysis.

The potential for soil arching over the dome was studied to determine an acceptable
method for modeling the soil to prevent arching from occurring. Because the soil 1s
modeled as a linear-elastic material, some features of soil cannot be included such as
inability to carry tension loads. If excessive arching occurs over the dome, the vertical
loading on the dome may be underestimated.

The model features studied include contact friction between the soil and the concrete and
soil properties and their distribution.

4.2.1 Model

The model used for this arching study is essentially the same as described in Section 2.1.
The soil and concrete tank are identical in geometry. Soil properties are the same as
discussed above, but the concrete was modeled as uncracked to match the concrete
properties of the TOLA model used for comparison. The model for the primary tank and
waste is less refined in the wall (i.e., fewer elements over the wall height).

Two areas of the model were studied to determine the effect of arching. Figure 4-40
shows two soil zones for which Young’s Modulus was studied. The intent of softening
two soil zones is to create a break in the soil through which only limited tension or
compression can be carried. The ring over the tank wall breaks the tension zone
changing the soil over the tank from “fixed” and the edges, to “simply supported.” A
zone over the center of the dome was also softened to break the “beam action™ over the
dome, essentially preventing a moment being carried over the dome.
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The zone over the center of the dome was initially studied by modifying the properties of
a cylinder of soil. In reviewing the compressive stresses in the soil, it was determined
that a compression ring was formed in the first cylinder of elements outside of the
softened center zone. Therefore, an approximately cubic section of soil was then
softened (See Figure 4-42). This had the desired affect of removing the compression
ring.

Figure 4-40. Model Detail for Arching Study.
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Figure 4-41. Compression Ring over Dome Center.
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Figure 4-42. Model Detail for Arching Study, Final Configuration.
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Figure 4-43. Stress Field in Soil over Dome — Final Configuration.
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The mnfluence of contact friction between the soil and the concrete tank and at the
soil/soil interface at the edge of the construction excavation was also studied.
Figure 4-44 and Figure 4-45 show the soil/concrete and soil/soil contact surfaces

respectively.
Figure 4-44. Soil/Concrete Contact Surface.

Lx

file:Non—Linear, 2D Input, DF=40 Alpha=0.4, New Event/Soil

87



M&D-2008-004-CALC-001, Rev. 1

Figure 4-45. Soil/Soil Contact Surface.
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4.2.2 Soil Friction Properties

Significant efforts were taken and documented in Rinker et al. (2004) to determine soil
properties with a view to modeling the soil using a Drucker-Prager formulation for the
soil. Included in the referenced report are results showing the effect of soil depth on the
internal angle of friction. Figure 4-46 is extracted from this report.

Figure 4-46. Soil Friction Angle vs. Soil Depth.
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From Bowles (1982), the coefficient of friction between the base of a retaining wall and
the soil may be taken as:
f=tang to 0.67tang

Table 4-2. Soil Internal Angle of Iriction vs. Wall Friction Coefficient.

¢ tang 0.67tand
47.5 1.09 0.73

45 1.00 0.67

40 0.84 0.58

35 0.70 0.47

Based on the above range of potential wall friction coefficients, values between 0.5 and
0.8 were selected for evaluation. After the initial cases were evaluated, an additional
value of 0.2 was also tested. The low value was included to address issues related to
construction sequence.
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4.2.3 Load Cases

The following Load Cases were considered for the initial study

e Casel E=250 kip/ft* w=0.50
e Case? E=250 kip/ft* w=0.60
e Case3 E=250 kip/ft* w=0.70
e Case 4 E=250 kip/ft® 1= 0.80
¢ Case5 E=9958 kip/ft* w=0.70
e Case 5a E=1000 kip/ft® w=0.70

Later cases included

e Casc9 E=250 kip/ft* w=0.20, 0.60
e Casel0 E=250 kip/ft* 1= 0.20, 0.60
e UBS-UCC  E=250 kip/ft* 1= 0.20, 0.60

Where E is the elastic modulus of the softened soil zones and p is the coefficient of
friction between the soil and the concrete tank.

4.2.4 Results

Results from the soil contact elements, concrete tank elements, and primary tank
elements were extracted and evaluated. Soil contact pressure results were compared
against both a theoretical solution and results from the TOLA model. Concrete tank
forces and moments are compared against the TOLA model. Primary tank stresses are
also compared against TOLLA model results.

A comparison against active earth pressure was developed to provide a comparison
against a theoretical solution. Values for the soil internal angle were taken as 33 degrees

and 49 degrees. These values represent the extremes from Figure 4-46. Coulomb lateral
earth pressure is determined using the following equation:

o, =0, tan2[45 — ﬂj — 20tan(45 — éj
2 2

For the excavated soil region, the soil is considered to be cohesionless; therefore, the
second term can be ignored. For the two friction angles considers, the multiplier for the
normal pressure is:

Ka —tan2(45 — éj
2

The resulting values are 0.295 and 0.140 for internal friction angles of 33 and 49 degrees
respectively. Inherent in the Coulomb formulation for lateral soil pressure is the
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assumption that the pressure acts against a rigid wall. This assumption is reasonable for
the uncracked concrete model, but is not for the Best-Estimate Concrete or Fully-Cracked
Concrete.

The theoretical pressure normal to the shell elements was then calculated using the
vertical and lateral soil pressures as follows:

P, =pgh
F =K.F,

P, =(P,Cos0) +(PSin6}

Where 6 = shell normal angle from horizontal.

A surcharge pressure due a 200,000 1bf concentrated load over the dome is included as
appropriate.

Table 4-3. Theoretical Concrete Shell Normal Pressures Due to Gravity.

Element Active Active

Normal Lateral Lateral Normal Normal

Angle Vertical Surcharge Pressure, Pressure, Pressure Pressure
Depth (rad) Pressure Pressure $=33 Deg $=49 Deg ¢ =33 deg $ =49 deg
8.500 -0.035 9.84 2.46 2.90 1.38 9.83 9.83
8.683 -0.071 10.00 2.46 2.95 1.40 9.97 9.97
8.899 -0.097 10.18 2.46 3.00 1.43 10.14 10.14
9.192 -0.125 8.32 0.34 245 1.16 8.26 8.26
9.942 -0.181 8.97 0.34 2.65 1.26 §.84 8.83
10.400 -0.210 9.03 0 2.66 1.26 8.85 8.83
11.860 -0.298 10.30 0 3.04 1.44 9.88 9.85
12.650 -0.347 10.98 0 3.24 1.54 10.39 10.34
14.625 -0.482 12.70 0 3.75 1.78 11.38 11.28
16.150 -0.607 14.02 0 414 1.96 11.76 11.57
18.550 -0.657 16.10 0 4.75 2.25 13.08 12.83
21.908 -1.571 19.02 0 5.61 2.66 5.61 2.66
23.992 -1.571 20.83 0 6.14 2.92 6.14 2.92
27917 -1.571 24.23 0 7.15 3.39 7.15 3.39
32417 -1.571 28.14 0 8.30 3.94 8.30 3.94
36.125 -1.571 31.36 0 9.25 4.39 9.25 4.39
40.267 -1.571 34.95 0 10.31 4.89 10.31 4.89
43.708 -1.571 37.94 0 11.19 5.3 11.19 5.31
50.000 -1.571 43.40 0 12.80 6.08 12.80 6.08
53.833 -1.571 46.73 0 13.79 6.54 13.79 6.54

Figure 4-47 shows the theoretical soil pressures normal to the concrete shell elements.
The increased pressure near the center of the dome is due to the 200,000 Ibf surcharge
included on the surface. As the element normal changes past the wall to become vertical,
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there is a significant drop in pressure because the weight of the soil burden no longer
contributes to the soil pressure normal to the concrete.

Figure 4-47. Theoretical Soil Pressures Normal to Concrete Elements.
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Soil contact pressures were extracted from the TOLA model for comparison to the study
results. In the dome portion of the model, the contact pressure results varied widely. For
this comparison, the pressures were averaged over a number of ¢lements to obtain a
smoother pressure distribution. The original soil pressures and averaged pressures are
shown in Figure 4-48. The variation in soil pressures is due to the selection of which
elements (soil/concrete) to use as the basis for the contact or target element. In the
TOLA model, the target was the less refined surface, resulting in the varying soil
pressures shown below. However, because the average results show the expected
pressure distribution and the pressure variations are highly localized compared to the
concrete overall thickness, the variation is unlikely to have a significant affect on the
overall results.

Figure 4-49 shows a comparison of the TOLA model results compared to the theoretical
solution. The PNNL solution is significantly different from the theoretical solution near
the haunch of the concrete tank. Soil pressures near the dome center due to soil
overburden show reasonable agreement as does the lateral soil pressure lower on the tank
wall. The Drucker-Prager formulation for soil properties in the TOLA model uses a base
soil internal angle of friction of 35 degrees. The lateral soil pressures show a good match
on the vertical wall region of the model for 35 degrees.
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Figure 4-48. Soil Contact Pressures from the TOLA Model.
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Figure 4-50 shows a comparison of soil contact pressures based on varying the
coefficient of friction between the soil and the concrete tank. The contact pressures are
fairly insensitive to the coefficient of friction until significant “sticking™ occurs between
the soil and tank. This occurs with a coefficient of friction between 0.7 and 0.8. The
offset in the path location for the peak pressure is due to the difference in models. The
TOLA model follows the exterior surface of the concrete tank whereas the seismic model
follows the concrete mid-line. Based on this difference, the slope of the contact elements
changes away from horizontal sooner than the detailed TOLA model.

Figure 4-50. Soil Contact Pressures for Varying Coefficients of Friction.
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Figure 4-51 shows a comparison of soil contact pressures based on varying the elastic
modulus of the soil in two zones above the tank. Included in the plot are results for the
unmodified elastic modulus, and values that are approximately 1/10 and 1/40 of the
original modulus. The results for the original modulus show that the pressures over the
dome are underestimated. This is the expected result due to arching behavior of the soil.
Both reduced modulus cases show better matches with TOLA model results.
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Figure 4-51. Soil Contact Pressures for Varying Soil Elastic Modulus.
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Figure 4-52. Concrete Hoop Forces for Varying Coefficients of Friction.
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Figure 4-53. Concrete Meridional Forces for Varying Coefficients of Friction.
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Figure 4-34. Concrete Hoop Forces for Varving Soil Elastic Modulus.
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Figure 4-55. Concrete Meridional Forces for Varying Soil Elastic Modulus.
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For each of the load cases addressed for the arching study, the primary tank stresses were
obtained and compared. As can be seen in Figure 4-56, primary tank stresses are
insensitive to friction coefficients between the soil and concrete tank or the stiffness of
the soil above the concrete tank. Therefore, primary tank stresses were not considered
further for this study.

Figure 4-56. Primary Tank Hoop Stress for Varying Coefficients of Friction.
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Three final cases were run using an initial coefficient of friction of 0.2. A low coefficient
of friction was shown in the gravity load study to provide the best-Estimate for the initial

conditions (gravity only). Figure 4-57 shows the results for uncracked and best-Estimate

concrete properties. The difference in concrete properties has a significant impact on the

lateral soil pressures on the vertical wall of the concrete tank.
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Figure 4-57. Soil Contact Pressures for pu=0.2.
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One drawback in the application of the soil load in a single step is it does not represent
the effect of construction method. During the construction of the tanks, the tank was
completed in an excavation then the soil was added. ANSYS® can represent this process
using element birth and death. It is anticipated that using element birth and death will
provide the most realistic representation of the initial conditions. Figure 4-58 shows a
comparison between the results for element birth and death and a single step loading.
The only significant difference occurs over the haunch.

The difference in soil contact pressures results in differences in concrete forces and
moments. Again, the primary area affected is the haunch of the tank. Figure 4-59
through Figure 4-62 show concrete forces and moment comparisons. The largest
difference occurs in the meridional moment in the haunch, however, is can be seen that
the single step loading general results in higher forces and moments.

Enabling the large displacement feature in ANSYS® is required to perform an analysis
with element birth and death. The modeling of the waste creates solution problems when
large geometry is enabled, so can not be used in the transient portion of the solution.
Unfortunately, the large displacement feature can not be switched on and off between
solution phases (static vs. transient). Therefore, the birth and death feature can not be
used for the full transient analysis. However, it is useful for evaluating the initial loading
(gravity only) condition of the model.
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Figure 4-38. Soil Contact Pressures for Single Step and Multi-Step Loading.
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Figure 4-59. Concrete Hoop Forces for Single Step and Multi-Step L oading.
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Figure 4-60. Concrete Meridional Forces for Single Step and Multi-Step Loading.

Force (kipsfft)

Concrete Meridional Forces Birth and Death vs. Single Step Loading

200

100

0o

-10.0

200 400 600 800 1000 1200 1400 1600

-20.0

v

=300

-40.0

I
J

=500

A
A\

-60.0

v A

-70.0

e R

-80.0

-890.0

Path (in)

‘—0— Gravity Meridonal Force (kip/ft) AY-BES-BEC —#— Gravity Meridonal Force (kip/ft) AY-BES-BEC B&D ‘

Figure 4-61. Concrete Hoop Moments for Single Step and Multi-Step Loading.
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Figure 4-62. Concrete Meridional Moments for Single Step and Multi-Step
Loading.
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4.2.5 Conclusion

Based in the discussion above, the following model features will be used to minimize the
effects of soil arching over the dome.

Initial coefficient of friction = 0.2

Transient coefficient of friction = 0.6

Reduce soil stiffness in two regions over dome to 250 kip/ft®. This will be done in a
cubic zone over the center of the dome and in a ring over the haunch of the tank.

5.0 SPECTRAL COMPARISONS AT THE MODEL BOUNDARY

As discussed in Section 2.0, four separate combinations of soil and concrete properties
have been run. One check to ensure that the correct loading was applied during the
transient analysis 1s to compare the response spectra at the edge of the model to the free-
field, or design-basis response spectra. For each of the four soil and concrete
configurations, horizontal and vertical spectra have been extracted at both the surface and
at -57 ft (base of tank) for comparison.
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5.1 LOWER BOUND SOIL, BEST-ESTIMATE CONCRETE

For the Lower-Bound soil case, the spectra are compared against the surface and tank
base spectra with the appropriate scale factors applied. For the Lower-Bound soil, scale
factors of 1.175 and 1.12 have been applied to the base acceleration time histories for
horizontal and vertical accelerations respectively. As can be seen in Figure 5-1 through
Figure 5-4, there is a good match between the model response and the response of the
free-field as developed by SHAKE. This demonstrates that the size of the soil model is
sufficient to capture appropriate behavior and that the desired ground motions occur
throughout the model.

Figure 3-1. Horizontal Response Spectra Comparison, Surface (LBS-BEC).
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Figure 5-2. Horizontal Response Spectra, Tank Bottom (LBS-BEC).
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Figure 5-3. Vertical Response Spectra Comparison, Surface (LBS-BEC).
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Figure 5-4. Vertical Response Spectra, Tank Bottom (LLBS-BE(C).
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5.2 BEST-ESTIMATE SOIL, BEST-ESTIMATE CONCRETE

For the Best-Estimate soil case, the spectra are compared against the surface and tank
base spectra with the appropriate scale factors applied. For the Best-Estimate soil, no
scale factors have been applied to the base acceleration time. As can be seen in

Figure 5-5 through Figure 3-8, there is a good match between the model response and the
response of the free-field as developed by SHAKE. This demonstrates that the size of the
soil model is sufficient to capture appropriate behavior and that the desired ground
motions occur throughout the model.
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Figure 5-5. Horizontal Response Spectra Comparison, Surface (BES-BEC).
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Figure 5-6. Horizontal Response Spectra, Tank Bottom (BES-BEC).
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Figure 5-7. Vertical Response Spectra Comparison, Surface (BES-BEC).
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Figure 5-8. Vertical Response Spectra, Tank Bottom (BES-BEC).
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5.3 UPPER BOUND SOIL, BEST-ESTIMATE CONCRETE

For the Upper-Bound soil case, the spectra are compared against the surface and tank
base spectra with the appropriate scale factors applied. For the Lower-Bound soil, scale
factors of 1.2 and 1.19 have been applied to the base acceleration time histories for
horizontal and vertical accelerations respectively. As can be seen in Figure 5-9 through
Figure 5-12, there is a good match between the model response and the response of the
free-field as developed by SHAKE. This demonstrates that the size of the soil model is
sufficient to capture appropriate behavior and that the desired ground motions occur
throughout the model.

Figure 5-9. Horizontal Response Spectra Comparison, Surface (UBS-BEC).
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Figure 3-10. Horizontal Response Spectra, Tank Bottom (UBS-BEC).
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Figure 5-11. Vertical Response Spectra Comparison, Surface (UBS-BEC).
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5-12. Vertical Response Spectra, Tank Bottom (UBS-BEC).

Free Field Response Spectra Comparison, Vertical Tank Bottom (UBS-BEC)
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5.4 BEST-ESTIMATE SOIL, FULLY-CRACKED CONCRETE

For the Best-Estimate soil case, the spectra are compared against the surface and tank
base spectra with the appropriate scale factors applied. For the Best-Estimate soil, no
scale factors have been applied to the base acceleration time. As can be seen in

Figure 5-13 through Figure 5-16, there is a good match between the model response and
the response of the free-field as developed by SHAKE. This demonstrates that the size of
the soil model is sufficient to capture appropriate behavior and that the desired ground
motions occur throughout the model.
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Figure 5-13. Horizontal Response Spectra Comparison, Surface (BES-FCC).
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Figure 5-14. Horizontal Response Spectra, Tank Bottom (BES-FCC).

Free Field Response Spectra Comparison, Horizontal, Tank Bottom (BES-FCC)
0.50

045

£
=
o

o
N
el

(=1
1
S

2
o
ah

L2
=

o
gy
o

o
R
=}

fan]
o
a

Frequency (Hz)

——ANSYS Tank Bottom Free Field —— SHAKE Free Field Bottomn of Tank Spectra

111



Acceleration (g)

Acceleration [g)

RPP-RPT-28966 Rev. 1
_ _ Page 133 of 888
M&D-2008-004-CALC-001, Rev. 1

Figure 5-15. Vertical Response Spectra Comparison, Surface (BES-FCC).
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Figure 5-16. Vertical Response Spectra, Tank Bottom (BES-FCC).
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6.0 TANK RESULTS

6.1 CONCRETE TANK

Concrete tank forces and moments are extracted from the model in 9 degree slices,
starting near the top of the dome and moving down the wall and across the footing from
the outside to the center of the tank. Figure 6-1 show the 1% slice, with element numbers.
Each of the subsequent figures shows one component of force or moment, comparing the
results from each load case. The results presented for the concrete forces and moments
are enveloped minima/maxima around the circumference of the tank.

The following forces/moments for SHELIL 143 elements were extracted from the model
SMISC1 Hoop force (Meridional in footing)

SMISC2 Meridional force (Hoop in footing)

SMISC3 In-Plane shear force

SMISC4 Hoop Moment (Meridional in footing)

SMISC5 Meridional Moment (Hoop in footing)

SMISCo6 Twisting Moment

SMISC7 Through Wall Shear Force (X7)

SMISCS Through Wall Shear Force (YZ)

Figures are grouped in sets showing the force or moment for gravity only first, total
demand from the transient analysis (gravity plus seismic), and then only the seismic
portion. The seismic only load is simply the difference between the full transient loading
and gravity only. The forces and moments are plotted against a “path” which starts at 0
at the top of the dome, increasing to the center of the footing. Forces and moments have
been enveloped circumferentially for these plots. Concrete force/moment plots are as
follows:

Figure 6-2. Concrete Tank Hoop Forces — Gravity Only

Figure 6-3. Concrete Tank Hoop Forces — Gravity Plus Seismic

Figure 6-4. Concrete Tank Hoop Forces — Seismic Only

Figure 6-5. Concrete Tank Meridional Forces — Gravity Only

Figure 6-6. Concrete Tank Meridional Forces — Gravity Plus Seismic
Figure 6-7. Concrete Tank Meridional Forces — Seismic Only

Figure 6-8. Concrete Tank Hoop Moments — Gravity Only

Figure 6-9. Concrete Tank Hoop Moments — Gravity Plus Seismic
Figure 6-10. Concrete Tank Hoop Moments — Seismic Only

Figure 6-11. Concrete Tank Meridional Moments — Gravity Only

Figure 6-12. Concrete Tank Meridional Moments — Gravity Plus Seismic
Figure 6-13. Concrete Tank Meridional — Seismic Only

Figure 6-14. Concrete Tank In-Plane Shear Forces — Gravity Only
Figure 6-15. Concrete Tank In-Plane Shear Forces — Gravity Plus Seismic
Figure 6-16. Concrete Tank In-Plane Shear Forces — Seismic Only
Figure 6-17. Concrete Tank Through-Wall Shear Forces — Gravity Only
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e Figure 6-18. Concrete Tank Through-Wall Shear Forces — Gravity Plus Seismic
¢ Figure 6-19. Concrete Tank Through-Wall Shear Forces — Seismic Only

Results for through wall shear forces are the envelope of SMISC7 and SMISCS. No
results are presented for SMISC6, the element XY moment.

Figure 6-1. Concrete Tank Element Retreival Sequence Starting Numbers.
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Figure 6-2. Concrete Tank Hoop Forces — Gravity Only.

Concrete Hoop Force - Gravity Load Only

a0

Dome Haunch Wall Floor

40

T T } 3 T = Tor- =
200 ?{ \§Eu 0 ano fIDDD 1200 1400 1600

B 7/ N A

{0/ AMSEA
7z

-80

Force (kip/ft)

Path ({in}

— Gravity Hoop Force (kip/ft) &4Y-LES-BEC —s— Gravity Hoop Force (kipfft) AY-BES-BEC
—— Gravity Hoop Farce (kipfft) AY-UBS-BEC Gravity Hoop Force (kipfft) AY-BES-FCC

114



Force (kipift)

RPP-RPT-28966 Rev. 1
Page 136 of 888
Mé&D-2008-004-CALC-001, Rev. 1

Figure 6-3. Concrete Tank Hoop Forces — Gravity Plus Seismic.
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Figure 6-4. Concrete Tank Hoop Forces — Seismic Only.
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Figure 6-3. Concrete Tank Meridional Forces — Gravity Only.
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Figure 6-6. Concrete Tank Meridional Forces — Gravity Plus Seismic.
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Figure 6-7. Concrete Tank Meridional Forces — Seismic Only.
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Concrete Hoop Moment - Gravity Load Only
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Figure 6-9. Concrete Tank Hoop Moments — Gravity Plus Seismic.
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Figure 6-10. Concrete Tank Hoop Moments — Seismic Only.
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Figure 6-11. Concrete Tank Meridional Moments — Gravity Only.
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Figure 6-12. Concrete Tank Meridional Moments — Gravity Plus Seismic.
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Figure 6-13. Concrete Tank Meridional — Seismic Only.
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Figure 6-14. Concrete Tank In-Plane Shear Forces — Gravity Only.
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Figure 6-15. Concrete Tank In-Plane Shear Forces — Gravity Plus Seismic.
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Figure 6-16. Concrete Tank In-Plane Shear Forces — Seismic Only.
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Figure 6-17. Concrete Tank Through-Wall Shear Forces — Gravity Only.
Concrete Through-Wall Shear Force - Gravity Load Only
Dome | Haunch | Wall i l Floor
[ﬁ\ r\
w N \
0 200 400 600 300 1000 1200 1400 1600
Path (in)

— Gravity Through-Wall Shear Force (kipft) AY-LBS-BEC —— Gravity Through-Wall Shear Force (kipft) AY-BES-BEC
—e— Gravity Through-Wall Shear Force (kipft) AY-UBS-BEC Gravity Through-Wall Shear Force (kipft) AY-BES-FCC

122

1



M&D-2008-004-CALC-001, Rev. 1

RPP-RPT-28966 Rev. 1
Page 144 of 888

Figure 6-18. Concrete Tank Through-Wall Shear Forces — Gravity Plus Seismic.
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Figure 6-19. Concrete Tank Through-Wall Shear Forces — Seismic Only.
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6.2 PRIMARY TANK RESULTS FOR THE REVISION 0 MODEL

Primary tank stresses are extracted from the model in 9 degree slices, starting near the top
of the dome and moving down the wall and across the footing from the outside to the
center of the tank. Stresses were extracted for the top, middle, and bottom of each shell
element. Figure 6-20 shows the first slice, with element numbers. Each of the
subsequent figures shows one component of stress, comparing the results from each load
case. The results presented for the primary tank stresses are enveloped minima/maxima
around the circumference of the tank. The gravity comparison includes a comparison to
the TOLA model. This comparison demonstrates that for the majority of the primary
tank, the model provides very similar results to the more detailed model. However, the
meridional stresses in the lower knuckle tend to be under-predicted in the seismic model
due to a lack of mesh resolution in that region. This is remedied by applying a correction
factor to the seismic stresses in the lower as described in Appendix A of Diebler et

al. (2008a)

The following stresses are extracted for the primary tank SHEILLL.143 elements at the top,

middle, and bottom for each element.

¢ SX  Hoop Stress (Meridional in floor)
e SY  Menidional Stress (Hoop in floor)
e SINT Stress Intensity

e SXY In-Plane Shear Stress

e SYZ Shear Stress

e SXZ Shear Stress

Figures are grouped in sets showing the stress for gravity only first, total demand from
the transient analysis (gravity plus seismic), and then only the seismic portion. The
seismic-only load is simply the difference between the full transient loading and gravity
only. For the primary tank, hoop stresses at the shell middle, meridional stresses at the
shell top and bottom, and in-plane shear stresses at the shell middle are presented in the
following figures.

Figure 6-21.
Figure 6-22.
Figure 6-23.
Figure 6-24.
Figure 6-25.
Figure 6-26.
Figure 6-27.
Figure 6-28.
. Primary Tank Meridional Stress (Outside) — Seismic Only
Figure 6-30.
Figure 6-31.

Figure 6-29

Figure 6-32.

Primary Hoop Stress (Middle) — Gravity Only

Primary Tank Hoop Stress (Middle) — Gravity Plus Seismic
Primary Tank Hoop Stress (Middle) — Seismic Only

Primary Meridional Stress (Inside) — Gravity Only

Primary Tank Meridional Stress (Inside) — Gravity Plus Seismic
Primary Tank Meridional Stress (Inside) — Seismic Only

Primary Meridional Stress (Outside) — Gravity Only

Primary Tank Meridional Stress (Outside) — Gravity Plus Seismic

Primary Tank In-Plane Shear Stress (Middle) — Gravity Only
Primary Tank In-Plane Shear Stress (Middle) — Gravity Plus
Seismic

Primary Tank In-Plane Shear Stress (Middle) — Seismic Only
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Figure 6-20. Primary Tank Element Retreival Sequence Starting Num bers.

Load Cage: LES-BEC, Full Non-linear, Final PT Mech

Figure 6-21. Primary Hoop Stress (Middle) — Gravity Only.
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Figure 6-22. Primary Tank Hoop Stress (Middle) — Gravity Plus Seismic.
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Figure 6-23. Primary Tank Hoop Stress (Middle) — Seismic Only.
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Figure 6-24. Primary Meridional Stress (Inside) — Gravity Only.
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Figure 6-25. Primary Tank Meridional Stress (Inside) — Gravity Plus Seismic.
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Figure 6-26. Primary Tank Meridional Stress (Inside) — Seismic Only.
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Figure 6-27. Primary Meridional Stress (Outside) — Gravity Only.
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Figure 6-28. Primary Tank Meridional Stress (Outside) — Gravity Plus Seismic.
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Figure 6-29. Primary Tank Meridional Stress (Outside) — Seismic Only.
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Figure 6-30. Primary Tank In-Plane Shear Stress (Middle) — Gravity Only.
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Figure 6-31. Primary Tank In-Plane Shear Stress (Middle) — Gravity Plus Seismic.
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Figure 6-32. Primary Tank In-Plane Shear Stress (Middle) — Seismic Only.
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6.3 COMPARISON OF PRIMARY TANK STRESSES BETWEEN
THE REVISION 0 BES-BEC CASE, AND THE REVISION 1
BES-BEC LOWER BOUND SECANT MODULUS CASE.

Figure 6-33 through Figure 6-39 show comparisons of stress components in the primary
tank under seismic loading only for the updated (Revision 1) model with the Lower-
Bound secant stiffness for the anchor bolts, and the original (Revision 0) model in the
BES-BEC case. As expected, the plots show that the differences in the primary tank
stress components are minor or that the updated analysis produces lower demands than
the original analysis, so that a full reevaluation of the remaining tank components that are
less affected by changes in anchor bolt properties is not required.
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Figure 6-33. Comparison of Hoop Stresses at the Qutside Surface of the Primary
Tank for the Updated and Original Models — Seismic Only.
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Figure 6-34. Comparison of Hoop Stresses at the Mid-Surface of the Primary Tank
for the Updated and Original Models — Seismic Only.
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Figure 6-35. Comparison of Hoop Stresses at the Inside Surface of the Primary

Stress (psi)

Tank for the Updated and Original Models — Seismic Only.
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Figure 6-36. Comparison of Meridional Stresses at the Outside Surface of the

Primary Tank for the Updated and Original Models — Seismic Only.
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Figure 6-37. Comparison of Meridional Stresses at the Mid-Surface of the Primary
Tank for the Updated and Original Models — Seismic Only.
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Figure 6-38. Comparison of Meridional Stresses at the Inside Surface of the
Primary Tank for the Updated and Original Models — Seismic Only.
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Figure 6-39. Comparison of In-Plane Shear Stresses at the Mid-Surface of the
Primary Tank for the Updated and Original Models — Seismic Only.
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6.4 ANCHOR BOLT RESULTS FOR THE REVISION 1 MODEL

Axial and shear forces were extracted for the anchor bolt elements. Figure 6-40 shows
the element numbers for the first five set of anchor bolts. Because anchor bolt elements
are placed at the edges of each slice, a total of twenty-one sets are extracted, but are
extracted by radius instead of angle as was done for the concrete and primary tank. The
following forces were extracted from the BEAM44 element results.

e SMISC7 Axial force (Element X)
e SMISCS Shear force (Element Y)
e SMISCY9 Shear force (Element Z)

After enveloping the forces around the circumference of the tank, the forces are re-
allocated on a per-bolt basis using the information from . The total shear force is
calculated by combining the two orthogonal shears extracted from the model by the
SRSS method. The anchor bolt displacements are calculated as the ratio of the anchor
bolt forces to the anchor bolt stiffness. The results are presented in the following figures:

e Figure 6-41. Anchor Bolts — Maximum Axial Displacement - Gravity Only

¢ Figure 6-42. Anchor Bolts — Minimum Axial Displacement - Gravity Only

e Figure 6-43. Anchor Bolts — Maximum Axial Displacement - Gravity Plus
Seismic
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Figure 6-44. Anchor Bolts — Minimum Axial Displacement - Gravity Plus
Seismic

Figure 6-45. Anchor Bolts — Maximum Axial Displacement - Seismic Only
Figure 6-46. Anchor Bolts — Minimum Axial Displacement - Seismic Only
Figure 6-47. Anchor Bolts — Shear Displacement - Gravity Only

Figure 6-48. Anchor Bolts — Shear Displacement - Gravity Plus Seismic
Figure 6-49. Anchor Bolts — Shear Displacement - Seismic Only

Figure 6-40. Anchor Bolt Element Retreival Sequence Starting Numbers.
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Figure 6-41. Anchor Bolts — Maximum Axial Displacement - Gravity Only.
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Figure 6-42. Anchor Bolts — Minimum Axial Displacement - Gravity Only.
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Figure 6-43. Anchor Bolts — Maximum Axial Displacement - Gravity Plus Seismic.
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Figure 6-44. Anchor Bolts — Minimum Axial Displacement - Gravity Plus Seismic.
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Figure 6-45. Anchor Bolts — Maximum Axial Displacement - Seismic Only.
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Figure 6-46. Anchor Bolts — Minimum Axial Displacement - Seismic Only.
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Figure 6-47. Anchor Bolts — Shear Displacement - Gravity Only.

Anchor Bolt Shear Displacement - Gravity Only

0045

0040

0.035

0.030

0025

0.020

0.015 +

oo1n

0.00%

0,000 3 :
Q 50 100 150 200 250 300 350 400 450
Path {in)

—e—BS-BEC-LB Secant Modulus —#—BES-BEC-LE SecantModulus ~ UBS-BEC-LB Secant Modulus
—— BES-FCC-LB Secant Modulus —¥—BES-BEC-UE Secant Modulus —8—BES-BEC-FC Secant Modulus

Figure 6-48. Anchor Bolts — Shear Displacement - Gravity Plus Seismic.
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Figure 6-49. Anchor Bolts — Shear Displacement - Seismic Only.
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6.5 COMPARISON OF ANCHOR BOLT RESULTS BETWEEN THE
REVISION 0 AND REVISION 1 MODELS FOR THE BES-BEC
CASE.

Figure 6-50 through Figure 6-52 show comparisons of anchor bolt displacements under
seismic loading only for the updated (Revision 1) model for the BES-BEC Lower-Bound
secant stiffness for the anchor bolts and the original (Revision 0) model in the BES-BEC
case. The original model had shear stiffness values of approximately 1700 kip/ft and
axial stiffness values of approximately 2200 kip/ft. The updated model with the Lower-
Bound secant modulus has both the shear and axial stiffeness set to 564 kip/ft (47 kip/in).
The plots show that the displacements increased when the shear and axial stiffnesses
were reduced, as might be expected.
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Figure 6-50. Comparison of Anchor Bolt Maximum Axial Displacement for the
Updated and Original Models — Seismic Only BES-BEC.
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Figure 6-31. Comparison of Anchor Bolt Minimum Axial Displacement for the
Updated and Original Models — Seismic Only BES-BEC.
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Figure 6-52. Comparison of Anchor Bolt Maximum Shear Displacement for the
Updated and Original Models — Seismic Only BES-BEC.

Anchor Bolt Maximum Shear Displacement - Seismic Only

0.06

0.05

/
. /
_—

001

Bolt Shear Displacement (in)

0.00 T T T T T T T T
0 50 100 150 200 250 300 350 400 450

Path (in)

\—Q—BESBEC— LB Secant Modulus Update —8— BES-BEC-Criginal Model\

6.6 SECONDARY LINER

Secondary liner strains are extracted from the model in 9 degree slices, starting near the
top element and moving down the wall and across the footing from the outside to the
center of the liner. Strains were extracted for the top, middle, and bottom of each shell
element. Figure 6-53 shows the first slice, with element numbers. Each of the
subsequent figures shows one component of strain, comparing the results from each load
case.

The following strains were extracted for the SHELI.143 elements for the top, middle and
bottom of each element.

EPELX Hoop Strain

EPELY Meridional Strain
EPELINT Strain Intensity

EPELXY In-Plane Shear Strain
EPELYZ Shear Strain (Element Y 7))
EPELXZ Shear Strain (Element XY)

Figures are grouped in sets showing the strain for gravity only first, total demand from
the transient analysis (gravity plus seismic), and then only the seismic portion. The
seismic only load 1s simply the difference between the full transient loading and gravity
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only. For the secondary liner, hoop strains at the shell middle, meridional strains at the
shell top and bottom, and in-plane shear strains at the shell middle are presented in the
following figures.

Figure 6-54. Secondary Liner — Hoop Stram (Middle) Gravity Only

Figure 6-55. Secondary Liner — Hoop Stramn (Middle) Gravity Plus Seismic
Figure 6-56. Secondary Liner — Hoop Strain (Middle) Seismic Only

Figure 6-57. Secondary Liner — Meridional Strain (Inside) Gravity Only

Figure 6-58. Secondary Liner — Meridional Strain (Inside) Gravity Plus Seismic
Figure 6-59. Secondary Liner — Meridional Strain (Inside) Seismic Only

Figure 6-60. Secondary Liner — Merdional Strain (Outside) Gravity Only
Figure 6-61. Secondary Liner — Merdional Strain (Outside) Gravity Plus Seismic
Figure 6-62. Secondary Liner — Merdional Strain (Outside) Seismic Only
Figure 6-63. Secondary Liner — Shear Strain (Middle) Gravity Only

Figure 6-64. Secondary Liner — Shear Strain (Middle) Gravity Plus Seismic
Figure 6-65. Secondary Liner — Shear Strain (Middle) Seismic Only

Figure 6-53. Secondary Liner Element Retreival Sequence Starting Numbers.

Load Case: LES-BEC, Full Non-linear, Final PT Mesh

AN
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Figure 6-54. Secondary Liner — Hoop Strain (Middle) Gravity Only.
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Figure 6-55. Secondary Liner — Hoop Strain (Middle) Gravity Plus Seismic.
Secondary Liner Hoop Strain (Middle) - Gravity and Seismic
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Figure 6-56. Secondary Liner — Hoop Strain (Middle) Seismic Only.
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Figure 6-57. Secondary Liner — Meridional Strain (Inside) Gravity Only.
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Figure 6-58. Secondary Liner — Meridional Strain (Inside) Gravity Plus Seismic.

Secondary Liner Meridional Strain (Top) - Gravity and Seismic
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Figure 6-59. Secondary Liner — Meridional Strain (Inside) Seismic Only.
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Figure 6-60. Secondary Liner — Merdional Strain (Outside) Gravity Only.
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Figure 6-61. Secondary Liner — Merdional Strain (Outside) Gravity Plus Seismic.
‘Secondary Liner Meridional Strain (Bottom) - Gravity and Seismic
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Figure 6-62. Secondary Liner — Merdional Strain (Outside) Seismic Only.
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Figure 6-63. Secondary Liner — Shear Strain (Middle) Gravity Only.
Secondary Liner Shear Strain (Middle) - Gravity Only
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Figure 6-64. Secondary Liner — Shear Strain (Middle) Gravity Plus Seismic.

Secondary Liner Shear Strain (Middle) - Gravity and Seismic
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Figure 6-65. Secondary Liner — Shear Strain (Middle) Seismic Only.
Secondary Liner Shear Strain (Middle) - Seismic Only
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6.6.1 Concrete Backed Steel

Concrete backed steel strains are extracted from the model in 9 degree slices, starting
near the center of the dome, down the wall and across the footing from the outside to the
center of the liner. However, to obtain strains for all concrete backed steel, results were
extracted from different groups of elements, including the primary tank, concrete, and
liner elements. Principal stresses were extracted for the top, middle, and bottom of each
shell element representing the primary tank in the dome region. Strains were then
calculated. Principal strains were extracted for the inside face of the concrete tank
elements in the haunch, wall and floor. These strains will be considered to be mid-plane
strains for the liner. Principal strains were extracted from the secondary liner where it
was explicitly modeled at the footing/wall interface. Figure 6-66 and Figure 6-67 show
the 1¥ slice, with element numbers. Each of the subsequent figures shows one
component of strain for the Best-Estimate Soil, Best-Estimate Concrete case only.

The following stresses were extracted for the SHELI.143 primary tank elements for the
top, middle and bottom of each element.

e S1 1¥ Principal Stress (Top, Middle, Bottom)
e S2 21 Principal Stress (Top, Middle, Bottom)
e S3 3™ Principal Stress (Top, Middle, Bottom)

The following strains were extracted for the SHELIL.143 Concrete tank elements for the
bottom of each element in the wall and the top of each element in the floor

« FEPELL1 1% Principal Strain
e EPEL2 2" Principal Strain
e EPEL3 3" Principal Strain

The following strains were extracted for the SHELIL143 secondary liner elements for the
top, middle, and bottom of each element.

¢ EPELI 1* Principal Strain (Top, Middle, Bottom)
« FEPEIL2 nd Principal Strain (Top, Middle, Bottom)
¢ EPEL3 3% Principal Strain (Top, Middle, Bottom)

Figures are grouped in sets showing the strain for gravity only first, total demand from
the transient analysis (gravity plus seismic), and then only the seismic portion. The
seismic only load is simply the difference between the full transient loading and gravity
only. For the concrete backed steel, each of the three principal strains is shown in the
following figures:

e Figure 6-68. Concrete Backed Steel Strain, Principal 1, BES-BEC, Gravity Only
¢ Figure 6-69. Concrete Backed Steel Strain, Principal 1, BES-BEC, Gravity Plus
Seismic
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Figure 6-73.
Figure 6-74.
Figure 6-75.

Figure 6-76.

Figure 6-66.
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Concrete Backed Steel Strain, Principal 1, BES-BEC, Seismic Only
Concrete Backed Steel Strain, Principal 2, BES-BEC, Gravity Only
Concrete Backed Steel Strain, Principal 2, BES-BEC, Gravity Plus
Seismic

Concrete Backed Steel Strain, Principal 2, BES-BEC, Seismic Only
Concrete Backed Steel Strain, Principal 3, BES-BEC, Gravity Only
Concrete Backed Steel Stramn, Principal 3, BES-BEC, Gravity Plus
Seismic

Concrete Backed Steel Strain, Principal 3, BES-BEC, Seismic Only

Element Retrieval Sequence Starting Numbers for Strain.

ELEMENT 3

ELEM NUM

Load Case: BES-BEC, Full Won-linear, Final PT Mesh

r AN

JAN 10 20064
13:364:31
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Figure 6-67. Element Retrieval Sequence Starting Numbers for Strain (Detail).

ELEMENTS

ELEM NUM

Load Case:

BES-BEC, Full Neon-linear, Final PT Mesh

JAN 10 2004

AN

13:36:53

Figure 6-68. Concrete Backed Steel Strain, Principal 1, BES-BEC, Gravity Only.
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Figure 6-69. Concrete Backed Steel Strain, Principal 1, BES-BEC, Gravity Plus
Seismic.
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Figure 6-70. Concrete Backed Steel Strain, Principal 1, BES-BEC, Seismic Only.
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Figure 6-71. Concrete Backed Steel Strain, Principal 2, BES-BEC, Gravity Only.
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Figure 6-72. Concrete Backed Steel Strain, Principal 2, BES-BEC, Gravity Plus
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Figure 6-73. Concrete Backed Steel Strain, Principal 2, BES-BEC, Seismic Only.
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Figure 6-74. Concrete Backed Steel Strain, Principal 3, BES-BEC, Gravity Only.
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Figure 6-75. Concrete Backed Steel Strain, Principal 3, BES-BEC, Gravity Plus
Seismic.
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Figure 6-76. Concrete Backed Steel Strain, Principal 3, BES-BEC, Seismic Only.
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7.0 CONTACT ELEMENT RESULTS

7.1 CONCRETE FOOTING CONTACT RESULTS FOR THE
REVISION 0 MODEL

Contact normal and shear forces, and other contact data were extracted for the interface
between the bottom of the concrete wall and the footing. Data for each of the twenty-one
contact elements was extracted. Figure 7-1 shows the location and element numbers for
each contact element.

The following contact data was extracted for each of the CONTAC178 elements.

¢ SMISCI Normal contact force

¢ CONT-SLIDE Contact lateral displacement

¢ CONT-GAP Contact gap distance

e CONT-STAT Contact status (open, closed, sliding)
¢ SMISC2 Shear force (element Y)

¢ SMISC3 Shear force (element 7)

Results for the contacts were then calculated on a force per foot basis for evaluation and
plotting. The following figures present the footing contact data.

Figure 7-2. Concrete Footing Contact Force - Gravity Only

Figure 7-3. Maximum Concrete Footing Contact Force - Gravity Plus Seismic
Figure 7-4. Minimum Concrete Footing Contact Force - Gravity Plus Seismic
Figure 7-5. Maximum Concrete Footing Contact Force - Seismic Only

Figure 7-6. Minimum Concrete Footing Contact Force - Seismic Only

Figure 7-7. Concrete Footing Contact Shear - Gravity Only

Figure 7-8. Concrete Footing Contact Shear - Gravity Plus Seismic

Figure 7-9. Concrete Footing Contact Shear - Seismic Only
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Figure 7-1. Footing Contact Element Retreival Numbers.

1eee0 18578 1ggrg
18881 © : 18677
18682 ’ 18676
16683 18675
el 18674
dERs 18673
L 18672
BE 18671
18588 N
= _ 18670
18683 !‘ T
Load Case: LES-BEC, Full Non-linear, Final BT Mesh

Figure 7-2. Concrete Footing Contact Force - Gravity Only.
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Figure 7-3. Maximum Concrete Footing Contact Force - Gravity Plus Seismic.
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Figure 7-4. Minimum Concrete Footing Contact Force - Gravity Plus Seismic.
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Figure 7-3. Maximum Concrete Footing Contact Force - Seismic Only.
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Figure 7-6. Minimum Concrete Footing Contact Force - Seismic Only.
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Figure 7-7. Concrete Footing Contact Shear - Gravity Only.
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Figure 7-8. Concrete Footing Contact Shear - Gravity Plus Seismic.
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Figure 7-9. Concrete I'ooting Contact Shear - Seismic Only.
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Time history results were evaluated for the contact elements located at 9 degrees and

180 degrees. The resultant shear and normal forces were compared over the full time
history to determine the potential for sliding. There were no cases in which ANSYS®
showed any sliding to occur. It is noted that at times during the transient analysis; the
shear force exceeded the friction capacity of the contact element. This is because the
total displacement occurring at any time did not meet the ANSYS® criteria for sliding to
occur. The maximum elastic displacement for any load case was 0.00093 inches (Best-
Estimate Soil, Fully-Cracked Concrete). Each plot comparing the shear force and normal
force include the contact normal force (pr# in plots), the shear force, and the ratio of the
shear to normal force (V/N). The following figures are provided for the time histories.

Figure 7-10.
Figure 7-11.
Figure 7-12.
Figure 7-13.
Figure 7-14.
Figure 7-15.
Figure 7-16.
Figure 7-17.
Figure 7-18.

Concrete Footing Time History, =9 Deg— LBS-BEC

Concrete Footing Time History, =90 Deg— LBS-BEC

Concrete Footing Displacment Time History, 8=90 Deg — BES-FCC
Concrete Footing Time History, 8=9 Deg — BES-BEC

Concrete Footing Time History, =90 Deg — BES-BEC

Concrete Footing Time History, =9 Deg — UBS-BEC

Concrete Footing Time History, =90 Deg — UBS-BEC

Concrete Footing Time History, 8=9 Deg — BES-FCC

Concrete Footing Time History, =90 Deg — BES-FCC
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Figure 7-12. Concrete Footing Displacment Time History, 6=90 Deg — BES-FCC.
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Figure 7-13. Concrete Footing Time History, 8=9 Deg — BES-BEC.
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Figure 7-14. Concrete Footing Time History, 6=90 Deg —

BES-BEC.

Figure 7-15. Concrete Footing Time History, =9 Deg — UBS-BEC.
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. Concrete Footing Time History, =90 Deg — UB

Figure 7-17. Concrete Footing Time History, =9 Deg — BES-FCC.
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Figure 7-18. Concrete Footing Time History, 8=90 Deg — BES-FCC.
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Based on the results presented above for the contact interface between the concrete wall
and footing, no displacements are expected to occur under seismic loading.

7.2 SOIL CONTACT RESULTS FOR THE REVISION 0 MODEL

Soil contact data are extracted from the model in 9 degree slices, starting near the top of
the dome and moving down the wall. Contact normal and shear forces, and other contact
data were extracted for the interface between soil and the concrete tank. Figure 7-19
shows the location and element numbers for first slice of contact elements. The
following data was extracted for each CONTA173 element

e CONT-PRES Normal Contact Pressure

¢ CONT-SLIDE Contact Lateral Displacement

e CONT-GAP Contact Gap Distance

¢ CONT-STAT Contact Status (Open, Closed, Sliding)
e SMISCS Tangential Friction (Element Y)

e SMISCI12 Tangential Friction (Element 7))

For each load case, the minimum and maximum contact pressure, tangential shear
pressures, and lateral displacements are compared. The figures for each component are
grouped by gravity only, gravity plus seismic, and seismic only. For the soil contact
interface, the following figures are provided.
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Figure 7-21.

Figure 7-22.
Figure 7-23.
Figure 7-24.
Figure 7-26.

Figure 7-27.
Figure 7-29.

Figure 7-30.
Figure 7-32.

Figure 7-33.
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Soil/Conerete Contact Element Normal Pressure — Gravity Only
Soil/Conerete Contact Element Maximum Normal Pressure —
Gravity Plus Seismic Only

Soil/Conerete Contact Element Minimum Normal Pressure —
Gravity Plus Seismic Only

Soil/Concrete Contact Element Maximum Normal Pressure —
Seismic Only

Soil/Concrete Contact Element Minimum Normal Pressure —
Seismic Only

Soil/Concrete Contact Element Meridional Shear — Gravity Plus
Seismic

Soil/Conerete Contact Element Meridional Shear — Seismic Only
Soil/Concrete Contact Element Tangential Shear — Gravity Plus
Seismic

Soil/Concrete Contact Element Gap Tangential Shear — Seismic
Only

Soil/Concrete Contact Element Gap Lateral Displacement (Slide) —
Gravity Plus Seismic

Soil/Concrete Contact Element Gap Lateral Displacement (Slide) —
Seismic Only

Figure 7-19. Soil/Concrete Contact Element Retreival Sequence Starting Numbers.

Load Case: LES-BEC, Full MNeon-linear, Final DT Mesh

169



Figure 7-20. Soil/Concrete Contact Element Normal Pressure — Gravity Only.
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Maximum Soil Contact Pressures - Gravity Loads
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Figure 7-21. Soil/Concrete Contact Element Maximum Normal Pressure — Gravity

Plus Seismic Only.
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Figure 7-22. Soil/Concrete Contact Element Minimum Normal Pressure — Gravity

Pressure (psi)
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Figure 7-23. Seil/Concrete Contact Element Maximum Normal Pressure — Seismic
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Figure 7-24. Soil/Concrete Contact Element Minimum Normal Pressure — Seismic
Only.
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Figure 7-25. Soil/Concrete Contact Element Meridional Shear — Gravity Only.
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Figure 7-26. Soil/Concrete Contact Element Meridional Shear — Gravity Plus

Seismic.

Maximum Soil Contact Meridional Friction Force - Gravity and Seismic Loads

oA /2
LN /"7‘\'\\;
A\ /
N A
| o \\\,;_M /i

1000

——Max Meridional Friction
Soll {LBS) AY Seismic (PS)

—m—Max Meridional Friction
Soll {(BES) AY Seismic (P3l)

—a— Max Meridional Friction
Soil (UBS) AY Seismic (PSl)

“Max Meridional Friction

Soll (BES-FCC) AY Seismic [PS1)

Figure 7-27. Seil/Concrete Contact Element Meridional Shear — Seismic Only.
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Figure 7-28. Soil/Concrete Contact Element Tangential Shear — Gravity Only.
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Figure 7-29. Soil/Concrete Contact FElement Tangential Shear — Gravity Plus

Pressure (psi)
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Figure 7-30. Soil/Concrete Contact Element Gap Tangential Shear — Seismic Only.
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Figure 7-31. Soil/Concrete Contact Element Gap Lateral Displacement (Slide) —
Gravity Only.
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Figure 7-32. Soil/Concrete Contact Element Gap Lateral Displacement (Slide) —
Gravity Plus Seismic.
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Figure 7-33. Soil/Concrete Contact Element Gap Lateral Displacement (Slide) —
Seismic Only.

Maximum Soil Contact Displacment - Seismic Only

025

0.20 A
5
£ 015
: |
o
£
[
"
7 010
2
a

005

0.00 T T - T T T T T

0 100 200 300 400 500 600 700 800 900 1000
Path {in)
—o—Ivlax Tangential Friction {LBS) AY —m— Iylax Contact Displacment (BES) AY
Seismic Only (PSI) Seismic Only {inch)
—a— ax Contact Displacement (UBS) AY Max Contact Displacement (BES-FCC) AY
Seismic Only {inch) Seismic Only (P31}

176



RPP-RPT-28966 Rev. 1
Page 198 of 888
Mé&D-2008-004-CALC-001, Rev. 1

To evaluate the soil loads on the concrete dome due to seismic loading, a comparison was
made between the seismic soil pressure and gravity only soil pressures scaled by
accelerations taken from the dome. For this comparison, soil pressures due to gravity
load only were scaled by the vertical spectral accelerations at a frequency of 20 Hz taken
at the haunch and center of the dome. The scaled gravity pressures provide an
approximation of the pressure on the dome due to vertical excitation. The center of the
dome can be expected to see a pressure associated with the acceleration at the center of
the dome, decreasing towards the haunch. At the haunch and on the vertical wall, the
pressures should correspond to the spectral acceleration at the haunch. Figure 7-34
through Figure 7-37 show this comparison for each load case. These comparisons
demonstrate that there is not significant arching in the soil.

Figure 7-34. Seismic Soil Pressure Comparison to Scaled Gravity Soil Pressures,
LBS-BEC.
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Figure 7-33. Seismic Soil Pressure Comparison to Scaled Gravity Soil Pressures,

Pressure (psi)

BES-BEC.
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Figure 7-36. Seismic Soil Pressure Comparison to Scaled Gravity Soil Pressures,

Pressure (psi)

UBS-BEC.

Seismic Only Soil Pressures

I

. / ,

\ [ /

A N2\ /
WA A //
N\

1/

e

100 200 300 400 500 600 700 800 900
Path {in)

—a—Max Pressure
Sail (UBS) AY Seismic Only (PSI)

—a—0.44g Dome Vertical (20 Hz) —=—0.25g Haunch Vertical (20 Hz)

178

1000



RPP-RPT-28966 Rev. 1
Page 200 of 888
Mé&D-2008-004-CALC-001, Rev. 1

Figure 7-37. Seismic Soil Pressure Comparison to Scaled Gravity Soil Pressures,
BES-FCC.
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7.3 DOME CONTACT RESULTS FOR THE REVISION 1 MODEL

¢ Dome maximum contact pressure data are extracted from the model in 9 degree
slices, starting near the top of the dome and moving out to the tangent point of the
primary tank. Figure 7-38 shows the location and element numbers for 1% slice of
contact elements.

The figures for maximum contact pressure are grouped by gravity only, gravity plus
seismic, and seismic only. The following figures are provided.

e Figure 7-39. Primary Tank/Concrete Dome Contact Element Maximum Contact
Pressure — Gravity Only

e Figure 7-40. Primary Tank/Concrete Dome Contact Element Maximum Contact
Pressure — Gravity Plus Seismic

¢ Figure 7-41. Primary Tank/Concrete Dome Contact Element Maximum Contact
Pressure — Seismic Only
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Figure 7-38. Primary Tank Dome Contact Element Retreival Sequence Starting

Numbers.

Load Case:

LES-BEC, Full Mon-linear, Final PT Mesh
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Figure 7-39. Primary Tank/Concrete Dome Contact Element Maximum Contact
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Figure 7-40. Primary Tank/Concrete Dome Contact Element Maximum Contact
Pressure — Gravity Plus Seismic.

Primary Tank/Concrete Tank (Dome) Contact Pressure - Gravity Plus Seismic

Pressure (psi)

0 80 1000 150 200 250 300 350 400 450
Tank Radius (in)

——LBS-BEC-LE Secant Modulus —8—EBES BEC-LE Secant Modulus UBS-BEC-LB Secant Madulus
—#—BES-FCCLB Secant Modulus —%—BES BEC-UE Secant Modulus —8— BES-BEC-FC Secant Modulus

Figure 7-41. Primary Tank/Concrete Dome Contact Element Maximum Contact
Pressure — Seismic Only.
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7.4 PRIMARY TANK/INSULATING CONCRETE CONTACT
RESULTS FOR THE REVISION 0 MODEL

Primary Tank/Insulating Concrete contact data are extracted from the model in 9 degree
slices, starting at the outside radius of the primary tank, moving in towards the center.
Contact normal and other contact data were extracted for the interface between primary
tank and insulating concrete. Figure 7-42 shows the location and element numbers for
1% slice of contact elements. The following data was extracted for each CONTA173
element

e CONT-PRES Normal Contact Pressure

¢ CONT-SLIDE Contact Lateral Displacement

¢ CONT-GAP Contact Gap Distance

¢ CONT-STAT Contact Status (Open, Closed, Sliding)

For each load case, the minimum and maximum contact pressure, lateral displacements,
and gaps are compared. The figures for each component are grouped by gravity only,
gravity plus seismic, and seismic only. For the primary tank/insulating concrete contact
interface, the following figures are provided.

e Figure 7-43. Primary Tank/Insulating Concrete Contact Element Contact
Pressure — Gravity Only

¢ Figure 7-44. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Pressure — Gravity Plus Seismic

e Figure 7-45. Primary Tank/Insulating Concrete Contact Element Minimum
Contact Pressure — Gravity Plus Seismic

¢ Figure 7-46. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Pressure — Seismic Only

e Figure 7-47. Primary Tank/Insulating Concrete Contact Element Minimum
Contact Pressure — Seismic Only

¢ Figure 7-48. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Gap — Gravity Only

e Figure 7-49. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Gap — Gravity Plus Seismic

¢ Figure 7-50. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Gap — Seismic Only

e Figure 7-51. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Lateral Displacement (Slide) — Gravity Only

¢ Figure 7-52. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Lateral Displacement (Slide)— Gravity Plus Seismic

e Figure 7-53. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Lateral Displacement (Slide)— Seismic Only
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Figure 7-42. Primary Tank Bottom Contact Element Retreival Sequence Starting
Numbers.
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Figure 7-43. Primary Tank/Insulating Concrete Contact Element Contact Pressure

— Gravity Only.
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Figure 7-44. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Pressure — Gravity Plus Seismic.
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Figure 7-45. Primary Tank/Insulating Concrete Contact Element Minimum
Contact Pressure — Gravity Plus Seismic.
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Figure 7-46. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Pressure — Seismic Only.
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Figure 7-47. Primary Tank/Insulating Concrete Contact Flement Minimum
Contact Pressure — Seismic Only.
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Figure 7-48. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Gap — Gravity Only.
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Figure 7-49. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Gap — Gravity Plus Seismic.
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Figure 7-50. Primary Tank/Insulating Concrete Contact Element Maximum
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Figure 7-51. Primary Tank/Insulating Concrete Contact Element Maximum
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Figure 7-52. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Lateral Displacement (Slide)- Gravity Plus Seismic.
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Figure 7-53. Primary Tank/Insulating Concrete Contact Element Maximum
Contact Lateral Displacement (Slide)— Seismic Only.
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The maximum sliding displacement due to a seismic event is approximately 0.033 inches
and occurs 1n both the Upper Bound Soil and Best-Estimate Soil load cases. Figure 7-54
and Figure 7-55 show the location and magnitude of the sliding between the primary tank
and insulating concrete. The figures show the status and displacement for the Upper
Bound Soil case. The displacements are in feet and include both gravity and seismic
loads.

Figure 7-54. Sliding Locations for Primary Tank/Insulating Concrete at Time of
Maximum Displacement.

ELEMENT SOLUOTION ANavya 8.1
JAN 12 Z00A

HEEES L, 16:42:59

8uB =1
TIME=104.1
CONTETAT (NOAVG)

NearContact 2liding Sticking

Load Case: UBS-BEC, Full Meon-linear, Scil Mu=0.65, Final PT Mesh
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Figure 7-55. Maximum Sliding Displacement Between Primary Tank and
Insulating Concrete (ft).

ELEMENT ZOLUTICN ANgvya 8.1
JAN 12 Z00&
la:42:08

BTEP=411

SUB =1
TIME=104.1
CONTSLID (NOAVG)

o -615e-03 00123 001845 00246
-307E-03 .022E-03 .001537 .00z152 002767

Load Case: UBS-BEC, Full Non-linear, Soil Mu=0.85, Final PT Meszh

Based on the small displacements between the primary tank and insulating concrete, this
contact surface feature could be omitted in future analyses.

7.5 INSULATING CONCRETE/SECONDARY LINER CONTACT
RESULTS FOR THE REVISION 0 MODEL

Insulating concrete/secondary liner contact data are extracted from the model in 9 degree
slices, starting at the outside radius of the insulating concrete, moving in towards the
center. Contact normal and other contact data were extracted for the interface between
insulating concrete and secondary liner. Figure 7-56 shows the location and element
numbers for first slice of contact elements. The following data was extracted for each
CONTAL173 element

* CONT-PRES Normal Contact Pressure

*» CONT-SLIDE Contact Lateral Displacement

e CONT-GAP Contact Gap Distance

¢ CONT-STAT Contact Status (Open, Closed, Sliding)

For each load case, the minimum and maximum contact pressure, lateral displacements,
and gaps are compared. The figures for each component are grouped by gravity only,
gravity plus seismic, and seismic only. For the insulating concrete/secondary liner
contact interface, the following figures are provided.
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Insulating Concrete/Secondary Liner Contact Element Contact
Pressure — Gravity Only

Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Pressure — Gravity Plus Scismic

Insulating Concrete/Secondary Liner Contact Element Minimum
Contact Pressure — Gravity Plus Seismic

Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Pressure — Seismic Only

Insulating Concrete/Secondary Liner Contact Element Minimum
Contact Pressure — Seismic Only

Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Gap — Gravity Only

Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Gap — Gravity Plus Seismic

Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Gap — Seismic Only

Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Lateral Displacement (Slide) — Gravity Only

Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Lateral Displacement (Slide)- Gravity Plus Seismic
Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Lateral Displacement (Slide)— Seismic Only

Figure 7-56. Insulating Concrete Contact Element Retreival Sequence Starting

Numbers.

Load Case: LBS-BEC, Full MNon-linear, Final PT Mesh

AN
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Figure 7-57. Insulating Concrete/Secondary Liner Contact Element Contact
Pressure — Gravity Only.
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Figure 7-58. Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Pressure — G.l-'avity Plus Seismic.
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Figure 7-39. Insulating Concrete/Secondary Liner Contact Element Minimum
Contact Pressure — Gravity Plus Seismic.
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Figure 7-60. Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Pressure — Seismic Only.
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Figure 7-61. Insulating Concrete/Secondary Liner Contact Element Minimum
Contact Pressure — Seismic Only.
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Figure 7-62. Insulating Concrete/Secondary Liner Contact Flement Maximum
Contact Gap — Gravity Only.
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Figure 7-63. Insulating Concrete/Secondary Liner Contact Element Maximum
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Figure 7-64. Insulating Concrete/Secondary Liner Contact Flement Maximum
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Figure 7-63. Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Lateral Displacement (Slide) — Gravity Only.
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Figure 7-66. Insulating Concrete/Secondary Liner Contact Element Maximum
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Figure 7-67. Insulating Concrete/Secondary Liner Contact Element Maximum
Contact Lateral Displacement (Slide)— Seismic Only.
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The maximum sliding displacement due to a seismic event is approximately 0.011 inches
and occurs in the Best-Estimate Soil, Fully-Cracked Concrete load case. Figure 7-68 and
Figure 7-69 show the location and magnitude of the sliding between the insulating
concrete and secondary liner. The figures show the status and displacement for the Best-
Estimate Soil, Fully-Cracked Concrete load case. The displacements are in feet and
include both gravity and seismic loads.
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Figure 7-68. Sliding Locations for Insulating Concrete/Secondary Liner Contact at
Time of Maximum Displacement.

ELEMENT SOLUTION AN3YE 8.1

STEP=4z0 JANléTDi?gg
3UB =1 : :

TIME=104.1%9
CONTITAT (NOAVGE)
R3YE=0

8liding Sticking

Load Case: BES-BEC, Full Non-linear, Final PT Mesh
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Figure 7-69. Maximum Sliding Displacement Between Insulating Concrete and
Secondary Liner at Time of Maximum Displacement (ft).

ELEMENT SOLUTION AN3YE 8.1
STEP=420 JANlé?Di?gg
3UB =1 : :

TIME=104.1%2
CONTILID (NOAVGE)
R3YE=0

DMX =
BMN =
BME =

.T6IE-04 .308E-03 .540E-03 .T7ZE-03 .001003
.192E-03 .424E-03 .656E-03 .888E-03 .001119

Load Case: BES-BEC, Full Non-linear, Final PT Mesh

Based on the small displacements between the insulating concrete and secondary liner,
this contact surface feature could be omitted in future analyses.

8.0 WASTE RESULTS

Waste pressure distributions were extracted from the model for comparison against a
theoretical solution. This comparison helps demonstrate that the seismic motions were
correctly transmitted to the waste. Theoretical waste pressures due to horizontal
excitation were calculated using the horizontal spectral acceleration at the impulsive
frequency of the tank/waste system from the spectrum extracted at the center bottom of
the concrete wall 90 degrees from the plane of excitation. Theoretical waste pressures
due to vertical excitation were calculated using the vertical spectral acceleration at the
breathing mode of the tank/waste system from the spectrum extracted at the bottom of the
concrete tank wall.

Waste/Primary tank contact data are extracted from the model in 9 degree slices, starting
at the free surface of the waste, moving down the wall and then in towards the center.
Contact normal pressure and other contact data were extracted for the interface between
waste and the primary tank. Figure 8-1 shows the location and element numbers for first
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slice of contact elements. The following data was extracted for each CONTA173
element

e CONT-PRES Normmal Contact Pressure

e CONT-SLIDE Contact Lateral Displacement

e CONT-GAP Contact Gap Distance

e CONT-STAT Contact Status (Open, Closed, Sliding}

Figure 8-1. Waste Contact Element Retrieval Sequence Starting Element Numbers.

AN

JAN 10 Z00&
14433234

ELEMENT2

ELEM NTM

Load Caze: EES-BEC, Full MNon-linear, Final PT Keszh

The hydrodynamic pressures in the tank are caused by impulsive and convective
components and depend on the location of the fluid element within the tank. Inthe case
of horizontal excitation, both the impulsive and convective components vary in the
circumferential direction as the cosine ofthe angle 0, with the maximum values occurring
at 0=0 measured from the plane of excitation, and decreasing to zero hydrodynamic
pressure at 8=90 degrees to the plane of excitation. The impulsive hydrodynamic
pressure increases with depth, while the convective dynamic pressure is a maximum at
the top of the waste. The theoretical peak hydrodynamic pressures are given by
Equation 4.24 of BNL (1995). The maximum hydrodynamic pressures induced by the
waste on the tank wall due to vertical excitation depend on the vertical location in the
waste and are given by Equation 4.52 of BNL (1995). The total pressures are the sum of
the hydrostatic pressures and the hydrodynamic pressures. Two methods for combining
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the impulsive pressures are used in the evaluation, algebraic sum, and square root of the
sum of the squares. The hydrostatic, peak hydrodynamic and peak total pressures for the
elements located on the plane of excitation are shown in Table 8-1 through Table 8-4 for
the four soil and concrete configurations. Development of theoretical waste pressures is
documented for each load case and 1s included in the appropnate attachment.

The maximum slosh height over all surface waste elements, regardless of time, is
evaluated. According to Equation 4.60 of BNL (1995), the maximum predicted slosh
height due to horizontal excitation 1s 23.7 inches for all load cases.

For each load case, a comparison is also made between the response at the bottom of the
DST and the surface free-field response. The purpose of this comparison is to determine
if the regponse at the bottom of the tank exceeds the free-field response. If the bottom
response does exceed the surface, the practice of using the surface free-field response to
determine the fluid/tank response may be unconservative. Plots of the response spectra at
the bottom center and bottom edge of the tank and the surface free-field response are
provided for both horizontal and vertical excitation for each load case.

8.1 LOWER BOUND SOIL

S = 0.60 g (Horizontal Spectral Acceleration)
S =0.21 g (Vertical Spectra Acceleration)

Table 8-1. Theoretical Waste Pressures, LBS-BEC.

Tank &Y, 422 Inch Waste Level
SpE=17
Lower Bound = oil
Best Estimate Concrete

Max Pressure | Min Pressire
AY Tank, 422 in | AY Tank, 422 in
Waste Level, Waste Level,
SpG=1.T SpG=1.7 Dymamic
Time History Time History |Hydrostatic |Impulsive | Convective | Breathing |Dynamic| (SRSS) | Theorefical | Theoretical | Theoretical | Theoretical
Waste Height (PSh (PSI) (psi) (psi) (psi) (psi) (psi) (psi) Max Min Max (SRSS) | Min {SRSS)

4075 53.382 -38.347 0.63 1.868 138 0138 250 2.33 319 0.00 302 0.0a
366.9 5944 -B.751 2.8 343 126 0.57 422 3.70 6.40 0.00 5.88 0.00
359.4 12806 -5.736 3.84 443 114 1 6.03 513 9.7 0.00 .97 0.00
332 4.396 0717 R 616 1.02 1.43 TET 5.41 3.20 0.00 1483 0.00
305 3972 0657 7.8 721 0493 1.84 911 7.50 5.29 0.00 4565 0.00
278 E.153 0418 5.54 8.1 085 222 10.36 5.44 9.20 0.00 T8 040
251 19.479 2330 10.50 8.67 075 2.58 1149 9.27 21.99 0.00 19.97 1.22
22565 24.597 2748 12.03 945 07z 2.91 12.42 9.94 24.47 0.0 22.00 211
2023 26965 4295 13.49 9497 0E7 318 1347 049 26.66 0.31 2397 .00
179.3 35.083 2542 14 80 1038 063 342 13582 4085 2872 1.08 2585 3485
156.35 34660 5.355 16.31 10.73 0.6 3.64 14.39 11.35 30.689 182 2765 496
13145 32222 5718 17 84 11.05 057 3.84 14.90 1171 32.74 293 29.55 E.12
104.5 39411 5122 1949 11.32 054 403 15.36 1203 34.85 413 31.52 TAG
775 34.340 9.674 215 1153 052 418 1572 1228 36.87 543 3342 g8.87
505 37528 11.519 228 11 68 051 4.28 1597 1245 38.78 B.83 3526 10.36
245 36.326 9.035 24 40 11.76 0.5 4.34 1611 1255 40.51 §.29 36.95 11.86
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Figure 8-2. Waste Pressure Distribution, LBS-BEC.
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Figure 8-3. Waste I'ree Surface Displacement, LBS-BEC.
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Figure 8-4. Comparison of DST Base and Free Field Surface Response, LBS-BEC,
Horizontal.

Response Spectra, Concrete Wall/Center Floor, Free Field Surface, Horizontal (LBS)
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Figure 8-5. Comparison of DST Base and Free Field Surface Response, LBS-BEC,
Vertical.
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8.2 BEST-ESTIMATE SOIL

Sah=035g
S =030g

Table 8-2. Theoretical Waste Pressures, BES-BEC.

Tank &Y, 422 InchWaste Level
SpE =17
Best Estim ate Sail
Best Estimate Concrete

Max Pressure | Min Pressure
AY Tank, 422 in| AY Tank, 422 in
Waste Level, Waste Level,
SpG =17 SpG =11 Dynamic
Time History Time History [H ] ive |C i B i Dynamic [{SR55) Theoretical |Theoretical |Theoretical |Theoretical
Waste Height rs) (PSI) (psi) (psi) (psi) (psi) (psi) (psi) Max Min Max (SRS S) [Min (SRSS)

410.75 11153 5417 0E3 108 1.38] 0.2 201 1.77] 270 0.00 248 0.a0
3865 6.321 -2.458 2158 2 1.25 0.8_2| 318 2.50) . 536 0.00 4 63 0.00
3595 12.007 -4.372 3.54 2.8a 143 1.43) 4.51 3.39] | 834 0.00 723 0.45
32 13.625 -1.995 0933 3.59] 1.02 205 49.78 4.26 11.31 0.0 9.73 1.27
305 12.701 0609 718 4.2 0.93 263 6.93 5.04] 1441 0.25 12.22 214
278 153.361 0.332 5.64 473 0.83 3.185] 7.59 5.76| 1663 083 14 60 3.08
251 17.931 14683 10.50 517 077 3.7 5.93 .40 19.42 157 16.90 4.09
225.65 22833 1968 1203 553 072 419 9.73 6.95) 21.78 233 19.01 510
2023 23.958 2.387 13.49 581 067 4.54 10.39 7.40] 2388 340 20.89 E.05
1783 32.958 2989 14.90 6.05 063 4,69 10.97] D) 2587 343 2270 7.09
156.35 32.014 4.589 16.31 B.26 0.6 5.2 11.49] g.16] 27.80 452 24 47 .15
131.45 30.5356 6.265 17.84 6.44 0.56 9.49) 11.85] §.448] 29.78 .68 2632 9.36
1045 36.319 TE13 19.49 EE 0.54] 5.7 12.38] 8.78) 3187 71 2827 1071
i1 32.389 9868 2113 6.73 0.52 3.97] 1272 9.01 3387 543 3016 1214
s05 35.882 11590 2281 681 0.5] E.11 12.94 9.16] 3574 957 3197 13 64
245 34.729 11694 440 665 0.5 . 1305 0. 26| 3748 11.32 33 .66 15.14

AY-20-NL-BE S-BE C Waste-TH-MAX_5_19_08 xls, FM Max
SH92008
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Figure 8-6. Waste Pressure Distribution, BES-BEC.
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Figure 8-7. Waste I'ree Surface Displacement, BES-BEC.
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Figure 8-8. Comparison of DST Base and Free Field Surface Response, BES,
Horizontal.

Response Spectra, Concrete Wall/Center Floor, Free Field Surface, Horizontal (BES)
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Figure 8-9. Comparison of DST Base and Free Field Surface Response, BES,
Vertical.
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8.3 UPPER BOUND SOIL

Sk=038¢g
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Table 8-3.

Tank &Y, 422 Inch Waste Level
SpG =17
Upper Bound Sail
Best Estimate Concrete

Theoretical Waste Pressures, UBS-BEC.
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Max Pressure | Min Pressure
AY Tank, 422 in | AY Tank, 422 in
Waste Level, Waste Level,
SpG=17 SpG =17 Dynamic
Time History TimeHistory |Hydrostati C i Breath Dynamic |{SRSS) Theoretical |Theoretical |Theoretical Theoretical
Waste Height (Psh (Ps1) (psi) (psi) (psi) ] (psi) (psi) Max Min Max (SRSS) Min {SRSS)

H0.75 18.785 13715 0.E9] 118 139 0.3 213 1.85] 2.82 0.00 254 0.0
386.5 9132 -3.740 218 217 1.26 0.95] 3.49] 2.69] 567 0.00 487 0.00
399.5 13986 -4.013 3.84 31 1.14 1.72] 5.0Z] 3.72] §.66 0.00 756 0.11
332 13.813 -2.331 553 EE] 1.03 2.45] 6.4 4.72 12.01 0.00 10.24 0.81
303 14.514 414 718 457 0.93 3.15] 781 5.63) 15.00 0.00 1281 1.55
278 17104 -1.053 8.84 513 0.85 3.81 .01 6.45] 17.85 0.00 1529 239
251 21148 2437 10,50 SE2 073 4.44] 1011 7. 20 2061 0.38 1770 329
225 B5 25778 2914 1205 B 072 4 95| 11.02 7.583] 23.08 1.03 19 85 422
2023 28.194 2242 13.49) 631 067 5.45] 11.80) .36 2528 1.68 2185 912
1793 36.201 2247 14.90 6457 0.63 5.06] 12 46| 863 2736 244 2373 6.07
156.35 35.340 4.097 16.31 -] 06 6.24] 1307 9.25] 2937 3.24 2556 708
131.45 33556 £.322 17.84 7 057 6.59] 1361 9.63] 31.45 4.22 2747 8.2
104.5 41.021 6372 19.49 77 054 B.91 1410 9.97] 3359 5.39 20946 952
775 35.375 9.222 2115 73 0.52 7 16| 14 45| 10.24] 35.63 E.67 3139 10.91
303 38.063 11.292 2281 74 0.51 7 .34 14 .76 10.44] 3736 5.03 33.24 1237
245 35.403 §.542 24.40 743 0.3 744 1491 10.54] 39.31 9.50 34 .94 13.66
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Figure 8-10. Waste Pressure Distribution, UBS-BEC.
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Figure 8-11. Waste I'ree Surface Displacement, UBS-BEC.
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Figure 8-12. Comparison of DST Base and Free Field Surface Response, UBS,
Horizontal.

Response Spectra, Concrete Dome/Center Floor, Horizontal
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Figure 8-13. Comparison of DST Base and Free Field Surface Response, UBS,
Vertical.
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8.4 BEST-ESTIMATE SOIL, FULLY-CRACKED CONCRETE

Sah=039¢g
Saw=030g

Table 8-4. Theoretical Waste Pressures, BES-FCC.

Tank &Y, 422 InchWaste Level
Sps=17
Best Estimate Soil
Fully Cracked Concrete

Max Pressure | Min Pressure
AY Tank, 422 in| AY Tank, 422 in
Waste Level, Waste Level,
SpG=1.T SpG =17 Dynamic
Time History Time History (H: i ive |C i B i y (SRS5) Theoretical |Theoretical |Theorefical |Theoretical
Waste Height (PSh (PSI) (i) (psi) (psi) (psi) (psi) (psi) Max Min Max (SRS 5) [Min (SRSS)

41075 9403 -10771 063 121 158 0. 26 210 1.8 279 0.00 2.54 0.00
3865 G631 -3.592 218 223 1.25 a 8_2| 3.35) 2 6] 35.56 0.00 4 86 0.00
359.5 11.069 -6.285 3.84 318 143 1.43] 480 3.67) 864 0.00 750 047
332 12653 -2474 553 4 1.02 2.05] 6.15] 461 11.70 0.00 1013 042
505 124583 0625 A EXE] 0.95 2 A5 71 546 14 53 0.00 12 fd 173
278 19257 0.311 §.64 227 0.63 3. 18] 5.52) 6.21 17 .36 0.32 15.05 263
23 17479 1176 10.50 .78 077 3.7 9.51 6.69) 20.01 0.93 17.39 361
22565 22924 2.235 12.05 E.1E 072 4.15] 1035 7 46| 22.4 1.70 19.52 4.59
202.3 2393 2630 13.49 6.43 067 4.54] 11.05] 7.94] 2454 243 21.43 555
179.3 32861 3.271 1480 B.75 0 B3 4.84] 11 67 S 2E.57 3.23 23.26 E.54
156.35 32.042 4958 16.31 637 06 5.2 1220 8§72 28.50 4.11 2502 i)
13145 30931 BA92 17.54 718 0.56 3.449] 1269 E] DE' 3033 ERE] 26.59 8.78
104.5 36.604 7604 19.49 736 0.54 5.7E] 131 4] 9.36] 32.63 6.35 28.85 1013
775 32646 10125 2115 7.5 0.52 5.97] 13 49 960 34.64 7 6B 30.75 11.55
EiE 35924 11965 2281 758 0.5 611 1377 9. 76| 3652 9.09 32.56 13.05
245 34701 11604 24.40 764 049 B2 13 8] 9.85) 38.26 1055 3425 1455

AY-2D-ML-BES-FCC Waste-TH MAX Rev 5_19_08 xls, FM Max
501852008
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Figure 8-14. Waste Pressure Distribution, BES-FCC.
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Figure 8-15. Waste I'ree Surface Displacement, BES-IFCC.
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Figure 8-16. Comparison of DST Base and Free Field Surface Response, BES-FCC,
Horizontal.

Response Spectra, Concrete Wall/Center Floor, Free Field Surface, Horizontal, LBSFCC
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Figure 8-17. Comparison of DST Base and Free Field Surface Response, BES-FCC,
Vertical.

Response Spectra, Concrete Wall/Center Floor, Free Field Surface, Vertical, LBS-FCC
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8.5 UNCERTAINTIES ASSOCIATED WITH WASTE
CHARACTERIZATION

In the ANSYS analysis, the waste is modeled as a homogeneous, nearly incompressible
deformable solid with very low shear resistance and a bulk specific gravity of 1.7. In the
Dytran analysis of the tanks reported in Rinker and Abatt (2008a), the waste was
modeled as a homogeneous, nearly incompressible, inviscid liquid with a bulk specific
gravity of 1.7. During a project review meeting held in June, 2007 one review comment
stated that there are fundamental uncertainties in idealizing the tank waste as a
homogeneous liquid (see Appendix A of Deibler et al. 2008a). The technical issue of
concern is that hydrodynamic effects for a tank storing a solid-like material may be larger
than for a liquid containing tank.

The potential for an increased response from a tank containing a solid like material
relative to a tank containing a liquid arises from two mechanisms. First, the solid-like
material will have reduced sloshing response relative to a liquid, so a higher portion of
the mass responds impulsively, thereby increasing some response parameters. Second,
depending on the excitation as well the structural characteristics and geometrical
configuration of the tank and contained waste, it is possible for the response of the tank to
amplify the response of the tank walls (Veletsos and Younan [1998]).

The second phenomenon can occur when the natural frequencies of contained material
are “in tune” with the natural frequencies of the tank. This also depends on the ratio of
the waste height to the tank radius (slenderness ratio), and the characteristics of the
forcing function. For this to occur, the contained material must be “solid™ in the sense
that it has structural frequencies and mode shapes independent of the tank itself. This
characterization appears to be inconsistent with Hanford DST waste properties and will
not be discussed further. Depending on the DST waste composition, the first
phenomenon may occur to some degree.

When the waste is completely liquid, the mass of the waste in the DSTs that responds in
the impulsive and convective modes is roughly the same, with somewhat greater than half
the waste mass responding in the impulsive mode (BNI. 1995).

If it is assumed conservatively that the lower one-third of the waste is a sludge layer of
specific gravity of 1.7 that responds 100% impulsively, and that the upper two-thirds of
the waste is liquid specific gravity of 1.7, which responds equally in the impulsive and
convective modes, then two-thirds of the total waste mass responds impulsively. This
gives an approximate increase of 1/6 (16.7%) in the portion of the waste responding
impulsively. The increase in impulsive mass will affect both the demands on the anchor
bolts, and the waste pressures in the primary tank.

Some simple conservative estimates of the effects of a sludge layer at the bottom of the

tank can be made based on the equations in Chapter 4 of BNL (1995) and Rinker and
Abatt (2008c).

213



RPP-RPT-28966 Rev. 1
Page 235 of 888
Mé&D-2008-004-CALC-001, Rev. 1

As a first approximation, it is assumed that the increase in the maximum horizontal
hydrodynamic reaction force is proportional to the increase in the impulsive mass of the
waste. That is, the increase in the maximum horizontal reaction force is estimated to be
16.7%. The increased shear reaction is split between the bottom of the primary tank
(contact interface with the insulating concrete) and the top of the primary tank (anchor
bolts and normal and shear forces between steel and concrete dome).

With several load paths available to accommodate the increased shear force, not all of the
additional shear will be reacted by the anchor bolts. Moreover, a significant portion of
the anchor bolt demand (roughly 1/3) is from thermal and operating loads, which are
largely unaffected by the presence of a sludge layer. With the above considerations in
mind, the increase in the anchor bolt demands from this conservative estimate appears to
be less than 10%. This Upper-Bound estimate of the increase in anchor bolt loads is
exclusive of several other notable conservative factors in the analysis including the
following:

¢ The most recent site response analyses performed at the Hanford Site Waste
Treatment Plant (WTP) show that the currently published design spectra for the
WTP Site are significantly lower than the interim spectra published in 2005
(PNNL 2007). This indicates that the governing spectra being used for the DST
analysis are likely to be conservative.

e The TOLA and seismic demands do not credit any friction between the concrete
dome and the steel tank. Initial indications are that the benefit of friction may
reduce the demands by approximately 5%.

e So far, a simplified routine that smears spatial and temporal results has been used
to calculate peak seismic demands. Use of a more refined methodology is
estimated to reduce the seismic demand by approximately 5-10%.

¢ The assumption of a bulk modulus of 1.7 is conservative.

In lieu of further more detailed analysis, it appears that for a sludge height not exceeding
one-third of the primary tank height, the potential increase in anchor bolt loads due to
increased impulsive response is offset by the increase in capacity associated with the
conservatisms inherent to the analysis.
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10.0 COMPUTER RUN LIST
Computer File Listing

Program Used: ANSYS® Version Used: 8.1

V&V Reference: M&ED-V&V-ANS-81-001, Revision 2

Workstation used: I'-14 Tomecat. Aurora

Error Report Reviewed for Applicability: YES X NO

Due to the large number of input and output files associated with each run, file listings
are included in the appendix containing load case or study results data. The appendices
are as follows:

e Appendix B Soil Arching Study

e Appendix E  Lower Bound Soil, Best-Estimate Concrete

e Appendix F Best-Estimate Soil, Best-Estimate Concrete

e Appendix G Upper Bound Soil, Best-Estimate Concrete

e Appendix H Best-Estimate Soil, Fully-Cracked Concrete

e Appendix]  Best-Estimate Soil, Best-Estimate Concrete, Upper Bound Secant
Modulus

e Appendix]J  Best-Estimate Soil, Best-Estimate Concrete, Fully-Cracked Secant
Modulus
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11.0 CALCULATION REVIEW CHECKLIST
Calculation Review Checklist

Yes | No | N/A

X 1. Objective is clearly stated.

X 2. Design inputs and their sources are clearly identified, including revision and
date of the source.

X 3. Assumptions are listed and identified as unverified as appropriate.

X 4. Analytical approach is described and appropriate to satisfy the stated
objectives.

X 5. Software used is identified, including revision and workstation used.

X 6. Computer File Listing has been included and completed if software has been
used (Separate listing for each program and version used).

X 7. Results are technically correct and consistent with design input and
assumptions.

X 8. Calculations are sufficiently detailed that a technically qualified person can

understand and verify the methodology without requiring outside or
unreferenced information.

X 9. Results and conclusions address all points in the objective.

X 10, Each page in body of calculation identifies the calculation number, page
number, preparer and checker. (Preparer and Checker have signed or initialed
each page)

X 11. Each page in appendices or attachments identifies the calculation number and

page number, and the first page identifies the preparer and checker. (Preparer
and Checker have signed or initialed first page)

X 12, Total number of pages, including attachments or appendices has been included

X 13, Alternate calculations, if used by the checker, have been included.

X | 14. Revised information has been clearly identified by use of markers such as
clouds or revision bars, and a revision history included that describes the
changes made and identifies pages changed.
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Figure 1. Concrete Forces and Moments, PNNL Slice Model

Baseline
Gravity + 1.7 8pG Waste
50F, Full Tank
None None None No ne
None
ANSYS Pll Element  |Section PNNL F-merid PNNL [PNNL F-hoop PNNL_|PNNL M-merid PNNL JPNNL M-hoop PNNL
o7 2 -54.3 -53.3 -2 -2
77 3 -54.2 -52.5] -2 -2
a7 4 -54.5 -51.4 -1.6 -2.1
117 6 -54.7 -48.6 -2.9 2.2
137 8 -48.7 -43.1 -4.5 -2.6
157 9 -48.2 -39.7 1.7 -2.2
177 11 -50.7 -29.5 5.4 -2.9
197 13 -48.6 -16.6 =g -3
217 17 -53.3 15 13.5 2.2
237 20 -4z 51i.5 25.1 4.9
257 22 -51.1 76.5 45.1 8.9
277 24 -51.7 49.5 30.4 6.7
297 26 -49.6 28.4 2.8 0.9
317 30 -65.7 -13.6 -6.7 -0.9
337 33 -60.8 -37.9 -7 -1.2
357 35 -72 -51.5 -3.2 -1.6
377 38 -68.4 -57.3 5.5 -0.9
397 41 -78.8 -54.3 5.4 -1.6
417 43 -83.3 i -3.4 -1.8
437 46 -98.4 -15.8 12.1 1.5
457 48 -4.4 -3.1 15.8 1.7
477 51 -12.8 -16.8 a8 11.2
497 53 -9 -8.9 18 5.9
517 55 -3.4 0.6 -6.9 4.5
D37 57 -1 4.7 -3.1 1.3
557 58 3.3 6.4 -1.3 0.8
51T 59 3] 7.4 -0.5 0.3
597 g0 5.4 7.8 0.1 B3
617 61 8.1 8.1 -0.5 0.5

Page A-4 of A-59

RPP-RPT-28966 Rev. 1
Page 243 of 888



Mé&D-2008-004-CALC-001, Revision. 0

Figure 2. Concrete Forces and Moments, Old Geometry

Hoop Frc - Shear Frc - Merid Mnt- Hoop Mnt - Shear Mnt -
Merid Fre-Merged (Marged Soil - Merged Soil - Meargad Soil - Merged Soll - Mergad Soil -
Path Length |Seil - Old Geom |Old Geom Old Geom Old Geom Old Geom Old Geom

67.73 -33.4680 -17.6140 0.6920 -2.1523 -1.5843 0.0037

105.67 -32.6180 -17.9710 0.6927 -1.0932 -1.5283 0.0011

137.07 -32.2220 -16.9810 0.6939 -0.9982 -1.3900 -0.0007|

® 182.85 -32.2900 -14.6670 0.6934 -0.8009 -1.2251 -0.0007
E 226.56 -32.5200 -12.3480 0.6837 -0.2924 -1.0079 -0.0007
a 275.57 -33.8100 -8.0535 0.6662 -0.5691 -0.9397 -0.0008]
325.69 -35.5450 -5.8113 0.6384 -0.8051 -0.9063 -0.0010]
372.30 -30.2220 -1.2361 0.6045 -2.4018 -1.2528 -0.0018l
423.43 -42.5850 9.6061 0.5684 -1.9223 -2.1903 -0.0090]
5 468.31 -50.4890 37.2440 0.6646 18.9300 -2.2935 -0.0865]
= H15H] -65.7140 54.9220 0.5332 38.4200 4.7608 -0.0943)
E: 549.73 -72.6220 38.9050 0.4187 24.3710 3.9871 -0 0374|
X 585.82 -81.0380 21.1870 0.2972 5.6889 0.8205 -0.0250
83687 BEAT Q7338 PHBE0 ABHEE ~A09Na3 -0.01398
685.62 -94.1410 -13.8460 0.0151 -3.2385 -0.7420 -0 0058'
i 732.72 -98.5200 -21.1230 -0.1080 -1.5078 -0.4532 -0.0016]
= FEEpE -102.2400 “2hai2n -0.2187 it 0 2 11140) -0.1307 0.002el
= 821.37 -104.9500 -27.0130 -0.3110 -2.8212 -0.6657 0.0108]
B74.17 -106.8000 -21.7740 -0.3866 -4.1945 -0.8689 0.0260]

930.54 -106.2400 -8.6208 -0.3509 3.4481 0.4738 0.0284

FOQOTING 977.63 -1.1230 18.7060 -0.5021 41.3220 9.9326 0.0126
1019.65 -11.7940 20.2240 1.6769 50.2430 6.7408 3.5466

o« 1109.70 1.8350 17.4910 -0.6014 -2.9719 0.8472 -0.0024
Q 1155.77 5.3682 15.3220 -0.5433 -0.2624 0.1403 0.0000
9 1211.96 8.0807 15.6130 0.0585 0.1015 0.0786 -0.0017|
- 1281.71 8.6921 15.8490 0.0268 0.0957 0.0739 -0.0016
1330.56 9.2353 15.7830 -0.0231 0.0921 0.0679 -0.0012

1374.86 15.0700 10.2430 -0.1892 0.0657 0.0184 0.0097,
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Figure 3. Concrete Iorces and Moments, New Geometry

fiierid Fro-New

Hoop Fre - New

Shear Fre -

Merid Mnt-New

Hoop Mnt - New

Shear Mnt - New

Path Length |ELEM Geom Geom New Geom Geom Geom Geom
67.73 57 -36.5360 -19.5730 0.6651 -2.9357 -2.8811 0.0227
105.67 77 -35.6150 -19.3880 0.7077 -1.4561 -2.3654 0.0051
137.07 97 -35.1570 -17.6320 0.6914 -1.10758 -2.0174 -0.0017
) 182.85 117 -34.6800 -14.2720 0.6871 -0.4881 -1.5623 -0.0007
E 226.56 137 -35.0910 -11.2610 0.6750 -0.2252 -1.2515 -0.0020
=] 275.57 157 -35.3070 -7.2397 0.6572 -0.1200 -1.0110 -0.0012
325.69 177 -37.2100 -3.7552 0.6268 -0.4773 -0.9169 -0.0024
372.30 197 -40.3520 0.7101 0.5932 -2.5839 -1.3586 -0.0027
423.43 217 -44.6250 13.0000 0.5560 -2.3083 -2.3532 -0.0110
g e 468.31 237 -54.4520 43.9160 0.6410 22.2070 -1.6688 -0.0831
% 5156.31 257 -69.0180 62.5330 0.5055 41.2450 5.2284 -0.0941
3 549.73 277 -75.3180 426140 0.3872 25.8510 4.2481 -0.0471
T 585.82 297 -83.3690 23.9410 0.2619 5.0932 0.7197 -0.0241
636.37 317] -89.6900 1.1138 0.1107 -5.0085 -1.0266 -0.0138
685.62 337 -95.8080 -13.9240 -0.0365 -3.4081 -0.7698 -0.0056
— 732.72 357 -99.9730 -21.5710 -0.1708 -1.4496 -0.4435 -0.0027
= 778.22 377 -103.5700 -26.1580 -0.3016 -1.7850 -0.5046 -0.0009
= 821.37 397 -106.3500 -27.3860 -0.4759 -2.0180 -0.5368 0.0091
874.17 417 -104.4400 -20.6810 -0.4958 -6.1379 -1.1903 0.0458
930.54 437 -109.1700 -9.5779 -0.5180 -8.8517 -1.5992 0.0651
FQOTING 077463 HAEZ =5I300E 1518830 T304 HAABTO 100450 BP0
1019.65 477 -7.1961 17.7170 0.9938 43.3610 5.8139 2.9597
1060.16 497, -5.4962 15.6670 0.9013 8.1472 3.5488 -0.3513
o 1109.70 517 -5.3007 10.7880 0.7762 2.2408 0.7880 -0.1106
Q 1155.77 537 2.1946 10.4510 0.2675 0.2521 0.1392 -0.0091
E 1211.96 557 6.0007 11.0060 0.0333 0.1511 0.0767 -0.0063
1281.71 577 6.0067 11.0720 0.0210 0.0529 0.0391 0.0077
1330.56 597 6.3070 11.0990 -0.0027 0.1528 0.0727 -0.0066
1374.86 617 6.7648 10.8720 -0.0737 0.0418 0.0332 0.0060
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Figure 4. Concrete Forces and Moments, New Geometry, PNNL Concrete

I Sheaar Fre -

IMerid Fro-New IHoop Fri - New INew Geom - IMerid Mnt-New Hoon Mnt - NewlShear Mnt - New
Geom - PNNL [Geom - PNNL  |PNNL Geom - PNNL |Geom - PNNL |Geom - PNNL
Path Length JELEM Concrete Concrete Concrete Concrete Concrete Concrete

67.73 57 -47.0940 -25.8270 0.768%9 -3.5264 -3.5838 0.0311
105.67 77 -45.2080 -25.7480 0.8255 -1.7951 -2.9161 0.0065
137.07 97 -44.2540 -23.5030 0.8086 -1.2425 -2.4514 -0.0020
) 182.85 117 -43.1890 -19.2540 0.8080 -0.3393 -1.8209 -0.0004
g 226.56 137 -43.1380 -15.5560 0.7974 -0.1474 -1.4311 -0.0020
= 275.57 157 -43.2110 -10.7440 0.7813 -0.2794 -1.2047 -0.0008
225.69 177 -44 6660 -B.2264 0.7522 -1.4194 -1.2678 -0.0024
372.30 197 -47.2500 0.3226 (0.7184 -3.1958 -1.7054 -0.0037
423.43 217 -49.0850 17.0360 0.6755 -2.4894 -2.8765 -0.0190
s 468.31 237 -58.3380 56.8800 0.7408 26.6260 -2.3175 -0.1107
% 515.31 257 -73.2370 81.8970 0.6105 49.5780 6.1319 -0.1276
?c 549.73 277 -80.0280 57.8360 0.4884 32.7860 5.3791 -0.0641
T 585.82 297 -80.1780 24.86840 0.3447 7.9256 1.1564 -0.0354
636.37 317 -96.7270 4.5497 0.1584 -5.8775 -1.2336 -0.0220
685.62 337 -103.7800 -16.8100 -0.0353 -5.0930 -1.1282 -0.0099
-8 732.72 e -108.5100 R -.2197 s Hra -0.7083 30,0037
= 778.22 377 -112.5100 -33.2160 -0.4002 -2.6870 -0.7302 0.0016
= 821.37 397 -115.5900 -33.5150 -0.6116 -2.6298 -0.7138 0.0059
874.17 417 -114.7900 -24.1470 -0.6758 -6.8471 -1.3779 0.0610
930.54 437 -118.4500 -10.1170 -0.6072 -9.4047 -1.7355 0.1170
FOOTING 977.63 457 -5.4934 18.2610 1.3031 56.6210 12.9050 3.4744
1060.16 497 -5.7152 17.4940 1.0789 5.5105 4.1102 -0.1077
o 1109.70 517 -7.0509 11.9290 0.9400 3.0834 1.2094 -0.1498
@) 1155.77 537 0.0985 11.5370 0.4257 0.5424 0.2669 -0.0219
g 1211.96 557 6.2010 12.8420 0.0555 0.2573 0.1275 -0.0106
1281.71 577 6.0973 13.0200 0.0226 0.0633 0.0650 0.0108
1330.56 597 6.9643 13.0300 -0.0072 0.2159 0.1126 -0.0083
1374.86 517 7.3871 12.7130 -0.080%9 0.0231 0.0628 0.0070
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Figure 5. Concrete IForces and Moments, New Geometry, New J-Bolts

ferid Fro-New Hoop Frc - New |Shear Fre - Merid Mnt-New |Hoop Mnt - New|Shear Mnt - New

Geom -New Geom -New New Geom - 1Geom -New Geom -New Geom -New

Path Length  JELEM JBolts JBolts New JBolts JBolts JBolts JBolts

67.73 57| -36.9770 -19.1550 0.6321 -2.5629 -2.9233 0.0377
105.67 77| -35.0810 -19.0330 0.6747 -1.6720 -2.39186 0.0105
137.07 97 -34.8210 -17.3100 0.6870 -1.1884 -2.0558 -0.0033
@ 182.85 117 -34.6680 -13.9930 0.6907 -0.4540 -1.5773 -0.0008
é 226.56 137 -35.1010 -10.9690 1.6858 -0.3081 -1.2824 -(0.0048
= 275.57 157 -35.8730 -7.0903 0.6612 -0.0903 -1.0208 -C.0012
325.69 177 -38.1260 -3.7208 0.6316 -0.5216 -0.9346 -0.0015
272.30 197 -41.7420 0.6838 0.6072 -2.6867 -1.3928 -0.0023
123.43 217 -47.4550 12.8250 0.5909 -1.3076 -2.1752 -0.0132
x 468.31 237 -54.3110 43.9000 0.6380 21.0860 -1.7855 -0.0799
% 515.31 257 -68.9740 62.2470 0.5061 40.8560 5.1723 -0.0941
E’( 549.73 277 -75.3030 423880 0.3886 25.7320 4.2277 -0.0465
T 585.82 297 -83.3590 23.7960 0.2634 5.0825 1.7182 -0.0237
GE6R7 2178 -2gaee 10538 9.z A, GB5E SH: 0208 Sg1Ed
685.62 337 -95.8180 -13.9420 -0.0369 -3.3987 -0.7667 -0.0053
| 732.72 357 -99.9850 -21.5700 -0.1747 -1.46186 -0.4432 -0.0019
=z 778.22 277 -103.5900 -28.1170) -0.3123 -1.8301 -0.5084 0.0011
= 821.37 397 -106.4000 -27.1360 -0.4765 -2.0589 -0.5535 -0.0056
874.17 417 -103.8300 -20.1600 -0.5067 -5.7488 -1.1551 0.0416
930.54 437 -108.4700 -9.3642 -0.4351 -8.4554 -1.5559 0.1074
FOOTING 977.63 457 -b.1848 15.8600 1.1450 44.0920 9.9861 2.7121
1019.65 477 -6.6549 17.4500 0.9651 43.3300 5.7823 3.0024
B 1109.70 517 -5.3434 10.6190 0.8256 2.2356 0.7957 -0.1166
e} 1155.77 537 2.0440 10.3800 0.2743 0.2557 0.1399 -0.0092
] 1211.98 557 5.9119 10.9740 0.0278 0.1529 0.0767 -0.0064
e 1281.71 577 5.9345 11.0400 0.0174 0.0541 0.0387 0.0080
1330.56 597 5.2432 11.0630 -0.0048 0.1536 0.0729 -0.0067
1374.86 617 6.7013 10.8310 -0.0737 0.0420 0.0330 0.0062
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Figure 6. Concrete I'orces and Moments, No Soil Friction

Mearid Frc-No

Hoon Fre - No
Hoop Fre - No

Shear Frc - No

Merid Mni-Nao

Shear Mnt - No

Path Length |ELEM Friction Sail Friction Soil Friction Sail Friction Soil Friction Soil Friction Soil
67.73 57 -71.3430 -65.1610 0.4408 -2.6608 -4.9422 -0.0039
105.67 77 -72.1280 -61.1070 0.4566 -0.7295 -3.3728 -0.0032
137.07 87 -70.2330 -57.3630 0.4287 -0.8275 -2.7110 -0.0125
@ 182.85 117 -66.9190 -51.3470 0.3972 -0.2313 -2.0198 -0.0115
§ 226.66 137 -64.7340 -46.3510 0.3525 -0.5080 -1.6866 -0.0110
2] 275.57 157 -61.1040 -38.5710 0.3006 0.3742 -1.2031 -0.0032
325.69 177 -59.5290 -34.0610 0.1930 -0.7374 -1.1530 -0.0148
372.20 187 -B0.2360 -27.3210 0.1047 -3.7657 -1.8657 -0.0443
423.43 217 -60.6450 -15.6490 -0.2808 -6.7080 -4.0545 0.0150
T 468.31 237 -64.1520 16.5820 -1.5525 20.6970 -5.3834 -0.1454
% 515.31 257 -82.4530 54.6040 -1.4805 45.1280 3.9886 -0.7880
2 548.73 277 -80.3460 48.5700 -0.8531 33.1170 4.9138 -0.8146
xT 585.82 297 -78.9960 34.8190 -0.9255 10.7630 $.9968 -0.1920
B836.87 317 732090 TEQ TR0 88 ALFAZA, ZAeEE 0.2278
685.62 337 -80.0470 -8.5541 -0.2805 -4.9451 -1.4419 0.1429
4 73272 BB7 -B0.6450 -17.4210 -0.2644 -2.3005 -0.9245 -0.0199
= TrREe vy -81.1350 -21.7280 S -1.7708 Aagny #, 0950
= 821.37 357 -81.6330 -22.1290 -0.3527 -2.4118 -1.0971 -0.0556
874.17 417 -79.1890 -14.1960 -0.3933 -5.4147 -1.4881 0.2610
930.54 437 -82.0460 -2.8276 -0.5168 -6.6986 -1.4317 0.4931
FOOTING 977.63 457 -1.3367 18.7410 1.4038 29.0940 6.0820 2.0451
1019.65 477 -0.1775 20.9650 1.1853 26.7460 2.8921 1.9543
w 1109.70 517 -1.1672 12.5860 0.6791 1.6231 0.5951 -0.0821
o 1155.77 537 4.1331 11.5580 0.2064 0.2001 0.1132 -0.0068
e 1211.96 557 6.8029 11.8300 0.0260 0.1184 0.0648 -0.0045
ke 1281.71 577 6.9596 11.9430 0.0075 0.0158 0.0393 0.0051
1330.56 587 7.2629 11.9560 -0.0153 0.1200 1.0602 -0.0049
1374.86 617 7.8091 11.7010 -0.0923 0.0245 0.0310 0.0047
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Figure 7. Concrete Iorces and Moments, No Dome Friction

Merid Fre-No

Dome Friction

Hoop Fre - No

Dome Friction

Shear Frc - No

Dome Friction

Merid Mnt-No

Dome Friction

Hoop Mnt - Ne

Dome Friction

Shear Mnt - No

Dome Friction

Path Length |ELEM Soil Sall Sail Soil Sail Sall
B87.73 57| -70.4390 -63.7420 0.4713 -3.0253 -5.3594 -0.0043
105.67 77| -70.9180 -58.1570 0.4995 -1.0236 -3.7467 -0.0030
137.07 97 -68.8610 -54.8370 0.4813 -1.0499 -3.0427 -0.0122
@ 182.85 117 -65.2960 -47.8620 0.4668 -0.4139 -2.3051 -0.0107
g 226.5b86 137 -B2.8160 -41.8970 0.4400 -0.6741 -1.9179 -0.0098
2] 275.57 157 -58.8830 -33.8420 0.4097 0.2353 -1.4192 -0.0033
325.69 177] -56.7330 -26.8440 0.3297 -0.6368 -1.3012 -0.0149
372.30 187 -5B.4840 -18.8970 026868 -2.0779 -1.8293 -0.0407
423.43 217 -55.7210 -4.7678 -0.0608 -4.8984 -3.6757 0.0287
T 468.31 237 -568.9710 30.8550 -1.2360 22.2280 -4.5754 -0.1118
% 515.31 257 -73.4050 65.7930 -1.6825 44.4380 4.1882 -0.7019
2 549.73 277 -71.1640 54.9240 -1.8053 32.1250 4.8438 -0.6703
T 585.82 297 -72.8530 39.2720 -2.7160 10.2770 1.0504 -0.1586
£36.37 317 -78.3470 13.1070 -2.9626 -4.7384 -1.49861 0.1795
685.62 337 -82.8970 -6.6261 -2.5798 -4.9300 -1.3606 0.1026
) 732.72 357 -86.6030 -16.6480 -2.2570 -2.4412 -0.9121 -0.0513
= FEBRD 27 Spemaan -21.7780 b B000 4. OTET gD ol
= 821.37 o -82.6830 -22.9530 -1.6573 1283 -1.0243 -0.0378
87417 N7 -81.9000 -16.4140 -1.3261 -5.1569 -1.4224 0.2331
930.54 437 -86.3280 -6.3441 -1.1690 -7.4740 -1.5703 0.4523
FOOTING 977.63 457 -2.9986 16.8480 1.1213 37.2020 8.2406 2.3122
1019.65 477 -3.4963 18.7090 0.9267 35.8040 4.5554 2.0487
s 1109.70 517 -3.3395 11.3090 0.7625 1.9333 0.6971 -0.1004
[®) 1155.77 537 2.9881 10.7360 0.2510 0.2266 0.1261 -0.0080
e 1211.96 557 6.2549 11.1800 D.0312 0.1359 0.0703 -0.0055
ke 1281.71 577 6.3266 11.2610 0.0158 0.0372 0.0382 0.0067
1330.56 587 6.6236 11.2740 -0.0074 0.1374 0.0662 -0.0060
1374.86 617 7.1082 11.0330 -0.0794 0.0348 0.0312 0.0056

Page A-10 of A-59

RPP-RPT-28966 Rev. 1

Page 249 of 888



Mé&D-2008-004-CALC-001, Revision. 0

Figure 8. Concrete Forces and Moments, No Wall Friction

Merid Fre-No

Wall Friction

Hoop Fre - No

Wall Friction

Shear Frc - No

Wall Friction

Merid Mnt-No

Wall Friction

Hoop Mnt - Ne

Wall Friction

Shear Mnt - No

Path Length |ELEM Soil Soil Soil Soil Soil Wall Friction Soil

67.73 57 -36.8140 -26.4420 0.5269 -1.8887 -4.0981 -0.0008

105.67 77 -37.0620 -23.3100 0.5530 -0.3080 -2.6055 0.0045

137.07 87 -36.9890 -20.8610 0.4885 -0.3556 -1.9904 -0.0072

@ 182.85 117 -36.7740 -17.5070 0.4350 -0.0004 -1.4211 -0.0085
§ 226.66 137 -37.1890 -14.9460 0.3886 -0.0128 -1.1017 -0.0084
2] 275.57 157 -37.6380 -11.9300 0.3058 0.1944 -0.8313 -0.0086
325.69 177 -39.6120 -9.6911 0.1695 -0.7296 -0.8490 -0.0148

372.20 187 -44.3300 -A.8319 0.0911 -2.2740 -1. 4868 -0.0218

423.43 217 -49.0420 3.6004 -0.1261 -5.0133 -3.0721 -0.0168

T 468.31 237 -60.2370 32.7980 -0.7394 18.9620 -3.5734 -0.2392
% 515.31 257 -77.3670 57.0700 -1.3732 41.2790 4.0654 -1.2352
2 548.73 277 -89.8510 40.4840 -0.89687 £8.2070 3.8664 -1.1556
xT 585.82 297 -88.4060 24.3490 -1.3745 7.3799 $4.1854 -0.1486
B836.87 317 ~HEEZTE0 Bi2578 el ~5i28498 18582 0.2508

685.62 337 -89.4070 -15.7570 -0.1485 -4.4558 -1.4117 0.1407

4 73272 BB7 -50.1950 -22.5080 -0.0834 -1.8067 -0.8950 -0.0262
= TrREe vy spaangn -25.41890 -0.1288 4L Be g -0.9122 20, 0g07
= 821.37 357 -81.7070 -24.7560 -0.1574 -1.9553 -1.0520 -0.0318
874.17 417 -89.2380 -16.8430 -0.2196 -5.0386 -1.4258 0.2757

930.54 437 -32.6150 -6.1997 -0.3234 -7.0897 -1.4928 0.4802

FOOTING 977.63 457 -3.35608 16.2780 1.3338 34.3350 7.4155 2.3665
1019.65 477 -2.4117 18.5030 1.2531 32.3930 3.7966 2.3317

w 1109.70 517 -2.6820 11.4760 0.7445 1.8607 0.6760 -0.0957
o 1155.77 537 3.4162 10.8240 0.2326 0.2229 0.1248 -0.0078
] 1211.96 557 6.5265 11.3870 0.0257 0.1318 0.0703 -0.0052
ke 1281.71 577 B.6365 11.5080 0.0100 0.0285 0.0402 0.0061
1330.56 587 65.9439 11.5410 -0.0125 0.1329 1.0658 -0.0056

1374.86 617 7.4858 11.3090 -0.0864 0.0298 0.0327 0.0052
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Figure 9. Concrete Forces and Moments, L.ow Seil Friction, Haunch Friction = 0.30

Mé&D-2008-004-CALC-001, Revision. 0

Merid Fre-Low Soil
Friction - Haunch

Hoop Fre - Low
Soil Frictien -
Haunch Friction

Shear Frc - Low
Soil Frictian -
Haunch Friction

Merid Mnt-Low
Soil Friction -
Haunch Friction

Hoop Mnt - Low
Sail Friction -
Haunch Friction

Shear Mnt - Low

Soil Friction -
Haunch Friction

Path Length |Friction 0.30 0.30 0.30 0.30 .30 0.30
67.73 -36.8010 -26.0000 0.5181 -1.9880 -4.2147 -0.0015
105.67 -36.9960 -23.2220 0.5481 -0.3982 -2.7146 0.0043
137.07 -36.8970 -20.6090 0.4865 -0.4405 -2.0932 -0.0074
© 182.85 -36.6450 -16.9600C 0.4384 -0.0946 -1.5212 -0.0084
E 226.56 -37.0000 -14.0700 0.3976 -0.1012 -1.1979 -0.0081
= 275.57 -27.4040 -10.5400 0.3242 0.0821 -0.9281 -0.0082
325.69 -39.2200 -7.6825 0.2031 -0.7464 -0.9263 -0.0136
372.30 -43.5810 -3.9381 0.1500 -3.0584 -1.4751 -0.0203
423.43 -47.7860 7.5060 -0.0173 -4.3576 -2.9656 -0.0156
s 468.31 -58.5030 38.6710 -0.5146 19.6170 -3.3442 -0.2093
(2) 515.31 -72.9770 62.8650 -1.1704 40.7670 4.0913 -1.0730
E 548.73 -81.8790 45.3780 -1.2801 28.0450 3.6511 -0.9727
I 585.82 -82.2690 28.7750 -2.3118 7.5840 0.3717 -0.1229
636.37 -86.0590 4.1012 -2.3334 -5.1107 -1.6884 0.2936
CibEy dgdnnoniy SRR 0547 -4.4830 ands 8, 1079
- 732.72 -93.1140 -20.7410 -1.7148 -1.9783 -0.8788 -0.0516
e 778.22 -895.8470 -24.4690 -1.5440 -1.7518 -0.8182 -0.0956
= 821.37 -98.7130 -24.6110 -1.3132 -1.8021 -0.9929 -0.0204
874.17 -97.6310 -17.8820 -1.0924 -4.8836 -1.3755 0.2462
930.54 -102.2300 -8.2345 -0.9713 -7.6428 -1.5917 0.4438
FOOTING 977.63 4 3292 15.3840 1.1299 39.9580 8007 2.5060
1019.65 -4.7354 17.3080 1.0135 38.6970 4.9843 2.7438
1060.18 -4.0878 15.2980 1.0468 7.6162 3.3740 -0.3266
& 1108.70 -4.1766 10.7070 0.7985 2.0693 0.7438 -0.1080
o 1155.77 2.6151 10.4090 0.2635 0.2402 0.1331 -0.0086
g 1211.98 6.1309 10.9640 0.0298 0.1436 0.0737 -0.0059
1281.71 6.1816 11.0540 0.0162 0.0435 0.03&1 0.0073
1330.56 6.4837 11.0810 -0.0067 0.1446 0.0686 -0.0063
1374.86 5.9595 10.8540 -0.0771 0.0368 0.0326 0.0058
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Figure 10. Concrete I'orces and Moments, Low Seil IFriction, Haunch Friction = 0.05

Sheaar Mnt
- Low Soil
Merid Fre-Low  [Hoop Fre - Law |Shear Fre - Low |Merid Mnt-Low  [Hoop Mnt - Low |Friction -
Soil Friction - Soil Friction - Saoil Friction - Sail Friction - Sail Friction - Haunch
Haunch Friction |Haunch Friction |Haunch Friction |Haunch Friction |Haunch Friction |Friction
Path Length 0.05 0.05 0.05 0.05 0.05 0.05
67.73 -37.7270 -27.8830 0.1935 -1.8302 -4.1104 -0.00598
105.67 -38.0700 -24.7950 0.5122 -0.2865 -2.6218 0.0012
137.07 -37.8660 -22.3150 0.4491 -0.3522 -2.0097 -0.0097|
@ 182.85 -37.6800 -18.8920 0.3946 0.0000 -1.4435 -0.0116%
% 226.56 -38.0210 -16.2800 0.3467 -0.0266 -1.1287 -0.0105]
= 275.57 -38.2780 -13.1740 0.2590 C.2856 -0.8312 -0.0110]
325.69 -40.2160 -10.8850 0.1169 -0.6941 -0.8501 -0.0198]
372.30 -45.6630 -7.8750 0.0558 -3.9983 -1.6583 -0.0261
423.43 -51.3880 3.1844 -0.1835 -7.5677 -3.8901 -0.0786
5= Agead SEOISITE 28 ABE0 JBEEF T GIEEAR =3.27038
(23 515.31 -78.3020 73.3990 -1.6631 45.9600 4.6011 -1.0780]
Ec’ 548.73 -73.7290 59.1610 -1.5890 38.2820 5.7153 -1.1771
e 585,82 -74.4930 38,4210 -3.0547 S.3805 0.4943 -0.1447,
6536.37 -79.76490 7.6518 -2.8743 -6.8536 -2.1171 0.4154
685.62 -84.5050 -12.4580 -2.2788 -5.5503 -1.5474 0.1582
= 732.72 -88.4700 -21.0160 -1.9574 -2.3068 -0.9345 -0.0516
= 778.22 -91.6910 -24.7510 -1.7416 -1.7503 -0.9167 -0.0980)
= 821.37 -95.0030 -24.7800 -1.4488 -1.8593 -1.0081 -0.0287
87417 -91.3190 -17.7580 -1.1671 -5.0394 -1.41580 0.2441
930.54 -98.9910 -7.7087 -1.0267 -7.5666 -1.5898 0.4594,
FOOTING 977.83 -3.7437 15.6620 1.0719 38.4030 8.5172 2.4020]
1018.865 -4.1833 17.5530 0.5898 37.0900 4.7220 2.6378]
1060.16 -3.86326 15.4840 1.0293 7.4273 3.2861 -0.3165
o 1108.70 -3.8128 10.8260 0.7823 2.0008 Q.7221 -0.1044
Q 1155.77 2.7452 10.4570 0.2586 0.2340 0.1303 -0.0083}
9 1211.96 6.1381 10.8840 0.0310 0.1402 0.0725 —0.0057I
t- 1281.71 6.1598 11.0780 0.0161 0.0405 0.0390 0.0070]
1330.58 5.4982 11.18050 -0.0087 0.1417 $.0584 -0 GGSZI
1374.86 6.86722 10.8770 -0.0774 C.0363 0.0321 0.0058]
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Figure 11. Concrete Forces and Moments, Iigh Soil Friction

Path Lenath

Merid Fre-High Friction
Sall

Hoop Fre - High Friction
Sall

Shear Fre - High Friction
Soil

Merid Mnt-High Friction
Sail

Hoop Mnt - High Friction
Seil

67.73 -36.7350 -24.7170 0.4585 -2.1627 -4.2690

105.67 -36.2830 -21.7240 0.6636 -0.4912 -2.8017

137.07 -36.1070 -19.1040 0.6074 -0.5220 -2.1803

@ 182.85 -35.8010 -15.2960 0.5980 -0.1833 -1.6093
E 226.56 -36.1260 -12.1940 0.5869 -0.16468 -1.2808
o 275 57 -36.5030 -B.2783 0.5612 -0.0018 -1.0182
32569 -38.1980 -4.9695 0.5001 -0.7444 -0.9954

372.30 -42.0940 -0.6818 0.4714 -2.7942 -1.4697

42343 -45.0040 11.6870 $.4507 -3.G1358 -2.8210

X 468 31 -56.3160 441870 03233 20.3790 -2.8595
= 515.31 -69.4520 66.8350 -0.3579 40.4150 4.1926
2 549.73 -76.8280 47.8060 -1.4427 27.7670 3.8714
I 585 .82 -50.6270 29.9850 -3.08606 7.4109 0.4337
B636.37 -86.7810 4.6309 -3.0289 -5.1779 -1.8013

685 .62 -91.8870 -12.7740 -2.4365 -4.5121 -1.2550

= 73272 -96.2510 -20.8930 -2.0650 -2.0472 -0.8117
= 77822 -99.6560 -24.6490 -1.7653 -1.8180 -0.8617
= 821.37 -103.3700 -24. 7720 -1.4069 -1.6543 -0.8046
874 17 =102 2100 =18 284n -1 1817 -4 G329 -1 2882

830 54 -107.2900 -9.2451 -1.1661 -7.B300 -1.8015

FOOTING 577 .65 -5.0172 14.6780 10641 42.8780 5.7325
1019.65 -5.8335 16.6610 0.9694 41.9530 5.5723

1060.16 -5.0210 14.7340 1.0639 7.7437 3.4887

o 1109.70 -4.9748 10.3140 0.8341 2.1856 0.7823
o 1155.77 2.2013 10.1580 0.2802 0.2507 0.1380
9 1211.86 5.9432 10.7680 0.03156 0.1600 0.0758
= 1281 .71 5.9853 10.8430 00189 0.0512 0.0388
1330.56 6.2672 10.8680 -0.0042 0.1510 0.0718

1374 .86 6.7240 10.6430 -0.0730 0.0406 0.0327
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Figure 12. Concrete Forces and Moments, BES-BEC Birth and Death

AY Primary Tank, Best Estimate Soil (Geomatrix), Gravity Only, Best
Estimate Concrete, 422 in. Waste Level at 1.7 SpG, Birth & Death

ANSYS MAXIMUMS BY PATH

Gravity Gravity -In- Gravity
Gravity Hoop Meridonal Plane Shear | Gravity Hoop Through-Wall
PNNL Force (kip/fit} | Force (kip/ft) | Force (Kip/ft) Moment Gravity Meridonal | Shear Force
Section AY-BES-BEC | AY-BES-BEC | AY-BES-BEC | (ft*kip/ft) AY- | Moment (ft*kip/ft) |(kip/ft) AY-BES
No. Path (in.) B&D B&D B&D BES-BEC B&D| AY-BES-BEC B&D | BEC B&D
2 67.727 -63.520 -71.700 -0.015 -4.130 -2.046 0.928
3 105.668 -64.540 -76.650 -0.049 -3.077 -1.673 1.443
4 137.069 -62.670 -74.850 -0.045 -2.608 -1.574 0.531
6 182.849 -59.170 -73.380 -0.078 -1.969 -1.278 0.529
8 226.563 -55.230 -72.050 -0.120 -1.868 -2.888 0.192
9 275.566 -51.620 -70.740 -0.110 -2.298 -3.776 0.902
11 325.690 -40.970 -68.890 -0.101 -3.273 -7.767 0.959
13 372.305 -25.830 -66.230 -0.102 -6.652 -8.098 0.170
17 423.427 -5.701 -62.620 -0.045 -3.166 -4.220 3.038
20 468.308 24.760 -57.560 -0.030 -12.370 -1.008 9.014
22 515.312 12.030 -55.710 -0.010 0.157 3.468 3.150
4 49.725 6.016 -51.300 -0.009 0.536 3.017 7.769
6 85.819 -5.220 -50.750 -0.007 0.157 0.871 3.716
0 36.369 -21.160 -51.220 -0.004 -0.610 -3.385 0.836
33 685.619 -26.960 -52.110 -0.004 -0.149 -0.824 0.452
35 732.719 -30.510 -53.200 -0.004 -0.033 -0.179 0.087
38 778.219 -26.610 -54.430 -0.004 -0.122 -0.679 0.167
41 821.369 -27.470 -56.120 -0.005 -0.046 -0.255 0.236
43 874.169 -17.340 -33.460 0.008 -0.596 -3.295 0.572
46 930.544 -31.090 -58,570 -0.194 -1.015 -5.338 1.167
48 977.629 -0.235 -10.210 0.253 -2.793 15.690 .035
51 647 4. -16.580 1.159 -0.973 15.220 73!
53 .156 6 -7.530 0.172 0.13 0.51 .8
55 695 3 -2.956 0.404 0.056 0.116 0.6
57 55.770 .521 1.296 -0.047 0.01 0.03 0.1
58 11.956 .354 3.022 -0.048 0.01 -0.036 0.1
9 281.707 2.653 172 -0.068 0.012 0.071 0.18¢
0 0.557 2.299 .825 -0.096 -0.007 -0.057 0.07.
1 4.857 1.634 412 -0.281 0.010 0.020 0.188
2 7.007 6.125 6,505 -0.144 0.085 0.191 0.130
Note: Meridonal/Hoop Forces and Meridonal’'Hoop Moments are R d in Hic d
M&D Professional Services Confidential AY-2D-NL-BES-BEC Conc Tank Demand Gravity-bd.xls, FM Max
3/9/2006 Page 1
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Figure 13. J-Bolt Forces, Old Geometry

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, Nominal
High Strength (3.125¢6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY RADIUS

Naximum Maximum ord

R PR Maximum |Old Geom - Shear Old Geom - Shear Geom -

Mean | Recius oV0-BOlS | average |Old Geom -| Axial Force|  Shear Forcel Shear Force2 | Shear

J-Boit Ll e Boits per |Axial Force| WNodei Force1 Riodei Forcez Modei Force

min max Elamant {kip) Angle {kip)} Angle i Angle {SRSS)
. 2236] _ 67.29 0.55 0.64 180.00 0.65 36.00 3.79 171.00 3.84
Radius 3 80.87]  67.29] 104.93 0.89 0.24 81.00 0.30 126.00 0.73 171.00 0.79
Radius 4 120.00] 104.93] 13598 1.03 0.39 171.00 0.03 36.00 0.82 81.00 0.62
Radius 5 151.97]  135.98] 181.01 1.97 0.37 171.00 0.01 36.00 0.85 81.00 0.85
Radius 6 210.05] 181.01] 223.79 2.46 0.42 171.00 0.01 126.00 1.32 81.00 1.32
Radius 7 237 b3 223 79 270 98 330 048 17100 004 36 00 0. 81 21 00 0.a1
Radius 8 304.43] 270.98] 518.74 7.04 0.53 171.00 0.04 126.00 0.74 51.00 0.75
Hadius 9 333.05 318.74 361.64 4.37 0.57 171.00 0.06 36.00 0.97 171.00 0.97
Radius 10 aan o2 361 .64 406 94 536 n.7e 171.00 018 36 .00 113 &1.00 115
Radius 11 422.26 406.24 431.63 3.60 0.83 171.00 1.39 126.00 5.69 171.00 5.85
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Figure 14. J-Bolt Forces, New Geometry

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, Nominal
High Strength (3.125e6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY RADIUS

Maximum Maximum | New |

S I Maximum |[New Geom Shear New Geomn Shear Geom -

Hadius of J-Bolts .

Ma&D Mean Included Average |New Geomn {Axial Force Shear Forcel Shear Force2 Shear

J-Boit — Boits per | Axial Force Model Forcel Model Forcez Modei Force

Radius Nao. min max Element {kip) Angle i Angle {kip) Angle {SRS5)
Radius 2 22.36 67.29 0.55 0.55 171.00 0.47 45.00 10.86 0.00 10.87
Radius 3 67.29 104.93 0.89 0.48 81.00 0.37 126.00 0.43 81.00 0.57
Radius 4 104.93 135.28 1.03 0.18 180.00 0.02 153.00 1.54 81.00 1.54
Radius 5 135.98 181.01 1.97 0.4¢ §1.00 0.02 117.00 1.78 $1.00 1.73
Radius 8 181.01 223.79 2.46 0.42 180.00 0.02 126.00 1.00 180.00 1.00
Radius 7 223.79 270898 3.30 050 171.00 0.01 36.00 185 ’1.00 1.65
Radius 8 270.98 318.74 4.04 0.80 180.00 0.01 36.00 0.14 180.00 0.14
Radius 9 318.74 361.64 4.37 0.53 171.00 0.06 36.00 0.68 180.00 0.69
Radius 10 361.64 40624 5.38 0.56 180.00 017 126.00 027 171.00 0.32
Radius 11 406.24 431.63 3.60 0.70 81.00 1.37 126.00 9.95 180.00 10.04
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Figure 15. J-Bolt Forces, New Geometry, PNNL Concrete

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, PNNL
Concrete (5.083¢6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY RADIUS

New Georn New Geom | NMaximum |New Geom | Maximum | New |
. PNNL Maximum PNNL Shear PNNL Shear Geom -
MaD Mean Radllus Iofd.l-dBolis Average | Concrete - | Axial Force| Concrete - Forcel Concrete - Force2 PNNL
J-Boit J-Boit MCCeS Bolts per | Axial Force Model Shear Model Shear Model Concrete
Radius No. Radius min max Element (kip) Angle Forcel Angle Force2 Angle Shear
Radius 2 44.72 22.36 67.29 0.55 0.43 171.00 0.37 45.00 5.18 180.00 5.18
Radius 3 89.87 67.29 104.93 0.8% 0.35 81.00 0.29 27.00 0.19 5.00 0.35
Radius 4 120.00 104 93 13598 1.03 015 171.00 002 1653 .00 1.22 81.00 122
Radius 5 151 135.98 181.01 1.97 0.38 81.00 0.01 117.00 1.33 81.00 1:33
Radius 6 210.05 181.01 223.79 2.46 0.36 180.00 0.01 126.00 0.65 180.00 0.65
Radius 7 237.53 223.79 270.98 3.30 0.35 171.00 0.00 36.00 0.85 81.00 0.85
Radius § 304.43 270.98 318.74 4.04 0.49 180.00 0.01 36.00 0.37 51.00 0.38
Radius 9 333.05 318.74 361.654 4.37 0.29 171.00 0.03 36.00 0.94 180.00 0.94
Radius 10 390.22 361.64 406.24 5.36 0.63 180.00 G 126.00 1.27 81.00 1.27
Radius 11 422.26 406.24 431.63 3.60 1.23 81.00 1.03 126.00 10.92 180.00 10.97

Comparisons - J Bolts.xls-for report.xls

Page A-18 of A-59

RPP-RPT-28966 Rev. 1
Page 257 of 888



Mé&D-2008-004-CALC-001, Revision. 0

Figure 16. J-Bolt Forces, New J-Bolts

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, Nominal
High Strength (3.125e6 psi) Tank Concrete, Updated J-Bolts, 422 in. Waste

ANSYS MAXIMUMS BY RADIUS

New Geom New Geom | Naximum |New Geom | Maximum || New |

. New J- Maximum New J- Shear New J- Shear Geom -

MaD Mean Radllus Iofd.l-dBolis Average Bolts - Axial Force Bolts - Forcel Bolts - Force2 New J-

J-Boit J-Boit MCCeS Boits per | Axial Force| Model Shear RModei Shear Modei Boits -

Radius No. Radius min max Element (kip) Angle Forcel Angle Force2 Angle Shear
Radius 2 44.72 22.36 67.29 0.55 0.97 171.00 0.24 45.00 2.59 180.00 2.60
Radius 3 89.87 67.29 104.93 0.89 0.24 81.00 0.16 36.00 1.39 51.00 1.40
Radius 4 120.00 104 93 13598 1.03 n.46 171.00 003 36.00 1.19 81.00 1.19
Radius 5 151.87 135.98 181.01 1.97 0.40 153.00 0.02 36.00 1.33 81.00 1.33
Radius 6 210.05 181.01 223.79 2.46 0.47 0.00 0.02 126.00 0.85 171.00 0.95
Radius 7 237.53 223.79 270.98 3.30 0.45 171.00 0.04 126.00 0.85 81.00 0.85
Radius & 304.43 270.98 318.74 4.04 0.48 171.00 0.07 126.00 0.33 180.00 0.34
Radius 9 333.05 318.74 361.654 4.37 0.41 171.00 0.15 126.00 1.27 180.00 1.27
Radius 10 390.22 361.64 406.24 5.36 0.06 171.00 0.33 126.00 1.76 180.00 1.79
Radius 11 422.26 406.24 431.63 3.60 0.78 81.00 0.95 126.00 5.41 180.00 5.49
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Figure 17. J-Bolt Forces, No Soil Friction

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, Nominal
High Strength (3.125¢6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY RADIUS

Naximum Maximum NG
R PR Maximum | No Friction Shear No Friction Shear Friction

Mean | FEciuS OV0-BOlS | average | No Friction| Axial Force [Soil - Shear| Forcel |Soil- Shear| Force2 | Soil -

J-Boit Ll e Boits per | Soil - Axial | Modei Force Riodei Forcez Modei Shear

min max Element | Forc i Angle {kip)} Angle i Angle Force
. 2236] _ 67.29 0.55 171.00 0.87 90.00 6.40 180.00 6.46
Radius 3 80.87]  67.29] 104.93 0.89 81.00 0.40 27.00 2.69 171.00 2.72
Radius 4 120.00] 104.93] 13598 1.03 171.00 0.34 0.00 0.46 90.00 0.57
Radius 5 151.97] 13508 _181.01 1.97 171.00 0.23 0.00 0.80 9.00 0.62
Radius 6 210.05] 181.01] 223.79 2.46 171.00 0.28 0.00 0.29 108.00 0.40
Radius 7 237 b3 223 79 270 98 330 0.00 024 0 .00 0 B& a0 00 089
Radius 8 304.43] 270.98] 518.74 7.04 171.00 0.20 0.00 1.34 99.00 1.35
Hadius 9 333.05 318.74 361.64 4.37 0.00 0.20 0.00 4.18 90.00 418
Radius 10 aan o2 361 .64 406 94 536 n.0n 0.39 0.00 333 10800 336
Radius 11 422.26 406.24 431.63 3.60 90.00 1.43 99.00 12.81 0.00 12.89
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Figure 18. J-Bolt Forces, No Dome I'riction

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, Nominal
High Strength (3.125e6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY RADIUS

NG Friciton | Maximum | No Friciton | Maxirmum NG
. oo No Friciten| Maximum |Dome Soil - Shear Dome Soil - Shear Friciton

MaD Mean nadius ol "B0lS | Average |Dome Soil -| Axial Force|  Shear Forced Shear Force2 | Dome

J-Boit AC e Boits per | Axial Force| Modei Forcel Modei Forcez Modei Soii -
Radius Nao. min max Element {kip) Angle i Angle {kip) Angle Shear
Radius 2 22.36| _ 67.29 0.55 2.37 171.00 0.95 90.00 6.55 160.00 5.62
Radius 3 67.20] _104.93 0.89 0.84 81.00 0.42 27.00 2.34 171.00 2.37
Radius 4 104.93] 135.98 .03 116 171.00 0.33 0.00 0.56 90.00 0.67
Radius 5 135.98] _181.01 To7 118 171.00 0.22 0.00 0.93 9.00 0.96
Radius 6 181.01] 223.79 2.46 .19 171.00 0.26 0.00 0.19 108.00 0.32
Radius 7 223 79 27098 330 126 0.00 022 0.00 079 a0 on n_agz
Radius 8 270.98] 318.74 +.04 1.35 171.00 0.18 0.00 111 99.00 1.13
Hadius 9 318.74 361.64 4.37 1.23 0.00 0.19 (.00 3.35 90.00 3.35
Radius 10 361 .64 406 .24 536 N.99 n.0n 0.35 0.00 249 108.00 2.5P
Radius 11 406.24 431.63 3.60 0.40 90.00 1.32 99.00 12.77 o.00 12.84

Comparisons - J Bolts.xls-for report.xls

Page A-21 of A-59

RPP-RPT-28966 Rev. 1
Page 260 of 888



Mé&D-2008-004-CALC-001, Revision. 0

Figure 19. J-Bolt Forces, No Wall Iriction

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, Nominal
High Strength (3.125e6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY RADIUS

NG Friciton | Maximum | No Friciton | Maxirmum NG
L No Friciton| Maximum | Wall Soil- | Shear | WallSoil- | Shear | Friciton

MaD Mean nadius ol -B0lS | Average | wall Soil - | Axial Force|  Shear Forced Shear Force2 |Wall Soil

J-Boit AC e Boits per | Axial Force| Modei Forcel Modei Forcez Modei Shear
Radius Nao. min max Element {kip) Angle i Angle {kip) Angle Farce
Radius 2 22.36| _ 67.29 0.55 0.96 171.00 0.95 90.00 7.96 160.00 8.02
Radius 3 67.20] _104.93 0.89 0.26 81.00 0.56 27.00 1.57 108.00 1.66
Radius 4 104.93] 135.98 .03 0.46 180.00 0.14 90.00 1.39 171.00 1.40
Radius 5 135.98] _181.01 To7 0.50 171.00 0.09 0.00 156 171.00 1.56
Radius 6 181.01] 223.79 2.46 0.53 0.00 0.11 0.00 1.08 171.00 1.08
Radius 7 223 79 27098 330 0 62 171.00 010 0.00 137 ]1.00 137
Radius 8 270.98] 318.74 +.04 0.68 0.00 0.09 0.00 0.20 171.00 0.22
Hadius 9 318.74 361.64 4.37 0.66 171.00 0.11 27.00 1.72 0.00 1.72
Radius 10 361 .64 406 .24 536 n7n 180 00 026 P7.00 0N.34 &1.00 0.43
Radius 11 406.24 431.63 3.60 0.61 90.00 1.49 126.00 10.88 162.00 10.99
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Figure 20. J-Bolt Forces, L.ow Seil I'riction

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, Nominal
High Strength (3.125e6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY RADIUS

Cow Maximum Low Maximum | Low |
S I Low Maximum Friciton Shear Friciton Shear Friciton
Hadius of J-Bolts i . z d p
Ma&D Mean Included Average Friciton | Axial Force|Soil - Shear| Forece1l |[Soil - Shear| Force2 Soil -
J-Bolt —T Bolts per | Soil - Axial Model Forcel Model Forcez2 Model Shear
Radius Nao. min max Element | Force (kip) Angle i Angle {kip) Angle Farce
Radius 2 22.36 67.29 0.55 0.95 171.00 0.97 90.00 7.98 180.00 8.03
Radius 3 67.29 104.93 0.89 0.25 81.00 0.55 27.00 1.60 108.00 1.69
Radius 4 104.93 135.28 1.03 0.46 180.00 0.13 90.00 1.40 171.00 1.40
Radius 5 135.98 181.01 1.97 0.4¢ 171.00 0.08 0.00 185 171.00 1.55
Radius 8 181.01 223.79 2.46 0.51 0.00 0.10 0.00 1.08 171.00 1.08
Radius 7 223.79 270898 3.30 0.60 171.00 010 0.00 1.37 ’1.00 137
Radius 8 270.98 318.74 4.04 0.86 0.00 0.09 0.00 0.26 171.00 0.27
Radius 9 318.74 361.64 4.37 0.63 171.00 0.11 27.00 1.57 0.00 1.57
Radius 10 361.64 40624 5.38 0.69 180.00 0.26 27.00 0.43 81.00 0.50
Radius 11 406.24 431.63 3.60 0.61 90.00 1.47 126.00 10.81 162.00 10.91
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Figure 21. J-Bolt Forces, Low Soil Iriction, Haunch

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, Nominal
High Strength (3.125e6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY RADIUS

Tow Cow Naxmmum Tow Maximum | Low |
. Friciton Maximum Friciton Shear Friciton Shear Friciton

MaD Mean Radllus Iofd.l-dBolis Average Haunch - | Axial Force| Haunch - Forcel Haunch - Force2 | Haunch -

J-Boit J-Boit MCCeS Bolts per | Axial Force Model Shear Model Shear Model Shear

Radius No. Radius min max Element (kip) Angle Forcel Angle Force2 Angle Force
Radius 2 44.72 22.36 67.29 0.55 1.02 171.00 0.95 90.00 7.91 180.00 7.96
Radius 3 89.87 67.29 104.93 0.8% 0.29 81.00 0.54 27.00 189 150.00 1.49
Radius 4 120.00 104 93 13598 1.03 050 18000 014 a0 .00 1.33 171.00 1.34
Radius 5 151 135.98 181.01 1.97 0.54 171.00 0.10 0.00 1.52 81.00 1.58
Radius 6 210.05 181.01 223.79 2.46 0.57 0.00 0.12 0.00 1.02 171.00 1.03
Radius 7 237.53 223.79 270.98 3.30 0.67 171.00 0.11 0.00 1.48 81.00 1.48
Radius § 304.43 270.98 318.74 4.04 0.75 0.00 0.09 0.00 0.22 90.00 0.23
Radius 9 333.05 318.74 361.654 4.37 0.65 171.00 0.15 72.00 2.91 0.00 2.92
Radius 10 390.22 361.64 406.24 5.36 0.48 180.00 0.29 81.00 1.84 90.00 1.86
Radius 11 422.26 406.24 431.63 3.60 0.81 90.00 1.63 99.00 799 180.00 8.16
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Figure 22. J-Bolt Forces, Iligh Soil I'riction

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, Nominal
High Strength (3.125e6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY RADIUS

High Maximum High Maximum | High |
S I High Maximum Friciton Shear Friciton Shear Friciton
Hadius of J-Bolts e . z d p
Ma&D Mean Included Average Friciton | Axial Force|Soil - Shear| Forece1l |[Soil - Shear| Force2 Soil -
J-Bolt —T Bolts per | Soil - Axial Model Forcel Model Forcez2 Model Shear
Radius Nao. min max Element | Force (kip) Angle i Angle {kip) Angle Farce
Radius 2 22.36 67.29 0.55 0.86 171.00 0.97 90.00 8.80 180.00 8.85
Radius 3 67.29 104.93 0.89 0.22 81.00 0.55 27.00 1.79 108.00 1.88
Radius 4 104.93 135.28 1.03 0.42 180.00 0.13 90.00 1.34 171.00 1.35
Radius 5 135.98 181.01 1.97 0.46 180.00 0.0g 0.00 1.47 §1.00 1.47
Radius 8 181.01 223.79 2.46 0.48 171.00 0.10 0.00 1.03 171.00 1.04
Radius 7 223.79 270898 3.30 0.55 171 .00 0.09 0.00 127 81 00 128
Radius 8 270.98 318.74 4.04 0.80 0.00 0.08 0.00 0.27 180.00 0.29
Radius 9 318.74 361.64 4.37 0.58 171.00 0.11 27.00 1.29 0.00 1.30
Radius 10 361.64 40624 5.38 0.67 180.00 0.28 27.00 0.58 81.00 0.64
Radius 11 406.24 431.63 3.60 0.61 90.00 1.48 126.00 10.79 162.00 10.89
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Figure 23. J-Bolt Forces, Soil Birth and Death

Mé&D-2008-004-CALC-001, Revision. 0

AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, Nominal
High Strength (3.125e6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY RADIUS

Maximum Maximum | B&D - |

Radius of J-Boits Mfaximum B&D - Shear B&D - Shear Shear

M&D | Mean ineadeg | Average | |AxialForce| Shear | Forcel | Shear | Forcez | Force

J-Bolt —T Bolts per | B&D - Axial Model Forcel Model Forcez2 Model {SR33)

Radius Nao. min max Element | Force (kip) Angle i Angle {kip) Angle (kip}

Radius 2 22.36 67.29 0.55 1.35 171.00 0.86 0.00 3.14 180.00 3.25
Radius 3 67.29 104.93 0.89 1.04 81.00 0.05 27.00 1.96 99.00 1.96
Radius 4 104.93 135.28 1.03 019 171.00 0.03 162.00 0.94 171.00 0.94
Radius 5 135.98 181.01 1.97 1.01 180.00 0.02 162.00 1.36 171.00 1.36
Radius 8 181.01 223.79 2.46 0.73 162.00 0.02 162.00 0.31 81.00 0.31
Radius 7 223.79 270898 3.30 0.80 171 .00 0.03 0.00 124 171 00 124
Radius 8 270.98 318.74 4.04 0.94 180.00 0.03 0.00 1.60 36.00 1.60
Radius 9 318.74 361.64 4.37 0.74 171.00 0.01 144.00 1.18 9.00 1.18
Radius 10 361.64 40624 5.38 0.97 153.00 0.08 162.00 .48 171.00 0.49
Radius 11 406.24 431.63 3.60 0.57 99.00 0.23 162.00 14.29 180.00 14.30
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Figure 24. Primary Tank Stresses, Shell Top, Old Geometry

ANSYS MAXIMUMS BY PATH

Shell Top Surface (outside - away from waste)
M&D
Starting Phase |l 2D HV Phase Il 2D HY Phase Il 2D HV Phase Il 2D HV
MED Phase Il 2D HV Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Element Seismic Hoop Stress| Seismic Meridional Thickness Siress Shear Stress Shear Force Stress Thickness Shear
Ho. Fain ip/fte Stress (kipft"2) {kip/h~2} {kip/t 2} {Kkip/ftn2) Stress (kip/ft"2)
761 89.72 157.90 211.00 0.00 28.80 0.00 0.00
781 127.48 173.90 230.00 0.00 28.46 0.00 0.00
801 158.68 155.80 181.60 0.00 28.82 0.00 0.00
821 204.14 172.90 275.40 0.00 28.78 0.00 0.00
841 247.52 116.30 131.50 0.00 28.58 0.00 0.00
861 296.07 143.70 303.00 0.00 28.77 0.00 0.00
8ai 345.70 71.96 148.60 0.00 27.86 0.00 0.00
901 391.94 43.64 222.90 0.00 26.36 0.00 0.00
921 441.79 34.11 361.40 0.00 20.88 0.00 0.00
941 466.320 429.80 27.45 0.00 6.38 0.00 0.00
961 492.29 564.60 97.66 0.00 3.89 0.00 0.00
981 529.85 336.40 92.74 0.00 2.66 0.00 0.00
1001 582.01 560.20 48.30 0.00 1.92 0.00 0.00
1021 650.76 1058.00 33.00 0.00 1.87 0.00 0.00
1041 718.76 1362.00 37.37 0.00 1.79 0.00 0.00
1081 786.76 1411.00 26.76 0.00 1.13 0.00 0.00
1081 844.76 1492.00 18.96 0.00 1.03 0.00 01.00
1101 892.76 1840.00 132.10 0.00 1.07 0.00 0.00
1121 921.35 1129.00 133.00 0.00 0.21 0.00 0.00
1141 930.54 110.60 211.50 0.00 21.15 0.00 0.00
1161 949.13 232.70 167.30 0.00 0.00 35.79 0.00
1181 989.13 274.10 310.90 0.00 0.00 42.14 0.00
1201 1055.28 243 80 224.10 0.00 0.00 4482 0.00
1221 1125.03 256.70 253.20 0.00 0.00 43.46 0.00
1241 1173.88 267.70 303.10 0.00 0.00 44.66 0.00
1261 1218.18 243.40 235.00 0.00 0.00 42 66 0.00
1281 1260.33 232.90 293.50 0.00 0.00 42 76 0.00
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoop, and Shear Stresses are Reversed in Hiahliahted Sections (Floor)
Note 2: Underlined results indicate a reversal of inside {botttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-2
12/21/20058 Page 1
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Figure 25. Primary Tank Stresses, Shell Middle, Old Geometry

ANSYS MAXIMUMS BY PATH

Shell Mid-Plane

M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV
M&N Phase 11 2D HV Phase |l 2D HY Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Flement Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Siress Thickness Shear
NG, {kip/itr2) Stress (Kip/ftr2) {kip/ft"2) {kip/ft~2} {kiph"2) Stress (kip/ft"2)
761 154.60 167.30 0.00 28.88 0.00 0.00
781 189.90 22510 0.00 29.46 0.00 Q.00
801 1689.40 225.00 0.00 29.82 0.00 Q.00
a21 159.00 231.30 0.00 29.78 0.00 Q.00
841 ] 151.50 250.80 0.00 29.60 0.00 Q.00
a61 296.07 12710 248.20 0.00 28.77 0.00 Q.00
agi 345.70 101.40 24570 0.00 Z7.87 G.00 0.00
901 391.94 36.87 200.560 0.00 26.36 0.00 Q.00
921 441.79 80.31 214.40 0.00 21.01 0.00 Q.00
941 466.30 425.50 81.33 0.00 6.50 0.00 Q.00
961 492.29 518.00 57.84 0.00 3.74 0.00 Q.00
981 529.85 348.90 51.26 0.00 2.64 0.00 Q.00
1001 582.01 562.80 38.96 0.00 1.90 0.00 Q.00
1021 650.76 1055.00 42.56 0.00 1.87 0.00 Q.00
1041 718.76 1359.00 45.37 0.00 1.79 0.00 Q.00
1061 786.76 1409.00 32.66 0.00 1.11 0.00 Q.00
1081 844.76 1608.00 35.15 n.n0 1.01 .00 0.00
1101 892.76 1790.00 32.48 0.00 1.00 0.00 Q.00
1121 921.35 1081.00 34.53 0.00 0.87 0.00 0.00
1141 930.54 184.80 236.20 0.00 17.55 0.00 0.00
1161 949.13 261.40 258.70 0.00 0.00 31.54 0.00
1181 989.13 258.40 257.00 0.00 0.00 39.13 0.00
1201 1055.28 257.20 257.50 0.00 0.00 42.96 0.00
1221 1125.03 262.70 272.80 0.00 0.00 42.97 0.00
1241 1173.88 262.30 280.80 0.00 0.00 43.41 0.00
1261 1218.18 255.60 274.90 0.00 0.00 42.65 0.00
1281 1260.33 228.90 278.90 0.00 0.00 41.94 0.00
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Hiahlinhted Sections (Floar)
Note 2: Underlined results indicate a reversal of inside (botttom} and outside {top) surfaces in the floor
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Figure 26. Primary Tank Stresses, Shell Bottom, Old Geometry

ANSYS MAXIMUMS BY PATH

Shell Bottom Surface (inside - waste side)
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV
M&N Phase 11 2D HV Phase |l 2D HY Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Flement Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Siress Thickness Shear
NG, {kip/itr2) Stress (Kip/ftr2) {kip/ft"2) {kip/ft~2} {kiph"2) Stress (kip/ft"2)
761 151.20 183.60 0.00 28.85 0.00 0.00
781 185.90 220.20 0.00 29.45 0.00 Q.00
801 183.10 268,650 0.00 29.83 0.00 Q.00
a21 14510 187.30 0.00 29.78 0.00 Q.00
841 ] 186.70 370.20 0.00 29.60 0.00 Q.00
a61 296.07 110.60 183.40 0.00 28.77 0.00 Q.00
agi 345.70 130G.80 350.80 0.00 Z7.87 G.00 0.00
901 391.94 30.11 17810 0.00 26.37 0.00 Q.00
921 441.79 126.50 67.37 0.00 21.04 0.00 Q.00
941 466.30 421.30 135.20 0.00 6.62 0.00 Q.00
961 492.29 471.30 213.20 0.00 3.59 0.00 Q.00
981 529.85 361.40 10.27 0.00 2.63 0.00 Q.00
1001 582.01 565.40 31.82 0.00 1.90 0.00 Q.00
1021 650.76 1053.00 52.16 0.00 1.88 0.00 Q.00
1041 718.76 1357.00 53.38 0.00 1.79 0.00 Q.00
1061 786.76 1408.00 38.57 0.00 1.09 0.00 Q.00
1081 844.76 1624.00 19.02 n.n0 1.00 .00 0.00
1101 892.76 1740.00 186.60 0.00 0.93 0.00 Q.00
1121 921.35 1033.00 201.80 0.00 1.63 0.00 0.00
1141 930.54 259.00 260.80 0.00 16.52 0.00 0.00
1161 949.13 290.10 350.20 0.00 0.00 37.04 0.00
1181 989.13 242.70 203.00 0.00 0.00 42.01 0.00
1201 1055.28 270.60 290.90 0.00 0.00 43.97 0.00
1221 1125.03 268.70 292.50 0.00 0.00 44.02 0.00
1241 1173.88 256.90 258.50 0.00 0.00 42.86 0.00
1261 1218.18 267.90 314.80 0.00 0.00 44.74 0.00
1281 1260.33 225.40 264.20 0.00 0.00 41.12 0.00
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal, Hoon. and Shear Stresses are Reversed in Hiaghlinhted Sections (Floar)
Note 2: Underlined results indicate a reversal of inside (botttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-2
12/21/2005 Page 3
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Figure 27. Primary Tank Stresses, Shell Top, New Geometry

Frimary Tank Component Stress Kesults
Linear Model

ANSYS MAXIMUMS BY PATH

Shell Top Surface (outside - away from waste)
M&D
Starting Phase Il 2D HY Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY
MaoD Phase 120 HY Phass 2D HY Seismic Thiru- Seismic n-Plane Seizmic In-Plane Szizmic Thiu-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path {Kip/ftr2) Stress (Kip/fth2) (Kip/itt~2) {kip/ttr2) {Kip/tta2) Stress (Kip/tt”2)
761 8§9.72 164.00 216.70 0.00 29.03 1.82 0.04
781 127.48 139.00 220.60 0.00 29.80 3.42 0.00
801 158.68 177.10 264.00 0.00 30.00 2.89 0.02
821 204.14 124.10 252 40 0.00 29.81 0.83 0.02
841 247.52 158.20 250.40 0.00 29.71 0.21 0.04
861 296.07 0.00 28.73 0.49 0.03
881 345.70 0.00 27.85 2.46 0.06
ani 391.94 n.00 26.38 .70 0.06
921 441.79 0.00 21.41 1.80 0.07
941 485.30 5.0C 5.45 15.83 0.47
961 492.29 0.00 3.20 0.18 0.27
981 529.85 0.00 1.09 7.50 0.11
1001 582.01 0.00 0.47 8.24 0.02
1021 650.76 0.00 0.86 2.40 0.01
1041 718.76 0.00 0.70 10.91 0.1
1061 786.76 0.00 0.83 4.15 0.02
1061 844.76 5.06 0.45 2.83 0.06
1101 892.76 0.00 1.42 5.62 0.10
1121 921.35 0.00 4.83 36.08 1.00
1141 930.54 0.00 9.60 52.04 0.98
1161 949.13 0.00 1.54 47.26 17.86
1181] 989.13 0.00 0.66 47.84 8.45
1201| 1055.28 0.00 0.46 36.04 5.86
1221  1125.03 0.00 0.74 43.23 9.36
1241 1173.88 0.00 1.31 4562 16,35
1261 1218.18 0.00 1.26 45.39 14.93
1281 1260.33 0.00 2,88 45,70 28,46
1281] 1307.28 0.00 0.00 0.00 0.00
tresses are Reversed in Highlighted Sections (Floor)
eversal of inside {botttom} and outside {top} surfaces in the floor

M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-3
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Figure 28. Primary Tank Stresses, Shell Middle, New Geometry

Frimary Tank Component Stress Kesults
Linear Model

ANSYS MAXIMUMS BY PATH

Shell Mid-Plane
M&D
Starting Phase Il 2D HY Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY
MaoD Phase 120 HY Phass 2D HY Seismic Thiru- Seismic n-Plane Seizmic In-Plane Szizmic Thiu-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path {Kip/ft"2) Stress (kKip/ftr2) (Kip/ttn2) {kip/tt"2) {Kip/tth2) Stress (Kip/tth2)
761 89.72 154.00 188 .60 0.00 28.80 1.82 0.04
781 127.48 145.20 236.00 0.00 29.78 3.42 Q.00
801 158.68 165.80 244 .20 0.00 30.02 2.89 0.62
821 204.14 128.00 262.80 0.00 29.83 0.83 0.02
841 247.52 145.20 265.90 0.00 29.71 .21 0.04
861 296.07 89.09 28010 0.00 28.77 0.49 0.03
881 345.70 91.86 256.90 0.00 27.83 2.46 0.08
ani 391.94 46.79 212 50 n.00 26.43 .70 0.06
921 441.79 106.90 180.50 0.00 21.48 1.80 0.07
o441 4556.30 124.70 46.77 0.0C 5.88 18.83 C.47
961 492.29 213.80 43.22 0.00 3.07 0.18 0.27
981 529.85 319.90 36.07 0.00 0.96 7.59 Q.11
1001 582.01 557.90 25.03 0.00 0.54 8.24 0.62
1021 650.76 1074.00 22.30 0.00 1.03 2.40 0.1
1041 718.78 1670.00 20.14 0.00 0.72 10.91 .01
1061 786.76 1295.00 11.18 0.00 1.23 4.156 0.02
1081 844.78 1975.00 8.78 0.00 0.55 2.83 0.C6
1101 892.76 1318.00 6.16 0.00 2.35 5.62 Q.10
1121 921.35 781.40 21.20 0.00 6.71 36.08 1.00
1141 930.54 393.30 136.20 0.00 10.72 52.04 0.98
1161 949.13 235.80 206.60 0.00 1.54 14.55 17.86
1181 989.13 255.40 312.40 0.00 0.66 31.33 8.45
1201 1055.28 218.60 239.10 0.00 0.46 31.31 5.86
1221 1125.03 199.00 193.70 0.00 0.74 31.21 9.36
1241 1173.88 204.40 209.80 0.00 1.31 31.05 16.35
1261 1218.18 202.90 214.50 0.00 1.26 31.47 14.93
1281 1260.33 197.90 215,20 0.00 288 31.92 28.46
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections {(Floor)
Note 2: Underlined results indicate a reversal of inside (botttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-3
12/21/2005 Page 5
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Figure 29. Primary Tank Stresses, Shell Bottom, New Geometry

Frimary l'ank Component Ntress Kesults
Linear Model

ANSYS MAXIMUMS BY PATH

Shell Bottom Surface (inside - waste side)
Man
Starting Phase |l 2D HV Phase Il 2D HY Phase Il 2D HV Phase Il 2D HV
Man Phase il 2D HY Phasc 12D HV Seismic Thiu- Szismic In-Plane Sgizmic In-Plane Seismic Thiu-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path {kip/ittr2) Stress (Kip/tr2) (Kip/ttr2} {kip/ttr2) (Kip/ft22) Stress (Kip/tth2)
761 89.72 143.90 180.60 0.00 28.76 1.62 0.04
781 127.48 151.30 251.50 0.00 29.75 3.42 0.00
801 158.68 154.50 224.50 0.00 30.04 2.89 0.02
821 204.14 131.90 273.30 0.00 29.84 0.63 0.02
841 247.52 13210 241.60 0.00 29.71 0.21 0.04
861 296.07 92.54 289.40 0.00 28.81 0.49 0.03
881 345.70 82.21 236.80 0.00 27.82 2.46 0.06
am 391.04 45.62 219.00 0.00 26.48 n.70 (1.06
921 441.79 113.00 163.20 0.00 21.51 1.80 0.07
941 488.38 83.32 326.38 5.0C 5.23 18.83 0.47
951 492.29 167.80 198.10 0.00 2.94 0.18 0.27
981 529.85 291.70 63.47 0.00 0.84 7.59 0.11
1001 582.01 564.30 43.88 0.00 0.60 8.24 0.02
1021 650.76 1077.00 35.07 0.00 1.19 2.40 0.01
1041 718.76 1652.00 48.09 0.00 0.73 10.91 0.01
1081 786.76 1339.00 152.30 0.00 1.62 4.15 0.02
1081 844.76 1513.00 206.40 0.00 0.72 2.53 0.06
1101 892.76 1338.00 72.47 0.00 3.49 5.52 0.10
1121 921.35 285.00 1738.00 0.00 8.59 36.09 1.00
1141 930.54 441.00 350.30 0.00 11.84 52.04 0.98
1161 949.13 420.90 827.40 0.00 1.54 48.05 17.86
1181 989.13 170.80 34.90 0.00 0.66 35.11 8.45
1201] 1055.28 270.50 417.80 0.00 0.46 41.52 586
1221 1125.03 136.90 92.09 0.00 0.74 41.85 9.36
1241] 1173.88 298.30 537.50 0.00 1.31 49.73 16.35
1261] 1218.18 143.10 89.25 0.00 1.26 41.47 14.93
1281] 1260.33 291.20 548.30 0.00 2.88 51.56 28.46
1281] 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
MNote 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
Note 2: Underlined results indicate a reversal of inside {botttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-3
12/21/2005 Page 6
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Figure 30. Primary Tank Stresses, Shell Top, New Geometry, PNNIL. Concrete

Frimary Tank Component Stress Kesults
Linear Model - PNNL Concrete

ANSYS MAXIMUMS BY PATH

Shell Top Surface (outside - away from waste)
M&D
Starting Phase Il 2D HY Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY
MaoD Phase 120 HY Phass 2D HY Seismic Thiru- Seismic n-Plane Seizmic In-Plane Szizmic Thiu-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path {Kip/ftr2) Stress (Kip/fth2) (Kip/itt~2) {kip/ttr2) {Kip/tta2) Stress (Kip/tth2)
761 8§9.72 124.60 169.50 0.00 21.00 1.22 0.03
781 127.48 118.00 182,30 0.00 21.25 2.50 0.00
801 158.68 137.80 202.00 0.00 21.55 2.08 0.1
821 204.14 110.20 205,20 0.00 21.51 0.29 0.01
841 247.52 124.30 218.20 0.00 21.54 0.70 0.03
861 296.07 82.98 205,80 0.00 20.95 0.77 0.02
881 345.70 72.21 186,10 0.00 20,48 2.93 0.04
ani 391.94 21.09 143.60 n.00 19.72 1.97 0.05
921 441.79 90.53 155,30 0.00 18.55 3.66 0.05
941 485.30 241.18 445 80 5.0C 3.76 2525 0.35
961 492.29 424.20 117.30 0.00 2.14 0.23 0.20
981 529.85 275.00 165.10 0.00 0.69 9.09 0.08
1001 582.01 555.40 28.19 0.00 0.47 8.01 0.1
1021 650.76 1067.00 27.72 0.00 0.73 2.50 0.01
1041 718.76 1691.00 103.20 0.00 0.63 10.98 0.1
1061 786.76 1253.00 121.80 0.00 0.74 417 0.02
1061 844.76 2046.00 236.80 5.06 0.36 2.55 0.06
1101 892.76 1265.00 36.42 0.00 1.13 6.25 0.09
1121 921.35 1127.00 1551.00 0.00 3.88 36.40 0.85
1141 930.54 348.90 221.30 0.00 7.89 32.45 0.75
1161 949.13 49.68 312.80 0.00 1.15 36.06 13.34
1181 989.13 266.50 466.30 0.00 0.50 36.37 6.34
1201| 1055.28 141.20 88.09 0.00 0.34 26.03 4.41
1221  1125.03 198.50 316.10 0.00 0.56 33.20 7.07
1241 1173.88 90.53 133.70 0.00 0.99 34.59 12.39
1261 1218.18 200.30 334 .80 0.00 0.96 34.51 11.36
1281 1260.33 91.58 133.90 0.00 2.21 34,65 21,73
1281] 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections {(Floor)
Note 2: Underlined results indicate a reversal of inside (botttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-3a
12/21/2005 Page 7
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Figure 31. Primary Tank Stresses, Shell Middle, New Geometry, PNNL Concrete

Frimary Tank Component Stress Kesults
Linear Model - PNNL Concrete

ANSYS MAXIMUMS BY PATH

Shell Mid-Plane
M&D
Starting Phase Il 2D HY Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY
MaoD Phase 120 HY Phass 2D HY Seismic Thiru- Seismic n-Plane Seizmic In-Plane Szizmic Thiu-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path {Kip/ft"2) Stress (Kip/ftr2) (Kip/ttn2) {kip/tt"2) {Kip/tth2) Stress (Kip/tth2)
761 89.72 118.80 162 40 0.00 20.88 1.22 0.03
781 127.48 120.40 186.50 0.00 21.24 2.50 Q.00
801 158.68 131.50 194 10 0.00 21.56 2.08 .01
821 204.14 112.00 208.20 0.00 21.52 0.29 0.1
841 247.52 117.60 208.20 0.00 21.54 0.70 0.03
861 296.07 84.12 208,20 0.00 20.98 Q.77 Q.62
881 345.70 69.00 183.70 0.00 2047 2.93 0.04
ani 391.94 22.91 13G.80 n.00 19.76 1.97 0.05
921 441.79 B88.56 163.60 0.00 18.58 3.668 0.05
o441 4556.30 128.20 73.64 0.0C 4.02 25.25 0.35
961 492.29 369.30 72.03 0.00 2.04 0.23 0.20
981 529.85 243.90 61.33 0.00 0.62 9.09 0.08
1001 582.01 560.10 44.01 0.00 0.53 8.01 .01
1021 650.76 1071.00 41.41 0.00 0.89 2.50 0.1
1041 718.78 1671.00 32.25 0.00 0.60 10.88 .01
1061 786.76 1294.00 23.90 0.00 1.14 4.17 0.02
1081 844.78 1979.00 21.67 0.00 0.50 2.55 0.C6
1101 892.76 1278.00 17.02 0.00 2.04 6.26 0.09
1121 921.35 680.60 32.76 0.00 5.29 36.40 0.85
1141 930.54 325.00 159.50 0.00 8.76 32.45 0.75
1161 949.13 184.00 149.80 0.00 1.15 12.18 13.34
1181 989.13 204.90 249.40 0.00 0.50 24.18 6.34
1201 1055.28 179.60 211.80 0.00 0.34 25.51 4.41
1221 1125.03 152.60 151.40 0.00 0.56 23.85 7.07
1241 1173.88 154.40 158.70 0.00 0.99 23.98 12.39
1261 1218.18 153.10 161.90 0.00 0.96 24.21 11.36
1281 1260.33 149.60 163.50 0.00 2.21 24,75 21,73
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections {(Floor)
Note 2: Underlined results indicate a reversal of inside (botttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-3a
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Figure 32. Primary Tank Stresses, Shell Bottom, New Geometry, PNNL Concrete

Frimary Tank Component Stress Kesults
Linear Model - PNNL Concrete

ANSYS MAXIMUMS BY PATH

Shell Bottom Surface (inside - waste side)
M&D
Starting Phase Il 2D HY Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY
MaoD Phase 120 HY Phass 2D HY Seismic Thiru- Seismic n-Plane Seizmic In-Plane Szizmic Thiu-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path {Kip/tr2) Stress (Kip/fth2) (Kip/itt~2) {Kip/ttr2) {Kip/tta2) Stress (Kip/tth2)
761 8§9.72 113.00 155,30 0.00 20.79 1.22 0.03
781 127.48 122.70 180.80 0.00 21.22 2.50 0.00
801 158.68 125.20 186,30 0.00 21.57 2.08 0.1
821 204.14 113.70 213.30 0.00 21.53 0.29 0.01
841 247.52 110.80 200.30 0.00 21.54 0.70 0.03
861 296.07 85.25 210.70 0.00 21.00 0.77 0.02
881 345.70 65.79 181.40 0.00 20,46 2.93 0.04
ani 391.94 24.72 136.10 n.00 19.80 1.97 0.05
921 441.79 86.50 171.80 0.00 16.64 3.66 0.05
941 485.30 265.32 258,48 5.0C 4.28 2525 0.35
961 492.29 314.40 256,50 0.00 1.94 0.23 0.20
981 529.85 212.80 46.25 0.00 0.56 9.09 0.08
1001 582.01 565.50 59.83 0.00 0.59 8.01 0.1
1021 650.76 1075.00 55.24 0.00 1.06 2.50 0.01
1041 718.76 1653.00 28.54 0.00 0.62 10.98 0.1
1061 786.76 1339.00 165,90 0.00 1.53 417 0.02
1061 844.76 1816.00 155.0C 5.06 0.64 2.55 0.06
1101 892.76 1294.00 66.70 0.00 3.11 6.25 0.09
1121 921.35 240.90 1495.00 0.00 6.70 36.40 0.85
1141 930.54 311.80 160.30 0.00 9.62 32.45 0.75
1161 949.13 320.10 607.20 0.00 3.15 35.16 13.34
1181 989.13 143.30 46.37 0.00 0.50 26.21 6.34
1201| 1055.28 218.00 344.40 0.00 0.34 33.09 4.41
1221  1125.03 107.40 60.32 0.00 0.56 31.62 7.07
1241 1173.88 223.20 399.80 0.00 0.99 37.79 12.39
1261] 1218.18 109.90 63.40 0.00 0.96 31.54 11.36
1281 1260.33 217.80 408.50 0.00 2.21 39.31 21,73
1281] 1307.28 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections {(Floor)
Note 2: Underlined results indicate a reversal of inside (botttom} and outside {top) surfaces in the floor
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Figure 33. Primary Tank Stresses, Shell Top, New Geometry, New J-Bolts

Frimary Tank Component Stress Kesults
Linear Model - Revised J-Bolts

ANSYS MAXIMUMS BY PATH

Shell Top Surface (outside - away from waste)
M&D
Starting Phase Il 2D HY Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY
MaoD Phase 120 HY Phass 2D HY Seismic Thiru- Seismic n-Plane Seizmic In-Plane Szizmic Thiu-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path {Kip/ftr2) Stress (Kip/fth2) (Kip/itt~2) {Kkip/ttr2) (Kip/tta2) Stress (Kip/tt”2)
761 8§9.72 154.20 189.60 0.00 27.25 3.14 0.16
781 127.48 167.30 250.70 0.00 31.08 1.59 0.17
801 158.68 167.20 253.20 0.00 29.81 2.30 0.04
821 204.14 155.20 262.40 0.00 29.63 1.29 0.03
841 247.52 139.20 265.90 0.00 29.20 1.98 0.08
861 296.07 110.70 262,10 0.00 28.42 0.26 0.05
881 345.70 71.13 228.30 0.00 28.57 0.98 0.19
ani 391.94 48.22 170.00 n.00 23.95 1.97 0.24
921 441.79 153.00 89.77 0.00 14.08 3.77 0.70
941 485.30 310.08 352,28 5.0C 5.44 1513 1.28
961 492.29 245.60 118.80 0.00 2.27 0.14 0.13
981 529.85 352.00 128.20 0.00 0.69 7.45 0.11
1001 582.01 552.10 4.25 0.00 0.70 8.25 0.02
1021 650.76 1070.00 843 0.00 0.89 2.39 0.01
1041 718.76 1689.00 82.12 0.00 0.85 10.91 0.1
1061 786.76 1254.00 135.20 0.00 0.72 4.14 0.02
1061 844.76 2041.00 220.70 5.06 0.45 2.84 0.07
1101 892.76 1302.00 65.88 0.00 1.0 5.46 0.10
1121 921.35 1317.00 1784.00 0.00 5.07 36.08 1.00
1141 930.54 357.80 111.00 0.00 10.24 53.46 0.99
1161 949.13 49.04 436.10 0.00 1.56 47.87 18.21
1181 989.13 341.50 612.10 0.00 0.67 48.13 861
1201| 1055.28 165.60 45 0.00 0.46 36.19 597
1221  1125.03 263.40 421.70 0.00 0.75 43.47 9.54
1241 1173.88 114.90 191.70 0.00 1,33 4593 16.66
1261 1218.18 A 454.00 0.00 1.28 45.65 15.21
1281 1260.33 194.50 0.00 294 46,03 29,01
1281] 1307.28 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections {(Floor)
Note 2: Underlined results indicate a reversal of inside (botttom} and outside {top) surfaces in the floor
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Figure 34. Primary Tank Stresses, Shell Middle, New Geometry, New J-Bolts

Frimary Tank Component Stress Kesults

Linear Model - Revised J-Bolts

ANSYS MAXIMUMS BY PATH

Shell Mid-Plane

MaD
Starting Phase Il 2D HY Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY
MaoD Phase 120 HY Phass 2D HY Seismic Thiru- Seismic n-Plane Seizmic In-Plane Szizmic Thiu-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path {Kip/ft"2) Stress (Kip/ftr2) (Kip/ttn2) {kip/tt"2) {Kip/th2) Stress (Kip/tth2)
761 89.72 150.40 18510 0.00 27.18 3.14 0.18
781 127.48 165.10 245,50 0.00 31.11 1.59 Q.17
801 158.68 165.30 25210 0.00 29.81 2.30 0.04
821 204.14 153.80 261.90 0.00 29.63 1.29 0.03
841 247.52 137.80 26510 0.00 29.20 1.98 0.08
861 296.07 109.70 261.60 0.00 28.42 0.28 Q.05
881 345.70 69.70 226.50 0.00 26.58 0.98 0.19
ani 391.94 5(.23 166.40 n.no 923.19 1.97 0.24
921 441.79 185.10 86.40 0.00 14.00 3.77 0.70
o441 4556.30 201.8C 43.51 0.0C 4.50 1843 1.28
961 492.29 189.50 40.69 0.00 2.28 0.14 0.13
981 529.85 323.90 33.92 0.00 0.60 7.456 Q.11
1001 582.01 557,70 £3.48 0.00 0.77 B8.26 0.62
1021 650.76 1074.00 20.87 0.00 1.00 2.39 0.1
1041 718.78 1669.00 18.77 0.00 0.81 10.91 .01
1061 786.76 1295.00 10.29 0.00 1.11 4.14 0.02
1081 844.78 1975.00 782 0.00 0.67 2.84 0.07
1101 892.76 1320.00 547 0.00 2.23 5.46 Q.10
1121 921.35 787.60 20.48 0.00 7.02 36.08 1.00
1141 930.54 3985.70 134.90 0.00 11.33 53.46 0.99
1161 949.13 235.60 206.30 0.00 1.56 14.51 18.21
1181 989.13 25%5.20 312.20 0.00 0.67 31.31 8.61
1201 1055.28 218.50 239.10 0.00 0.46 31.31 5.97
1221 1125.03 198.90 193.60 0.00 0.75 31.22 9.54
1241 1173.88 204.20 209.80 0.00 1.33 31.05 16.66
1261 1218.18 202.80 214.40 0.00 1.28 31.48 15.21
1281 1260.33 197.80 215.10 0.00 294 31.93 29.01
1281] 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
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Figure 33. Primary Tank Stresses, Shell Bottom, New Geometry, New J-Bolts

Frimary Tank Component Stress Kesults
Linear Model - Revised J-Bolts

ANSYS MAXIMUMS BY PATH

Shell Bottom Surface (inside - waste side)
M&D
Starting Phase Il 2D HY Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY
MaoD Phase 120 HY Phass 2D HY Seismic Thiru- Seismic n-Plane Seizmic In-Plane Szizmic Thiu-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path {Kip/ft"2) Stress (Kip/ftr2) (Kip/ttn2) {kip/tt"2) {Kip/th2) Stress (Kip/tth2)
761 89.72 146.70 180.60 0.00 27,13 3.14 0.18
781 127.48 162.80 248,30 0.00 31.12 1.59 Q.17
801 158.68 163.40 251.00 0.00 29.82 2.30 0.04
821 204.14 152.50 261.40 0.00 29.63 1.29 0.03
841 247.52 136.40 264 40 0.00 29.21 1.98 0.08
861 296.07 108.70 261.00 0.00 28.42 0.28 Q.05
881 345.70 68.27 224,70 0.00 26.54 0.98 0.19
ani 391.94 52.24 162,80 n.00 23.13 1.97 0.24
921 441.79 187.10 83.03 0.00 132.83 3.77 0.70
o441 4556.30 24.05 316.3C 0.0C 3.57 1843 1.28
961 492.29 153.40 195 40 0.00 2.28 0.14 0.13
981 529.85 285.70 64.67 0.00 0.77 7.456 Q.11
1001 582.01 564.20 42.71 0.00 0.84 B8.26 0.62
1021 650.76 1078.00 33.49 0.00 1.10 2.39 0.1
1041 718.78 1651.00 49.27 0.00 0.77 10.91 .01
1061 786.76 1339.00 151.40 0.00 1.53 4.14 0.02
1081 844.78 1812.00 207.00 0.00 5.84 2.84 0.07
1101 892.76 1341.00 7241 0.00 3.37 5.46 Q.10
1121 921.35 286.20 1756.00 0.00 8.97 36.08 1.00
1141 930.54 447.50 362.80 0.00 12.42 53.46 0.99
1161 949.13 424 40 839.20 0.00 1.56 48.58 18.21
1181 989.13 168.90 30.03 0.00 0.67 25.40 861
1201 1055.28 271,40 420.80 0.00 0.46 41.71 5.97
1221 1125.03 135.60 96.79 0.00 0.75 42.08 9.54
1241 1173.88 300.20 543.20 0.00 1.33 50.07 16.66
1261 1218.18 141.80 94 .21 0.00 1.28 41.71 15.21
1281 1260.33 293.00 554.00 0.00 294 51,93 29.01
1281] 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections {(Floor)
Note 2: Underlined results indicate a reversal of inside (botttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-3b
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Figure 36. Primary Tank Stresses, Shell Top, New Geometry, No Soil Friction

Frimary Tank Component Stress Kesults
Wall & Dome Soil - Zero Friction

ANSYS MAXIMUMS BY PATH
Shell Top Surface (outside - away from waste)
M&D
Starting Phase Il 20 HV Phase Il 2D HY Phase Il 2D HY Phase |l 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. & {kip/f1n2) Stress (kip/ftr2) (kip/ft~2) {kip/ftr2) {kipstta2) Stress (kip/ft*2)
751 89.72 469.30 538.70 0.00 22.13 1.02 0.6
781 127.48 484.90 611.00 0.00 21.70 0.15 0.11
801 158.68 477.00 587.00 0.00 20.68 0.10 0.09
821 204.14 453.30 579.50 0.00 20.19 0.02 0.04
841 247.52 421.80 548,10 0.00 20.20 0.19 0.07
861 296.07 381.50 547 .80 0.00 19.40 0.01 0.02
881 345.70 325.80 485.50 0.00 19.29 0.09 0.03
901 391.94 211.10 350.00 0.00 18.99 0.20 0.03
921 441.79 52.93 231.60 0.00 17.72 0.33 0.05
941 466.30 183.70 374.80 0.00 9.39 16.93 0.56
a61 49520 284 90 100 a0 000 529 039 a1
931 529.85 339.20 128.20 0.00 2.1 7.76 0.08
1001 582.01 552.80 7.54 0.00 1.63 8.18 0.01
1021 650.76 1069.00 10.35 0.00 1.83 242 0.01
1041 718.76 1690.00 84.62 0.00 1.75 10.90 0.01
1061 786.76 1254.00 133.20 0.00 1.33 4.15 0.02
1081 844.76 2042.00 22270 0.00 1.04 2.81 0.06
1101 892.76 1298.00 61.96 0.00 1.985 5.50 Q.10
1121 921.35 1250.00 1755.00 0.00 5.28 36.13 0.96
1141 930.54 362.40 61.47 0.00 10.72 51.03 0.96
1161 949.13 51.31 432 80 0.00 1.50 47.75 17.68
1181 989.13 333.50 568.30 0.00 0.64 44 37 8.36
1201 1055.28 173.20 66.38 0.00 0.45 36.81 5.80
1221 1125.03 276.10 431.70 0.00 0.73 42.73 9.27
1241 1173.88 130.00 162.80 0.00 1.29 4502 16.18
1261 1218.18 279.30 459.90 0.00 1.25 44 86 14.77
1281 1260.33 130.30 166.90 0.00 2.85 45.08 28.17
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00

Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sections (Flocn
Note 2: Underlined results indicate a reversal of inside {(bhotttom} and outside {top) surfaces in the floor

M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-9
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Figure 37. Primary Tank Stresses, Shell Middle, New Geometry, No Soil Friction

Frimary Tank Component Stress Kesults
Wall & Dome Soil - Zero Friction

ANSYS MAXIMUMS BY PATH
Shell Mid-Plane
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY Phase || 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. = {kip/ftr2) Stress (kip/ft~2) (kip/ftaz) {kip/ftr2) {kipritnhz) Stress (kip/ft*2)
751 89.72 462.90 534 .60 0.00 22.26 1.02 0.26
781 127.48 481.80 610.10 0.00 21.74 0.15 0.11
801 158.68 474.50 586.10 0.00 20.70 0.10 0.09
821 204.14 451.60 572.00 0.00 20.20 0.02 0.04
841 247.52 420.40 548.40 0.00 20.22 0.19 0.07
861 296.07 380.60 548.00 0.00 19.42 0.01 0.02
881 345.70 324.70 484 .50 0.00 19.31 0.09 0.03
901 391.94 202.00 346.00 0.00 19.02 0.20 0.03
921 441.79 50.82 227 90 0.00 17.80 0.33 0.05
941 466.30 98.15 49.52 0.00 10.10 16.93 0.56
a61 49520 =25 90 44 31 000 530 039 a1
931 529.85 312.10 36.93 0.00 2.18 7.76 0.08
1001 582.01 558.20 25.80 0.00 1.70 8.18 0.01
1021 650.76 1073.00 23.28 0.00 1.99 2.42 0.01
1041 718.76 1670.00 21.14 0.00 1.75 10.90 0.01
1061 786.76 1295.00 11.92 0.00 1.82 4.15 0.02
1081 844.76 1976.00 9.54 0.00 1.24 2.81 0.06
1101 892.76 1314.00 6.95 0.00 2.54 5.50 Q.10
1121 921.35 781.50 21.80 0.00 7.17 36.13 0.96
1141 930.54 389.90 137.70 0.00 11.80 51.03 0.96
1161 949.13 231.40 185.00 0.00 1.50 15.88 17.68
1181 989.13 249.20 276.40 0.00 0.64 27.96 8.36
1201] 1055.28 224.50 231.30 0.00 0.45 29.52 5.80
1221 1125.03 213.40 210.90 0.00 0.73 30.80 9.27
1241 1173.88 216.70 223.20 0.00 1.29 30.61 16.18
1261 1218.18 214.90 228.00 0.00 1.25 31.10 14.77
1281] 1260.33 209.40 227.20 0.00 2.85 31.53 28.17
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sactions (Flocn
Nota 2: Linderlined results indicate a reversal of inside {(hotttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-9
12/21/2005 Page 15
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Figure 38. Primary Tank Stresses, Shell Bottom, New Geometry, No Soil Friction

Frimary l'ank Component Ntress Kesults
Wall & Dome Soil - Zero Friction

ANSYS MAXINIUMS BY PATH
Shell Bottom Surface (inside - waste side)
M&D
Starling Phase |l 2D HV Phase Il 2D HV Phase Il 2D HY Phase Il 2D HV
M&D Phase Il 2D HY Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Sei=mir Haoan Stress| Saismic Meridional Thicknass Stress Shear Strass Shear Force Stress Thicknass Shear
No. 3 {kip/Atr2) Stress (kip/ftr2) (kip/Ha2) {kip/ftr2) {kip/ft~2) Stress (kip/ft12)
781 B9.72 456.60 530.60 0.00 22.39 1.02 0.26
781 127.48 478.60 609.30 0.00 21.78 0.15 0.11
801 158.68 472.00 585.10 0.00 20.72 0.10 0.09
821 204.14 449.80 578.50 0.00 20.21 0.02 0.04
841 247.52 419.00 547.70 0.00 20.24 0.19 0.07
861 296.07 379.70 548.30 0.00 19.44 0.01 0.02
881 345.70 323.70 483.50 0.00 18.33 0.09 0.03
201 391.94 206.90 342.10 0.00 18.08 0.20 0.03
921 441.79 48.72 224.20 0.00 17.89 0.33 0.05
941 466.20 31.28 275.80 0.00 10.82 16.93 0.56
981 492.29 182 RO 133 00 aan 5832 039 02
931 520.85 285.00 57.17 0.00 2.21 7.76 0.08
1001 582.01 564.30 44.09 0.00 1.77 8.18 0.01
1021 650.76 1077.00 36.26 0.00 2.15 2.42 0.01
1041 718.76 1652.00 46.08 0.00 1.786 10.90 0.01
1061 786.76 1339.00 153.20 0.00 2.31 4.15 0.02
1081 844.76 1913.00 205.20 0.00 1.54 2.81 0.06
1101 892.76 1334.00 72.33 0.00 3.65 5.80 .10
1121 921.35 282.70 1724.00 0.00 9.09 36.13 0.96
1141 930.54 428 60 321.60 0.00 12.88 51.03 0.96
1161 949.13 41210 796.00 0.00 1.50 4528 17.68
1181 989.13 164.80 46.23 0.00 0.64 37.10 8.36
1201] 1055.28 275.80 406.90 0.00 0.45 39.59 5.80
1221 1125.03 151.50 68.32 0.00 0.73 41.20 9.27
1241 1173.88 309.80 545.90 0.00 1.29 49.08 16.18
1261 1218.18 155.90 659.34 0.00 1.25 40.88 14.77
1281 1260.33 301.30 555.20 0.00 2.85 50.92 28.17
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridenal. Hoop. and Shear Stresses are Reversed in Hichliahted Sections (Floor}
MNote 2: Linderlined results indicate a reversal of inside {botttom} and outside {ton) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-9
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Figure 39. Primary Tank Stresses, Shell Top, New Geometry, No Dome Soil Friction

Frimary 'l'ank Component Ntress Kesults
Wall & Dome Soil - Zero Dome Friction

ANSYS MAXIMUMS BY PATH

Shell Top Surface {outside - away from waste)
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 20 HV
M&D Phase Il 2D HV Phase |l 2D HY Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant i ic Hnap Stress | Seismic Meridional Thickness Strass Shear Stress Shear Farce Stress Thickness Sheaar
No. (kip/ftn2) Stress (kip/ft*2) (kip/ft~2) {kip/ft~2) (kip/tn2) Stress (kip/ft*2)
761 89.72 441.30 513.80 0.00 23.22 1.9 0.27
781 127.48 453.20 583.80 0.00 22.90 0.18 a.11
801 158.68 442.90 561.00 0.00 2212 0.12 0.08
821 204.14 414.00 552.50 0.00 21.86 0.03 0.04
841 247.52 376.50 522.90 0.00 21.71 0.19 0.07
861 296.07 328.30 514.70 0.00 21.14 0.01 Q.02
881 345.70 285.10 456.80 0.00 20.71 0.08 0.03
201 391.84 153.50 337.30 0.00 19.67 0.17 Q.02
a21 441.79 26.78 238.20 0.00 16.94 0.25 0.05
941 466.30 243.00 380.70 0.00 7.97 16.58 0.51
961 49209 253 30 108 30 000 4 21 031 a23
981 529.85 347.90 126.90 0.00 1.12 7.56 Q.09
1001 582.01 552.20 5.26 0.00 1.04 8.22 0.01
1021 650.76 1070.00 B8.76 0.00 1.18 240 0.01
1041 718.76 1690.00 82 65 0.00 1.07 10.90 0.01
1061 786.76 1254.00 134.70 0.00 0.89 4.14 Q.02
1081 844.76 2042.00 22110 0.00 0.67 2.84 0.07
1101 892.76 1301.00 64.94 Q.00 1.74 5.49 010
1121 921.35 1310.00 1778.00 0.00 5,11 36.11 0.97
1141 930.54 358.50 97.95 0.00 10.43 52.93 0.98
1161 949.13 47.33 440.70 0.00 1.56 48.52 18.11
1181 989.13 338.50 591.70 0.00 0.67 46.58 8.56
1201 1055.28 165.80 62.09 0.00 0.46 36.89 5.94
1221 1125.03 266.90 424 90 0.00 0.75 42.68 9.49
1241 1173.88 117.30 185.30 0.00 1.32 45 41 16.58
1261 1218.18 271.20 455.70 0.00 1.28 4474 15.14
1281 1260.33 118.10 188.60 0.00 2.92 45.29 28.86
1281] 1307.28 0.00 0.00 0.00 0.00 0.00 0.00

Note 1: Meridonal. Heop. and Shear Stresses are Reversed in Hiahliahted Sections (Floor}
Note 2: Linderlined results indicate a reversal of inside (bothhem) and outside (top) surfaces in the floor

M&D Professional Services Confidential
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Figure 40. Primary Tank Stresses, Shell Middle, New Geometry, No Dome Soil Friction

Frimary l'ank Component Ntress Kesults
Wall & Dome Soil - Zero Dome Friction

ANSYS MAXINIUMS BY PATH
Shell Mid-Plane
M&D
Starling Phase |l 2D HV Phase Il 2D HV Phase Il 2D HY Phase Il 2D HV
M&D Phase Il 2D HY Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Sei=mir Haoan Stress| Saismic Meridional Thicknass Stress Shear Strass Shear Force Stress Thicknass Shear
No. 3 {kip/Atr2) Stress (kip/ftr2) (kip/Ha2) {kip/ftr2) {kip/ft~2) Stress (kip/fta2)
781 B9.72 434.30 509.20 0.00 23.36 1.19 0.27
781 127.48 449.70 582.60 0.00 22.94 0.19 0.11
801 158.68 440.00 559.60 0.00 2214 0.12 0.08
821 204.14 411.90 551.80 0.00 21.88 0.03 0.04
841 247.52 374.70 52210 0.00 21.72 0.19 0.07
861 206.07 327.10 514.80 0.00 21.16 0.01 0.02
831 345.70 263.90 455.80 0.00 20.73 0.06 0.03
201 391.94 151.50 334.10 0.00 18.69 0.17 0.02
921 441.79 26.69 235.50 0.00 18.01 0.25 0.05
941 466.20 143.90 45.78 0.00 8.61 16.58 0.51
&1 492 99 209 10 41 A2 000 420 031 023
931 520.85 320.50 34.562 0.00 1.04 7.56 0.09
1001 582.01 557.90 24.08 0.00 1.11 §.22 0.01
1021 650.76 1073.00 21.28 0.00 1.28 2.40 0.01
1041 718.76 1669.00 19.27 0.00 1.08 10.90 0.01
1061 786.76 1295.00 10.64 0.00 1.30 4.14 0.02
1081 844.76 1975.00 8.1 0.00 0.78 2.84 0.07
1101 892.76 1319.00 5.76 0.00 2.35 5.49 0.10
1121 921.35 783.70 20.85 0.00 7.10 36.11 0.97
1141 930.54 395.00 136.00 0.00 11.49 52.93 0.98
1161 949.13 233.90 194.60 0.00 1.55 15.34 18.11
1181 989.13 251.50 291.50 0.00 0.67 29.82 8.56
1201 1055.28 218.90 231.30 0.00 0.46 30.17 5.94
1221 1125.03 201.90 197.10 0.00 0.75 31.04 9.49
1241 1173.88 206.40 211.90 0.00 1.32 30.23 16.58
1261 1218.18 204.90 216.60 0.00 1.28 30.65 15.14
1281 1260.33 199.70 216.80 0.00 2.92 31.05 28.86
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridenal. Hoop. and Shear Stresses are Reversed in Hichliahted Sections (Floor}
MNote 2: Linderlined results indicate a reversal of inside {botttom} and outside {ton) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-10
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Figure 41. Primary Tank Stresses, Shell Bottom, New Geometry, No Dome Soil Friction

Frimary Tank Component Stress Kesults
Wall & Dome Soil - Zero Dome Friction

ANSYS MAXIMUMS BY PATH
Shell Bottom Surface {inside - waste side)
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY Phase || 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. = {kip/ftr2) Stress (kip/ft~2) (kip/ftaz) {kip/ftr2) {kipritnhz) Stress (kip/ft*2)
761 £9.72 427.40 504.60 0.00 23.51 1.9 0.27
781 127.48 44610 521.40 0.00 22.98 0.19 0.11
801 158.68 437.10 558.20 0.00 22.18 0.12 0.08
821 204.14 409.80 551.10 0.00 21.89 0.03 0.04
841 247.52 372.90 521.30 0.00 21.74 0.19 0.07
861 296.07 326.00 514.90 0.00 21.17 0.01 0.02
881 345.70 262.60 454 .90 0.00 20.75 0.06 0.03
901 391.94 142.60 330.80 0.00 19.71 0.17 0.02
921 441.79 30.63 232 .80 0.00 19.08 0.25 0.05
941 466.30 44.88 28910 0.00 9.25 16.58 0.51
a61 49520 184 90 1234 70 000 420 031 a3
931 529.85 283.10 60.96 0.00 1.23 7.56 0.09
1001 582.01 564.20 42.91 0.00 1.17 8.22 0.01
1021 650.76 1077.00 34.16 0.00 1.39 2.40 0.01
1041 718.76 1651.00 48.62 0.00 1.08 10.90 0.01
1061 786.76 1339.00 151.80 0.00 1.79 4.14 0.02
1081 844.76 1912.00 206.50 0.00 1.04 2.684 0.07
1101 892.76 1339.00 72.33 0.00 3.49 5.49 Q.10
1121 921.35 285.20 1749.00 0.00 9.09 36.11 0.97
1141 930.54 442 .60 351.40 0.00 12.55 52.93 0.98
1161 949.13 421.10 824 50 0.00 1.55 47 78 18.11
1181 989.13 164 60 39.70 0.00 0.67 36.90 8.56
1201] 1055.28 272.10 412.80 0.00 0.46 40.50 5.94
1221 1125.03 138.60 89.72 0.00 0.75 41.71 9.49
1241 1173.88 302.60 544 40 0.00 1.32 49.15 16,58
1261 1218.18 144 00 88.59 0.00 1.28 41.07 15.14
1281 1260.33 294.60 554.70 0.00 292 50.94 28.86
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sections (Flocn
Nota 2: Linderlined results indicate a reversal of inside {(hotttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-10
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Figure 42. Primary Tank Stresses, Shell Top, New Geometry, No Wall Seil Friction

l’rimary 'Tank L‘omponent Stress Kesults
Wall & Dome Soil -

Mé&D-2008-004-CALC-001, Revision. 0

ANSYS MAXIMUMS BY PATH

Zero Wall Friction

Shell Top Surface (outside - away from waste)
M&D
Starting Phase |l 2D HY Phase Il 2D HVY Phase Il 2D HV Phase Il 2D HV
M&D Phase Il 2D HV Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elameant Seismic Hoon Stress| Saismic Maridional Thickness Stress Shear Strass Shear Force Stress Thicknass Sheaar
No. {Kip/Ata2) Stress (kip/ft"2) (Kip/Hn2) {kip/Ataz) {Kip/ftr2) Stress (kip/ft"2)
761 89.72 169.70 241.20 0.00 32.64 1.84 0.26
781 127.48 187.20 30240 0.00 31.75 0.26 0.05
801 158.68 187.50 282,90 0.00 30.96 0.14 0.03
821 20414 181.40 300.60 0.00 30.87 0.06 0.01
541 247,52 168.80 302.20 0.00 30.83 0.11 0.03
881 296.07 152.40 30890 0.00 30.07 0.01 0.1
881 345.70 122.90 28710 0.00 28.97 0.11 0.01
901 391.94 53.78 217.90 0.00 27.80 0.09 0.01
921 441.79 87.38 200.30 0.00 23.33 0.27 0.03
941 466.30 271.70 382.80 0.00 8.07 17.38 0.58
951 492.29 267.10 113.40 0.00 4.07 0.27 0.26
981 529.85 344.90 130.30 0.00 g L 7.66 Q.11
1001 582.01 552.40 5.86 0.00 .55 3.22 0.02
1021 650.76 1070.00 10.07 0.00 0.92 2.40 0.01
1041 718.76 1690.00 84.00 0.00 0.76 10.91 0.01
1061 786.76 1254.00 133.80 0.00 0.88 4.15 0.02
1081 844.76 2042.00 22230 0.00 0.50 2.82 0.06
1101 892.76 1298.00 63.15 0.00 1.31 5.54 Q.10
1121 921.35 1297.00 1760.00 0.00 4.43 36.09 0.96
1141 930.54 358.40 81.39 0.00 860 51.43 0.94
1161 949.13 49.47 426.70 0.00 152 46.91 17.74
1181 989.13 3386, 591.30 0.00 0.65 44 62 839
1201 1055.28 168.40 69.61 0.00 0.45 35.20 5.82
1221 1125.03 269.20 425 40 0.00 0.73 41.74 9.30
1241 1173.88 123.20 173.30 0.00 1.30 44 36 16.24
1261] 1218.18 273,80 455.70 0.00 125 44 16 14 82
1281 1260.33 124.20 176.80 0.00 2.86 44 56 28.26
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Flcor}

Note 2: Linderlined results
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Figure 43. Primary Tank Stresses, Shell Middle, New Geometry, No Wall Soil Friction

Frimary 'l'ank Component Ntress Kesults
Wall & Dome Soil - Zero Wall Friction

ANSYS MAXIMUMS BY PATH

Shell Mid-Plane
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 20 HV
M&D Phase Il 2D HV Phase |l 2D HY Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant i ic Hnap Stress | Seismic Meridional Thickness Strass Shear Stress Shear Farce Stress Thickness Sheaar
No. (kip/ftnr2) Stress (kip/ft22) (kip/ft~2) {kip/ft~2) (kip/tn2) Stress (kip/ft*2)
761 89.72 164.40 23510 0.00 3274 i.84 U.26
781 127.48 184.70 30210 0.00 31.75 0.26 0.05
801 158.68 185.50 252.40 0.00 30.95 0.14 0.03
821 204.14 179.90 300.30 0.00 30.87 0.08 0.01
841 247.52 167.60 302.00 0.00 30.94 0.11 0.03
861 296.07 151.60 308.90 0.00 30.08 0.01 0.01
881 345.70 121.90 286.10 0.00 26.98 0.11 0.01
201 391.84 51.92 214.70 0.00 27.82 0.09 Q.01
921 441.79 88.98 198.20 0.00 23.39 0.27 Q.03
941 466.30 170.30 4349 0.00 8.65 17.36 Q.58
961 492 .29 221 an 44 N3 000 399 027 O 26
981 529.85 317.00 36 .64 0.00 0.99 7.66 Q.11
1001 582.01 558.00 2552 0.00 0.59 8.22 Q.02
1021 650.76 1073.00 2274 0.00 1.09 240 Q.01
1041 718.76 1670.00 20.57 0.00 0.78 10.91 0.01
1061 786.76 1295.00 11.45 0.00 1.27 415 Q.02
1081 844.76 1875.00 9.12 0.00 0.49 282 Q.06
1101 892.76 1316.00 5.43 Q.00 2.40 5.54 010
1121 921.35 786.60 21.43 0.00 5.41 36.09 0.96
1141 930.54 391.10 136.50 0.00 9.71 51.43 0.94
1161 949.13 232.60 197.70 0.00 1.52 14.54 17.74
1181 989.13 251.50 297.20 0.00 0.65 28.17 8.39
1201 1055.28 220.60 236.10 0.00 0.45 28.98 5.82
1221 1125.03 205.30 202.10 0.00 0.73 29.85 9.30
1241 1173.88 209.80 216.50 0.00 1.30 29.76 16.24
1261 1218.18 208.60 221.20 0.00 1.25 30.33 14.82
1281 1260.33 203.50 221.20 0.00 2.86 30.83 28.26
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00

Note 1: Meridonal. Heop. and Shear Stresses are Reversed in Hiahliahted Sections (Floor}
Note 2: Linderlined results indicate a reversal of inside (bothhem) and outside (top) surfaces in the floor
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Figure 44. Primary Tank Stresses, Shell Bottom, New Geometry, No Wall Seil Friction

Frimary Tank Component Stress Kesults
Wall & Dome Soil - Zero Wall Friction

ANSYS MAXIMUMS BY PATH
Shell Bottom Surface {inside - waste side)
M&D
Starting Phase Il 20 HV Phase Il 2D HY Phase Il 2D HY Phase |l 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. & {kip/f1n2) Stress (kip/ftr2) (kip/ft~2) {kip/ftr2) {kipsttna2) Stress (kip/ft*2)
761 §9.72 152.10 235.00 0.00 32.84 1.84 0.26
781 127.48 182.20 301.80 0.00 31.75 0.26 0.05
801 158.68 182.50 201.90 0.00 30.94 0.14 0.03
821 204.14 178.50 300.10 0.00 30.88 0.06 0.01
841 247.52 166.50 301.80 0.00 30.94 0.11 0.03
861 296.07 150.80 308.80 0.00 30.09 0.01 0.01
881 345.70 120.80 285.20 0.00 28.99 0.11 0.01
901 391.94 50.19 211.60 0.00 27.84 0.09 .01
921 441.79 90.55 12610 0.00 23.45 0.27 0.03
941 466.30 68.95 290.40 0.00 9.22 17.36 0.58
a6 1 495 590 176 00 196 40 000 391 027 eSS
931 529.85 289.20 61.50 0.00 0.87 7.66 0.11
1001 582.01 564.30 44.18 0.00 0.62 8.22 0.02
1021 650.76 1077.00 35.57 0.00 1.26 2.40 0.01
1041 718.76 1652.00 47.21 0.00 0.80 10.91 0.01
1061 786.76 1339.00 15270 0.00 1.87 4.15 0.02
1081 844.76 1913.00 205.70 0.00 0.68 2.82 0.06
1101 892.76 1336.00 72.34 0.00 3.51 5.54 Q.10
1121 921.35 283.80 1729.00 0.00 8.39 36.09 0.96
1141 930.54 435.70 338.60 0.00 10.83 51.43 0.94
1161 949.13 416.70 813.40 0.00 1.52 4598 17.74
1181 989.13 166.20 30.45 0.00 0.65 34.89 8.39
1201] 1055.28 272.80 413.80 0.00 0.45 39.12 5.82
1221 1125.03 143.40 79.25 0.00 0.73 40.44 9.30
1241 1173.88 304.40 542.80 0.00 1.30 48 34 16.24
1261 1218.18 149.50 78.43 0.00 1.25 40.28 14.82
1281] 1260.33 296.70 552.80 0.00 2.86 50.35 28.26
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sections (Flocn
Nota 2: Linderlined results indicate a reversal of inside {(hotttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-11
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Figure 45. Primary Tank Stresses, Shell Top, New Geometry, L.ow Soil Friction

Frimary Tank Component Stress Kesults
Wall & Dome Soil - Low Friction

ANSYS MAXIMUMS BY PATH
Shell Top Surface (outside - away from waste)
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY Phase || 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. = {kip/ftr2) Stress (kip/ft~2) (kip/ftaz) {kip/ftr2) {kipritnhz) Stress (kip/ft*2)
761 §9.72 i67.10 238 80 0.00 32.29 1.87 0.26
781 127.48 183.90 29g¢ 80 0.00 31.40 0.26 0.05
801 158.68 182.60 20010 0.00 30.62 0.14 0.03
821 204.14 176.20 297.20 0.00 30.57 0.06 0.01
841 247.52 162.10 288.30 0.00 30.68 0.11 0.03
861 296.07 143.60 304.10 0.00 29.94 0.02 0.01
881 345.70 112.20 283.30 0.00 29.00 0.11 0.01
901 391.94 42.47 217.60 0.00 27.08 0.08 .01
921 441.79 99.10 200.80 0.00 2278 0.25 0.03
941 466.30 283.20 383.90 0.00 8.03 17.21 0.58
a6 1 495 590 281 50 115 N0 000 4 08 ES 0>7
931 529.85 348.50 12980 0.00 1.05 7.59 0.11
1001 582.01 552.30 6.06 0.00 0.53 8.24 0.02
1021 650.76 1070.00 9.51 0.00 0.85 2.40 0.01
1041 718.76 1690.00 83.33 0.00 0.70 10.91 0.01
1061 786.76 1254.00 134 .40 0.00 0.86 4.15 0.02
1081 844.76 2042.00 221.70 0.00 0.45 2.83 0.06
1101 892.76 1300.00 £64.26 0.00 1.44 5.51 Q.10
1121 921.35 1304.00 1770.00 0.00 4.68 36.09 0.98
1141 930.54 357.30 94 86 0.00 9.32 52.25 0.97
1161 949.13 49.11 429 30 0.00 1.54 47 .47 17.93
1181 989.13 338.70 600.10 0.00 0.66 46.3 8.48
1201] 1055.28 164.60 66.87 0.00 0.46 35.6¢ 5.88
1221 1125.03 263.30 419.60 0.00 0.74 41.9¢ 9.40
1241 1173.88 116.00 183.90 0.00 1,31 44 .71 16.41
1261 1218.18 268.30 451.20 0.00 127 44.21 14.98
1281] 1260.33 117.00 186.90 0.00 2.89 4471 28.57
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sections (Flocn
Nota 2: Linderlined results indicate a reversal of inside {(hotttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-12
12/21/2005 Page 23

Page A-48 of A-59



RPP-RPT-28966 Rev. 1
Page 288 of 888
Mé&D-2008-004-CALC-001, Revision. 0

Figure 46. Primary Tank Stresses, Shell Middle, New Geometry, L.ow Seil I'riction

Frimary Tank Component Stress Kesults
Wall & Dome Soil - Low Friction

ANSYS MAXIMUMS BY PATH
Shell Mid-Plane
M&D
Starting Phase Il 20 HV Phase Il 2D HY Phase Il 2D HY Phase |l 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. & {kip/f1n2) Stress (kip/ftr2) (kip/ft~2) {kip/ftr2) {Kipsttn2) Stress (kip/ft*2)
761 §9.72 161.70 235 60 0.00 32.40 1.87 0.26
781 127.48 181.40 29g¢ 50 0.00 31.40 0.26 0.05
801 158.68 181.60 289.50 0.00 30.81 0.14 0.03
821 204.14 174.70 296 90 0.00 30.57 0.06 0.01
841 247.52 160.90 298.00 0.00 30.69 0.11 0.03
861 206.07 142.70 304.00 0.00 29.95 0.02 0.01
881 345.70 111.10 282 30 0.00 29.01 0.11 0.01
901 391.94 40.78 214.60 0.00 27.07 0.08 .01
921 441.79 100.60 192.90 0.00 22.82 0.25 0.03
941 466.30 181.20 47.25 0.00 8.61 17.21 0.58
a6 1 495 590 21570 4310 000 397 ES 0>7
931 529.85 320.60 35.76 0.00 0.91 7.59 0.11
1001 582.01 557.90 24 .90 0.00 0.59 8.24 0.02
1021 650.76 1074.00 2213 0.00 1.02 2.40 0.01
1041 718.76 1670.00 19.94 0.00 0.71 10.91 0.01
1061 786.76 1295.00 11.03 0.00 1.25 4.15 0.02
1081 844.76 1975.00 3.66 0.00 0.53 2.83 0.06
1101 892.76 1318.00 6.04 0.00 2.38 5.51 Q.10
1121 921.35 791.00 21.12 0.00 6.67 36.09 0.98
1141 930.54 393.30 136.20 0.00 10.40 52.25 0.97
1161 949.13 234.30 201.80 0.00 1.54 14.62 17.93
1181 989.13 252.60 303.40 0.00 0.66 29.74 8.48
1201] 1055.28 217.40 234.80 0.00 0.46 29.79 5.88
1221 1125.03 198.80 194.00 0.00 0.74 30.34 9.40
1241 1173.88 204.00 209.60 0.00 1.31 29.78 16.41
1261 1218.18 202.70 214.30 0.00 1.27 30.25 14.98
1281] 1260.33 197.70 214.90 0.00 2.89 30.69 28.57
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sactions (Flocn
Nota 2: Linderlined results indicate a reversal of inside {(hotttom} and outside {top) surfaces in the floor
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Figure 47. Primary Tank Stresses, Shell Bottom, New Geometry, L.ow Seil Friction

Frimary Tank Component Stress Kesults
Wall & Dome Soil - Low Friction

ANSYS MAXIMUMS BY PATH
Shell Bottom Surface {inside - waste side)
M&D
Starting Phase Il 20 HV Phase Il 2D HY Phase Il 2D HY Phase |l 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. & {kip/f1n2) Stress (kip/ftr2) (kip/ft~2) {kip/ftr2) {Kipsttn2) Stress (kip/ft*2)
751 89.72 156.30 232.30 0.00 32.51 1.87 0.26
781 127.48 178.80 292 10 0.00 31.41 0.26 0.05
801 158.68 179.50 289.00 0.00 30.60 0.14 0.03
821 204.14 173.20 296 60 0.00 30.58 0.06 0.01
841 247.52 159.70 297.70 0.00 30.70 0.11 0.03
861 296.07 141.80 303.90 0.00 29.95 0.02 0.01
881 345.70 110.00 281.40 0.00 29.02 0.11 0.01
901 391.94 39.05 211.50 0.00 27.07 0.08 .01
921 441.79 102.20 196.90 0.00 22.88 0.25 0.03
941 466.30 7919 293.90 0.00 9.19 17.21 0.58
a61 49520 170 00 196 20 000 389 025 s
931 529.85 28270 62.69 0.00 0.79 7.59 0.11
1001 582.01 564.20 43.74 0.00 0.66 8.24 0.02
1021 650.76 1077.00 34.90 0.00 1.19 2.40 0.01
1041 718.76 1651.00 48.25 0.00 0.73 10.91 0.01
1061 786.76 1339.00 152.20 0.00 1.84 4.15 0.02
1081 844.76 1912.00 206.20 0.00 0.70 2.83 0.06
1101 892.76 1338.00 72.38 0.00 3.52 5.51 Q.10
1121 921.35 284.80 1740.00 0.00 8.65 36.09 0.98
1141 930.54 440.80 349.70 0.00 11.48 52.25 0.97
1161 949.13 420.30 825,40 0.00 1.54 47 .49 17.93
1181 989.13 166.60 26.53 0.00 0.66 35296 8.48
1201] 1055.28 270.20 414.60 0.00 0.46 40.03 5.88
1221 1125.03 136.50 90.04 0.00 0.74 40.96 9.40
1241 1173.88 299.30 539.10 0.00 1,31 48 52 16.41
1261 1218.18 142 60 88.00 0.00 127 40.49 14.98
1281] 1260.33 291.70 549.70 0.00 2.89 50.40 28.57
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sections (Flocn
Nota 2: Linderlined results indicate a reversal of inside {(hotttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-12
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Figure 48. Primary Tank Stresses, Shell Top, New Geometry, Low Soil Iriction Haunch

Frimary 'l'ank Component Ntress Kesults
Wall & Dome - Low Friciton Haunch

ANSYS MAXIMUMS BY PATH

Shell Top Surface {outside - away from waste)
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 20 HV
M&D Phase Il 2D HV Phase |l 2D HY Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant i ic Hnap Stress | Seismic Meridional Thickness Strass Shear Stress Shear Farce Stress Thickness Sheaar
No. (kip/ftnr2) Stress (kip/ft22) (kip/ft~2) {kip/ft22) (kip/tn2) Stress (kip/ft*2)
761 89.72 181.80 252,20 0.00 30.78 1.80 026
781 127.48 200.20 313.70 0.00 29.85 0.24 0.05
801 158.68 200.70 303.30 0.00 29.09 0.13 0.03
821 204.14 185.70 312.10 0.00 29.05 0.08 Q.02
841 247.52 183.90 313.10 0.00 29.14 0.12 0.03
861 296.07 171.90 324.60 0.00 28.41 0.02 0.01
881 345.70 145.90 301.70 0.00 27.40 0.14 0.01
201 391.84 68.33 202.30 0.00 26.38 0.14 Q.01
a21 441.79 97.01 145.30 0.00 25.81 0.31 0.05
941 466.30 273.10 370.40 0.00 7.3 15.44 Q.64
961 49209 =235 a0 112 30 000 3 50 027 a>7
981 529.85 359.30 123.80 0.00 0.81 7.39 Q.10
1001 582.01 551.90 2.80 0.00 0.59 8.26 Q.02
1021 650.76 1070.00 .26 0.00 0.78 2.39 Q.01
1041 718.76 1689.00 80.49 0.00 0.85 10.91 0.01
1061 786.76 1254.00 136.20 0.00 0.75 4.14 Q.02
1081 844.76 2041.00 219.50 0.00 0.34 2.86 0.07
1101 892.76 1305.00 66.79 Q.00 1.50 5.40 010
1121 921.35 1326.00 1803.00 0.00 4.81 36.09 0.97
1141 930.54 355.40 121.60 0.00 9.69 £5.08 0.99
1161 949.13 42.07 454 30 0.00 1.59 4898 18.62
1181 989.13 340.40 605.50 0.00 0.68 46.74 8.80
1201 1055.28 162.90 58.48 0.00 0.48 36.49 6.11
1221 1125.03 266.30 429.00 0.00 0.77 42.59 9.76
1241 1173.88 112.50 195.90 0.00 1.36 45 56 17.05
1261 1218.18 271.10 460.50 0.00 1.31 44.86 15.56
1281 1260.33 113.90 199.40 0.00 3.01 45.53 29.67
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00

Note 1: Meridonal. Heop. and Shear Stresses are Reversed in Hiahliahted Sections (Floor}
Note 2: Linderlined results indicate a reversal of inside (bothhem) and outside (top) surfaces in the floor
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Figure 49. Primary Tank Stresses, Shell Middle, New Geometry, L.ow Seil Friction Haunch

Frimary l'ank Component Ntress Kesults
Wall & Dome - Low Friciton Haunch

ANSYS MAXINIUMS BY PATH
Shell Mid-Plane
M&D
Starling Phase |l 2D HV Phase Il 2D HV Phase Il 2D HY Phase Il 2D HV
M&D Phase Il 2D HY Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Sei=mir Haoan Stress| Saismic Meridional Thicknass Stress Shear Strass Shear Force Stress Thicknass Shear
No. 3 {kip/Atr2) Stress (kip/ftr2) (kip/Ha2) {kip/tr2) {kip/ft~2) Stress (kip/ft12)
761 89.72 176.60 249.20 0.00 30.89 1.80 0.26
781 127.48 197.80 313.50 0.00 29.85 0.24 0.05
801 158.68 198.80 302.90 0.00 29.08 0.13 0.03
821 204.14 194.40 311.90 0.00 29.05 0.06 0.02
841 247.52 182.90 312.90 0.00 28.15 0.12 0.03
861 296.07 171.10 324.80 0.00 28.42 0.02 0.01
831 345.70 145.00 300.90 0.00 27.41 0.14 0.01
201 391.94 66.40 198.60 0.00 26.41 0.14 0.01
921 441.79 99.43 141.70 0.00 26.02 0.31 0.05
941 466.30 173.50 42.54 0.00 7.74 15.44 0.64
&1 492 99 192 20 AR 59 000 ERE] 027 027
931 520.85 332.30 31.95 0.00 0.82 7.39 0.10
1001 582.01 557.60 22.02 0.00 0.68 8.26 0.02
1021 650.76 1074.00 19.46 0.00 0.94 2.39 0.01
1041 718.76 1669.00 17.22 0.00 0.65 10.91 0.01
1061 786.76 1295.00 9.24 0.00 1.14 4.14 0.02
1081 844.76 1975.00 5.96 0.00 0.50 2.86 0.07
1101 892.76 1323.00 4.58 0.00 2.31 5.40 0.10
1121 921.35 801.40 19.63 0.00 6.93 36.09 0.97
1141 930.54 397.40 133.40 0.00 10.75 55.08 0.99
1161 949.13 233.40 197.80 0.00 1.59 14.93 18.62
1181 989.13 251.40 297.10 0.00 0.68 29.53 8.80
1201 1055.28 217.40 232.50 0.00 0.48 29.77 6.11
1221 1125.03 199.50 194.60 0.00 0.77 30.65 9.76
1241 1173.88 204.10 209.80 0.00 1.36 29.89 17.05
1261 1218.18 202.80 214.50 0.00 1.31 30.37 15.56
1281 1260.33 197.70 215.00 0.00 3.01 30.81 29.67
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridenal. Hoop. and Shear Stresses are Reversed in Hichliahted Sections (Floor}
MNote 2: Linderlined results indicate a reversal of inside {botttom} and outside {ton) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-12a
12/21/20058 Page 27

Page A-52 of A-59



RPP-RPT-28966 Rev. 1
Page 292 of 888
Mé&D-2008-004-CALC-001, Revision. 0

Figure 50. Primary Tank Stresses, Shell Bottom, New Geometry, Low Soil Friction Haunch

Frimary Tank Component Stress Kesults
Wall & Dome - Low Friciton Haunch

ANSYS MAXIMUMS BY PATH
Shell Bottom Surface {inside - waste side)
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY Phase || 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. = {kip/ftr2) Stress (kip/ft~2) (kip/ftaz) {kip/ftr2) {kipritnhz) Stress (kip/ft*2)
761 £9.72 171.40 246.20 0.00 31.00 1.80 0.265
781 127.48 185.30 313.20 0.00 29.85 0.24 0.05
801 158.68 186.90 302.40 0.00 29.07 0.13 0.03
821 204.14 183.00 311.70 0.00 29.04 0.06 0.02
841 247.52 181.90 312.70 0.00 29.18 0.12 0.03
861 296.07 170.40 325.00 0.00 28.43 0.02 0.01
881 345.70 144.10 300.10 0.00 27.43 0.14 0.01
901 391.94 64.48 194 80 0.00 26.43 0.14 Q.01
921 441.79 101.80 138.20 0.00 26.23 0.31 0.05
941 466.30 74.61 282 60 0.00 8.16 15.44 0.64
a61 49520 143 60 124 a0 000 348 027 a>7
931 529.85 305.20 64.08 0.00 0.83 7.39 010
1001 582.01 564.00 41.36 0.00 0.73 8.26 0.02
1021 650.76 1078.00 32.05 0.00 1.11 2.39 0.01
1041 718.76 1651.00 51.16 0.00 0.68 10.91 0.01
1061 786.76 1339.00 150.40 0.00 1.54 4.14 0.02
1081 844.76 1912.00 207.50 0.00 0.80 2.86 0.07
1101 892.76 1343.00 72.23 0.00 3.45 5.40 Q.10
1121 921.35 286.70 1776.00 0.00 9.05 36.09 0.97
1141 930.54 451.70 370.50 0.00 11.81 55.08 0.99
1161 949.13 42570 843.50 0.00 1_5_9 48 66 18 62
1181 989.13 162.30 42.88 0.00 0.68 36.5 8.80
1201] 1055.28 271.90 415.10 0.00 0.48 40.3€ 6.11
1221 1125.03 134.20 97.92 0.00 0.77 41.6 9.76
1241 1173.88 303.10 551.90 0.00 1.36 49.34 17.05
1261 1218.18 140.20 96.79 0.00 1.31 41.17 15.56
1281 1260.33 295.30 562.60 0.00 3.01 51.24 29.67
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sections (Flocn
Nota 2: Linderlined results indicate a reversal of inside {(hotttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls. Stress Max-12a
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Figure 51. Primary Tank Stresses, Shell Top, New Geometry, High Seil Friction

Frimary Tank Component Stress Kesults
Wall & Dome Seil - High Friction

ANSYS MAXIMUMS BY PATH
Shell Top Surface (outside - away from waste)
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY Phase || 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. = {kip/ftr2) Stress (kip/ft~2) (kip/ftaz) {kip/ftr2) {kipritnhz) Stress (kip/ft*2)
761 §9.72 150.30 223 40 0.00 32.33 1.95 0.6
781 127.48 168.90 282 90 0.00 31.29 0.27 0.05
801 158.68 169.00 280.30 0.00 30.42 0.14 0.03
821 204.14 160.60 285.30 0.00 30.30 0.06 0.01
841 247.52 146.00 287.00 0.00 30.32 0.11 0.02
861 206.07 125.40 221.60 0.00 29.49 0.02 0.01
881 345.70 92.38 272.70 0.00 28.51 0.10 0.01
901 391.94 29.47 212.40 0.00 27.08 0.07 .01
921 441.79 116.30 203.20 0.00 22.12 0.23 0.03
941 466.30 287.90 385.10 0.00 7.23 16.96 0.59
a6 1 495 590 256 20 117 00 000 3 &1 0 21 0>7
931 529.85 351.80 129.20 0.00 1.05 7.53 0.11
1001 582.01 552.10 5.32 0.00 0.50 8.25 0.02
1021 650.76 1070.00 9.03 0.00 0.84 2.39 0.01
1041 718.76 1689.00 82.76 0.00 0.68 10.91 0.01
1061 786.76 1254.00 135.00 0.00 0.84 4.14 0.02
1081 844.76 2041.00 221.10 0.00 0.44 2.84 0.07
1101 892.76 1301.00 65.19 0.00 1.48 5.48 Q.10
1121 921.35 1312.00 1779.00 0.00 4.83 36.10 1.00
1141 930.54 355.90 105.10 0.00 9.73 52.97 0.97
1161 949.13 47.15 432 80 0.00 1.55 47.76 18 09
1181 989.13 339.70 606.60 0.00 0.67 47.30 8.85
1201] 1055.28 162.20 65.20 0.00 0.46 35.71 5.93
1221 1125.03 260.70 417.40 0.00 0.75 42.21 9.48
1241 1173.88 112.20 190.40 0.00 1.32 44 88 16.56
1261 1218.18 266.00 44970 0.00 1.28 44 .32 15.12
1281 1260.33 113.30 193.20 0.00 292 44.81 28.83
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sections (Flocn
Nota 2: Linderlined results indicate a reversal of inside {(hotttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-13
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Wall & Dome Soil - High Friction

ANSYS MAXIMUMS BY PATH

RPP-RPT-28966 Rev. 1

Page 294 of 888

Shell Mid-Plane
M&D
Starting Phase |l 2D HY Phase Il 2D HVY Phase Il 2D HV Phase Il 2D HV
M&D Phase Il 2D HV Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elameant Seismic Hoon Stress| Saismic Maridional Thickness Stress Shear Strass Shear Force Stress Thicknass Sheaar
No. {Kip/Ata2) Stress (kip/ft"2) (Kip/Hn2) {kip/Ataz) {Kip/ftr2) Stress (kip/ft"2)
761 89.72 144,80 225.90 0.00 32.45 1.95 0.26
781 127.48 166.20 289.40 0.00 31.30 0.27 0.05
801 158.68 166.80 279.70 0.00 30.42 0.14 0.03
821 20414 15910 284.90 0.00 30.25 0.06 0.01
541 247,52 144.80 286.70 0.00 30.33 0.11 0.02
881 296.07 124.40 291.40 0.00 23.50 0.02 0.1
881 345.70 91.24 271.70 0.00 28.53 0.10 0.01
901 391.94 31.18 209.60 0.00 27.08 0.07 0.01
921 441.79 117.80 201.50 0.00 2218 0.23 0.03
941 466.30 195.30 46.36 0.00 778 16.98 0.59
951 492.29 210.20 42.32 0.00 3.74 0.21 0.27
981 529.85 323.90 35.05 0.00 0.92 7.53 Q.11
1001 582.01 557.80 24.34 0.00 0.57 3.25 002
1021 650.76 1074.00 21.68 0.00 1.01 2.39 0.01
1041 718.76 1669.00 19.39 0.00 0.70 10.91 0.01
1061 786.76 1295.00 10.67 0.00 1.23 4.14 0.02
1081 844.76 1975.00 8.23 0.00 0.54 2.84 0.07
1101 892.76 1319.00 5.73 0.00 2.36 5.48 Q.10
1121 921.35 794.90 20.77 0.00 6.81 36.10 1.00
1141 930.54 394.70 135.50 0.00 10.80 52.97 0.97
1161 949.13 234.50 204.80 0.00 1.55 14.63 18.09
1181 989.13 252.80 307.70 0.00 0.67 30.59 8.55
1201 1055.28 215.60 234.80 0.00 0.46 30.28 5.93
1221 1125.03 195.90 190.10 0.00 0.75 30.41 9.48
1241 1173.88 201.30 206.40 0.00 1.32 29.83 16.56
1261 1218.18 199.80 211.00 0.00 1.28 30.23 15.12
1281 1260.33 194.90 211.90 0.00 2.92 30.65 28.83
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor}
Note 2: Linderlined rasulis dicate a revarsal of inside {bhotttom) and outside ftop) surfaces in the floor
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Figure 533. Primary Tank Stresses, Shell Bottom, New Geometry, High Seil Friction

Frimary l'ank Component Ntress Kesults
Wall & Dome Soil - High Friction

ANSYS MAXINIUMS BY PATH
Shell Bottom Surface (inside - waste side)
M&D
Starling Phase |l 2D HV Phase Il 2D HV Phase Il 2D HY Phase Il 2D HV
M&D Phase Il 2D HY Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Sei=mir Haoan Stress| Saismic Meridional Thicknass Stress Shear Strass Shear Force Stress Thicknass Shear
No. 3 {kip/Atr2) Stress (kip/ftr2) (kip/Ha2) {kip/tr2) {kip/ft~2) Stress (kip/ft12)
781 89.72 139.30 22250 0.00 32.57 1.95 0.26
781 127.48 163.60 288.90 0.00 31.34 0.27 0.05
801 158.68 164.70 279.10 0.00 30.41 0.14 0.03
821 204.14 157.60 284.50 0.00 30.29 0.06 0.01
841 247.52 143.50 286.30 0.00 30.34 0.11 0.02
861 206.07 123.40 291.20 0.00 29.51 0.02 0.01
881 345.70 90.12 270.80 0.00 28.55 0.10 0.01
201 391.94 32.88 206.80 0.00 27.10 0.07 0.01
921 441.79 119.30 199.80 0.00 22.24 0.23 0.03
941 466.20 93.10 208.10 0.00 8.32 16.98 0.59
&1 492 99 134 20 196 30 000 X 0 21 027
931 520.85 295.90 64.09 0.00 0.79 7.53 0.11
1001 582.01 564.20 43.35 0.00 0.63 8.25 0.02
1021 650.76 1077.00 34.30 0.00 1.17 2.39 0.01
1041 718.76 1651.00 49.07 0.00 0.72 10.91 0.01
1061 786.76 1339.00 151.70 0.00 1.63 4.14 0.02
1081 844.76 1912.00 206.70 0.00 0.70 2.84 0.07
1101 892.76 1340.00 72.37 0.00 3.51 5.48 Q.10
1121 921.35 285.50 1750.00 0.00 8.79 36.10 1.00
1141 930.54 444 90 358.10 0.00 11.86 52.97 0.97
1161 949.13 422 60 834 .30 0.00 1.55 48 38 18.09
1181 989.13 165.80 27.21 0.00 0.67 35.30 8.55
1201] 1055.28 269.00 416.10 0.00 0.46 40.61 503
1221 1125.03 132.90 96.12 0.00 0.75 41.19 9.48
1241 1173.88 2987.30 538.40 0.00 1.32 48.73 16.5€
1261 1218.18 139.00 9365 0.00 1.28 40.60 1512
1281 1260.33 289.80 549.30 0.00 2.92 50.52 28.83
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridenal. Hoop. and Shear Stresses are Reversed in Hichliahted Sections (Floor}
MNote 2: Linderlined results indicate a reversal of inside {botttom} and outside {ton) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-13
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Figure 54. Primary Tank Stresses, Shell Top, New Geometry, Birth and Death

Frimary l'ank Component Ntress Kesults
Rirth & Death - Wall & Dome Soil Spr

ANSYS MAXINIUMS BY PATH
Shell Top Surface (outside - away from waste)
M&D
Starling Phase |l 2D HV Phase Il 2D HV Phase Il 2D HY Phase Il 2D HV
M&D Phase Il 2D HY Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Sei=mir Haoan Stress| Saismic Meridional Thicknass Stress Shear Strass Shear Force Stress Thicknass Shear
No. 3 {kip/Atr2) Stress (kip/ftr2) (kip/Ha2) {kip/tr2) {kip/ft~2) Stress (kip/ft12)
781 B9.72 373.00 409.60 0.00 1.33 3.56 0.04
781 127.48 274.70 333.80 0.00 0.72 8.00 0.00
801 158.68 351.20 440.20 0.00 Q.72 8.93 0.00
821 204.14 225.80 352.30 0.00 0.68 217 0.00
841 247.52 307.60 427 60 0.00 Q.80 2.52 0.01
861 206.07 136.00 329.70 0.00 1.14 0.66 0.00
881 345.70 206.60 341.40 0.00 2.05 3.19 0.02
201 391.94 62.35 262.50 0.00 2.20 2.90 0.03
921 441.79 66.76 285.70 0.00 2.18 6.64 0.06
941 466.30 304.80 529.50 0.00 1.51 23.73 0.16
981 492.29 501 40 122 30 aan 113 033 004
931 520.85 299.20 155.30 0.00 1.47 8.45 0.02
1001 582.01 557.70 69.40 0.00 1.18 8.18 0.00
1021 650.76 1078.00 59.37 0.00 1.74 2.56 0.01
1041 718.76 1707.00 96.05 0.00 1.87 11.03 0.03
1081 786.76 1278.00 121.20 0.00 1.28 4.01 0.01
1081 844.76 2021.00 228.30 0.00 1.95 4.30 0.05
1101 892.76 1249.00 126.30 0.00 1.87 4.95 0.19
1121 921.35 1202.00 1655.00 0.00 5.17 38.16 0.85
1141 930.54 376.70 999.60 0.00 9.1 77.34 0.89
1161 949.13 112.40 475.20 0.00 1.4 51.51 17.72
1181 989.13 420.50 663.60 0.00 0.65 40.11 8.38
1201] 1055.28 266.40 174.80 0.00 0.45 31.99 581
1221 1125.03 363.70 520.00 0.00 0.73 40.17 9.29
1241 1173.88 220.30 124.00 0.00 1.29 43.33 16.22
1261 1218.18 371.90 556.10 0.00 1.25 43.62 14 80
1281 1260.33 221.60 137.40 0.00 2,86 43.82 28.23
1281] 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridenal. Hoop. and Shear Stresses are Reversed in Hichliahted Sections (Floor}
MNote 2: Linderlined results indicate a reversal of inside {botttom} and outside {ton) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-14
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Figure 55. Primary Tank Stresses, Shell Middle, New Geometry, Birth and Death

Frimary Tank Component Stress Kesults
Birth & Death - Wall & Dome Soil Spr

ANSYS MAXIMUMS BY PATH
Shell Mid-Plane
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY Phase || 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. = {kip/ftr2) Stress (kip/ft~2) (kip/ftaz) {kip/ftr2) {kipritnhz) Stress (kip/ft*2)
751 89.72 349.50 340.60 0.00 i.39 3.56 0.04
781 127.48 287.80 384.90 0.00 0.73 8.00 0.00
801 158.68 320.60 381.20 0.00 0.71 6.93 0.00
821 204.14 234.10 386.10 0.00 0.69 217 0.00
841 247.52 268.30 350.90 0.00 0.81 2.52 0.01
861 296.07 143.20 358.70 0.00 1.18 0.66 0.00
881 345.70 167.80 278.00 0.00 2.07 3.19 0.02
901 391.94 44.25 287.50 0.00 2.23 2.50 0.03
921 441.79 29.03 24530 0.00 217 6.64 0.06
941 466.30 22470 100.00 0.00 1.75 23.73 0.16
a61 49520 473 70 86 20 000 113 033 00d
931 529.85 268.20 76.80 0.00 1.53 8.45 0.02
1001 582.01 562.80 53.79 0.00 1.23 8.18 0.00
1021 650.76 1082.00 62.86 0.00 1.81 2.56 0.01
1041 718.76 1687.00 65.89 0.00 1.91 11.03 0.03
1061 786.76 1317.00 46.42 0.00 1.87 4.01 0.01
1081 844.76 1956.00 49.09 0.00 2.57 4.30 0.05
1101 892.76 1265.00 44.05 0.00 1.64 4.95 Q.19
1121 921.35 723.90 51.61 0.00 6.88 38.16 0.85
1141 930.54 363.30 151.60 0.00 10.08 77.34 0.89
1161 949.13 273.40 163.50 0.00 1.48 18.67 17.72
1181 989.13 337.00 372.20 0.00 0.65 23.85 8.38
1201] 1055.28 318.50 341.80 0.00 0.45 27.97 5.81
1221 1125.03 301.10 298.40 0.00 0.73 28.70 9.29
1241 1173.88 307.60 314.30 0.00 1.29 28.70 16.22
1261 1218.18 307.60 323.10 0.00 1.25 29.82 14.80
1281] 1260.33 301.60 321.70 0.00 2.86 30.50 28.23
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sactions (Flocn
Nota 2: Linderlined results indicate a reversal of inside {(hotttom} and outside {top) surfaces in the floor
M&D Professional Services Confidential Comparisons - Pri Tank-for report.xls, Stress Max-14
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Figure 56. Primary Tank Stresses, Shell Bottom, New Geometry, Birth and Death

Frimary Tank Component Stress Kesults
Birth & Death - Wall & Dome Soil Spr

ANSYS MAXIMUMS BY PATH
Shell Bottom Surface {inside - waste side)
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HY Phase || 2D HV
M&D Phase |l 2D HY Phase || 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Elamant Seismic Honn Stress!| Seismir Meridional Thi ass Stross Shear Strass Shear Forre Stress Thickness Shear
No. = {kip/ftr2) Stress (kip/ft~2) (kip/ftaz) {kip/ftr2) {kipritnhz) Stress (kip/ft*2)
761 §9.72 326.00 294 .00 0.00 i.45 3.56 0.04
781 127.48 300.90 446.00 0.00 0.75 8.00 0.00
801 158.68 285.40 322.20 0.00 0.70 6.93 0.00
821 204.14 24240 41¢.80 0.00 0.70 217 0.00
841 247.52 235.60 274.40 0.00 0.81 2.52 0.01
861 296.07 150.30 387.80 0.00 1.17 0.66 0.00
881 345.70 129.00 21540 0.00 2.10 3.19 0.02
901 391.94 31.88 341.60 0.00 2.25 2.50 0.03
921 441.79 41.94 205.10 0.00 2.18 6.64 0.06
941 466.30 186.50 399.30 0.00 1.98 23.73 0.16
a61 49520 456 10 245 00 000 112 033 00d
931 529.85 237.60 51.61 0.00 1.58 8.45 0.02
1001 582.01 568.20 55.21 0.00 1.35 8.18 0.00
1021 650.76 1086.00 66.35 0.00 1.87 2.56 0.01
1041 718.76 1668.00 £4.36 0.00 1.94 11.03 0.03
1061 786.76 1359.00 15810 0.00 2.47 4.01 0.01
1081 844.76 1893.00 195.70 0.00 3.20 4.30 0.05
1101 892.76 1282.00 79.53 0.00 1.61 4.95 Q.19
1121 921.35 253.00 1604.00 0.00 9.21 38.16 0.85
1141 930.54 604.00 793.30 0.00 10.99 77.34 0.89
1161 949.13 457 80 764.40 0.00 1.48 52 17.72
1181 989.13 253.70 106.60 0.00 0.65 31.79 8.38
1201] 1055.28 70.70 515.90 0.00 0.45 37.22 5.81
1221 1125.03 240.00 150.30 0.00 0.73 38.92 9.29
1241 1173.88 401.90 639.40 0.00 1.29 4722 16.22
1261 1218.18 248 70 168.00 0.00 1.25 39.32 14.80
1281 1260.33 394.80 652.00 0.00 Z_QE_S 49.96 28.23
1281 1307.28 0.00 0.00 0.00 0.00 0.00 0.00
Note 1: Meridonal. Hoon. and Shear Stresses are Reversed in Hiahliohted Sections (Flocn
Nota 2: Linderlined results indicate a reversal of inside {(hotttom} and outside {top) surfaces in the floor
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Figure 1. Case 1, Soil Pressures

Case 1
Tank AY, 422 In Waste Level
SpG=1.7

Mu=0.5, E=250 KSF

Max Pressure Min Pressure
Soil Soil
AY Mean Soil AY Mean Soil
Uncracked Uncracked Active Active
Concrete Case 1,| Concrete Case 1, Vertical Horizontal |Pressure Phi=|Pressure Phi =
Depth |Angle (rad Path Mu=0.5 (psi) Mu=0.5 (psi) Pressure (psi) | Pressure (psi) | 33 deg (psi) 49 deg (psi)
568 -0.035 67.727 8.37 6.75 7.12 0.13 711 711
565.8 -0.071 105.668 8.10 7.72 7.27 0.27 7.26 7.26
563.21 -0.097 137.069 8.53 8.42 7.46 0.37 7.43 742
559.7 -0.125 182.849 7.66 7.56 7.71 0.50 7.65 7.65
550.7 -0.181 226.563 7.58 7.51 8.35 0.78 8.23 8.22
545.2 -0.210 275.566 7.88 7.82 8.74 0.95 8.57 8.55
527.68 -0.298 325.690 9.07 9.01 9.99 1.53 9.59 9.56
518.2 -0.347 372.305 9.74 9.72 10.66 1.89 10.09 10.04
494.5 -0.482 423.427 18.49 18.35 12.35 2.98 11.07 10.97
476.2 -0.607 468.308 39.82 39.61 13.65 4.05 11.45 11.27
447.4 -0.657 515.312 29.44 28.99 15.70 4.99 12.75 12.51
407.1 -0.710 549.725 17.27 16.92 18.57 6.31 14.53 14.18
382.1 -1.571 585.819 12.78 12.57 20.35 10.60 6.00 2.85
335 -1.571 §36.36% 7.89 7.82 23.70 12.35 6.99 3.32
281 -1.571 685.619 5.75 5.70 27.55 14.35 8.13 3.86
236.5 -1.571 732,719 5.96 5.91 30.71 16.00 9.06 4.30
186.8 -1.571 778.219 6.95 6.91 34.25 17.85 10.10 4.80
145.5 -1.571 821.369 7.77 7.74 37.19 19.38 10.97 5.21
70 -1.571 874.169 8.16 8.15 42.57 22.18 12.56 5.96
24 -1.571 930.544 8.36 8.27 45.84 23.88 13.52 6.42
M&D Professional Services Confidential Arching Study, Case 1, Soil Pressures Gravity.xls, FM Max
3/9/2006 Page 1
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Figure 2. Case 1, Concrete Forces and Moments

Tank AY, 422 In Waste Level
SpG=1.7
Mu=0.5, E=250 KSF

ANSYS MAXIMUMS BY PATH

Seismic

ic -In- ismic Hoop Through-

Seismic Hoop Meridonal Plane Shear Moment Thickness

PNNL Force (kip/ft} | Force (kip/ft) | Force (kip/ft) (ft*kip/ft) Seismic Meridonal [ Shear Force
Section Mu=0.5, E=250 | Mu=0.5, E=250 | Mu=0.5, E=250 | Mu=0.5, E=250 Moment (ft*kip/ft) |(kip/ft) Mu=0.5,

No. Path (in.) ksf ksf ksf ksf Mu=0.5, E=250 ksf E=250 ksf
2 67.727 -59.490 -62.160 0.216 -3.235 -2.041 0.527
3 105.668 -57.150 -62.590 0.164 -2.865 -2.353 0.298
4 137.069 -54.370 -62.840 0.159 -2.682 -2.064 0.385
6 182.849 -49.260 -62.390 0.187 -1.974 -0.428 0.224
8 226. -44.650 -62.050 0.216 -1.729 -0.952 0.169
9 275.! -37.830 -61.310 0.220 -1.634 -1.196 0.398
11 325. -29.930 -60.970 0.203 -2.032 -3.518 0.587
13 372.305 -17.950 -60.240 0.188 -1.992 -2.586 0.275
17 423.427 -0.848 -60.130 0.171 -1.821 1.075 2.010
20 468.308 32.810 -65.750 0.167 -1.160 25.510 12.970
22 515.312 63.910 -72.760 0.151 6.939 51.460 1.529
24 549.725 45.940 -74.380 0.141 5.810 34.080 10.320
26 585.819 23.560 -77.040 0.129 1.501 8.834 7.365
30 636.369 -9.643 -80.970 0.113 -1.094 -6.435 0.708
33 85.61 -32.140 -83.840 0.099 -1.005 -5.916 1.005
35 732.71 -42.220 -86.320 0.089 -0.440 -2.597 0.529
38 778.21 -46.520 -88.920 0.080 -0.393 -2.324 0.143
41 821.369 -45.750 -92.620 0.067 -0.335 -1.982 0.544
43 874.169 -35.610 -88.890 0.050 -1.130 -6.656 0.186
48 930.544 -22.750 -98.250 0.041 -1,408 -8.293 0.310
48 977.629 -0.858 -7.638 0.559 -9.401 44.040 25.560
51 1019.647 -0.376 -10.220 0.832 -5.280 44.420 24.720
53 )60.156 0.480 -8.865 0.770 3.850 7.172 1.396
55 09.695 0.710 -8.517 0.74! 0.967 545 1.379
57 55.770 2.574 -1.141 0.31 0.200 .381 0.129
58 11.956 3.815 3.520 0.03: 0.108 .207 0.303
9 1281.707 3.918 3729 0.042 0.056 -0.055 0.394
0 1330.557 3.987 3.963 0.019 0.098 0.203 0.245
1 1374.857 4.015 4.219 0.018 0.050 -0.024 0.301
2 1417.007 5,968 7.204 0.067 0.324 0511 0176

Note: Mendonal/Hoop Forces and Mendonal'Hoop Moments are Reversed in Highlighted Sections.
M&D Professional Services Confidential Arching Study, Case 1, Conc Tank Seismic Demand Summary.xls, FM Max
3/8/2006 Page 1
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Figure 3. Case 1, Primary Tank Stresses, Mid-Plane

Case 1, Tank AY, 422 In Waste Level, SpG=1.7, Mu=0.5, E=250 KSF

Shell Mid-Plane
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV
M&D Phase Il 2D HV Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) {kip/ftr2) Stress (kip/ftr2) (kip/ftr2) (kip/ftr2) (kip/ftr2) Stress (kip/ftA2)
762 67.36 -1202.78 -1286.11 0.00 5.25 2.98 0.02
782 105.12 -1356.25 -1589.58 0.00 6.34 -4.94 0.02
802[ 136.32 -1145.14 -1475.69 0.00 6.43 3.11 0.02
822 181.78 -1082.64 -1301.39 0.00 6.78 5.78 0.01
842 225.16 -677.78 -1093.06 0.00 7.24 -23.94 0.06
862 273.71 -622.57 -817.36 0.00 11.55 13.90 0.01
882 323.34 163.61 -494.72 0.00 9.10 -41.73 0.04
902 369.59 77.29 -208.40 0.00 6.49 19.37 0.04
922 419.43 1655.56 184.93 0.00 4.37 -36.74 0.03
942 443.94 596.74 591.53 0.00 4.08 199.51 0.07
962 469.93 -2308.33 550.28 0.00 3.88 -12.41 0.04
982 508.4¢ 206.81 463.26 0.00 5.91 -18.74 0.03
1002 544.15 3848.61 339.58 0.00 3.66 -10.51 0.03
1022|  579.15 4686.81 331.25 0.00 3.58 -18.06 0.01
1042 614.65 7034.72 322.29 0.00 3.85 -13.99 0.01
1062 650.65 8368.06 313.47 0.00 4.19 -6.11 0.01
1082 684.35 10868.06 305.28 0.00 4.57 16.69 0.01
1102 715.25 13958.33 297.71 0.00 0.00 -59.77 0.01
1122] 746.15 11583.33 288.89 0.00 4.19 3.48 0.01
1142 780.00 13298.61 185.83 0,00 3.0 15.95 0.02
1162| 816.40 11395.83 177.64 0.00 3.0 -39.86 0.04
1182 .90 12715.28 167.85 0.00 2 68 19.28 0.13
1202 .9C 11159.72 40.49 0.00 8.56 32.53 0.53
1222 L 96 5211.11 33.40 0.00 24.52 111.94 0.64
1 908. 1556.25 18.47 0.00 13.06 189.86 1.78
1262|  926.77 669.86 63.19 0.00 12.90 -5.82 -134.79
1282 966.77 743.75 1128.47 0.00 -4.54 -29.31 75.00
1302 032.92 562.85 747.92 0.00 4.03 -13.58 -36.90
1322 02.67 430.21 415.56 0.00 -4.2¢ 237 80.83
1342 .52 443.68 45417 0.00 10.7: 0.18 -84.72
1362 .82 440. 466.18 0.00 -4.9¢ -0.3 124.24
1382 237.97 431. 488.06 0.00 20.94 -2.4 -110.56
1402/ 284.92 381. 440.00 0.00 6.58 -2.01 220.90
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
Note 2: Underlined results indicate a reversal of inside (botttom) and outside (top) surfaces in the floor
M&D Professional Services Confidential Arching Study, Case 1 Pri Tank Seismic Stress.xls, Stress Max

3/9/2006 Page 1
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Figure 4. Case 2, Soil Pressures

Max Pressure Min Pressure
Soil Soil
AY Mean Soil AY Mean Soil
Uncracked Uncracked Active Active
Concrete Case 2, | Concrete Case 2, Vertical Horizontal |Pressure Phi=|Pressure Phi=
Depth [Angle (rad Path Mu=0.6 (psi) Mu=0.6 (psi) Pressure (psi) | Pressure (psi) | 33 deg (psi) 49 deg (psi)
568.00 -0.04 67.73 9.01 6.37 7.12 0.13 7.11 711
565.80 -0.07 105.67 7.79 6.95 7.27 0.27 7.26 7.26
563.21 -0.10 137.07 8.33 7.43 7.46 0.37 7.43 7.42
559.70 -0.12 182.85 7.39 6.89 7.71 0.50 7.65 7.65
550.70 -0.18 226.56 717 6.89 8.35 0.78 8.23 8.22
545.20 -0.21 275.57 7.49 7.16 8.74 0.95 8.57 8.55
527.68 -0.30 325.69 8.74 8.40 9.99 1.53 9.59 9.56
518.20 -0.35 372.30 9.62 9.26 10.66 1.89 10.09 10.04
494.50 -0.48 423.43 17.76 17.72 12.35 2.98 11.07 10.97
476.20 -0.61 468.31 37.47 36.60 13.65 4.05 11.45 11.27
447.40 -0.66 515.31 29.81 28.54 15.70 4.99 12.75 12.51
407.10 -0.71 549.73 18.74 17.44 18.57 6.31 14.53 14.18
382.10 -1.57 585.82 13.56 12.77 20.35 10.60 6.00 2.85
335.00 -1.57 6§36.37 8.10 7.83 23.70 12.35 6.99 3.32
281.00 -1.57 685.62 5.94 5.76 27.55 14.35 8.13 3.86
236.50 -1.57 732.72 6.17 5.99 30.71 16.00 9.06 4.30
186.80 -1.57 778.22 7.19 7.01 34.25 17.85 10.10 4.80
145.50 -1.57 821.37 8.01 7.88 37.19 19.38 10.97 5.21
70.00 -1.57 874.17 8.31 8.29 42.57 22.18 12.56 5.96
24.00 -1.57 930.54 8.35 8.05 45.84 23.88 13.52 6.42
M&D Professional Services Confidential Arching Study, Case 2, Soil Pressures Gravity.xls, FM Max
3/9/2006 Page 1
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Figure 5. Case 2, Concrete Forces and Moments

Tank AY, 422 In Waste Level
SpG=1.7
Mu=0.6, E=250 KSF

ANSYS MAXIMUMS BY PATH

M&D Professional Services Confidential

3/9/2006

Seismic
ic -In- ic Hoop Through-
Seismic Hoop Meridonal Plane Shear Moment Thickness
PNNL Force (kip/ft} | Force (kip/ft) | Force (kip/ft) (ft*kip/ft) Seismic Meridonal | Shear Force
Section Mu=0.6, E=250 | Mu=0.6, E=250 | Mu=0.6, E=250 | Mu=0.6, E=250 Moment (ft*kip/ft) |(kip/ft) Mu=0.6,
No. Path (in.) ksf ksf ksf ksf Mu=0.6, E=250 ksf E=250 ksf
2 67.727 -57.470 -57.720 0.678 -3.564 -2.248 0.706
3 105.668 -54.220 -57.750 0.362 -2.953 -1.929 0.174
4 137.069 -51.080 -58.380 0.328 -2.621 -1.533 0.398
6 182.849 -45.960 -58.330 0.356 -1.905 -0.169 0.257
8 226. -41.500 -58.160 0.375 -1.657 -0.793 0.192
9 275.! -34.880 -57.530 0.344 -1.603 -1.211 0.426
11 325. -26.780 -57.400 0.326 -2.020 -3.544 0.614
13 372.305 -14.260 -57.080 0.341 -1.979 -2.348 0.438
17 423.427 3.423 -57.490 0.375 -1.599 2.208 2.339
20 468.308 38.130 -63.560 0.371 -0.589 26.870 12.720
22 515.312 66.470 -71.540 0.422 7.130 51.350 1.830
24 549.725 45.640 -74.110 0.421 5.719 33.520 10.480
26 585.819 22.760 -77.490 0.395 1.446 8.511 7.280
30 636.369 -10.420 -82.010 0.330 -1.096 -6.455 0.651
33 85.61 -32.740 -85.240 0.265 -0.990 -5.833 1.057
35 732.71 -42.780 -88.020 0.221 -0.425 -2.524 0.536
38 778.21 -47.180 -90.970 0.197 -0.388 -2.303 0.151
41 821.369 -46.620 -95.200 0.178 -0.330 -1.950 0.554
43 874.169 -36.550 -91.780 0.151 -1.146 -6.753 0.196
48 930.544 -23.540 -101.400 0.138 -1.445 -8.506 0.271
48 977.629 -1.143 -8.051 0.551 -9.818 45.560 26.960
51 1019.647 -0.682 -10.740 0.887 -5.609 48.170 25.880
53 )60.156 0.23 -9.283 0.801 3.93 7.189 1.233
55 09.695 0.54 -8.89 0. 1.00 644 1.428
57 55.770 2.45 -1.37. 0.3 0.201 .396 0.132
58 11.956 3.743 3.431 0.050 0.10: 213 0.311
9 1281.707 838 3637 0.053 0.055 -0.061 0.404
0 1330.557 0 3.870 0.028 0.099 0.206 0.252
1 1374.857 .929 4.107 0.026 0.050 -0.026 0.308
2 1417.007 832 7.045 0.079 0.330 0518 0176
Note: Mendonal/Hoop Forces and Mendonal'Hoop Moments are Reversed in Highlighted Sections.

Page 1

Page B-7 of 42

Arching Study, Case 2, Conc Tank Seismic Demand Summary.xls, FM Max

RPP-RPT-28966 Rev. 1
Page 305 of 888



RPP-RPT-28966 Rev. 1
Page 306 of 888
M&D-2008-004-CALC-01, Revision 0

Figure 6. Case 2, Primary Tank Stresses, Mid-Plane

Case 2, Tank AY, Waste Level = 422 In, SpG=1.7, Mu=0.6, E=250 KSF
Shell Mid-Plane
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV
M&D Phase Il 2D HV Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) (kip/ftr2) Stress (kip/ftr2) {kip/ftr2) (kip/ftr2) {kip/ftr2) Stress (kip/ftA2)
762 67.36 -1086.81 -1178.47 0.00 8.53 2.55 0.05
782 105.12 -1240.97 -1438.19 0.00 14.62 -3.28 0.01
802 136.32 -1000.69 -1320.14 0.00 15.00 1.95 0.01
822 181.78 -981.25 -1168.06 0.00 13.92 6.04 0.01
842 225.16 -549.38 -979.86 0.00 11.90 -23.38 0.05
862 273.711 -564.51 -779.17 0.00 11.02 13.74 0.02
882 323.34 258.75 -484.72 0.00 6.18 -40.17 0.04
902 369.59 147.92 -195.63 0.00 3.32 18.93 0.03
922 419.43 1763.89 190.63 0.00 -0.16 -35.54 0.03
942 443.94 674.65 589.79 0.00 0.19 199.17 0.07
962 469.93 -2275.69 548.68 0.00 0.16 -12.49 0.10
982 508.49 220.76 462.43 0.00 3.00 -18.53 0.06
1002 544.15 3847.22 339.51 0.00 1.28 -10.53 0.03
1022 579.15 4686.81 331.81 0.00 1.27 -18.04 0.01
1042 614.65 7034.72 323.19 0.00 1.31 -13.99 0.01
1062 650.65 8368.06 314.31 0.00 1.54 -6.10 0.01
1082 684.35 10868.06 306.04 0.00 1.86 16.69 0.01
1102 715.25 13958.33 298.54 0.00 0.00 -59.77 0.01
1122 746.15 11583.33 289.58 0.00 1.47 3.48 0.01
1142 780.00 13298.61 186.25 0.00 147 15.96 0.02
1162| 816.40 11395.83 17813 0.00 1.17 -39.87 0.04
118 .9C 12715.28 168,26 0.00 0.90 19.37 0.1
120 381.9C 11187.50 140. 0.00 6.82 32.56 0.5
122 18.9¢ 5234.03 133. 0.00 22.43 111.88 0.6
1242 908.18 1564.58 219.10 0.00 10.93 190.21 1.88
1262 826.77 675.76 773,61 0.00 12.90 12.90 -135,42
128 966.77 752.08 1152.08 0.00 -4.56 -28.91 75.00
130, 1032.92 565.35 758.33 0.00 4.03 -13.31 -37.09
132 1102.67 426.18 410.00 0.00 -4.31 3.12 80.83
134 1151.52 439.72 449.31 0.00 10.72 0.69 -85.14
1362 1195.82 436.46 461.32 0.00 -4.98 0.27 124.24
1382| 1237.97 427.43 483.26 0.00 21.04 -2.12 -111.18
1402 1284.92 377.08 434.86 0.00 6.58 -2.01 220.90
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
Note 2: Underlined results indicate a reversal of inside (botttom) and outside (top) surfaces in the floor
M&D Professional Services Confidential Arching Study, Case 2, Pri Tank Seismic Stress.xls, Stress Max
3/9/2006 Page 1

Page B-8 of 42



Case 3
Tank AY, 422 In Waste Level
SpG=1.7
Mu=0.7, E=250 KSF

M&D-2008-004-CALC-01, Revision 0

Figure 7. Case 3, Soil Pressures

Max Pressure Min Pressure
Soil Soil
AY Mean Soil AY Mean Soil
Uncracked Uncracked Active Active
Concrete Case 3,| Concrete Case 3, Vertical Horizontal |Pressure Phi =|Pressure Phi=
Depth [Angle (rad Path Mu=0.7 (psi) Mu=0.7 (psi) Pressure (psi) | Pressure (psi) | 33 deg (psi) 49 deg (psi)
568 -0.04 67.73 9.95 6.37 712 0.13 7.11 711
565.8 -0.07 105.67 8.90 6.12 7.27 0.27 7.26 7.26
563.21 -0.10 137.07 8.70 6.54 7.45 0.37 7.43 7.42
559.7 -0.12 182.85 7.58 6.08 7.71 0.50 7.65 7.65
550.7 -0.18 226.56 7.24 6.10 8.35 0.78 8.23 8.22
545.2 -0.21 275.57 7.43 6.14 8.74 0.95 8.57 8.55
527.68 -0.30 325.69 8.76 7.36 9.99 1.53 9.59 9.56
518.2 -0.35 372.30 9.94 8.05 10.66 1.89 10.09 10.04
494.5 -0.48 423.43 17.74 16.70 12.35 2.98 11.07 10.97
476.2 -0.61 468.31 36.15 32.93 13.65 4.05 11.45 11.27
447.4 -0.66 515.31 31.04 26.72 15.70 4.99 12.75 12.51
407.1 -0.71 549.73 21.03 16.63 18.57 6.31 14.53 14.18
382.1 -1.57 585.82 14.85 12.18 20.35 10.60 6.00 2.85
335 -1.57 6§36.37 8.49 7.56 23.70 12.35 6.99 3.32
281 -1.57 685.62 6.27 5.64 27.55 14.35 8.13 3.86
236.5 -1.57 732.72 6.49 5.91 30.71 16.00 9.06 4.30
186.8 -1.57 778.22 7.50 6.96 34.25 17.85 10.10 4.80
145.5 -1.57 821.37 8.28 7.91 37.19 19.38 10.97 5.21
70 -1.57 874.17 8.48 8.40 42.57 22.18 12.56 5.96
24 -1.57 930.54 8.63 7.88 45.84 23.88 13.52 6.42
M&D Professional Services Confidential Arching Study, Case 3, Soil Pressures Gravity.xls, FM Max
3/9/2006 Page 1
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Figure 8. Case 3, Concrete Forces and Moments

Case 3

Tank AY, 422 In Waste Level
SpG=1.7

Mu=0.7, E=250 KSF

ANSYS MAXIMUMS BY PATH

Seismic
Seismic -In- ismic Hoop Through-
Seismic Hoop Meridonal Plane Shear Moment Thickness
PNNL Force (kip/ft) | Force (kip/ft) | Force (kip/ft) (ft*kip/ft) Seismic Meridonal | Shear Force
Section Mu=0.7, E=250 | Mu=0.7, E=250| Mu=0.7, E=250| Mu=0.7, E=250| Moment (ft*kip/ft} |(kip/ft) Mu=0.7,
No. Path (in.) ksf kst ksf kst Mu=0.7, E=250 ksf [ E=250 ksf
2 67.727 -56.030 -56.020 1.258 -3.816 -2.259 0.913
3 105.668 -51.180 -54.860 0.668 -2.905 -1.381 0.247
4 137.069 -46.590 -55.370 0.423 -2.411 -0.765 0.621
[ 182.849 -40.390 -54.920 0.620 -1.670 0.486 0.375
8 226.563 -35.900 -54.170 0.976 -1.396 -0.101 0.236
9 275.566 -30.480 -52.400 1.358 -1.378 -0.788 0.489
11 325.690 -22.940 -51.880 1.778 -1.802 -3.111 0.623
13 372.30 -9.018 -51.770 2.065 -1.874 -1.841 0.743
17 423.42 10.150 -52.520 2.241 -1.214 4.043 2.813
20 468.30: 46.930 -59.570 2.091 0.364 29.060 12.550
22 515.31 71.020 -68.990 1.602 7.501 51.620 2.383
4 49.725 46.280 -72.370 1.400 5.648 32.980 10.820
6 85.819 22.700 -76.230 1.252 1.464 8.618 7.236
0 36.369 -9.736 -81.090 0.988 -1.037 -6.127 0.677
33 685.619 -31.910 -84.530 0.746 -0.947 -5.642 1.148
35 732.719 -42.190 -87.510 0.620 -0.405 -2.449 0.546
38 778.219 -46.960 -90.710 0.530 -0.382 -2.287 0.180
41 821.369 -46.840 -95.360 0.445 -0.325 -1.952 0.607
43 874.169 -36.900 -92.270 0.338 -1.101 -6.794 0.212
46 930.544 -21.980 -101.900 0.277 -1.322 -8.620 0.342
48 977.629 -1.025 -8.028 0.54. -9.890 45.800 28.770
5 .647 -0.60: -10.910 0.90! -5.665 46.470 27.420
53 156 0.272 -9.403 0.83 4.037 7.24 1.15¢
55 695 0.553 -8.978 0.804 1.04 2.78 1.5¢
57 55.770 2.459 -1.467 0.363 0.21 0.41 0.1
58 '11.956 3.722 3.362 0.078 0.110 0.22 0.32!
9 1.707 .805 3.562 0.082 0.058 -0.064 0.420
0 0.557 871 3.796 0.054 0.101 0.207 0.260
1 4.857 883 4.023 0.058 0.050 -0.030 0.319
2 17.007 . 709 6.857 0.121 0,335 0.620 0.175
Note: Mendonal/Hoop Forces and Meridonal/lHoop Moments are Reversed in Highlighted Sections,
M&D Professional Services Confidential Arching Study, Case 3, Conc Tank Seismic Demand Summary.xls, FM Max
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Figure 9. Case 3, Primary Tank Stresses, Mid-Plane

Case 3, Tank AY, 422 In Waste Level, SpG=1.7, Mu=0.7, E=250 KSF

hell Mid-Plane
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV
M&D Phase Il 2D HV Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) (kip/ftr2) Stress (kip/ftr2) {kip/ftr2) (kip/ftr2) {kip/ftr2) Stress (kip/ftA2)
762 67.36 -1038.89 -1161.81 0.00 38.74 2.43 0.07
782 105.12 -1171.53 -1411.11 0.00 41.13 -2.46 0.02
802 136.32 -888.19 -1288.89 0.00 32.45 1.47 0.03
822 181.78 -890.28 -1111.11 0.00 31.17 6.42 0.03
842 225.16 -427.22 -917.36 0.00 30.97 -23.25 0.07
862 273.711 -507.78 -715.97 0.00 26.57 13.85 0.05
882 323.34 368.96 -430.35 0.00 20.10 -38.74 0.08
902 369.59 255.49 -152.01 0.00 7.85 18.74 0.12
922 419.43 1917.36 211.39 0.00 -1.65 -34.74 0.10
942 443.94 784.03 592.85 0.00 -1.02 199.65 0.43
962 469.93 -2231.25 549.38 0.00 -1.26 -12.30 0.35
982 508.49 232.85 463.26 0.00 -1.30 -18.17 0.11
1002 544.15 3844.44 340.14 0.00 -0.90 -10.49 0.04
1022 579.15 4686.81 332.64 0.00 -0.06 -18.03 0.01
1042 614.65 7034.72 324.38 0.00 -0.43 -13.99 0.01
1062 650.65 8368.06 315.90 0.00 -0.66 -6.10 0.01
1082 684.35 10868.06 308.06 0.00 -0.77 16.68 0.01
1102 715.25 13958.33 300.83 0.00 0.00 -59.77 0.01
1122 746.15 11583.33 292.29 0.00 -0.38 3.48 0.01
1142 780.00 13305.56 188.33 0.00 -0.56 15.96 0.02
1162| 816.40 11395.83 180.42 0.00 -0.56 -39.83 0.04
118 .9C 12715.28 170.7€ 0.00 -0.25 19.52 0.13
120 381.9C 11229.17 143.26 0.00 2./2 33.07 0.54
122 18.9¢ 5274.31 136.94 0.00 16.49 111.60 0.62
1242 908.18 1572.92 222.99 0.00 4.74 191.81 2.24
1262 826.77 676.39 786,11 0.00 12.73 0,18 -134,79
128 966.77 756.94 117917 0.00 -4.56 -25.79 7417
130, 1032.92 563.40 770.14 0.00 3.99 1111 -37.20
132 1102.67 424.58 405.28 0.00 -4.37 4.89 50.00
134 1151.52 437.71 445.14 0.00 10.60 2.36 -86.39
1362 1195.82 433.96 456.88 0.00 -5.06 2.02 122.92
1382| 1237.97 424.51 477.01 0.00 21.26 -0.63 -112.92
1402 1284.92 373.75 426.74 0.00 6.53 -1.60 21847
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
Note 2: Underlined results indicate a reversal of inside (botttom) and outside (top) surfaces in the floor
M&D Professional Services Confidential Arching Study, Case 3, Pri Tank Seismic Stress.xls, Stress Max
3/9/2006 Page 1
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Case 4
Tank AY, 422 In Waste Level
SpG=1.7

Mu=0.8, E=250 KSF

M&D-2008-004-CALC-01, Revision 0

Figure 10. Case 4, Soil Pressure

Max Pressure

Min Pressure

Soil Soil
AY Mean Soil AY Mean Soil
Uncracked Uncracked Active Active
Concrete Case 4, | Concrete Case 4, Vertical Horizontal |Pressure Phi=|Pressure Phi=
Depth [Angle (rad Path Mu=0.8 (psi) Mu=0.8 (psi) Pressure (psi) | Pressure (psi) | 33 deg (psi) 49 deg (psi)
568.00 -0.04 67.73 19.54 10.24 7.12 0.13 7.11 7.11
565.80 -0.07 105.67 47.10 17.32 #27 0.27 7.26 7.26
563.21 -0.10 137.67 54.27 14.99 7.46 0.37 7.43 7.42
559.70 -0.12 182.85 28.47 11.65 7.71 0.50 7.65 7.65
550.70 -0.18 226.56 19.38 10.86 8.35 0.78 8.23 8.22
545.20 -0.21 275.57 15.83 10.58 8.74 0.95 8.57 8.55
527.68 -0.30 325.69 13.48 11.70 9.99 1.53 9.59 9.56
518.20 -0.35 372.30 9.94 6.59 10.66 1.89 10.09 10.04
494.50 -0.48 423.43 19.85 13.21 12.35 2.98 11.07 10.97
476.20 -0.61 468.31 37.83 33.07 13.65 4.05 11.45 11.27
447.40 -0.66 515.31 27.53 6.19 15.70 4.99 12.75 12.51
407.10 -0.71 549.73 19.42 2.81 18.57 6.31 14.53 14.18
382.10 -1.57 585.82 13.68 2.38 20.35 10.60 6.00 2.85
335.00 -1.57 6§36.37 8.10 4.53 23.70 12.35 6.99 3.32
281.00 -1.57 685.62 6.12 4.04 27.55 14.35 8.13 3.86
236.50 -1.57 732.72 6.46 4.50 30.71 16.00 9.06 4.30
186.80 -1.57 778.22 7.63 B3 34.25 17.85 10.10 4.80
145.50 -1.57 821.37 8.42 7.13 37.19 19.38 10.97 5.21
70.00 -1.57 874.17 8.77 8.17 42.57 22.18 12.56 5.96
24.00 -1.57 930.54 10.52 6.83 45.84 23.88 13.52 6.42
M&D Professional Services Confidential Arching Study, Case 4, Soil Pressures Gravity.xls, FM Max
3/9/2006 Page 1
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Figure 11. Case 4, Concrete Forces and Moments

Tank AY, 422 In Waste Level
SpG=1.7
Mu=0.8, E=250 KSF

ANSYS MAXIMUMS BY PATH

Seismic
ic -In- ic Hoop Through-
Seismic Hoop Meridonal Plane Shear Moment Thickness
PNNL Force (kip/ft} | Force (kip/ft) | Force (kip/ft) (ft*kip/ft) Seismic Meridonal | Shear Force
Section Mu=0.8, E=250 | Mu=0.8, E=250 | Mu=0.8, E=250 | Mu=0.8, E=250 Moment (ft*kip/ft) |(kip/ft) Mu=0.8,
No. Path (in.) ksf ksf ksf ksf Mu=0.8, E=250 ksf E=250 ksf
2 67.727 -98.690 -99.880 11.770 -1.816 -4.833 3.142
3 105.668 -93.370 -99.980 9.739 -3.245 -7.554 1.919
4 137.069 -85.220 -98.090 6.684 -3.677 -6.093 2.779
6 182.849 -69.960 -93.360 2.613 -2.702 -1.305 1.189
8 226. -54.180 -88.700 -0.272 -2.303 -0.547 1.392
9 275.! -34.890 -81.470 -1.242 -1.943 0.363 0.489
11 325. -15.400 -74.460 -1.348 -2.081 -0.797 1.137
13 372.305 4.324 -67.080 -1.336 -1.135 2.600 1.223
17 423.427 25.700 -55.530 -1.193 -0.436 6.581 1.661
20 468.308 65.910 -43.840 -0.988 0.986 28.810 12.280
22 515.312 83.540 -46.320 -0.765 7.796 50.760 2.523
24 549.725 53.390 -50.890 -0.591 5.974 35.770 10.710
26 585.819 38.480 -56.200 -0.429 2.423 14.100 7.249
30 636.369 9.361 -62.100 -0.259 -0.504 -3.204 1.774
33 85.61 -16.470 -65.920 -0.118 -0.816 -5.484 1.161
35 732.71 -31.630 -69.240 0.471 -0.406 -2.628 0.571
38 778.21 -40.070 -72.910 1.024 -0.372 -2.454 0.145
41 821.369 -42.950 -78.390 1.384 -0.316 -1.890 0.642
43 874.169 -34.600 -77.760 1.369 -1.118 -6.623 0.175
48 930.544 -20.090 -87.180 1.456 -1.243 -8.170 1.005
48 977.629 0.04: -4.787 0.985 -8.002 38.400 29.130
51 1019.647 0.21 -7.857 2.209 -4.357 38.540 27.660
53 )60.156 0.88; -6.962 1.429 4.023 7.140 1.37.
55 09.695 0.986 -6.817 1.071 1.052 .801 1.50!
57 55.770 2.685 -0.382 0.473 0.215 .422 0.14;
58 11.956 3.877 3.624 0.141 0.110 .224 0.33
] 1281.707 3.953 3.835 0.112 0.057 -0.043 0.437
0 1330.557 4.007 4.039 0.094 0.101 0.217 0.26!
1 1374.857 4.005 4.328 0.069 0.050 -0.020 0.30
2 1417.007 8.917 7.214 0.127 0.316 0,540 0,18
Note: Mendonal/Hoop Forces and Mendonal'Hoop Moments are Reversed in Highlighted Sections.
M&D Professional Services Confidential Arching Study, Case 4, Conc Tank Seismic Demand Summary.xls, FM Max
3/9/2006 Page 1
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Figure 12. Case 4, Primary Tank Stresses, Mid-Plane

Case 4, Tank AY, 422 In Waste Level, SpG=1.7, Mu=0.8, E=250 KSF

Shell Mid-Plane
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV
M&D Phase Il 2D HV Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Element Seismic Hoop Stress| Seismic Meridionai Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) (kip/ftr2) Stress (kip/ftr2) (Kip/ftr2) (kip/ftr2) (kip/ftr2) Stress (kip/ftr2)
762 67.36 -1196.53 -1359.72 0.00 113.82 1.99 0.09
782 105.12 -1282.64 -1585.42 0.00 153.89 -4.37 0.13
802 136.32 -1056.25 -1300.00 0.00 148.06 1.91 0.14
822 181.78 -1012.50 -1134.72 0.00 97.78 6.46 0.08
842 225.16 -616.11 -593.96 0.00 76.46 -21.42 0.29
862 273.71 -630.00 -447.08 0.00 33.42 13.04 0.11
882| 323.34 58.92 91.11 0.00 13.34 -40.15 0.36
902 369.59 -66.45 182.36 0.00 5.47 19.53 0.17
922 419.43 1435.42 330.28 0.00 3.41 -37.26 0.11
942 443.94 498.89 604.31 0.00 1.98 196.39 0.11
962| 469.93 -2188.19 549.93 0.00 -1.12 -10.69 0.05
982 508.49 241.39 465.42 0.00 -1.76 -18.39 0.01
1002 544.15 3839.58 342.43 0.00 -1.12 -10.52 0.13
1022 579.15 4685.42 335.35 0.00 -0.18 -18.11 0.01
1042 614.65 7034.72 325.35 0.00 -0.44 -14.01 0.01
1062|  650.65 8368.06 314.93 0.00 -0.67 -6.08 0.01
1082| 684.35 10861.11 304.86 0.00 -0.79 16.68 0.01
1102] 71525 13958.33 295.56 0.00 0.00 -59.75 0.01
1122 746.15 11583.33 287.01 0.00 -0.40 3.48 0.01
1142 780.00 13298.61 185.14 0.00 -0.58 15.94 0.02
116 6.40 11388.89 177.50 0.00 -0.58 -39.85 0.04
118 .9C 12708.33 168.54 0.00 -0.30 19.1 0.13
120 381.90 11138.89 141.67 0.00 2.86 32.80 0.50
122, .98 5177.78 135.21 0.00 18.19 111.67 0.53
1242 908.18 1555.56 218.82 0.00 6.59 187.08 1.46
1262 926.77 685.90 789.58 0.00 12.81 -3.26 -132.99
1282|  966.77 765.97 1184.03 0.00 -4.48 -29.55 74.31
l302[ 1032.92 568.82 773.61 0.00 4.00 -14.35 -36.42
1322 102.67 417.92 400.63 0.00 -4.24 1.92 80.14
1342 151.52 431.74 441.74 0.00 10.63 -0.07 -83.61
1362 195.82 429.24 453.26 0.00 -4.89 -1.16 12319
1382 237.97 420.56 478.54 0.00 20.34 2,76 -109.03
1402| 1284.92 370.00 439.1 i 0.00 6.51 -2.06 218.96
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
Note 2: Underlined results indicate a reversal of inside (botttom) and outside (top) surfaces in the floor
M&D Professional Services Confidential Arching Study, Case 4, Pri Tank Seismic Stress.xls, Stress Max
3/9/2006 Page 1
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Figure 13. Case 5, Soil Pressures

Case 5
Y, 422 in Wasie Levei
SpG=1.7
Mu=0.7, E=9958 KSF (Original)

ank

Max Pressure Min Pressure
Soil Soil
AY Mean Soil AY Mean Soil
Uncracked Uncracked
Concrete Case 5, | Concrete Case 5, Active Active
Mu=0.7, E=Orig Mu=0.7, E=Orig Vertical Horizontal |Pressure Phi=|Pressure Phi=
Depth [Angle (rad Path (psi) (psi) Pressure (psi) | Pressure (psi) | 33 deg (psi) 49 deg (psi)
568.00 -0.04 67.73 5.70 3.61 7.12 0.13 7.11 7.1
565.80 -0.07 105.67 5.62 3.44 7.27 0.27 7.26 7.26
563.21 -0.10 137.07 6.48 3.22 7.46 0.37 7.43 7.42
559.70 -0.12 182.85 7.10 2.65 7.71 0.50 7.65 7.65
550.70 -0.18 226.56 6.51 1.88 8.35 0.78 8.23 8.22
545.20 -0.21 275.57 5.97 1.84 8.74 0.95 8.57 8.55
527.68 -0.30 325.69 5.63 2.07 9.99 1.53 9.59 9.56
518.20 -0.35 372.30 10.50 8.95 10.66 1.89 10.09 10.04
494.50 -0.48 423.43 22.26 18.99 12.35 2.98 11.07 10.97
476.20 -0.61 468.31 41.64 37.96 13.65 4.05 11.45 11.27
447.40 -0.66 515.31 33.47 26.24 15.70 4.99 12.75 12.51
407.10 -0.71 549.73 22.85 19.41 18.57 6.31 14.53 14.18
382.10 -1.57 585.82 16.47 14.08 20.35 10.60 6.00 2.85
335.00 -1.57 636.37 9.05 8.30 23.70 12.35 6.99 3.32
281.00 -1.57 685.62 6.40 5.64 27.55 14.35 8.13 3.86
236.50 -1.57 732.72 6.50 5.63 30.71 16.00 9.06 4.30
186.80 -1.57 778.22 7.53 6.80 34.25 17.85 10.10 4.80
145.50 -1.57 821.37 8.33 8.03 37.19 19.38 10.97 5.21
70.00 -1.57 874.17 8.44 8.30 42.57 22.18 12.56 5.96
24.00 -1.57 930.54 8.04 7.44 45.84 23.88 13.52 6.42
M&D Professional Services Confidential Arching Study, Case 5, Soil Pressures Gravity.xIs, FM Max
3/9/2006 Page 1

Page B-15 of 42



Case 5

M&D-2008-004-CALC-01, Revision 0

Figure 14. Case 5, Concrete Forces and Moments

Tank AY, 422 In Waste Level
SpG=1.7
Mu=0.7, E=9958 KSF (Original)

ANSYS MAXIMUMS BY PATH

M&D Professional Services Confidential

3/9/2006

Seismic

Through-

ic -In- ic Hoop Thickness

Seismic Hoop Meridonal Plane Shear Moment Seismic Meridonal | Shear Force

PNNL Force (kip/ft) | Force (kip/ft} | Force (kip/ft) (ft*kip/ft) Moment (ft*kip/ft) (kip/ft)

Section Mu=0.70, Mu=0.70, Mu=0.70, Mu=0.70, Mu=0.70, E=Orig Mu=0.70,

No. Path (in.) E=Orig ksf E=Orig ksf E=Orig ksf E=Orig ksf kst E=Orig ksf
2 67.727 -37.380 -39.570 2.655 -1.935 -1.165 0.863
3 105.668 -33.550 -39.260 2.660 -1.167 -0.567 0.486
4 137.069 -30.250 -38.580 2.750 -0.682 0.277 0.735
[ 182.849 -25.880 -37.750 3.162 0.042 1.843 0.613
8 226.563 -22.860 -37.320 3.609 0.370 1.920 0.256
9 275.566 -21.300 -37.990 3.857 0.240 0.999 0.427
11 325.690 -20.810 -41.800 3.476 -0.546 -2.5635 1.539
13 372.305 -17.100 -50.740 2.671 -1.833 -4.710 0.917
17 423.427 -4.628 -53.940 1.723 -2.235 -1.099 3.519
20 468.308 29.250 -62.530 1.493 -1.234 27.030 14.660
22 515.312 62.220 -73.050 1.285 7.595 55.730 1.838
4 49.725 44.860 -76.430 0.865 6.186 36.170 11.890
6 85.819 21.940 -80.900 0.615 1.548 9.017 7.960
0 36.369 -12.110 -86.340 0.483 -1.131 -6.734 0.672
33 685.619 -33.800 -87.660 0.419 -0.930 -5.796 1.207
35 732.719 -42.500 -88.130 0.381 -0.266 -1.961 0.594
38 778.219 -46.920 -92.670 0.354 -0.245 -1.866 0.210
41 821.369 -47.100 -98.300 0.326 -0.264 -1.829 0.600
43 874.169 -37.760 -95.440 0.272 -1.130 -6.708 0.223
46 930.544 -24.870 -105.500 0.211 1.476 8.749 0.149
48 977.629 -1.788 -8.774 0.614 -10.320 47.570 29.000
5 .647 -1.308 -11.560 0.87. -5.953 48.420 27.710
53 156 -0.327 -9.874 0.80: 4.064 7.306 1.069
55 695 0.167 -9.463 0.79 1.047 2.778 1.507
57 55.770 2.233 -1.699 0.331 0.214 0.415 0.135
58 '11.956 3.579 3.291 0.033 0.111 0.221 0.323
9 1.707 675 3.471 0.021 0.056 -0.069 0.416
0 0.557 748 .702 0.013 0.1 0.211 0.256
1 4.857 . 784 .925 0.007 0.0 -0.028 0.310
2 17.007 608 6.830 0,054 0.340 0.630 0.176

Note: Mendonal/Hoop Forces and Meridonal/lHoop Moments are Reversed in Highlighted Sections,

Page 1

Page B-16 of 42

Arching Study, Case 5, Conc Tank Seismic Demand Summary.xls, FM Max

RPP-RPT-28966 Rev. 1
Page 314 of 888



RPP-RPT-28966 Rev. 1
Page 315 of 888
M&D-2008-004-CALC-01, Revision 0

Figure 15. Case 5, Primary Tank Stresses, Mid-Plane

Case 5, Tank AY, 422 In Watse Level, SpG=1.7, Mu=0.7, E=9958 KSF (Original)
Te !

Shell Mid-Plane
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV
M&D Phase Il 2D HV Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) (kip/ftr2) Stress (kip/ftr2) {kip/ftr2) (kip/ftA2) {kip/ftr2) Stress (kip/ft\2)
762 67.36 -1196.53 -1359.72 0.00 113.82 1.99 0.09
782 105.12 -1282.64 -1585.42 0.00 153.89 -4.37 0.13
802 136.32 -1056.25 -1300.00 0.00 148.06 1.91 0.14
822 181.78 -1012.50 -1134.72 0.00 97.78 6.46 0.08
842 225.16 -616.11 -593.96 0.00 76.46 -21.42 0.29
862 273.71 -630.00 -447.08 0.00 33.42 13.04 0.11
882 323.34 58.92 91.11 0.00 13.34 -40.15 0.36
902 369.59 -66.45 182.36 0.00 5.47 19.53 0.17
922 419.43 1435.42 330.28 0.00 3.41 -37.26 0.11
942 443.94 498.89 604.31 0.00 1.98 196.39 0.11
962 469.93 -2188.19 549.93 0.00 -1.12 -10.69 0.05
982 508.49 241.39 465.42 0.00 -1.76 -18.39 0.01
1002 544.15 3839.58 342.43 0.00 -1.12 -10.52 0.13
1022 579.15 4685.42 335.35 0.00 -0.18 -18.11 0.01
1042 614.65 7034.72 325.35 0.00 -0.44 -14.01 0.01
1062 650.65 8368.06 314.93 0.00 -0.67 -6.08 0.01
1082 684.35 10861.11 304.86 0.00 -0.79 16.68 0.01
1102 715.25 13958.33 295.56 0.00 0.00 -59.75 0.01
1122 746.15 11583.33 287.01 0.00 -0.40 3.48 0.01
1142 780.00 13298.61 18514 0.00 -0.58 15.94 0.02
1162, 816.40 11388.89 177.50 0.00 -0.58 -39.85 0.04
1182 851.90 12708.33 168.54 0.00 -0.30 19.10 0.13
1202 381.9( 11138.89 141.67 0.00 2.86 32.80 0.50
1222 98.9¢ 5177.78 135.21 0.00 18.19 111.67 0.53
1242 308. 1555.56 218.82 0.00 6.59 187.08 1.46
1262]  926.77 685.90 789.58 0.00 12.81 -3.26 -132.99
1282 966.77 765.97 1184.03 0.00 -4.48 -29.55 74.31
1302] 1032.92 568.82 773.61 0.00 4.00 -14.35 -36.42
1322] 1102.67 417.92 400.63 0.00 -4.24 1.92 80.14
1342| 1151.5 431.74 441.74 0.00 10.63 -0.07 -83.61
1362] 1195.8: 429.24 453.26 0.00 -4.89 -1.16 123.19
1382| 1237.97 420.56 478.54 0.00 20.34 -2.75 -109.03
1402 1284.92 370.00 439.1 7 0.00 6.51 -2.06 218.96
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
Note 2: Underlined results indicate a reversal of inside (botttom) and outside (top) surfaces in the floor
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Tank AY, 422 In Waste Level

Case 5a

SpG=1.7

Mu=0.7, E=1000 KSF

M&D-2008-004-CALC-01, Revision 0

Figure Sa. Case 1, Soil Pressures

Max Pressure | Min Pressure
Soil Soil
AY Mean Soil | AY Mean Soil
Uncracked Uncracked
Concrete Case | Concrete Case Active Active
5a, Mu=0.7, 5a, Mu=0.7, Vertical Horizontal |Pressure Phi=|Pressure Phi=

Depth [Angle (rad Path E=1000 (psi) E=1000 (psi) | Pressure (psi) | Pressure (psi)| 33 deg (psi) 49 deg (psi)
568.00 -0.04 67.73 8.30 6.52 7.12 0.13 7.11 7.11
565.80 -0.07 105.67 6.70 5.98 7227 0.27 7.26 7.26
563.21 -0.10 137.07 7.38 6.53 7.48 0.37 7.43 7.42
559.70 -0.12 182.85 6.70 6.41 7.71 0.50 7.65 7.65
550.70 -0.18 226.56 6.46 6.38 8.35 0.78 8.23 8.22
545.20 -0.21 275.57 6.61 6.50 8.74 0.95 8.57 8.55
527.68 -0.30 325.69 7.67 7.56 9.99 1.53 9.59 9.56
518.20 -0.35 372.30 10.24 10.04 10.66 1.89 10.09 10.04
494.50 -0.48 423.43 18.73 18.38 12.35 2.98 11.07 10.97
476.20 -0.61 468.31 34.90 34.58 13.65 4.05 11.45 11.27
447.40 -0.66 515.31 28.39 27.49 15.70 4.99 12.75 12.51
407.10 -0.71 549.73 19.00 18.35 18.57 6.31 14.53 14.18
382.10 -1.57 585.82 18.65 13.27 20.35 10.60 6.00 2.85
335.00 -1.57 636.37 8.13 8.01 23.70 12.35 6.99 332
281.00 -1.57 685.62 599 5.91 £7.55 14.35 8.13 3.86
236.50 -1.57 732.72 6.23 6.15 30.71 16.00 9.06 4.30
186.80 -1.57 778.22 7.30 7.22 34.25 17.85 10.10 4.80
145.50 -1.57 821.37 8.17 8.11 37.19 19.38 10.97 5.21
70.00 -1.57 874.17 8.41 8.40 42.57 22.18 12.56 5.96
24.00 -1.57 930.54 8.08 7.92 45.84 23.88 13.52 6.42
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Case 5a
Tank AY, 422 In Waste Level
SpG=1.7
Mu=0.7, E=1000 KSF

M&D-2008-004-CALC-01, Revision 0

Figure 16. Case Sa, Concrete Forces and Moments

ANSYS MAXIMUMS BY PATH

M&D Professional Services Confidential

3/9/2006

Seismic
Through-
ic -In- ic Hoop Thickness
Seismic Hoop Meridonal Plane Shear Moment Seismic Meridonal | Shear Force
PNNL Force (kip/ft) | Force (kip/ft} | Force (kip/ft) (ft*kip/ft) Moment (ft*kip/ft) (kip/ft)
Section Mu=0.70, Mu=0.70, Mu=0.70, Mu=0.70, Mu=0.70, E=1000 Mu=0.70,
No. Path (in.) E=1000 ksf E=1000 ksf E=1000 ksf E=1000 ksf ksf E=1000 ksf
2 67.727 -53.570 -54.040 1.077 -3.889 -2.177 0.932
3 105.668 -50.650 -53.430 0.589 -2.988 -1.514 0.215
4 137.069 -47.590 -54.520 0.245 -2.5632 -1.065 0.396
[ 182.849 -42.800 -54.980 0.186 -1.759 0.151 0.253
8 226.563 -38.840 -55.090 0.251 -1.459 -0.464 0.187
9 275.566 -32.950 -54.770 0.306 -1.433 -1.080 0.483
11 325.690 -26.230 -54.930 0.358 -1.948 -3.821 0.893
13 372.305 -15.040 -55.280 0.364 -2.091 -3.391 0.221
17 423.427 2.274 -56.900 0.311 -1.748 1.590 2.956
20 468.308 37.300 -63.030 0.272 -0.654 27.610 12.880
22 515.312 66.690 -70.960 0.256 7.200 52.230 1.899
4 49.725 46.110 -74.340 0.223 5.791 33.920 10.610
6 85.819 22.550 -78.590 0.209 1.441 8.425 7.340
0 36.369 -11.320 -83.920 0.213 -1.113 -6.631 0.611
33 685.619 -33.890 -87.700 0.211 -0.989 -5.900 1.067
35 732.719 -43.950 -90.950 0.200 -0.418 -2.525 0.541
38 778.219 -48.370 -94.380 0.186 -0.388 -2.326 0.151
41 821.369 -47.850 -99.320 0.169 -0.329 -1.960 0.545
43 874.169 -37.730 -95.850 0.137 -1.158 -6.829 0.202
46 930.544 -24.670 -105.500 0.129 -1.480 -8.715 0.151
48 977.629 -1.698 -8.687 0.55: -10.390 47.610 27.820
5 .647 =1.237 -11.420 0.902 -6.027 48.590 26.620
53 156 -0.205 -9.845 0.81 2 7.19: 1.054
55 .695 0.253 -9, 0.797 .023 2.70 1.462
57 55.770 2.300 -1, 0.344 0.210 0.40 0.135
58 '11.956 3.639 3.335 0.048 0.109 0.21 0.320
9 1.707 737 3.537 0.049 0.056 -0.065 0.413
0 0.557 .812 770 0.02 0.101 0.211 0.255
1 4.857 843 .999 0.02: 0.051 -0.027 0.311
2 17.007 699 6,907 0.074 0.335 0,628 0177
Note: Mendonal/Hoop Forces and Meridonal/lHoop Moments are Reversed in Highlighted Sections,
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Figure 17. Case Sa, Primary Tank Stresses, Mid-Plane

G=1.7, Mu=0.7, E=1000 KSF

Case 5a, Tank AY, 422 In Waste Level, Sp
Shell Mid-Plane
M&D
Starting Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV Phase Il 2D HV
M&D Phase Il 2D HV Phase Il 2D HV Seismic Thru- Seismic In-Plane Seismic In-Plane Seismic Thru-
Element Seismic Hoop Stress| Seismic Meridional Thickness Stress Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) (kip/ftr2) Stress (kip/ftr2) {kip/ftr2) (kip/ftA2) {kip/ftr2) Stress (kip/ft\2)
762 67.36 -1196.53 -1359.72 0.00 113.82 1.99 0.09
782 105.12 -1282.64 -1585.42 0.00 153.89 -4.37 0.13
802 136.32 -1056.25 -1300.00 0.00 148.06 1.91 0.14
822 181.78 -1012.50 -1134.72 0.00 97.78 6.46 0.08
842 225.16 -616.11 -593.96 0.00 76.46 -21.42 0.29
862 273.71 -630.00 -447.08 0.00 33.42 13.04 0.11
882 323.34 58.92 91.11 0.00 13.34 -40.15 0.36
902 369.59 -66.45 182.36 0.00 5.47 19.53 0.17
922 419.43 1435.42 330.28 0.00 3.41 -37.26 0.11
942 443.94 498.89 604.31 0.00 1.98 196.39 0.11
962 469.93 -2188.19 549.93 0.00 -1.12 -10.69 0.05
982 508.49 241.39 465.42 0.00 -1.76 -18.39 0.01
1002 544.15 3839.58 342.43 0.00 -1.12 -10.52 0.13
1022 579.15 4685.42 335.35 0.00 -0.18 -18.11 0.01
1042 614.65 7034.72 325.35 0.00 -0.44 -14.01 0.01
1062 650.65 8368.06 314.93 0.00 -0.67 -6.08 0.01
1082 684.35 10861.11 304.86 0.00 -0.79 16.68 0.01
1102 715.25 13958.33 295.56 0.00 0.00 -59.75 0.01
1122 746.15 11583.33 287.01 0.00 -0.40 3.48 0.01
1142 780.00 13298.61 18514 0.00 -0.58 15.94 0.02
1162, 816.40 11388.89 177.50 0.00 -0.58 -39.85 0.04
1182 851.90 12708.33 168.54 0.00 -0.30 19.10 0.13
1202 381.9( 11138.89 141.67 0.00 2.86 32.80 0.50
1222 98.9¢ 5177.78 135.21 0.00 18.19 111.67 0.53
1242 308. 1555.56 218.82 0.00 6.59 187.08 1.46
1262]  926.77 685.90 789.58 0.00 12.81 -3.26 -132.99
1282 966.77 765.97 1184.03 0.00 -4.48 -29.55 74.31
1302] 1032.92 568.82 773.61 0.00 4.00 -14.35 -36.42
1322] 1102.67 417.92 400.63 0.00 -4.24 1.92 80.14
1342| 1151.5 431.74 441.74 0.00 10.63 -0.07 -83.61
1362] 1195.8: 429.24 453.26 0.00 -4.89 -1.16 123.19
1382| 1237.97 420.56 478.54 0.00 20.34 -2.75 -109.03
1402 1284.92 370.00 439.1 7 0.00 6.51 -2.06 218.96
Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
Note 2: Underlined results indicate a reversal of inside (botttom) and outside (top) surfaces in the floor
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Tank AY, 422 In Waste Level

Case 9

SpG=1.7

Mu=0.2, 0.6, E=250 KSF

M&D-2008-004-CALC-01, Revision 0

Figure 18. Case 9, Soil Pressures

Max Pressure | Min Pressure
Soil Soil
AY Mean Soil | AY Mean Soil Active Active
Uncracked Uncracked Vertical Horizontal |Pressure Phi =|Pressure Phi =

Depth [Angle (rad Path Concrete (psi) | Concrete (psi) | Pressure (psi) | Pressure (psi)| 33 deg (psi) 49 deg (psi)
568.00 -0.04 67.73 12.57 11.77 7.12 0.13 7.11 7.11
565.80 -0.07 105.67 9.97 9.84 7227 0.27 7.26 7.26
563.21 -0.10 137.07 8.88 7.85 7.48 0.37 7.43 7.42
559.70 -0.12 182.85 7.64 6.70 7.71 0.50 7.65 7.65
550.70 -0.18 226.56 10.24 7.13 8.35 0.78 8.23 8.22
545.20 -0.21 275.57 11.15 10.44 8.74 0.95 8.57 8.55
527.68 -0.30 325.69 11.87 11.46 9.99 1.53 9.59 9.56
518.20 -0.35 372.30 14.21 14.10 10.66 1.89 10.09 10.04
494.50 -0.48 423.43 19.11 19.08 12.35 2.98 11.07 10.97
476.20 -0.61 468.31 26.68 26.67 13.65 4.05 11.45 11.27
447.40 -0.66 515.31 28.20 28.17 15.70 4.99 12.75 12.51
407.10 -0.71 549.73 13.64 13.62 18.57 6.31 14.53 14.18
382.10 -1.57 585.82 14.35 14.33 20.35 10.60 6.00 2.85
335.00 -1.57 636.37 11.75 11.74 23.70 12.35 6.99 332
281.00 -1.57 685.62 10.24 10.23 £7.55 14.35 8.13 3.86
236.50 -1.57 732.72 10.17 10.15 30.71 16.00 9.06 4.30
186.80 -1.57 778.22 10.54 10.53 34.25 17.85 10.10 4.80
145.50 -1.57 821.37 10.90 10.90 37.19 19.38 10.97 5.21
70.00 -1.57 874.17 10.84 10.81 42.57 22.18 12.56 5.96
24.00 -1.57 930.54 11.22 11.18 45.84 23.88 13.52 6.42
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Case 9

M&D-2008-004-CALC-01, Revision 0

Figure 19. Case 9, Concrete Forces and Moments

Tank AY, 422 In Waste Level
SpG=1.7
Mu=0.2, 0.6, E=250 KSF

ANSYS MAXIMUMS BY PATH

M&D Professional Services Confidential

3/9/2006

Seismic
Seismic -In- ic Hoop Through-
Seismic Hoop Meridonal Plane Shear Moment Seismic Meridonal | Thickness
PNNL Force (kip/ft) | Force (kip/ft) | Force (kip/ft) (ft*kip/ft) Moment (ft*kip/ft} | Shear Force
Section Mu=0.2, 0.6, E- | Mu=0.2, 0.6, E-| Mu=0.2, 0.6, E-| Mu=0.2, 0.6, E-| Mu=0.2, 0.6, E-250 |(kip/ft) Mu=0.2,

No. Path (in.) 250 ksf 250 ksf 250 ksf 250 ksf ksf 0.6, E-250 ksf
2 67.727 -58.010 -60.440 -0.056 -3.764 -2.267 0.645

3 105.668 -55.380 -60.190 -0.034 -2.965 -1.908 0.048

4 137.069 -52.530 -60.060 0.033 -2.517 -1.410 0.399

[ 182.849 -47.950 -59.830 0.040 -1.698 0.136 0.195

8 226.563 -44.290 -59.860 -0.050 -1.410 -0.518 0.001

9 275.566 -39.040 -59.910 -0.059 -1.453 -1.342 -0.001

11 325.690 -32.620 -60.420 -0.067 -2.118 -4.653 -0.002
13 372.305 -20.550 -60.940 -0.063 -2.530 -5.067 -0.002
17 423.427 0.144 -62.030 0.065 -2.679 -1.231 2.701
20 468.308 45.190 -64.850 0.068 -2.917 26.570 14.420
22 515.312 91.770 -69.210 0.054 7.313 59.070 -0.011

4 49.725 72.520 -68.280 0.042 7.294 42.980 0.003

6 85.819 47.620 -69.720 0.037 2416 14.220 0.001

0 36.369 6.288 -73.420 0.033 -0.966 -5.666 0.001
33 685.619 -26.520 -76.400 0.031 -1.352 -7.936 0.393
35 732.719 -43.090 -79.750 0.030 -0.897 -5.254 0.706
38 778.219 -49.100 -83.060 0.029 -0.712 -4.165 0.132
41 821.369 -46.180 -87.720 0.031 -0.402 -2.308 -0.002
43 874.169 -32.880 -85.060 0.030 -0.989 -5.747 -0.011
46 930.544 -19.170 -94.390 -0.055 -1.285 -7.516 -0.011
48 977.629 1.725 -11.790 1.089 -8.966 42.790 1.944

5 .647 3.049 -14.180 1.382 -5.167 44.740 23.110
53 156 4.524 -7.388 0.975 907 6.70! 1.0

55 695 4.015 -2.821 0.574 .108 3.35¢ 0.1

57 55.770 4.542 1.739 0.259 0.154 0.21 0.0

58 '11.956 5.268 4.326 0.110 0.107 0.15¢ 0.0

9 1.707 5,630 5.474 0.047 0.088 0.085 0.111

0 0.557 6! 6.156 -0.070 0.087 0.125 0.00:

1 4.857 506 7.139 -0.162 0.071 0.083 0.14

2 17.007 .20 9.169 -0,132 0.130 0.490 0.03

Note: Mendonal/Hoop Forces and Meridonal/lHoop Moments are Reversed in Highlighted Sections,
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Figure 20. Case 10, Soil Pressures

Case 10

Tank AY, 422 In Waste Level
SpG=1.7
Mu=0.2, 0.6, E=250 KSF, Best Estimate Concrete

Max Pressure Min Pressure
Soil Soil
AY Mean Soil AY Mean Soil
Uncracked Uncracked
Concrete Case 10| Concrete Case 10 Active Active
Mu=0.2, 0.6, BEC | Mu=0.2, 0.6, BEC Vertical Horizontal |Pressure Phi=|Pressure Phi=
Depth |Angle (rad Path (psi) (psi) Pressure (psi) | Pressure (psi) | 33 deg (psi) 49 deg (psi)
568.00 -0.04 67.73 12.70 11.86 712 0.13 7.11 711
565.80 -0.07 105.67 10.08 9.94 7.27 0.27 7.26 7.26
563.21 -0.10 137.07 8.95 7.90 7.45 0.37 7.43 7.42
559.70 -0.12 182.85 7.93 6.89 7.71 0.50 7.65 7.65
550.70 -0.18 226.56 10.43 7.45 8.35 0.78 8.23 8.22
545.20 -0.21 275.57 10.48 10.00 8.74 0.95 8.57 8.55
527.68 -0.30 325.69 10.50 10.07 9.99 1.53 9.59 9.56
518.20 -0.35 372.30 11.83 11.72 10.66 1.89 10.09 10.04
494.50 -0.48 423.43 14.96 14.92 12.35 2.98 11.07 10.97
476.20 -0.61 468.31 18.56 18.53 13.65 4.05 11.45 11.27
447.40 -0.66 515.31 27.38 27.31 15.70 4.99 12.75 12.51
407.10 -0.71 549.73 21.32 21.27 18.57 6.31 14.53 14.18
382.10 -1.57 585.82 17.57 17.54 20.35 10.60 6.00 2.85
335.00 -1.57 6§36.37 5.43 5.42 23.70 12.35 6.99 3.32
281.00 -1.57 685.62 3.51 3.51 27.55 14.35 8.13 3.86
236.50 -1.57 732.72 4.84 4.83 30.71 16.00 9.06 4.30
186.80 -1.57 778.22 4.92 4.90 34.25 17.85 10.10 4.80
145.50 -1.57 821.37 4.66 4.64 37.19 19.38 10.97 5.21
70.00 -1.57 874.17 6.21 6.12 42.57 22.18 12.56 5.96
24.00 -1.57 930.54 12.47 12.40 45.84 23.88 13.52 6.42
M&D Professional Services Confidential Arching Study, Case 10, Soil Pressures Gravity.xls, FM Max
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Case 10
Tank AY, 422 In Waste Level
SpG=1.7
Mu=0.2, 0.6, E=250 KSF, Best Estimate Concrete

M&D-2008-004-CALC-01, Revision 0

Figure 21. Case 10, Concrete Forces and Moments

M&D Professional Services Confidential

3/9/2006

Seismic
ic -In- ic Hoop Through-
Seismic Hoop Meridonal Plane Shear Moment Seismic Meridonal [ Thickness
PNNL Force (kip/ft} | Force (kip/ft) | Force (kip/ft) (ft*kip/ft) Moment (ft*kip/ft) | Shear Force
Section Mu=0.2,0.6, | Mu=0.2,0.6, | Mu=0.2,0.6, | Mu=0.2,0.6, | Mu=0.2, 0.6, E=250 |(kip/ft) Mu=0.2,

No. Path (in.) E=250 KSF E=250 KSF E=250 KSF E=250 KSF KSF 0.6, E=250 KSF|
2 67.727 -58.010 -60.440 -0.056 -3.764 -2.267 0.645

3 105.668 -55.380 -60.190 -0.034 -2.965 -1.908 0.048

4 137.069 -52.530 -60.060 0.033 -2.517 -1.410 0.399

6 182.849 -47.950 -59.830 0.040 -1.698 0.136 0.195

8 226. -44.290 -59.860 -0.050 -1.410 -0.518 0.001

9 275.! -39.040 -59.910 -0.059 -1.453 -1.342 -0.001

11 325. -32.620 -60.420 -0.067 -2.118 -4.653 -0.002
13 372.305 -20.550 -60.940 -0.063 -2.530 -5.067 -0.002
17 423.427 0.144 -62.030 0.065 -2.679 -1.231 2.701
20 468.308 45.190 -64.850 0.068 -2.917 26.570 14.420
22 515.312 91.770 -69.210 0.054 7.313 59.070 -0.011
24 549.725 72.520 -68.280 0.042 7.294 42.980 0.003
26 585.819 47.620 -69.720 0.037 2416 14.220 0.001
30 636.369 6.288 -73.420 0.033 -0.966 -5.666 0.001
33 85.61 -26.520 -76.400 0.031 -1.352 -7.936 0.393
35 732.71 -43.090 -79.750 0.030 -0.897 -5.254 0.706
38 778.21 -49.100 -83.060 0.029 -0.712 -4.165 0.132
41 821.369 -46.180 -87.720 0.031 -0.402 -2.308 -0.002
43 874.169 -32.880 -85.060 0.030 -0.989 -5.747 -0.011
48 930.544 -19.170 -94.380 -0.055 -1.285 -7.516 -0.011
48 977.629 1.725 -11.790 1.08! -8.966 42.790 1.944
51 1019.647 3.049 -14.180 1.39: -5.167 44.740 23.110
53 )60.156 4.524 -7.388 0.97! 3.907 .70 1.0
55 09.695 4.01 -2.821 0.574 1.108 . 356 0.1
57 55.770 4.54, 1.739 0.25 0.154 .21 0.0
58 211.956 5,26 4.326 0.110 0.107 .158 0.007

S 1281.707 5.630 5.474 0.047 0.085 0.085 0111

0 1330.557 .69, 6.15¢ -0.070 0.087 0.12 0.00:

1 1374.857 . SO 713 -0.162 0.071 0.09: 0.14:

2 1417.007 .20 9.169 -0.132 0.130 0,49 0.03:

Note: Mendonal/Hoop Forces and Mendonal'Hoop Moments are Reversed in Highlighted Sections.
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BArching Study - Primary Tank.xls
Arching Study.doc

Arching Study.xls
Contact Pressure.xls

Soil Arching List.txt

soil_arch files.txt
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13, 770

All-Forces.txt

Arching Study, Case 1 Pri Tank Seismic Stresgs.xls

Arching Study, Case 1,

Arching Study, Case 1,

Bolts-friction.txt
Boundary.txt
connections.txt
Contact-Scoil. txt
Far-Scil.txt
file.BCS

file.db
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file.emat

file.err

file.esav

file.full

file.ldhi

file.lecg

file.mntr

file.osav

file.PVTS

file.r001

file.rdb

file.rst
£i1e000.Jpg
file001l.pg
£i1e002.1pg
Footing-Contact.txt
Force-c.txt

Force-c 108amax.OUT
Force-c_108ath.QUT
Force-c 108max.0UT
Force-c_108th.0QUT
Force-c_ 117amax.0UT
Force-c 117ath.OUT
Force-c_ 117max.QUT
Force-c 117th.OUT
Force-c_lZ6amax.OUT
Force-c_1lZ26ath.QuUT
Force-c lZemax.OUT
Force-c_1Z26th.QUT
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Force-c_135amax.0UT
Force-c 135ath.OUT
Force-c_135max.QUT
Force-c_135th.0QUT
Force-c 144amax.0UT
Force-c_144ath.QUT
Force-c 144max.OUT
Force-c_144th.0QUT
Force-c 153amax.0UT
Force-c 153ath.OUT
Force-c_153max.QUT
Force-c 153th.OUT
Force-c_l6Zamax.OUT
Force-c 1l6Z2ath.OUT
Force-c l6Zmax.OUT
Force-c_162th.0QUT
Force-c 17lamax.OUT
Force-c_ 171ath.QuT
Force-c 171lmax.OUT
Force-c_ 171th.OUT
Force-c_180amax.0UT
Force-c 180ath.OUT
Force-c_180max.QUT
Force-c 180th.OUT
Force-c_l8amax.QUT
Force-c 1l8ath.OUT
Force-c_l8max.OQUT
Force-c_18th.0UT
Force-c 27amax.OUT
Force-c_27ath.QUT
Force-c 27max.OUT
Force-c_ 27th.0UT
Force-c 36amax.OUT
Force-c 36ath.OUT
Force-c_36max.0UT
Force-c 36th.0UT
Force-c_45amax.QUT
Force-c 45ath.0oUT
Force-c 45max.OUT
Force-c_45th.0UT
Force-c 54amax.OUT
Force-c_54ath.0QUT
Force-c S54max.0OUT
Force-c_54th.0UT
Force-c_63amax.QUT
Force-c 63ath.OUT
Force-c 63max.0UT
Force-c 63th.0UT
Force-c_ 7Zamax.QUT
Force-c 72ath.OoUT
Force-c_7Zmax.0QUT
Force-c 72th.0UT
Force-c 8lamax.OUT
Force-c_8lath.OUT
Force-c 8lmax.OUT
Force-c_ 81th.OUT
Force-c 90amax.OUT
Force-c 90ath.OUT
Force-c_90max.OQUT
Force-c S0th.OUT
Force-c_ 99%amax.QUT
Force-c 99%ath.OUT
Force-c 9%max.OUT
Force-c_99th.0UT
Force-c Samax.OUT
Force-c_9ath.oUT
Force-c Smax.OUT
Force-c_ Sth.QUT
Force-j_holt.txt
Forcecl. txt
Forces-9.txt
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0
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gravity-post.txt

import 0-90.xls

import 95-180.xls
Insulate.txt
interface-gap.txt
interface-gapl.txt
interface-spr.txt
interface.txt
interfaceZ.txt
interfaceZa.txt
Liner.txt

live leoad.txt
Near-Soil-1.txt
outer-spar. txt
Primary-Props-AP. txt
Primary-Props-AY. txt
Primary-Props.txt
Primary.txt

QA out

RS-CUT-Soil.txt
RS_FREQ. t=xt
Run-Tank-Out.out
Run-Tank.txt
scratch.hlp

select.txt

Slave.txt

Soil-Contact 108max.0UT
Soil-Contact 108th.0UT
Soil-Contact 117max.OUT
Soil-Contact 117th.OUT
Soil-Contact 1Zeémax.OUT
Soil-Contact 126th.0UT
Soil-Contact 135max.OUT
Soil-Contact 135th.0UT
Soil-Contact 144max.OUT
Soil-Contact 144th.0UT
Soil-Contact 153max.0UT
Soil-Contact 153th.0UT
Soil-Contact léZmax.OUT
Soil-Contact 162th.0UT
Soil-Contact 171lmax.OUT
Soil-Contact 171th.0UT
Soil-Contact 180max.OUT
Soil-Contact 180th.0UT
Soil-Contact 18max.0UT
Soil-Contact 18th.0UT
Soil-Contact Z7max.0UT
Soil-Contact 27th.0UT
Soil-Contact 36max.0UT
Soil-Contact 36th.OUT
Soil-Contact 45max.0UT
Soil-Contact 45th.QUT
Soil-Contact 54max.OUT
Soil-Contact 54th.QUT
Soil-Contact €3max.OUT
Soil-Contact 63th.QUT
Soil-Contact 72max.0UT
Soil-Contact 72th.0UT
Soil-Contact 81lmax.0UT
Soil-Contact 31th.0UT
Soil-Contact 90max.OUT
Soil-Contact S0th.OUT
Soil-Contact 99%max.OUT
Soil-Contact 99th.QUT
Soil-Contact Smax.OUT
Soil-Contact Sth.OUT
Soil-Prop-Mean-Geo. txt
Soll-Prop-Mean-5W.txt
soil 0-90.xls

soil 99-180.xls
Solve-g.txt
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16,240
16,240
16,240
17, 303
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16, 237
16,237

Solve-Test.txt
Solve-TH-mean. txt
spectra-soll.txt
spectra-wall.txt
spectra-waste. txt
str-comp 0-90b.xls
str-comp 0-9%0m.xls
str-comp 0-90t.xls
str-comp 99-130b.xls
str-comp 99-130m.x1ls
str-comp 99-180t.xls
stress-compb. txt
stress—-compm. txt
stress-compt. txt
Stress-Primary.txt
Stress-pt 108max-b.0OUT
Stress-pt 108max-m.OUT
Stress-pt 108max-t.OUT
Stress-pt 108th-b.OUT
Stress-pt_108th-m.C0UT
Stress-pt 108th-t.QUT
Stress-pt 117max-b.0UT
Stress-pt 117max-m.OUT
Stress-pt 117max-t.OUT
Stress-pt 117th-b.0UT
Stress-pt 117th-m.OUT
Stress-pt 117th-t.QUT
Stress-pt_lZ6max-bh.0OUT
Stress-pt l1Zemax-m.OUT
Stress-pt lZ6max-t.OUT
Stress-pt 126th-b.OUT
Stress-pt 126th-m.QUT
Stress-pt 126th-t.0UT
Stress-pt 135max-b.0UT
Stress-pt 135max-m.OUT
Stress-pt 13bmax-t.OUT
Stress-pt 135th-b.QUT
Stress-pt 135th-m.OUT
Stress-pt 135th-t.O0UT
Stress-pt 144max-bh.0UT
Stress-pt 144max-m.OUT
Stress-pt 144max-t.0UT
Stress-pt 144th-b.OUT
Stress-pt 144th-m.QUT
Stress-pt 144th-t.QUT
Stress-pt 153max-b.0UT
Stress-pt 153max-m.OUT
Stress-pt 153max-t.0UT
Stress-pt 153th-b.0UT
Stress-pt 153th-m.OUT
Stress-pt 153th-t.QUT
Stress-pt l6Zmax-bh.0OUT
Stress-pt leéZmax-m.OUT
Stress-pt l6Zmax-t.OUT
Stress-pt 162th-b.OUT
Stress-pt 162th-m.QUT
Stress-pt 1e2th-t.OUT
Stress-pt 17lmax-b.0UT
Stress-pt 17lmax-m.OUT
Stress-pt 17lmax-t.OUT
Stress-pt 171th-b.QUT
Stress-pt 171th-m.OUT
Stress-pt 171th-t.0UT
Stress-pt 180max-b.0OUT
Stress-pt 180max-m.OUT
Stress-pt 180max-t.OUT
Stress-pt 180th-b.OUT
Stress-pt 180th-m.QUT
Stress-pt 180th-t.QUT
Stress-pt 18max-b.OUT
Stress-pt 18max-m.QUT
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610
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102
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Stress-pt 18max-t.QUT
Stress-pt 18th-b.0OUT
Stress-pt 18th-m.0oUT
Stress-pt 18th-t.oUT
Stress-pt 27max-b.0UT
Stress-pt 27max-m.QUT
Stress-pt 27max-t.OUT
Stress-pt 27th-b.0UT
Stress-pt 27th-m.OoUT
Stress-pt 27th-t.0oUT
Stress-pt 3émax-b.0UT
Stress-pt 3emax-m.OUT
Stress-pt 3émax-t.QUT
Stress-pt 3e6th-b.OUT
Stress-pt 36th-m.OoUT
Stress-pt 36th-t.oUT
Stress-pt 45max-b.OUT
Stress-pt_ 45max-m.QUT
Stress-pt 45max-t.OUT
Stress-pt_45th-b.0UT
Stress-pt 45th-m.0UT
Stress-pt 45th-t.0UT
Stress-pt 54max-b.QUT
Stress-pt 54max-m.OUT
Stress-pt S54max-t.QUT
Stress-pt 54th-b.0OUT
Stress-pt 54th-m.0UT
Stress-pt 54th-t.oUT
Stress-pt €3max-b.OUT
Stress-pt_ 63max-m.QUT
Stress-pt €3max-t.OUT
Stress-pt 63th-b.0UT
Stress-pt €3th-m.OoUT
Stress-pt e3th-t.oUT
Stress-pt 7Z2max-b.QUT
Stress-pt 7Zmax-m.OUT
Stress-pt 7Z2max-t.QUT
Stress-pt 72th-b.0OUT
Stress-pt 72th-m.OoUT
Stress-pt 72th-t.0oUT
Stress-pt 8lmax-b.OUT
Stress-pt 8lmax-m.QUT
Stress-pt 5lmax-t.OUT
Stress-pt 81th-b.0UT
Stress-pt 81lth-m.OoUT
Stress-pt 81th-t.oUT
Stress-pt 90max-b.OUT
Stress-pt 90max-m.0UT
Stress-pt 90max-t.QUT
Stress-pt S0th-b.OoUT
Stress-pt 90th-m.OoUT
Stress-pt 90th-t.oUT
Stress-pt 9%max-b.OUT
Stress-pt 9%max-m.QUT
Stress-pt 9%max-t.OUT
Stress-pt 99th-b.0UT
Stress-pt 99th-m.OoUT
Stress-pt 99th-t.oUT
Stress-pt S9max-b.0UT
Stress-pt Smax-m.OUT
Stress-pt S9max-t.OoUT
Stress-pt Sth-b.OUT
Stress-pt Sth-m.OUT
Stress-pt 9th-t.OUT
Stress-S5o0il.txt

Tank-Cocordinates-AP. txt
Tank-Coordinates-AY. txt

Tank-Coordinates. tzt
Tank-Meshl. tzt
tank-out.out
Tank-Props-BEC-250, txt
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5, 407
3,007
63,236
41,470
41, 472
4,252
3, 568

Tank-Props. txt
Tank-th.out
test-th-2d.out
TH-Z266-Mean-Geo-V.txt
TH-266-Mean-Geo. txt
Waste-solid-AP.Ltxt
Waste-solid-AY.txt

451,017,355 bytes

Directory of CivUsersiBrucet2008-000 PMNLA2008-004 ANSYSASoil

03/09/2006
03/08/2008
08/27/2005
12/16/2005
03/08/2008
Summary.xls
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06/08/2005
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01/05/2008
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10/13/2005
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08/21/2005
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PM

<DIR>
<DIR>
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53,346, 304
3,206, 656

819, 712
6,076
5,766

242

350

152

142

490

504

602

608

742

630

630

8, 608
2,598
53,346, 304
34,340,864
12,255,232
864, 991
101,187, 584
27,459, 584
288, 402
270,458, 8§50
24,032,752
792, 280
8,407, 864
412,180
1,375
101,187, 584
428

428

739
102,170, 624
34,996,224
20,447,232
0

97

189, 944
542

6, 540
7,068

§94

4,996
7,050

14, 716

13, 770
4,596
7,050

14, 716

13, 770
4,996
7,050

14, 716

All-Forces. txt
ansabort.db

Arching Study, Case 10,
10,
txt

Arching Study, Case
Bolts-Friction-Test.
Bolts-Friction.txt
Boundary.txt
connections.txt
Contact-AP. t=zt
Contact-AY. txt
Contact-Footing.txt
Contact-Insul. txt
Contact-J-Bolts.txt
Contact-Primary.txt
Contact-Soil.txt
Contact-Waste-AP. txt
Contact-Waste-AY. txt
Far-Soil.txt
file.BCS

file.db

file.dbb

file.emat

file.err

file.esav

file.full

file.ldhi

file.LNOY

file.LNZ0

file.LN22Z

file.LNZ5

file.lecg

file.mntr

file.ozav

Tile.PCE

file.PCS

file.PVTS

file.r001

file.rdb

file.rst

file.sda

file.stat
£ile000.Jpg
Fix-Soil.txt
Footing-Cont max.OUT
Footing-Cont_ th.OUT
Force-c.tut
Force-c_108amax.0UT
Force-c 108ath.OUT
Force-c 108max.0UT
Force-c_108th.0QUT
Force-c 117amax.OUT
Force-c_117ath.QuUT
Force-c 117max.OUT
Force-c_117th.0QUT
Force-c_lZ6amax.OUT
Force-c 12eath.OUT
Force-c_lZeémax.QUT
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Force-c_1Z26th.QUT
Force-c 135amax.0UT
Force-c_135ath.QUT
Force-c_135max.QUT
Force-c 135th.OUT
Force-c_144amax.0UT
Force-c 144ath.0UT
Force-c_144max.QUT
Force-c 144th.0oUT
Force-c 153amax.0UT
Force-c_153ath.QUT
Force-c 153max.0UT
Force-c_153th.0QUT
Force-c leZamax.OUT
Force-c 1l6Z2ath.OUT
Force-c_l6Zmax.QUT
Force-c 1l62th.OUT
Force-c_ 17lamax.0UT
Force-c 171ath.OUT
Force-c_ 171max.0UT
Force-c_ 171th.QUT
Force-c 180amax.OUT
Force-c_180ath.QUT
Force-c 180max.OUT
Force-c_180th.0QUT
Force-c ldamax.OUT
Force-c_18ath.OQUT
Force-c_l8max.OQUT
Force-c 18th.OUT
Force-c_ Z27amax.QUT
Force-c 27ath.OUT
Force-c_Z27max.0QUT
Force-c 27th.0UT
Force-c 36amax.OUT
Force-c_36ath.OUT
Force-c 3emax.OUT
Force-c_36th.0UT
Force-c 45amax.OUT
Force-c 45ath.0oUT
Force-c_45max.0UT
Force-c 45th.0UT
Force-c_S54amax.QUT
Force-c 54ath.0oUT
Force-c_S54max.0UT
Force-c_54th.0UT
Force-c 63amax.OUT
Force-c 63ath.OUT
Force-c 63max.0UT
Force-c_63th.0UT
Force-c 7Zamax.OUT
Force-c_7Zath.0QUT
Force-c_7Zmax.0QUT
Force-c 72th.0UT
Force-c_ 8lamax.QUT
Force-c 8lath.OUT
Force-c_8lmax.OQUT
Force-c 81th.OUT
Force-c 90amax.OUT
Force-c_90ath.OQUT
Force-c 90max.OUT
Force-c_S0th.OUT
Force-c 9%amax.OUT
Force-c 99%ath.OUT
Force-c_99%max.OQUT
Force-c 99th.OUT
Force-c_Samax.QUT
Force-c 9ath.OUT
Force-c_Smax.OQUT
Force-c_ Sth.QUT
Force-j bolt.txt
Forcecl. txt
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09/15/2004
05/26/2005
10/13/2005
10/13/2005
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07/21/2005
10/13/2005
05/02/2005
08/26/2005
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05/13/2005
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06/01/2005
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05/28/2005
04/20/2005
05/08/2005
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4,516
288
440, 832
441, 344
1, 664
1,430
4,031
689
§52
2,616
1,926
1,793
1,708
667
6,183
508
5, 557
5, 402
4,742
1,538
390, 099
2,689
9,263
145
1,882
0

28
1,053
9,896
9,120
9,896
9,120
9,896
5,120
9,896
5,120
9,896
5,120
9,896
9,120
9,896
9,120
9,896
9,120
9,896
5,120
9,596
9,120
9,896
5,120
9,896
9,120
9,896
9,120
9,896
9,120
9,896
5,120
9,896
5,120
9,896
5,120
9,896
9,120
9,896
9,120
9,896
9,248
4,215
3,511
5,016

Forces-9.txt
gravity-post.txt

import 0-90.xls

import 95-180.xls
Insulate.txt
interface-gap.txt
interface-gapl.txt
interface-spr.txt
interface.txt
interfacel.txt
interfaceZ.txt
interfaceZa.txt
Liner.txt

live leoad.txt
Near-Seoil-1.txt
cuter-spar.tzt
Primary-Props-AP. txt
Primary-Props-AY. txt
Primary-Props.txt
Primary.txt

QA.cut

RE FREQ. Txt
Run-Tank-Out.out
run-tank.bat
Run-Tank.txt
scratch.hlp

select.txt

Slave.txt

Soil-Contact 108max.OUT
Soil-Contact 108th.0UT
Soil-Contact 117max.OUT
Soil-Contact 117th.OUT
Soil-Contact 1Zeémax.OUT
Soil-Contact 126th.0UT
Soil-Contact 135max.0UT
Soil-Contact 135th.0UT
Soil-Contact 144max.OUT
Soil-Contact 144th.0UT
Soil-Contact 153max.0OUT
Soil-Contact 153th.0UT
Soil-Contact léZmax.OUT
Soil-Contact 162th.0UT
Soil-Contact 171lmax.OUT
Soil-Contact 171th.0UT
Soil-Contact 180max.0QUT
Soil-Contact 180th.OUT
Soil-Contact 18max.0UT
Soil-Contact 18th.0UT
Soil-Contact 27max.0UT
Soil-Contact 27th.0UT
Soil-Contact 36max.0UT
Soil-Contact 36th.QUT
Soil-Contact 45max.0UT
Soil-Contact 45th.QUT
Soil-Contact 54max.OUT
Soil-Contact 54th.QUT
Soil-Contact €3max.OUT
Soil-Contact €3th.OUT
Soil-Contact 72max.0UT
Soil-Contact 72th.0UT
Soil-Contact 81lmax.0UT
Soil-Contact 31th.0UT
Soil-Contact 90max.OUT
Soil-Contact 90th.QUT
Soil-Contact 99%max.OUT
Soil-Contact 99th.QUT
Soil-Contact Smax.OUT
Soil-Contact Sth.OUT
Soill-Prop-Mean-Geo.txt
Soil-Prop-Mean-SW.txt
S0ill-Prop-UB-Geo. txt
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12/16/2005 02:57 EM 223,232 soil 0-90.xls
12/16/2005 02:57 PM 223,232 so0il 99-180.xls
05/03/2005 02:25 PM 217 Solve-g.txt
09/09/2005 10:02 AM 1,752 Solve-Gravity.txt
05/05/2005 09:32 AM 1,546 Solve-Test.txt
10/13/2005 08:13 AM 1,930 Solve-TH-mean.txt
10/13/2005 08:25 AM 2,471 Solve-TH-UB.txt
09/06/2005 07:03 AM 2,095 spectra-concrete.txt
0%9/06/2005 06:49 AM 1,287 spectra-soll.txt
06/20/2005 09:04 AM 547 spectra-wall.txt
06/20/2005 08:52 ARM 678 spectra-waste.txt
0%9/02/2005 08:51 AM 707 strain-compb. txt
06/02/2005 08:51 AM 705 strain-compm. txt
0%/02/2005 08:50 AM 720 strain-compt.txt
0%/02/2005 08:52 AM 544 Strain-Liner.txt
06/08/2005 10:18 AM 692 stress-compb.txt
0%/08/2005 10:18 AM (92 stress-compm. tRE
06/08/2005 08:20 AM 692 stress-compt.txt
0%9/09/2005 06:47 AM 803 stresz-node-compb.txt
04/13/2005 07:38 AM 205 Stress-Primary.txt
09/09/2005 07:20 AM 3,825 Tank-Coordinates-AP. txt
05/08/2005 0%:35 AM 3,773 Tank-Coordinates-AY.txt
07/18/2005 08:58 AM 3,476 Tank-Coordinates.txt
05/25/2005 03:32 PM 2,512 Tank-Meshl.txt
12/16/2005 02:40 PM 102 tank-out.out
02/25/2005 02:24 PM 5,406 Tank-Props-BEC-250.txt
08/19/2005 10:13 AM 5,407 Tank-Props.txt
12/16/2005 02:41 EM 774 Tank-th.out
12/16/2005 02:56 PM 71,808 test-th-2d.out
05/16/2005 03:40 EM 41, 470 TH-Z266-Mean-Geo-V.txt
05/13/2005 10:57 AM 41, 472 TH-Z66-Mean-Geo. txt
05/16/2005 03:42 EM 41, 472 TH-266-UB-Geo-V.txt
05/16/2005 08:45 AM 41, 391 TH-Z266-UB-Geo. txt
08/15/2005 06:16 AM 326 Waste-Reaction.txt
06/09/2005 07:53 AM 4,229 Waste-solid-AP.txt
0%9/08/2005 10:27 AM 3,568 Waste-solid-AY.txt
355 File(s) 855,611,622 bytes

Directory of CiiUsersiBrucet2008-000 PMNLA2008-004 ANSYSASoil ArchinghCase 2

03/09/2006 12:15 PM <DIR>
03/09/2006 12:15 EM <DIR> e
07/01/2005 11:43 AM 159 All-Forces. txt

03/09/2006 11:33 AM 8,238,080 Arching Study, Case 2, Pri Tank Seismic
Stress.xls

03/05/2006 08:19 AM 3,181, 568 Arching Study, Case 2, Conc Tank Seismic Demand
Summary.xls

03/09/2006 08:13 AM 818, 688 Arching Study, Case 2, Scil Pressures Gravity.xls
08/23/2005 03:27 EM 5,766 Bolts-friction.txt

06/09/2005 01:59 PM 262 Boundary.txt

06/09/2005 02:28 EM 350 connections.txt

08/02/2005 10:05 AM 610 Contact-Soil.txt

06/23/2005 01:26 PM 8,149 Far-Soil.txt

08/24/2005 08:54 ARM 2,998 file.BCS

08/24/2005 09:55 AM 30,534,776 file.db

08/24/2005 08:54 ARM 53,411,840 file.dbb

08/24/2005 09:54 AM 11,993,083 file.emat

0%9/06/2005 01:50 PM 104,247 file.err

08/24/2005 08:54 ARM 82,116,008 file.esav

08/24/2005 09:54 AM 22,080,632 file. full

08/24/2005 08:52 ARM 260,462 file.ldhi

0%/06/2005 01:53 PM 223,348 file.log

08/24/2005 09:54 AM 1,467 file.mntr

08/24/2005 08:53 AM 82,116,008 file.osav

08/24/2005 09:53 AM 739 file.PVTS

08/24/2005 08:54 ARM 82,903,040 file.r00l

08/24/2005 09:43 AM 30,474,240 file.rdb

08/24/2005 08:54 ARM 31,850,490 file.rst

06/20/2005 08:00 AM 3,484 Footing-Contact.txt

04/06/2005 08:24 AM 894 Force-c.txt

08/24/2005 11:58 AM 4,996 Force-c_l08amax.OUT
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:58
158
:58
:58
158
:58
158
:58
:58
158
:58
158
:58
158
158
:58
:58
158
158
:58
158
158
:58
158
:58
158
:58
:58
158
:58
158
:58
:58
158
:58
158
:58
158
158
:58
158
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7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,596
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,596
7,050
14, 716
13, 770
4,596
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,596
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,596
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,596
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770

Force-c_108ath.QUT
Force-c 108max.0UT
Force-c_108th.0QUT
Force-c_ 117amax.0UT
Force-c 117ath.OUT
Force-c_ 117max.QUT
Force-c 117th.OUT
Force-c_lZ6amax.OUT
Force-c 12eath.OUT
Force-c lZemax.OUT
Force-c_1Z26th.QUT
Force-c 135amax.0UT
Force-c_135ath.QUT
Force-c 135max.OUT
Force-c 135th.OUT
Force-c_144amax.0UT
Force-c 144ath.0UT
Force-c_144max.QUT
Force-c 144th.0oUT
Force-c_153amax.0UT
Force-c_153ath.QUT
Force-c 153max.0UT
Force-c_153th.0QUT
Force-c leZamax.OUT
Force-c_16Z2ath.QUT
Force-c l6Zmax.OUT
Force-c_162th.0QUT
Force-c_ 17lamax.0UT
Force-c 171ath.OUT
Force-c 17lmax.QUT
Force-c 171th.OUT
Force-c_180amax.0UT
Force-c 180ath.OUT
Force-c 180max.OUT
Force-c_180th.0QUT
Force-c ldamax.OUT
Force-c_18ath.OQUT
Force-c lémax.OUT
Force-c 18th.OUT
Force-c_ Z27amax.QUT
Force-c 27ath.OUT
Force-c_Z27max.0QUT
Force-c 27th.0UT
Force-c_ 36amax.QUT
Force-c_36ath.OUT
Force-c 3emax.OUT
Force-c 36th.0UT
Force-c 45amax.0UT
Force-c_45ath.0QUT
Force-c 45max.OUT
Force-c_45th.0UT
Force-c_S54amax.QUT
Force-c 54ath.0oUT
Force-c_S54max.0UT
Force-c 54th.0UT
Force-c_63amax.QUT
Force-c 63ath.OUT
Force-c 63max.OUT
Force-c_63th.0UT
Force-c 7Zamax.OUT
Force-c_7Zath.0QUT
Force-c 7Zmax.0OUT
Force-c 72th.0UT
Force-c_ 8lamax.QUT
Force-c 8lath.OUT
Force-c_8lmax.OQUT
Force-c 81th.OUT
Force-c_ 90amax.QUT
Force-c_90ath.OQUT
Force-c 90max.OUT
Force-c_S0th.OUT
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08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
06/20/2005
06/07/2005
09/15/2004
05/26/2005
08/24/2005
08/24/2005
07/15/2005
07/21/2005
08/24/2005
05/02/2005
06/07/2005
05/13/2005
05/25/2005
06/01/2005
05/02/2005
06/21/2005
04/20/2005
07/01/2005
08/24/2005
02/17/2005
07/26/2005
08/24/2005
07/10/2005
03/26/2004
08/24/2005
08/24/2005
09/06/2005
05/17/2005
02/11/2005
05/06/2005
05/06/2005
09/06/2005
05/06/2005
09/06/2005
05/06/2005
09/06/2005
09/06/2005
05/06/2005
09/06/2005
09/06/2005
09/06/2005
05/06/2005
09/06/2005
09/06/2005
05/06/2005
09/06/2005
05/06/2005
09/06/2005
05/06/2005
05/06/2005
09/06/2005
05/06/2005
09/06/2005
05/06/2005
05/06/2005
09/06/2005
05/06/2005
09/06/2005
05/06/2005
09/06/2005
09/06/2005
05/06/2005
09/06/2005

11
11
11
11
11
11
11
11
10
11
07
08
10
10
02
1z
09
0z
01
02
03
01
0z
02
01
11
08
04
02
08
06
01
09
09
01
12
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

158
:58
158
158
:58
158
:58
158
153
11
137
:18
105
105
121
120
129
105
HIR)
02
137
17
:18
:15
114
129
21
124
126
143
132
116
:55
122
150
:15
122
:50
:50
150
:50
150
:50
150
150
:50
:50
:50
150
:50
150
150
:50
150
:50
150
:50
:50
150
:50
150
:50
:50
150
:50
150
:50
150
150
:50
150

PR EEEEEEEREEREERREER
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4,996
7,050
14, 716
13, 770
4,596
7,178
14, 716
13, 898
661
516
4,516
288
441, 344
440, 832
1,590
1,430
3,483
689
§52
1,526
1,793
1, 708
667
5,714
508
4,860
4,715
4,742
1, 538
461, 652
13, 730
2,689
3,008, 641
1, 454
0

28
1,053
6, 616
6, 540
6,616
6, 540
6,616
6, 540
6,616
6, 940
6, 616
6, 940
6,616
6, 940
6, 616
6, 940
6,616
6, 540
6,616
6, 540
6,616
6, 540
6, 616
6, 940
6, 616
6, 940
6, 616
6, 540
6,616
6, 540
6,616
6, 540
6,616
6, 940
6, 616
6, 940

Force-c_ 99%amax.QUT
Force-c 99%ath.OUT
Force-c_99%max.OQUT
Force-c_99th.0UT
Force-c Samax.OUT
Force-c_9ath.oUT
Force-c Smax.OUT
Force-c_ Sth.QUT

Force-j bolt.txt
Forcecl.txt
Forces-9.txt
gravity-post.txt

import 0-90.xls

import 95%-180.xls
Insulate.txt
interface-gap.txt
interface-gapl.txt
interface-spr.txt
interface.txt
interfaceZ.txt
interfaceZa.txt
Liner.txt

live load.txt
Near-Seoil-1.txt
cuter-spar.tzt
Primary-Props-AP. txt
Primary-Props-AY. txt
Primary-Props.txt
Primary. txt

QA.cut

RS-CUT-Soil.txt
RS_FREQ. t=xt
Run-Tank-Out.out
Run-Tank.txt
scratch.hlp

select.txt

Slave.txt

Soil-Contact 108max.OUT
Soil-Contact 108th.OUT
Soil-Contact 117max.0QUT
Soil-Contact 117th.0UT
Soil-Contact lZémax.OUT
Soil-Contact 126th.0UT
Soil-Contact 135max.0UT
Soil-Contact 135th.0UT
Soil-Contact 144max.OUT
Soil-Contact 144th.0UT
Soil-Ceontact 153max.0UT
Soil-Contact 153th.0UT
Soil-Contact léZmax.OUT
Soil-Contact 162th.0UT
Soil-Contact 17lmax.0UT
Soil-Ceontact 171th.OUT
Soil-Contact 180max.0QUT
Soil-Contact 180th.OUT
Soil-Contact 18max.0UT
Soil-Contact 18th.0UT
Soil-Contact 27max.0UT
Soil-Contact 27th.QUT
Soil-Contact 3emax.OUT
Soil-Contact 36th.QUT
Soil-Contact 45max.0UT
Soil-Contact 45th.0UT
Soil-Contact 54max.0UT
Soil-Contact 54th.0UT
Soil-Contact 63max.0UT
Soil-Contact €3th.OUT
Soil-Contact 72max.0UT
Soil-Contact 72th.QUT
Soil-Contact 31lmax.OUT
Soil-Contact 81th.QUT
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09/06/2005
05/06/2005
09/06/2005
09/06/2005
05/06/2005
09/06/2005
08/24/2005
07/28/2004
12/16/2005
12/16/2005
05/03/2005
08/18/2005
08/19/2005
06/20/2005
06/20/2005
06/20/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/23/2005
08/23/2005
08/23/2005
04/13/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005

01
01
01
01
01
01
09
10
01
01
0z
01
07
08
09
08
12
1z
12
12
1z
12
0z
02
0z
07
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

150
:50
150
150
:50
150
129
136
HETS)
HETS)
125
17
142
126
104
H=
137
137
138
138
138
139
H=
153
153
138
158
158
:58
158
:58
158
:58
:58
158
:58
158
:58
:58
158
:58
158
:58
158
158
:58
:58
158
158
:58
158
158
:58
158
:58
158
:58
:58
158
:58
158
:58
:58
158
:58
158
:58
158
158
:58
158

PM
PM
PM
PM
PM
PM

PM
PM
PM
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6,616
6, 540
6,616
6, 940
6, 616
7,068
4,104
3,911

149, 504

149, 504

217
1, 684
1,459

651

647

679

350, 720

351, 744

350, 208

350, 720

351, 744

350, 720

566

566

566

205

16,237
16,237
16, 237
17,205
17, 205
17,205
16, 237
16, 237
16,237
17, 205
17,205
17, 205
16, 237
16,237
16, 237
17,205
17, 205
17,205
16,237
16, 237
16, 237
17, 205
17,205
17, 205
16,237
16,237
16, 237
17,205
17, 205
17,205
16, 237
16, 237
16,237
17, 205
17,205
17, 205
16, 237
16,237
16, 237
17,205
17, 205
17,205
16,240
16,240
16,240

Soil-Contact 90max.OUT
Soil-Contact S0th.OUT
Soil-Contact 99%max.OUT
Soil-Contact 99th.QUT
Soil-Contact Smax.OUT
Soil-Contact Sth.OUT
Soil-Prop-Mean-Geo. txt
Soll-Prop-Mean-5W.txt
soil 0-90.x1ls

soil 99-180.xls
Solve-g.txt
Solve-Test.txt
Solve-TH-mean. txt
spectra-soil.txt
spectra-wall.txt
spectra-waste.txt
str-comp 0-9%0b.xls
str-comp 0-90m.xls
str-comp 0-90t.xls
str-comp_99-180b.xls
str-comp 99-180m.xls
str-comp 99-130t.xls
stress—compb. txt
stress—-compm. txt
stress—-compt.txt
Stress-Primary.txt
Stress-pt 108max-b.0OUT
Stress-pt 108max-m.OUT
Stress-pt 108max-t.OUT
Stress-pt 108th-b.0UT
Stress-pt 108th-m.OUT
Stress-pt 108th-t.QUT
Stress-pt 117max-b.0UT
Stress-pt 117max-m.OUT
Stress-pt 117max-t.OUT
Stress-pt 117th-b.OUT
Stress-pt 117th-m.QUT
Stress-pt 117th-t.0UT
Stress-pt l1Zemax-b.0UT
Stress-pt lZ6max-m.OUT
Stress-pt l1Zemax-t.OUT
Stress-pt 126th-b.0UT
Stress-pt 126th-m.OUT
Stress-pt 126th-t.QUT
Stress-pt 135max-bh.0OUT
Stress-pt 135max-m.OUT
Stress-pt 135max-t.0UT
Stress-pt 135th-b.0UT
Stress-pt 135th-m.QUT
Stress-pt 135th-t.O0UT
Stress-pt 144max-bh.0UT
Stress-pt 144max-m.OUT
Stress-pt 144max-t.OUT
Stress-pt 144th-b.0UT
Stress-pt 144th-m.OUT
Stress-pt 144th-t.QUT
Stress-pt 153max-b.0UT
Stress-pt 153max-m.OUT
Stress-pt 153max-t.0UT
Stress-pt 153th-b.OUT
Stress-pt 153th-m.QUT
Stress-pt 153th-t.0UT
Stress-pt leZmax-b.OUT
Stress-pt l6Zmax-m.OUT
Stress-pt leZmax-t.OUT
Stress-pt 162th-b.0UT
Stress-pt 1e2th-m.OUT
Stress-pt 162th-t.QUT
Stress-pt 17lmax-b.0OUT
Stress-pt 17lmax-m.OUT
Stress-pt 17lmax-t.0UT
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08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

158
:58
158
158
:58
158
:58
158
:58
:58
158
:58
158
:58
:58
158
:58
158
:58
:58
158
:58
158
:58
158
:58
158
158
:58
158
:58
158
:58
:58
158
:58
158
:58
:58
158
:58
158
:58
158
158
:58
:58
158
158
:58
158
158
:58
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17,303
17, 303
17,303
16,240
16,240
16,240
17, 303
17,303
17, 303
16, 237
16,237
16, 237
17,205
17, 205
17, 205
16,237
16, 237
16,237
17, 205
17, 205
17,205
16, 237
16,237
16, 237
17,205
17, 205
17,205
16,237
16, 237
16,237
17, 205
17,205
17, 205
16, 237
16,237
16, 237
17,205
17, 205
17, 205
16,237
16, 237
16,237
17, 205
17,205
17,205
16, 237
16, 237
16, 237
17,205
17, 205
17,205
16,237
16, 237
16,237
17, 205
17,205
17, 205
16, 237
16,237
16, 237
17,205
17, 205
17, 205
16,237
16, 237
16,237
17, 205
17,205
17,205
16, 237
16,237

Stress-pt 171th-b.QUT
Stress-pt 171th-m.OUT
Stress-pt 171th-t.QUT
Stress-pt 180max-b.0OUT
Stress-pt 180max-m.OUT
Stress-pt 180max-t.OUT
Stress-pt 180th-b.OUT
Stress-pt 180th-m.QUT
Stress-pt 180th-t.O0UT
Stress-pt 18max-b.OUT
Stress-pt 18max-m.QUT
Stress-pt 18max-t.OUT
Stress-pt 18th-b.0UT
Stress-pt 18th-m.OoUT
Stress-pt 18th-t.oUT
Stress-pt 27max-b.QUT
Stress-pt 27max-m.OUT
Stress-pt 27max-t.QUT
Stress-pt 27th-b.0OUT
Stress-pt Z7th-m.OUT
Stress-pt 27th-t.oUT
Stress-pt 3emax-b.OUT
Stress-pt 3émax-m.QUT
Stress-pt 3emax-t.OUT
Stress-pt 36th-b.0UT
Stress-pt 36th-m.OoUT
Stress-pt 36th-t.oUT
Stress-pt 45max-b.QUT
Stress-pt 45max-m.OUT
Stress-pt 45max-t.QUT
Stress-pt 45th-b.0OUT
Stress-pt 45th-m.0UT
Stress-pt 45th-t.0UT
Stress-pt 54max-b.OUT
Stress-pt S54max-m.QUT
Stress-pt 54max-t.OUT
Stress-pt 54th-b.0UT
Stress-pt 54th-m.OoUT
Stress-pt 54th-t.0oUT
Stress-pt_ 63max-b.0UT
Stress-pt €3max-m.OUT
Stress-pt_ 63max-t.QUT
Stress-pt €3th-b.0OUT
Stress-pt 63th-m.0oUT
Stress-pt 63th-t.oUT
Stress-pt 7Z2max-b.OUT
Stress-pt 7Zmax-m.OUT
Stress-pt 72max-t.0UT
Stress-pt 72th-b.0UT
Stress-pt 72th-m.OoUT
Stress-pt 72th-t.0oUT
Stress-pt 8lmax-b.QUT
Stress-pt 5lmax-m.OUT
Stress-pt 8lmax-t.QUT
Stress-pt 81th-b.0OUT
Stress-pt 81lth-m.OoUT
Stress-pt 81th-t.oUT
Stress-pt S0max-b.OUT
Stress-pt 90max-m.QUT
Stress-pt 90max-t.OUT
Stress-pt 90th-b.0oUT
Stress-pt S0th-m.OoUT
Stress-pt S0th-t.oUT
Stress-pt 9%max-b.QUT
Stress-pt 9%max-m.OUT
Stress-pt 9%max-t.QUT
Stress-pt 99th-b.OUT
Stress-pt 99th-m.OoUT
Stress-pt 99th-t.oUT
Stress-pt Smax-b.OUT
Stress-pt Y9max-m.OUT
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08/24/2005
08/24/2005
08/24/2005
08/24/2005
07/14/2005
08/24/2005
07/18/2005
05/25/2005
08/24/2005
02/25/2005
08/19/2005
08/24/2005
08/24/2005
05/16/2005
05/13/2005
08/22/2005
08/22/2005

11
11
11
11
12
08
09
03
09
02
10
09
08
03
10
08
02

158
:58
158
158
:58
21
:58
132
42
124
113
:43
Har}
:40
:57
137
11
328 File(s

PM
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16,237
17, 333
17,333
17,333
3, 667
3,666
3,476
2,512

102
5, 406
5, 407
3,007
63,731
41, 470
41, 472
4,252
3, 568

Stress-pt S9max-t.OoUT
Stress-pt Sth-b.OUT
Stress-pt 9th-m.OUT
Stress-pt 9th-t.OUT
Tank-Coordinates-AP. txt
Tank-Coordinates-AY. txt
Tank-Coordinates. txt
Tank-Meshl. tzt
tank-out.out
Tank-Props-BEC-250.txt
Tank-Props. txt
Tank-th.out
test-th-2d.out
TH-266-Mean-Geo-V.txt
TH-266-Mean-Geo. txt
Waste-solid-AP.Ltxt
Waste-solid-AY.txt

) 450, 453,757 bytes

Directory of C:\Users\Brucei2008-000 PNNLY2008-004 ANSYS\Soil ArchingiCase 3

03/09/2006
03/08/2008
07/01/2005
03/08/2008
Summary.xls
03/08/2008
03/08/2008
08/23/2005
06/08/2005
06/09/2005
09/02/2005
06/23/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/21/2005
08/24/2005
08/24/2005
08/24/2005
09/21/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005b
06/20/2005
04/06/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005
08/24/2005

12
1z
11
04

11
08
03
01
02
10
01
10
10
10
10
08
10
10
10
08
10
10
10
10
09
10
08
08
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

HIR)
116
:43
11

136
114
127
Hs]
128
105
126
106
07
106
106
11
106
106
105
:18
106
105
106
106
:55
106
100
124
Hs]
Hs]
159
Hs]
159
Hs]
159
159
Hs]
159
Hs]
159
159
Hs]
159
Hs]
159
Hs]
Hs]
159
Hs]

PM
PM
AM
PM

AM
AM
PM
PM
PM

AM
PM

<DIR>
<DIR>
159
3,182,080

8,238, 080
818, 6385
5,766

242

350

610

§,149
2,598
30,539,776
53,411, 840
11,993,088
94, 334
§2,116, 608
22,085, 632
260, 462
232, 264
1,467
82,116, 608
547
§2,503, 040
30,474,240
31,850, 496
3,484

§94

4,996
7,050

14, 716

13, 770
4,596
7,050

14, 716

13, 770
4,996
7,050

14, 716

13, 770
4,596
7,050

14, 716

13, 770
4,596
7,050

14, 716

13, 770
4,996

All-Forces. txt
Arching Study, Case 3, Ceonc Tank Seismic Demand

Arching Study, Case 3, Pri Tank Seismic Stress.xls
Arching Study, Case 3, Scll Pressures Gravity.xls
Bolts-friction.txt
Boundary.txt
connections.txt
Contact-3Soil.txt
Far-soil.txt
file.BCS

file.db

file.dbb

file.emat

file.err

file.esav

file.full

file.ldhi

file.lecg

file.mntr

file.osav

file.BVTS

file.r001

file.rdb

file.rst
Footing-Contact.txt
Force-c. txt
Force-c_108amax.0UT
Force-c_108ath.QUT
Force-c 108max.0UT
Force-c_108th.0QUT
Force-c 117amax.OUT
Force-c_117ath.QuUT
Force-c 117max.OUT
Force-c 117th.OUT
Force-c_lZ6amax.OUT
Force-c 12eath.OUT
Force-c_lZeémax.QUT
Force-c 12eth.OUT
Force-c 135amax.0UT
Force-c_135ath.QUT
Force-c 135max.OUT
Force-c_135th.0QUT
Force-c 144amax.0UT
Force-c_144ath.QUT
Force-c_144max.QUT
Force-c 144th.0oUT
Force-c_153amax.0UT
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08/15/2004
05/26/2005
08/24/2005
08/24/2005
07/15/2005
07/21/2005
08/24/2005
05/02/2005
06/07/2005
05/13/2005
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Hs]
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Hs]
Hs]
159
Hs]
159
Hs]
159
159
Hs]
159
Hs]
159
159
Hs]
159
Hs]
159
Hs]
Hs]
159
:59
159
Hs]
159
Hs]
Hs]
159
Hs]
159
Hs]
159
159
Hs]
153
11
137
:18
120
120
21
120
131
105
HIR)
102

e I I A A N A A A N N A AN S AN A N A A RN R N A N RN A RN A N R Y

M&D-2008-004-CALC-01, Revision 0

7,050
14, 716
13, 770

4,996
7,050
14, 716
13, 770
4,996
7,050
14, 716
13, 770
4,596
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4,996
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7,178
14, 716
13, 898
661
516
4,516
288
441, 344
441, 856
1,590
1,430
3,480
689
§52
1,926

Force-c_153ath.QUT
Force-c 153max.0UT
Force-c_153th.0QUT
Force-c_l6Zamax.OUT
Force-c 1l6Z2ath.OUT
Force-c_l6Zmax.QUT
Force-c 1l62th.OUT
Force-c_ 17lamax.0UT
Force-c 171ath.OUT
Force-c 171lmax.OUT
Force-c_ 171th.QUT
Force-c 180amax.OUT
Force-c_180ath.QUT
Force-c 180max.OUT
Force-c 180th.OUT
Force-c_l8amax.QUT
Force-c 1l8ath.OUT
Force-c_l8max.OQUT
Force-c 18th.OUT
Force-c_ Z27amasx.0UT
Force-c_27ath.QUT
Force-c 27max.OUT
Force-c_ 27th.0UT
Force-c 36amax.OUT
Force-c_36ath.OUT
Force-c 3emax.OUT
Force-c_36th.0UT
Force-c_45amax.QUT
Force-c 45ath.0oUT
Force-c_45max.0UT
Force-c 45th.0UT
Force-c_S54amax.QUT
Force-c 54ath.0oUT
Force-c S54max.0OUT
Force-c_54th.0UT
Force-c 63amax.OUT
Force-c_63ath.OQUT
Force-c 63max.OUT
Force-c 63th.OUT
Force-c_ 7Zamax.QUT
Force-c 72ath.OoUT
Force-c_7Zmax.0QUT
Force-c 72th.0UT
Force-c_ 8lamax.QUT
Force-c_8lath.OUT
Force-c 8lmax.OUT
Force-c 81th.OUT
Force-c 90amax.0UT
Force-c_90ath.OQUT
Force-c 90max.OUT
Force-c_S0th.OUT
Force-c_ 99%amax.QUT
Force-c 99%ath.OUT
Force-c_99%max.OQUT
Force-c 99th.OUT
Force-c_Samax.QUT
Force-c 9ath.OUT
Force-c Smax.OUT
Force-c_ Sth.QUT
Force-j bolt.txt
Forcecl. txt
Forces-9.txt
gravity-post.txt
import 0-90.xls
import 95%-180.xls
Insulate.txt
interface-gap.txt
interface-gapl.txt
interface-spr.txt
interface.txt
interfaceZ.t=t
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667
5,714
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4,104
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150, 016
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217

1, 684
1,459
651

647

679
349, 696
350, 720
349, 696
350, 208

interfaceZa.txt
Liner.txt

live load.txt
Near-Soil-1.txt
outer-spar. txt
Primary-Props-AP. txt
Primary-Props-AY. txt
Primary-Props.txt
Primary. txt

QA out

R5-CUT-So0il.txt

RE FREQ. Txt
Run-Tank-Out.out
Run-Tank.txt
scratch.hlp

select.txt

Slave.txt

Soil-Contact 108max.0UT
Soil-Contact 108th.OUT
Soil-Contact 117masx.0UT
Soil-Contact 117th.OUT
Soil-Contact 1Zeémax.OUT
Soil-Contact 126th.0UT
Soil-Contact 135max.OUT
Soil-Contact 135th.0UT
Soil-Contact 144max.OUT
Soil-Contact 144th.0UT
Soil-Contact 153max.0UT
Soil-Contact 153th.0UT
Soil-Contact l6Zmax.0QUT
Soil-Contact 162th.0UT
Soil-Contact 17lmax.0UT
Soil-Ceontact 171th.OUT
Soil-Contact 180max.OUT
Soil-Contact 180th.0UT
Soil-Contact 18max.OUT
Soil-Contact 18th.QUT
Soil-Contact 27max.0UT
Soil-Contact 27th.0UT
Soil-Contact 36max.0UT
Soil-Contact 36th.OUT
Soil-Contact 45max.0UT
Soil-Contact 45th.0UT
Soil-Contact 54max.0UT
Soil-Contact 54th.QUT
Soil-Contact €3max.OUT
Soil-Contact &3th.0UT
Soil-Contact 72max.0UT
Soil-Contact 72th.QUT
Soil-Contact 31lmax.OUT
Soil-Contact 81th.QUT
Soil-Contact 90max.OUT
Soil-Contact S0th.OUT
Soil-Contact 99%max.OUT
Soil-Contact §99th.OUT
Soil-Contact Smax.QUT
Soil-Contact Sth.OoUT
Soil-Prop-Mean-Geo. txt
Soll-Prop-Mean-5W.txt
soil 0-90.x1ls

soil 99-180.xls
Solve-g. txt
Solve-Test.txt
Solve-TH-mean. txt
spectra-soil.txt
spectra-wall.txt
spectra-waste. txt
str-comp 0-90b.xls
str-comp 0-90m.xls
str-comp 0-90t.xls
str-comp 99-180b.xls
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08/24/2005 01:01 BEM 351,232 str-comp_ 99-180m.xls
08/24/2005 01:02 PM 349,696 str-comp 99-180t.xls
08/23/2005 02:52 EM 566 stress-compb.txt
08/23/2005 02:53 EM 566 stress-compm. txt
08/23/2005 02:53 PM 566 stress-compt. txt
04/13/2005 07:38 AM 205 Stress-Primary.txt
07/14/2005 12:58 PM 3, 667 Tank-Coordinates-AP.txt
08/24/2005 08:21 AM 3,666 Tank-Coordinates-AY.txt
07/16/2005 0%:58 AM 3,476 Tank-Coordinates. txt
05/25/2005 03:32 PM 2,512 Tank-Meshl.txt
08/24/2005 09:55 AM 102 tank-out.out
02/25/2005 02:24 PM 5,406 Tank-Props-BEC-250.txt
08/19/2005 10:13 AM 5,407 Tank-Props.txt
08/24/2005 09:55 AM 3,007 Tank-th.out
08/24/2005 10:06 AM 62,674 test-th-2d.out
05/16/2005 03:40 EM 41, 470 TH-Z266-Mean-Geo-V.txt
05/13/2005 10:57 AM 41, 472 TH-Z66-Mean-Geo. txt
08/22/2005 08:37 AM 4,252 Waste-solid-AP.txt
08/22/2005 02:11 PM 3,568 Waste-solid-AY.txt

328 File(s) 450,449,510 bytes

Directory of CivUsersiBrucet2008-000 PMNLA2008-004 ANSYSASoil ArchinghCase 4

03/09/2006 12:16 PM <DIR>
03/09/2006 12:1¢ EM <DIR> e
07/01/2005 11:43 AM 159 All-Forces. txt

03/09/2006 0T7:51 AM 3,181, 568 Arching Study, Case 4, Conc Tank Seismic Demand
Summary.xls

03/05/2006 11:50 AM 8,234,496 Arching Study, Case 4, Pri Tank Seismic Stress.xls
08/23/2005 03:27 EM 5,766 Bolts-friction.txt
06/09/2005 01:59 PM 262 Boundary.txt
06/09/2005 02:28 EM 350 connections.txt
0%9/02/2005 10:05 AM 510 Contact-Soill.txt
06/23/2005 01:26 PM 8,149 Far-Soil.txt
08/24/2005 10:18 AM 2,898 file.BCS

08/23/2005 02:10 PM 30,538,776 file.db

08/24/2005 10:19 AM 30,538,776 file.dbb

08/24/2005 10:19 AM 11,993,088 file.emat
03/09/2006 08:30 AM 94,294 file.err

08/24/2005 10:19 AM 82,116, 608 file.esav
08/24/2005 10:19 AM 22,085,632 file.full
08/24/2005 10:17 AM 260,462 file.ldhi
03/09/2006 08:30 AM 0 file.lock
03/09/2006 11:29 AM 230,502 file.log

08/24/2005 10:19 AM 1,467 file.mntr
08/24/2005 10:17 AM 82,116, 608 file.osav
03/08/2006 09:30 AM 0 file.page
08/24/2005 10:18 AM 547 file.PVTS
08/24/2005 10:19 AM 82,803,040 file.r001
08/24/2005 10:08 AM 30,474,240 file.rdb

08/24/2005 10:19 AM 31,850,496 file.rst

06/20/2005 08:00 AM 3,484 Footing-Contact.txt
04/06/2005 08:24 AM 894 Force-c.txt
08/24/2005 12:00 BEM 4,996 Force-c_l08amax.OUT
08/24/2005 12:00 PM 7,050 Force-c 108ath.oUT
08/24/2005 12:00 BEM 14,716 Force-c_108max.CUT
08/24/2005 12:00 PM 13,770 Force-c 108th.OUT
08/24/2005 12:00 PM 4,996 Force-c 117amax.OUT
08/24/2005 12:00 EM 7,050 Force-c_1ll7ath.CUT
08/24/2005 12:00 PM 14,716 Force-c 117max.CUT
08/24/2005 12:00 EM 13, 770 Force-c_l117th.OUT
08/24/2005 12:00 PM 4,996 Force-c 1Z26amax.OUT
08/24/2005 12:00 PM 7,050 Force-c 126ath.0UT
08/24/2005 12:00 BEM 14,716 Force-c_126max.CUT
08/24/2005 12:00 PM 13,770 Force-c 126th.OUT
08/24/2005 12:00 BEM 4,996 Force-c_135amax.0UT
08/24/2005 12:00 PM 7,050 Force-c 135ath.oUT
08/24/2005 12:00 BEM 14,716 Force-c_135max.CUT
08/24/2005 12:00 EM 13, 770 Force-c_135th.0OUT
08/24/2005 12:00 PM 4,996 Force-c 144amax.OUT
08/24/2005 12:00 EM 7,050 Force-c_l44ath.CUT
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4,996
7,050
14, 716
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Force-c_144max.QUT
Force-c 144th.0oUT
Force-c_153amax.0UT
Force-c_153ath.QUT
Force-c 153max.0UT
Force-c_153th.0QUT
Force-c leZamax.OUT
Force-c_16Z2ath.QUT
Force-c l6Zmax.OUT
Force-c 1l62th.OUT
Force-c_ 17lamax.0UT
Force-c 171ath.OUT
Force-c 17lmax.QUT
Force-c 171th.OUT
Force-c 180amax.OUT
Force-c_180ath.QUT
Force-c 180max.OUT
Force-c_180th.0QUT
Force-c ldamax.OUT
Force-c_18ath.OUT
Force-c_l8max.OQUT
Force-c 18th.OUT
Force-c_ Z27amax.QUT
Force-c 27ath.OUT
Force-c_Z27max.0QUT
Force-c 27th.0UT
Force-c_ 36amax.QUT
Force-c_36ath.OUT
Force-c 3emax.OUT
Force-c_36th.0UT
Force-c 45amax.OUT
Force-c_45ath.0QUT
Force-c 45max.OUT
Force-c 45th.0UT
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1.0 ERROR DESCRIPTION

During checking of the ANSYS model, a number of errors were identified. Because the
full transient analyses had been performed prior to identifying the errors, a check of the
impacts of the errors is performed in lieu of re-running the transient analyses.

The identified errors are as follows:

Concrete Tank is 8 inches short (Total Height = 580 inches)

Primary Tank is 8 inches short (Total Height = 570 inches)

Damping for waste to primary contacts set at 7% instead of 0%

Liner element under insulating concrete have incorrect material properties

(Concrete instead of steel)

Concrete Material No. 29 has incorrect density (3894 Ibs/ft’ instead of 394 1bs/ft3)

e Concrete Material Nos. 31 and 32 have incorrect density (150 Ibs/ft’ instead of
411 1bs/ft’ and 252 1bs/ft’ for Nos. 31 and 32 respectively)

¢ Concrete elements in floor have taper rotated 90 degrees

¢ Primary Tank elements in floor have thickness of (.44 inches instead of
0.31 inches

e Primary Tank, first row of elements above knuckles have thickness of 0.69 inches
instead of 0.815 inches

¢ FElastic Modulus for soil material properties (No. 901, Upper Bound Soil) are

incorrect (approximately 0.04%)

2.0 CORRECTIONS

To evaluate the impact of the errors identified above, corrections were made to the
appropriate input files. The gravity only case was then re-run for the UBS case.
Corrected files are included in this appendix.

3.0 EVALUATION

A comparison has been made between the corrected model and the results included in this
calculation to evaluate the significance of the errors. The errors affect the concrete tank,
primary tank, and secondary liner, therefore, the results for these components have been
evaluated.

4.0 CONCRETE TANK

Figure 4-1 through Figure 4-6 provide the comparison between the fixed model and the
model used for the transient analysis. As can be seen in the figures, there are only small
differences between the analysis model and the corrected model. The largest differences
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appear in the in-plane shear forces, but the magnitudes are small, therefore, even small
differences in values appear larger when plotted. Table 4-1 provides the values for
concrete forces and moments for the corrected model.

Figure 4-1. Comparison of Concrete Hoop Forces, UBS-BEC vs. UBS-BEC-FIXED,
Gravity Load Only
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Figure 4-2. Comparison of Concrete Meridional Forces, UBS-BEC vs. UBS-BEC-
FIXED, Gravity Load Only
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Figure 4-3. Comparison of Concrete Hoop Moments, UBS-BEC vs. UBS-BEC-
FIXED, Gravity Load Only
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Figure 4-4. Comparison of Concrete Meridional Moments, UBS-BEC vs. UBS-
BEC-FIXED, Gravity Load Only
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Figure 4-5. Comparison of Concrete In-Plane Shear Forces, UBS-BEC vs. UBS-
BEC-FIXED, Gravity L.oad Only
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Figure 4-6. Comparison of Concrete Through-Wall Shear Forces, UBS-BEC vs.
UBS-BEC-FIXED, Gravity Load Only
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Table 4-1. Concrete Forces and Moments for UBS-BEC-FIXED, Gravity Only

AY Primary Tank, Upper Bound Soil (Geomatrix), Gravity Only, Best
Estimate Concrete, 422 in. Waste Level at 1.7 SpG FIXED

ANSYS MAXIMUMS BY PATH
Gravity Gravity -In- | Gravity Hoop Gravity
Gravity Hoop Meridonal Plane Shear Moment Gravity Meridonal | Through-Wall
PNNL Force (Kip/ft) | Force (kip/ft) | Force (kip/ft) | (ft*kip/it) AY- | Moment (ft*kip/ft) | Shear Force
Section AY-UBS-BEC | AY-UBS-BEC | AY-UBS-BEC UBS-BEC AY-UBS-BEC  |(kip/ft} AY-UBS|
No. Path (in.) FIXED FIXED FIXED FIXED FIXED BEC FIXED
2 67.727 -68.650 -73.900 -0.095 -8.993 -5.788 .074
3 105.668 -61.580 -71.840 -0.081 -6.464 -2.598 361
4 137.069 -54.460 -69.380 -0.122 -4.610 0.277 536
[ 182.840 -45.980 -65.460 -0.158 -2.763 2.359 78
8 226.563 -38.670 0 -0.06 -1.823 1.553 0.481
9 275.566 .100 0 -0.07! -1.663 0.053 0.555
11 325.690 -25.680 .330 -0.04 -1.834 -2.662 0.558
13 372.305 -16.450 S 0 -0.10 -3.837 -3.000 0.110
17 423.427 -6.637 -51.620 -0.139 -1.395 -0.215 2135
20 468.308 23.600 -49.560 -0.156 -4.694 15.970 7.080
22 515.312 9.008 -49.430 -0.106 3.998 24.330 3.967
24 549.725 -2.936 -47.240 -0.062 1.338 7.303 5.649
26 85.819 -12.990 -48.730 -0.041 -0.259 -1.431 0.868
30 36.369 -19.080 -50.280 -0.029 -0.244 -1.357 0.674
33 85.619 -21.210 -51.490 -0.022 -0.008 -0.042 0.049
35 32.719 -23.750 -52.800 0.016 0.018 0.100 0.039
38 778.219 -21.300 -54.050 0.012 -0.114 -0.630 0.130
41 821.369 -21.710 -56.670 -0.01 0.002 0.021 0.085
43 874.169 -13.730 -33.250 -0.00 -0.355 -1.960 0.368
4 930.544 -27.170 -57.790 0.083 -0.827 -4.218 480
4 977.629 -1.437 -8.598 .587 -2.256 11.250 A8:
019.647 -0.216 -13.540 104 852 11.220 34
060.156 0.01 -2.827 215 097 0.436 1.75:
55 109.685 2.43 -1.304 310 -0.063 -0.636 0.52
7 55.770 0.810 0.295 050 0.014 0.051 167
56 11.956 1.476 1.112 .037 -0.016 -0.127 3
281.707 1.247 1.164 013 0.031 0.126 0
30.557 1.207 1.150 .010 -0.003 -0.031 7
1 74.857 0.992 1.212 -0.024 0.008 0.025 . 230
62 17.007 1.700 1.614 0.028 -0.031 0.033 220
Note: Mend ioop Forces and Merd: Hoop M are Reversed in Highlighted Sections.
M&D Professional Services Confidential AY-2D-NL-UBS-BEC Conc Tank Demand Gravity-FIXED.xls, FM Max FIXED
1/18/2006 Page 1
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41 PRIMARY TANK

Figure 4-7, Figure 4-8, and Figure 4-9 provide the comparison between the fixed model
and the model used for the transient analysis. As can be seen in the figures, there are
only small differences between the analysis model and the corrected model. Table 4-2,
Table 4-3, and Table 4-4 provide the values for primary tank stresses for the corrected
model.

Figure 4-7. Comparison of Primary Tank Hoop Stresses, Mid-Plane, UBS-BEC vs.
UBS-BEC-FIXED, Gravity Load Only
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Figure 4-8. Comparison of Primary Tank Meridional Stresses, Shell Top, UBS-
BEC vs. UBS-BEC-FIXED, Gravity Load Only
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Figure 4-9. Comparison of Primary Tank Meridional Stresses, Shell Bottom, UBS-
BEC vs. UBS-BEC-FIXED, Gravity Load Only
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Table 4-2. Primary Tank Stresses, Shell Top, UBS-BEC-FIXED, Gravity Only

M&D-2008-004-CALC-01, Rev. 0

AY Primary Tank, Upper Bound Soil, Gravity Input, Best Estimate Tank Concrete,
422 in. Waste Level at 1.7 SpG FIXED

Shell Top Surface (inside - waste side

M&D AY-NL-UBS-BEC
Starting AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC FIXED Gravity Only
M&D FIXED Gravity Only | FIXED Gravity Only | FIXED Gravity Only [FIXED Gravity Only In|FIXED Gravity Only In|  Thru-Thickness
Element Hoop Stress Meridional Stress Stress Intensity Plane Shear Stress | Plane Shear Force Shear Stress

No. Path (in.) (Ibs/inA2) Top {Ibs/inA2) Top (Ibs/inA2) Top (Ibs/inA2) Top Stress (Ibs/inA2) Top (Ibs/inA2) Top

762 67.33 -1798.61 0.00 1798.61 -2.88 7.82 -0.14

782 105.04 -1753.47 -2611.11 2611.11 -2.46 -18.97 0.03

802 136.24 -1583.33 -2154.86 2155.56 -4.43 15.74 -0.01

822 181.71 -1121.53 -2112.50 2112.50 5.41 -1.24 0.02

842 225.10 -958.33 -1561.11 1561.11 -2.25 -10.22 -0.10

862 273.66 -503.13 -1474.31 1474.31 -5.64 6.47 0.02

882 323.27 -255.21 -993.06 993.75 -4.65 -20.74 -0.02

902 369.20 228.75 -740.97 956.25 -3.57 6.40 -0.03

922 419.20 872.22 -429.65 1299.31 -3.81 -11.06 -0.03

942 444.11 585.76 -69.93 657.92 -3.34 12.92 0.05

962 471.06 169.44 1131.94 1131.94 -1.52 -15.04 0.11

982 503.51 1159.72 -19.55 1178.47 -1.29 -7.58 -0.01

1002 527.76 2979.86 -257.78 3238.19 -1.35 -13.18 0.00

1022 554.76 4019.44 295.14 4019.44 -0.99 -8.53 0.00

1042 582.26 5620.83 -123.33 5744.44 -0.94 -6.97 0.00

1062 609.26 7333.33 72.08 7333.33 -0.95 -7.79 0.00

1082 636.26 8979.17 -222.64 9201.39 -0.99 -10.22 0.00

1102 663.26 10458.33 302.57 10458.33 -1.05 0.23 0.00

1122 688.61 12388.89 -361.67 12750.00 -1.13 3.28 0.00

1142 711.96 13819.44 55.76 13826.39 -1.16 -5.64 0.01

1162 734.96 15319.44 72.50 15319.44 -1.41 -6.64 0.01

1182 757.91 15388.89 -1768.75 17152.78 -1.41 -8.86 0.01

1202 782.81 12791.67 2127.08 12791.67 -0.97 -17.80 0.01

1222 809.76 12423.61 -245.49 12666.67 -0.67 -6.64 0.02

1242 836.76 13798.61 -69.51 13868.06 -0.87 -5.18 0.02

1262 863.76 14541.67 -489.72 15034.72 -0.93 -7.31 -0.04

1282 889.76 11597.22 -3459.72 15055.56 2.08 -10.00 0.14

1302 906.85 3431.94 -9770.83 13201.39 7.13 136.04 0.94

1322 916.04 3638.89 5704.86 5748.61 -7.73 355.76 2.29

1342 934.63 3047.92 8631.94 8666.67 -443.13 7.88 -97.22

1362 974.63 154.51 -763.19 925.69 74.38 -1.90 23.98

1382 1040.78 822.92 1498.61 1503.47 -55.23 1.20 -15.17

1402 1110.53 163.89 -672.22 838.89 67.31 -1.76 22.20

M&D Professional Services Confidential AY-2D-NL-UBS-BEC Pri Tank Stress Gravity FIXED.xls, Stress Max FIXED
3/8/2006 Page 1
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Table 4-3. Primary Tank Stresses, Shell Middle, UBS-BEC-FIXED, Gravity Only

Mé&D-2008-004-CALC-01, Rev. 0

AY Primary Tank, Upper Bound Soil, Gravity Input, Best Estimate Tank Concrete,
422 in. Waste Level at 1.7 SpG FIXED

Shell Mid-Plane

M&D AY-NL-UBS-BEC
Starting AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC FIXED Gravity Only
M&D FIXED Gravity Only | FIXED Gravity Only | FIXED Gravity Only |FIXED Gravity Only In|FIXED Gravity Only In|  Thru-Thickness
Element Hoop Stress Meridional Stress Stress Intensity Plane Shear Stress Plane Shear Force Shear Stress

No. Path (in.) {Ibs/inA2) Mid (Ibs/in22) Mid (Ibs/in*2) Mid (Ibs/inA2) Mid Stress (Ibs/in*2) Mid (Ibs/in*2) Mid

762 67.33 1877.78 -1921.53 1921.53 2.47 7.82 -0.14

782 105.04 -1740.97 -2488.19 2488.19 -2.18 18.97 0.03

802 136.24 -1646.53 -2306.94 2306.94 -4.11 15.74 -0.01

822 181.71 -1104.17 -2015.28 2015.28 -4.88 -1.24 0.02

842 225.10 -1016.67 -1732.64 1732.64 -2.06 10.22 -0.10

862 273.66 -493.19 -1419.44 1420.14 -5.23 6.47 0.02

882 323.27 -279.72 -1063.19 1063.89 -4.49 20.74 -0.02

902 369.20 220.14 -752.08 957.64 3.56 6.40 -0.03

922 419.20 891.67 -356.18 1245.14 -3.76 11.06 -0.03

942 444.11 614.38 20.01 621.32 -3.23 12.92 0.05

962! 471.06 -183.96 15.86 208.89 1.64 15.04 0.11

982 503.51 1167.36 10.01 1171.53 1.20 -7.58 0.01

1002 527.76 3057.64 3.37 3069.44 1.34 13.18 0.00

1022 554.76 3929.17 -5.72 3940.97 0.95 -8.53 0.00

1042 582.26 5653.47 13.53 5670.14 0.95 -6.97 0.00

1062 609.26 7305.56 21.31 7326.39 0.96 -7.79 0.00

1082 636.26 9041.67 -29.21 9069.44 0.99 -10.22 0.00

1102 663.26 10361.11 -37.18 10395.83 1.07 0.23 0.00

1122 688.61 12479.17 -44.72 12527.78 1.13 3.28 0.00

1142 711.96 13791.67 51.47 13840.28 1.15 -5.64 0.01

1162 734.96 15277.78 58.42 15340.28 1.15 -6.64 0.01

1182 757.91 15895.83 65.43 15965.28 1.35 -8.86 0.01

1202 782.81 12138.89 47.64 12194.44 0.85 17.80 0.01

1222 809.76 1247917 55.63 12534.72 -0.74 -6.64 0.02

1242 836.76 13798.61 63.57 13861.11 -0.84 -5.18 0.02

1262 863.76 14666.67 -71.11 14743.06 -0.93 -7.31 -0.04

1282 889.76 12618.06 -67.93 12687.50 2.04 10.00 0.14

1302 $06.85 6227.08 -89.03 6414.58 5.85 136.04 0.94

1322 916.04 1667.36 88.54 1981.25 -6.16 355.76 2.29

1342 934.63 482.99 304.03 512.78 16.88 7.88 -97.22

1362 974.63 618.40 766.67 768.75 -13.85 -1.90 23.98

1382] 1040.78 539.24 568.96 569.86 -3.52 1.20 -15.17

1402] 1110.53 520.35 528.06 529.72 -1.79 -1.76 22.20

M&D Professional Services Confidential AY-2D-NL-UBS-BEC Pri Tank Stress Gravity FIXED.xls, Stress Max FIXED
3/8/2006 Page 2
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Table 4-4. Primary Tank Stresses, Shell Bottom, UBS-BEC-FIXED, Gravity Only

M&D-2008-004-CALC-01, Rev. 0

AY Primary Tank, Upper Bound Soil, Gravity Input, Best Estimate Tank Concrete,
422 in. Waste Level at 1.7 SpG FIXED

Shell Bottom Surface (outside - away from waste)

M&D AY-NL-UBS-BEC
Starting AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC FIXED Gravity Only
M&D FIXED Gravity Only | FIXED Gravity Only | FIXED Gravity Only |FIXED Gravity Only In|FIXED Gravity Only Ini  Thru-Thickness
Element Hoop Stress Meridional Stress Stress Intensity Plane Shear Stress Plane Shear Force Shear Stress

No. Path (in.) (Ibs/in"2) Bot (Ibs/in"2) Bot (Ibs/in~2) Bot (Ibs/in*2) Bot Stress (Ibs/in~2) Bot (Ibs/inA2) Bot

762 67.33 -1962.50 -2072.92 2072.92 -3.79 7.82 -0.14

782 105.04 -1727.78 -2365.97 2366.67 -2.39 -18.97 0.03

802 136.24 -1709.72 -2459.03 2459.03 -3.80 15.74 -0.01

822 181.71 -1086.11 -1917.36 1917.36 -4.47 -1.24 0.02

842 225.10 -1075.00 -1905.56 1905.56 -1.88 -10.22 -0.10

862 273.66 -483.75 -1365.28 1365.28 -4.82 6.47 0.02

882 323.27 -304.24 -1133.33 1134.03 -4.33 -20.74 -0.02

902 369.20 211.53 -763.19 959.72 3.55 6.40 -0.03

922 419.20 911.81 -282.99 1191.67 -3.71 -11.06 -0.03

942 444.11 642.99 107.15 644.51 -3.12 12.92 0.05

962 471.06 -518.75 -1100.00 1100.69 -1.80 -15.04 0.11

982 503.51 1175.00 39.32 1176.39 -1.31 -7.58 -0.01

1002 527.76 3135.42 262.85 3136.11 -1.32 -13.18 0.00

1022 554.76 3839.58 -304.65 4144.44 -0.92 -8.53 0.00

1042 582.26 5686.81 97.85 5687.50 -0.96 -6.97 0.00

1062 609.26 7277.78 -113.13 7388.89 -0.97 -7.79 0.00

1082 636.26 9097.22 166.46 9097.22 -1.00 -10.22 0.00

1102 663.26 10256.94 -374.79 10631.94 -1.09 0.23 0.00

1122 688.61 12576.39 274.93 12576.39 -1.13 3.28 0.00

1142 711.96 13756.94 -156.46 13916.67 -1.21 -5.64 0.01

1162 734.96 15243.06 -185.97 15423.61 -1.21 -6.64 0.01

1182 757.91 16409.72 1640.97 16409.72 -1.28 -8.86 0.01

1202 782.81 11486.11 -2220.14 13708.33 -0.74 -17.80 0.01

1222 809.76 12541.67 138.33 12541.67 -0.83 -6.64 0.02

1242 836.76 13798.61 -57.61 13861.11 -0.80 -518 0.02

1262 863.76 14791.67 351.81 14791.67 -1.18 -7.31 -0.04

1282 889.76 13631.94 3323.61 13631.94 -2.05 -10.00 0.14

1302 906.85 9027.78 9590.28 9597.22 4.56 136.04 0.94

1322 916.04 -313.89 -5527.78 5573.61 -4.59 355.76 2.29

1342 934.63 -2091.67 -8027.78 8062.50 472.92 7.88 -97.22

1362 974.63 1084.03 2290.97 2298.61 -97.43 -1.90 23.98

1382] 1040.78 256.67 -367.01 628.40 50.90 1.20 -15.17

1402] 1110.53 881.25 1720.83 1726.39 -68.49 -1.76 22.20

M&D Professional Services Confidential AY-2D-NL-UBS-BEC Pri Tank Stress Gravity FIXED.xls, Stress Max FIXED
3/8/2006 Page 3
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4.2 SECONDARY LINER

Figure 4-10, Figure 4-11 and Figure 4-12 provide the comparison between the fixed
model and the model used for the transient analysis. As can be seen in the figures, there
are only small differences between the analysis model and the corrected model. Table
4-5, Table 4-6, and Table 4-7 provide the values for secondary liner strains for the
corrected model.

Figure 4-10. Comparison of Secondary Liner Hoop Strains, Shell Mid-Plane, UBS-
BEC vs. UBS-BEC-FIXED, Gravity Load Only
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Figure 4-11. Comparison of Secondary Liner Merdional Strains, Shell Top, UBS-
BEC vs. UBS-BEC-FIXED, Gravity Load Only
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Figure 4-12. Comparison of Secondary Liner Meridional Strains, Shell Bottom,
UBS-BEC vs. UBS-BEC-FIXED, Gravity Load Only
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Table 4-5. Secondary Liner Strains, Shell Top, UBS-BEC-FIXED, Gravity Only

M&D-2008-004-CALC-01, Rev. 0

AY Secondary Liner, Upper Bound Soil, Gravity Only, Best Estimate Tank Concrete, 422 In
Waste Level at 1.7SpG

Shell Top Surface (inside - towards waste) Gravity

Ma&D AY-NL-UBS-BEC
Starting AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC FIXED Thru-
M&D AY-NL-UBS-BEC FIXED Meridional FIXED Strain FIXED In-Plane Shear|FIXED In-Plane Shear| Thickness Shear
Element FIXED Hoop Strain | Strain (in/in) Gravity Intensity (in/in) Strain (in/in) Gravity | Force Strain (in/in) | Strain (in/in) Gravity
No. Path (in.) | (in/in) Gravity Top Top Gravity Top Top Gravity Top Top
2062 19.00 5.82E-05 2.30E-04 3.53E-04 1.07E-07 3.17E-08 8.81E-10
2052 49.28 3.42E-05 3.91E-06 5.11E-05 1.41E-06 1.43E-05 7.47E-07
2042 64.15 1.28E-05 3.11E-05 5.04E-05 1.40E-05 1.98E-05 8.76E-06
2032 72.29 2.52E-05 2.04E-04 2.81E-04 1.24E-05 2.14E-05 8.90E-06
2022 96.32 2.09E-06 3.63E-05 5.28E-05 4.15E-06 2.88E-06 2.05E-07
1916 129.82 3.54E-06 8.98E-05 1.27E-04 4.30E-07 3.29E-06 7.11E-08
1906 169.82 6.74E-06 2.15E-05 3.31E-05 9.92E-07 1.46E-06 1.58E-08
1896 235.97 7.68E-06 1.94E-05 2.70E-05 5.08E-07 9.62E-07 5.05E-09
1886 305.72 8.94E-06 3.16E-05 4.90E-05 7.30E-07 1.46E-06 1.90E-09
1876 379.62 1.26E-05 3.16E-05 4.13E-05 6.31E-07 2.37E-06 4.84E-09
1866 441.02 9.80E-06 3.79E-05 5.83E-05 7.11E-07 1.99E-06 8.20E-09
1856 487.97 1.27E-05 3.29E-05 4.37E-05 2.84E-06 3.50E-06 6.65E-08
M&D Professional Services Confidential AY-2D-NL-UBS-BEC Liner Strain Gravity FIXED.xls, Strain Max FIXED
1/18/2006 Page 1
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Table 4-6. Secondary Liner Strains, Shell Mid-Plane, UBS-BEC-FIXED, Gravity Only

AY Secondary Liner, Upper Bound Soil, Gravity Only, Best Estimate Tank Concrete, 422 In
Waste Level at 1.7SpG

Shell Mid-Plane
M&D AY-NL-UBS-BEC
Starting AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC FIXED Thru-
M&D AY-NL-UBS-BEC FIXED Meridional FIXED Strain FIXED In-Plane Shear|FIXED In-Plane Shear| Thickness Shear
Element FIXED Hoop Strain | Strain (in/in) Gravity Intensity (in/in) Strain (in/in) Gravity [ Force Strain (in/in) | Strain (in/in) Gravity

No. Path (in.) (in/in) Gravity Mid Mid Gravity Mid Mid Gravity Mid Mid

2062 19.00 5.82E-05 2.31E-04 3.55E-04 1.09E-07 3.17E-08 8.81E-10

2052 49.28 3.40E-05 4.47E-06 5.15E-05 1.01E-06 1.43E-05 7.47E-07

2042 64.15 1.19E-05 1.84E-05 3.51E-05 5.35E-06 1.98E-05 8.76E-06

2032 72.29 2.46E-05 2.89E-05 5.64E-05 4.95E-06 2.14E-05 8.90E-06

2022 96.32 2.12E-06 1.56E-05 2.17E-05 3.79E-06 2.88E-06 2.05E-07

1916 129.82 3.49E-06 2.15E-05 2.94E-05 3.66E-07 3.29E-06 7.11E-08

1906 169.82 6.59E-06 1.41E-05 2.00E-05 9.29E-07 1.46E-06 1.58E-08

1896 235.97 7.62E-06 2.31E-06 1.18E-05 6.24E-07 9.62E-07 5.05E-09

1886 305.72 8.92E-06 4.29E-06 1.45E-05 6.74E-07 1.46E-06 1.90E-09

1876 379.62 1.26E-05 8.50E-06 2.14E-05 5.70E-07 2.37E-06 4.84E-09

1866 441.02 9.87E-06 8.86E-06 1.77E-05 5.91E-07 1.99E-06 8.20E-09

1856 487.97 1.25E-05 1.06E-05 2.32E-05 2.61E-06 3.50E-06 6.65E-08

M&D Professional Services Confidential AY-2D-NL-UBS-BEC Liner Strain Gravity FIXED.xls, Strain Max FIXED
1/18/2006 Page 2
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Table 4-7. Secondary Liner Strains, Shell Bottom, UBS-BEC-FIXED, Gravity Only

AY Secondary Liner, Upper Bound Soil, Gravity Only, Best Estimate Tank Concrete, 422 In
Waste Level at 1.7SpG

Shell Bottom Surface (outside - away from waste) Gravity
M&D AY-NI-UBS-BEC
Starting AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC FIXED Thru-
M&D AY-NL-UBS-BEC FIXED Meridional FIXED Strain FIXED In-Plane Shear|FIXED In-Plane Shear| Thickness Shear
Element FIXED Hoop Strain | Strain (in/in) Gravity Intensity (in/in) Strain (in/in) Gravity | Force Strain (in/in) | Strain (in/in) Gravity

No. Path (in.) (in/in) Gravity Bot Bot Gravity Bot Bot Gravity Bot Bot

2062 19.00 5.82E-05 2.33E-04 3.58E-04 1.11E-07 3.17E-08 8.81E-10

2052 49.28 3.38E-05 6.61E-06 5.24E-05 1.34E-06 1.43E-05 7.47E-07

2042 64.15 1.11E-05 6.62E-05 9.92E-05 3.33E-06 1.98E-05 8.76E-06

2032 72.29 2.41E-05 1.50E-04 2.25E-04 3.19E-06 2.14E-05 8.90E-06

2022 96.32 2.15E-06 6.72E-05 9.53E-05 3.43E-06 2.88E-06 2.05E-07

1916 129.82 3.43E-06 4.72E-05 6.89E-05 3.78E-07 3.29E-06 7.11E-08

1906 169.82 6.43E-06 4.94E-05 6.82E-05 8.66E-07 1.46E-06 1.58E-08

1896 235.97 7.60E-06 2.34E-05 3.66E-05 7.54E-07 9.62E-07 5.05E-09

1886 305.72 8.91E-06 2.33E-05 3.22E-05 7.09E-07 1.46E-06 1.90E-09

1876 379.62 1.26E-05 4.85E-05 7.34E-05 6.27E-07 2.37E-06 4.84E-09

1866 441.02 1.00E-05 2.13E-05 3.13E-05 8.98E-07 1.99E-06 8.20E-09

1856 487.97 1.23E-05 5.14E-05 7.76E-05 2.72E-06 3.50E-06 6.65E-08

M&D Professional Services Confidential AY-2D-NL-UBS-BEC Liner Strain Gravity FIXED.xIs, Strain Max FIXED
1/18/2006 Page 3
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Based on a comparison of the results of the model used for analysis and the corrected
model, the differences are insignificant. Therefore, the results presented in this
calculation are acceptable for further evaluation of the DST without correction or

modification.

6.0 CORRECTED FILES

Liner.txt

kgel, u, kp,, all
active Keypoints
asel,u,area,,all
active Areas
vsel,u,volu, ,all
active Volumes

ksel, s, kp,,1,ct_kps, ct_kps-1 !
Keypoints for axis of rotation

egel,n,elem,,all
lgsel,u,line, ,all

et,Z2]l,combinld,, 1
et,22,combinld,, 2
et,23,combinld,, 3

r,201,1e8
r,202,1e8
r, 203, 1e8

r,51,0.25/12

cmsel, g, insul-vol
aslv
asel, r,loc, z,ctz{ct kps)

mat, 101
type, 1
real, 51
amesh, all

k, kmaxic+l, ctx (bm kp+3),
k, kmaxic+2, ctx (bm kp)-1,
k, kmaxic+3, ctx (bm_kp) -

0.2929,0,ctz (bm kp)+0.2529

Clear

Clear

Clear

Activate

ctz (bm kp+3)
otz (bm kp)

k, kmaxic+4, ctx (bm_kp),0,ctz(bm kp)+1
k, kmaxic+5, ctx (bm kp-1},0, ctz (bm kp-1)
k, kmaxic+6, ctx (bm_kp-2),0, ctz (bm_kp-2)

1, kmaxic+l, kmaxic+2
1, kmaxic+2, kmaxic+3
1, kmaxic+3, kmaxic+4
1, kmaxic+4, kmaxic+h
1, kmaxic+5h, kmaxic+é

arotat,all,,,,,,1,ct_kps,180,2

cm, liner-lines, 1ine
aatt,1l0l,51,1

lsel, r,loc, ¥, ctx (bm_kp)

lesize,all, ,arcsize
cmsel, s, liner-lines

lsel, r,loc, ¥, ctx({bm kp+3)
lesize,all, ,arcsize
cmsel, s, liner-1ines

lsel, r,loc, ¥, ctxibm kp) -1
lesize,all, ,arcsize
cmsel, s, liner-1ines

lsel, r,loc, ¥, ctx(bm _kp)-0.2929
legize,all, ,arcsize

amesh, all
nsle
nummrd, node

cm, liner, elem
nsle

nsel, r,loc, ¥, ctx(bm kp+3), ctx(bm_kp) -1

cpint,uz,3.5
cmsel, s, liner
nsle

nsel, r,loc, z,cte(bm kp-1), ctz (bm_kp)+1

cpintf,ux, 3
cpintf,uy, 3

allsgel
nsel, s, loc, ¥, ¢ctx(bm_kp)

ngel, r,loc, 2z, ctz{bm kp-2},ctz (bm kp-1)

cm, liner-wall, node
egel, none

JCOM - Merge liner and concrete
numnrg, node

allsel

*get, KMAX1, KP, 0, num, masx !
maximum Keypolint Number

*get, LMAX1, LINE, O, num, masx !
maximum Line Number

*get, AMAX1, ARER, 0, num, masx !
maximum Area Number

*get, VMRX1, VOLU, 0, num, max !
maximum Volume MNumber
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Soil-Props-UB-Geo.txt

Tanksoil=9
deepsoil=20
soil radius=320
mass=1e8

*dim, goilx, , 30
*dim, soilz,, 30

sollz({l)=0

sollz (2)=-5

s0l1lz (3)=ctz(9)
sollz(d)=ctz(12)

sollz (b)) =ctz(l4)
sollz(6)=ctz(lE)

sollz (T)=ctz(18)

sollz (8)=ctz(20)
sollz(9)=ctz(23)

011z (10)=-73.5
goilz{11)=-90.5
so0ilz(12)=-106.5
goilz{13)=-123.5
goilz{14)=-139.5

soilz (15)=-15%
gollz{16)=-178

s0llz (17)=-200

sgollz {18)=-222
s0ilz(19)=-244

s0llz (20)=-26%4

s0l1lx({9) =

sollx(8) 501lx(9) {g0ilz
sollx({7)=s01lx(9)-(gsoilz
sollx(6)==s0i1lx{9) -{=z0il=z
s0l1lx(5)=s0l1lx(9)-(gsoilz
sollx{4)=s0l1lx(9)-(soilz
sollx(3)==s0i1lx{9) -{=g0il=z
sollx{2)=s01lx(9)-(gsoilz
sollx{l)=s0ilx{9) -{=z0il=z

Mé&D-2008-004-CALC-01, Rev. 0

/COM Excavated Soil Properties

JCOM - Material 801, Soil
mp, ex,801,18*%144

mp, nuxy, 801, 0.27

mp, dens, 801,125/ ({1000*g)
mp, damp, §01,0.017/4f

JCOM - Material 802, Soil
mp,ex,802,22.5%144

mp, nuxy, 802, 0.27

mp, dens, 802,125/ ({1000%q)
mp, damp, 802, 0.027/dEf

JCOM - Material 803, Soil
mp, ex, 803, 29.25%144

mp, nuxy, 803, 0.27

mp, dens, 803,125/ ({1000*g)
mp, damp, 8§03, 0.039/d4f

JCOM - Material 804, Soil
mp,ex,804,36%144

mp, nuxy, 804, 0,27

mp, dens, 804,125/ ({1000%q)
mp, damp, 804, 0.031/dEf

-=g0ilz(8)) /1.5
-gollziTiy /1.5
—goilz({6)) /1.5
-gollztih)y /1.5
-gollzid)y /1.5
-g0ilz(3))/1.5
-gollzi2)) /1.5
—go0ilz(l)) /1.5

{Top Laver)

JCOM - Material 805, Soil
mp, ex, 805,42%144

mp, nuxy, 805, 0.27

mp, dens, 805,125/ {1000*g)
mp, damp, 8§05, 0.035/d4f

JCOM - Material 806, Soil
mp,ex,806,48.75%144

mp, nuxy, 806, 0.27

mp, dens, 806,125/ ({1000%q)
mp, damp, 806, 0.042/dEf

JCOM - Material 807, Soil
mp, ex,807,55.5%144

mp, nuxy, 807, 0.27

mp, dens, 807,125/ {1000*g)
mp, damp, §07,0.047 /4f

JCOM - Material 808, Soil
mp, ex, 808, 60*%144

mp, nuxy, 808, 0.27

mp, dens, 808,125/ ({1000%*q)
mp, damp, 808, 0.037/dEf

JCOM - Material 810, Soil
mp,ex, 810,250

mp, nuxy, 810, 0,27

mp, dens, 810,125/ {1000*g)
mp, damp, §10,0.037/d4f

JCOM - Material 811, Soil
mp,ex,811,15131

mp, nuxy, 811, 0.27

mp, dens, 811,125/ {1000%*q)
mp, damp, 811, 0.017/dEf

JCOM - Material 812, Soil
mp,ex,812,14108

mp, nuxy, 812, 0.27

mp, dens, 812,125/ ({1000*g)
mp, damp, §12,0.027/4f

JCOM - Material 813, Soil
mp,ex,813,12816

mp, nuxy, 813, 0.27

mp, dens, 813,125/ ({1000%*q)
mp, damp, 813, 0.039/df

JCOM - Material 814, Soil
mp,ex,814,13186

mp, nuxy, 814, 0,27

mp, dens, 814,125/ ({1000*g)
mp, damp, §14,0.031/4f

JCOM - Material 815, Soil
mp,ex,815,12714

mp, nuxy, 815, 0.27

mp, dens, 815,125/ {1000%*q)
mp, damp, 815, 0.035/dEf

JCOM - Material 816, Soil
mp,ex,816,12059

mp, nuxy, 816, 0.27

mp, dens, 816,125/ {1000*g)
mp, damp, §16,0.042/4f

JCOM - Material 817, Soil
mp,ex,817,11562

mp, nuxy, 817, 0.27

mp, dens, 817,125/ {1000%*q)
mp, damp, 817, 0.047/dEf
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JCOM - Material 818, Soil
mp,ex,818,12357

mp, nuxy, 818, 0,27

mp, dens, 818,125/ {1000%*q)
mp, damp, 818, 0.037/dEf

JCOM - Upper Bound Scoil Properties
Geomatrix Soil Data

/COM - 19 Layer Mode

JCOM - Material Definitions

JCOM - Material %01, Soil
mp, ex, 901, 24811

mp, nuxy, 901, 0.24

mp, dens, 901,110/ {1000*q)
mp, damp, 901, 0.016/dEf

{Top Layer)

JCOM - Material 902, Soil
mp,ex, 902,23826

mp, nuxy, 902, 0.24

mp, dens, 902,110/ {1000*g)
mp, damp, 902,0.022/d4f

JCOM - Material 903, Soil
mp,ex,903,22986

mp, nuxy, 903, 0.24

mp, dens, 903,110/ {1000%*q)
mp, damp, 903, 0.027/dEf

JCOM - Material 904, Soil
mp, ex, 904, 23271

mp, nuxy, 904, 0.24

mp, dens, 904,110/ {1000*g)
mp, damp, 904,0.022/d4f

/COM - Material 905, Soil
mp, ex, 905, 21584

mp, nuxy, 905, 0.19

mp, dens, 905,110/ {1000*q)
mp, damp, 905, 0.026/dEf

JCOM - Material 906, Soil
mp,ex, 906, 24488

mp, nuxy, 906,0.19

mp, dens, 906,110/ {1000%q)
mp, damp, 906, 0.027/df

JCOM - Material 907, Soil
mp,ex, 907,27725

mp, nuxy, 907, 0.19

mp, dens, 907,110/ {1000%*q)
mp, damp, 907, 0.028/dEf

JCOM - Material 908, Soil
mp,ex, 908,32629

mp, nuxy, 908, 0.19

mp, dens, 908,110/ {1000*g)
mp, damp, 908, 0.022/d4f

JCOM - Material 909, Soil
mp, ex, 909, 36376

mp, nuxy, 909, 0.19

mp, dens, 909, 110/ {1000%*q)
mp, damp, 909, 0.022/dEf

JCOM - Material 910, Soil
mp,ex,910,35784

mp, nuxy, 910,0.19

mp, dens, 910,110/ {1000*g)

mp, damp, 910, 0.024/df

JCOM - Material 911, Soil
mp,ex,911,35374

mp, nuxy, 911, 0.19

mp, dens, 911,110/ {1000*g)
mp, damp, 911,0.025/4f

JCOM - Material 912, Soil
mp, ex, 912, 35096

mp, nuxy, 912, 0.19

mp, dens, 912,110/ {1000%*q)
mp, damp, 912, 0.026/dEf

JCOM - Material 913, Soil
mp,ex, 913,40418

mp, nuxy, 913,0.19

mp, dens, 913,110/ {1000*g)
mp, damp, 913,0.020/4f

JCOM - Material 914, Soil
mp, ex, 914, 40076

mp, nuxy, 914, 0.19

mp, dens, 914,110/ {1000%*q)
mp, damp, 914, 0.021/dEf

JCOM - Material 915, Soil
mp,ex, 915,55863

mp, nuxy, 915, 0.28

mp, dens, 915,120/ {1000*g)
mp, damp, 915,0.019/4f

JCOM - Material 916, Soil
mp,ex,916,61211

mp, nuxy, 916, 0.28

mp, dens, 916,120/ {1000%*q)
mp, damp, 916, 0.019/dEf

JCOM - Material 917, Soil
mp,ex, 917, 60604

mp, nuxy, 917, 0.28

mp, dens, 917,120/ {1000*g)
mp, damp, 917,0.020/4f

JCOM - Material 918, Soil
mp, ex, 918, 60224

mp, nuxy, 918, 0.28

mp, dens, 918,120/ {1000*g)
mp, damp, 918, 0.020/dEf

JCOM - Material 919, Soil
mp,ex, 919, 66350

mp, nuxy, 919, 0.28

mp, dens, 919,120/ {1000*g)
mp, damp, 919, 0.019/4f

Tank-Coordinates-AY.txt

/COM - Definition of KevPoints for
Primary tank

ct kps=34 ! Total number of Concrete
tank Ccordinate pairs

pt kps=40 ! Total number of Primary
Tank Coordinate pairs

bm_kp=22 ! Coordinate pair at
bottom on concrete tank wall

Tw=9 ! Rings in ceommmon for

insulating concrete
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arcsize=9 ! Control for meshing,
section angle

Midsize=5 ! Control for meshing,
center areas

z off=57.31 ! Vertical offset for tank

{(bottom of primary tank is Z=0 for
coordinates)

C_Floor=-4

*dim, ctx, ,ct_kps ! Concrete Tank
Keypoint X Coordinates

*dim, ctz,,ct_kps ! Concrete Tank
Keypoint Z Coordinates

*dim, ptx, ,pt kps ! Primary Tank
Keypoint X Coordinates

*dim, ptz,,pt kps ! Primary Tank

Keypoint Z Coordinates

/COM - Define Horizontal Keypoint
Locations

ctx (1) =0
ctx(2)=45/12
ctx(3)=90.4/12
ctx(4)=120.72/12
ctx({h)=152.9/12
ctx(6)=211.4/12
ctx(7)=239.1/12
ctx(8)=306.63/12
ctx(9)=335.6/12
ctx({10)=343.7/12
ctx(11)=428.7/12
ctx({12)=469.6/12
ctx{13)=486.6/12
ctx(14)=489/12
ctx({15)=48%/12
ctx(16)=489/12
ctx(17)=48%/12
ctx(18)=48%/12
ctx(19)=489/12
ctx(20)=48%/12
ctx(21)=489/12
ctx(22)=48%9/12
ctx(23)=531/12
ctx(24)=48%/12
ctx(2h)=436/12
ctx(26)=410/12
ctx(27)=358/12
ctx(28)=277.7/12
ctx{29)=216.5/12
ctx(30)=180/12
ctx(31)=129.9/12
ctx({32)=95.7/12
ctx(33)=36/12
ctx(34)=

JCOM - Define Vertical Keypolint Locations

ctz(l)=576.8/12-z_ off
ctz(2)=576/12-z off

ctz(3)=573.8/12-z_coff
ctz(4)=571.21/12-z off
ctz(5)=567.7/12-z off
ctz(6)=558.7/12-z_ off
ctz(7)=553.2/12-= off
ctz(8)=535.68/12-z off
ctz(9)=526.2/12-z off
ctz(10)=502.5/12-z off
ctz(11)=484.2/12-z off
ctz(12)=455.4/12-z off
ctz(13)=415.1/12-z off

(14)=382.1/12-z_off
(15)=335/12-z_off
(le)=281/12-z_off
(17)=236.5/12-z_off
(18)=186.8/12-z_ off
(19)=145.5/12-z_off
(20)=70/12-z off
(21)={c_Floor+24)/12-z off
(22)=C Floor/l2-z off
(23)=C Floor/l2-z off
(24)=C_Flocor/l2-z_off
(25)=C Floor/l2-z off
(26)=C_Floor/l2-z_off
(27)=C Floor/l2-z off
(28)=C Floor/l2-z off
(29)=C_Flcor/l2-z_off
(30)=C Floor/l2-z off
(31)=C_Flcor/l2-z_off
(32)=C Floor/l2-z off
(33)=C_Floor/l2-z off
(34)=C Floor/l2-z off

=44.,73689/12
—89,86533/12
=119.99721/12
—151.96854/12
—210.05344/12
—237.53366/12
—304.42488/12
=333.05132/12
)=390.22141/12
V=427 .26434/12
1 =450/12
)=450/12

1 =450/12
)=450/12

1 =450/12
)=450/12
)=450/12

1 =450/12
)=450/12

1 =450/12
)=450/12

1 =450/12

1 =450/12
1=450/12

) =450/12
)=450/12

1 =450/12
)=450/12
)=446.49/12
1=438/12
)=410/12
1=358/12
)=277.7/12
1=218.5/12
1=180/12
)=129.9/12
1=95.7/12
)=36/12

)

=569.30000/12-z off
=568.50462/12-z off
=566.31908/12-z off
=563.74491/12-z off
=560.25807/12-z off
=551.32187/12-z off
=545.86539/12-z off
=528.51150/12-z off
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Ptz(9)2519.14633/12—2_Off
ptz(10)=495.585550/12-2 off
ptz(ll)=474.92388/12—Z_Off
ptz(12)2440.3125/12—2_Off
pt=(13)=430.0/12-=2 off
ptz(14)=407.5/12-z off
pt=(15}=381.5/12-=2 off
ptz{le}=353.5/12-z off
pt=(17)=326.5/12-=2 off
pt=(18)=29%9.5/12-=2 off
ptz(19)=272.5/12-z off
pt=(20)=245.5/12-=2 off
ptz(21)=221.8/12-z off
pt=(22)=198.8/12-=2 off
pt=(23)=175.8/12-=2 off
ptz(24)=152.9/12-z off
pt=(25)=126/12-=z off
ptz(26]=99/12-z off
ptz{27)=72/12-z off
ptz(28)=45/12-z off
ptz(29)=20/12-z_ off
ptz(30)=11.51/12-=2 off
ptz(31)=8/12-z off
ptz({32}=8/12-z off
ptz(33)=8/12-z off
ptz({34)=8/12-z off
ptz(35)=8/12-z off
ptz(36)=8/12-z off
ptz({37)=8/12-z off
ptz(38)=8/12-z off
ptz({39)=8/12-z off
ptz(40)=8/12-z off

Tank-Props-BEC-230.txt

J/COM - Tank Concrete Properties

JCOM - Material Definitions

! EX - Youngs Medulus, (k/ft2)

! NUXY - Poisons ratioc

! DENS - Density (1000*slugs/ft3)
! DAMP - Beta (Stiffness) Damping

JCOM - Material 1, Tank Concrete
mp,ex, 1, 626754

mp, nuxy, 1,0.18

mp, dens, 1,148/ (1000*q)

mp, damp, 1,0.07/d4f

/COM - Material 2, Tank Concrete
mp,ex,2, 620114

mp, nuxy, 2,0.18

mp, dens, 2, 149/ {1000%q)

mp, damp, 2,0.07/df

JCOM - Material 3, Tank Concrete
mp, ex, 3, 616594

mp, nuxy, 3,0.18

mp, dens, 3, 149/ {1000%q)

mp, damp, 3,0.07/d4f

/COM - Material 4, Tank Concrete
mp,ex,4, 610922

mp, nuxy, 4,0.18

mp, dens, 4,149/ (1000*q)

mp, damp, 4,0.07/df

/COM - Material
mp,ex, 5,621305

5, Tank Concrete

mp,nuxy, 95,0.18
mp, dens, 5, 148/ {1000+%g)
mp, damp, 5,0.07/d4f

/COM - Material 6, Tank
mp,ex, b, 607093

mp, nuxy, 6, 0.18

mp, dens, 6,148/ (1000*q)
mp, damp, 6, 0.07/df

JCOM - Material 7, Tank
mp, ex, T, 639237

mp, nuxy, 7,0.18

mp, dens, 7, 146/ {1000%q)
mp, damp, 7,0.07/4f

/COM - Material &, Tank
mp,ex,8, 634338

mp, nuxy, 8,0.18

mp, dens, 8,147/ (1000*q)
mp, damp, 8,0.07/df

JCOM - Material 9, Tank
mp, ex, 9, 6268756

mp, nuxy, 9,0.18

mp, dens, 9, 147/ {1000%q)
mp, damp, 9,0.07/df

JCOM - Material,l0, Tank
mp,ex,10,193677

mp, nuxy, 10, 0.18

mp, dens, 10, 165/ (1000*g)
mp, damp, 10, 0.07/df

JCOM - Material,ll, Tank
mp,ex,11,575959

mp, nuxy, 11, 0.18

mp, dens, 11, 144/ (10007*g)
mp, damp, 11, 0.07/df

JCOM - Material,l2, Tank
mp,ex,12,202953

mp, nuxy, 12, 0.18

mp, dens, 12, 159/ ({1000*g)
mp, damp, 12, 0.07/4f

JCOM - Material,l13, Tank
mp,ex,13,157426

mp, nuxy, 13, 0.18

mp, dens, 13, 176/ (10007*g)
mp, damp, 13, 0.07/df

JCOM - Material,ld4, Tank
mp,ex,14,153784

mp, nuxy, 14, 0.18

mp, dens, 14, 193/ (10007*g)
mp, damp, 14, 0.07/4f

JCOM - Material,l5, Tank
mp,ex,15,136651

mp, nuxy, 15, 0.18

mp, dens, 15, 200/ (1000*g)
mp, damp, 15, 0.07/df

JCOM - Material,lé, Tank
mp,ex,16,136651

mp, nuxy, 16, 0.18

mp, dens, 16, 200/ {1000*g)
mp, damp, 16, 0.07/4f

JCOM - Material,l7, Tank
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mp,ex,17,138084

mp, nuxy, 17, 0.18

mp, dens, 17, 181/ (1000*g)
mp, damp, 17, 0.07/4E

JCOM - Material,l1l8, Tank
mp,ex,18,123378

mp, nuxy, 18, 0.18

mp, dens, 18, 209/ {1000*g)
mp, damp, 18, 0.07/4f

JCOM - Material,lS, Tank
mp,ex,19,124633

mp, nuxy, 19, 0.18

mp, dens, 19, 190/ {1000*g)
mp, damp, 19, 0.07/4f

JCOM - Material, 20, Tank
mp,ex,20,124388

mp, nuxy, 20, 0.18

mp, dens, 20, 210/ (1000*g)
mp, damp, 20, 0.07/4df

JCOM - Material, 21, Tank
mp,ex,21,548683

mp, nuxy, 21, 0.18

mp, dens, 21, 166/ (1000*g)
mp, damp, 21, 0.07/4E

JCOM - Material, 2?2, Tank
mp,ex,22,154870

mp, nuxy, 22, 0.18

mp, dens, 22, 184/ {1000*g)
mp, damp, 22, 0.07/df

JCOM - Material, 23, Tank
mp,ex,23,514287

mp, nuxy, 23, 0.18

mp, dens, 23, 172/ {1000*g)
mp, damp, 23, 0.060/dL

JCOM - Material, 24, Tank
mp,ex,24,164113

mp, nuxy, 24, 0.18

mp, dens, 24, 288/ (10007*g)
mp, damp, 24, 0.07/4df

JCOM - Material, 25, Tank
mp,ex,25,522946

mp, nuxy, 25,0.18

mp, dens, 25, 201/ (1000*g)
mp, damp, 25, 0.07/4f

JCOM - Material, 26, Tank
mp, ex,26,194254

mp, nuxy, 26, 0.18

mp, dens, 26, 322/ (1000*qg)
mp, damp, 26, 0.07/df

JCOM - Material, 27, Tank
mp,ex,27,199783

mp, nuxy, 27, 0.18

mp, dens, 27, 281/ ({1000*g)
mp, damp, 27, 0.07/4f

JCOM - Material, 28, Tank
mp,ex,28,162553

mp, nuxy, 28, 0.18

mp, dens, 28, 295/ (10007*g)
mp, damp, 28, 0.07/df
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JCOM - Material, 29, Tank Concrete
mp, ex,29,200531

mp, nuxy, 29, 0.18

mp, dens, 29, 394/ (1000*g)

mp, damp, 29, 0.07/df

JCOM - Material, 30, Tank Concrete
mp,ex,30,167538

mp, nuxy, 30, 0.18

mp, dens, 30, 411/ {1000*g)

mp, damp, 30, 0.07/4f

JCOM - Material, 31, Tank Concrete
mp, ex,31,125560

mp, nuxy, 31, 0.18

mp, dens, 31, 242/ (1000*g)

mp, damp, 31, 0.07/df

JCOM - Material, 32, Tank Concrete
mp, ex, 32,125560

mp, nuxy, 32, 0.18

mp, dens, 32, 252/ ({1000*g)

mp, damp, 32, 0.07/4f

' /COM - Material, 33, Tank Concrete
'mp, ex, 33, 731952

'mp, nuxy, 33,0.18

'mp,dens, 33,150/ (1000*qg)

Imp, damp, 33, 0.07/4f

1 /COM - Material, 34, Tank Concrete
'mp,ex, 34, 731952

'mp, nuxy, 34,0.18

Imp, dens, 34,150/ (1000*g)

'mp, damp, 34, 0.07/4df

' /COM - Material, 35, Tank Concrete
'mp, ex, 35, 731952

'mp, nuxy, 35,0.18

'mp,dens, 35,150/ (1000*qg)

Imp, damp, 35, 0.07/d4f

1 /COM - Material, 36, Tank Concrete
'mp,ex, 36, 731952

'mp, nuxy, 36,0.18

Imp, dens, 36,150/ (1000*g)

Imp, damp, 36, 0.07/df

' /COM - Material, 37, Tank Concrete
'mp, ex, 37, 731952

'mp, nuxy, 37,0.18

'mp,dens, 37,150/ (1000%*qg)

Imp, damp, 37, 0.07/4f
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/COM - Concrete Real Values, t in ft
r,1,1.26 !''15 in
r, 2,126 I 15 in
r,3,1.26 I 15 in
r,4,1.26 !''15 in
r, 5, 1.27 I 15 in
r,6,1.26 !''15 in
r,7,1.28 I 15 in
r,8,1.28 I 15 in
r,9,1.73 !''15 in
r,10,1.73,1.73,2.23,2.23 I 15 in
r,11,2.23,2.22,3.15,3.15 !
r,12,3.15,3.15,1.50,1.50 !
r,13,1.50,1.50,1.28,1.28 !
r,14,1.17 ' 18 in
r,15,1.13 118 in
r,16,1.13 ' 18 in

to



RPP-RPT-28966 Rev.
Page 366 of 888

Mé&D-2008-004-CALC-01, Rev. 0

r,17,1.24 18 in
r,18,1.07 118 in
r,19,1.18 18 in
r,20,1.07 18 in
r,21,1.97 118 in
r,22,1.68 18 in
r,23,1.43 118 in
r,24,0.51 !

v, 25, 0.66 !

r,26,0.41 !

r,27,0.58 '8 in
r,28,0.55 '8 in
r,29,0.42 '8 in
r,30,0.40 '8 in
r,31,1.02 '3 in to

r,32,1.02 !

'r, 34,1

'r,35,1

'r, 36,1

'r, 37,1

'r, 39,1

Waste-Soild-AY.txt

et,3,s0lid4db ! FLUIDBO (3-D Non-Flowing
Fluid elements)

Wastet=13 ! Primary tank coordinate
for top of waste (422 in for AY Tanks)
Wasteb=31 ! Primary tank coordinate

for bottom of waste

mp,ex,201,2.592 !
Bulk Modulus = 300,000 psi
mp,ey,201,2.592

mp,ez,201,2.592

mp, prxy, 201,0.49959

mp,pryz, 201,0.49999

mp,prxz, 201,0.49959

mp,gxy, 201, 0.464

mp,gvz,201,0.464

mp, gz, 201, 0.464

mp, dens, 201,1.7%62.4/(1000*g) ! Waste
Density

ksel,u, kp,,all I Clear
active Keypoints

asel,u,area,,all I Clear
active Areas

vsel,u,volu, ,all I Clear

active Volumes
ksel, s, kp,,1,ct_kps, ct_kps-1 ! Activate
Keypoints for center of rotation

/COM - Create KeyPoints for waste in tank
*do, 1,0, Wasteb-Wastet, 1

! Cycle on
vertical Keypoints
*do, 7,0, tw-1

! Cycle on herizontal

Keypoints
k, kmaxl+i*(tw+l)+j+1,ptx{pt_kps-
), 0, ptz{i+tWastet)
*enddo
k, kmaxl+i*(tw+l)+)+2,ptx(i+Wastet), 0, ptz{
i+Wastet) !
*enddo

J/COM - Create Areas for waste in tank
*do,1,0,Wasteb-Wastet-1,1

*do,],0, tw-1

a, kmaxl+i* {(tw+l) +3+1, kmaxl+i* (tw+l) +3+2, k
maxl+ (1+1) * (tw+l) +3+2, kmaxl+({1i+1) * (tw+l) +
J+1

*enddo

*enddo

/COM - Create Volumes for Waste
vrotat,all,,,,,,1l,ct kps,180,2

/COM - Assign attributes
vatt, 201, ,3

wastevols={tw) * (wasteb-wastet)

/COM - Elements in waste

*do, 1,0, Wasteb-Wastet-1,1

*do, 3,1, tw-1,1

vsel, s, volu, ,vmaxl+i*tw+i+1

vgel, a,volu, ,vmaxl+twastevols+i*Ftwty+1
aslv

l=la

lsel, r,loc, ¥, ptx{pt kps-J),ptx{itWastet
lesize,all, ,arcsize

vmesh, all

*enddo

*enddo

allsel

JCOM - Mesh center column to match
primary tank center

asel, s, loc, ¥, ptx{pt kps-1) ,ptx(pt kps)
asel, r,loc, z,ptziwastet)

asel, r,loc,v,0,-90

cm, a3a, area

cmsel, s, alda

cmsel, a, ala

mshcopy, 2,ala, a3a,,, ,ptz(wastet) -
ptz(wasteb)

allsgel

asel, s, loc, ¥, ptx(pt_kps-1) ,ptx(pt_kps)
asel, r,loc, z,ptz{wastet)

cmsel,un, ala

cm, a3b, area

cmsel, a, alb

mshcopy, 2, alb, a3b,,, ,ptz(wastet) -
ptz(wasteb)

vsel, s, volu, ,vmaxl+l, vmaxl+Z2*wastevols+l,
tw

vsweep,all,,all

cmsel, u, alb

cmsel, a, alda

aclear,all

egel, 5, type, , 3

cm,waste,elem

nsle

cm, waste-n, node

/COM - Couple waste to primary tank
cgye, 1

allsel

lcmsel, s,waste
'cmsel, s,primary-tank
Select Primary tank elements
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lcmsel, a,waste !

Select Waste elements

'nsle

'nsel, r, loc, %, ptx (wasteb-2) ,ptx(wastet)
! Select nodes at vertical

interface

'nsel, r, loc, z, ptz (wasteb), ptz (wastet)

lcpintt, ux !

Couple nodes radially

lepintf, uy

'nsle

Insel, r, loc, %, ptx ({36} ,ptx(34) !

Select node at bottom interface

nsel,a, loc, z,ptz (21)

lepintf, uz !

Couple nodes vertically

lallsel

mp, damp, 45, 0
mp,mu, 45,0

et, 44, targel’O

et, 45, contal’3

r,800,,,1000

'keyopt, 45, 2,3

lkevyopt, 45,5, 3
'keyopt, 45, 9,1
kevopt,45,12,4
cgel, s, primary-tank

nsle

nsel, r,loc, z,ptz {14} ,ptz{36)
'nsel,u, loc, x, ptx(36) ,ptx(33)
egln, r

nsle

mat, 45

type, 44

real, 800

egurf

*get, emax, elem, , num, maxd
ernorm, emax

cmsel, 8, waste

nsle

nsel, r,loc,x, ptx{l1l),ptx{15)
nsel, a,loc, z,ptz(36)
'nsel,u, loc,x, ptx(36) ,ptx(34)
egln, r

type, 45

esurf

esel, s, type, .45

cm, wagste-surf, elem

lemsel, =, waste
'nsle
nsel, r, loc, z, ptz (wastet)

allsgel
*get, KMAXw, KP, 0, num, masx

! Get maximum Keypolint number
*get, LMA¥w, LINE, O, num, masx !
Get maximum Line number
*get, AMAXwW, ARER, 0, num, masx
Get maximum Area number
*get, VMAXw, VOLU, 0, num, max !
Get maximum Volume number
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All-Forces.txt

Jinput, force-c, txt
/input, stress-Primary, txt
/input, Force-J bolt, txt
Jinput, strain-liner, txt

Boundary.txt

/COM - Fix symmetry face
allsel

csys, 0

ngel, s, loc, v, 0

d,all,uy

csvs, 1l

cmsel, s, conc-tank
cmeel, a,primary-tank
nsle

csys, 0
ngel, r, loc, v, 0
d,all, rotx

d,all, rotz

csys, 1

allsel

lesel, =, type, , 24
'nsle
lemsel, u, conc—slab
lddele, all, uy
lallsel

Contact-AY.txt

/input, contact-footing, txt
Jinput, contact-insul, txt
/input, contact-j-bolts, txt
Jinput, contact-primary, txt
Jinput, contact-=zoll, txt
/input, contact-waste-ay, txt
Jinput, waste-reaction, txt

Contact-Footing.txt

/postlé
numvar, 200
*do, z, 2,200
VARDEL, z
*enddo

*do,1i,1,21
angley=-arcgize* (i-1}
esel, 5, type, , 24

nsle

ngel, r, loc, v, angley

esln,r,1

*get, emax, elem, , num, max

esol, (2+1), (emax), ,smisc, 1, pr%(emax) %
esol, (32+1), (emax), ,cont,slide, sl% (emax) %
esol, (62+1), (emax), , cont, gap, gp% (emax) %
esol, (92+1), (emax), ,cont, stat,st%(emax) %
esol, (122+1), (emax),,smisc, 2, fsv¥(emax) %

esol, (152+1i), (emax),,smisc, 3, fsz% (emax) %
*enddo

LINES, 2050

extrem

/OUT, Footing-Cont masx, OUT

extrem, 3,200

/OUT

/0OUT, Footing-Cont_th, OUT

*da, k, 1, 20

PRVAR, 2+k, 32+k, 62+k, 92+k, 122+k, 152+k
*enddo

/OUT

Contact-Insul.txt

/post2e
numvar, 200
*do, z,2,200
VARDEL, z
*enddo

*do, 1,1, 20

*do,]3,1,8

angley=-arcgize* (i-1}
esel, s, type, , 68

nsle

ngel, r, loc, v, angley, angley-arcsize
nsel, r, loc, %, ctx (J+24) ,ctx(]+25)
ngel, r, loc, z, ctz (J+24) ,ctz(]+25)

esln,r,1

*get, emax, elem, , num, max

esol, (2+]), (emax),, cont,pres,pr¥{emax) %
esol, (32+]), (emax), ,cont, slide, pr% (emax) %
esol, (624+7), (emax), , cont, gap,pr¥{emax)®
esol, (92+]), (emax), ,cont, stat,pr¥(emax) %
*enddo

LINES, 2050

extrem

/OUT, Insul-Cont_ %({9%1i) %max, OUT
extrem, 3,200
/OUT

/OUT, Insul-Cont %({9*1i)%th, OUT
*do, k,1,21

PRVAR, 2+k, 32+%, 62+k, 92+k
*enddo

/OUT

*enddo

Contact-J-Bolts,.txt

/post2e
numvar, 200
*do, z,2,200
VARDEL, z
*enddo

*do, 1,1, 20

*do,]3,1,9
angley=-arcgize* (i-1}
esel, s, type, , 35

nsle
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nsel, r,loc, v, angley, angley-arcsize

nsel, r, loc, x, ptx (J+1) , ptx (J+2)

nsel, r,loc,z,ptz(J+1l),ptz(j+2)

esln, r, 1

*get, emax, elem, , num, max

esol, (2+]), (emax),, cont,pres,pr%lemax) %
egol, [32+]), (emax), ,cont, slide, pr&% (emax) %
esol, [62+]), (emax), ,cont, gap,pr%(emax) %
egol, 92+, (emax), , cont, stat,pr%(emax)®
*enddo

LINES, 2050

extrem

/OUT, J-Bolt-Cont %{9%i) %mas, OUT
extrem, 3, 200

sliby

/OUT, J-Bolt-Cont_%(9%i)%th, OUT
o, k, 1,21

PRVAR, 2+k, 32+k, 62+k, 92+%
*enddo

SOUT

*enddo

Contact-Primaary.txt

/post2é
numvar, 200
*do, 2,2,200
VARDEL, z
*enddo

*do,i,1,20

*do,9,1,8

angley=-arcgize* (i-1}

esel, s, type, , 66

ngle

nsel, r, loc, vy, angley, angley-arcsize

ngel, r, loc,x, ptx (J+30) ,ptx(J+31)

nsel, r, loc,z,ptz (J+30) ,ptz(3+31)
esln,r,1

*get, emax, elem, , num, max

esol, (2+]), (emax),,cont,pres,pr%(emax)
esol, (324+73), (emax), ,cont, slide, pr% (emax) %
esol, (62+]), {emax), ,cont, gap,pri{emax)?
esol, (92+]), (emax),,cont, stat,pr¥(emax)®
*enddo

LINES, 2050

extrem

/OUT, Primary-Cont % (9*1i)%max, OUT
extrem, 3,200

/OUT

/OUT, Primary-Cont_% (9*1) %th, OUT
*do, k, 1,21

PRVAR, 2+k, 32+k, 62+k, 92+k

*enddo

/OUT

*enddo

Contact-Soil.txt

/post2é
numvar, 200
*do, z,2,200

VARDEL, z
*enddo

*do,1,1,20
*do, 9,1, 20
angley=-arcsize* (1-1)
esel, g, type, , 61, 63,2
nsle
ngel, r, loc, v, angley, angley-arcsize
ngel, r, loc,x, ctx (J+1), ctx (1+2)
nsel, r, loc,z,ctz (J+1),ctz(J+2)
egln, r, 1
*get, emax, elem, , num, max
*get, nmax, node, , num, max
esol, (2+]), (emax),, cont,pres,pr¥{emax) %
esol, (32+]), (emax), ,cont, slide, pr% (emax) %
esol, (624+7), (emax), , cont, gap,pr¥{emax)®
esol, (92+]), (emax), ,cont, stat,pr¥(emax) %
{
{

esol, (122+47), (emax) , nmax, smisc, 8, taur® (emax) %
esol, (15247}, {emax) , nmax, smisc, 12, taus? {emax) %
*enddo

LINES, 2050

extrem

/0OUT, Soil-Contact % (9%1i) %max,OUT
extrem, 3,200

/OUT

/OUT, S0i1l-Contact %(5*1i)%th, OUT

*do, k,1,21

PRVAR, 2+k, 32+%, 62+k, 924k, 1224k, 152+k
*enddo

/OUT

*enddo

Contact-Waste-AY.txt

/post2e
numvar, 200
*do, z,2,200
VARDEL, z
*enddo

*do, 1,1, 20

*do,3,1,25

angley=-arcsize* (1-1)

cmsel, g, waste-surf

nsle

ngel, r, loc, v, angley, angley-arcsize

nsel, r, loc, %, pte (J+wastet-1) ,ptxe(j+twastet)
ngel, r, loc, z, ptz (J+wastet-1) ,ptz{jtwastet)
egln, r, 1

*get, emax, elem, , num, max

esol, (2+]), (emax),, Cont,pres,pr¥{emax) %
esol, (32+]), (emax), ,Cont, slide, pr% (emax) %
esol, (624+7), (emax), ,Cont, gap,pr%{emax) %
esol, (92+]), (emax), ,Cont, stat,pr¥(emax) %
*enddo

LINES, 2050

extrem

/OUT, Waste-Cont %({9%1) &masx, OUT
extrem, 3,200

/OUT

/OUT,Waste-Cont_%(9%1) %th,0UT
*do, k, 1,21
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PRVAR, 2+k%, 32+k, 62+k, 92+%
*enddo
SOUT

*enddo

Far-Soil.txt

et, 9,s011d45 ! Use Elment type SOLID4S
for Far Soil

et, 10, mass21l

r, 1001, mass, mass, mass

type, 9
agel, none I unselect all reas
vsel, none I unselect all volumes

l=el, none
nsel, none
k=el, none
esel, none

JCOM - Generate Keypoints at full model radius
*do, 1,1, tanksoil

k, kmazns+i, soil_radius,0,sollz(1i)

*enddo

*do,1,1,9
k, kmaxns+tanksoil+i, Soilx (i), 0,s01lz(1)
*enddo

/COM - Generate areas outside excavated soil
*do,1i,1, tankscil-1
kpl=kp(soilx(i),0,s0ilz(i}))

kp2=kp{scil radius,0,scilz(i})

kp3=kp({soil_ radius,0,scilz({it+l)
kpd=kp(soilx{i+tl),0,20ilz{1+1)

a, kpl, kp2, kp3, kpd

*enddo
ksel,a, kp,,1,ct kps,ct kps-1
vrotat,all,,,,,,1,ct_kps,180,2

cm, far-soil-volu,voln

*do,1i,1, tankscil-1
cmsel, s, far-scil-volu

vgel, r,loc, 2z, 80ilz{i), s0ilz{i+l)

vatt,900+1,,9 ! Assign
attributes

aslv

lgla

lsel,r,loc,%,so0ilx(i)

lesize,all,,arcsize I Match
excavated soil meshing

lsla

lsel, r, loc, %, s0lilxi+l)

lesize, all, ,arcsize I Match
excavated scil meshing

1=la

lsel, r,loc, %, 8011 radius
lgel, r, loc, z,201lz (1)

lesize, all, ,arcsize I Match
excavated soil meshing
1=la

lsel, r,loc, %, 8011 radius
lsel, r, loc, z,z0ilz(i+1)

lesize, all, ,arcsize I Match
excavated soil meshing
*enddo

/COM - Mesh soil outside excavated soil
cmsel, s, far-soil-volu

esize, 30

vmesh, all

csys, 1

esel, s, type, , 9

ngle

'nrotat,all I Rotate
a1l nodes to cylidrical cocordinates

cm, far-scil-top, elem

1 /COM - Connect new scil elements to excavated
s0ll at interface

'*do, 1,1, tanksoil

Insel, s, loc, ®x, g0lilx (1)

Insel, r,loc,z,s501lz (1)

lomzel, n, excav-wall

!nummrg, node

I *enddo

Fget, KMAXTemp, KP, 0, num, max

Fget, IMAXTemp, LINE, O, num, max
Fget, AMAXTemp, AREA, O, num, max
*get, VMAXtemp, VOLU, 0, num, max

kgel,u, kp,,all
asel,u, area, ,all
vael,u,volu,,all

/COM - Generate Keypoint below tank for five
layers
*do, 1,0,deepsoil-tanksoil -5
k, kmaxtemp+5*1+1,0,0,s0ilz(i+tankscil)
I Keypoint on centerline

k, kmaxtemp+5*1i+2, ctx({ct_kps-1-
i),0,s0ilz(i+tankscil) ! Keypolint to flare
central area under tank
k, kmaxtemp+5*1i+3, ctx(bm kp+l),0,scilz (i+tankscil
) I Keypoint under edge of tank
k, kmaxtemp+5*i+4, scilx (tankscil),0,s0ilz (i+tanks
oil) ! Keypolnt under edge of excavated soil
k, kmaxtemp+5*1+5, 5011 radius, 0, scoilz{i+tanksoil)

I Keypolnt at edge of model
*enddo

/COM - Generate Keypoint below tank to full
depth
*do, 1, 5,deepscil-tankscil
k, kmaxtemp+5*i+1,0,0,scilz(i+tanksoil)
! Keypoint on centerline

k, kmaxtemp+5*i+2, ctx(ct_kps-
5),0,s0ilz{i+ttankscil) ! Kevypoint for central
s0ll area
k, kmaxtemp+5*1+3, ctx{bm kp+l),0,scilz(i+tankscil
i | Keypolnt under edge of tank
k, kmaztemp+5*i+4d, goilx {tanksoil), 0, scilz (i+tanks
0il) ! Keypolnt under edge of excavated soill
k, kmaztemp+5*145, 5011 radius,0,scilz{i+tanksoil)

I Keypolnt at edge of model
*enddo

*do,1,0,3 ! Area pattern for 1lst 4
layers under tank

a, kmaxtemp+5*i+1, kmaxtemp+5* 142, kmaxtemp+5* (i+1)
+2, kmaxtemp+5* (1+1) +1

a, kmaztemp+5*1+2, kmaxtemp+5*1+3, kmaxtemp+5* [i+1)
+3, kmaxtemp+5* (1+1) +2

a, kmaztemp+5*1+3, kmaxtemp+5*1+4, kmaxtemp+5* [i+1)
+4, kmaxtemp+5* (1+1) +3

a, kmaztemp+b*1i+4, kmaxtemp+5*1+5, kmaxtemp+5* [i+1)
+5, kmaxtemp+5* (1+1) +4

*enddo
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! BRrea pattern for transiticn layer

a, kmaxtemp+5*4+1, kmaxtemp+5*4+2, kmaxtemp+5* (4+1)
+2, kmaztemp+5* (4+1) +1

a, kmaxtemp+5*4+2, kmaxtemp+5*4+3, kmaxtemp+5+*4+4, k
maxtemp+5* (4+1) +4, kmastenp+5* (4+1) +2

a, kmaxtemp+5*4+4, kmaxtemp+5*4+5, kmaxtemp+5* (4+1)
+5, kmaxtemp+5* (4+1) +4

*do,1i,5,10 ! Area pattern to bottom
of model

a, kmaxtemp+5*i+1, kmaxtemp+5*i+2, kmaxtemp+5* (1+1)
+2, kmaxtemp+5* (1+1) +1

a, kmaxtemp+5*i+2, kmaxtemp+5*i+4, kmaxtemp+5* (1+1)
+4, kmaxtemp+5* (1+1) +2

a, kmaxtemp+5*i+4, kmaxtemp+5*i+5, kmaxtemp+5* {(1+1)
+5, kmaxtemp+o* (1+1) +4

*enddo

JCOM - divide line interfacing with bottom of
tank to match tank meshing

lsla

lgel, r, loc, 2z, s0ilz(tanksoil)

lsel, r, loc, %, ctx(ct_kps-1),ctx{bm_kp+l)
ratic={ctx{ct kps-1)-ctx{ct kps-2))/(ctx{ct kps-
1) -ctx(bm kp+1))

1diwv,all, ratio

*get, LMAXtemp, LINE, 0, num, max

*do,1i,1,8

lgla

lsel,r,loc,z,so0ilz(tankscil)

lsel, r, loc, %, ctx{ct kps-1-1i}),ctx{bm kp+l)
ratio=(ctx(ct_kps-1-1i)-ctxict_kps-Z-

i1}/ {ctx{ct kps-1-i)-ctx{bm kp+l))

1diwv,all, ratio

*enddo

/COM - Move Keypoints to match tank bottom
vertical locations

lgla

*do, 1,0, ct_kps-bm kp-1

kact=kp{ctx{ct kps-i},0,scilz({tanksoil)
kmodif, kact, ctx{ct_kps-1i),0,ctz(ct_kps-1i)
*enddo

ksel,a, kp,,1,ct_kps,ct_kps-1 I Select
Keypoints for rotation axis
vrotat, all,,,,,,1,ct kps,180,2

Develop wvolumes

cm, deep-scil-volu,veolu

*do, i, tanksoil,deepsoil-1 ! Azsign
attributes

vsel,s,loc,z,so0ilz(i),soilz(i+]l)

vatt, 800+1i,, 9

*enddo

/COM - Control meshing to match model slices
cmsel, g, deep-soil-volu

aslv

lsla

lsel, r,loc, %, 501l radius
lesize,all,,arcsize

lgla

lgel, r, loc, %, so0ilx(tanksoil)
lesize,all,,arcsize

lgla

lsel, r, loc, %, ctx (bm_kp+1)
legize, all,,arcsize

veel,u, loc, x,0,s0ilx{tankseil)

vmesh,all !
Mesh outside volumes

vsel, s, loc, %, ctx(ct_kps-5),sollx(tanksoil)
vsel, r,loc,z,s0llz{tankscil+h),s0ilz(deepsoil)
egize, 22

vmesh,all !
Mesh under excavated soil and tank except for
central area

cmeel, s, deep-goil-volu

vsel, r,loc,x, 0, ctx{ct_kps-5)

Select volumes under center of tank

aslv

asel, r,loc,z,s0ilz{tanksoil)

Select soil area at bottom of tank

lsla

lsel, r, loc,x, ctx(ct kps-1)

Select Lines on cutside of center area

lezize, all,,arcsize

Control mesh for slices

1sla

lsel,u, loc,x, ctx(ct kps-1)
lesize,all,,,midsize

control mesh on inside of area

aslv

1sla

cmsel, s,deep-soil-volu

vsel, r,loc,x, 0, ctx{ct_kps-5)

aslv

lsla

l=gel, r, loc, z,s0ilz{tanksoil) ,soilz {tanksoil+l)
lsel,u,loc,z,scilz{tanksoil)

l=sel,n, loc, z,s0ilz{tank=soil+l)

lesgize, all,,, 3 !
Control meshing under tank
cmeel, s, deep-goil-volu

vsel, r,loc,x, 0, ctx{ct_kps-5)

aslv

1sla

lsel, r,loc,z,s0ilz{tanksoil+]l),scilz{tanksoil+2)
l=sel,n, loc, z,s0ilz{tank=soil+l)
lsel,u,loc,z,scilz{tanksoil+2)

lesgize, all,,, 2 !
Control meshing under tank
cmeel, s, deep-goil-volu

vsel, r, loc,x, 0, ctx{ct kps-5)

aslv

asel, r,loc,z,scilz(tanksoil)

type,1l

amesh, all !
mesh area at tank/soil interface

vsweep, all !
Sweep mesh to bottom of model

aclear, all !
Clear Pattern

cmeel, s, deep-goil-volu

aslv

lsla

lsel, r, loc, z,s0ilz{tank=soil+l)

lsel, r, loc,x, ctx(ct_kps-2),ctx(bm kp+1)
lsel,u, loc,x, ctx(ct kps-2)
lsel,u, loc, x, ctx (bm kp+l1)

lesize,all,,,8 !
Control meshing under tank

1sla

lsel, r,loc,z,scilz{tanksoil+2)

lsel, r, loc,x, ctx{ct kps-3),ctx(bm kp+l)
lsel,u, loc, x, ctx(ct kps-3)
lsel,u, loc,x, ctx (bm_kp+1)
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lesize,all,,, 6 |
Control meshing under tank

lsla

lgel, r,loc, 2, s0ilz{tanksoil+3)

lsel, r, loc, %, ctx(ct_kps-4),ctx{bm_kp+l)
lsel,n, loc, %, ctx{ct kps-4)
lsel,u, loc, %, ctx (bm_kp+1)

legize, all,, 4 !
Control meshing under tank

lgla

lsel,r,loc,z,soilz{tankscil+4)

lsel, r, loc,x, ctx{ct kps-5),ctx{bm kp+l)
lsel,n, loc, %, ctx{ct kps-5)
lsel,u, loc, %, ctx (bm_kp+1)

legize, all,,, 2 !
Control meshing under tank

*do,i,0,2
lsla
lgel, r,loc, 2, s0ilz{tanksoil+i)
lsel, r, loc, %, ctx(bm_kp+l),scilx(tanksoil)
lsel,n, loc, %, ctx(bm kp+1)
lsel,u, loc, %, soilx(tankscil)
legize, all,,,4-1
I Contrel meshing under tank
*enddo

cmsel, s,deep-soil-volu

aslv

lsla

lsel, r, loc, %, ctx(bm kp+l)

lgel, r, loc, 2, s0ilz({tanksoil) , scilz {tank=soil+l)
lsel,u, loc,z,soilz(tankscil)

lgel,n, loc, 2, s0ilz{tanksoil+l)

1diwv,all, 2

Control meshing under tank

cmsel, s,deep-soil-volu
aslv
lsla
lgel, r, loc, 2z, s0ilz(tanksoil)
lsel, r, loc, %, ctx(ct_kps-2),ctx{bm_kp+l)
lesize,all,,arcsize
I Control meshing for slices

*do,i,0,4

vsel,s, loc,z,soilz{tankscil+i), soilz{tankscil+1l+
i)

vsel, r, loc,x, ctx(ct kps-1-1),soilx{tanksoil)
aslv

asel, r,loc,v,0

type,1l

amesh, all !
Mesh area for sweep pattern

vsweep, all !
Mesh volumes

aclear, all !
Clear pattern

*enddo

esel, =, type,, 9

nsle

nummrg, node ! Merge bhottom
501l to rest of model

esel, =, type,, 9

nsle

nsel, s, loc, ¥, g0ilx (1)
nsel, r,loc,z,so0ilz (1)

cm, far-soil-face-node, node
*do,1,2,9

esel, s, type,, 9

nsle

ngel, r, loc, ¥, g0ilx (i)
nsel,r,loc,z,soilz (i)
cmsel, a, far-scil-face-node
cm, far-soil-face-node, node
*enddo

esel, s, type,, 9

ngle
nsel,r,loc,z,s0ilz(9)
nsel, r, loc, x,41, 68

cm, Tar-soil-bot-node, node

Ingel, s, loc, %, 68,320
! nummryg, node

legel, s, type, , 3, 9
Insle

Ingel, r,loc,z,50ilz(9)
'nsel, r,loc,x,41,67
lcpint, uz

type, 10
real, 1001

csys, 0

ngel, s, loc, z, soilz{deepsoil)
csys, 1

nsel, r, loc, ®, 320

cayg, 0

nsel, r,loc,x,0

*get,master node,node, , num,max
d,master node,all

allsel

e,master node ! Large mass for
excitation

cayg, 1

nsel, s, loc,z,s0il1z(9),s0ilz(10)
ngel, r, loc,x,0,5011x{9)

esln,, 1

esgel, r, type,, 2

cm, bottom-so0il, elem

Fix-Soil.txt

lesel, =, type, , 8,9

Insle

'nsel, r,loc,z,s0ilz(9)
Ingel, r,loc, %, ctx(21)+1, 68
! nummryg, node

et, 90, targel’O
et, 91, contal’3
keyopt, 91, 9,1
mp,mu, 90,0.3
mp,mu, 91,0.7
mp,mu, 92,0.7
r,5%0,,,0.1
r,5%1,,,0.1

esel, =, type,, 9
cmsel, s, far-scil-face-node
egln, r
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type, 50

real, 30

mat, 90

esurt

egel, =, type,, 8

cmsel, s, near-soil-face-node
esln, r

type, 91

esurt

esel, s, type,, 9

cmeel, g, far-scil-bot-node
esln, r

type, 50

real, 91

mat, 91

esurt

esel, s, type, , 8

cmsel, g, near-soil-bot-node
egln, r

type, 91

esurft

esel, 5, type,, 91

cm, far-soil-contact,elem

Force-c.txt

fpost2e
numvar, 200

*do, z,2,199
VARDEL, z
*enddo

*do,i,1,20
*do,1,1,30

esol, (10497, (36+i420%9), , smisc, 1, 51%(36+1+20%9)%
esol, (40477, (36+i+20%3), , smisc, 2, 52% (36+1i+20%) %
esol, (70437, (36+i420%9), , smisc, 3, 3% (36+1+20%3) %
esol, [100+79), (36+i+20%7), ,smisc, 4, 54% (36+1+20%7)
%

ezol, [130+9), (36+1+20*%9), ,emisc, b, 36% (36+1+20%7)
%

egol, [160+7), (36+1+20*%9), ,smisc, 6, 36% (36+1+20%7)
%

*enddo

LINES, 2050

extrem

/OUT, Force-c_%(9*1) $max, OUT
extrem, 11, 158

sliby

/OUT, Force—-c %({9%1)%th, OUT

*do, k,1,30

PRVAR, 10+T, 40+T, 70+T,100+T, 1304+T, 160+T
*enddo

SOUT

*enddo

*do, z,2,199
VARDEL, z
*enddo

*do,i,1,20
*do, 3,1, 30
esol, (104+9), (36+1i+20%9),,smisc, 7, 21% (36+1+20%9)%

esol, (40+]), (36+1+20%]),,smisc, 8,52%(36+1+20%]) %
*enddo

LINES, 2050

extrem

/OUT, Force-c_%(9%1) %amax, OUT
extrem, 5,80

/OUT

/OUT, Force-c %(9*1) %ath, OUT
*do, k,1,30
PRVAR, 10+I, 4041, 70+1I

*enddo

/OUT

*enddo

Force-j_bolt.txt

/post2e
LINES, 2050

*do,z,2,199
VARDEL, z
*enddo

! select j-bolts based on radius
nj beolt=11

cayg, 1

*do,1,2,n)_bolt !
radiusg selection

*do,3,1,21 ! angle
selection

angley=-j*arcsize+arcsize

cmsel, s, ) _bolts

ngle

nsel, r, loc,x, ctx (i) ,ptx(i)

nsel, r, loc, vy, angley I gelect
lines 1-21 ({line 1&21 on symetry plane)

esln, =, 1

*get, emax, elem, , num, max

esol, (10+]), emax,,smisc, 7, Ix% (emax) %
esol, (40+7), emax, ,smisc, 8, fy%{emax) %
esol, (T0+]),emax,,smisc, 9, Lz% (emax) %
*enddo

LINES, 2050

extrem

/OUT, Force-Jb_r%i% max,OUT
extrem, 11, 180

/OUT

/OUT, Force-jb r%i%-th, OUT
*do, k, 1,21
PRVAR, 10+k, 40+k, 70+k
*enddo

/OUT

*enddo

Insulate.txt
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et, 2,s0l1id45s ! S0LID45 elements for insulating
concrete

mp, ex, 50, 23760

mp, dens, 50, 0. 05/ g
mp, prxy, 50, 0.15
mp, darp, 50, 0. 07/ DF

/COM - Key Points for Insulating Concrete

*do, 1,0, tw, 1

k, kmaxpt+1+1, ptx(pt_kps-i),0,ptz(pt_kps-1i) !

Match Keypoint to Primary Tank

k, kmaxpt+2+tw+i, ctx(ct_kps-i),0,ctz({ct_kps-1i)
I Match Keypeint teo Concrete Tank

*enddo

JCOM - Areas Tor Insulating Concrete
*do,1i,1, tw, 1

a, kmaxpt+i, maxpt+tw+l+i, kmazpt+tw+2+1i, kmazpt+1+
i

*enddo

/COM - Assign Material Properties
*do, 1,1, tw, 1

asel, s, area, , amaxpt+i

aatt,50,1,2

*enddo

asel, s, area, , amaxpt+l, amaxpt+tw
vrotat,all,,,,,,1,ct_kps,180,2

type, 2

/COM - Elements in insulating concrete
*do, 1,2, tw, 1

vsel, s, volu,, 1

vsel,a,volu, , tw+i

aslv

lsla

lsel, r, loc,x, ctx(ct kps-i),ctx{ct kps-i-1)
lesize,all,,arcsize

vmesh,all

*enddo

JCOM - Mesh center volume to match primary tank
vsel, s, volu,, 1, twt+l, tw

aslv

asel, r, loc, z,ptz (pt kps)

cm, aZ, area

cmsel, a, al

mshcopy, 2, al, a2

type, 2

vsweep,all,,all

allsel

esel, s, type, , 2
mpchg, 50, all

cm, insul-conc, elem
cmsel, a,primary-tank
ngle

neel, r, loc, z, ptz(pt_kps)
cm, primary-int, node
allsel
cmsel, s, conc-tank
esel, a, type, , 2

nsle

nsel, r, loc, 2z, ctz{ct kps)
negel, r, loc, %, ctx(ct_kps-tw), ctx(ct_kps)

cm, ingul-vol,volu

cm, insul-int, node

cmsel, s, a2
aclear, all

allsel

*get, KMAXic, KP, 0, num, max ! Get maximum
Keypoint Number

*get, LMAXic, LINE, O, num, max ! Get maximum Line
Number

*get, AMAXI ¢, AREA, O, num, max I Get maximum Area
Number

Foget, VMAKL c, VOLU, O, num, max I Get maximam

Volume Number

cmsel, g, insul -conc

ngle

neel, r, loc, z, ptz(pt_kps)
nsel, r, loc, %, ptx(pt kps-tw)
csys, 1

Inrotat,all

allsel

Interface-gapl.txt

/COM, Create components for wall and dome of
concrete tank and excavated soil for interface
coupling

csys, 1

cmsel, s, conc-dome wall-n

nsel, r,loc, %, ctx(12),ctx(14)+.1

esln,s, 1

cmsel,u, liner

cm, conc-wall-e,elem

cm, conc-wall-n, node

cmsel, s, conc—dome wall-e
cmsel, s, conc-dome wall-n
cmsel,u, conc-wall-e
nsle, s, 1

nsel,u, loc,z,ctz(13),ctz(14)
esln, r, 1

cm, conc-dome-e, elem

cm, conc—dome-n, node

cmsel, s, excav-gsoil

nsle, s, 1

nsel, r, loc,x,ctx(12),ctx(14)
nsel, r,loc,z,ctz(l2),ctz(22)
esgln, =

cm, excav-wall-e, elem

cm, excav-wall-n, node

cmsel, s, excav-gsoil
nsle, s, 1

CM, EXCAV-SOIL-N, NODE
Ingel, r,loc,x,0,ctx(14)
'nsel,u,loc,z,0,s50ilz(3)
Imgel,u,loc, z,ctz{l4),ctz(22)
lcm, ntemp, node

'nsel, r,loc,z,-11,-13.4
Ingel,u,loc,x,0,28

!'cm, ntempl, node
lemsel, 5, ntemp
lemsel, u, ntempl
CMSEL, 5, EXCAV-S0IL-N
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NSEL, R, LOC, X, CTH (1) ,CTX(2)
NSEL, R, LOC, %, CTZ (1) ,CTE (2}
cm, excav-dome-n, node
*D0,TI,3,12
CMSEL, S, EXCAV-S0IL-N
NSEL,R, LOC, X, CTH (1)
NSEL, R, LOC, %, CTZ (I)
CMSEL, &, EXCAV-DOME-N

om, excav-dome-n, node
*ENDDO

esln,

om, excav-dome—e, elem

/COM, Create wall solil to concrete tank
interface elements

cmsel, s, conc-wall-n
cmeel, a, excav-wall-n

cm, conc-excav-wall-int, node

cmeel, 2, conc—dome-n
cmsel, a, excav-dome-n

om, conc-excav-—dome—int, node

/COM, Define contact properteis

et, 6l, contal?3 ! Contact Surface
- Concrete Tank

keyopt, 6l, 5,3 ! Type of
constriant - Shell/Solid contact normal
direction

et, 60, targel’O ! Contact Element -
Excavated Soil

lkeyopt, 60,8, 2 ! Asymmetric

contact selection (all contact elements on one
surface and all target elements on the other
surface)

lkeyopt,6l,12,4 I' Behavior
of contact surface (nec seperaticn, sliding
permitted)

lkeyopt,6l,2,3

et, 63, contal’3
keyopt, 63, 5,3

et, 62, targel’0
lkeyopt,62,8,2
lkeyopt,63,12,4
lkeyopt, 63,2, 3

mp, mu, 60,0.2 I Coefficient of
Friction between excavated sell and concrete
tank wall

MP, damp, 60, 0.07/DF

r,60,,,0.05

mp, mu, 62,0.,2 I Coefficient of
Friction between excavated solil and concrete
tank dome

MP, darmp, 62, 0.07/DF

r,62,,,0.05

r,61,,,0.05

r,63,,,0.025

mp, mu, 64,0.6 I Coefficient of
Friction between excavated sell and concrete
tank dome

MP, darp, 64, 0.07/DF

I add wall interface elements
I concrete tank surface target
cmeel, g, conc-wall-g

nsle,s, 1

type, 60

real, 60

mat, 60

esurt
esel, 5, type,, 60
nsle

ngel, r, loc, 2, ctz{12),ctz{14)
esln,r,1
emodif, all, real, 61
esel, 5, type,, 61
cmsel,u, conc-wall-e
cm, conc—-target, elem

type, 61
cmsel, g, excav-wall-e
cmsel, a,excav-wall-n

esurft

esel, s, type, , 6l

ngle

ngel, r,loc, 2, ctz{12),ctz{14)
egln, r, 1

emodif, all, real, 61
esel, s, type, , 6l
cmsel, u, excav-wall-e
cmsel,u,excav-wall-n
cm, excav-contact, elem

cmsel, s, conc-target
cmsel, a, excav-contact
cm, conc—excav-wall-gap, elem

! add deme interface elements
! concrete tank surface target
cmsel, s, conc-dome-e

nsle,s, 1

type, 62

real, 62

mat, 62

esurt

esel, s, type, , 62

ngle

nsel, r,loc,z,ctz(12),ctz(14)
egln, r, 1

emodif, all, real, 62
esel, 5, type,, 62
cmsel, u, conc-dome-e

cm, conc—dome-target, elem

type, 63
cmsel, g, excav—dome—e
esel,u, type,, 1
cmsel, g, excav-dome-n

esurft

cmsel, u, excav-dome-e

cm, excav-dome-contact, elem

cmeel, s, conc-dome-target
cmsel, a, excav-dome-contact
CIl, conc—excav-dome-gap, elem
allsel

/COM, Create concrete slab to soil interface
elments

! spring constants

I slab

r,307,1e8

r,308,1e8

r,309,1e8

egel, none

esel, s, type,, 9
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nsle

nsel, r, loc,z, ctz(23)
nsel,r,loc,x, 0,ctx(23)
cm, soll-slab, node
allsel

esel, none
cmeel, 8, conc-slab
cmsel, a,scil-slab
type, 21

real, 307

eintf

type, 22
real, 308
eintf

type, 23

real, 309

eintf

cm, conc-soil-slab-spr, elem
esel, none

allsel

/COM - Create contact on top of footing slab

cmsel, 5, conc-tank
nsle

nsel,r,loc,x, ctx(23)
esln, r

nsle

type, 60

real, 63

mat, 64

esurft, top

cmeel, 8, excav-soil

nsle

nsel,r,loc,z,s50ilz(9)

nsel, r, loc,x, ctx (22), ctx(23)
esln, r

type, 61

esurt

esel, s, real,, 63
egel, r, type,, 61

cm, soll-contact-foot-elem, elem

Interfacel.txt

et, 21, combinl4d,, 1
et, 22, combinld, , 2
et, 23, combinld,, 3

r,201,1e8
r,202,1e8
r,203,1e8

et, 24, contal’8
keyopt,24,2,1

Re204,,,,,,,
RMORE, , 1,,,.,

mp, mu, 64, 0.20 I Coefficient of
Friction between concrete tank wall and concrete
tank slab

mp, darp, 64, 0.07/DF

/COM, Define contact properteis

et, 65, targel’O ! Target Surface
keyopt, 65,5, 3 ! Type of
constriant - Shell/Solid contact normal
directicn

et, 66, contal?3 I Contact Element
'keyopt,66,12,4 ! Behavior
of contact surface (no seperation, sliding
permitted)

keyopt, 66, 9,1
lkeyopt,66,10,1

r,65,,,0.05

et, 67, targel’O ! Target Surface -
Concrete Tank

keyopt, 67, 5,3 ! Type of
congtriant - Shell/Sclid contact normal
directicn

et, 63, contal?3 I Contact Element
- Secondary Line

'keyopt,68,12,4 ! Behavior
of contact surface (no seperation, sliding
permitted

keyopt, 68, 9,1
'keyopt,68,10,1
r,67,,,0.05

mp,mu, 65,0.40 I Coefficient of
Friction between primary tank and insulating
concrete (PNNL values)

MP, darmp, 65, 0.03/DF

mp,mu, 67,0.40 I Coefficient of
Friction between secondary liner and concrete
tank basemat (PNNL values)

MP, darmp, 67, 0.03/DF

esel, none

/COM - Create Interface Elements at Bottom of
Concrete Wall

cmsel, =2, wall-int

type, 24

real, 204

mat, 64

eintf,, ,high

cm, wall-int-gap, elem

esgel, none

/COM - Create Interface Elements between primary
tank and insulating concrete
cmeel, s, primary-tank

csys, 1

nsle

nsel, r, loc,z,ptz (34)

'nsel, r,loc, %, ptx {41}, ptx(39)
cm, primary-int-n, node
esln,r,1

cm, primary-int-e, elem

cmsel, g, insul -conc

ngle

nsel, r, loc,z,ptz (34)

Insel, r,loc, %, ptx{31),ptx(39)
cm, insul-int-n, node

cmsel, s, primary-int-e
cmsel, s, primary-int-n
type, 66

real, 65

mat, 65

esurt,, bottom
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cmsel,u,primary-int-e
cm, pri-target, elem

cmsel, s, insul-conc
cmgel, 2, insul-int-n
type, 63

real, 65

esurt
cmeel, u, insul-conc
cm, insul-contact, elem

cmsel, s, pri-target
cmsel, a, insul-contact
cm, primary-int-gap, elem
egel, none

Insel,s,loc, z,ptz(34)
Insel, r,loc,®x,ptx(39)-.1,ptx (40)
lepint, uz

/COM - Create Interface Elements between
concrete tank and insulating concrete
cmsel, 5, conc-tank

cmeel, a, liner

cmsel, a,insul-int

egln, r, 1

cm, etemp, elem

cmsel, s, etenp
egsel,u, real,, bl
cm, conc-temp, elem

cmsel, s, etenp
egel, r, real,, 51
cm, liner-temp, elem

cmsel, s, conc-temp
nsle

type, 67

real, 67

mat, 67

esurt,, top
cmsel, u, conc-temp
cm, conc-target, elem

cmsel, s, liner-temp
nsle

type, 68

real, 67

esurft, , bottom
cmsel,u, liner-temp
cm, liner-contact, elem

cmsel, s, conc-target

cmeel, a, liner-contact
cm, conc-liner-gap, elem

Liner.txt

kgel,n, kp, ,all I Clear active
Keypolnts

asel,u, area, ,all ! Clear active
Areas

vsel,u,volu,,all ! Clear active
Volumes

ksel,s, kp,,1,ct kps,ct kps-1 | Activate

Keypoints for axis of rotatiocn
egel,n, elem,,all
lsel,u, line,,all

et, 21, combinld,, 1
et,22,combinld, , 2
et, 23, combinld,, 3

r,201,1e8
r,202,1e8
r,203,1e8

r,51,0.25/12

cmsel, s, insul-vel
aslv
asel, r, loc, z, ctz(ct_kps)

type,1l
real, b5l
amesh, all

k, kmaxic+l, ctx({bm kp+3),
k, kmaxic+Z, ctx(bm kp) -

| sctz({bm kp+3)
{
k, kmaxic+3, ctx(bm kp)
{
{
{

0]

1,0,ctzlbm kp)
0.2929,0,ctz({bm kp}+0.2929
k, kmaxic+4, ctx(bm kp),0,c

k, kmaxic+5, ctx({bm kp-1),0

k, kmaxic+e, ctx({bm kp-2),0

tz{bm kp)+1
sctz({bm kp-1)
;ctz({bm kp-2)

1, kmaxic+l, kmaxic+2
1, kmaxic+2, kmaxic+3
1, kmaxic+3, kmaxic+4
1, kmaxic+4, kmasxic+hb
1, kmaxic+5, kmaxic+o

arotat,all,,,,,,1,ct_kps,180,2
cm, liner-lines, 1ine
aatt,101,51,1

lsel, r, loc, ®, ctx {bm kp)
legize, all,,arcsize
cmsel, s, liner-lines

lsel, r, loc, ®, ctx (bm kp+3)
lesize,all,,arcsize
cmsel, s, liner-lines

lsel, r, loc,x, ctx(bm kp)-1
lesize,all,,arcsize
cmsel, s, liner-1ines

lsel, r,loc, %, ctx(bm _kp)-0.2929
lezize, all,,arcsize

amesh, all
nsle
nummrg, node

cm, liner,elem

ngle

neel, r, loc, %, ctx (bm_kp+3) , ctx(bm kp)-1
cpint,uz,3.5

cmsel, s, liner

nsle

nsel, r, loc, 2z, ctz{bm kp-1),ctz(bm kp)+1
cpintt, ux, 3
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cpintf, uy, 3

allsel

nsel, s, loc, %, ctx (bm_kp)

nsel, r, loc, z, ctz (bm kp-2),ctz(bm kp-1)
cm, liner-wall, node

esel, none

JCOM - Merge liner and concrete wall
nummry, node

allsel

*get, KMAX]1, KP, 0, num, max I Get masximuam
Keypoint Number

*get, LMAX]1, LINE, 0, num, max I Get maximum Line
Number

*get, AMAX]1, AREA, 0, num, max I Get maximum Area
Number

*get, VMAX1,VOLU, 0, num, max ! Get maximum

Volume Number

Live load.txt

! select nodes to apply concentrated live locad
over - 10 ft radius

allsel

nsel, s, loc,z,0

ngel, r, loc,x,0,11

cm, n-live, node

*get, nodes, node, , count ' count the number
of nodes selected

*get,nstart, nede,, num, min ! get min node
number

live load=200000 ' live load 100 tons {1bs)
live mass=live_load/(2*g*1000*nodes) ! convert

live load to slugs/node selected

R,1002, live mass, live mass, live_mass
type, 10
real, 1002

cmsel, s, n-1live
cm,nlive, node ! temporary
counter for nodes

*do, 1,1, nodes
cmsel, s, nlive

*get, cnede, nede, ,num, min
e, cnode
nsel,u, node, , cnode

cm, nlive, node

*enddo

egel, =, real,, 1002

cm, live-load, elem
allsel

Outer-Spar.txt

I deinfe element type, material and real
constants

et,30,1ink8 ! rigid link tec be place
between couping and boundry conditions

mp, ex, 300, 10e9 ! high modulus to create
a rigid link

mp, dens, 300, 0 ! massless rigid link
r,300,1 I crogs-sectional area of
rigid link

! select elements and define rigid links
nsle

nsel, s, loc, %, 501l radius

nsel,u, loc,y, -10,-170

cm, ntemp, node

type, 30
mat, 300
real, 300

*do,1,1,20
cmsel, s, ntemp

ngel, r, loc, 2, s0ilz (1)
eintf, 51

*enddo

allsel

Primary-Props-AY.txt

/COM - Material Definitions
/COM - Material 101, Tank Steel
mp, ex, 101, 4248000

mp, nuxy, 101, 0.30

mp, dens, 101, 490/ (1000*g)

mp, damp, 101, 0.04/dE

JCOM - Material 102, Tank Steel
mp, ex, 102, 4243000

mp, nuxy, 102, 0.30

mp, dens, 102,490/ (1000*qg)

mp, damp, 102, 0.04 /df

/COM - Material 103, Tank Steel
mp, ex, 103, 4248000

mp, nuxy, 103, 0.30

mp, dens, 103,490/ (1000*g)

mp, damp, 103, 0.04/dE

JCOM - Material 104, Tank Steel
mp, ex, 104, 4243000

mp, nuxy, 104, 0.30

mp, dens, 104,490/ (1000*qg)

mp, damp, 104, 0.04 /df

/COM - Material 105, Tank Steel
mp, ex, 105, 4248000

mp, nuxy, 105, 0.30

mp, dens, 105,490/ (1000*g)

mp, damp, 105, 0.04/dE

JCOM - Material 106, Tank Steel
mp, ex, 106, 4243000

mp, nuxy, 106, 0.30

mp, dens, 106,490/ (1000*qg)

mp, damp, 106, 0.04 /df

/COM - Material 107, Tank Steel
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mp, ex, 107, 4248000

mp, nuxy, 107, 0.30

mp, dens, 107, 490/ (1000*q)
mp, damp, 107, 0.04 /df

JCOM - Material 108, Tank
mp, ex, 108, 4243000

mp, nuxy, 108, 0.30

mp, dens, 108, 490/ (1000*q)
mp, damp, 108, 0.04/df

/COM - Material 109, Tank
mp, ex, 109, 4248000

mp, nuxy, 109, 0.30

mp, dens, 109, 490/ (1000*q)
mp, damp, 109, 0,04 /df

JCOM - Material,l1ll0, Tank
mp, ex, 110, 4248000

mp, nusxy, 110, 0. 30

mp, dens, 110, 490/ (1000*q)
mp, damp, 110, 0.04/df

/COM - Material,l1lll, Tank
mp, ex, 111, 4248000

mp, nuxy, 111, 0.30

mp, dens, 111, 490/ (1000*q)
mp, damp, 111, 0.04 /dE

JCOM - Material,l1ll2, Tank
mp, ex, 112, 42483000

mp, nuxy, 112, 0,30

mp, dens, 112,490/ (1000*q)
mp, damp, 112, 0.04/d4f

/COM - Material,l1l13, Tank
mp, ex, 113, 4248000

mp, nuxy, 113, 0.30

mp, dens, 113,490/ (1000*q)
mp, damp, 113, 0.04/dE

JCOM - Material,l1ll4, Tank
mp, ex, 114, 4243000

mp, nuxy, 114, 0.30

mp, dens, 114, 490/ (1000*q)
mp, damp, 114, 0.04/df

JC0OM - Material,1llbh, Tank
mp, ex, 115, 4248000

mp, nuxy, 115, 0.30

mp, dens, 115,490/ (1000*q)
mp, damp, 115, 0.04 /dE

JCOM - Material,lle, Tank
mp, ex, 116, 4243000

mp, nuxy, 116,0.30

mp, dens, 116,490/ (1000*q)
mp, damp, 116, 0.04/df

/COM - Material,l1l17, Tank
mp, ex, 117,4248000

mp, nuxy, 117, 0.30

mp, dens, 117,490/ (1000*q)
mp, damp, 117, 0.04 /df

JCOM - Material,l1l18, Tank
mp, ex, 118, 4243000

mp, nuxy, 118, 0.30

mp, dens, 118, 490/ (1000*g)
mp, damp, 118, 0.04/df

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel
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JCOM - Material,119, Tank
mp, ex, 119, 4243000

mp, nuxy, 119, 0.30

mp, dens, 119,490/ (1000*qg)
mp, damp, 119, 0.04/df

/COM - Material, 120, Tank
mp,ex, 120, 4248000

mp, nuxy, 120, 0.30

mp, dens, 120,490/ (1000*g)
mp, damp, 120,0.04/dE

JCOM - Material, 121, Tank
mp, ex, 121, 4243000

mp, nuxy, 121, 0.30

mp, dens, 121,490/ (1000*qg)
mp, damp, 121, 0.04/d4f

/COM - Material, 122, Tank
mp,ex, 122, 4248000

mp, nuxy, 122, 0.30

mp, dens, 122,490/ (1000*g)
mp, damp, 122, 0.03/dL

JCOM - Material, 123, Tank
mp, ex, 123, 4243000

mp, nuxy, 123, 0.30

mp, dens, 123,490/ (1000*qg)
mp, damp, 123, 0.04 /df

/COM - Material, 124, Tank
mp,ex,124, 4248000

mp, nuxy, 124, 0.30

mp, dens, 124,490/ (1000*g)
mp, damp, 124, 0.04/dE

JCOM - Material, 125, Tank
mp, ex, 125, 4243000

mp, nuxy, 125, 0.30

mp, dens, 125,490/ (1000*qg)
mp, damp, 125, 0.04 /df

/COM - Material, 126, Tank
mp,ex,126,4248000

mp, nuxy, 126, 0.30

mp, dens, 126,490/ (1000*g)
mp, damp, 126, 0.04 /df

JCOM - Material, 127, Tank
mp, ex, 127, 4243000

mp, nuxy, 127, 0.30

mp, dens, 127,490/ (1000*qg)
mp, damp, 127,0.04/d4f

/COM - Material, 128, Tank
mp,ex, 128, 4248000

mp, nuxy, 128, 0.30

mp, dens, 128,490/ (1000*g)
mp, damp, 128, 0.04/dL

JCOM - Material, 129, Tank
mp, ex, 129, 4243000

mp, nuxy, 129, 0.30

mp, dens, 129,490/ (1000*qg)
mp, damp, 129,0.04/d4f

/COM - Material, 130, Tank
mp, ex, 130, 4243000

mp, nuxy, 130, 0.30

mp, dens, 130,490/ (1000*g)
mp, damp, 130, 0.04/dE
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/COM - Material,131, Tank
mp, ex, 131, 4248000

mp, nuxy, 131, 0.30

mp, dens, 131,490/ (1000*q)
mp, damp, 131, 0.04 /dE

JCOM - Material,l132, Tank
mp, ex, 132, 4248000

mp, nuxy, 132, 0.30

mp, dens, 132,490/ (1000*q)
mp, damp, 132, 0.04/df

/COM - Material, 133, Tank
mp, ex, 133, 4248000

mp, nuxy, 133, 0.30

mp, dens, 133,490/ (1000*q)
mp, damp, 133, 0.04/dE

/COM - Material, 134, Tank
mp, ex, 134, 4248000

mp, nuxy, 134, 0.30

mp, dens, 134, 490/ (1000*q)
mp, damp, 134, 0.04/df

/COM - Material, 135, Tank
mp, ex, 135, 4243000

mp, nuxy, 135, 0.30

mp, dens, 135,490/ (1000*g)
mp, damp, 135,0.04 /df

/COM - Material, 136, Tank
mp,ex,136,4248000

mp, nuxy, 136, 0.30

mp, dens, 136,490/ (1000*qg)
mp, damp, 136,0.04 /df

JCOM - Material, 137, Tank
mp, ex, 137, 4243000

mp, nuxy, 137, 0.30

mp, dens, 137,490/ (1000*g)
mp, damp, 137,0.04 /df

/COM - Material, 138, Tank
mp, ex, 138, 4248000

mp, nuxy, 138, 0.30

mp, dens, 138, 490/ (1000*g)
mp, damp, 138,0.04 /df

JCOM - Material, 139, Tank
mp, ex, 139, 4243000

mp, nuxy, 139, 0.30

mp, dens, 139,490/ (1000*g)
mp, damp, 139,0.04 /d4df

r, 101, (0.5-0.06) /12

r, 102, (0.5-0.06) /12

r, 103, (0.375-0.06) /12
r,104, (0.375-0.06) /12
r,105, (0.375-0.06) /12
r, 106, (0.375-0.06) /12
r,107, (0.375-0.06) /12
r, 108, (0.375-0.06) /12
r,109, (0.375-0.06) /12
r,110, (0.375-0.06) /12
r,111, {(0.375-0.06) /12
r,112, (0.375-0.06) /12
r,113, (0.375-0.06) /12
r,114, (0.375-0.06) /12
r, 115, (0.5-0.06) /12

r,116, (0.5-0.06) /12

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel
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r,117, (0.5-0.06) /12
r,118, (0.5-0.06) /12
r,119, (0.5-0.06) /12
r,120, (0.5-0.06) /12
r,121, (0.5-0.06) /12
r,122, (0.5-0.06) /12
r,123, (0.5-0.06) /12
r,124, (0.75-0.06) /12
r,125, (0.75-0.06) /12
r,126, (0.75-0.06) /12
£,127, (0.75-0.06) /12
r,128, (0.75-0.06) /12
£,129, (0.875-0.06) /12
r,130, (0.875-0.06) /12
r,131, (0.875-0.06) /12
r,132, (0.5-0.06) /12
r,133, (0.5-0.06) /12
r,134, (0.5-0.06) /12
r,135, (0.5-0.06) /12
r,136, (0.5-0.06) /12
r,137, (0.5-0.06) /12
r,138, (0.5-0.06) /12
r,139, (0.5-0.06) /12
Primary.txt

/COM - Create KeyPoints for primarvtank
*do,i,1,pt kps,1

k, kmaxct+i, ptx(i),0,ptz{i)

*enddo

/COM - Create lines for primary tank
*do,i,1,pt kps-1,1

1, kmaxct+i, kmaxct+i+1

*enddo

/COM - Create Areas for primary tank
lsel, s, line, , LMAXct+]l, LMAXct+pt kps-1
arotat,all,,,,,,1,ct_kps,180,2

JCOM - Assign Material and Real Properties to
primary tank areas

cayg, 1

*do,i,1,pt_kps-1,1

asel, =, area, , AMAXcE+1

asel, a, area, , AMAXct+pt kps-1+1
aatt,l00+1i,100+1i,1

*enddo

allsel

J/COM - Elements at tank Top center
asel,s, loc,x,ptx(l),ptx(2)

asel, r,loc,z,ptz (1) ,ptz{2)

lsla

1sel, r, loc, %, ptx(2)
lesize,all,,arcsize

lsla

1sel,u, loc,x, ptx(2)
lesize,all,,,midsize

amesh, all

JCOM - Elements in primary tank
*do,i,2,pt kps-2,1

asel, s, area, , AMAXcE+1

asel, a, area, , AMAXct+pt kps-1+1
lsla

1sel, s, loc, %, ptx (i) ,ptx{i+l)
lsel, r,loc,z,ptz (i) ,ptz(i+l)
lezize, all,,arcsize
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amesh, all
*enddo

/COM - Elements at tank floor center
(PpEx(pt kps)

asel, s, loc, %, ptx{pt kps-1)
asel, r, loc,z,ptz(pt_kps)
cm, al, area

lsla

lsel, r, loc, %, ptx{pt kps-1)
legize, all,,arcsize

lsla

lsel,n, loc, %, ptx{pt kps-1)
legsize,all,,,midsize
amesh, all
agel, r, loc,vy,0,-90

cm, ala, area

mesh mapping

cmsel, s, al

cmeel,u,ala

cm, alb, area

mesh mapping

allsel

cmsel, u, conc-tank

*get, emax, elem, , num, maxd
2NOTI, eIMax

cm, primary-tank, elem

allsel

*get, KMAXpt, KP, 0, num, max
Keypolint number

*get, LMAXpt, LINE, 0, num, max
Number

*get, AMAXpt, AREA, 0, num, max
Number

RS-Freq.txt

data,2,1,152,1, frequency
1£7.3)
0.100
0.105
0.111
0.118
0.125
0.128
0.132
0.135
0.139
0.143
0.147
0.152
0.15%6
0.1lel
0.167
0.172
0.179
0.185
0.192
0.15%6
0.200
0.204
0.208
0.213
0.217
0.222
0.227
0.233
0.238

Mé&D-2008-004-CALC-01, Rev. 1

.244
.250
L2506
L263
L2700
L2708
.286
.294
.303
.313
.323
.333
. 345
. 357
.370
.385
L400
L4177
.426
.435
444
.455
L4565
.476
.488
.500
.513
526
.541
L5506
.571
.588
.606
.625
. 645
.667
. 690
L7114
L741
L7609
.800
L8333
.870
.909
. 952
.000
.020
L0432
064
L0817
L111
136
.163
L1590
L220
L2500
.282
.316
.351
.389
429
471
.515
.563
.613
L667
L1724
. 754
.786
.818
L8502

! Component for

! Compoment for

I Get maximum
! Get maximum Line

! Get maximum Area

PR PEPRERPPRPEREPRPRPRPPRPEREPPEPREPRERPRPRRPEPRPSOODOOCODCODCCOCOOCODOCOCOCOCOCOoOoCOoOO0OCOoOCoOOo0OCOoOCoOOo0OCcoOoCo0ooo0
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887
.923
.961
.000
.041
L083
L1238
174
.222
.273
.326
.381
.439
.500
.564
L 632
.703
L7178
.857
.941
.030
.125
226
.333
L4483
.571
L7104
.846
.000
167
.348
.545
Y
.000
L263
.556
.882
L2500
.667
.143
L6992
. 333
.091
10.000
11.111
12.500
14.28¢6
16.667
20,000
25.000
33.333
100,000

L e I N L T O B ) B ) [ S St St U S (0 O 1% T O S T 1 2 0 T A A e o T A T A T o Y A S T R o T A T NG S T R i B

)

Slave.txt

/COM - Develop Slave Boundarz
JCOM - 20 Layer Model

csys, 1

Coordinates

*get, CEPMAX,CP, 0, num, max

for Couple Set Numbers

nsel, s, loc, ¥, s0il_radius
exterior surface nodes
cgys, 0

Coordinates

nrotat, all

Global Cartesian Ccordinates

RPP-RPT-28966 Rev.
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Conditions

Set Cylindrical

! Counter

Select soil

! Set Cartesian

! Rotate into

nsel, s, loc, z,so0ilzi{deepsoil) Select all Base
nodes
nrotat,all

Global Cartesian Coordinates

Rotate into

csys, 1

Coordinates
*do,1,1,deepseil-1,1
each soil layer

nsel, s, loc, %, 501l radius
extericr nodes

ngel, r, loc, 2, s0ilz (1)

Set Cylindrical

Cycle through

Select all

Select nodes by

layer
cp, 3*1i-Z2+cpmax, ux, all ! Couple in X
cp, 3*itcpmasx, uz, all ! Couple in 2

nsel,u, loc,vy, 0 Unselect nodes
on Symmetry Plane

nsel,u, loc, vy, 180

cp, 3*i-1+cpmax, uy, all ! Couple in ¥
*enddo

ngel, s, loc, z, soilz{deepsoil) I Select base
nodes

ngel,u, loc, 2, 320-.1,320+.1

cp,deepsoil*10+1l+cpmax,ux,all ! Couple in X
cp, deepsoil*10+2+cpmax, uy, all Couple in ¥
cp,deepsoil*10+3+cpmax,uz,all ! Couple in 2

allsel

Spectra-All.txt

Jinput, spectra-conc-0, txt
/input, spectra-conc-45, txt
Jinput, spectra-conc-90, txt
Jinput, spectra-conc-135, txt
/input, spectra-conc-180, txt
Jinput, spectra-conc, txt
/input, spectra-primary-0, txt
Jinput, spectra-primary-45, txt
/input, spectra-primary-90, txt
/input, spectra-primary-135, txt
Jinput, spectra-primary-180, txt
/input, spectra-soil, txt

Spectra-conc-0.txt
fini

/POSTZ26
numvar, 200
*do, z, 2,200
VARDEL, z
*enddo

cmsel, s, conc-tank

ngle

csys, 1

ngel, r, loc, ®x, ctx (11)
nsel, r, loc,y, 0

ngel, r, loc, 2z, ctz (11)
*get,ct 0 H,node,,num,max

cmsel, =, conc-tank
nsle

ngel, r, loc, ®x, ctx (14)
nsel, r, loc,y, 0

nsel, r,loc,z,ctz(14)
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*get,ct_ 0 38Z,nocde, , num, max

cmsel, 5, conc-tank

nsle

nsel, r, loc,x, ctx (17)

nsel, r,loc,vy,0

nsel, r, loc,z, ctz (17)
*get,ct_ 0 236,node, , num, max

cmeel, 2, conc-tank

nsle

nsel, r, loc,x, ctx(19)

nsel, r,loc,vy,0

nsel, r, loc,z, ctz(19)
*get,ct 0 145,node, , num, max

cmeel, 2, conc-tank

nsle

nsel, r, loc,x, ctx(22)
nsel, r, loc,v, 0
nsel,r,loc,z,ctz(22)
*get,ct 0 0,node,,num, max

nsol,3,ct 0 Hyu, %, N ¥{ct 0 H)3X
nsol,4,ct_0_382,u,x,N_%(ct_0_382)%K
nsol,5,¢ct 0 236,01, 2, N F({ct 0 236) 3K
nsol, 6, ct_ O 145, u, %, N_%(ct_0_145)%X
nsol, 7, ct_ 0 O,u,x, N _%(ct_0 0)3X

nsol,13,ct_0 H,u,vy,N_%({ct_0_H) %y
nsol,14,ct 0 382,u,v,N ¥{ct 0 382) 3%y
nsol,15,ct 0 236,u,y,N_%(ct_0 _236) %y
nsol,le,ct 0 145,u,v, N %{ct 0 145) %y
nsol,17,ct 0 O,u,y,N F{ct 0 0)%y

nsol,23,ct 0 Hyu,z,N S{ct 0 H)%z
nsol, 24, ct_0_382,u,2,N_%(ct_0 382) %z
nsol,25,ct 0 236,u,z, N ¥{ct 0 Z236) %z
nsol,26,ct 0 145,u,z, N ¥{ct 0 145) 3z
nsol,27,ct_0 O,u,z, N _%(ct_Q 0)%z

/input, rs_freq, t=zt

2,3,3,0.05,0.01,100,120.48
2,4,3,0.05,0.01,100,120.48
resp,33,2,5,3,0.05,0.01,100,120.483
2,6,3,0.05,0.01,100,120.48
2,7,3,0.05,0.01,100,120.48

.1 .05,0.01,100,120.48
.05,0.01,100,120.48
.05,0.01,100,120.48
.05,0.01,100,120.48
.05,0.01,100,120.48
.05,0.01,100,120.48
.05,0.01,100,120.48
.05,0.01,100,120.48
.05,0.01,100,120.48
.05,0.01,100,120.48

3
4
5
resp, 44 2 1o,
resp, 45,2, 17,
resp,51,2,23,
resp, 52,2, 24,
resp, 53,2, 25,
resp,54,2, 20,
resp, 55,2, 27,

prod,el,31,,,rs %
prod,e2,32,,,rs %
prod, 63,33,,,rs %
prod,e4,34,,,rs %
prod, 65,35,,,rs %

(et 0 HY®-X,,,1l/g
{
{
{
{
prod,71,41,,,rs %
{
{
{
{
{
{

t
£t 0 382)%-X,,,1l/qg
t 0 236)%-X,,,1l/g
£t 0 145)%-%,,,1/qg
t 0 0)%-%,,,1l/g
£ 0 H)% AT s
proed,72,42,,,rs_%(ct_| 0 _382)%- Ve 1l/g
prod,73,43,,,rs %(ct
prod, 74,44, ,,rs F{ct
prod,75,45,,,rs_%{ct_
prod,81,51,,,rs %{ct
prod,82,52,,,rs_%{ct_

"0 236)%-y,,,1/g
0 145)%-v, ,,1/g
0_0)%-y,,,1l/g
0 W %-z,,, 1/
0 382)%-z,,,1/g

RPP-RPT-28966 Rev.
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prod,83,53,,,rs_%(ct_0_236)%—z,,,1/g
prod,84,54,,,rs %{ct 0 145)%-z,,,1/g
pred,85,55,,,s_%(ct_0_0)%-z,,,1l/g

lines, 200
/out,RS-ct-0, out

prvar,Z,6l,62,63,
prvar,2,71,72,73,
prvar,2,81,82,83,

/out

deriv,91,3,1
deriv,92,4,1
deriv,93,5,1,,
deriv,94,06,1
deriv, 95,7,1

deriv, 101,13, 1,,
deriv, 102,14, 1,
deriv, 103,15, 1,
deriv, 104,16, 1,
deriv, 105,71, 1,,

deriv,111,23,1,,
deriv, 112,24, 1,
deriv,113,25,1,,
deriv,114,26,1,,
deriv, 115,27, 1,

deriv, 121,91, 1,,
deriv,122,92,1,,
deriv, 123,93, 1,,
deriv, 124, 94,1,,
deriv,125,95,1,,

deriv,131,101,1,
deriv, 132,102, 1,
deriv, 133,103, 1
deriv,134,104,1,
deriv, 135,105, 1

deriv,141,111,1
deriv,142,112,1,
deriv, 143,113, 1
deriv,144,114,1
deriv, 145,115, 1,

lines, 2050
Jout, Accel-ct-0,

rr

rr

rr

64,65
74,75
84,85

, VE3
;o vd
v 5
;P VED
,vxT

vyl3

,vyld
,Vy1l5h
VY16

vyl7

vzZ3

,vead

vzZ5
vzl G

,vedd

a %
a %

a %
a %

2=
-

F({ct
Sict
cra Blct
% (ct
Sict

=

r

‘DJ‘DJ‘DJ SlJ‘DJ

r

out

Sict
% ({ct_
Flct |
Sict
F{ct

(ct 0 HY%-x,,,1l/g
(ct_0_382)%-x,,,1l/g
a %(ct 0 236)%-x,,,1/g
(ct 0 145)%-x,,,1/g
(ct 0 0)%-%,,,1/g

O_H)%-v,,,1l/q

"0 382)8-y,,, /g

0 236)%-y,,,1/q
0_145)%-y,,,1/qg

0 0)%-v,,,1/g

0 Hs-z,,, 1/

0 382)%-z,,,1/g
0 236)%-2,,,1/g

0 145)%-z,,,1/9
0 0)%-z,,,1/g

prvar,121,122,123,124,125
prvar,131,132,133,134,135
prvar, 141,142,143, 144, 145

/out

Spectra-conc-1
fini

/POSTZ26
numvar, 200
*do, z, 2,200
VARDEL, z
*enddo

csys, 1

35.txt

cmsel, =, conc-tank

nsle

nsel, r, loc, %, ctx(11)
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nsel, r,loc,y,-135 prod,64,34,,,rs_ct_135_l45—X,,,1/g

nsel, r, loc, z, ctz (11} prod,65,35,,,rs ct 135 0-X,,,1l/g

*get,ct 135 _H,node, , num, max proed,71,41,,,r5_ct_135 H Verrl/g
prod,72,42,,,rs_ct_ 135 382-y,,,1l/g

cmeel, 2, conc-tank prod,73,43,,,rsict71357236 AT s

nsle prod,74,44,,,rs_ct_135_l45—y,,,1/g

nsel, r, loc,x, ctx (14} prod,75,45,,,rs ct 135 O-v,,,1l/g

nsel, r,loc,y,-135 proed,81,51,,,r5_ct_135 H 2,0 1/9

nsel, r, loc, z, ctz (14} preod,82,52,,,rs ct "135 382- AN e

*get,ct 135 382, node,, num,max prod,83,53,,,rsict71357236 AN e
prod,84,54,,,rs_ct_135 145-z,,,1/qg

cmeel, 2, conc-tank prod,85,55,,,rs ct 135 O0-z,,,1/g

nsle

nsel, r, loc,x, ctx (17)

nsel, r, loc, v, -135 lines, 200

nsel,r,loc,z,ctz(17) Jout,RS8-ct-45, out

*get,ct 135 236, node,, num,max prvar,Z,6l,62,63,64,65
prvar,Z2,71,72,73,74,75

cmeel, 2, conc-tank prvar,2,81,82,83,84,85

nsle /out

nsel,r,loc,x, ctx(19)

nsel, r, loc, v, -135 deriv,91,3,1,,v=3

nsel,r,loc,z,ctz(19) deriv,92,4,1, ,vxd

*get,ct 135 145, node, , num, max deriv,93,5,1,,vx5
deriv,94,6,1,,vZ0

cmeel, 2, conc-tank deriv, 95,7,1, ,v=7

nsle

nsel,r,loc,x, ctx(22) deriv,101,13,1,,vvyl3

nsel, r, loc, v, -135 deriv,102,14,1,,vyld

nsel,r,loc,z,ctz(22) deriv,103,15,1,,vyl5

*get,ct 135 0,node, , num, max deriv,104,16,1,,vvle

deriv,105,71,1,,vyl7
nsol, 3, ct 135 H,u,x,N %{ct 135 H)3IX

nsol, 4, ct 135 382,u,x,N %{ct 135 382) %X deriv,111,23,1,,v=z23
nsol, 5, ct_135_236,u,x,N_%(ct_135 236) %X deriv,112,24,1,,vz24
nsol, 6, ct 135 145,u,x, N %{ct 135 145) %X deriv,113,25,1,,v=z25
nsol, 7, ct_135 0,u,x,N_%(ct_135 0)%X deriv,114,26,1,,vz20

deriv,115,27,1,,v=27
nsol,13,ct 135 H,u, v, N %{ct 135 H) 3y

nsol,14,ct_135 382, u,y,N_%(ct_135 382)%y deriv,121,91,1,,a ct_135 H-x,,,1l/qg

nsol,15,ct 135 236,u,vy,N %ict 135 236) %y deriv,122,92,1,,a ct 135 382-%,,,1/g
nsol, 16, ct 135 145, u,y,N_%({ct_135 145) %y deriv,123,93,1,,a ct_135 236-x%,,,1/qg
nsol, 17, ct 135 O,u,y,N ®{ct 135 ~0) ®y deriv,124,94,1,,a ct 135 145-%,,,1/g

deriv,125,95,1,,a_ct_135_0—x,,,1/g
nsol,23,ct_135 H,u, 2, N_%(ct_135 H) %z

nsol,24,ct 135 382, u,z,N %{ct 135 382) %z deriv,131,101,1,,a ct 135 H-v,,,1l/g

nsol,25,ct 135 236, u,z, N %(ct 135 236) %= deriv,132,102,1,,a ct 135 382-y,,,1l/g
nsol,26,ct 135 145,u,2, N %({ct 135 145) 3%z deriv,133,103,1,,a ct 135 236-vy,,,1l/qg
nsol,27,ct_135 0,u, 2, N_%(ct_135_0) %z deriv,134,104,1,,a ct_135 145-v,,,l/qg

deriv,135,105,1,,a ct 135 O-vy,,,1l/g
/input, rs_freq, t=zt
deriv,141,111,1,,a ct_135 H- 2,00 170

resp,31,2,3,3,0.05,0.01,100,120.48 deriv,142,112,1,,a ot 135 382-z,,,1/q
resp,32,2,4,3,0.05,0.01,100,120,48 deriv,143,113,1, ,a_ct_135_236 z,,.1/g
resp, 33,2,5,3,0.05,0.01,100,120.48 deriv,144,114,1,,a ct 135 145-z,,,1/g
resp,34,2,6,3,0.05,0.01,100,120,48 deriv,145,115,1,,a ct 135 0-z,,,1/g
resp, 35,2,7,3,0.05,0.01,100,120.48

resp, 41,2,13,3,0.05,0.01,100,120.45 lines, 2050
resp,42,2,14,3,0.05,0.01,100,120.48 Jout,Accel-ct-135, cut

resp, 43,2,15,3,0.05,0.01,100,120.45 prvar,121,122,123,124,125

resp, 44,2,16,3,0.05,0.01,100,120.48 prvar,131,132,133,134,135

resp, 45,2,17,3,0.05,0.01,100,120.485 prvar,141,142,143,144,145

resp, 51,2,23,3,0.05,0.01,100,120.45 /out

resp, 52,2,24,3,0.05,0.01,100,120.48

resp,53,2,25,3,0.05,0.01,100,120.485

resp,54,2,26,3,0.05,0.01,100,120.48 Spectra-conc-180.txt
resp,55,2,27,3,0.05,0.01,100,120.48

prod,61,31,,,rs_ct 135 H-X,,,1/g fini

prod, 62,32,,,rs ct "135 382- EAR ey JPOST26

prod, 63, 33,,,rs_ct_135_236 X, .. 1/g
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numvar, 200
*do, z, 2,200
VARDEL, =
*enddo

csys, 1

cmeel, 2, conc-tank

nsle

nsel, r, loc,x, ctx (11}
nsel, r, loc, v, -180
nsel,r,loc,z,ctz(11)
*get,ct 180 H,node, , num, max

cmeel, 2, conc-tank

nsle

nsel,r,loc,x, ctx(14)
nsel, r, loc, v, -180
nsel,r,loc,z,ctz(14)

*get,ct 180 382, node, , num,max

cmsel, 5, conc-tank
nsle

nsel,r,loc,x, ctx(17)
nsel, r, loc, v, -180
nsel,r,loc,z,ctz(17)

resp,51,2,23,3,
resp, 52,2, 24, 3,

resp,54,2,26,3,

05,0.01,100,120.48
05,0.01,100,120.48

05,0.01,100,120.48

0.

0.
resp,53,2,25,3,0.05,0.01,100,120.48

0.

0.

resp, 55,2,27, 3,

prod, 61, 31,,
prod, 6Z,3Z2,,
prod, 63, 33,,
prod, 64,34, ,
prod, 65,35,,
prod, 71,41,,
prod,iZ,42,,
prod, 73,43,,
prod, 74,44, ,
prod,75,45,,
prod, 81, 51,,
prod,8Z,52,,
prod, 83,53,,
prod, 84,54, ,
prod, 85, 55,,

lines, 200

r

r

r

r

r

r

r

r

r

05,0.01,100,120.48

rs ct 180 H-X,,,1l/qg
rs_ct 180 382-X,,,1l/g
rg ct 180 236-X,,,1l/y
rg ¢t 180 145-X,,,1l/y
rs_ct 180 0-%,,,1l/g
rs_ct 180 H-v,,,1l/g
rs_ct 180 382-y,,,1l/g
rg ct 180 236é-v,,,1l/y
rg ¢t 180 145-v,,,1l/g
rs_ct 180 0-v,,,l/qg
rs _ct 180 H-z,,,1l/qg
rs_ct 180 382-z,,,1l/g
rg ¢t 180 23é-z,,,1/y
rg_ct 180 145-z,,,1/g
rs _ct 180 0-z,,,1/qg

Jout,RS8-ct-45, out

*get,ct 180 236, node,, num,max

cmsel, 5, conc-tank

nsle

nsel,r,loc,x, ctx(19)
nsel, r, loc, v, -180
nsel,r,loc,z,ctz(19)

*get,ct 180 145, node,, num, max

cmsel, 5, conc-tank

nsle

nsel,r,loc,x, ctx(22)
nsel, r, loc, v, -180

nsel, r, loc, z, ctz(22)
*get,ct_180_0,node, , num, max

nsol, 3, ct_180_H,u,x,N_%(ct_180 H)3X
nsol,4,ct 180 382,u,x, N %{ct 180 382) %X
nsol, 5, ct_180_236,u,x, N % (ct_180_236) %X
nsol,6,ct_180_145,u,x, N %(ct_180_145) %X
nsol,7,ct 180 0,u,x, N %{ct 180 0)3X

nsol,13,ct 180 H,u, vy, N %({ct 180 H) %y

nsol,14,ct_180_382,u,y,N_%(ct_180_ 382)%y
nsol,15,ct 180 236, u,y, N F{ct 180 236) 3y
nsol,l6,ct_180_145,u,y,N_%(ct_180_145)%y

nsol,17,ct_180_0,u,y,N_%(ct_180_0) %y

nsol,23,ct_180 H,u, 2, N_%(ct_180_H) %z
nsol,24,ct 180 382, u,z,N %({ct 180 382) %z
nsol,25,ct_180_236,u,z,N_%(ct_180 236) %z
nsol,26,ct 180 145,u,z, N %({ct 180 145) 3%z
nsol,27,ct 180 0,u,z, N ¥{ct 180 0) 3z

/input, rs freq, txt

.05,0.01,100,120.

48

prvar,Z,6l,62,63,64,65
prvar,Z2,71,72,73,74,75
prvar,Z,81,82,83,84,85
Jout

deriv,91,3,1,,v=3
deriv,92,4,1, ,vxd
deriv,93,5,1,,vx5
deriv,94,6,1, ,v=6
deriv,95,7,1, ,vx7

deriv,101,13,1,,vvyl3
deriv,102,14,1,,vyld
deriv,103,15,1,,vvl5
deriv,104,16,1,,vyl6
deriv,105,71,1,,vyl7

deriv,111,23,1,,v=z23
deriv,112,24,1,,vz24
deriv,113,25,1,,v=z25
deriv,114,26,1,,vz26
deriv,115,27,1,,v=z27

deriv,121,91,1,,a ct_180 H-x,,,1l/qg
deriv,122,92,1,,a ct 180 382-%,,,1/g
deriv,123,93,1,,a_ct_180_236—x,,,1/g
deriv,124,94,1,,a_ct_180_145—x,,,1/g
deriv,125,95,1,,a ct 180 0-x,,,1l/g

deriv,131,101,1,,a ct 180 H-v,,,1l/g
deriv,132,102,1,,a ct_180_382-v,,,l/qg
deriv,133,103,1,,a ct 180 236-y,,,1l/g
deriv,134,104,1,,a ct 180 145-y,,,1l/g
deriv,135,105,1,,a ct_180 0-v,,,l/qg

deriv,14l,1ll,l,,a_ct_lBO_H—z,,,l/g
deriv,142,112,1,,a ct 180 382-z,,,1/g

2,3,3,0
2,4,3,0.05,0.01,100,120.48
resp,33,2,5,3,0.05,0.01,100,120,48
2,6,3,0.05,0.01,100,120.48
resp,35,2,7,3,0.05,0.01,100,120,48
13,3,0.05,0.01,100,120.48
3,0.05,0.01,100,120.483
3,0.05,0.01,100,120.48
3,0.05,0.01,100,120.483
3,0.05,0.01,100,120.48

deriv,143,113,1,,a ct 180 236-z,,,1l/g

deriv,144,1l4,l,,a_ct_180_145—z,,,l/g

deriv,145,115,1,,a ct 180 O0-z,,,1l/g

lines, 2050

Jout, Accel-ct-180, out

prvar,121,122,123,124,125
prvar,131,132,133,134,135
prvar,141,142,143,144,145
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/out resp,32,2,4,3,0.05,0.01,100,120. 48

resp,33,2,5,3,0.05,0.01,100,120. 48

resp,34,2,6,3,0.05,0.01,100,120. 48

Spectra-conc-43.txt resp,35,2,7,3,0.05,0.01,100,120.48
resp,41,2,13,3,0.05,0.01,100,120.48
. resp,42,2,14,3,0.05,0.01,100,120.48
fini resp,43,2,15,3,0.05,0.01,100,120.45
resp, 44,2,16,3,0.05,0.01,100,120.48
/BOSTZ26 resp,45,2,17,3,0.05,0.01,100,120.48
Tﬁﬁvirgzggo resp,51,%,23,3,0.05,0.01,100,120.48
$Ze2 resp,52,2,24,3,0.05,0.01,100,120.48
Yiigg§'2 resp,53,2,25,3,0.05,0.01,100,120.48
resp,54,2,26,3,0.05,0.01,100,120.48
resp,55,2,27,3,0.05,0.01,100,120.48

csys, 1

Eﬁiilfs'conc’tank prod,61,31,,,rs_%(ct 45 H)%-X,,,1/q

nsel, r, loc,x, ctx (11}

nsel, r,loc,vy, -45

nsel, r, loc,z,ctz({11)
*get,ct 45 H, node,, num,max

cmeel, 2, conc-tank

nsle

nsel, r, loc,x, ctx (14}
nsel, r, loc,v, —45
nsel,r,loc,z,ctz(14)

*get,ct 45 382, node,, num,max

cmeel, 2, conc-tank

nsle

nsel, r, loc,x, ctx (17)
nsel, r, loc,v, —45
nsel,r,loc,z,ctz(17)

*get,ct 45 236, node,, num, max

cmeel, 2, conc-tank

nsle

nsel,r,loc,x, ctx(19)
nsel, r, loc,v, —45
nsel,r,loc,z,ctz(19)

*get,ct 45 145,node,, num, max

cmsel, 5, conc-tank

nsle

nsel,r,loc,x, ctx(22)
nsel, r, loc,v, —45

nsel, r, loc, z, ctz(22)
*get,ct 45 0, node,, num,max

nsol, 3, ct_45 H,u,x, N _%(ct_45 H) %X
nsol, 4, ct 45 382,u,x, N %({ct 45 382)3X
nsol, 5, ct_45 236,u,x, N_%(ct_45 236) %X
nsol, 6, ct 45 145,u, %, N %{ct 45 145)3X
nsol, 7, ct_45 0,u,x, N _%(ct_45 0) %X

nsol,13,ct 45 H,u,y,N %{ct 45 H) %y
nsol, 14, ct_45 382,u,vy,N_%(ct_45 382) %y
nsol,15,ct 45 236,u,y,N %{ct 45 236) %y
nsol,l6,ct_45 145,u,vy,N_%(ct_45 145) %y
nsol,17,ct 45 0, u,y,N F({ct 45 Q) %y

nsol,23,ct_45 H,u,z,N_%(ct_45 H) %z
nsol,24,ct 45 382,u,z,N %{ct 45 382)%z
nsol,25,ct_45 236,u,z,N_%(ct_45 236) %z
nsol,26,ct 45 145,u,z,N %{ct 45 145)%z
nsol,27,ct_45 0,u,z,N_%(ct_45 0)%z

/input, rs freq, t=t

resp,31,2,3,3,0.05,0.01,100,120.48

prod,e2,32,,,rs %
prod, 63,33,,,r5_%
prod,e4,34,,,rs %
prod, 85,35,,,rs_%
prod,71,41,,,r5_%
prod,72,42,,,rs %
prod,73,43,,,r5_%
prod,74,44,,,rs %
prod,75,45,,,r5_%
prod,81,51,,,rs %
prod,82,52,,,r5_%
prod,83,53,,,r5_%
prod,84,54,,,rs %
prod,85,55,,,r5_%

lines, 200
/out,RS-ct-45, out
prvar,Z,6l,62,63,
prvar,2,71,72,73,
prvar,Z,81,82,83,
Jout

deriv,91,3,1,,vx3
deriv,92,4,1, ,vxd
deriv,93,5,1,,vxh
deriv,94,6,1, ,v=6
deriv,95,7,1, ,vx7

{

{ct 45 382)%-X,,,1/q
{ct_45 236)%-X,,,1/q
{ct 45 145)%-X%,,,1/q
{ct 45 0)%-%,,,1/g
{ct_45 H)%-v,,,1l/g
{ct 45 382)%-v,,,1/q
{ct_45 236)%-y,,,1/q
{ct 45 145)%-v,,,1/g
{ct_45 0)%-v,,,1l/g
fct 45 H)%-2z,,,1/g
{ct_45 382)%-z,,,1/q
{ct_45 236)%-z,,,1/q
{ct 45 145)%-z,,,1/g
{ct_45 0)%-z,,,1l/g

64,65
74,75
84,85

deriv,101,13,1,,vvl3
deriv,102,14,1,,vyl4
deriv,103,15,1,,vvylb
deriv,104,16,1,,vyl6
deriv,105,71,1,,vyl7

deriv,111,23,1,,v
deriv,112,24,1,,v

z23
z24

deriv,113,25,1,,vz25
deriv,114,26,1,,vz26
deriv,115,27,1,,vz27

deriv,121,91,1,,a %{ct 45 H)%-x%,,,1l/g
deriv,122,92,1,,a % ct_45_382)%—x,,,1/g

deriv,124,94,1,,a % ct_45_l45)%—x,,,l/g

(

(
deriv,123,93,1,,a %{ct 45 236)%-x,,,1l/g
(

(

deriv,125,95,1,,a %{ct 45 0)%-x%,,,1l/g

deriv,131,101,1,,
deriv,132,102,1,,
deriv,133,103,1,,
deriv,134,104,1,,
deriv,135,108,1,,

deriv,141,111,1,,
deriv,142,112,1,,
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deriv,143,113,1,,a %ict_45 236)%-z,,,1l/g
deriv,144,114,1,,a %i{ct 45 145)%-z,,,1/g
deriv,145,115,1,,a_%(ct_45_0)%—z,,,l/g

lines, 2050

Jout, Accel-ct-45, out
prvar,121,122,123,124, 125
prvar,131,132,133,134,135
prvar, 141, 142,143,144, 145
Jont

Spectra-conc-90.txt
fini

/POST26
numvar, 200
*do, z,2,200
VARDEL, z
*enddo

csys, 1

cmeel, 2, conc-tank

nsle

nsel,r,loc,x, ctx(11)
nsel, r, loc, v, —90
nsel,r,loc,z,ctz(11)
*get,ct 90 H, node,, num,max

cmsel, 5, conc-tank

nsle

nsel,r,loc,x, ctx(14)
nsel, r, loc, v, —90
nsel,r,loc,z,ctz(14)

*get,ct 90 382, node,, num,max

cmsel, 5, conc-tank

nsle

nsel,r,loc,x, ctx(17)
nsel, r, loc, v, —90
nsel,r,loc,z,ctz(17)

*get,ct 90 236, node,, num, max

cmsel, 5, conc-tank

nsle

nsel, r, loc,x, ctx(19)
nsel, r, loc, v, —90

nsel, r, loc,z, ctz(19)

*get,ct 90 145, node,, num, max

cmsel, 5, conc-tank

nsle

nsel,r,loc,x, ctx(22)

nsel, r,loc, vy, -90

nsel, r, loc, z, ctz(22)
*get,ct_90_ 0, node,, num, max

nsol, 3, ct_90 _H,u,x,N_%({ct_80 H)3X
nsol, 4, ct 20 382,u,x, N %{ct 90 382)3X
nsol, 5, ct 20 236,u,x, N %{ct 90 236)3X
nsol, 6, ct_90_145,u,x, N_%(ct_90_145)%3X
nsol,7,ct 20 0,u,x, N %{ct 90 0)3X

nsol,13,ct 90 H,u,vy,N F{ct 20 H) %y
nsol, 14, ct_90_382,u,y,N_%(ct_80 382)%y
nsol,15,ct_90_236,u,y,N_%(ct_80 236) %y
nsol,le,ct 90 145,u,v, N %{ct 90 145)%y
ngol,17,ct_90 0,u,v,N_%(ct_90_0)%y

RPP-RPT-28966 Rev.

Page 388 of 888

ngol,23,ct_90 H,u,z,N_%(ct_90 H) %z
nsol,24,ct 80 382,u,z, N %(ct7907382)%z
ngol, 25, ct_90_236 u,z,N %{ct 90 236)%z
ngol,26,ct 90 _145,u,2z, N _%(ct_50_145)%z
nsol,27,ct 90 0,u,z,N %{ct 90 0)%z

/input, rs freq, t=t

resp,31,2,3,3,0.05,0.01,100,120.48
resp,32,2,4,3,0.05,0.01,100,120.48
resp,33,2,5,3,0.05,0.01,100,120,48
resp,34,2,6,3,0.05,0.01,100,120.48
resp,35,2,7,3,0.05,0.01,100,120,48
resp,41,2,13,3,0.05,0.01,100,120.48
resp,42,2,14,3,0.05,0.01,100,120.48
resp,43,2,15,3,0.05,0.01,100,120.48
resp,44,2,1¢,3,0.05,0.01,100,120.48
resp,45,2,17,3,0.05,0.01,100,120.48
resp,51,2,23,3,0.05,0.01,100,120.48
resp,52,2,24,3,0.05,0.01,100,120.48
resp,53,2,25,3,0,05,0.01,100,120.48
resp,54,2,26,3,0.05,0.01,100,120.48
resp,55,2,27,3,0,05,0.01,100,120.48
prod,6l,31,,,rs_ct 90 H-X,,,1l/g

prod, 62,32,,,
prod, 63,33, ,,
prod, 64, 34,,,
prod, 65, 35,,,
prod,il,41,,,
prod, 72,42, ,,
prod,73,43,,,
prod, 74,44, ,,
prod, 75,45,,,
prod,&l,51,,,
prod, 82,52,,,
prod,&83,53,,,
prod, 84,54, ,,
prod, 85,55,,,

lines, 200
Jout,RS-ct-45,

rs ¢t 90 382-X,,,1l/g
rs ¢t 90 236-X,,,1l/g
rs_ct 90 145-X,,,1l/qg
rs ¢t 90 0-X,,,1/g
rs_ct_ 90 H-v,,,1l/qg
rs ¢t 90 382-v,,,l/g
rs_ct 90 236-y,,,l/q
rs ¢t 90 145-v,,,1/g
rs ¢t 90 0-v,,,1l/g
rs_ct_ 90 H-z,,,1l/qg
rs ¢t 90 382-z,,,1/g
rs_ct 90 236-z,,,1l/qg
rs ¢t 90 145-z,,,1/g
rs ¢t 90 0-z,,,1/g

out

prvar,Z,6l,62,63,604,65
prvar,Z2,71,72,73,74,75
prvar,2,81,82,83,84,85

Jout

deriv,91,3,1,,
deriv,92,4,1,,
deriv,93,5,1,,
deriv,94,06,1
deriv, 95,7,1

rr

deriv, 101,13, 1,
deriv,102,14,1,
deriv, 103,15, 1,
deriv, 104,16, 1,
deriv, 105,71, 1,

deriv,111,23,1,
deriv, 112,24, 1,
deriv, 113,25, 1,
deriv,114,726,1,
deriv, 115,27, 1,

vH3
w4
v 5
vE 6

,vxT

VY13
,vyld
,Vy1l5h
VY16
L WyLT

,vZz23
,vead
,vz2h
,VZ20
,vedd

deriv,121,91,1,,a ct 90 H-x,,,1l/qg
deriv,122,92,1,,a_ct_90_382—x,,,l/g
deriv,123,93,1,,a_ct_90_236—x,,,l/g
deriv,124,94,1,,a ct 90 145-%,,,1/g
deriv,125,95,1,,a ct_90 0-x,,,1/g
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deriv,131,101,1,,a ct 90 H-v,,,1l/g
deriv,132,102,1,,a ct 90 382-y,,,1/q
deriv,133,103,1,,a ct_90 _236-v,,,1/q
deriv,134,104,1,,a ct 90 145-y,,,1/q
deriv,135,105,1,,a ct 90 0-vy,,,1l/g

derdiv,141,111,1,,a ct 90 H-z,,,1l/qg
deriv,142,112,1,,a_ct_90_382—z,,,1/g
deriv,143,113,1,,a ct 90 236-z,,,1l/qg
deriv,144,1l4,l,,a_ct_90_145—z,,,1/g
deriv,145,115,1,,a ct 90 0-z,,,1/g

lines, 2050

Jout, Accel-ct-90, out
prvar,121,122,123,124,125
nrvar,131,132,133,134,135
prvar,141,142,143,144,145
fout

Spectra-conc.txt
fini

/POST26
numvar, 200
*do, 2,2,200
VARDEL, z
*enddo

cmsel, =, conc-tank

nsle

cayg, 1
nsel, r, loc,x,ctx (1)

ngel, r, loc, 2z, ctz (1)

*get, ct Top,node, , num, max

cmsel, =, conc-tank

nsle

ngel, r, loc, ®x, ctx (34)

nsel, r,loc,z,ctz(34)

*get, ct_Bottom, node, , num, max

ngol, 3, ct_Top,u, %, N_%(ct_Top) %X
nsol, 4, ct_Bottom,u, %, N_%(ct_Bottom) %X

ngol,13,ct_Top,u,v,N_%(ct_Top) %y
nsol, 14, ct Bottom,u,v,N %(ct Bottom) %y

nsol,23,ct Top,u,z,N %{ct Top)%z
ngol, 24, ct_Bottom,u,z,N_%(ct_Bottom)%z

/input, rs freq, t=t

resp,31,2,3,3,0.05,0.01,100,120.48
resp,32,2,4,3,0.05,0.01,100,120.48

resp,41,2,13,3,0.05,0.01,100,120.48
resp,42,2,14,3,0.05,0.01,100,120.48
resp,51,2,23,3,0.05,0.01,100,120.48
resp,52,2,24,3,0.05,0.01,100,120.48

prod,el,31,,,rs ct Top-X,,,1l/qg
pred, 62,32,,,rs_ct_Bottom-X,,,1l/g
prod,71,41,,,rs ct Top-v,,,l/qg
pred,72,42,,,rs_ct_Bottom-vy,,,1l/g
pred,81,51,,,rs_ct_Top-z,,,1l/g
prod,82,52,,,rs ¢t Bottom-z,,,1l/g

lines, 200
Jout, RS—-ct, out
prvar,Z,6l, 62
prvar,Z,71,72
prvar,2,81,82
/out

deriv,91,3,1,,vx3
deriv,92,4,1, ,vxd

deriv,101,13,1,,vvyl3
deriv,102,14,1,,vyld

deriv,111,23,1,,vz23
deriv,112,24,1,,v=z24

deriv,121,91,1,,a ct Top-%,,,1l/g
deriv,122,92,1,,a ct_Bottom-x,,,1l/qg

deriv,131,101,1,,a ct Top-v,,,1/qg
deriv,132,102,1,,a ct_Bottom-v,,,1l/qg

deriv,141,111,1,,a ct_Top-z,,,1/qg
deriv,142,112,1,,a ¢t Bottom-z,,,1l/qg

lines, 2050

Jout, Accel-ct, out
prvar,121,122
prvar,131, 132
prvar,141,142
Jout

Spectra-primary-0.txt
fini

/POST26
numvar, 200
*do, z,2,200
VARDEL, z
*enddo

cayg, 1

cmsel, s, primary-tank

ngle

nsel, r, loc,x, ptx(11)
nsel, r, loc,y, 0

ngel, r, loc, z,ptz (11)
*get,pt_0_460,node, , num, max

cmsel, s, primary-tank

ngle

ngel, r, loc,x, ptx (16)
nsel, r, loc,y, 0

ngel, r, loc, z,ptz (16)
*get,pt_0_353,node, , num, max

cmsel, s, primary-tank

ngle

ngel, r, loc,x, ptx (20)
nsel, r, loc,y, 0

ngel, r, loc, z,ptz (20)
*get,pt_0_245,node, , num, max

cmsel, s, primary-tank
nsle

ngel, r, loc,x, ptx (25)
nsel, r, loc,y, 0

ngel, r, loc, z,ptz (25)
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cmsel, s,primary-tank

nsle

nsel, r, loc, x, ptx(29)

nsel, r,loc,vy,0

nsel, r, loc, z,ptz (29)
*get,pt_ 0 20, node,, num, max
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nsol, 3, pt 0 460, u,x, N F(pt 0 460) 3K
nsol, 4, pt 0 353, u,x,N_%(pt_0_353)%K
nsol, 5 pt 0 245, u, 2, N %({pt 0 245) 3K
nsol, 6, pt 0 126, u,x,N_%(pt 0 126)%K
nsol,7,pt 0 20,u,x, N %{pt 0 20) %X
nsol,13,pt 0 460,u,y,N_%(pt_0 460) %y
nsol,14,pt 0 353,u,v,N %({pt 0 353) %y
nsol,15,pt 0 245,u,y,N_%(pt_0_245) %y
nsol,l6,pt707126,u,y,N7%(pt70 126) %y
nsol, 17,pt 0 20, u,y,N_%(pt_0_20) %y
nsol,23,pt 0 460,u,z,N %(pt 0 460)
nsol, 24, pt_0_353,u,2,N_%(pt_0_353)
nsol,25,pt 0 245,u,z, N %(pt 0 245) 3z
nsol,26,pt_0_126,u,2,N_%(pt_0_12¢)
nsol,27,pt 0 20,u,z,N %({pt 0 20)3%z
/input, rs_freq, t=zt
resp,31,2,3,3,0.05,0.01,100,120.48
resp,32,2,4,3,0.05,0.01,100,120.48
resp,33,2,5,3,0.05,0.01,100,120.48
resp,34,2,6,3,0.05,0.01,100,120.48
resp,35,2,7,3,0.056,0.01,100,120.48
resp,41,2,13,3,0.05,0.01,100,120.48
resp,42,2,14,3,0.05,0.01,100,120.48
resp,43,2,15,3,0.05,0.01,100,120.48
resp,44,2,14,3,0.05,0.01,100,120.48
resp,45,2,17,3,0.05,0.01,100,120.48
resp,51,2,23,3,0.05,0.01,100,120.48
resp, h2,2,24,3,0.05,0.01,100,120.48
resp,53,2,25,3,0.05,0.01,100,120.48
resp,B4,2,26,3,0.05,0.01,100,120.48
resp,55,2,27,3,0.05,0.01,100,120.48

prod,el,31,,,rs pt 0 460-X,,,1/g
prod,e2,32,,,rs pt 0 353-X,,,1/g
prod, 63,33,,,rs pt 0 245-%,,,1/qg
prod, 64,34,,,rs pt 0 126-%,,,1l/qg
prod, 65,35,,,rs_pt 0 20-%,,,1l/qg

prod,71,41,,,rs pt 0 460-v,,,1l/qg
prod,72,42,,,rs_pt_0 353-y,,,l/qg
prod,73,43,,,rs pt 0 245-vy,,,1l/g
prod,74,44,,,rs_pt 0 126-vy,,,1l/qg
prod,75,45,,,rs pt 0 20-vy,,,1/g

prod,81,51,,,rs pt 0 460-z,,,1/g
pred,82,52,,,rs_pt 0 353-z,,,1l/qg
prod,83,53,,,rs pt 0 245-z,,,1/g
prod,84,54,,,rs_pt 0 126-z,,,1l/qg
prod,85,55,,,rs pt 0 20-z,,,1/g

lines, 200
Jout,RS-PT-0, cut
prvar,Z,6l,62,63,64,65
prvar,Z2,71,72,73,74,75
prvar,Z,81,82,83,84,85
Jout

deriv,91,3,1,,vx3
deriv,92,4,1, ,vxd

deriv,93,5,1,,vxh
deriv,94,6,1, ,v=6
deriv,95,7,1, ,vx7

deriv, 101,13, 1,
deriv,102,14,1,
deriv, 103,15, 1,
deriv, 104,16, 1,
deriv, 105,71, 1,

deriv,111,23,1,
deriv, 112,24, 1,,
deriv,113,25,1,
deriv, 114,26, 1,,
deriv, 115,27, 1,,

VY13
,vyld
,Vy1l5h
VY16
R atai

,vZz23
vzZd
,vz2h
vzZ26
vz27

deriv,121,91,1,,a pt 0 460-x,,1/g
deriv,122,92,1,,a pt 0 353-x,,1/g
deriv,123,93,1,,a pt 0 245-x,,1/g
deriv,124,94,1,,a pt 0 126-x,,1/qg
deriv,125,95,1,,a pt 0 20-x%,,1/g

deriv,131,101,1,,a pt 0 460-y,,1/g
deriv,132,102,1,,a pt 0 353-y,,1/g
deriv,133,103,1,,a pt 0 245-y,,1/g
deriv,134,104,1,,a pt 0 126-v,,1/g
deriv,135,105,1,,a pt 0 20-y,,1l/g

deriv,141,111,1,,a pt 0 460-z,,1/g
deriv,142,112,1,,a pt_0 353-z,,1/g
deriv,143,113,1,,a pt 0 245-z,,1/g
deriv,144,114,1,,a pt_0 126-z,,1/g
deriv,145,115,1,,a pt 0 20-z,,1/g

lines, 2050

Jout, Accel -PT-0, out
prvar,121,122,123,124,125
prvar,131,132,133,134, 135
prvar, 141, 142,143,144, 145
/out

Spectra-primary-135.txt

fini

/POSTZ26
numvar, 200
*do, z, 2,200
VARDEL, z
*enddo

cayg, 1

cmeel, s, primary-tank

nsle

ngel, r, loc,x, ptx (11)
nsel, r, loc,y, -135

ngel, r, loc, z,ptz (11)
*get,pt_135 460, node, , num, max

cmeel, s, primary-tank

nsle

ngel, r, loc,x, ptx (16)
nsel, r, loc,y, -135

ngel, r, loc, z,ptz (16)

*get,pt 135 353, node, , num, max

cmeel, s, primary-tank
nsle
ngel, r, loc,x, ptx (20)
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nsel, r,loc,y,-135
nsel, r, loc, z,ptz (20)
*get,pt 135 245, node,, num, max

cmsel, s, primary-tank

nsle

nsel, r, loc, x, ptx(25)

nsel, r,loc,y,-135

nsel, r, loc, z,ptz (25)

*get,pt 135 126, node,, num,max

cmsel, s, primary-tank

nsle

nsel, r, loc, x, ptx(29)
nsel, r, loc, v, -135

nsel, r,loc,z,ptz(29)

*get,pt 135 20,node,, num,max

nsol, 3, pt 135 460,u,x, N %{pt 135 460

nsol, 4, pt_ 135 353, u, %, N_%(pt_135 353

nsol, 5, pt 135 245,u,x, N_%(pt_ 135 245

nsol, 6, pt 135 126,u,x, N %{pt 135 126
(p

nsol, 7, pt 135 20,u,x,N_%
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)
) 8X
)
)

t 135 20} %X

nsol,13,pt 135 460,u,v,N %(pt 135 460

nsol,15,pt 135 245, u,y,N_%(pt_ 135 245

_135_ _%ipt_135_
nsol,14,pt 135 353, u,y, N %({pt 135 353
{
{

)
)
)
)

%
%

Y
Y
Y

nsol,l6,pt 135 126, u,y,N_%(pt_ 135 126) %y

nsol,17,pt 135 20,u,y,N %{pt 135 20) %y

nsol,23,pt 135 460, n,z, N %({pt 135 460
nsol, 24, pt 135 353, 0,2, N_%(pt_135 353
nsol, 25,pt 135 245,u,z, N %({pt 135 245
nsol,26,pt 135 126,n,z, N %({pt 135 126

nsol, 27, pt 135 20,u,z,N_%(pt_135 20) %z

/input, rs_freq, t=zt

resp,31,2,3,3,0.05,0.01,100,120.483
resp,32,2,4,3,0.05,0.01,100,120,48
resp,33,2,5,3,0.05,0.01,100,120.483
resp,34,2,6,3,0.05,0.01,100,120,48
resp, 35,2,7,3,0.05,0.01,100,120.483
resp,41,2,13,3,0.05,0.01,100,120.48

resp, 51 2 2
resp, 52,2, 2
resp, 53,2, 2
resp,54,2,2
resp, 55,2, 2

prod, 61, 31,,
prod, 62,32, ,
prod, 63,33,,
prod, 64,34, ,
prod, 65,35,,
prod, 71,41,,
prod, 72,42, ,
prod,73,43,,
prod, 74,44, ,
prod,75,45,,
prod, 81, 51,,
prod,8Z,52,,
prod, 83,53,,
prod, 84,54, ,
prod, 85, 55,,

r

r

r

r

r

r

r

r

r

0
0.05,0.01,100,120.48
0.05,0.01,100,120.483
,0.05,0.01,100,120.48
,0.05,0.01,100,120.48
,0.05,0.01,100,120.48
,0.05,0.01,100,120.48
,0.05,0.01,100,120.48
,0.05,0.01,100,120.48
,0.05,0.01,100,120.48

rs pt 135 460-X,,,1l/g
rs pt 135 353-X%,,,1l/g
rs_pt_ 135 245-%,,,1l/g
rs pt 135 126-X,,,1l/g
rs_pt 135 20-X,,,1l/qg
rs pt 135 460-v,,,1l/y
rs pt 135 353-v,,,1l/gy
rs_pt_ 135 245-y,,,1l/g
rg pt 135 12é-v,,,1l/gy
rs_pt 135 20-y,,,1l/qg
rs pt 135 460-z,,,1/g
rs_pt_ 135 353-z,,,1l/g
rs_pt 135 245-z,,,1l/g
rs pt 135 126-z,,,1/g
rs_pt 135 20-z,,,1l/qg

)
)
1 &z
)

lines, 200

/out, RS-PT-135, out
prvar,Z,6l,62,63,604,65
prvar,Z2,71,72,73,74,75
prvar,2,81,82,83,84,85
/out

deriv,91,3,1,,vx3
deriv,92,4,1, ,vxd
deriv,93,5,1,,vx5
deriv,94,6,1,,vZ0
deriv, 95,7,1, ,v=7

deriv,101,13,1,,vvl3
deriv,102,14,1,,vyld
deriv,103,15,1,,vyl5
deriv,104,16,1,,vvle
deriv,105,71,1,,vyl7

deriv,111,23,1,
deriv,112,24,1,,v=z24
deriv,113,25,1,,v=z25
deriv,114,26,1,,vz20
deriv,115,27,1,,v=27

,VE23
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deriv,121,91,1,,a pt 135 460-%,,1/g
deriv,122,92,1,,a pt 135 353-x,,1/g
deriv,123,93,1,,a pt 135 245-x%,,1/g
deriv,124,94,1,,a pt 135 126-x%,,1/g
deriv,125,95,1,,a pt 135 20-x,,1/g

deriv,131,101,1,
deriv, 132,102, 1,
deriv, 133,103, 1,
deriv,134,104,1,
deriv, 135,105, 1,

deriv,141,111,1,

,a pt_135 460-y,,1l/g
,a pt 135 353-vy,,1/g
,a pt 135 245-vy,,1/g
,a pt_135 126-vy,,1l/qg
,a pt 135 20-v,,1l/qg

,a pt 135 460-z,,1/g

deriv, 142,112, 1,

,a pt 135 353-z,,1/g

deriv,143,1l3,l,,a_pt_135_245—z,,1/g

deriv,144,114,1,

,a pt 135 126-z,,1/g

deriv,145,115,1,,a_pt_135_20—z,,l/g

lines, 2050

Jout, Accel -PT-135, out
prvar,121,122,123,124,125
prvar,131,132,133,134,135
prvar,141,142,143,144, 145
/out

Spectra-primary-180.txt
fini

/POSTZ26
numvar, 200
*do, z, 2,200
VARDEL, z
*enddo

csys, 1

cmeel, s, primary-tank

nsle

ngel, r, loc,x, ptx (11)
ngel, r, loc, v, -180

nsel, r, loc,z,ptz (11)

*get,pt 180 460, node, , num, max

cmeel, s, primary-tank
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nsle

nsel, r, loc, x, ptx{16)

nsel, r,loc,y, -180

nsel, r,loc,z,ptz(1l6)

*get,pt 180 353, node, , num,max

cmsel, s, primary-tank

nsle

nsel, r, loc, x, ptx (20)
nsel, r, loc, v, -180

nsel, r,loc,z,ptz(20)

*get,pt 180 245, node, , num, max

cmsel, s, primary-tank

nsle

nsel, r,loc, %, ptx(25)
nsel, r, loc, v, -180

nsel, r,loc,z,ptz(25)

*get,pt 180 126, node,, num,max

cmsel, s,primary-tank

nsle

nsel, r,loc, %, ptx(29)
nsel, r, loc, v, -180

nsel, r,loc,z,ptz(29)

*get,pt 180 20,node,, num, max

nsol, 3, pt_180_460,u,x, N_|
nsol, 4, pt 180 353, u,x, N

% (pt
%

nsol, 5, pt 180_245,u,x, N_%
%
(

pt
nsol, 6, pt 180 126,u,x, N

nsol, 7, pt_180_20,u, %, N _%(pt_1

nsol,13,pt 180 460, u,vy, N F({pt

nsol,15,pt 180 245, u,v, N %

{
nsol,14,pt 180 _353,u,y,N_%(pt
{
nsol,l6,pt 180 _126,u,y,N_%(pt

nsol,l?,pt7180720,u,y,N7%(pt7180720)%y

pt_

(

{

(pt_

(ot
P

pt_
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180 460
180 353
180 245
180 126
80_20) %X

180 460
180_353
180 245
180_126

)

) 8%
) %X
)

)

) Y
i
)

)
1 &z
1%z
)

nsol,23,pt 180 460, u,z,N_%(pt_180 460
nsol,24,pt 180 353, un,z,N %({pt 180 353
nsol, 25, pt 180 _245,u, 2, N_%(pt_180 245
nsol,26,pt 180 126,n,z, N %({pt 180 126
nsol, 27, pt 180 20,u,z,N_%(pt_180 20)%z

/input, rs freq, txt

2,3,3,0.05,0.01,100, 1
2,4,3,0.05,0.01,100,1
resp,33,2,5,3,0.05,0.01,100,1
2,6,3,0.05,0.01,100,1
2,7,3,0.05,0.01,100,1

1 .05,0.01, 100,

.05,0.01, 100,
.05,0.01, 100,
.05,0.01, 100,
.05,0.01, 100,
.05,0.01, 100,
.05,0.01, 100,
.05,0.01, 100,
.05,0.01, 100,
.05,0.01, 100,

3
4
5
resp, 44 2 1o,
resp, 45,2, 17,
resp, 51,2, 23,
resp,52,2,24,
resp, 53,2, 25,
resp, 54,2, 26,
resp,55,2,27,

20.48
20.48
20.48
20.48
20.48
120.48
120.48
120.48
120.48
120.48
120.48
120.48
120.48
120.48
120.48

prod,6l,31,,
prod, 62,32, ,
prod, 63,33,,
prod, 64, 34,,
prod, 65,35, ,
prod,71,41,,
prod, 72,42, ,
prod, 73,43, ,

r

r

r

r

r

rs_pt_ 180 460-X,,,1l/g
rs pt 180 353-X,,,1l/g
rs_pt 180 245-%,,,1l/g
rs_pt 180 126-X,,,1l/g
rs pt 180 20-%,,,1l/g
rs_pt_ 180 460-y,,,1l/g
rs pt 180 353-v,,,1l/y
rs_pt 180 245-y,,,1l/g

prod, 74, 44,,,
prod, 75,45,,,
prod,&l,51,,,
prod,&2,52,,,
prod, 83,53,,,
prod, &4, 54,,,
prod, 85,55,,,

lines, 200

rs_pt 180 126-y,,,1l/g
rs pt 180 20-v,,,1l/qg
rs_pt 180 460-z,,,1l/g
rs_pt_ 180 353-z,,,1l/g
rs pt 180 245-z,,,1/g
rs_pt 180 126-z,,,1l/g
rs pt 180 20-z,,,1/g

Jout,RS-PT-180, cut

prvar,Z,6l,62,63,64,65
prvar,Z2,71,72,73,74,75
prvar,2,81,82,83,84,85
Jout

deriv,91,3,1,,v=3
deriv,92,4,1, ,vxd
deriv,93,5,1,,vx5
deriv,94,6,1, ,vxé
deriv, 95,7,1, ,v=7

deriv,101,13,1,
deriv, 102,14, 1,
deriv, 103,15, 1,
deriv, 104,16, 1,
deriv, 105,71, 1,

deriv, 111,23, 1,
deriv,112,24,1,
deriv, 113,25, 1,
deriv,114,726,1,
deriv, 115,27, 1,

VY13
,vyld
,¥WYLl5H
VY16
L WyLT

,VE23
,vz24
,vz2h
,VZ20
,vedd

deriv,121,91,1,,a pt_180 460-x,,,1/qg
deriv,122,92,1,,a pt 180 353-%,,,1/g
deriv,123,93,1,,a pt_180 245-x,,,1/qg
deriv,124,94,1,,a pt 180 126-%,,,1/g
deriv,125,95,1,,a pt 180 20-x%,,,1l/g

deriv, 131,101, 1,
deriv,132,102,1,
deriv, 133,103, 1,
deriv,134,104,1,
deriv, 135,105, 1,

deriv,141,111,1,
deriv,142,112,1,
deriv,143,113,1,
deriv,144,114,1,
deriv,145,115,1,

lines, 2050

,a pt 180 4é0-v,,,1l/g
,a pt_180 353-y,,,l/g
,a pt 180 245-v,,,1l/g
,a pt_180 126-y,,,1l/qg
,a pt 180 20-v,,,1/g

,a pt 180 460-z,,,1/g
,a pt 180 353-z,,,1/g
,a pt_180 245-z,,,1/g
,a pt 180 12é-z,,,1/g
,a pt_180 20-z,,,1l/g

Jout,Accel-PT-180, cut

prvar,121,122,123,124, 125
prvar,131,132,133,134,135
prvar, 141,142,143, 144, 145

Jout

Spectra-primary-43.txt

fini

/POSTZ26
numvar, 200
*do, z,2,200
VARDEL, z
*enddo

Page D-25 of 35



csys, 1

cmsel, s, primary-tank

nsle

nsel, r,loc, %, ptx (11}
nsel, r, loc,v, —45

nsel, r,loc,z,ptz (11}

*get,pt 45 460, node,, num, max

cmsel, s, primary-tank

nsle

nsel, r,loc,x,ptx(16)
nsel, r, loc,v, —45

nsel, r,loc,z,ptz(1l6)

*get,pt 45 353, node,, num, max

cmsel, s,primary-tank

nsle

nsel, r,loc, %, ptx (20)
nsel, r, loc,v, —45
nsel, r, loc, 2, ptz (20)
*get,pt_ 45 245,node,,

cmsel, s,primary-tank
nsle

nsel, r,loc, %, ptx(25)
nsel, r, loc,v, —45
nsel, r,loc,z,ptz(25)
*get,pt_ 45 126,node,,

cmsel, s,primary-tank
nsle

nsel, r,loc, %, ptx(29)
nsel, r, loc,v, —45
nsel, r, loc, z,ptz (29)

num, max

num, max

*get,pt_ 45 20,node, , num, max

nsol, 3, pt_45 460, u,x, N _%(pt_45 4
nsol, 4, pt 45 353, u, %, N ¥(pt 45 3
nsol, 5, pt 45 245, u, %, N ¥(pt 45 2
nsol, 6, pt_ 45 126, u,x, N _%(pt_45 1
nsol, 7, pt 45 20,u,x, N %({pt 45 20

nsol,13,pt 45 460,u,v,N % {pt 45 460
nsol, 14, pt_45 353, u,y,N_%
nsol, 15, pt 45 245,u,y,N_% _
nsol,le,pt 45 126,u,v,N % {pt 45 126

pt_45

(
(
pt_4s
(
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60}
53) %X
45) %K
26)
)

s

_353) %y

245) %y
s

nsol,17,pt 45 20,u,y,N %(pt 45 20) %y

nsol, 23, pt 45 460,u,z,N_% (pt_45
nsol, 24, pt 45 353,u,z,N % ({pt 45
nsol, 25, pt 45 245,u,z,N_% (pt_45
nsol,26,pt 45 126,u,z,N_%(pt_45
nsol,27,pt 45 20,u,z, N ¥(pt 45 2

/input, rs freq, txt

2,3,3,0.05,0.
2,4,3,0.05,0.
resp,33,2,5,3,0.05,0.
2,6,3,0.05,0.
2,7,3,0
1

resp,35,2,7,3,0.05,0.01,100,120
resp,41,2,13,3,0.05,0.01,100,120.
resp,42,2,14,3,0.05,0.01,100,120.
resp,43,2,15,3,0.05,0.01,100,120.
resp,44,2,16,3,0.05,0.01,100,120.
resp,45,2,17,3,0.05,0.01,100,120.
resp,51,2,23,3,0.05,0.01,100,120.
resp,52,2,24,3,0.05,0.01,100,120.
resp,53,2,25,3,0.05,0,01,100,120.
resp,54,2,26,3,0.05,0.01,100,120.
resp,55,2,27,3,0.05,0,01,100,120.

01,100,120
01,100,120
01,100,120
01,100,120

o )
T353) %2
)
)

460) %z

245)%z

126) %z
0y %z

.48
.48
.48
.48
.48

43
43
48
43
48
43
43
48
43
48

prod, 61, 31,,,
prod, 6Z,32,,,
prod, 63,33,,,
prod, 64,34, ,,
prod, 65,35,,,
prod, 71,41,,,
prod,iZ,42,,,
prod, 73,43,,,
prod, 74,44, ,,
prod,i5,45,,,
prod, 81,51, ,,
prod,&2,52,,,
prod, 83,53,,,
prod, 84,54, ,,
prod,85,55,,,

rs pt 45 460-X,,,1/g
rs_pt_ 45 353-X,,,1l/qg
rs_pt_ 45 245-X,,,1l/qg
rs pt 45 126-X,,,1/g
rs_pt_45 20-%,,,1l/g
rs pt 45 460-v,,,1/qg
rs_pt_45 353-y,,,l/qg
rs pt 45 245-v,,,1/qg
rs pt 45 126-v,,,1/qg
rs_pt_45 20-y,,,l/g
rs pt 45 460-z,,,1/g
rs_pt_45 353-z,,,1l/qg
rs pt 45 245-z,,,1/g
rs pt 45 126-z,,,1/g
rs_pt_45 20-z,,,1l/qg

lines, 200

Jout, RS-PT-45, out
prvar,Z,6l,62,63,64,65
prvar,2,71,72,73,74,75
prvar,Z,81,82,83,84,85
Jout

deriv,91,3,1,,v=3
deriv,92,4,1, ,vxd
deriv,93,5,1,,vxh
deriv,94,6,1, ,v=6
deriv,95,7,1, ,vx7

deriv,101,13,1,,vvyl3
deriv,102,14,1,,vyld
deriv,103,15,1,,vvl5
deriv,104,16,1,,vyl6
deriv,105,71,1,,vyl7

deriv,111,23,1,,v=z23
deriv,112,24,1,,v=z24
deriv,113,25,1,,vz25
deriv,114,26,1,,vz26
deriv,115,27,1,,vz27

deriv,121,91,1,,a pt_45 460-x,,1/g
deriv,122,92,1,,a pt 45 353-%,,1/g
deriv,123,93,1,,a pt 45 245-%,,1/g
deriv,124,94,1,,a pt 45 126-%,,1/g
deriv,125,95,1,,a pt 45 20-x,,1/qg

deriv,131,101,1,,a pt 45 460-y,,1/g
deriv,132,102,1,,a pt_45 353-v,,1/g
deriv,133,103,1,,a pt 45 245-y,,1/g
deriv,134,104,1,,a pt 45 126-y,,1/g
deriv,135,105,1,,a pt_45 20-y,,1/g

deriv,141,111,1,,a pt_45 460-z,,1l/qg
deriv,142,112,1,,a pt 45 353-z,,1/g
deriv,143,113,1,,a pt 45 245-z,,1/g
deriv,144,114,1,,a pt_45 126-z,,1l/qg
deriv,145,115,1,,a pt 45 20-z,,1/g

lines, 2050

Jout, Accel -PT-45, out
prvar,121,122,123,124,125
prvar,131,132,133,134, 135
prvar,141,142,143,144, 145
Jout

Spectra-primary-90.txt
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resp,41,2,13,3,
resp,42,2,14, 3,

05,0.01,100,120.48
05,0.01,100,120.48
resp,43,2,15,3,0.05,0.01,100,120.48
resp,44,2,16,3,0.05,0.01,100,120.48

0.

L 0.

fini 0.

0.
resp,45,2,17,3,0.05,0.01,100,120.48

0.

0.

0.

0.

0.

/POST26
numvar, 200

+do, z, 2,200 resp,51,2,23,3,0.05,0.01,100,120.48

resp,52,2,24,3,0.05,0.01,100,120.48

Yiigg§'2 resp,53,2,25,3,0.05,0.01,100,120.48
resp,54,2,26,3,0.05,0.01,100,120.48
resp,55,2,27,3,0.05,0.01,100,120.48

csys, 1

Eﬁi:lfs'prlmary’tank prod, 61,31,,, s pt 90 460-X,,,1/g

pred,62,32,,,rs_pt_ 90 353-%,,,1l/g
prod,63,33,,,rs pt 90 245-X,,,1/g
prod,ed,34,,,rs pt 90 126-X,,,1/g
pred, 65,35,,,rs_pt_ 90 Z0-X,,,l/qg
prod,71,41,,,rs pt 90 460-v,,,1l/g
pred,72,42,,,rs_pt_90 353-v,,,1l/g
prod,73,43,,,rs pt 90 245-v,,,1/g
nsel, r, loc, %, ptx(L16) prod,74,44,,,rs pt 90 126-vy,,,1l/g
nsel, r, loc, v, —50 prod, 75,45,,,rs pt 90 20-vy,,,l/qg
nsel,r, loc, z, ptz(L16) prod,81,51,,,rs pt 90 460-z,,,1/g
*get,pt 90 353, node,, num, masx prod,82,52,,,rs_pt_90 353-z,,,1/q

e T prod, 83,53,,, s pt 90 245-z,,,1/g
prod,84,54,,,rs_pt_ 90 126-z,,,1/g
prod,85,55,,,rs pt 90 20-z,,,1l/g

nsel, r, loc, =, ptx {11}

nsel, r,loc, vy, -90

nsel, r,loc,z,ptz (11}

*get,pt 90 460, node,, num, max

cmsel, s, primary-tank
nsle

cmsel, s, primary-tank

nsle

nsel, r,loc, %, ptx (20)
nsel, r, loc, v, —90

nsel, r,loc,z,ptz(20)

*get,pt 90 245,node,, num, max

lines, 200
Jout,RS-PT-90, out
prvar,Z,6l,62,63,64,65
prvar,Z2,71,72,73,74,75
prvar,2,81,82,83,84,85
Jout

cmsel, s, primary-tank

nsle

nsel, r,loc, %, ptx(25)
nsel, r, loc, v, —90

nsel, r,loc,z,ptz(25)

*get,pt 90 126, node,, num,max

deriv,91,3,1,,v=3
deriv,92,4,1, ,vxd
deriv,93,5,1,,vx5
deriv,94,6,1,,vZ0
1

cmsel, s,primary-tank deriv, 95,7,1, ,vel

nsle

nsel, r,loc, %, ptx(29)
nsel, r, loc, v, —90

nsel, r,loc,z,ptz(29)
*get,pt 90 20,node, , num, max

deriv,101,13,1,,vvyl3
deriv,102,14,1,,vyld
deriv,103,15,1,,vyl5
deriv,104,16,1,,vvle

nsol,3,pt 90 460,u,%,N %(pt 90 460 deriv, 105,71, 1., vyl?

( R
nsol, 4, pt 90 353,u,x, N %(pt 90 353)%X
nsol, 5, pt 90 245,u,x, N_%(pt_ 90 245) %X
nsol, 6, pt 20 126,u,x, N % (pt 90 126)3X
nsol, 7, pt 90 20,u,x,N_%(pt_90 20)%X

deriv,111,23,1,,v=z23
deriv,112,24,1,,vz24
deriv,113,25,1,,v=z25
deriv,114,26,1,,vz20
nsol,13,pt 90 460,u,v,N % (pt 50 460)%y deriv, 115,27, 1, ,vz21
nsol, 14, pt 90_353,u,y,N_%(pt_80 353) %y deriv,121,91,1,,a pt 90 460-x,,1/g
nsol,15,pt 90 245,u,vy,N % ({pt 90 245) %y deriv.127.92 1. & pt 90 353-% 1/

nsol,16,pt 90 126,1u,y,N %(pt 90 126) %y St S 9

nsol,17,pt 90 20,u,v,N &(pt 90 20} %y deriv,123,93,1,,a pt_90_245-x,,1/g

deriv,124,94,1,,a pt 90 126-x,,1/g
deriv,125,95,1,,a pt 90 20-x,,1/g

nsol, 23, pt_90_460,u,z,N_%(pt_ 90 460) %z
nsol,24,pt 90 353,u,z,N % {pt 90 353)%:z deriv,131,101,1,,a pt 90 460-y,,1/qg
nsol,25,pt 90 245,u,z, N %(pt 90 245)%z . — =

- = — - = deriv,132,102,1,,a pt 90 353-v,,l/qg
nsol,26,pt 90 126,u,z,N % ({pt 90 1Ze¢)%z deriv.133.103. 1. .= ot 90 245 1y
nsol,27,pt 90 _20,u,z,N_%(pt 00 20) %z St Sl St AR A A

deriv,134,104,1,,a_pt_90_126—y,,l/g

/input, rs freq, txzt deriv,135,105,1,,a pt_90 20-vy,,1l/g

deriv,14l,1ll,l,,a_pt_90_460—z,,l/g

e L2200 0. 0L 200120 0
Procye, 2, 2,00 Mo, LU, ' ' deriv,143,113,1,,a pt 90 245-z,,1/qg
resp,33,2,5,3,0.05,0.01,100,120.48 ) Pt
deriv,144,114,1,,a pt 90 126-2z,,1/q
resp,34,2,6,3,0.05,0.01,100,120.48 eriv 145 115 1 a0 Taea
resp,35,2,7,3,0.05,0.01,100,120.48 PR L e 3 PRV rriy

Page D-27 of 35



Mé&D-2008-004-CALC-01, Rev. 1

lines, 2050

Jout, Accel -PT-90, out
prvar,121,122,123,124,125
prvar,131,132,133,134,135
nrvar,141,142,143,144,145
fout

Spectra-soil.txt
fini

/POST26
numvar, 200
*do, z, 2,200
VARDEL, =
*enddo

esel, s, type, , 9

nsle

csys, 1

nsel, r, loc,x, s0il radius
nsel, r,loc,vy,0

nsel, r, loc, 2z, s0ilz{1)
*get,Soil Surf, node,, num, max

nsle

nsel, r, loc,x, Soil_radius
nsel, r, loc,v, 0
nsel,r,loc,z,s0ilz(3)
*get,Soil Tank top,node,, num,max

nsle

nsel, r, loc,x, Soil radius

nsel, r,loc,vy,0

nsel, r, loc, 2z, s0ilz{6)
*get,Soil Tank mid, node, , num, max

nsle

nsel, r, loc, ¥, s0il_radius
nsel, r, loc,v, 0
nsel,r,loc,z,s50ilz(9)
*get,Soil Tank bot, node,, num,max

nsle

nsel, r, loc,x, 01l radius
nsel, r, loc,v, 0

nsel, r, loc,z,50ilz(20)
*get,Soil Bottom,node, , num,max

nsol, 3, S0il Surf,u, x, N %({Soil sSurf)3X

nsol, 4,801l Tank top,u,x, N _%(Soil Tank top) %X
nsol, 5, S0il Tank mid,u,x, N %{Soil Tank mid) %X
nsol, 6,801l Tank bot,u,x, N % (S0il Tank bot) %X
nsol, 7,801l Bottom,u,x,N_%(Soil Bottom) %X

nsol,13,80il Surf,u,vy,N_%(Soil_ Surf) %y

nsol, 14,5011 Tank top,u,y,N %(Scil Tank top) ¥y
nsol, 15,501l Tank mid,u,y,N_%(Scil Tank mid} %y
nsol, 16,5011 Tank bot,u,y,N %({Scil Tank bot) ¥y

nsol,17,50il Bottom,u,y,N_%(Soil Bottom) %y

nsol, 23,8011 surf,u,z,N %{Scoil Surf)3z

nsol, 24,5011 Tank top,u,z,N_%(Scil Tank top) %z
nsol, 25,5011 Tank mid,u,z,N %(Scil Tank mid) %z
nsol, 26, 8011 Tank bot,u,z,N_%(Scil Tank hot)%z
nsol, 27,5011 Bottom u,z,N_%(S0il Bottom) %z

/input, rs_freq, t=t

resp,51,2,2
resp,52,2,2
resp,53,2,2
resp, 54,2, 2

3
4
5
6,
resp, 45 2 17,
3,
4,
5,
6,
resp, 55,2, 27,

.05,0.
.05, 0.
.05,0.
.05,0.

05, 0.

05,0,
.05,0.
05,0,
.05,0.
.05,0.
05,0,
.05,0.
05,0,
.05,0.
.05,0.

01,100,120
01,100,120
01,100,120
01,100,120
01,100,120
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.48
.48

.48

.48

.48

01,100,120.48
01,100,120.48
01,100,120.48
01,100,120.48
01,100,120.48
01,100,120.48
01,100,120.48
01,100,120.48
01,100,120.48
01,100,120.48

prod,61,31,,,rs Soil surf-X,,,1/q
prod,62,32,,,rs_Soil Tank top-X,,,l/g
prod, 3,33,,,rs Soil Tank mid-X,,,1l/qg
prod,64,34,,,rs _Soil Tank bot-X,,,1/qg
prod, 65,35,,,rs_Soil Bottom-X,,,l/qg
prod,71,41,,,rs Soil surf-v,,,1l/q
prod,72,42,,,rs_Soil Tank top-v,,,l/qg
prod,73,43,,,rs Soil Tank mid-v,,,1l/q
prod,74,44,,,rs_Soil Tank bot-v,,,l/g
prod,75,45,,,rs Soil Bottom-v,,,1l/y
prod,81,51,,,rs Soil surf-z,,,1/qg
proed,82,52,,,rs_Soil Tank top-z,,,l/qg
prod,83,53,,,rs Soil Tank mid-z,,,1l/qg
prod,84,54,,,rs Soil Tank bet-z,,,l/qg
prod,85,55,,, rs Soil Bottom-z,,,1/y

lines, 200
Jout,R8-3011, out

prvar,Z,6l,62,63,64,65
prvar,Z2,71,72,73,74,75
prvar,2,81,82,83,84,85

Jout

deriv,91,3,1,,v=
deriv,92,4,1,,vx
deriv,93,5,1,,v=
deriv,94,06,1,,vx
deriv,95,7,1,,vx

deriv, 101,13, 1,
deriv, 102,14, 1,
deriv,103,15,1,,
deriv, 104,16, 1,
deriv, 105,71, 1,

deriv, 111,23, 1,
deriv,112,24,1,,
deriv, 113,25, 1,
deriv,114,26,1,,
deriv, 115,27, 1,

3
4
5
6
7

S VYL3
,vyld

vyl5

VY16
R atai

,VE23

vzZ4

,vz2h

vzl G

,vedd

deriv,121,91,1,,a Soil Surf-x,,,l/qg
deriv,122,92,1,,a Soil Tank top-:x,,,l/g
deriv,123,93,1,,a_Soil_Tank_mid—x,,,l/g
deriv,124,94,1,,a Soil Tank bot-ix,,,l/g
deriv,125,95,1,,a Soil Bottom-x,,,1/g

deriv, 131,101, 1,
deriv,132,102,1,
deriv, 133,103, 1,
deriv,134,104,1,
deriv, 135,105, 1,

deriv,141,111,1,
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deriv,142,112,1,,a_Soil_Tank_top—z,,,l/g
deriv,143,113,1,,a Soil Tank mid-z,,,1l/g
deriv,144,1l4,l,,a_Soil_Tank_bot—z,,,l/g
deriv,145,115,1,,a Soil Bottom-z,,,l/qg

lines, 2050

Jout, Accel-S01l, out
prvar,121,122,123,124,125
nrvar,131,132,133,134,135
nrvar,141,142,143,144,145
fout

Strain-compb.txt

fpost2e

*do, z,2,199

VARDEL, z

*enddo

csys, 1

*do,i, 1,20

angley=-arcsize* (1-1)

*do, 9,1, 12

cmsel, s, liner

nsle

ngel, r, loc, v, angley, angley-arcsize
nsel, r, loc, %, linx(]),linx (J+1)

ngel, r, loc,z, linz{j)+.1,linz{j+1)-.1
esln,r,1

*get, emax, elem, , num, max

esol, (Z2+7]), (emax),,epel, ®, ex%(emax) ¥-b

esol, (35+]), (emax), ,epel, v, ey%(emax) %-b
esol, (68+7), (emax), ,epel, int, eint% (emax) ¥-b
esol, (101+7), (emax),,epel, xy, exy® (emax) %-b
esol, (134+7), (emax),,epel, vz, eyz®(emax)%-b
esol, (167+7), (emax) ,,epel, xz, exz% (emax) %-b
*enddo

LINES, 2050

extrem

/fOUT, Strain-1lb % (9%1i) %max-b, OUT
extrem, 2,200

/OUT

/OUT, Strain-1b_%{9*1i)%th-b, OUT
*do, k, 1,33

PRVAR, 2+k, 35+k, 68+k, 101+k, 134+k, le7+k
*enddo

/OUT

*enddo

Strain-compm.txt

/post2é

*do, z,2,199

VARDEL, z

*enddo

ceys, 1

*do,i,1,20

angley=-arcsize* (1-1)

*do, 9,1, 12

cmsel, s, liner

ngle

nsel, r, loc, vy, angley, angley-arcsize
ngel, r, loc,x, linx{J),linx (J+1)
nsel,r, loc,z,linz(j)+.1,linz{j+1)-.1
esln,r,1

*get, emax, elem, , num, max
esol, (2+7]), (emax),,epel, %, ex% (emax) F-m

esol, (35+]), (emax), ,epel, v, ey%(emax) %-m
esol, (68+]), (emax), ,epel, int, eint% (emax) %-m
esol, (101+7), (emax) ,,epel, ¥y, exv® (emax) $-m
esol, (134+7), (emax),,epel, vz, eyz? (emax) %-m
esgol, (167+7), (emax) ,,epel, xz, exz% (emax) %-m
*enddo

LINES, 2050

extrem

/OUT, Strain-1m %(9*1i) %max-m, OUT
extrem, 2,200

/OUT

/OUT, Strain-lm % (9*1i)%th-m, OUT

*do, k, 1,33

PRVAR, 2+k, 35+k, 68+k, 101+k, 134+k, 167+k
*enddo

/OUT

*enddo

Strain-compt.txt

/postlé

cmsel, s, liner

*do,z,2,199

VARDEL, z

*enddo

cayg, 1

*do,1,1,20

angley=-arcgize* (i-1}

*do,7,1,12

cmsel, s, liner

ngle

nsel, r, loc, vy, angley, angley-arcsize
ngel, r, loc,x, linx{J),linx (J+1)

nsel, r, loc,z,linz(j)+.1,linz(j+1)-.1
egln, r, 1

*get, emax, elem, , num, max

esol, (2+]), (emax), ,epel, ®,ex% (emax) 35—

esol, (35+7), (emax), ,epel, v, evd (emax) -t
esol, (68+]), (emax), ,epel, int, eint% (emax) %-t
esol, (101+7), (emax),,epel, xy, exvy® (emax) &-t
esol, (13447}, {emax),,epel, vz, evz¥iemax) 3-t
esol, (167+7]), (emax) ,,epel, xz, exz? (emax) %-t
*enddo

LINES, 2050

extrem

/OUT, Strain-1t %(9*%1i)%max-t, OUT
extrem, 2,200

/OUT

/fOUT, Strain-lt_%(9*i)%th-t,OUT
*do, k, 1,33

PRVAR, 2+k, 35+k, 68+k, 101+k, 134+k, 167+k
*enddo

/OUT

*enddo

Strain-Liner.txt

! extract liner tank strain components at the
top, middle and bottom surface of the shell
/post2e
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numvar, 200
*dim, linsx, , 20
*dim, linz, , 20

linx{1l)=ctx (20}, ctx {21}, ctx{22),ctx{22) -

0.2929, ctx(22) -

1,ctx{25), ctx(26),ctx(27),ctx{28), ctx(29)
linx(11l)=ctx{30),ctx(31),ctx(32),ctx(33),ctx({34)

linz (1l)=ct=z{20),ct=z(21),-55.893, -
56.60,ctz(24),ctz(2h),ctz(Z26),ctz(27),ctz(28),ct
2 {29)
linz(11l)=ctz{30),ctz(31),ctz(32),ctz(33),ctz({34)

shell, top
/input, strain-compt, txt

shell,mid
Jinput, strain-compm, txt

shell, bot
Jinput, strain-compb, txt

Stress-compb.txt

/post2é

*do, z, 2,200

VARDEL, z

*enddo

ceys, 1

*do,i,1,20

angley=-arcsize* (1i-1)

*do,],2,34

cmeel, s, primary-tank

ngle

nsel, r, loc, vy, angley, angley-arcsize
ngel, r, loc,x, ptx(]),ptx(]+1)

nsel, r, loc,z,ptz(j))+.1,ptz(j+1)-.1
egln, r, 1

*get, emax, elem, , num, max

esol, (1+]), (emax),,5,%, sx%(emax) ¥-b

esol, (34+7), (emax), , =, v, sv% (emax) %-b
esol, (67+]), (emax), ,s, int, sint% (emax) 5-b
esol, (100+7), (emax),, s, xy, sxy3 (emax) %-b
esol, (133+7), (emax),,5,vz,svyz% (emax) %-b
esol, (le6+7]), (emax),,5,%z, 5x2% (emax) %-b
*enddo

LINES, 2050

extrem

/OUT, Stress-pt_%(9*1) ¥max-b, OUT
extrem, 2,200

/OUT

/OUT, Stress-pt_%(9*1i)%th-b, OUT
*do, k, 2, 34

PRVAR, 1+k, 34+k, 67+k, 100+k, 133+k, 166+k
*enddo

/OUT

*enddo

Stress-compm.txt

/post2é

*do, z,2,200

VARDEL, z

*enddo

csys, 1

*do,1,1,20

angley=-arcgize* (i-1}

*do,,2,34

cmeel, s, primary-tank

nsle

ngel, r, loc, v, angley, angley-arcsize

ngel, r, loc,x, ptx(]),ptx(]+1)

nsel, r, loc,z,ptz(j))+.1,ptz(j+1)-.1

egln, r, 1

*get, emax, elem, , num, max

esol, (1+7]), (emax),, =, %, sx% (emax) -m

esol, (34+7), (emax), , =, v, sv% (emax) $-m

esol, (67+]), (emax), ,s, int, sint% (emax) 3-m

esol, (100+7), {(emax) ,, s, xy, 8xXy3 (emax) ¥-m
{
{

)
esol, (133+7]), (emax),,5,vz,5yz% (emax) ¥-m
esol, (166+7), (emax),,s,xz, 5xX2% (emax) ¥-m
*enddo

LINES, 2050

extrem

/OUT, Stress-pt %(9*%1) %max-m, OUT
extrem, 2,200

/OUT

/OUT, Stress-pt_%(9*1i)%th-m, OUT
*do, k, 2, 34

PRVAR, 1+k, 34+k, 67+k, 100+k, 133+k, 166+k
*enddo

/OUT

*enddo
Stress-compt.txt

/post2e

*do, z, 2,200

VARDEL, z

*enddo

csys, 1

*do, 1,1, 20

angley=-arcgize* (i-1}

*do, J,2, 34

cmeel, s, primary-tank

nsle

ngel, r, loc, v, angley, angley-arcsize

nsel, r, loc,x, ptx(]) ,ptr(j+1)

nsel, r, loc,z,ptz(j))+.1,ptz(j+1)-.1

egln, r, 1

*get, emax, elem, , num, max

esol, (1+7]), (emax),, =, %, sx% (emax) ¥-t

esol, (33+]), (emax), ,s,v,s5y%(emax) -t

esol, (67+7), (emax), , =, int, sinth (emax) 3-t

esol, (100+7), {(emax) ,, s, xy, sxy3 (emax) ¥-t
{
{

) )
esol, (133+7]), (emax),,5,vz,5yz% (emax) ¥-t
esol, (166+7), (emax),,s,xz, %23 (emax) ¥-t
*enddo

LINES, 2050

extrem

/OUT, Stress-pt %(9%1i) %max-t, OUT
extrem, 2,200

/OUT

/OUT, Stress-pt %{9*1i)%th-t, OUT
*do, k, 2,34
PRVAR, 1+k, 34+k, 67+k, 100+k, 133+k, 1o 6+k
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*enddo
SOUT

*enddo

Stress-Primary.txt

I extract primary tank stress compeonents at the
top, middel and bottom surface of the shell

shell, top
Jinput, stregs-compt, txt

shell,mid
/input, stress-compm, txt

shell, bot
/input, stress—compb, txt

Tank-Coordinates-AY.txt

/COM - Definitiocn of KeyPoints for Primary tank

ct_kps=34 ! Total number of Concrete tank
Coordinate pairs

pt_kps=40 ! Total number of Primary Tank
Coordinate pairs

bm kp=22 ! Coordinate pair at bottom on
concrete tank wall

tw=9 I Rings in commmon for insulating
concrete

arcgize=9 ! Control for meshing, section
angle

Midsize=5 ! Contrel for meshing, center
areas

z_ off=56.5¢6 ! Vertical offset for tank

{bottom of primary tank is z=0 for coordinates)
C_Floor=-4

*dim, ctx,, ct_kps
¥ Coordinates
*dim, ctz,, ct_kps
Z Cocordinates

Concrete Tank Keypoint

Concrete Tank Keypoint

*dim, ptx,, pt kps ! Primary Tank Keypoint X
Coordinates
*dim,ptz,,pt kps ! Primary Tank Keypoint Z
Coordinates

/COM - Define Horizontal Keypoint Locations
ctx{l)=0

ctx (2)=45/12

ctx (3)=90.4/12
ctx (4)=120.72/12
ctx (5)=152.9/12
ctx(6)=211.4/12
ctx (7)=239.1/12
ctx (8)=306,63/12
ctx (9)=335.6/12
ctx (10)=393.7/12
ctx(11)=428.7/12
oty (12)=469.9/12
ctx (13)=486.9/12
oty (14)=489/12
ctx (15) =489/12
ctx (16) =489/12
ctx (17)=489/12
ctx (18) =489/12

ctx(l
ctx (2
ctx(2
ctx(2
ctx (2
ctx(2
ctx (2
ctx(2
ctx (2
ctx (2
ctx(2
ctx (3
ctx(3
ctx (3
ctx (3

(3

9
0
1
2
3
4
5
3
5
3
9
0
1
2
3
ctx (34

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)=

=489/12
=439/12
=489/12
=489/12
=531/12
=489/12
=438/12
=410/12
=358/12
=277.7/12
=218.5/12
=180/12
=129.9/12
=35.7/12
36/12
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/COM - Define Vertical Keypoint Locations
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=568.8/12-z off
=5
=565.8/12-z off

68/12-z_off

63.21/12-z_off

=559.7/12-z off
=550.7/12-z_off
=545.2/12-z off
=527.68/12-2_off

18.2/12-z off
494.5/12-z off
476.2/12-z_off
447.4/12-z off
407.1/12-z_off

=382.1/12-z_off
=335/12-z off
=281/12-z_off
=236.5/12-z off
=186.8/12-z_off
=145.5/12-z_off
=70/12-z off

={c_Floor+24)/12-z_off

=C Floor/1l2-z off
=C_Floor/l2-z off
=C Floor/1l2-z off
=C Floor/1l2-z off
=C_Floor/l2-z off
=C Floor/1l2-z off
=C Floor/12-z off
=C Floor/12-z off
=C_Floor/l2-z off
=C_Floor/l2-z off
=C Floor/1l2-z off
=C_Floor/l2-z off

=4
=8
=119.99721/12

C Floor/l2-z off

4.736859/12
9.86533/12

51.96854/12

=210.05344/12

37.533606/12
04.42488/12
33.05132/12

=390.22141/12
=422.26434/12
=431.63/12
=450/12
=450/12
=450/12
=450/12
=450/12
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ptx(18)=450/12

Pt (19) =450/12
ptx(20)=450/12
ptx(21)=450/12

Pt (22) =450/12
ptx(23)=450/12

Pt (24) =450/12
ptx(25)=450/12

Pt (26) =450/12

Pt (27)=450/12
ptx(28)=450/12

Pt (29) =450/12
ptx(30)=446.49/12

Pt (31)=438/12

Pt (32)=410/12
ptx(33)=358/12

Pty (34)=277.7/12
ptx(35)=218.5/12

Pt (36)=180/12

ptx (37)=129.9/12
ptx(38)=95.7/12

Pt (39) 36/12

ptx(40) =
ptz(1)2561.30000/12—2_Off
ptz(2)=560.50462/12-2 off
ptz(3)2558.31908/12—2_Off
ptz(4)2555.74491/12—2_Off
ptz(5)=552.25807/12-2 off
ptz(6)2543.32187/12—2_Off
ptz(7)=537.86530/12-2 off
ptz(8)2520.51150/12—2_Off
Ptz (9)=511.14633/12-z off
ptz (10)=487.85550/12-2z off
ptz(11)2466.92388/12—Z_Off
ptz(12)=460.19602/12-2 off
ptz(13)=430.0/12-z off
ptz (14)=407.5/12-z off
ptz (15)=381.5/12-z off
ptz(l6)=353.5/12-z off
ptz (17)=326.5/12-z off
ptz(18)=299.5/12-z off
ptz (19)=272.5/12-z off
ptz(20)=245.5/12-2z off
ptz121y=221.8/12-z off
ptz (22)=198.8/12-z off
ptz (23)=175.8/12-z off
ptz(24)=152.9/12-2 off
ptz125)=126/12-z off
ptzi26)=99/12-z off

ptz (27)=72/12-z off

ptz (28)=45/12-z off
ptz128)=20/12-z off
ptz(30)=11.51/12-z off
ptz(31)=8/12-z off

ptz (32)=8/12-z off
ptz(33)=8/12-z off
ptz(34)=8/12-z off

ptz (35)=8/12-z off
ptz(36)=8/12-z off

ptz (37)=8/12-z off
ptz(38)=8/12-z off
ptz(38)=8/12-z off

ptz (40)=8/12-z off

Tank-Meshl.txt

et,1,shellld3 ! SHELL143 Elements for
Concrete Tank

keyopt,1,3,2
keyopt,1,5,1

cayg, 1 ! Cylindrical Coordinates
/COM - Create KeyPoints for concrete tank
*do,i,1,ct kps,1

k,1,ctx{i),0,ctz({1)

*enddo

/COM - Create lines from top of tank to hottom
of wall

*do,i,1,bm _kp-1,1

1,1i,1i+1

*enddo

JCOM - Create lines from edge of foundation to
center

JCOM - Wall and Foundation do not have common
lines

*do, i,bm _kp+l,ct_kps-1,1

1,1,1+1

*enddo

/COM - Create Areas for tank dome and walls
lsel, s, line,,1,bm kp-1
arotat,all,,,,,,1,ct_kps,180,2

/COM - Create areas for tank foundation/floor
lsel, s, line, , bm_kp, ct_kps-2
arotat,all,,,,,,1,ct kps,180,2

JCOM - Assign Material and Real Properties to
areas

csys, 1

*do,i,1,bm kp-1,1

asel, s, loc,x, ctx{i),ctx{i+l)

asel, r,loc,z,ctz{i),ctz{i+l)

aatt,i,1,1

*enddo

asel, s, area, ,1,2* (bm_kp-1)
CM, ctank-u, area

*do, i,bm _kp,ct_kps-2,1
asel, s, area, , bm kp-1+i
asel, a, area, , ct kps-2+1i
aatt,i, 1,1

*enddo

/COM - Create Elements

/COM - Elements at dome apex

egize, 7 I Define element
maxXimum size

asel, s, loc,x, ctx (1), ctx(2)
top

asel, r,loc,z,ctz(l),ctz(2)
1sla

from areas

l=gel, r, loc,x, ctx(2)

radius of CTX(2)

lezize, all,,arcsize I Divide line to
match tank sglices
lsla

l=sel,n, loc,x, ctx(2)
intericr lines
lesize,all,,,midsize
resolution

amesh, all ! Mesh area

Select area at

Select lines

Select line at a

Select only

Define element

/COM - Elements in dome and wall
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*do,1,2,bm_kp-1,1

asel, s, loc,®, ctx (i), ctx{i+l)
asel,r,loc,z,ctz (i), ctz{i+l)
lsla

lgel, g, loc, ¥, ctx (1), ctx{i+l)
lsel,r,loc,z,ctz (i), ctz{i+l)
legize, all,,arcsize

amesh, all

*enddo

cm, conc—dome wall-n,nodes

cm, conc-dome_wall-e,elem

esel, none

nsel, none

*do, i,bm kp+l,ct kps-2,1
asel, s, area, , bm_kp-2+1

asel, a, area, ,ct kps-3+i
lsla

lsel, =, loc,x, ctx (i), ctxli+l)
lsgel, r, loc,z,ctz{i),ctz{i+l)
lesize,all,,arcsize

amesh, all

*enddo

/COM - Elements at floor center
asel, s, loc,x, ctx({ct kps-1),ctx{ct kps)
1sla

lsel, r, loc,x, ctx(ct_kps-1)
lezize, all,,arcsize

lsla

lsel,u, loc,x, ctx(ct kps-1)
lesize,all,,,midsize

amesh, all

cm, conc-slab, node

cm, conc-flcocor-e,elem

allsel

cm, conc—-tank, elem

om, conc-tank-a, area

/COM - Create Component for Concrete Wall/Floor
Interface nodes

neel, s, loc, z, ctz (bm_kp)

nsel, r, loc, %, ctx (bm kp)

cm,Wall-int, node

allsel

*get, KMAXct, KP, 0, num, max I Get Masximum
Keypoint Number

*get, LMAXcE, LINE, O, num, max ! Get Maximum Line
Number

*get, AMAXCE, AREA, O, num, max I Get Maximum Area
Number

Waste-Reaction.txt

/postl
*dim, REACTX,, 2049
*dim, REACTZ, , 2049

cmeel, 8, waste

cmsel, a,waste-surt

nsle

*do,i,1,204%9

set, 1

f=um, , cont
*get,REACTX (i) ,FSUM, 0, ITEM, FX
*get,reactz(i),FSUM, 0, ITEM, FZ

RPP-RPT-28966 Rev.
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*enddo
/out,Waste-Reaction, out
*ywrite
{'"Total Waste Forces')
*ywrite
(" F3xt Fz ')
*ywrite, reactx({l), reactz (1}
(f10.1, f10.1}
Jout
Waste-Solid-AY.txt
et,3,=501id45 ! FLUIDBO (3-D Non-Flowing Fluid
elements)
Wastet=13 ! Primary tank cocordinate for top
of waste (422 in for AY Tanks
Wasteb=31 !' Primary tank coordinate for
bottom of waste
mp, ex, 201, 2.592 I Bulk

Modulus = 300,000 psi

mp, ey, 201,2.592
mp,ez,201,2.592

mp,prxy, 201,0.499589
mp,pryz,201,0.49959
mp,prxz,201,0.499589

mp, gxy, 201, 0.464

mp,gyz, 201,0.464

mp,gxz, 201,0.464

mp, dens, 201, 1.7*%62 .4/ {1000%g)

Waste Density

ksel,n, kp, ,all I Clear active
Keypoints

asel,n, area,, all I Clear active
Areas

vsel,u,volu,,all ! Clear active

Volumes
ksel, s, kp, .1, ct_kps,ct_kps-1 ! Activate
Keypoints for center of rotation

/COM - Create KeyPoints for waste in tank
*do, 1,0, Wasteb-Wastet, 1
! Cycle on vertical Keypoints

*do, 3,0, tw-1

! Cycle on horizontal Keypoints
k, kmaxl+i* (tw+l) +3+1, ptx(pt kps-
91,0, ptz{it+tWastet)
*enddo
k, kmaxl+i* {tw+l) +7+2, ptx{i+Wastet) , 0, ptz (i+Waste
t) !
*enddo

J/COM - Create Areas for waste in tank

*do, 1,0, Wasteb-Wastet-1,1

*do, 9,0, tw-1

a, kmaxl+i* (tw+l) +3+1, kmaxl+i* (tw+l)+3+2, kmaxl+ (1
+1)* (tw+l) +3+2, kmaxl+(i+1) * (tw+l) +3+1

*enddo

*enddo

JCOM - Create Volumes for Waste
vrotat,all,,,,,,1,ct_kps,180,2

/COM - Rssign attributes
vatt,201,,3
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wastevols=(tw) * (wasteb-wastet)

/COM - Elements in waste

*do, 1,0, Wasteb-Wastet-1,1

Fdo, 9,1, tw-1,1

vsel,s,volu,, vmaxl+i*tw+]+1

vgel, a,volu, , vmaxl+wastevols+i*twti+1l
aslv

lgla

lsel, r, loc, %, ptx{pt kps-j),ptx{i+tWastet
lesize,all,,arcsize

vmesh, all

*enddo

*enddo

allsel

JCOM - Mesh center column to match primary tank

center

asel, s, loc, %, ptx(pt kps-1),ptx{pt kps)
asel,r,loc, z,ptz(wastet)

asel, r, loc,y,0,-90

om, a3a, area

cmsel, s, a3a

cmeel, a,ala

mshcopy, 2, ala, a3a,, ,,ptz{wastet) -ptz(wasteb)
allsel

asel, s, loc, %, ptx(pt_kps-1),ptxi{pt_kps)
asel,r, loc,z,ptz({wastet)

cmeel, u, asa

cm, a3b, area

cmeel, a,alb

mshcopy, 2, alk, a3b,, ,,ptz{wastet) -ptz(wasteb)
veel, g, volu, , vimaxl+l, vimaxl+2*wastevols+l, tw
veweep, all, , all

cmsel,u,alb

cmeel, a, asa

aclear,all

esel, s, type,, 3

om, waste, elem

nsle

cm, waste-n, node

JCOM - Couple waste to primary tank
csys, 1

allsel

lcmsel, s, waste

lcmsel, 5,primary-tank I Select
Primary tank elements
lemsel, a, waste I Select

Waste elements

Insle

'nsel, r,loc, %, pte(wasteb-2), ptx (wastet)
Select nodes at vertical interface
'nsel, r,loc, z,ptz{wasteb) ,ptz{wastet)

lcpintf, ux ! Couple

nodes radially

lcpintf, uy

Insle

Insel, r,loc, %, ptx{36),ptx(34)
node at botteom interface
'nsel,a,loc,z,ptz{21)
lcpintt,uz

nodes vertically

lallsel

et, 44, targel70
et,45,contal3
r,300,,,1000

'keyopt, 45,2, 3

Select

Couple

'keyopt, 45,5, 3

keyopt, 45,8, 1

keyopt, 45,12, 4
cmsel, s, primary-tank

ngle

nsel, r, loc,z,ptz(1l4),ptz(36)
'nsel,u,loc, %, ptx{36),ptx(33)
esln, r

ngle

type, 44

real, 800

esurft

*get, emax, elem, , num, maxd
ENOTM, 2MAX

cmsel, s, waste

nsle

ngel, r, loc,x, ptx(11l),ptx {15}
nsel,a, loc,z,ptz (36)
Insel,u,loc, %, ptx{36),ptx(34)
egln, r

type, 45

esurft

esel, s, type, , 45

cm, waste-surf, elem

lcmsel, s, waste
'nsle
'nsel, r,loc, z,ptz{wastet)

allsel

*get, KMAXw, KP, 0, num, max

Get maximum Keypoint number

*get, LMA¥wW, LINE, 0, num, masx !
maximum Line number

*oget, AMAYwW, ARER, 0, num, masx !

maximum Area number

Foget, VMAXwW, VOLU, 0, num, masx !

maximum Volume number

Waste-Surface-AY.txt

/post2e
numvar, 200
*do, z, 2,200
VARDEL, z
*enddo

cmsel, s, waste

nsle

nsel, r, loc, %, ptx(pt_ kps)

ngel, r, loc, z, ptz (wasteb)

*get, nmax, node, , num, max

nsol, (2), (nmax) ,u, z,1z% (nmax) %

*do, 1,0,20

*do,7,2,8

angley=-arcsize* (1)
cmsel, s, waste

nsle

ngel, r, loc, v, angley

neel, r, loc, %, ptx(pt_kps-3)

ngel, r, loc, z, ptz (wastet)

*get, nmax, node, , num, max

nsol, (2+]), (nmax) ,u, z, uz% (nmax) %
add, (2479}, (2+3), 2, ,u=z% (nmax) %, ,,1, -1
*enddo
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cmsel, s, waste

ngle

nsel, r, loc, vy, angley

nsel, r, loc, %, ptx (wastet)

ngel, r, loc, z, ptz (wastet)

*get, nmax, node, , num, max

ngol, (3+73), (nmax) ,u, z, uz% (nmax) %
add, (3+3), (3+J), 2, ,uz% (mmax) %,,,1,-1

LINES, 2050

extrem

/OUT, Waste-Surf %(9%1) %masx, OUT
extrem, 3,200

/OUT

/fOUT, Waste-Surf %(9%1i) %th,0UT
*do, k, 2,11

PRVAR, 2+k

*enddo

/OUT

*enddo
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Figure 1 LBS-BEC Concrete Forces and Moment, Gravity Load Only

AY Primary Tank, Lower Bound Soil (Geomatrix), Gravity Only, Best
Estimate Concrete, 422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY PATH
Gravity
Gravity Gravity -In- | Gravity Hoop Through-Wall
PNNL Gravity Hoop Meridonal Plane Shear Moment Gravity Meridonal | Shear Force
Section Force {Kip/ft) | Force (kip/ft} | Force (kip/ft) | (ft*kip/ft) AY- | Moment (ft*kip/ft) |(kip/ft) AY-LBS]
No. Path (in.) AY-LBS-BEC | AY-LBS-BEC | AY-LBS-BEC LBS-BEC AY-LBS-BEC BEC
2 67.727 -70.790 -74.920 -0.175 -6.564 -3.218 1.936
3 105.668 -65.940 -73.730 -0.264 -4.287 -0.643 1.068
4 137.069 -61.410 -72.320 -0.322 -2.747 1.835 1.232
6 182.849 -57.270 -70.360 -0.247 -1.619 2.341 0.516
8 226.563 -54.340 -69.050 -0.072 -1.533 -1.373 1.023
8 75. -52.140 -68.110 -0.269 -1.897 -2.752 1.067
11 25, -43.980 -67.220 -0.274 -2.775 -7.053 1.037
13 72. -34.310 -65.860 -0.174 -5.956 -8.816 0.694
17 423.427 -10.630 -64.100 0.070 -3.617 -7.446 2.255
20 468.308 41.440 -61.120 -0.027 -12.780 13.080 9.904
22 515.312 24.190 -63.550 -0.022 4.928 33.180 2.276
24 549.725 6.159 -62.140 -0.014 3.072 16.910 7.356
26 585.819 -9.882 -63.830 -0.007 0.387 2.147 3.918
30 [3 6 -28.120 -66.100 0.004 -0.630 -3.495 0.622
33 685.61 -36.110 -67.690 0.005 -0.226 -1.250 0.606
35 732.71 -41.430 -69.200 0.009 0.031 0.172 0.008
38 778.219 -36.150 -70.720 0.012 -0.207 -1.149 0.347
41 821.369 -36.270 -72.720 0.020 -0.093 -0.516 0.211
43 874.169 -21.620 -43.220 0.050 -0.474 -2.609 0.168
46 930.544 -44.930 -75.140 0.465 -0.970 -4.950 1.079
48 977.629 -2.730 -11.910 0.753 -4.773 23.080 13.300
51 19.647 -2.231 -15.670 1.273 -2.311 23.860 13.210
53 060.156 -0.589 -6.515 0.452 0.71 2.921 1.583
55 09.695 1 -3.532 417 0.283 0.905 0.64
57 55.770 4 -0.326 105 0.02 0.056 0.14
58 11.956 511 1.043 045 0.04 0.127 0.09!
9 81.707 1.318 1.341 -0.007 0.023 0.096 0.103
0 30.55 1.237 1.390 -0.016 -0.007 -0.057 0.130
1 74.85 0.953 1.943 -0.082 0.016 0.023 0.310
2 17.00 3726 3772 -0,037 0.191 0.544 0.153
Note: Meridonal/Hoop Forces and Meri I'Hoop Moments are Ri d in Highlighted Sections,
M&D Professional Services Confidential
1/16/2006 Page 1
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Figure 2 LBS-BEC Concrete Forces and Moments, Gravity Plus Seismic Load
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AY- Primary Tank, Lower Bound Soil (Geomatrix), Best Estimate Concrete,
422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY PATH

M&D Professional Services Confidential

1/16/2006

C:\Users\Bruce\E\Bruce\PNNL E Drive\PNNL-2D-NL-AY-LBS-BEC-Siesmic\AY-2D-NL-LBS-BEC Conc Tank Demand Seismic.xls
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Seismic
ic -In- ic Hoop Through-Wall
PNNL Seismic Hoop Meridonal Plane Shear Moment Seismic Meridonal | Shear Force
Section Force (kip/ft) | Force (kip/ft} | Force (kip/ft) | (ft*kip/ft) AY- | Moment (ft*kip/ft) |(kip/ft) AY-LBS;
No. Path (in.) AY-LBS-BEC | AY-LBS-BEC | AY-LBS-BEC LBS-BEC AY-LBS-BEC BEC
2 67.727 -99.000 -104.100 5.264 -15.310 -11.730 4.101
3 105.668 -93.510 -102.800 7.615 -11.380 -8.268 2.619
4 137.069 -87.280 -100.500 9.059 -8.104 7.641 2.773
6 182.849 -79.870 -96.230 10.350 -4.948 7.194 2.649
8 226.563 -76.300 -91.750 11.620 -3.483 -6.852 1.987
9 275.566 -75.350 -86.810 12.970 -3.436 -5.938 1.656
11 325.690 -67.110 -84.450 13.840 -4.160 -9.722 1.719
13 372.305 -65.340 -81.470 15.970 -8.451 -11.570 1.417
17 423.427 -23.120 -77.930 17.570 -4.687 -11.090 3.396
20 468.308 115.600 -73.000 20.260 -17.170 18.820 12.160
22 515.312 50.910 -75.230 24.470 6.865 43.240 3.481
24 549.725 19.090 -74.000 24.370 4.129 22.470 9.517
26 585.819 -19.230 -76.860 25.360 0.625 3.363 5.013
30 636.369 -36.450 -79.510 26.820 -0.788 -4.307 0.771
33 685.619 -44.730 -80.630 28.530 -0.308 -1.600 0.721
35 732.719 -50.570 -82.700 30.260 0.082 0.375 0.066
38 778.219 -43.330 -84.670 31.780 -0.274 -1.478 0.485
41 821.369 -43.450 -87.200 34.360 -0.172 -0.831 0.362
43 874.169 -24.930 -51.880 23.310 -0.775 -4.255 0.436
45 930.544 -100.600 -89.870 37.640 -1.156 -6.471 2.052
48 977.629 -20.200 -15.560 11.330 -5.774 27.760 16.010
51 1019.647 -54.010 -22.630 15.330 -3.132 28.620 15.920
53 1060.156 -10.850 -13.000 8132 0.885 3.768 2.953
55 1109.695 18.330 -9.345 7.411 0.363 1.191 0.772
7 155.770 5.938 -4.280 4.178 0.034 0.087 0.184
58 211.956 6.197 .384 3.199 0.056 0.151 0.14
9 281.707 4.427 .102 2.140 0.033 0.131 0.17.
0 330.557 651 . 75! 1.602 -0.013 -0.077 0.1
1 374.857 .269 .524 1.397 0.020 0.032 0.4
62 417.007 059 519 1.681 0.239 0.631 0.270
Note: Mendonal/Hoop Forces and Meridonal/Hoop Moments are Reversed in Highlighted Sactions.
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Figure 3 LBS-BEC Concrete Forces and Moments, Seismic Only

M&D-2008-004-CALC-01, Rev. 1

AY- Primary Tank, Lower Bound Soil (Geomatrix), Best Estimate Concrete,
422 in. Waste Level at 1.7 SpG

ANSYS MAXIMUMS BY PATH

M&D Professional Services Confidential

1/16/2006

Seismic Only
ic Only ic Only ic Only - ismic Only ic Only Through-Wall
PNNL Hoop Force Meridonal |In-Plane Shear| Hoop Moment | Meridonal Moment| Shear Force
Section (kip/it) AY-LBS-| Force (kip/it) | Force (kip/ft) | (ft*kip/it) AY- | (ft*kip/it) AY-LBS- |{kip/it) AY-LBS;
No. Path (in.) BEC AY-LBS-BEC | AY-LBS-BEC LBS-BEC BEC BEC
2 67.727 28.420 29.180 5.332 8.750 9.145 2.165
3 105.668 27.910 29.070 7.765 7.097 8.041 1.553
4 137.069 26.130 28.180 9.153 5.577 5.962 1.791
6 182.849 22.950 25.870 10.400 3.615 5417 2.158
8 226.563 23.590 22.700 11.603 2.200 5.492 0.968
9 275.566 24.900 18.700 12.807 1.751 3.207 0.756
11 325.690 24.220 17.230 13.661 1.396 2.938 0.758
13 372.305 33.003 15.610 15.934 2.511 3.132 0.729
7 423.42 13.515 3.840 7.556 1.112 3.819 178
0 468.30: 73.900 1.880 0.259 4.580 5.670 .284
2 515.31 26.670 1.710 4.475 1.934 10.040 .206
24 549.725 12.934 11.870 24.374 1.059 5.570 2.161
26 585.819 9.348 13.040 25.363 0.240 1.222 1.097
30 636.369 8.340 13.410 26.823 0.159 0.814 0.149
33 685.6 8.620 12.950 28.53 0.083 0.350 0.115
35 32.7 9.140 13.510 30.26: 0.057 0.206 0.057
38 78, 7.190 14.370 31.78 0.071 0.347 0.142
41 21, 7.190 17.030 34.360 0.080 0.328 0.153
43 74. 4.170 11.260 23.309 0.303 1.656 0.394
4 930.544 5.740 19.380 7. 271 818 204
4 977.629 7.564 5.53 0. .352 .240 .60
5 1019.647 1.9¢ 7.37. 5.16 J15 00 40!
53 1060.156 0.. .48 8.541 0.207 1.054 1.60!
55 09.695 19.09 5.813 7.786 0.083 0.30: 0.184
S7 55,770 5.402 3.96 4,247 0.011 0.03: 0.071
58 211.956 4.926 2.90 3.162 0.017 0.04! 0.07i
59 281.707 127 2.271 2,142 0.01 0.0: 0.11
] 330.557 .413 1.98¢ 1.614 0. 0.023 0.10:
1 74.857 .320 1.81 1.471 0. 0.014 0.20.
2 17.007 391 2,744 1,711 0. 0.107 0.20!
Note: ) ioop Forces and Meridonal/Hoop Moments are Reversed in Highlighted Sections.

1/16/2006, 12:28 PM

C:\Users\Bruce\E\Bruce\PNNL E Drive\PNNL-2D-NL-AY-LBS-BEC-Siesmic\AY-2D-NL-LBS-BEC Conc Tank Demand Seismic Only.xls

Page E-5 of E-92

Page 1

RPP-RPT-28966 Rev. 1
Page 407 of 888
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Figure 4 LBS-BEC Primary Tank Stresses, Shell Top, Gravity Load Only

AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best
Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG

Shell Top Surface (inside - waste side
Ma&D
Starting AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC
M&D AY-NL-LBS-BEC Gravity Only Gravity Only Stress | Gravity Only In-Plane | Gravity Only In-Plane| Gravity Only Thru-
Element Gravity Only Hoop Meridional Stress Intensity (Ibs/in”2) Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) | Stress (Ibs/in”2) Top (Ibs/in”2) Top Top (Ibs/in”2) Top {Ibs/in*2) Top Stress (Ibs/inA2) Top
762 67.33 -2230.56 0.00 2231.25 6.75 13.77 -0.17
782 105.04 -2143.75 -3527.08 3527.78 12.95 -34.02 0.04
802 136.24 -2172.22 -2057.64 2172.92 16.10 31.97 -0.04
822 181.71 -1470.83 -2765.28 2765.28 13.44 -8.26 -0.03
842| 225.10 -1779.17 -1272.22 177917 -12.25 5.89 -0.15
862 273.66 -832.64 -2112.50 2112.50 -23.92 1.38 -0.05
882 323.27 -1153.47 -687.01 1153.47 -27.50 -8.29 -0.09
902 369.20 282.50 -1526.39 1712.50 -24.85 -5.28 -0.07
922 419.20 267.64 67.03 271.53 -18.10 15.56 0.07
942| 444.11 1381.94 -1930.56 3300.69 -14.06 -63.03 -0.28
962 471.06 2453.47 -269.44 2721.53 -3.69 -4.51 -0.11
982 503.51 2943.06 -545.14 3488.89 3.04 18.50 -0.06
1002| 527.76 2986.11 -121.04 3109.72 3.44 -20.26 0.01
1022 554.76 3985.42 -107.36 4089.58 2.29 -6.67 0.00
1042 582.26 5634.72 -288.26 5920.83 212 -7.60 0.00
1062 609.26 7333.33 -169.24 7500.00 1.99 -7.65 0.00
1082 636.26 8986.11 -440.07 9423.61 1.88 -10.26 0.00
1102] 663.26 10465.28 87.29 10465.28 1.93 0.25 0.00
1122 688.61 12388.89 -583.82 12972.22 1.90 3.28 0.00
1142 711.96 13819.44 -169.51 13993.06 1.86 -5.64 0.01
1162|  734.96 15319.44 -155.00 15472.22 1.90 -6.66 0.01
1182 757.91 15375.00 -1995.83 17368.06 1.90 -8.83 0.01
1202 782.81 12798.61 2003.47 12798.61 1.28 -17.75 0.01
1222| 809.76 12423.61 -409.51 12833.33 1.20 -7.03 -0.02
1242 836.76 13680.56 -284.58 13965.28 1.15 -4.30 -0.03
1262 863.76 15208.33 456.60 15208.33 1.05 -3.02 0.10
1282 889.76 13569.44 -5146.53 18715.28 412 -25.94 -0.31
1302]  906.85 4441.67 -10791.67 15228.17 20.38 147.43 -2.44
1322 .04 4501.39 7437.50 7493.06 19.54 446.53 -5.11
1342 334.63 3402.08 9500.00 9541.67 11.21 -485.07 -135.00
1 562| 74.63 -12.90 -1592.36 1604.86 -3.58 128.68 45,22
1382] 1040.78 1111.81 2088.19 2095.14 2.20 -78.89 -27.83
1402] 111053 148.06 -1096.53 1263.47 -3.13 99.31 39.51

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)

M&D Professional Services Confidential
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Figure 5 LBS-BEC Primary Tank Stresses, Shell Middle, Gravity Load Only

AY Primary Tank, Lower Bound Soil, Horizontal and V

Catirviata
otlnalc

M&D
Starting AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC
M&D AY-NL-LBS-BEC Gravity Only Gravity Only Stress | Gravity Only In-Plane | Gravity Only In-Plane| Gravity Only Thru-
Element Gravity Only Hoop Meridional Stress Intensity (Ibs/in”2) Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) | Stress (Ibs/in”2) Mid (Ibs/in2) Mid Mid (Ibs/in~2) Mid (Ibs/in*2) Mid Stress (Ibs/in*2) Mid
762 67.33 -2418.06 -2187.50 2418.06 6.10 13.77 -0.17
782 105.04 -1968.06 -2877.78 2878.47 12.33 -34.02 0.04
802 136.24 -2377.08 -2711.11 2711.81 14.87 31.97 -0.04
822 181.71 -1350.72 -2376.39 2376.39 12.31 -8.26 -0.03
842 225.10 -2033.33 -2105.56 2105.56 -11.72 5.89 -0.15
862 273.66 -741.67 -1788.19 1788.19 -23.26 1.38 -0.05
882 323.27 -1390.28 -1465.28 1465.28 -26.99 -8.29 -0.09
902 369.20 381.04 -1168.75 1456.25 -24.78 -5.28 -0.07
922 419.20 53.76 -642.01 685.63 -17.92 15.56 0.07
942 444.11 1813.19 -426.25 2248.61 -13.24 -63.03 -0.28
962 471.06 2428.47 -345.00 2773.61 -3.97 -4.51 -0.11
982 503.51 3018.06 -300.00 3313.89 2.81 18.50 -0.06
1002 527.76 2933.33 -307.08 3233.33 3.28 -20.26 0.01
1022 554.76 3947.92 -227.29 4173.61 2.20 -6.67 0.00
1042 582.26 5650.69 -235.63 5882.64 2.02 -7.60 0.00
1062 7305.56 -243.68 7548.61 1.90 -7.65 0.00
1082 9041.67 -251.81 9291.67 1.82 -10.26 0.00
1102 10361.11 -259.86 10618.06 1.89 0.25 0.00
1122 12479.17 -267.50 12750.00 1.88 3.28 0.00
1142 13791.67 -274.38 14062.50 1.93 -5.64 0.01
1162 15277.78 -281.60 15555.56 1.93 -6.66 0.01
1182 15888.89 -288.40 16173.61 1.88 -8.83 0.01
1202 12138.89 -189.86 12333.33 1.24 -17.75 0.01
1222 3 12486.11 -197.85 12680.56 1.21 -7.03 -0.02
1242 836.76 13701.39 -205.42 13909.72 1.13 -4.30 -0.03
1262 863.76 15013.89 -211.94 15222.22 1.32 -3.02 0.10
1282 889.76 15048.61 -222.99 15277.78 4.95 -25.94 -0.31
1302]  906.85 747817 -218.26 7770.83 17.10 147.43 -2.44
1322 916.04 1933.33 -8.15 2376.39 1317 446,53 -5,11
1342 934.63 560.90 301.88 612.64 11.21 21.70 -135.00
1362 974.63 689.24 709.72 715.28 -3.58 -4.44 45.22
1382] 1040.78 679.44 682.57 684.79 2.20 1.69 -27.83
1402 1110.53 68417 704,86 708.03 -3.13 -2.95 39,51

Note 1: Meridonal, Hoop, and Shear Stesses are Reversed in Highlighted Sections (Floor)
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Figure 6 LBS-BEC Primary Tank Stresses, Shell Bottom, Gravity Load Only

AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best
Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG

Shell Bottom Surface (outside - away from waste)
Ma&D
Starting AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC
M&D AY-NL-LBS-BEC Gravity Only Gravity Only Stress | Gravity Only In-Plane | Gravity Only In-Plane| Gravity Only Thru-
Element Gravity Only Hoop Meridional Stress Intensity (Ibs/in”2) Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) | Stress (Ibs/in”2) Bot {Ibs/inA2) Bot Bot (Ibs/in”2) Bot (Ibs/inA2) Bot Stress (Ibs/inA2) Bot
762 67.33 -2611.11 -2790.28 2790.28 6.79 13.77 -0.17
782 105.04 -1791.67 -2227.78 2229.17 11.69 -34.02 0.04
802 136.24 -2582.64 -3363.89 3364.58 13.63 31.97 -0.04
822 181.71 -1248.61 -1986.81 1986.81 -11.22 -8.26 -0.03
842| 225.10 -2288.19 -2939.58 2939.58 -11.20 5.89 -0.15
862 273.66 -651.04 -1463.19 1463.19 -22.60 1.38 -0.05
882 323.27 -1628.47 -2243.06 2243.06 -26.47 -8.29 -0.09
902 369.20 479.65 -813.19 1200.00 -24.73 -5.28 -0.07
922 419.20 -251.74 -1340.97 1341.67 -17.74 15.56 0.07
942| 444.11 2244.44 1088.19 2247.92 -12.42 -63.03 -0.28
962 471.06 2403.47 -424.24 2825.69 -4.31 -4.51 -0.11
982 503.51 3093.75 -68.07 3143.75 2.68 18.50 -0.06
1002| 527.76 2880.56 -495.14 3364.58 3.14 -20.26 0.01
1022 554.76 3911.81 -347.22 4256.94 210 -6.67 0.00
1042 582.26 5667.36 -182.92 5845.14 1.92 -7.60 0.00
1062 609.26 7284.72 -318.19 7604.17 1.85 -7.65 0.00
1082 636.26 9097.22 -63.47 9159.72 1.79 -10.26 0.00
1102] 663.26 10263.89 -596.04 10854.17 1.85 0.25 0.00
1122 688.61 12576.39 60.51 12576.39 1.85 3.28 0.00
1142 711.96 13756.94 -379.31 14138.89 2.01 -5.64 0.01
1162|  734.96 15243.06 -408.19 15645.83 2.01 -6.66 0.01
1182 757.91 16402.78 1431.94 16402.78 1.86 -8.83 0.01
1202 782.81 11486.11 -2375.69 13861.11 1.20 -17.75 0.01
1222| 809.76 12548.61 23.15 12548.61 1.42 -7.03 -0.02
1242 836.76 13729.17 -126.32 1385417 1.15 -4.30 -0.03
1262 863.76 14819.44 -880.56 15687.50 1.63 -3.02 0.10
1282 889.76 16527.78 4700.69 16527.78 5.77 -25.94 -0.31
1302]  906.85 10520.83 10361.11 10527.78 13.83 147.4 -2.44
1322 .04 -664.58 -7444.44 7500.00 6.81 446.5 -5.11
1342 334.63 -2316.67 -8916.67 8965.28 11.21 522.0 -135.00
1 }62| 74.63 1377.08 2970.83 2981.94 -3.58 -129,24 45,22
1382] 1040.78 249.65 -739.58 997.22 2.20 79.10 -27.83
1402] 111053 1227.08 2502.08 2511.11 -3.13 -102.71 39.51

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
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Figure 7 LBS-BEC Primary Tank Stresses, Shell Top, Gravity Plus Seismic Load

AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best
Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG

Shell Top Surface (inside - waste side
M&D
Starting AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC
M&D AY-NL-LBS-BEC AY-NL-LBS-BEC Seismic Stress Seismic In-Plane Seismic In-Plane Seismic Thru-
Element Seismic Hoop Stress| Seismic Meridional | Intensity (Ibs/inA2) Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) {Ibs/in"2) Top Stress (Ibs/inA2) Top Top (Ibs/in~2) Top {Ibs/in"2) Top Stress (Ibs/in*2) Top

762 67.33 -3117.36 0.00 3118.06 -212.57 22.76 -3.62

782 105.04 -2987.50 -4912.50 4913.89 -336.04 -55.24 1.94

802 136.24 -2981.25 -3081.25 3084.72 -356.88 56.28 3.10

822 181.71 -2084.03 -3805.56 3805.56 -800.00 -20.46 -2.62

842 225.10 -3580.56 -2379.17 3832.64 -1593.06 35.78 23.32

862| 273.66 -2230.56 -2990.28 3671.53 -1565.28 -14.69 10.80

882 323.27 -4010.42 -1755.56 4606.25 -1675.00 -41.37 18.12

902 369.20 2113.19 -3049.31 3903.47 1352.78 -37.01 10.11

922|  419.20 2913.89 672.78 3961.11 -1980.56 80.28 10.57

942| 444.11 3754.86 -3271.53 7027.78 -2425.00 -372.64 14.74

962 471.06 9395.83 -3427.78 12736.11 -2447.92 -28.70 -11.38

982 503.51 7145.83 -2252.08 9402.78 -2700.69 145.00 12.24
1002 527.76 6328.47 -659.79 6979.17 -2613.19 -97.15 3.89
1022 554.76 8736.11 -1584.03 8756.94 -1668.06 43.18 -3.23
1042 582.26 11527.78 -1020.14 11534.72 1449.31 -38.67 -2.59
1062 609.26 13847.22 -1723.61 13854.17 1281.94 -24.60 -2.11
1082 636.26 16291.67 -1461.81 16291.67 -1185.42 -23.52 -2.19
1102 663.26 18562.50 -1628.47 18562.50 -1250.69 -15.45 -2.47
1122 688.61 21111.11 -1505.56 2111111 1381.94 35.76 -2.23
1142 711.96 23027.78 -1681.94 23034.72 1506.25 -45.34 1.68
1162 734.96 24708.33 -1384.72 24708.33 1867.36 40.04 1.69
1182 757.91 24104.17 -2557.64 25902.78 1867.36 -46.87 1.76
1202 782.81 19729.17 3404.17 19729.17 1349.31 -28.28 -2.74
1222] 809.76 18597.22 -865.28 18638.89 1566.67 12.67 218
1242 836.76 19979.17 -932.64 19979.17 1847.92 -21.39 210
1262] 863.76 21541.67 1459.72 21541.67 212917 -14.65 1.68
1282| 889.76 18375.00 -5006.94 27138.89 2486.81 -101.18 4.73
1 02-| 306.85 5887.50 -20062.50 23486, 381.94 240.07 4.
1322 .04 5930.56 12493.06 12583.33 3 8 829.86 4
1342 334.63 5372.92 16222.22 16208.6 -2386.81 19.46 -236.60
1362 74.63 -3363.89 -3181.94 5684.72 648.61 -6.36 81.04
1382| 1040.78 2962.50 3322.22 977.08 -1654.17 3.96 -50.12
1402  1110.53 1927.78 -2413.19 2480.97 1033.33 -5.61 71.53

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
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Figure 8 LBS-BEC Primary Tank Stresses, Shell Middle, Gravity Plus Seismic Load

M&D-2008-004-CALC-01, Rev. 1

AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best

Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG
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AY-2D-NL-LBS-BEC Pri Tank Stress Seismic.xls, Stress Max

Shell Mid-Plane
M&D
Starting AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC
M&D AY-NL-LBS-BEC AY-NL-LBS-BEC Seismic Stress Seismic In-Plane Seismic In-Plane Seismic Thru-
Element Seismic Hoop Stress| Seismic Meridional | Intensity (Ibs/in*2) Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) (Ibs/inA2) Mid Stress (Ibs/in2) Mid Mid (Ibs/inA2) Mid (Ibs/inA2) Mid Stress (Ibs/inA2) Mid

762 67.33 -3434.03 -3013.89 3434.03 -209.51 22.76 -3.62

782 105.04 -2734.03 -3946.53 3947.22 -330.49 -55.24 1.94

802 136.24 -3434.72 -3695.14 3696.53 -351.60 56.28 3.10

822 181.71 -1839.58 -3215.97 3215.97 -795.83 -20.46 -2.62

842 225.10 -4143.06 -2839.58 4532.64 -1602.08 35.78 23.32

862| 273.66 -1981.25 -2397.22 3497.92 -1568.06 -14.69 10.80

882 323.27 -4504.86 -2028.47 4670.83 -1688.89 -41.37 18.12

902 369.20 2156.25 -2022.92 3555.56 1352.08 -37.01 10.11

922|  419.20 3046.53 -1722.92 4008.33 -1984.03 80.28 10.57

942| 444.11 4239.58 -1790.97 5934.72 -2440.97 -372.64 14.74

962 471.06 9937.50 -1545.83 11451.39 -2453.47 -28.70 -11.38

982 503.51 7465.28 -1400.00 8680.56 -2636.81 145.00 12.24
1002 527.76 6668.75 -1588.19 6672.22 -2579.17 -97.15 3.89
1022 554.76 8597.22 -1331.25 8597.22 -1646.53 43.18 -3.23
1042 582.26 11652.78 -1467.36 11659.72 1440.28 -38.67 -2.59
1062 609.26 13645.83 -1578.47 13645.83 1270.14 -24.60 -2.11
1082 636.26 16375.00 -1634.72 16375.00 -1187.50 -23.52 -2.19
1102 663.26 18479.17 -1684.72 18479.17 -1245.83 -15.45 -2.47
1122 688.61 21243.06 -1693.75 21243.06 1379.86 35.76 -2.23
1142 711.96 23055.56 -1681.25 23055.56 1670.83 -45.34 1.68
1162 734.96 24694.44 -1634.72 24694.44 1670.83 40.04 1.69
1182 757.91 24833.33 -1542.36 24833.33 1862.50 -46.87 1.76
1202 782.81 18826.39 -931.94 18826.39 1343.75 -28.28 -2.74
1222] 809.76 18701.39 -880.56 18701.39 1572.22 12.67 218
1242 836.76 19993.06 -818.06 19993.06 1851.39 -21.39 210
1262] 863.76 21437.50 -729.17 21437.50 2143.06 -14.65 1.68
1282| 889.76 20868.06 -772.92 21347.22 2450.00 -101.18 4.73
1 02-| 306.85 9013.89 -770.14 9833.33 2206.94 240.07 4.
1322 .04 4760.42 -325.69 5342.36 2209.72 829.86 4
1342 334.63 3815.97 613.33 3900.00 -1781.94 19.46 236.60
1362 74.63 3450.69 1097.22 5356.25 -2659.03 -6.36 81.04
1382| 1040.78 739.58 968.75 179.86 -1570.83 3.96 -50.12
1402  1110.53 188.89 1043.06 2180.97 935.42 -5.61 71.53

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
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Figure 9 LBS-BEC Primary Tank Stresses, Shell Bottom, Gravity Plus Seismic Load

M&D-2008-004-CALC-01, Rev. 1

AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best

Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG

Shell Bottom Surface (outside - away from waste)
Ma&D
Starting AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC
M&D AY-NL-LBS-BEC AY-NL-LBS-BEC Seismic Stress Seismic In-Plane Seismic In-Plane Seismic Thru-
Element Seismic Hoop Stress| Seismic Meridional | Intensity (Ibs/in*2) Shear Stress Shear Force Stress Thickness Shear
No. Path (in.) {Ibs/in~2) Bot Stress (Ibs/in”2) Bot Bot (Ibs/in”2) Bot (Ibs/inA2) Bot Stress (Ibs/inA2) Bot

762, 67.33 -3750.69 -3965.97 3966.67 -206.74 22.76 -3.62

782 105.04 -2589.58 -3377.08 3379.17 -324.93 -55.24 1.94

802 136.24 -3888.89 -4709.72 4710.42 -346.32 56.28 3.10

822 181.71 -1709.03 -2781.94 2781.94 -791.67 -20.46 -2.62

842 225.10 -4715.97 -4297.92 5440.97 -1610.42 35.78 23.32

862| 273.66 -1731.25 -2117.36 3356.25 -1570.83 -14.69 10.80

882 323.27 -4998.61 -3879.86 5225.69 -1702.78 -41.37 18.12

902 369.20 2199.31 -1368.75 3369.44 1351.39 -37.01 10.11

922|  419.20 -3281.94 -3831.25 4172.22 -1988.19 80.28 10.57

942| 444.11 4786.11 3074.31 5272.92 -2457.64 -372.64 14.74

962 471.06 10479.17 -1023.61 10479.17 -2458.33 -28.70 -11.38

982 503.51 7777.78 -1399.31 7993.06 -2573.61 145.00 12.24
1002 527.76 7006.94 -2939.58 7020.83 -2545.83 -97.15 3.89
1022 554.76 8541.67 -1090.28 8548.61 -1625.00 43.18 -3.23
1042 582.26 11937.50 -1914.58 11937.50 1432.64 -38.67 -2.59
1062] 609.26 13722.22 -1433.33 13722.22 1259.03 -24.60 -2.11
1082| 636.26 16527.78 -1807.64 16527.78 -1189.58 -23.52 -2.19
1102] 663.26 18395.83 -1740.97 18395.83 -1240.28 -15.45 -2.47
1122 688.61 21375.00 -1882.64 21375.00 1377.78 35.76 -2.23
1142 711.96 23083.33 -1679.86 23083.33 1672.22 -45.34 1.68
1162 734.96 24687.50 -1884.03 24687.50 1672.22 40.04 1.69
1182 757.91 25562.50 2961.11 25562.50 1857.64 -46.87 1.76
1202| 782.81 18000.00 -3168.06 20694.44 1338.89 -28.28 -2.74
1222| 809.76 18805.56 -895.14 18805.56 1577.78 12.67 2.18
1242 836.76 20006.94 -778.47 20006.94 1854.86 -21,39 210
1262| 863.76 21333.33 -2813.89 21916.67 2156.94 -14.65 1.68
1282| 889.76 23354.17 7819.44 23354.17 2413.89 -101.18 4.73
1 02-| 306.85 14604.17 18520.83 18527.78 2031.94 240.07 4.
1322 .04 -4924.31 -12659.72 12750.00 202917 820.86 4
1342 334.63 -7604.17 -15569.44 15652.78 2202.78 19.46 236.60
1362 74.63 3793.7! 4813.19 5940.28 -2797.92 -6.36 81.04
1382| 1040.78 2520.82 -1732.64 3438.89 1525.00 3.96 -50.12
1402  1110.53 2458.3 4038.89 4054.86 -976.39 -5.61 71.53

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
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Mé&D-2008-004-CALC-01, Rev. 1

Figure 10 LBS-BEC Primary Tank Stresses, Shell Top, Seismic Load Only

AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best
Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG

Shell Top Surface (inside - waste side)

M&D
Starting AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC In- | AY-NL-LBS-BEC In- |AY-NL-LBS-BEC Thru-|
M&D AY-NL-LBS-BEC Hoop| Meridional Stress Stress Seismic Only | Plane Shear Stress Plane Shear Force Thickness Shear
Element Stress Seismic Only Seismic Only Intensity (LBS/in/2) Seismic Only Stress Seismic Only | Stress Seismic Only
No. Path (in.) {LBS/inA2) Top (LBS/in*2) Top Top {LBS/in"2) Top {LBS/in"2) Top (LBS/in*2) Top
762| 67.33 1191.67 0.00 1190.97 212.85 11.06 3.70
782 105.04 1178.47 1773.61 1773.61 340.44 27.94 1.95
802| 136.24 1289.58 1234.72 984.03 361.32 30.10 3.11
822| 181.71 893.61 1245.83 1244.44 787.23 14.06 2.63
842| 225.10 1984.17 1314.51 2069.44 1591.78 33.62 23.44
862| 273.66 1874.31 1162.50 1581.25 1555.93 15.62 10.82
882| 323.27 2988.89 1080.14 3453.47 1665.20 43.46 18.18
902| 369.20 1841.18 1523.61 2190.97 1357.18 31.78 10.15
922| 419.20 2646.25 616.35 3690.83 1981.04 64.75 10.59
942| 444.11 2583.33 1626.18 3744.44 242517 309.71 14.76
962| 471.06 6952.78 3159.93 10025.00 2448.07 24.19 11.39
982| 503.51 4229.17 1837.71 5920.14 2700.95 126.65 12.23
1002| 527.76 3342.36 540.14 3870.14 2613.44 76.90 3.88
1022| 554.76 4751.39 1478.96 4668.06 1668.21 49.67 3.23
1042| 582.26 5894.44 759.58 5617.36 1448.88 31.07 2.59
1062] 609.26 6513.89 1554.38 6361.11 1281.57 23.94 2.11
1082 636.26 7312.50 1134.79 6875.00 1185.53 13.26 2.19
1102| 663.26 8104.17 1704.79 8104.17 1250.81 15.67 2.47
1122| 688.61 8722.22 1436.81 8145.83 1381.54 32.49 2.23
1142 711.96 9208.33 1612.43 9048.61 1505.85 39.73 1.69
1162| 734.96 9388.89 1229.72 9243.06 1866.92 46.67 1.68
1182 757.91 8729.17 1403.82 8756.94 1866.92 38.08 1.74
1202 782.81 6930.56 2039.24 6930.56 1348.98 10.58 2.74
1222] 809.76 6180.56 727.36 5812.50 1566.41 19.67 2.19
1242| 836.76 6298.61 939.65 6020.83 1847.95 17.19 2.11
1262 863.76 6333.33 1091.39 6333.33 2128.68 17.06 1.71
1282 889.76 4805.56 3883.33 8423.61 248512 7810 4.72
1302| 906.85 1602.08 9790.97 89268.47 2380.37 94.88 31.62
1322| 916.04 1436.11 5062.50 5104.17 2391.65 407.26 36.09
1342| 934.63 1978.47 6790.97 6805.56 1905.00 8.76 102.43
1362| 974.63 3366.53 1633.33 4101.39 2642.78 2.84 36.50
1382 1040.78 1856.25 1444.79 1885.42 1576.94 1.81 22.83
1402| 1110.53 1991.25 1319.44 1237.50 936.32 2.60 33.01

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
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Figure 11 LBS-BEC Primary Tank Stresses, Shell Middle, Seismic Load Only

AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best
Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG

Shell Mid-Plane
M&D
Starting AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC In- | AY-NL-LBS-BEC In- |AY-NL-LBS-BEC Thru-|
M&D AY-NL-LBS-BEC Hoop| Meridional Stress Stress Seismic Only | Plane Shear Stress Plane Shear Force Thickness Shear
Element Stress Seismic Only Seismic Only Intensity (LBS/inA2) Seismic Only Stress Seismic Only | Stress Seismic Only
No. [ Path (in.) (LBS/inA2) Mid (LBS/in*2) Mid Mid (LBS/inA2) Mid (LBS/inA2) Mid (LBS/in*2) Mid
762| 67.33 1311.11 1093.06 1265.97 210.51 11.06 3.70
782 105.04 1127.08 1332.64 1321.53 334.43 27.94 1.95
802| 136.24 1461.11 1220.14 1209.03 355.99 30.10 3.11
822| 181.71 832.64 993.06 992.36 783.83 14.06 2.63
842| 225.10 2256.11 877.78 2433.33 1601.09 33.62 23.44
862| 273.66 1687.08 753.47 1731.94 1569.42 15.62 10.82
882| 323.27 3159.72 784.03 3206.94 1679.47 43.46 18.18
902| 369.20 1786.04 854.86 2119.44 1356.38 31.78 10.15
922| 419.20 2996.05 1081.04 3325.21 1984.52 64.75 10.59
942| 444.11 2763.19 1365.00 3702.08 2441.16 309.71 14.76
962| 471.06 7519.44 1201.18 8688.89 2453.66 24.19 11.39
982| 503.51 4450.69 1100.00 5373.61 2637.07 126.65 12.23
1002| 527.76 3736.81 1281.11 3439.58 2579.41 76.90 3.88
1022| 554.76 4650.00 1103.96 4425.00 1646.69 49.67 3.23
1042| 582.26 6002.08 1231.74 5779.17 1439.92 31.07 2.59
1062| 609.26 6340.28 1334.79 6097.22 1269.76 23.94 211
1082| 636.26 7333.33 1382.92 7090.28 1187.61 13.26 2.19
1102| 663.26 8118.06 1424.86 7868.06 1245.94 15.67 2.47
1122| 688.61 8763.89 1426.25 8500.00 1379.46 32.49 2.23
1142] 711.96 9263.89 1406.88 9000.00 1670.43 39.73 1.69
1162) 734.96 9416.67 1353.13 9138.89 1670.43 46.67 1.68
1182] 757.91 8944.44 1253.96 8659.72 1862.07 38.08 1.74
1202| 782.81 6687.50 772.29 6500.00 1343.43 10.58 2.74
1222| 809.76 6215.28 724.86 6027.78 1571.87 19.67 .19
1242 336.76 6291.67 i40.21 6090.28 1851.1 17.1 11
1262 363.76 6423.61 17.22 6222.22 2142.4 17.0€ 71
1282| 889.76 5819.44 74.10 6069.44 2448.5 78.1 72
1302 906.85 2041.67 586.81 2299.31 2206.02 94.88 31.62
1322| 916.04 2845.14 323.50 2873.61 2210.28 407.26 36.09
1342| 934.63 3264.03 316.78 3292.85 1801.78 8.76 102.43
1362| 974.63 2835.49 580.83 4652.78 2657.32 2.84 36.50
1382 1040.78 2174.65 437.99 2501.39 1570.79 1.81 22.83
1402] 1110.53 1584.58 493.75 1481.94 937.04 2.60 52.70

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
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Figure 12 LBS-BEC Primary Tank Stresses, Shell Bottom, Seismic Load Only

AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best
Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG

Shell Bottom Surface (outside - away from waste)
M&D
Starting AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC In- | AY-NL-LBS-BEC In- |AY-NL-LBS-BEC Thru-|
M&D AY-NL-LBS-BEC Hoop| Meridional Stress Stress Seismic Only | Plane Shear Stress Plane Shear Force Thickness Shear
Element Stress Seismic Only Seismic Only Intensity (LBS/inA2) Seismic Only Stress Seismic Only | Stress Seismic Only
No. [ Path (in.) (LBS/in2) Bot (LBS/in2) Bot Bot (LBS/in2) Bot (LBS/inA2) Bot (LBS/inA2) Bot
762| 67.33 1486.11 1500.69 1499.31 208.17 11.06 3.70
782 105.04 1080.14 1375.69 1332.64 328.42 27.94 1.95
802| 136.24 1684.03 1743.75 1743.06 350.59 30.10 3.11
822| 181.71 776.94 1002.78 950.00 780.44 14.06 2.63
842| 225.10 2540.28 1856.94 2509.03 1609.71 33.62 23.44
862| 273.66 1607.57 837.78 1914.58 1562.90 15.62 10.82
882| 323.27 3370.83 2005.56 2984.72 1693.75 43.46 18.18
902| 369.20 1730.90 624.78 2188.19 1355.58 31.78 10.15
922| 419.20 3412.29 2497.22 2838.89 1988.69 64.75 10.59
942| 444.11 2943.08 2566.67 3032.64 2457.84 309.71 14.76
962| 471.06 8086.11 828.61 7664.58 2458.54 24.19 11.39
982| 503.51 4687.50 1331.72 4855.56 2573.89 126.65 12.23
1002| 527.76 4129.86 2448.54 3656.94 2546.08 76.90 3.88
1022| 554.76 4630.56 743.06 4292.36 1625.16 49.67 3.23
1042| 582.26 6270.83 1731.67 6093.75 1432.27 31.07 2.59
1062| 609.26 6437.50 1120.56 6125.00 1258.65 23.94 211
1082| 636.26 7430.56 174417 7375.00 1189.70 13.26 2.19
1102| 663.26 8138.89 1439.86 7548.61 1240.39 15.67 2.47
1122| 688.61 8798.61 1931.44 8798.61 1377.38 32.49 2.23
1142] 711.96 9326.39 1777.64 8951.39 1671.82 39.73 1.69
1162) 734.96 9444.44 1475.83 9048.61 1671.82 46.67 1.68
1182] 757.91 9222.22 2190.28 9159.72 1857.21 38.08 1.74
1202| 782.81 6513.89 1189.58 6840.28 1338.59 10.58 2.74
1222 809.76 6256.94 908.51 6256.94 1577.33 19.67 .19
1242 336.76 6277.7 652.15 6159.72 1854.41 17.1 11
1262 363.76 6513.89 2052.08 62209.17 2156.19 17.0€ 71
1282 889.76 6826.39 3118.75 6826.39 2412.77 78.1 72
1302 906.85 4625.00 8616.67 8041.67 2031.67 94.88 31.62
1322| 916.04 4341.25 5215.28 5250.00 2028.73 407.26 36.09
1342| 934.63 5325.69 6873.61 6756.94 1737.71 8.76 102.43
1362| 974.63 2418.75 1987.50 2961.81 2671.53 2.84 36.50
1382 1040.78 2492.78 997.22 2449.31 1563.75 1.81 22.83
1402] 1110.53 1236.81 1810.42 1558.33 944.72 2.60 52.70

Note 1: Meridonal, Hoop, and Shear Stresses are Reversed in Highlighted Sections (Floor)
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Figure 13 LBS-BEC J Bolt Forces, Gravity Load Only

AY Primary Tank, Lower Bound Soil, Gravity Only, Best Estimate Tank

Concrete, Lower Bound Secant Modulus, 422 in. Waste Level at 1.7 SpG
ANSYS MAXIMUMS BY RADIUS

T Axial | Wax Axal | ehear | Maximum | enear | Maxmum | totl |
Radius of J.Bolts Force (kip) | Force (kip) Forcel Shear Force2 Sh ear Shear
M&D Mean Included Average | LBS-BEC | LBS-BEC | (kip) LBS- Forcel (kip) LBS- | Force2 |(kip) LBS-
J-Bolt J-Bolt Bolts per Gravity Gravity BEC Model BEC Model BEC
Radius No.| Radius rmin max Element Only Only Gravity Angle Gravity Angle Gravity
Radiug 2 4472 2236 67.29 (=) -0.002 -0.001 0.008 72 0.026 180 0.026
Radius 3 B9 B7 67.29 104,93 .89 -0.002 -0.001 0.0 99 0.057 0 0.057
Radius 4 120.00 10493 | 135898 1.03 0000 0.000 0.0 103 0.0395 0 0.095
Radiug 5 151.97 13598 | 18109 157 0000 0.001 0.012 117 0.158 0 0.158
Radiug b 210.05 181.07 | 22379 = 0000 0.001 0.016 117 0273 0 0.273
Radiug 7 23753 22379 | 27088 .30 0004 0.007 0.015 126 0.316 45 0.316
Radius 8§ 304.43 27098 | 31874 4.04 -0.012 0.008 0.0 126 0.400 45 0.400
Radiug 9 333.05 31874 | 35164 437 -0.015 0.004 0.0 153 0.378 45 0.378
Radius 10 390.22 36164 | 40824 £36 -0.037 0.078 0.007 162 0.439 0 0.439
Radius 11 42226 406.24 | 431.63 =] -0.302 -0.014 0.006 171 0.518 0 0518
Radius of J-Bolts
Included
Axial Max
Axial Min | Disp LBS-
M&D Mean Average Shear Axial Shear Disp | Disp LBS- BEC-
J.Bolt JBolt Bolts per | Bolt Angle Stiffne s Stiffness LES-BEC- |BEC-Gravity| Gravity
Radius No.| Radius i fmax Element (Rad) (kip#t) (kip) Gravity Only Only Only
Radiug 2 44 72 22,36 f7.29 [55 0.0351 564 564 0.00055 -0.00004|  -0.00003
Radius 3 8987 67.29 104,93 L.89 0.0715 64 264 0.00M22 -0.00003|  -0.00003
Radius 4 120.00 10493 | 135688 1.03 0.0968 564 564 0.00202 -0.00001 0.00000
Radius 5 151.97 13598 | 181.09 1.97 01252 64 o564 0.00335 000001 0.00002
Radius B 210.05 181.07 | 22379 =N 01825 564 564 0.00581 0.00000 0.00001
Radius 7 23753 22379 | 27088 30 02136 a64 564 0.00B72 0.00009 0.00074
Radius 8§ 304.43 27098 | 31874 4.04 0.3076 64 564 0.00851 -0.00025 0.00013
Radiug 9 333.05 31874 | 36164 437 0.3613 564 564 0.00805 -0.00031 0.00008
Radius 10 39022 36764 | 40824 £36 05235 564 564 0.00933 -0.00080 0.00165
Radius 11 422,26 40624 | 431.63 =60 06938 oG4 564 0.0102 -0.00B642| -0.00029
5/11/2008 AY-LBS-BEC LBMod J Bolt Forces Seismic. xls
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Figure 14 LBS-BEC J-Bolt F orces, Gravity Plus Seismic Loads

AY Primary Tank, Lower Bound Soeil, Horizontal and Vertical Seismic Input, Best Estimate Tank

Concrete, Lower Bound Secant Modulus, 422 in. Waste Level at 1.7 SpG
ANSY S MAXIMUMS BY RADIUS

RPP-RPT-28966 Rev. 1
Page 418 of B88

Radius of J-Bolt Hieal
M&D Mean a |Ius Iu d -rl . Average | Min Axial | Max Axial Forcel Maximum Maximum
J-Bolt J-Bolt .nc in Bolts per | Force (kip) | Force (kip) | (kip) LBS- | Shear Forcel | Shear Force2 | Shear Force?
Radius No.| Radius frn max Element | LBS-BEC | LBSBEC BEC Model Angle | (kip) LBS-BEC| Model Anale
Radius 2 4472 22,36 67.29 0.55 -0.324 0.990 0535 a0 0532 a
Radius 3 8987 6729 | 10483 0.59 -0.120 0.450 0.565 a0 0539 180
Radius 4 120.00 04,93 | 13598 1.03 -0.228 1.687 0625 a0 0717 180
Radius 5 151.97 13598 | 181.071 1.97 -0.267 0.672 0714 a0 0815 180
Radius B 210.05 181.01 | 223.79 241 -0.430 0.817 0.a a0 0548 180
Radius 7 237.53 223.79 | 270.88 3.30 -0.370 1.265 1.078 20 1023 180
Radius B 304.43 270.98 | 318.74 4.04 -0.439 1.065 1.503 a0 1236 180
Radius 8 333.05 318.74 | 361.64 4.37 -0.580 1.889 1.743 90 1.305 180
Radius 10 390.22 361.64 | 406.24 5.36 -1.301 1.917 2.354 a0 1447 180
Radius 11 42228 406.24 | 431.63 3.60 -2.521 1.703 2881 90 1825 1]
Radius of J-Bolts
snear AXIal MIn AXIal i ax
Displacement | Displacement | Displacement
M&D Mean A\re[age Shear Axial LBS-BEC- LBS-BEC- LBES-BEC-
J.Bok J.Bolt Bolts per | Bolt Angle | Stiffness Stiffness Gravity Plus Gravity Plus Gravity Plus
Radius No.| Radius beclls) max Element (Rad) (kipft) (kip/ft) Seismic Seismic Seismic
Radius 2 4472 22.36 67.29 055 0.0351 564 564 001169 -0.00890 0.02106
Radius 3 8987 6729 | 10483 0.59 00715 564 564 001360 -0.00254 0.00955
Radius 4 120.00 104,93 | 13598 1.03 0.0968 564 564 001526 -0.00486 0.03530
Radius 5 151.97 13698 | 181.01 1.97 0.1252 564 564 001735 -0.00569 0.01429
Radius B 210.05 181.01 | 223.79 241 0.1825 S64 564 002133 -0.00815 0.01738
Radius 7 237.53 223.79 | 270.98 3.30 02136 564 564 002450 -0.00787 0.02693
Radius B 304.43 270,98 | 318.74 4.04 0.3076 S64 564 003365 -0.00834 0.02266
Radius 8 333.05 318.74 | 361.64 437 0.3613 564 564 003854 -0.01235 0.04020
Radius 10 390.22 267.64 | 406.24 5.36 05235 S64 564 005148 -0.02767 0.04079
Radius 11 42226 406,24 | 43163 3.60 05938 S64 564 00E303 -0.05363 0.03623
51 1/2008 AY-LBSBEC LBMod J Bolt Forces Seismic. xls
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Fisure 15 LBS-BEC-LB Modulus .J-Bolt F orces, Seismic Load Only

AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best
Estimate Tank Concrete, Lower Bound Secant Modulus, 422 in. Waste Level at 1.7

RPP-RPT-28966 Rev. 1
Page 4190 of 888

SpG Seismic Only
ANSYS M:@IMUMS BY RADIUS
Radius of J-Bolts
Included Min Axial | Max Axial Shear Total Shear
MDD Force (kip) | Force (kip) |Force1 (kip) (kip) LBS-
J-Bolt Mean Average | LBS-BEC- | LBS-BEC- | LBS-BEC- | Maximum Shear| Shear Force2 Maximum BEC-
Radius | JBolt _ Bolts per| Seismic Seismic Seismic | Forcel Model |(kip) LBS-BEC-| Shear Force? | Seismic
No. Radius nn max Element Only Only Only Angle Seismic Only | Model Angle Only
Radiug 2 4472 2236 67,29 0.55 -0.323 0.99 0.527 108 0.506 1] 0.731
Radius 3 8957 5729 | 10493 0.89 -0.118 0.452 0.553 103 05582 1] 0.806
Fadius 4 | 12000 | 0493 | 135.958 1.03 -0.223 1.657 0.617 103 0622 1] 0.57h
Radius® | 151.97 | 13598 | 181.01 1.97 -0.265 0.671 0.702 103 0658 i} 0.952
Radius 6 | 21005 | 1871.07 | 223.79 241 -0.430 0.5816 0.5908 108 0675 144 1.128
Radius ¥ | 23755 | 22379 | 27098 330 -0.374 1.253 1.063 30 0707 135 1.276
Radius & | 30445 | 270958 | 31874 404 -0.427 1.053 1.494 17 0837 17 1.712
Radius 9 | 333.05 | 31874 | 3671.64 437 -0.566 1.886 1.736 17 0927 17 1.965
Radius 10| 33022 | 36764 | 406.24 536 -1.263 1.5840 2347 103 1.008 i] 2554
Radius 11| 422265 | 406.24 | 43163 360 -2.219 1.716 2876 108 1.307 i] 3.158
Radius of J-Bolts
Included
MED Shear Axial Min Axial Max
J.Bolt Mean Average Shear Axial Displacement | Displacement | Displacement
Radius | J-Bolt Bolts per Bolt Angle | Stiffness Stiffness LBS-BEC- LBS-BEC- LBS-BEC-
No. Radius frn max | Element (Rad) (kip/ft) (kip/ft) Seismic Only | Seismic Only | Seismic Only
Radiug 2 4472 22,36 67,29 0.55 0.0351 a6 4 a64 0.01555 -0.00657 0.02103
Radiug 3 9987 G729 | 40493 0.53 007158 a6 4 a64 0017158 -0.00251 0.00961
Radiug 4 | 12000 | {0483 | 1358958 1.03 005968 a4 ShE4 001864 -0.00455 0.03590
Radiusd | 151.97 | 13598 | 181.01 1.97 0.1252 a4 g4 0.02047 -0.00570 001427
Radiug B | 21005 | {871.07 | 223.79 241 01825 ah4 aE4 0.02403 -0.00915 001737
Radius 7 | 23755 | 22379 | 27098 3.30 0.2136 a64 564 0.02716 -0.007 95 002673
Radius & | 30443 | 27098 | 31874 404 0.3076 a64 564 0.03643 -0.00303 002253
Radius 9 | 333.05 | 31874 | 367.64 437 03613 a4 564 0.04186 -0.01204 004012
Radius 10| 39022 | 36764 | 406.24 536 05235 564 564 0.05435 -0.02685 003314
Radius 11| 42226 | 406.24 | 43163 360 0BY38 a64 564 006722 -0.047 21 003652
AY-LBZBEC LBMod J Bolt Forces Seismic.xls
TB2008
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Figure 16 LBS-BEC Secondary Liner Strain, Shell Top, Gravity Load Only

AY Secondary Liner, Lower Bound Soil, Gravity Only, Best Estimate Tank Concrete, 422 In
Waste Level at 1.7SpG

Shell Top Surface (inside - towards waste) Gravity

M&D
Starting AY-NL-LBS-BEC In- |AY-NL-LBS-BEC Thru
M&D AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC In- | Plane Shear Force Thickness Shear
Element Hoop Strain (in/in) Meridional Strain  |Strain Intensity (in/in)] Plane Shear Strain | Strain (in/in) Gravity | Strain (in/in) Gravity
No. Path (in.) Gravity Top (in/in) Gravity Top Gravity Top (in/in) Gravity Top Top Top
2062 19.00 1.04E-04 2.94E-04 4.64E-04 8.98E-07 1.45E-08 1.70E-09
2052 49.28 5.91E-05 7.85E-06 8.69E-05 1.50E-06 2.17E-05 7.82E-07
2042 64.15 2.08E-05 8.21E-05 1.16E-04 2.29E-05 2.84E-05 1.23E-05
2032 72.29 4.47E-05 4.24E-04 5.88E-04 2.34E-05 2.53E-05 1.20E-05
2022 96.32 1.28E-05 1.04E-04 1.46E-04 4.17E-06 1.71E-06 2.52E-07
1916 129.82 5.79E-06 2.70E-04 3.30E-04 2.89E-06 7.96E-06 2.10E-07
1906 169.82 9.44E-06 3.96E-05 4.92E-05 2.02E-06 3.78E-06 4.58E-08
1896 235.97 1.13E-05 5.11E-05 6.05E-05 7.91E-07 2.62E-06 1.25E-08
1886 305.72 1.13E-05 6.61E-05 8.30E-05 1.06E-06 4.17E-06 4.04E-09
1876 379.62 1.51E-05 8.80E-05 1.05E-04 1.13E-06 7.22E-06 9.37E-09
1866 441.02 1.12E-05 9.35E-05 1.16E-04 2.39E-06 6.53E-06 3.31E-08
1856 487.97 1.12E-05 8.74E-05 1.05E-04 3.43E-06 1.23E-05 2.76E-07
M&D Professional Services Confidential AY-NL-LBS-BEC Liner Strain Gravity.xls, Strain Max
3/8/2006 Page 1
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Figure 17 LBS-BEC Secondary Liner Strain, Shell Middle, Gravity Load Only

AY Secondary Liner, Lower Bound Soil, Gravity Only, Best Estimate Tank Concrete, 422 In
Waste Level at 1.7SpG

Shell Mid-Plane

M&D
Starting AY-NL-LBS-BEC In- |AY-NL-LBS-BEC Thrul
M&D AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC AY-NL-LBS-BEC In- | Plane Shear Force Thickness Shear
Element Hoop Strain (in/in) Meridional Strain |Strain Intensity (in/in)] Plane Shear Strain | Strain (in/in) Gravity | Strain (in/in) Gravity
No. Path (in.) Gravity Mid (in/in) Gravity Mid Gravity Mid (in/in) Gravity Mid Mid Mid
2062 19.00 1.04E-04 2.96E-04 4.67E-04 8.97E-07 1.45E-08 1.70E-09
2052 49.28 5.89E-05 5.13E-06 8.70E-05 1.60E-06 2.17E-05 7.82E-07
2042 64.15 1.95E-05 2.33E-05 4.77E-05 9.09E-06 2.84E-05 1.23E-05
2032 72.29 4.34E-05 4.26E-05 8.86E-05 1.06E-05 2.53E-05 1.20E-05
2022 96.32 1.18E-05 1.86E-05 2.95E-05 4.21E-06 1.71E-06 2.52E-07
1916 129.82 5.37E-06 1.02E-04 1.25E-04 3.17E-06 7.96E-06 2.10E-07
1906 169.82 8.89E-06 5.26E-05 6.25E-05 1.98E-06 3.78E-06 4.58E-08
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