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Executive Summary 

M&D Professional Services, Inc. (M&D) is under subcontract to Pacific Northwest National Laboratory 
(PNNL) to perform seismic analysis of the Hanford Site double-shell tanks (DSTs) in support of a project 
entitled Double-Shell Tank (DSV Integrity Project - DST Thermal and Seismic Analyses. The overall 
scope of the project is 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). 

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 et al. 1972) and SASS1 (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 requires the use of a time domain code. 

The capabilities and limitations of the commercial time domain codes ANSYSm@ and MSC Dytranm@) for 
performing seismic SSI analysis of the DSTs and the methodology required to perform the detailed 
seismic analysis of the DSTs have been addressed in Abatt et al. (2006). On the basis of the results 
reported in Abatt et al. (2006), it is concluded that time domain SSI analysis using ANSYSm is justified 
for predicting the global response of the DSTs. 

The capabilities and limitations of Dytranm and ANSYSm for performing seismically induced Fluid 
Structure Interaction (FSI) analysis between the contained waste and the DST primary tank are 
documented separately in Abatt (2006) and Carpenter and Abatt (2006), 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, Dytranm appears to have more robust capabilities for 
FSI analysis. The ANSYSm 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 Dytranm 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 ANSYSm. Thus, Dytranm served the purpose of helping to identify limitations in 
the ANSYSm FSI analysis, so that those limitations can be addressed in the structural evaluation of the 
primary tank. 

The limitations of ANSYSm 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 will be supplemented by a 
more refined ANSYSm sub-model to aid in the structural evaluation. 
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This calculation provides the results of the final SSI analysis of the DST using the methodologies 
developed in Abatt et al. (2006), Carpenter and Abatt (2006), and Abatt (2006) for four separate load 
cases. Four load cases were analyzed to address uncertainties associated with soil properties and concrete 
conditions and include: lower bound soil, best estimate soil properties and upper bound soil with a best 
estimate of the concrete conditions based on a maximum temperature of 250"F, and best estimate soil 
properties with the concrete fully cracked. 

Results from the four load cases 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. 

Evaluation of the results for sliding interfaces has shown that for the seismic excitation levels considered, 
no significant sliding occurs. The interface between the concrete wall and footing showed no sliding for 
any load case and a maximum elastic displacement of less than 1/1000" of an inch. Localized 
displacements of up to 0.033 inches occurred between the primary tank and insulating concrete, and up to 
0.01 1 inches between the insulating concrete and the secondary liner. Neither of these displacements is 
considered to be significant, and sliding interfaces don't need to be carried forward into future analyses 
unless higher seismic excitation is required or additional information is available in the interface 
conditions. 
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1.0 Introduction 

M&D Professional Services, Inc. (M&D) is under subcontract to Pacific Northwest National Laboratory 
(PNNL) to perform seismic analysis of the Hanford Site double-shell tanks (DSTs) in support of a project 
entitled Double-Shell Tank (DSV Integrity Project - DST Thermal and Seismic Analyses. The overall 
scope of the project is 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). 

The work statement provided to M&D (PNNL 2003) required that the seismic analysis of the DSTs 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 
primruy tank contents. The DSTs 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 
analysis 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 fmal stage of the SSI analysis, which adopts the methodologies developed 
in earlier reports (Abatt et al. [2006], Carpenter and Abatt, [2006], and Abatt [2006]). Four individual 
load cases were considered in the analysis: 

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 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.” 

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. 
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Two areas of uncertainty are addressed with the four load cases identified above. These include the 
uncertainty in the soil properties and the uncertainty in the condition of the concrete tank. How these are 
addressed is described briefly below. 

Soil conditions v a q  across the various tank farms and need to be accounted for in this SSI analysis. An 
acceptable method to account for uncertainties in SSI analysis is to v a q  the low strain soil shear modulus 
( A X E  1998). According to ASCE 1998, the low strain shear modulus shall be varied between the best 
estimate value times (l+C,) and the best estimate value divided by (l+C,), where C, is a factor that 
accounts for uncertainties in the SSI 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 C, value of 0.5 
(Geomatrix [2005]). 

The other area of uncertainty addressed in this calculation is the concrete properties and condition in the 
DSTs. PNNL performed the thermal and operating loads analysis (TOLA) of the DSTs that is 
documented in Rinker et al. (2004). One result from that analysis is the expected condition of the 
concrete tank. For the seismic analysis, two potential conditions have been addressed; best estimate 
concrete and fully cracked concrete. 

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. 

The purpose of the dead load study was to verify the functionality and determine best analysis 
methodology for the ANSYSa model. In order to verify the functionality of the detailed ANSYSa model, 
the dead weight results were compared to the ANSYSa Phase I model (Abatt et al. [2006]) and the model 
as described in TOLA report (Rinker et al. 2004) from this point referred to as the TOLA model. A 
simpler ANSYSa model was developed and used in Abatt et al. (2006) to study using ANSYSa for SSI 
analysis; this simpler model is referred to at the ANSYSa Phase I model. The dead weight results from a 
variety of analysis methodologies were also compared to the ANSYSa 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 ANSYSa 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 ANSYSa 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 therefore, support itself over the tank dome, relieving the vertical dome load which does not 
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actually occur. 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 is 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. 

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 
J-Bolt Forces 
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 items 
extracted, 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 stresses occur in the primary tank for the Upper Bound Soil load case just above the transition 
from % inch to 54 inch plate, and are general primruy membrane stresses. This transition is located 
approximately one-third up from the bottom. However, there is little variation in the peak stresses in the 
primary tank for the upper bound, best estimate, and fully cracked load cases. Primruy tank stresses are 
controlled mainly by the soil response at the bottom of the DST. The soil seismic response at the bottom 
of the tank shows a pronounced drop in the lower bound soil for frequencies corresponding to the 
impulsive natural frequency of the tank/fluid system. 
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Of the contact surfaces used in the model, only two were shown to be important to the behavior. 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. 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 J-Bolt 
connections only. 

Other contact surfaces modeled include 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. 

Neither the interface between the primary tank and insulating concrete nor the interface between the 
insulating concrete and the secondary liner, show significant displacements. 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 0.01 1 inches. Again, this displacement is 
insignificant. In future models, these interfaces do not need to be included unless more detailed 
information is available that would influence local behavior. 

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 four different load cases and have been 
summarized in this calculation. 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 with non-seismic 
demands from the thermal and operating loads analysis (Rinker et al. 2004) to determine the structural 
integrity of the DSTs. 
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Specific results included are as follows: 

Concrete Forces and Moments 
J-Bolt Forces 
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: 

Concrete Wall/Footing 0.00093 inch 
Primary Tank/Insulating Concrete 0.033 inch 
Insulating Concrete/Secondary Liner 0.01 1 inch 

Including contact surfaces between the soil and the concrete tank and the concrete tank dome and the 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 effective capture 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 J-Bolts only if separation occurs). 

1.2.3 General Seismic Behavior 

Based on the comparison of free-field motion and the motions at the edge of the model, the model is both 
capable of reproducing appropriate motions for the defined seismic event and the model is sufficiently 
large that the boundary conditions do not adversely affect the interaction between the soil and the DSTs. 

The dynamic response of the waste/tank system can be predicted by the response at the bottom of the 
DSTs. For certain conditions (lower bound soil), the response at the bottom of the tank can exceed the 
surface free field response for some frequencies. These frequencies can correspond to natural frequency 
of wastehank systems. Therefore, under certain conditions, it would 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 

Methodology Report (Abatt et al. 2006) ~ 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 ANSYSa and Dytrana 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 SSI 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 
ANSYSa is justified for predicting the global response of the DSTs. 

ANSYSa Benchmarking (Carpenter and Abatt 2006) ~ The ANSYSa benchmarking study 
documents the capabilities and limitations of ANSYSa for performing a fluid-structure interaction 
analysis of the primary tank and contained waste. To this end, the ANSYSa 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 Dytrana simulations (Abatt [2006]. The results of the study 
demonstrated that the ANSYSa model has the capability to adequately predict global responses such 
as frequencies and overall reaction forces. It was also documented that while the ANSYSa model is 
capable of adequately predicting waste pressures and primruy 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. 

Dytrana Benchmarking (Abatt [2006]) - The benchmarking study documented in Carpenter and 
Abatt (2006) showed that the ANSYSa 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. Dytrana was developed specifically as a fluid-structure interaction code and was used to 
identify and quantify possible shortcomings of the ANSYSa model for the evaluation of the FSI 
behavior. Once the limitations of the ANSYSa model were identified, they were addressed in the 
structural evaluation of the primary tank. 

2.2 Seismic Input 

The seismic analysis of the DSTs requires appropriate acceleration time-histoly records representing the 
required seismic excitation. Time histoly 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 
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are required, such time histories are often synthesized numerically subject to certain requirements related 
to the proper representation of the design spectra ( A X E  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 4x 10~4 
(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 2001b). 

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. 

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. 

Acceleration and displacement time histories for horizontal and vertical input are shown in Figures 2.3 
and 2.4, respectively. 
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Horizontal Surface Response Spectrum Comparison at 5% Spectral Damping 
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Figure 2.2. Comparison of Vertical Surface Spectra at 5% Spectral Damping 
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Surface Ground Acceleration 
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Figure 2.3. Horizontal and Vertical Surface Acceleration Time Histoy 
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Figure 2.4. Horizontal and Vertical Surface Displacement Time Histoy 
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2.3 Load Cases 

Four separate load cases have been considered in this analysis: 

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 

These four cases are intended to cover the most significant areas of uncertainty for response of the DSTs 
to seismic loading. The three variations in soil properties address the variability and uncertainty in soil 
properties. The fully cracked concrete case covers the additional uncertainty of expected concrete 
condition. 

Each load case consists of two analyses. First a gravity case is analyzed. Results from the gravity-only 
case will be used to determine the seismic only results from the non-linear transient analysis. The second 
analysis for each case is a non-linear time histoy analysis. Two input motions (horizontal and vertical) 
have been defmed as acceleration time histories consisting of 2048 time steps. Acceleration time histories 
were developed for each of the three soil conditions at the -266-ft level (Abatt, et al. [2006]). 

2.3.1 

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

Acceptance Criteria for Response Spectra 

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 ANSYSa and Dytrana 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 ANSYSa and Dytrana response 
spectra at the tank foundation level (-57 ft) should be greater than or equal to the SHAKE response 
spectrum over any k15% 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 Abatt 
et al. (2006). 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. 

The tests of the first criterion are shown graphically for both horizontal and vertical input, as shown in 
Figures 2.5 and 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. 
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Ratio of ANSYS Horizontal Tank Foundation Level Spectra to SHAKE Horizontal Surface 
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Figure 2.5. Ratio of the ANSYS@ Tank Foundation Level Spectra to the SHAKE Surface Spectmm for 
Horizontal Excitation 

Ratio of ANSYS Vertical Tank Foundation Level Spectra to SHAKE Vertical Surface Spectrum 
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Figure 2.6. Envelope of the Ratio of the ANSYS@ Tank Foundation-Level Spectra to the SHAKE 
Surface S p e c t m  for Vertical Excitation 
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2.3.2 Modification to ANSYS" Base Time Histories 

Comparison of the ANSYSa soil column spectra at the tank foundation level to the SHAKE surface 
spectra for horizontal and vertical excitation (Figures 2.5 and 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 ANSYSa 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 Fiylres 2.7 and 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. 

Ratio of the ANSYS Tank Fobnoallon-Level Spectra to the SHAKE Swface Spectnm for 
Moolfieo Hor1zonlal lnpbt (LB'1.175. UB'1.121 

1.40 
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Frequency (HZ, 

1 -. 57.6 ,"SHAKE sulfate Rat80 (Mean) -57.6 WSHAKE Surface RaIO (LB) --5i.E RISHAKE sulfate Rat,a ("B) -Max. E"". 1 

Figure 2.7. Ratio of the ANSYS@ Tank Foundation Level Spectra to the SHAKE Surface Spectmm for 
Modified Horizontal Excitation 
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Ratioofthe ANSYS Tank Fobnoallon-Level Spectra tothe SHAKE SbrtaceSpectnm for 
Moa16ea Venical lnpbt (LB'1.12. UB'1.19) 

1.40 I 

Figure 2.8. Envelope of the Ratio of the Tank Foundation Level Spectra to the Surface Spectra for 
Modified Vertical Excitation 

2.3.3 

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 Fiylres 2.9,2.11, and 
2.13, respectively. Lower Bound, Best Estimate, and Upper Bound soil horizontal and vertical 
displacement time histories are shown in Fiylres 2.10,2.12, and 2.14, respectively. 

ANSYS" Base Acceleration Time Histories 
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Horizontal and Vertical Acceleration Time History, Lower Bound Sail 
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Figure 2.9. Horizontal and Vertical Base Acceleration Time Histoly, -266 ft, Lower Bound Soil 
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Figure 2.10. Horizontal and Vertical Base Displacement Time Histoly, -266 ft, Lower Bound Soil 
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Horizontal and Vertical Acceleration Time History, Best Estimate Sail 
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Figure 2.11. Horizontal and Vertical Base Acceleration Time Histoly, -266 ft, Best Estimate Soil 
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Figure 2.12. Horizontal and Vertical Base Displacement Time Histoly, -266 ft, Best Estimate Soil 
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Horizontal and Vertical Acceleration Time History, Upper Bound Sail 

Figure 2.13. Horizontal and Vertical Base Acceleration Time Histoly, -266 ft, Upper Bound Soil 
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Figure 2.14. Horizontal and Vertical Base Displacement Time Histoly, -266 ft, Upper Bound Soil 
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2.4 Result Extraction 

The following data is recorded for the gravity and transient analyses 

Nodes 
Reactions 
Concrete Tank 
PrimavTank 
Secondav Liner 
Insulating Concrete 
J-Bolts 
Soil Contacts 
Waste Contacts 
Primav 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 

Nodes Displacements at selected locations 

Reactions None 
Concrete Tank Element Forces and Moment and Selected Strains 
PrimavTank Element stresses (top, middle, bottom) 
Secondav Liner lement strains (top, middle bottom) 
Insulating Concrete None 
J-Bolts Selected element forces 
Soil Contacts Pressures, displacements, status 
Waste Contacts Pressures, displacements, status 
Primav tank contacts Pressures, displacements, status 
Liner contacts Pressures, displacements, status 
Footing contact Pressures, displacements, status 
Excavated Soil None 
Excavated Soil Contacts None 
Native Soil None 
Waste Displacements at free surface 

o Used to generate response spectra for soil, concrete tank, and primary tank 

For each of the results listed above, all time histov 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. 
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3.0 Model Description 

A model of a Hanford double-shell tank @ST) 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, 6-Bolts, waste, and surrounding soil, was developed to evaluate the 
seismic loading on the DST. 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 541.5 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. 

A significant effort was undertaken to determine the best approach for modeling various aspects of the 
tank and surrounding soil. Abatt et al. (2006), provides a discussion of the development of the soil 
models, including material properties and boundary conditions. Carpenter and Abatt (2006) and Abatt 
(2006) 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. 

Figure 3.1. AY Primary Tank Dimensions 
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Figure 3.2. Composite Tank Model Detail 

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. 

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. 
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Table 3.1. ANSYS@ Model Input File Description 

File Name 
Run-Tank.kt 
Tank-Coordinates-AY.txt 

Tank-Props-###.kt 

Tank-Mesh1 .txt 
Primary-Props-AY.kt 
Primary.txt 
Insulate.txt 

Waste-Solid-AY.kt 

Description 
Calls each input for development of model 
Defines key geometry and model parameters. Concrete geometry set to match PNNL 
section cut locations. 
Defines concrete material and real properties for model. Uses properties based on best 
estimate or fully cracked conditions. Each tank layer can be assigned unique 
properties. 
Creates concrete tank mesh. Foundation and wall are separate entities 
Defines primary tank material and real properties. 
Creates primary tank mesh. Primary tank is not connected to concrete tank. 
Creates insulating concrete mesh. Uses existing geometry horn concrete and primary 
tanks, but is not connected. 
Creates model of waste. Uses Solid45 elements with low shear modulus. Uses p r i m q  
tank geometry. 

Liner.txt 
Near-Soil-1 .txt 

Soil-Props-###-Geo.txt 

Far-Soil.txt 

Fix-Soil.txt 

1 solution phase. 
1 Applies surface concentrated load over center of dome 
1 Creates spar elements at edge of soil model to control shear behavior. 

Live-Load.kt 
Outer- Spar.txt 

tank in the dome 
Creates elements for Secondary Liner 
Creates soil model for excavated region around tank. Merges coincident nodes with 
concrete tank. 
Defines all soil geometry and material properties. Excavated region and native soil 
have different material properties. Unique files are used for each soil condition (LJB, 
BE, LB). 
Creates far-fieldnative soil to a radius of 320 A and depth of 266 ft. Merges Coincident 
nodes with near soil and concrete tank. Places large mass at bottom of model for 
excitation force. 
Creates the contact interface between the excavated soil and native soil portions of the 

3.1 Tank Model Geometry 

3.1.1 Concrete Model 

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 
ANSYSa 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 geometq of the concrete tank is based on a combination in data from drawings and the TOLA model. 
The basic geometly is based on drawings H-2-64310 and H-2-64307. Nodal locations were selected to 

3.3 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Table 3.2. Concrete Tank Centerline Coordinates 

Wall I 47 
I 
I 

371 86 
393 7 

489 
489 
489 

489 
489 
489 

18 
~ 

I 
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Table 3.2. (contd) 

a 

Slab 
36 -4.0 33 

0 -4.0 34 
70 -20.1 21.5 

54 

20 

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 ANSYSa seismic model and TOLA model. 

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

Element stiffnesses are also based on the TOLA model for best-estimate concrete conditions for a 
maximum temperature of 250°F. Common properties 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” defmes the concrete 
tank material properties and real constants (thickness) for the fully cracked concrete. Table 3.4 provides a 
complete listing of section properties based on the TOLA model. Table 3.4 provides concrete section 
properties assuming all sections are cracked. 
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Is Section 
Cracked? 

Shell Shell 
Thckness Density, M&D PNNL 

Eshl t-shl Rho-shl Section Section 

1.435E+06 1 206,708 14.64 1.22 0.08893 154 

1.512E+06 

- 
- 

Y 

Y 
Y 
V 

217.769 

9.438E+05 135,907 12.40 1.03 0.10504 182 3 

8.552E+05 123,148 11.78 0.98 0.1 1053 191 4 

9.951E+05 143,289 12.81 1.07 0.10168 176 5 

9.3 18E+05 134,181 12.41 1.03 0.10491 181 4 6 

1.141E+06 164.239 13.58 1.13 0.09590 166 5 7 

1482E+06 

1443E+06 
~~ 

Y 
Y 
Y 

213,340 

207,751 
~~ ~ ~~ 

1.089E+06 156,781 13.32 1.11 0.09774 169 8 
1.029E+06 148,115 13.08 1.09 0.09951 172 6 9 

9.768E+05 140.657 12.53 1.04 0.10391 180 10 
~ 

14.64 

14.39 

14.28 

~ 

~ 

~ 

~~ 

- -. 

- -. 

- -. 

- -. 
Y 
V 

0.08897 

0.09048 

0.09119 
~ ~~ 

__ -. - - _- 
11 
12 

13 

1.417H+06 204,062 34.20 1.18 I 0.0Y168 158 14 

__ -. - - _- 
__ -. - - 
__ -. - _- 

1.371E+06 197.485 14.12 1.18 I 0.09219 159 15 

~ 

154 

Y 
Y 

7 

1.544E+06 222,339 18.42 1.53 0.08916 154 16 

1.474E+06 212,206 19.67 1.64 0.08962 155 9 17 

1.394E+06 200.772 21.66 1.81 0.09047 156 18 

8 
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Is Section 
Shell Shell 

Thckness Density, M&D PNNL 

1.246E+06 

1.283E+06 

1.038E+06 
. . . .- . . 

Y 

179,44 1 
184,804 

149,438 
... 

1.070E+06 154,101 4.90 0.41 0.23326 403 30 62 

5.05 
7.11 

6.73 

~ 

~ 

~ . .. 

Y 

0.18346 

0.16977 
. .. . .. . .. 

7.964E+05 114,687 12.57 1.05 0.14218 246 63 

317 

278 

293 

~ 

~ 

~ ... 

26 

27 

28 
.. 

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. 

Fiylres 3.3 and 3.4 show the profile and full concrete tank model, respectively. 
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Figure 3.3. Concrete Tank Profile, Inlcuding Shell Thickness 

Figure 3.4. Concrete Tank Model Detail 
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3.1.2 Primary Tank 

The geometq of the primary tank is based on drawing H-2-64449. To ensure that the J-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 is based on the 
nominal concrete thickness. 

Normal to Primary 
TmkSurface '-., 

Concrete Coordimtc , A ____. 

Concrete Shell \ // I 

Figure 3.5. PrimarylConcrete Tank Node Geometry 

The location of the primary tank nodes were iteratively detemined a 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 y' is as 
follows: 

y'= a 1 - ~ -a, where d ;: 
a = Minor Radius = 180 in 
b = MaJor Radius = 480 in 
x = Test Location for x 

The slope of the ellipse can be calculated by taking the derivative of the equation for y'. 
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Concrete 

X Y t 
0 1 568.95 1 15 

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-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. 

Primary Tank 
Angle Angle 

X Y Y, Slope (rad) (Deg) 
0% 0 1 561.45 0.00 0.000 0.000 0,000 7.500 0,000 

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 ofthe primary tank at the apex). For this case, y=559.99. The check is as follows: 

X,,, = X,,,, + -,,,(e), where 0 is the angle of the slope horn horizontal 

X,,, =61.0398+-sin(0.048)= 61.39966 ~ 6 1 . 4  

t 
2 
15 
2 

t 15 
2 2 

Y,,, =Y,~,, +-co~(e)= 559.99+-~0~(0.048) =567.48136 567.5 

Table 3.5. Primary Tank Dome Coordination Calculation 

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/ftz 
Poisson’s Ratio (v) = 0.30 
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Mass Density (p) = 0.001 522 kip-sec2/ft4 = ((0.490 kip/ft3)l(32.2 ft/sec2)) 
Damping = 2% 

Tank coordinates are developed in the model from input file “Tank-Coordinates-AY .kt.” Tank element 
properties are fiom input file “Primary-Props-AY.” The tank mesh is generated using “Primary.txt” and 
uses SHELL143 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. 

l -  - -  
M & D  P r o f e s s i o n a l  S e r v i c e s ,  I n c  
Load Case: LBS-BEC,  Full Non-linear, Final PT Mesh 

Figure 3.6. Primary Tank Model Detail 

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 is therefore acceptable. 
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I 
M h D  P r o f e s s i o n a l  S e r v i c e s ,  I n c  
L o a d  C a s e :  LBS-BEC, F u l l  N o n - l i n e a r ,  F i n a l  PT M e s h  

Figure 3.7. Primary Tank Model Detail - Knuckle Region 

3.1.3 Insulating Concrete 

The insulating concrete uses the geometry defined for the concrete and primary tanks and fills in the open 
volume with solid element (SOLD45). Concrete properties are taken as follows Rinker et al. (2004). 

Elastic Modulus (E) = 23,760 kip/ft2 
Poisson’s Ratio (v) = 0.15 
Mass Density (p> = 0.00155 kip-sec2/ft4 = ((0.050 kip/ft3)/(32.2 ft’sec’)) 
Damping = 7% 

Material 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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1 AN 

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

Figure 3.8. Insulating Concrete Model Detail 

3.1.4 J-Bolts 

The J-Bolts connecting the primary tank to the concrete tank are modeled using beam elements 
Q3EAM44) and spring elements (COMBIN14). The stiffness properties are calculated to provide an axial 
stiffness equal to the total stiffness related to the J-Bolts in the attributed area. Based on drawing H-2- 
643 10 the J-Bolts are space on an average of 2 fi in each direction. Therefore, the stiffhess of the bolts in 
the model is based on the number of 4 ft" areas associated with the element. The BEAM44 elements are 
modeled as essentially rigid, and three orthogonal springs included providing an appropriate stiffness. 
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Figure 3.9. J-Bolt Geometly Detail 

The stiffness of a single J-Bolt was initially based on the physical dimension for the installation. The bolt 
is 54 inch in diameter and is hooked around the first layer of reinforcing steel, which has a 3 in. cover. 
Therefore the stiffness is as follows: 

L 

E = 29,000,000psi 

L = 3in 

k =  (29'000'000'0'196) = 1.895E6 lbf / in = 22,736 kip / ft 
3 

The required area is calculated based on the number of bolts to be represented and the thickness of the 
concrete at the bolt location. 
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Table 3.6. J-Bolt StiffnesdArea Calculation 

After testing the model using gravity loads, it was determined that the stiffness calculated above did not 
provide a good match to the TOLA model for the same loading. Therefore, the stiffness of the bolts was 
“tuned’ to provide similar results to the TOLA model. The J-Bolt model is developed using input file 
“Bolt-Friction.txt”. See Figure 3.10 for the distribution of J-Bolts. Figure 3.11 shows the locations of 
spring elements connecting the end of each J-Bolt to the primary tank. 

Figure 3.10. J-Bolt Model Detail 
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Figure 3.11. Spring Elements ~ J-Bolts to Primary Tank 

3.1.5 Secondary Liner 

The secondary liner is modeled using SHELL143 elements and its geometry is taken from H-2-64449. 
The steel thickness is 0.25 inch throughout the liner. The model stops after the 1” full wall element 
coincident with the liner. 

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

Elastic Modulus (E) =4,176,000 kip/f? 
Poisson’s Ratio (v) = 0.30 
Mass Density (p) = 0.001522 kip-sec2/ft4 = ((0.490 kip/ft3)/(32.2 ft/sec2)) 
Damping = 2% 
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M6D Professional Serv1ce5 ,  I n c  
Load  Case: L B S - B E C ,  Full Non-linear, Final PT Mesh 

Figure 3.12. Secondary Liner Model Detail 

3.1.6 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 interface between the waste and the primary tank. The material properties are as 
follows: 

Elastic Modulus (E) = 2.592 kip/fi? 
Poisson’s Ratio (v) = 0.49999 
Mass Density (p) = 0.003294 kip-sec2/ft4 = ((1.7*0.0624 kip/ft3)/(32.2 ft/sec2)) 
Damping = 0 
Shear Modulus (G) = 0.216 kip/@ 

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 = E /[3(1- 2v)] or 

E =B[3(1-2~)]= 300,000[3(1-2(0.49999))]= 181b/in2 = 2.592k/ftZ 

G can then be calculated based on E and v, G=E/[Z(l+v)]. For the values shown above, this gives a value 
for G of 0.864 kip/@. However, because a fluid cannot carry shear, a smaller value is used. The value 
was selected such that the solution remains mathematically stable. 

Figure 3.13 shows the waste elements. 

3.18 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Nu 
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r 
Figure 3.13. Waste Model Detail 

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 Carpenter and 
Abatt (2006), the fluid-structure interaction was simulated in ANSYS@. In the study documented in 
Abatt (2006), 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 is not well characterized, 
under-predicting the maximum displacement by a factor of three. 

3.1.7 Primary TanMConcrete 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 0.4 was used for the contact surface. 

The contact surface is developed using input file “bolt-friction.txt.” Figure 3.14 shows the contact and 
target elements comprising the dome contact surface. 
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1 ANm 

M&D Professional S e r v i c e s ,  Inc 
Load Case: L B S - B E C ,  Full Non-linear, Final PT Mesh 

Figure 3.14. Contact Elements - Primary Tank to Concrete Dome 

3.1.8 Primary TanMInsulating Concrete Interface 

A combination of TARGEl70 and CONTAl73 elements are 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 (Le., no offsets are included for shell thicknesses). A coefficient of friction of 0.4 
was used for the contact surface. The contact surface is developedusing input file 3nterfacel.txt.” See 
Figure 3.15 shows the contact elements (Top layer of elements) 

3.1.9 Insulating Concrete/Secondary Liner Interface 

A combination of TARGEl70 and CONTAl73 elements are 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 (Le., no offsets are included for shell thicknesses). A coefficient of friction of 0.4 
was used for the contact surface. The contact surface is developedusing input file %terfacel.txt.” 
Figure 3.15 shows the contact elements (bottom layer of elements). 
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1 ANm 

M L D  Professional S ~ T Y ~ C ~ S ,  I n s  
L o a d  C a s e :  L B S - B E C ,  Full Non-linear, Final PT Mesh 

Figure 3.15. Contact Elements -Insulating Concrete Top and Bottom 

3.1.10 SoillConcrete 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 interface plane between the native and excavated soils. A coefficient of 
hiction 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 ofthe solution. See Sections 4.1 and 4.2 for a discussion of 
development of the modeling the soiliconcrete interface. See Figure 3.14 for the contact surface model. 

For the interface between the bottom ofthe footing and the native soil, COMBIN14 (spring) elements 
were used. An arbitrary, high, stifhess values was applied to these springs. See Figure 3.17. 
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L 

Figure 3.16. Contact Elements - Soil to Concrete Tank 

Figure 3.17. Spring Elements -Concrete Footing to Soil 

3.1.11 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 is used for the gravity (static) analysis. 
The coefficient of friction is 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. 
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This surface is developed using the input file “fix-soil.txt” 

AN 

M&D Professional S e r v i c e s ,  Inc 
Load C a s e :  LBS-BEC, F u l l  N o n - l l n e a r ,  F i n a l  PT Mesh 

Figure 3.18. Contact Elements ~ Near Soil to Far Soil 

3.1.12 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 is developed using input file “Waste-Soild-AY.txt.” 
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l1 Nu 

Figure 3.19. Contact Elements -Waste to Primary Tank 

3.1.13 Concrete WalVFooting 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 

Load case: LBS-BBC, Full Non-linear, Finel PT Mesh 

Figure 3.20. Contact Elements -Concrete Wall to Footing 
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3.1.14 Surface Loads 

MASS21 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 lbf Mass elements were used in lieu 
of forces to capture the dynamic participation of equipment that creates this load. 

1 ANm 

Load Case: LBS-BEC,  F u l l  Non-linear, Final PT Mesh 

MO 

M O  
MO 

M O  
PO 

Figure 3.21. Mass Elements - Soil Surface 

3.2 Soil Model 

3.2.1 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 is comprised of all other soil out to a radius of 320 R and 
a depth of 266 ft. Both regions are modeled using SOLID45 elements. 

Two SHAKE analyses were performed for each soil condition to obtain soil properties for the layering 
used in the model, Abatt et al. (2004). One run used the native soil properties and is 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: 

Table 3 7. Best Estimate Native Soil Iterated Soil Properties 
Table 3 8. Best Estimate Excavated Soil Iterated Soil Properties 
Table 3 9. Upper Bound Native Soil Iterated Soil Properties 
Table 3 10. Upper Bound Excavated Soil Iterated Soil Properties 
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Table 3 11. Lower Bound Native Soil Iterated Soil Properties 
Table 3 12. Lower Bound Excavated Soil Iterated Soil Properties 

Table 3.7. Best Estimate Native Soil Iterated Soil Properties 

Table 3.8. Best Estimate Excavated Soil Iterated Soil Properties 
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Table 3.9. Upper Bound Native Soil Iterated Soil Properties 

Layer 
Depth (ft) 

2.5 

Material 
G Poisson’s Density Property 

Damping @ip/ft2) Ratio E (kip/ft2) (lbUft3) NO. 

0.016 10004.3 0.24 . 24.811 110 901 

Table 3.10. Upper Bound Excavated Soil Iterated Soil Properties 
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Table 3.11. Lower Bound Native Soil Iterated Soil Properties 

Depth (ft) 
2.5 
9.2 

16.4 
22.1 

Table 3.12. Lower Bound Excavated Soil Iterated Soil Properties 

Damping G (kip/@) Ratio E (kip/ft2) (lboft’) N o  
0.023 2547.2 0.27 6,470 125 801 
0.044 2126.7 0.27 5,402 125 802 
0.066 1782.2 0.27 4,527 125 803 
0.053 1910.9 0.27 4.854 125 804 

n I I I I I 1 Material 
I1 Layer I I 1 Poisson’s 1 1 Density 1 Property 

29 0.061 1 1777 1 0.27 1 4,514 1 125 1 805 
~~ 37.2 ~ 0.067 1 1689.3 1 0.27 1 4.291 1 125 1 806 
~~ 44.7 i 0.07 1 1628.4 1 0.27 1 4,136 1 125 1 807 

52.9 1 0.056 1 1815.9 1 0.27 1 4.612 1 125 1 808 

3.2.2 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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YCD P r o f e s s i o n a l  s e r v i c e s ,  I n c  
.*ad Case: L B S - B E C ,  F u l l  N o n - l i n e a r ,  F i n a l  PT Mesh 

Figure 3.22. Excavated Soil Model Detail 

r 

EC,  F u l l  N o n - l i n e a r ,  F i n a l  PT Mesh 
Servicesr I n s  

Figure 3.23. Excavated Soil - Softened Soil Zones 
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Figure 3.24. Model Detail 

32.3 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. 

I -  - 
--I 

M&D P r o f e s s i o n a l  S e r v i c e s ,  I n c  
L o a d  Case: LBS-BEC, F u l l  N o n - l i n e a r ,  F i n a l  PT Mesh 

Figure 3.25. Far-Field Soil Model Detail 
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LINK8 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 

load case: L B S - B E C ,  Full Non-lrnear, irna1 PT Mesh 

Figure 3.26. Link Elements - Edges of Soil Model 

3.3 Boundary Conditions 

3.3.1 Soil Boundary Conditions 

All nodes on the outside edge (radius = 320 ft) have been “slaved” to a single node at each layer. Couples 
are used in each of the three translations to force the soil to behave essentially as a shear beam. All nodes 
on the bottom of the model (-266 ft) are coupled together to create a rigid foundation (see Figure 3.27). 
This approach is used to create the appropriate conditions for vertical and horizontal waves to pass 
through the model (see Figures 3.28 and 3.29). The effectiveness of this approach is documented in Abatt 
et al. (2006). 
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,mad C a s e :  LBS-BEC, F u l l  N o n - l i n e a r ,  F i n a l  PT Mesh 

Figure 3.27. Boundary Conditions - Soil Base 

AN 

x 

ILoad C a s e :  LBS-BEC, F u l l  N o n - l i n e a r ,  F i n a l  P T  Mesh 

Figure 3.28. Boundary Conditions ~ Typical Soil Layer 
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1 ANm 

ILoad Case: L B S - B E C ,  Full Non-linear, Final PT Mesh 

Figure 3.29. Boundary Conditions - Slaved Boundary Conditions 

The symmetry plane for the soil has all nodes fixed for Y translation, see Figure 3.30. 

1 
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lLoad Case: BEG-BEC, F u l l  Non-linear, Final PT Mesh 

Figure 3.30. Boundary Conditions - Symmetry Plane 
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3.3.2 Tank Boundary Conditions 

The tank model has all nodes on the symmetry plane fixed to the Y translation, X rotation and 2 rotation 
(see Figures 3.31 and 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). 

... . . . . . . .  . -  . ..... . . . . . . . . . .  , . . .  ! .. :. . . . . .  
L: .,:,..,.. :I. ’.: ( ’: . . .  . . . . . .  . . . . .  . . . . . . . .  

& , ’  . . 
. . .  . . .  . . . .  . . .  . . .  . .  

I L o a d  C a s e :  LBS-BEC, F u l l  N o n - l i n e a r ,  F i n a l  PT Mesh 

. .  . .  
. . .  . , .  

. .  

Figure 3.31. Boundary Condition - Concrete Tank 
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I L O a d  C a s e :  LBS-BEC, F u l l  Non-linear, F i n a l  PT Mesh 

Figure 3.32. Boundary Conditions ~ Primary Tank 

1 ANm 

I L o a d  C a s e :  LBS-BEC, F u l l  N o n - l i n e a r ,  F i n a l  PT Mesh 

Figure 3.33. Boundary Conditions ~ Secondary Liner 

3.4 Model Excitation 

An acceleration time history extracted fiom SHAKE at the -266 R level is used for the excitation of the 
full model. A very large mass element is located at the bottom of the soil model (-266 R) and a force is 
applied to that node. The force is the product of the 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. 
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4.0 Studies 

4.1 DeadLoad 

The purpose of the dead load study was to verify the functionality and to determine best analysis 
methodology for the ANSYSa detailed model. In order to verify the functionality of the detailed 
ANSYSa model, the dead weight results were compared to the ANSYSa Phase 1 model (Abatt et al. 
2006) and the model as described in PNNL report (Rinker et al. 2004) from this point referred to as the 
TOLA model. A simpler ANSYSa model was developed and used in Abatt et al. (2006) to study using 
ANSYSa for SSI analysis. This simpler model is referred to at the ANSYSa Phase 1 model. The dead 
weight results from a variety of analysis methodologies were also compared to the ANSYSa Phase 1 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 ANSYSa 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 ANSYSa 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 analyses, 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/ft2 and the TOLA model uses 
concrete with a modulus of 73 1,952 kip/ft2. For comparison, an analysis was done using the ANSYSa 
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 ANSYSa Phase 1 
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, J-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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Table 4.1. Dead Weight Load Case Summary 

Load Model Excavated Soil Interface Concrete J-Bolts Figure Label 

- 
1 

2 
- 
- 

3 
- 

3a 

ANSYS Phaes I 
Model 

Model 
ANSYS Detailed 

X C - A - 7  

ayr rrrgb U U l l l r  n i l " l l C l l  V I  ill, 

Friction Friction Friction 

Stiff 

Stiff 
1"lUun I I 8.l.L Y Y , , .  I I I I I I I 

\NSYS Detailed I - I 450,000 I Beam I NewGeoi 

U 

(kipift2) & 
I Llnks I PNNL 

450,000 IRiyid Links1 

D M M  r,,nrro+c 

Model 

Model 
ANSYS Detailed 

Model 
ANSYS Detailed 

Model 

I Model I 
I I 

12a I ANSYSDetailed I - 

I Model I 
13 I ANSYSDetailed I - 

Model 
14 I ANSYSDetailed I - 

0 0 0 

0 0 0.05 

0.3 0 0 

0.3 0.3 0.05 

0.3 0.05 0.05 

1 1 1 

Soft 

Elements New Jbolts 
450,000 Beam 

450,000 Beam No Dome 

450,000 Beam No Wall Friciton 

450,000 Beam 

Elements No Friction Soil 

Elements Friction Soil 

Elements Soil 

Elements Low Soil Friction 
Haunch Friciton 

0.30 
450,000 Beam 

Elements Low Soil Friction 
Haunch Friciton 

0.05 
450,000 Beam 

450,000 Rigid Links 
Elements High Friction Soil 

RRD Snr Soil 

In the table above the column headers are as follows: 

Model ~ Model used for the analysis 

Excavated Soil Interface  method which the excavated soiVconcrete tank interface is connected. 
o 
o 

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 

o 
o 
o 

Concrete Modulus ~ the elastic modulus of the concrete in kip/f? 
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J-Bolts ~ the modeling of the J-Bolts varied in the ANSYSa Phase 1 and 11 models to ensure that a 
shear connection was maintained and moments were not transferred to the primary tank. 

o Rigid links T beam elements with rotational degrees of freedom released on the end attaching 
to the primary tank 
Beam Elements ~ in the locations of the J-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 

o 

o 

Figure Label ~ provides the labels used for comparison graphs 

The analysis done with element birth and death simulates the constmction 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 le4 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 J-Bolts were extracted and 
evaluated. Concrete tank forces and moments, primary tank stresses, and J-Bolt forces are compared 
against the TOLA model and the ANSYSa 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 
Fiylres 4.1 through 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 
Fiylres 4.5 through 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 Fiylre 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 kip/ft2 to the 
TOLA model value of 73 1,952 kip/f?) 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 ANSYSa Phase 1 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 occurs 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 effect on the concrete tank meridional forces but, other than in the 
dome, the ANSYSa detailed model predicts higher forces. 
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Figure 4.1. Concrete Tank Meridional Force Comparison 

Figure 4.2 provides results for the concrete tank hoop forces. The general trends for hoop forces are vely 
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 

The concrete tank meridional and hoop moments were also evaluated and compared for the various 
analyses. The meridional moments in Figwe 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 1 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 1 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 ANSYSa Phase 1 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 

COMPmISON OF MlSIS PHASE I, MODELS: MERCEDSOlL - OLD CEOMETR", NEW CEOMETR", ELEMENT BIRTH c BEAT" WITH SOIL 
SPRINGS, LOW FRICTION WALL c DOME SOIL, NNY CEOMETR" -P"L CONCRETE MODULUS, TO PNNL WITH VERTICAL CR4"IN 

Haunch 

'j. 

5 

Y 
a 
9 

0 

-5 

4.6 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

The meridional and hoop forces extracted from analyses done varying the friction coefficients from 
Fiylres 4.5 and 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. 

~ 1 2 0  
100 200 300 400 500 800 700 800 900 1,o 1300 1,o 

I I I I 

Distance from Dome Cenler(in) External Fooling 

-Mer,d FmLaw sa,, Fndsan~ Haunch Fr,d,an 0 05 
-Tom Made, Mend Frr Mend Fr&lewGeam t M e r , d  FmNa Fr,d,an sa,, -*- MendFr~NaDameFnd,anSa,,  
+Mend FrAawSa,,  Fr,d,an~Ha"nrhFndan 030 

+Mend Fr-Na wall Fr,d,an sa,, 
-Mend Fr*H,ghFnd,anSa,l 

Figure 4.5. Concrete Tank Meridional Force Friction Parameter Comparison 
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Figure 4.6. Concrete Tank Hoop Force Friction Parameter Comparison 

The meridional and hoop moments for the concrete tank are presented in Fiylres 4.7 and 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 
coefficient increases the meridional moment. There is virtually no difference between frictionless, a 1 .O 
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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Dome 

Figure 4.7. Concrete Tank Meridional Moment Friction Parameter Comparison 

Haunch Wall Floor 

4 I 
Figure 4.8. Concrete Tank Hoop Moment Friction 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 Fiylres 4.1 through 4.8. Based on the results obtained from these 
analyses, the TOLA model friction coefficients should be used with the transition from the dome 
coefficient 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 ANSYSa detailed model with the haunch 
having a 0.05 friction coefficient. 

4.1.3.2 

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 Figures 4.9 through 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 Figures 4.5 through 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 Fiylres 4.9,4.11 and 
4.13, there are several trends that become apparent. From these fiylres, it is apparent that the ANSYSa 
Phase 1 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 ANSYSa 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 
Figures 4.10,4.12 and 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 ANSYSa 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. 

Primary Tank Results and Conclusions 
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Figure 4.9. Primav Tank Meridional Stress Comparison ~Out s ide  Surface (Away from Waste) 

Figure 4.10. Primav Tank Hoop Stress Comparison ~ Outside Surface (Away from Waste) 
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Comparison of Meridional Stress (Middle) 
Dome Haunch Wall Knuckle Floor 

Figure 4.12. Primaq Tank Hoop Stress Comparison  middle Surface 
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Figure 4.13. Primaq Tank Meridional Stress Comparison ~ Inside Surface (Near Waste) 
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Figure 4.14. Primary Tank Hoop Stress Comparison ~ Inside Surface (Near Waste) 

4.13 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

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. Figures 4.15 through 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 

Dame 
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Figure 4.15. Primav Tank Meridional Stress Comparison Friction Variation ~ Outside Surface (Away 
from Waste) 
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Figure 4.18. Primary Tank Hoop Stress Comparison Friction Variation   middle Surface 
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Figure 4.19. Primav Tank Meridional Stress Comparison Friction Variation ~ Inside Surface (Near 
Waste) 
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Figure 4.20. Primaly Tank Hoop Stress Comparison Friction Variation ~ Inside Surface (Near Waste) 

The primary tank hoop and meridional stresses were analyzed using a variety of analysis methods and 
component parameters, and were presented in Fiylres 4.9 through 4.20. Based on the results obtained 
from these analyses, the TOLA model compares vely well to the ANSYSa detailed models for hoop 
stresses. There is more variation between the TOLA model and the ANSYSa 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 ANSYSa 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 ANSYSa detailed model with the haunch having a 
0.05 friction coefficient. 

4.1.3.3 J-Bolt Results and Conclusions 

The J-Bolt axial and shear forces were extracted from load cases 1, 2,3,  3a, 3b, 12a and 14 are compared 
in Figures 4.21 through 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 J-Bolt axial and shear forces are a compared in 
Figures 4.23 through 4.24. The J-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 
of these load cases. 
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Dead Weight J-Bolt Forces -Axial 
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Figure 4.21. J-Bolt Axial Forces 
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The axial and resultant shear forces are presented in Figwes 4.21 and 4.22 above. The axial forces seen 
in Figwe 4.21 show that the ANSYSa 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 2 11 inches through 389 inches) and for the outer, 
eleventh ring (path 422 inches). The result SRSS shear forces for the TOLA model are slightly higher for 
the seventh through the ninth ring ((path 21 1 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 soiVconcrete dome interface had varying friction coefficients applied 
to study the impact on J-Bolt forces for the dead weight analysis. For a detailed description of the friction 
coefficient parameters, see Table 4.1 above. Figures 4.23 through 4.24 provides a comparison for the 
axial and resultant SRSS shear J-Bolt forces based on friction coefficients. 

Dead Weight J-Bolt Forces -Axial 

Figure 4.23. J-Bolt Axial Forces ~ Soil Friction Variation 

4.19 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 
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Figure 4.24. J-Bolt Shear Resultant (SRSS) Forces ~ Soil Friction Variation 

It can be seen that soil interface friction coefficients for the dome do affect the axial loading seen by the J- 
Bolts. Frictionless soil on the dome significantly increases the axial forces seen by all the J-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 J-Bolts (path 333 inches through 
422 inches). As a result, it is suggested to use the best methodology as discussed for the concrete tank, 
the ANSYSa 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. Figures 4.25 through 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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a] All b] Soil Tension 

Figure 4.25. P " L  Soil Stresses (psi] - X Component 

b] Soil Tension 

Figure 4.26. TOLA Model Soil Stresses (psi] - Y Component 

a) All 

Figure 4.27. TOLA Model Soil Stresses (psi] - 2 Component 
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Figure 4.28. ANSYS@ (Old Geom.) Soil Stresses (kip/ft2) - X Component 
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Figure 4.29. ANSYS@ (Old Geom.) Soil Stresses (kip/ft2) - Y Component 
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Figure 4.30. Phase I ANSYS@ (Old Geom.) Soil Stresses (lup/R2) - 2 Component 
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Figure 4.31. Detailed ANSYS@ (New Geom.) Soil Stresses (lup/R2) - X Component 
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Figure 4.32. Detailed ANSYS@ (New Geom.) Soil Stresses (lup/R2) - Y Component 
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Figure 4.33. Detailed ANSYS@ (New Geom.) Soil Stresses (kip/R2) - 2 Component 
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Figure 4.34. Element Birth & Death - Soil Stresses (kip/f$) - X Component 
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Figure 4.35. Element Birth & Death - Soil Stresses (kip/f$) - Y Component 
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Figure 4.36. Element Birth & Death - Soil Stresses (lup/ft2> - 2 Component 
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Figure 4.38. Soil Gaps (Low Friction Soil -Haunch 0.05) Soil Stresses (kip/R2) - Y Component 
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Figure 4.39. Soil Gaps (Low Friction Soil -Haunch 0.05) Soil Stresses ( h p / p )  - 2 Component 

From the results presented in Figures 4.25 through 4.39, it can be seen that the best method for reducing 
soil tension would be the ANSYS@ detailed model using element blrth 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 mohfied 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 dmussions above, the ANSYS@ detailed model should use contact 
elements with friction coefficients of 0.30 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 stuhed to determine an acceptable method for modeling 
the soil to prevent arching from occurring. Because the soil is 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 loadmg 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. 
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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 “f~xed” 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. 

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 sofiened 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. 

. 

I -  
I 

file:Non-Linear, 20 Input, DF=40 Alpha=O.  4, New Event/Soil 

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 

The influence 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. Figures 4.44 and 4.45 show the soilkoncrete and 
soil/soil contact surfaces, respectively. 
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Figure 4.44. SoiKoncrete Contact Surface 
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Figure 4.45. Soil/Soil Contact Surface 
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4.2.2 Soil Friction Properties 

Significant efforts were taken and documented in RPP-RPT-23308 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 
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L 
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l+Log DecremenlPhi +Phifrom data 1 

Figure 4.46. Soil Friction Angle vs. Soil Depth 

From Bowles (1982), the coefficient of friction between the base of a retaining wall and the soil may be 
taken as: 

f = tan4 to 0.67tan4 

Table 4.2. Soil Internal Angle of Friction vs. Wall Friction Coefficient 

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 constmction sequence. 
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4.2.3 Load Cases 

The following Load Cases were considered for the initial study 

Case 1 E=250 kip/f? p = 0.50 
Case2 E=250 kip& p = 0.60 
Case3 E=250 kip/f? p = 0.70 
Case4 E=250 kip/f? p = 0.80 
Case5 E=9958 kip/f? p = 0.70 
Case5a E=1000kip/f? p=0.70 

Later cases included 

Case9 E=250 kip/ft2 p = 0.20,0.60 
Case 10 E=250kip/ft2 p = 0.20,0.60 
UBS-UCC E=250 kip/ft2 p = 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. 
Primav tank stresses are also compared against TOLA 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: 

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: 

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

P" = Pgh 
PI = K,P, 

P, = J(pvcose)2 + (PlSine)2 

Where 8 = shell normal angle from horizontal 

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

Table 4.3. Theoretical Concrete Shell Normal Pressures Due to Gravity 

Active Lateral 

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 lbf surcharge included on the surface. As the 
element normal changes past the wall to become vertical, 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. 
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Theoretical Sail Contact Pressure 

2 0 ~  

Figure 4.47. Theoretical Soil Pressures Normal to Concrete Elements 

Soil contact pressures were extracted from the TOLA model for comparison to the study resr-~-. In the 
dome portion of the model, the contact pressure results varied widely. For this comparison, the pressures 
were averaged over a number of elements to obtain a smoother pressure distribution. The original soil 
pressures and averaged pressures are shown in Figwe 4.48. The variation in soil pressures is due to the 
selection of which elements (soiVconcrete) 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 Dmcker-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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TOLA Slice Model Soil Contact Pressures 
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Figure 4.48. Soil Contact Pressures from the TOLA Model 
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Figure 4.49. TOLA Model Soil Contact Pressures Compared to Theoretical Solution 
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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. 

7 
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Max Pressure Soil AY Mean Soil Uncracked Concrete Case 4, M u 4  8 
+TOLAModel Soil Contact Pressure (averaged) 

900 1000 

Figure 4.50. Soil Contact Pressures for Varying Coefficients of Friction 

Figure 4.5 1 shows a comparison of soil contact pressures based on varying the elastic modulus of the soil 
in two zones above the tank. Include 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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Concrete Forces - Meridional Farce 
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Figure 4.53. Concrete Meridional Forces for Varying Coefficients of Friction 
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Figure 4.54. Concrete Hoop Forces for Varying Soil Elastic Modulus 
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Concrete Forces - Meridional Farce 
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Figure 4.55. Concrete Meridional Forces for Varying Soil Elastic Modulus 

00 

For each of the load cases addressed for the arching study, the primary tank stresses were obtained and 
compared. As can be seen in Figwe 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. 
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Sail Arching Study - Primary Tank Stresses - Hoop Middle 
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Figure 4.56. Primary Tank Hoop Stress for Varying Coefficients of Friction 

00 

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 p=0.2 

One drawback in the application of the soil load in a single step is it does not represent the effect of 
constmction method. During the constmction of the tanks, the tank was completed in an excavation then 
the soil was added. ANSYSa can represent this processing 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 
primaq area affected is the haunch of the tank. Fiylres 4.59 through 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 ANSYSa is required to perform an analysis with birth and 
death of element. The modeling of the waste creates solution problems when large geometq 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 4.58. 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 Loading 
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Concrete Meridional Farces Birth and Death YS. Slngle Step Loading 
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Figure 4.60. Concrete Meridional Forces for Single-Step and Multi-Step Loading 
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Figure 4.61. Concrete Hoop Moments for Single-Step and Multi-Step Loading 
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Concrete Meridional Moment Birth and Death vs. Slngle Step Loading 
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Figure 4.62. Concrete Meridional Moments for Single-Step and Multi-Step Loading 

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/f?. This will be done in a cubic zone over the 
center of the dome and in a ring over the haunch of the tank. 
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5.0 Global Model Results 

This section presents a summaly of the results for the global model for the four load conditions 
considered for this analysis. Due to the large amount of data, only plots summarizing the results are 
presented in this section. For more detailed results, see the following appendices: 

Lower Bound Soil, Best Estimate Concrete Appendix E 
Best Estimate Soil, Best Estimate Concrete Appendix F 
Upper Bound Soil, Best Estimate Concrete Appendix G 
Best Estimate Soil, Fully Cracked Concrete Appendix H 

All data was extracted for the full transient analysis (2049 step) and summarized using ANSYSa to obtain 
the minimum and maximum values. Both the full time histoly data and summaly data are available 
electronically. 

5.1 Load Cases 

As discussed in Section 2.0, four separate load cases have been mn. One check to ensure that the correct 
loading was applied during the transient analysis is to compare the response spectra at the edge of the 
model to the free-field, or design basis response spectra. For each load case, horizontal and vertical 
spectra have been extracted at both the surface and at -57 ft @ase of tank) for comparison. 

5.1.1 

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 Fiylres 5.1 through 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. 

Lower Bound Soil, Best Estimate Concrete 
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Free Field Response Spectra Comparison, Horizontal, Surface (LBS-BEC) 
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Figure 5.1. Horizontal Response Spectra Comparison, Surface (LBS-BEC) 

Free Field Response Spedra Comparison, Horizontal, Tank Bottom (LBS-BEC) 
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Figure 5.2. Horizontal Response Spectra, Tank Bottom (LBS-BEC) 
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Free Field Response Spectra Comparison, Vertical Surface (LBS-BEC) 
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Figure 5.3. Vertical Response Spectra Comparison, Surface (LBS-BEC) 

Free Field Response Spedra Comparison, Vertical Tank Bottom (LBS-BEC) 
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Figure 5.4. Vertical Response Spectra, Tank Bottom (LBS-BEC) 
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5.1.2 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 Fiylres 5.5 through 5.8, 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. 

Free Field Response Spectra Comparison, Horizontal, Surface 
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Figure 5.5. Horizontal Response Spectra Comparison, Surface (BES-BEC) 
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Free Field Response Spectra Comparison, Horizontal, Tank Bottom 
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Figure 5.6. Horizontal Response Spectra, Tank Bottom (BES-BEC) 

Free Field Response Spectra Comparison, Vertical Surface 
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Figure 5.7. Vertical Response Spectra Comparison, Surface (BES-BEC) 
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Free Field Response Spectra Comparison, Vertical Tank Bottom 
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Figure 5.8. Vertical Response Spectra, Tank Bottom (BES-BEC) 

5.1.3 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 Fiylres 5.9 through 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. 
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Free Field Response Spectra Comparison, Horizontal, Surface (UBS-BEC) 
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Figure 5.9. Horizontal Response Spectra Comparison, Surface (UBS-BEC) 

Free Field Response Spectra Comparison, Horizontal, Tank Bottom (UBS-BEC) 
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Figure 5.10. Horizontal Response Spectra, Tank Bottom (UBS-BEC) 
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Free Field Response Spectra Comparison, Vertical Surface (UBS-BEC) 
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Figure 5.11. Vertical Response Spectra Comparison, Surface (UBS-BEC) 

Free Field Response Spectra Comparison, Vertical Tank Bottom (UBS-BEC) 
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Figure 5.12. Vertical Response Spectra, Tank Bottom (UBS-BEC) 
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5.1.4 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 Fiylres 5.13 through 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. 

Free Field Response Spectra Comparison, Horizontal, Surface (BES-FCC) 
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Figure 5.13. Horizontal Response Spectra Comparison, Surface (BES-FCC) 
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Free Field Response Spectra Comparison, Horizontal, Tank Bottom (BES-FCC) 
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Figure 5.14. Horizontal Response Spectra, Tank Bottom (BES-FCC) 

Free Field Response Spectra Comparison, Vertical Surface (BES-FCC) 
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Figure 5.15. Vertical Response Spectra Comparison, Surface (BES-FCC) 
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Free Field Response Spedra Comparison, Vertical Tank Bottom (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 fiylres 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 minimdmaxima around the circumference of the tank. 

The following forces/moments for SHELL143 elements were extracted from the model 

SMISC1 
SMISC2 
SMISC3 
SMISC4 
SMISC5 
SMISC6 
SMISC7 
SMISC8 

Hoop force Weridional in footing) 
Meridional force (Hoop in footing) 
In-Plane shear force 
Hoop Moment Weridional in footing) 
Meridional Moment (Hoop in footing) 
Twisting Moment 
Through Wall Shear Force (XZ) 
Through Wall Shear Force CyZ) 

Fiylres 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 moment 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 
Fiylre 6 9. Concrete Tank Hoop Moments ~ Gravity Plus Seismic 
Figure 6 10. Concrete Tank Hoop Moments ~ Seismic Only 
Figure 6 1 1. 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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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 SMISC8. No results are presented 
for SMISC6, the element XY moment. 

E 
ILoad Case: LBS-BEC, Full Non-linear, Final PT Mesh 

Figure 6.1. Concrete Tank Element Retreival Sequence Starting Numbers 
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Figure 6.2. Concrete Tank Hoop Forces - Gravity Only 
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Concrete Hoop Force - Gravity Plus Seismic Load 

Figure 6.3. Concrete Tank Hoop Forces ~ Gravity Plus Seismic 

Concrete Hoop Force. Seismic Load Only 
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Concrete Meridional Force -Gravity Load Only 

10 
Dome J Haunch J Wall m o r  

0 1 -  1. 
200 400 6 0  800 1400 1 0  

Figure 6.5. Concrete Tank Meridional Forces ~ Gravity Only 
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Figure 6.6. Concrete Tank Meridional Forces ~ Gravity Plus Seismic 
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Concrete Meridional Force - Seismic Load Only 
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Figure 6.7. Concrete Tank Meridional Forces ~ Seismic Only 
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Figure 6.8. Concrete Tank Hoop Moments ~ Gravity Only 
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Concrete Hoop Moment -Gravity Plus Seismic Load 
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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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Concrete Meridional Moment - Gravity Load 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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Concrete Meridional Moment - Seismic Load Only 
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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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Concrete In-Plane Shear Farce -Gravity Plus Seismic Load 
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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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Concrete Through-Wall Shear Farce -Gravity Load Only 
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Figure 6.17. Concrete Tank Through-Wall Shear Forces ~ Gravity Only 
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Figure 6.18. Concrete Tank Through-Wall Shear Forces ~ Gravity Plus Seismic 
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Concrete Through-Wall Shear Farce -Seismic Load Only 
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Figure 6.19. Concrete Tank Through-Wall Shear Forces ~ Seismic Only 

6.2 Primary Tank 

Primav 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 fiylres shows one component of stress, comparing the results 
from each load case. The results presented for the primary tank stresses are enveloped minimahaxima 
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 v e v  
similar results to the more detailed model. The meridional stresses in the knuckle are under-predicted in 
the global model. This is due to the lack of resolution in the knuckle. 

The following stresses are extracted for the primary tank SHELL143 elements at the top, middle, and 
bottom for each element. 

sx Hoop Stress Weridional in floor) 
SY Meridional Stress (Hoop in floor) 
SINT Stress Intensity 
SXY In-Plane Shear Stress 
SYZ Shearstress 
S X Z  Shearstress 
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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. Primary Hoop Stress (Middle) - Gravity Only 
Figure 6 22. Primary Tank Hoop Stress (Middle) ~ Gravity Plus Seismic 
Figure 6 23. Primary Tank Hoop Stress (Middle) - Seismic Only 
Figure 6 24. Primary Meridional Stress (Inside) ~ Gravity Only 
Figure 6 25. Primary Tank Meridional Stress (Inside) - Gravity Plus Seismic 
Figure 6 26. Primary Tank Meridonal Stress (Inside) - Seismic Only 
Figure 6 27. Primary Meridional Stress (Outside) - Gravity Only 
Figure 6 28. Primary Tank Meridmnal Stress (Outside) - Gravity Plus Seismic 
Figure 6 29. Primary Tank Meridional Stress (Outside) - Seismic Only 
Figure 6 30. Primary Tank In-Plane Shear Stress (Middle) - Gravity Only 
Figure 6 3 1. Primary Tank In-Plane Shear Stress (Middle) ~ Gravity Plus Seismic 
Figure 6 32. Primary Tank In-Plane Shear Stress (Middle) - Seismic Only 
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Figure 6.20. Primary Tank Element Retreival Sequence Starting Numbers 
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Primary Tank Stresses - Hoop (Middle) -Gravity Only 
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Figure 6.21. Primaq Hoop Stress @fiddle) ~ Gravity Only 
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Figure 6.22. Primav Tank Hoop Stress @fiddle) ~ Gravity Plus Seismic 
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Primary Tank Stresses - Hoop -Seismic Only 
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Figure 6.23. Primaq Tank Hoop Stress @fiddle) ~ Seismic Only 

Primary Tank Skesses -Meridional (Inside Face) -Gravity Only 

Path (in) 

+AY~NL~LBS~BEC Gravity Only Meridional Stress (Ibsiin"2) Top +AY~NL~BES~BEC Gravity Only Meridional Stress (lbshn"2) Top 
+AY~NL~UBS~BEC Gravity Only Meridional Stress (Ibsiin"2) Top +AY~NL~BES~FCC Gravity Only Meridional Stress (Ibsiin"2) Top 
ix-TOLAModel Merid Top 

Figure 6.24. Primav Meridional Stress (Inside) ~ Gravity Only 
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- ak Meridional stress on the inside face of the knuckle is under- dicted 
for the gravity only case. The peak stress from the detailed TOLA model is 14,029 lbf/in’, whereas, a 
stress of only 8,139 lbf/in’ is predicted for the upper bound soil case. An enveloping factor of 1.72 should 

~~ 

be applied to the inside face, meridional stresses in the knuckle region. 
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Figure 6.25. Primav Tank Meridional Stress (Inside) ~ Gravity Plus Seismic 
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Primary Tank Stresses - Meridional (Inside Face) -Seismic Only 
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Figure 6.26. Primav TankMeridional Stress (Inside) ~ Seismic Only 
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Figure 6.27. Primav Meridional Stress (Outside) ~ Gravity Only 
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As shown in Figure 6.27, the peak Meridional stress on the outside face of the knuckle is under-predicted 
for the gravity only case. The peak stress from the detailed TOLA model is -13,500 lbf/inz, whereas, a 
stress of only 7,507 lbf/inz is predicted for the upper bound soil case. An enveloping factor of 1.80 should 
be applied to the outside face, meridional stresses in the knuckle region. 
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Figure 6.28. Primav TankMeridional Stress (Outside) ~ Gravity Plus Seismic 
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Primary Tank Stresses -Meridional (Outside Face) -Seismic Only 
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Figure 6.29. Primav Tank Meridional Stress (Outside) ~ Seismic Only 
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Figure 6.30. Primaq Tank In-Plane Shear Stress @fiddle) ~ Gravity Only 
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Primary Tank Stresses - In-Plane Shear (Middle) -Gravity and Seismic 
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Figure 6.31. Primary Tank In-Plane Shear Stress (Middle) ~ Gravity Plus Seismic 
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Figure 6.32. Primav Tank In-Plane Shear Stress @fiddle) ~ Seismic Only 
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6.3 J-Bolts 

Axial and shear forces were extracted for the J-Bolt elements. Figure 6.33 shows the element numbers 
for the first five set of J-Bolts. Because J-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. 

SMISC7 
SMISCS 
SMISC9 

Axial force (Element X) 
Shear force (Element Y) 
Shear force (Element 2) 

After enveloping the forces around the circumference of the tank, the forces are re-allocated on a per-bolt 
basis using the information fkom Table 3.6. The total shear force is calculated by combining the two 
orthogonal shears extracted from the model by the SRSS method. The results are presented in the 
following figures: 

Figure 6 34. J-Bolts -Maximum Axial Force - Gravity Only 
Figure 6 35. J-Bolts  minimum Axial Force - Gravity Only 
Figure 6 36. J-Bolts ~ Maximum Axial Force - Gravity Plus Seismic 
Figure 6 37. J-Bolts   minimum Axial Force - Gravity Plus Seismic 
Figure 6 38. J-Bolts ~ Maximum Axial Force - Seismic Only 
Figure 6 39. J-Bolts   minimum Axial Force - Seismic Only 
Figure 6 40. J-Bolts - Shear Force - Gravity Only 
Figure 6 41. J-Bolts - Shear Force - Gravity Plus Seismic 
Figure 6 42. J-Bolts - Shear Force - Seismic Only 
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Figure 6.33. J-Bolt Element Retreival Sequence Starting Numbers 
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Maximum Axial J-Bolt Farce -Gravity Only 
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Figure 6.34. J-Bolts  maximum Axial Force - Gravity Only 
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Figure 6.35. J-Bolts  minimum Axial Force - Gravity Only 
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Figure 6.36. J-Bolts  maximum Axial Force - Gravity Plus Seismic 
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Figure 6.37. J-Bolts  minimum Axial Force - Gravity Plus Seismic 
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Figure 6.38. J-Bolts  maximum Axial Force - Seismic Only 
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Figure 6.39. J-Bolts  minimum Axial Force - Seismic Only 
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Figure 6.40. J-Bolts ~ Shear Force - Gravity Only 
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Figure 6.41. J-Bolts ~ Shear Force - Gravity Plus Seismic 
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Figure 6.42. J-Bolts ~ Shear Force - Seismic Only 

6.4 Secondary Liner 

Secondav 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 6.43 shows the first slice, with 
element numbers. Each of the subsequent fiylres shows one component of strain, comparing the results 
from each load case. 

The following strains were extracted for the SHELL143 elements for the top, middle and bottom of each 
element. 

EPELX 
w EPELY 

EPELINT 
w EPELXY 
w EPELYZ 
w EPELXZ 

Hoop Strain 
Meridional Strain 
Strain Intensity 
In-Plane Shear Strain 
Shear Strain (Element YZ) 
Shear Strain (Element XU) 

Fiylres 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 secondav 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. 
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Figure 6 44. Secondary Liner ~ Hoop Strain (Middle) Gravity Only 
Figure 6 45. Secondary Liner ~ Hoop Strain (Middle) Gravity Plus Seismic 
Figure 6 46. Secondary Liner - Hoop Strain (Middle) Seismic Only 
Figure 6 47. Secondary Liner ~ Meridional Strain (Inside) Gravity Only 
Figure 6 48. Secondary Liner - Meridmnal Strain (Inside) Gravity Plus Seismic 
Figure 6 49. Secondary Liner - Meridional Strain (Inside) Seismic Only 
Figure 6 SO. Secondary Liner - Merdional Strain (Outside) Gravity Only 
Figure 6 51. Secondary Liner ~ Merdional Strain (Outside) Gravity Plus Seismic 
Figure 6 52. Secondary Liner - Merdional Strain (Outside) Seismic Only 
Figure 6 53. Secondary Liner ~ Shear Strain (Middle) Gravity Only 
Figure 6 54. Secondary Liner - Shear Strain (Middle) Gravity Plus Seismic 
Figure 6 55. Secondary Liner ~ Shear Strain (Middle) Seismic Only 
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Figure 6.43. Secondary Liner Element Retreival Sequence Starting Numbers 
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Figure 6.44. Secondary Liner  hoop Strain @fiddle) Gravity Only 
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Figure 6.45. Secondav Liner ~ Hoop Strain @fiddle) Gravity Plus Seismic 
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Secondary Liner Hoop Strain (Middle) ~ Seismic Only 
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Figure 6.46. Secondav Liner ~ Hoop Strain @fiddle) Seismic Only 
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Figure 6.47. Secondary Liner ~ Meridional Strain (Inside) Gravity Only 
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Figure 6.48. Secondav Liner  meridional Strain (Inside) Gravity Plus Seismic 
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Figure 6.49. Secondav Liner  meridional Strain (Inside) Seismic Only 
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Secondary Liner Meridional Strain (Bohom) ~ Gravily Only 
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Figure 6.50. Secondary Liner ~ Merdional Strain (Outside) Gravity Only 
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Figure 6.51. Secondav Liner ~ Merdional Strain (Outside) Gravity Plus Seismic 
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Secondary Liner Meridional Strain (Bottom) ~ Seismic Only 
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Figure 6.52. Secondav Liner ~ Merdional Strain (Outside) Seismic Only 
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Figure 6.53. Secondav Liner ~ Shear Strain @fiddle) Gravity Only 
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Figure 6.54. Secondav Liner ~ Shear Strain @fiddle) Gravity Plus Seismic 
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Figure 6.55. Secondav Liner ~ Shear Strain @fiddle) Seismic Only 
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6.4.1 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. Figures 6.56 and 6.57 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 SHELL143 primary tank elements for the top, middle and 
bottom of each element. 

S1 1"Principal Stress (Top, Middle, Bottom) 
S2 2nd Principal Stress (Top, Middle, Bottom) 
S3 3rd Principal Stress (Top, Middle, Bottom) 

The following strains were extracted for the SHELL143 Concrete tank elements for the bottom of each 
element in the wall and the top of each element in the floor 

EPELl 1"Principal Strain 
EPEL2 2nd Principal Strain 
EPEL3 3rd Principal Strain 

The following strains were extracted for the SHELL143 secondary liner elements for the top, middle, and 
bottom of each element. 

EPELl 1"Principal Strain (Top, Middle, Bottom) 
EPEL2 2nd Principal Strain (Top, Middle, Bottom) 
EPEL3 3rd 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: 

Figure 6 58. Concrete Backed Steel Strain, Principal 1, BES-BEC, Gravity Only 
Figwe 6 59. Concrete Backed Steel Strain, Principal 1, BES-BEC, Gravity Plus Seismic 
Figure 6 60. Concrete Backed Steel Strain, Principal 1, BES-BEC, Seismic Only 
Figure 6 61. Concrete Backed Steel Strain, Principal 2, BES-BEC, Gravity Only 
Figwe 6 62. Concrete Backed Steel Strain, Principal 2, BES-BEC, Gravity Plus Seismic 
Figure 6 63. Concrete Backed Steel Strain, Principal 2, BES-BEC, Seismic Only 
Figure 6 64. Concrete Backed Steel Strain, Principal 3, BES-BEC, Gravity Only 
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Figure 4 45. Concrete Backed Steel Strain, Principal 3, BES-BEC, Gravity Plus Seismic 
e Figure 6 66. Concrete Backed Steel Strain, Principal 3, BES-BEC, Seismic Only 
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Figure 6.57. Element Retrieval Sequence Starting Numbers for Strain (Detail) 
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Figure 6.58. Concrete Backed Steel Strain, Principal 1, BES-BEC, Gravity Only 
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Figure 6.59. Concrete Backed Steel Strain, Principal 1, BES-BEC, Gravity Plus Seismic 
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Secondary Liner Strains - Principal 1 (Mid) 
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Figure 6.60. Concrete Backed Steel Strain, Principal 1, BES-BEC, Seismic Only 
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Figure 6.61. Concrete Backed Steel Strain, Principal 2, BES-BEC, Gravity Only 
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Secondary Liner Strains -Principal 2 -Middle 
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Figure 6.62. Concrete Backed Steel Strain, Principal 2, BES-BEC, Gravity Plus Seismic 
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Figure 6.63. Concrete Backed Steel Strain, Principal 2, BES-BEC, Seismic Only 
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Secondary Liner Strains - Principal 3 -Tap 

0 00E+00 

~2 00E~04 

~4 00E~04 

500 550 600 650 rndBII 750 800 850 90I  

Path (in) 

AY~NL~BES~BEC EPEL P3 Slnin (#nil") Gravlly Mid Min -AY~NL~BES~BEC EPEL P3 Strain (#nil") Gravity Mid Max 1 

Figure 6.64. Concrete Backed Steel Strain, Principal 3, BES-BEC, Gravity Only 
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Figure 6.65. Concrete Backed Steel Strain, Principal 3, BES-BEC, Gravity Plus Seismic 
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Figure 6.66. Concrete Backed Steel Strain, Principal 3, BES-BEC, Seismic Only 
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7.0 Contact Element Results 

7.1 Concrete Footing Contacts 

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 

SMISC1 Normal contact force 
CONT-SLIDE Contact lateral displacement 
CONT-GAP Contact gap distance 
CONT-STAT Contact status (open, closed, sliding) 
SMISC2 Shear force (element Y )  
SMISC3 Shear force (element Z) 

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 
Figwe 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 
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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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+Vertical Force Min AYWBS~BEC Seismic 

Vertical Force Min AY%EC~BEC Seismic 
Vertical Force Min AY%ES~FCC Seismic 

Figure 7.4. Minimum Concrete Footing Contact Force - Gravity Plus Seismic 
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Maximum Footing Contact Force Seismic Only 
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Figure 7.5. Maximum Concrete Footing Contact Force - Seismic Only 

Minimum Footing Contact Force Seismic Only 
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A M e  (dag) 

+Vert iul Force Min AY~LBS~BEC Seismic Only +Vert iul Force Min AY~BEC~BEC Seismic Only 
+Vert iul Force Min AYWBS~BEC Seismic Ody Y V e r t i u l  Force Min AY~BES~FCC Seismic Ody 

Figure 7.6. Minimum Concrete Footing Contact Force - Seismic Only 
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Maximum Shear. Footing Contact Gravityand Seismic 
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A M e  (dag) 

+Shear Max AY~LBS~BEC Gravity +Shear Max AY~BEC~BEC Gravity 
+Shear Max AYWBS~BEC Gravity +Shear Max AY~BES~FCC Gravity 

Figure 7.7. Concrete Footing Contact Shear - Gravity Only 

Maximum Shear. Footing Contact Gravityand Seismic 

A M e  (dag) 

+Shear Max AY~LBS~BEC Seismic +Shear Max AY~BEC~BEC Seismic 
+Shear Max AYWBS~BEC Seismic ++Shear Max AY~BES~FCC Seismic 

Figure 7.8. Concrete Footing Contact Shear - Gravity Plus Seismic 
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Maximum Shear. Fooling Conlad Seismic Only 

/ / 

Figure 7.9. Concrete Footing Contact Shear - Seismic Only 

Time histoly 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 histoly to determine the potential for 
sliding. There were no cases in which ANSYSa 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 ANSYSa 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 VN). The 
following figures are provided for the time histories. 

Figure 7 10. Concrete Footing Time Histoly, 
Figwe 7 11. Concrete Footing Time Histoly, 
Figure 7 12. Concrete Footing Displacment Time Histoly, 
Figwe 7 13. Concrete Footing Time Histoly, 
Figwe 7 14. Concrete Footing Time Histoly, 
Figure 7 15. Concrete Footing Time Histoly, 
Figure 7 16. Concrete Footing Time Histoly, 
Figwe 7 17. Concrete Footing Time Histoly, 
Figwe 7 18. Concrete Footing Time Histoly, 

=9 Deg- LBS-BEC 
=90 Deg- LBS-BEC 

=9 Deg - BES-BEC 
=90 Deg - BES-BEC 
=9 Deg - UBS-BEC 
=90 Deg - UBS-BEC 
=9 Deg - BES-FCC 
=90 Deg - BES-FCC 

=90 Deg - BES-FCC 
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Time History 9 Deg - Concrete WalllFaating Contact - LBS-BEC 
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Figure 7.10. Concrete Footing Time Histoly, 8=9 Deg- LBS-BEC 

Time History 90 Deg -Concrete WalllFaating Contact - LBS-BEC 

Time (sac) 

1-pr18679 -Shear -V/N 1 

Figure 7.11. Concrete Footing Time Histoly, 8=90 Deg- LBS-BEC 
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Figure 7.12. Concrete Footing Displacment Time Histoly, 8=90 Deg ~ BES-FCC 

Time History 9 Deg -Concrete WalllFaating Contact - BES-BEC 
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Figure 7.13. Concrete Footing Time Histoly, 8=9 Deg ~ BES-BEC 
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Time History 90 Deg -Concrete WalllFaating Contact - BES-BEC 
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Figure 7.14. Concrete Footing Time Histoly, 8=90 Deg ~ BES-BEC 

Time History 9 Deg -Concrete WalllFaating Contact. UBS-BEC 
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Figure 7.15. Concrete Footing Time Histoly, 8=9 Deg ~ UBS-BEC 
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Figure 7.16. Concrete Footing Time Histoly, 8=90 Deg ~ UBS-BEC 
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Figure 7.17. Concrete Footing Time Histoly, 8=9 Deg ~ BES-FCC 
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Time History 90 Deg -Concrete WalllFaating Contact - BES-FCC 
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Figure 7.18. Concrete Footing Time Histoly, 8=90 Deg ~ BES-FCC 

Based on the results presented above for the contact interface between the concrete wall and footing, no 
displacements are expected to occur. Therefore, future models of the DSTs do not need to incorporate 
this feature. 

7.2 Soil Contact 

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. Figwe 7.19 shows the location and element numbers for 
first slice of contact elements. The following data was extracted for each CONTA173 element 

CONT-PRES Normal Contact Pressure 
CONT-SLIDE Contact Lateral Displacement 
CONT-GAP Contact Gap Distance 
CONT-STAT Contact Status (Open, Closed, Sliding) 
SMISC8 Tangential Friction (Element Y )  
SMISC12 Tangential Friction (Element Z) 

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. 

Figure 7 20. SoiVConcrete Contact Element Normal Pressure ~ Gravity Only 
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Fiylre 7 21. SoiliConcrete Contact Element Maximum Normal Pressure -Gravity Plus Seismic 

Fiylre 7 22. SoiliConcrete Contact Element Minimum Normal Pressure - Gravity Plus Seismic 

Fiylre 7 23. SoiliConcrete Contact Element Maximum Normal Pressure - Seismic Only 
Fiylre 7 24. SoiliConcrete Contact Element Minimum Normal Pressure - Seismic Only 
Fiylre 7 26. SoiliConcrete Contact Element Meridional Shear - Gravity Plus Seismic 
Fiylre 7 27. SoiliConcrete Contact Element Meridional Shear - Seismic Only 
Fiylre 7 29. SoiliConcrete Contact Element Tangential Shear - Gravity Plus Seismic 
Fiylre 7 30. SoiliConcrete Contact Element Gap Tangential Shear - Seismic Only 
Fiylre 7 32. SoiliConcrete Contact Element Gap Lateral Displacement (Slide) - Gravity Plus 
Seismic 
Fiylre 7 33. SoiliConcrete Contact Element Gap Lateral Displacement (Slide) - Seismic Only 

Only 

Only 

Figure 7.19. SoiliConcrete Contact Element Retreival Sequence Starting Numbers 
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Maximum Soil Contact Pressures -Gravity Loads 

35 

Figure 7.20. SoiKoncrete Contact Element Normal Pressure ~ Gravity Only 

Maximum Soil Contact Pressures -Gravity and Seismic Loads 

Figure 7.21. SoiVConcrete Contact Element Maximum Normal Pressure ~ Gravity Plus Seismic Only 
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Minimum Soil Contact Pressures -Gravity and Seismic Loads 
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Figure 7.22. SoiKoncrete Contact Element Minimum Normal Pressure ~ Gravity Plus Seismic Only 

Maximum Soil Contact Pressures - Seismic Only 

+Max Pressure *MaxPress"re 
so,, ("BS)AY se,srn,c Only(PSI) so,, (BESFCC)AYse,sm,c Only(PSI) 

Figure 7.23. SoiKoncrete Contact Element Maximum Normal Pressure ~ Seismic Only 
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Minimum soil Contact Pressures - Seismic Only 

Figure 7.24. SoiVConcrete Contact Element Minimum Normal Pressure ~ Seismic Only 

Maximum Sail Contact Meridional Friction Farce -Gravity Loads 
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Figure 7.25. Soil/Concrete Contact Element Meridional Shear ~ Gravity Only 
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Maximum Soil Contact Meridional Fiction Force -Gravity and Seismic Loads 

Figure 7.26. SoiKoncrete Contact Element Meridional Shear ~ Gravity Plus Seismic 
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Maximum Soil Contact Meridional Friction Force - Seismic Only 
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Figure 7.27. SoiKoncrete Contact Element Meridional Shear ~ Seismic Only 

Maximum Soil Contact Tangential Force -Gravity Loads 

Figure 7.28. SoiVConcrete Contact Element Tangential Shear ~ Gravity Only 
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Maximum Soil Contact Tangential Force - Gravity and Seismic Loads 

Figure 7.29. SoiVConcrete Contact Element Tangential Shear ~ Gravity Plus Seismic 

Maximum Soil Contact Tangential Force - Seismic Only 

Figure 7.30. SoiVConcrete Contact Element Gap Tangential Shear ~ Seismic Only 
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Maximum Soil Contact Displacment - Gravity Loads 
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Figure 7.31. SoiVConcrete Contact Element Gap Lateral Displacement (Slide) ~ Gravity Only 

Maximum Soil Contact Displacment - Gravity and Seismic Loads 

Figure 7.32. SoiVConcrete Contact Element Gap Lateral Displacement (Slide) ~ Gravity Plus Seismic 
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Maximum Soil Contact Displacment - Seismic Only 

I 

Figure 7.33. SoiVConcrete Contact Element Gap Lateral Displacement (Slide) ~ Seismic Only 

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 some, decreasing towards 
the haunch. At the haunch and on the vertical wall, the pressures should correspond to the spectral 
acceleration at the haunch. Fiylres 7.34 through 7.37 show this comparison for each load case. These 
comparisons demonstrate that there is not significant arching is the soil. 
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Seismic Only Soil Pressures 

Figure 7.34. Seismic Soil Pressure Comparison to Scaled Gravity Soil Pressures, LBS-BEC 
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Figure 7.35. Seismic Soil Pressure Comparison to Scaled Gravity Soil Pressures, BES-BEC 
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Seismic Only Soil Pressures 
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Figure 7.36. Seismic Soil Pressure Comparison to Scaled Gravity Soil Pressures, UBS-BEC 
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Figure 7.37. Seismic Soil Pressure Comparison to Scaled Gravity Soil Pressures, BES-FCC 
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7.3 Dome Contacts 

Dome contact 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. Contact normal and other contact data were 
extracted for the interface between primaq tank and concrete dome. Figure 7.38 shows the location and 
element numbers for 1'' slice of contact elements. The following data was extracted for each CONTA173 
element 

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 dome contact interface, the following fiylres are provided. 

Figure 7 39. Primav Tank/Concrete Dome Contact Element Contact Pressure ~ Gravity Only 
Figure 7 40. Primary Tank/Concrete Dome Contact Element Maximum Contact Pressure ~ Gravity 
Plus Seismic 
Figure 7 4 1. Primary Tank/Concrete Dome Contact Element Minimum Contact Pressure ~ Gravity 
Plus Seismic 
Figure 7 42. Primary Tank/Concrete Dome Contact Element Maximum Contact Pressure ~ Seismic 
Only 
Figure 7 43. Primary Tank/Concrete Dome Contact Element Maximum Contact Pressure Relief ~ 

Seismic Only 
Figure 7 44. Primary Tank/Concrete Dome Contact Element Maximum Contact Gap ~ Gravity Only 
Figure 7 45. Primary Tank/Concrete Dome Contact Element Maximum Contact Gap ~ Gravity Plus 
Seismic 
Figure 7 46. Primary Tank/Concrete Dome Contact Element Maximum Contact Gap ~ Seismic Only 
Figure 7 47. Primav Tank/Concrete Dome Contact Element Maximum Contact Lateral 
Displacement (Slide) ~ Gravity Only 
Figure 7 48. Primav Tank/Concrete Dome Contact Element Maximum Contact Lateral 
Displacement (Slide) ~ Gravity Plus Seismic 
Figure 7 49. Primav Tank/Concrete Dome Contact Element Maximum Contact Lateral 
Displacement (Slide) ~ Seismic Only 
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oad C a s e :  L B S - B E C ,  F u l l  N o n - l i n e a r ,  F i n a l  PT Mesh 

Figure 7.38. Primary Tank Dome Contact Element Retreival Sequence Starting Numbers 

Maximum Pressure Primary TanklConcrete Tank Dome AY 
Gravity Only 

350 400 45 0 
Path (in] 

+Max Pressure Primary TanklConcrete Tank Dome AY LBS-BEC 
Gravity (PSI] Gravity (PSI) 
Max Pressure Primary TankIConcrete Tank Dome AY UBS-BEC 
Gravity (PSI) Gravity (PSI) 

Max Pressure Primary TanklConcrete Tank Dome AY BES-BEC 

Max Pressure Primary TanklConcrete Tank Dome AY BES-FCC 

Figure 7.39. Primary TanWConcrete Dome Contact Element Contact Pressure - Gravity Only 
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Figure 7.40. Primav TanUConcrete Dome Contact Element Maximum Contact Pressure ~ Gravity Plus 
Seismic 

M,",rn"rn PleSSUre PnmalyTanWConcmteTanK D0rn~P.Y 
Grmtyand Se#sm#c 

Figure 7.41. Primav TanUConcrete Dome Contact Element Minimum Contact Pressure ~ Gravity Plus 
Seismic 
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3 

Figure 7.42. Primav TankKoncrete Dome Contact Element Maximum Contact Pressure ~ Seismic 
Only 

-f 
*/ 

-1.0 

-1.5 

c 
2 -2.0 

3 -2.5 

r 

II 

-3.0 

-3.5 

4.0 

4.5 
Path (I") 

A M , "  Pre;s"re Pmaly TanWConcrete Tank Dome AY LBS-BEC *M," Pre;s"re Pl,malyTanWConcrete Tank Dome AY BES-BEC 

+M," Pre;s"re Pmaly TanWConcrete Tank Dome AY "BS-BEC +M," Pre;s"re Pl,malyTanWConcrete Tank Dome AY BES-FCC 
se,sm,c Only (PSI) se,sm,c Only(PSI) 

se,sm,c Only (PSI) se,sm,c Only(PSI) 

Figure 7.43. Primav TankKoncrete Dome Contact Element Maximum Contact Pressure Relief 
Seismic Only 
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Figure 7.44. Primaq Tank/Concrete Dome Contact Element Maximum Contact Gap ~ Gravity Only 
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Figure 7.45. Primav TanUConcrete Dome Contact Element Maximum Contact Gap ~ Gravity Plus 
Seismic 
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Figure 7.46. Primary Tank/Concrete Dome Contact Element Maximum Contact Gap ~ L s m i c  Only 

-0.006 

-0.007 

-0.008 

Figure 7.47. Primav TanUConcrete Dome Contact Element Maximum Contact Lateral Displacement 
(Slide) ~ Gravity Only 
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Figure 7.48. Primav TanUConcrete Dome Contact Element Maximum Contact Lateral Displacement 
(Slide)- Gravity Plus Seismic 

Max8rn"rn Lateral D8spIacement Pl,maryTanWConcrete Tank Dome A, 
Se,sm,cOnl" 

Figure 7.49. Primav TanUConcrete Dome Contact Element Maximum Contact Lateral Displacement 
(Slide)- Seismic Only 
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7.4 Primary TanMnsulating Concrete Contacts 

Primary TanMnsulating 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. Figwe 7.50 shows the 
location and element numbers for 1'' slice of contact elements. The following data was extracted for each 
CONTA173 element 

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 taddinsulating concrete contact interface, the following figures are provided. 

Figwe 7 5 1. Primary TanMnsulating Concrete Contact Element Contact Pressure ~ Gravity Only 
Figwe 7 52. Primary TanMnsulating Concrete Contact Element Maximum Contact Pressure ~ 

Gravity Plus Seismic 
Figwe 7 53. Primary TanMnsulating Concrete Contact Element Minimum Contact Pressure ~ 

Gravity Plus Seismic 
Figwe 7 54. Primary TanMnsulating Concrete Contact Element Maximum Contact Pressure ~ 

Seismic Only 
Figwe 7 55. Primary TanMnsulating Concrete Contact Element Minimum Contact Pressure ~ 

Seismic Only 
Figwe 7 56. Primary TanMnsulating Concrete Contact Element Maximum Contact Gap ~ Gravity 
Only 
Figwe 7 57. Primary TanMnsulating Concrete Contact Element Maximum Contact Gap ~ Gravity 
Plus Seismic 
Figwe 7 58. Primary TanMnsulating Concrete Contact Element Maximum Contact Gap ~ Seismic 
Only 
Figwe 7 59. Primary TanMnsulating Concrete Contact Element Maximum Contact Lateral 
Displacement (Slide) ~ Gravity Only 
Figwe 7 60. Primary TanMnsulating Concrete Contact Element Maximum Contact Lateral 
Displacement (Slide) ~ Gravity Plus Seismic 
Figwe 7 61. Primary TanMnsulating Concrete Contact Element Maximum Contact Lateral 
Displacement (Slide) ~ Seismic Only 
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L o a d  C a s e :  LBS-BEC, Full N o n - l i n e a r ,  F i n a l  PT Mesh 

Figure 7.50. Primary Tank Bottom Contact Element Reheival Sequence Starting Numbers 
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Figure 7.51. Primary TanWInsulating Concrete Contact Element Contact Pressure ~ Gravity Only 
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Figure 7.52. Primav TanMnsulating Concrete Contact Element Maximum Contact Pressure ~ Gravity 
Plus Seismic 
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Figure 7.54. Primav TanMnsulating Concrete Contact Element Maximum Contact Pressure ~ Seismic 
Only 
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Figure 7.55. Primav TanMnsulating Concrete Contact Element Minimum Contact Pressure ~ Seismic 
Only 
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Figure 7.56. Primary T d n s u l a t i n g  Concrete Contact Element Maximum Contact Gap ~ Gravity Only 
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Figure 7.57. Primav TanMnsulating Concrete Contact Element Maximum Contact Gap ~ Gravity Plus 
Seismic 
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M,",rn"rn Lateral o,sp,acement Pl,mawTanWlns"lat,"g concrete AY 
se,srn,c Only 
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Figure 7.58. Primav TanMnsulating Concrete Contact Element Maximum Contact Gal 
Only 
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Figure 7.59. Primav TanMnsulating Concrete Contact Element Maximum Contact Lateral 
Displacement (Slide) ~ Gravity Only 
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Figure 7.60. Primav TanMnsulating Concrete Contact Element Maximum Contact Lateral 
Displacement (Slide)- Gravity Plus Seismic 

Maxmum Lateal D8spIacement Pr#maryTanWlnsulat#ng Concrete A? 
se,sm,con1y 

0.035 

0.030 

0.025 - 
1 
c .. ; 0.020 
5 

Y 0.015 

n 

: 
- 
.. 

0.010 

0.005 

0.000 
0 50 100 150 200 250 

Path (in) 

- 
300 350 400 

1.36 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

The maximum sliding displacement due to a seismic event is approximately 0.033 inches and occurs in 
both the Upper Bound Soil and Best Estimate Soil load cases. Figures 7.62 and 7.63 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. 

ELEMENT SOLUTION 

STEP=411 
S U B  =1 
TIME=104.1 
CONTSTAT (NOAVG) 

DI 
SI 

"1 

ANSYS 8.1 
JAN 12 2006 

16: 4 2 : 5 9  

- 
, ~ o a d  Case; UBS-BEC, Ful l  Non-linear, Soi l  Mu=0.65, Final PT Mesh 

Figure 7.62. Sliding Locations for Primary TanWInsulating Concrete at Time of Maximum 
Displacement 
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I ELEMENT SOLUTION ANSYS 8.1 1 
STEP=411 
S U B  =1 
TIME=104.1 
CONTSLID INOAVG) 

J A N  1 2  2 0 0 6  
1 6 :  4 2 : 0 8  

I 
, 0 0 1 2 3  

.307B-03 .922E-03 ,001537 .On2152 , 0 0 2 7 6 7  
,Load Case: UBS-BEC,  Fu l l  Non-linear, Soi l  Mu=0.65, Final PT Mesh 

Figure 7.63. Maximum Sliding Displacement Between Primary Tank and Insulating Concrete (ft) 

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 ConcreteBecondary Liner Contacts 

Insulating concretdsecondary 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 7.64 
shows the location and element numbers for f i s t  slice of contact elements. The following data was 
extracted for each CONTAl73 element 

CONT-PRES 
CONT-SLIDE 
CONT-GAP 
CONT-STAT 

Normal Contact Pressure 
Contact Lateral Displacement 
Contact Gap Distance 
Contact Status (Open, Close4 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 concretdsecondary liner contact interface, the following figures are provided. 

Figure 7 65. Insulating Concrete/Secondary Liner Contact Element Contact Pressure - Gravity Only 
Figure 7 66. Insulating Concrete/Secondary Liner Contact Element Maximum Contact Pressure - 
Gravity Plus Seismic 
Figure 7 67. Insulating Concrete/Secondary Liner Contact Element Minimum Contact Pressure - 
Gravity Plus Seismic 
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Figure 7 68. Insulating ConcreteISecondary Liner Contact Element Maximum Contact Pressure - 
Seismic Only 
Figure 7 69. Insulating ConcreteISecondary Liner Contact Element Minimum Contact Pressure - 
Seismic Only 
Figure 7 70. Insulating Concretelsecondary Liner Contact Element Maximum Contact Gap - 
Gravity Only 
Figure 7 71. Insulating Concretelsecondary Liner Contact Element Maximum Contact Gap - 
Gravity Plus Seismic 
Figure 7 72. Insulating Concretelsecondary Liner Contact Element Maximum Contact Gap - 
Seismic Only 
Figure 7 73. Insulating Concretelsecondary Liner Contact Element Maximum Contact Lateral 
Displacement (Slide) - Gravity Only 
Figure 7 74. Insulating Concretelsecondary Liner Contact Element Maximum Contact Lateral 
Displacement (Slide) - Gravity Plus Seismic 
Figure 7 75. Insulating Concretelsecondary Liner Contact Element Maximum Contact Lateral 
Displacement (Slide) - Seismic Only 

Figure 1.64. Insulating Concrete Contact Element Retreival Sequence Starting Numbers 
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Figure 7.65. Insulating ConcretelSecondaq Liner Contact Element Contact Pressure ~ Gravity Only 
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Figure 7.66. Insulating ConcretelSecondaq Liner Contact Element Maximum Contact Pressure 
Gravity Plus Seismic 
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M,",rn"rn Pressure ,nsu,at,ng CancretdL,ner AY 
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Figure 7.67. Insulating ConcretelSecondaq Liner Contact Element Minimum Contact Pressure ~ 

Gravity Plus Seismic 
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Figure 7.68. Insulating ConcretelSecondaq Liner Contact Element Maximum Contact Pressure ~ 

Seismic Only 
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Figure 7.69. Insulating ConcretelSecondaq Liner Contact Element Minimum Contact Pressure ~ 

Seismic Only 
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Figure 7.70. Insulating ConcretelSecondaq Liner Contact Element Maximum Contact Gap ~ Gravity 
Only 
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Figure 7.71. Insulating ConcretelSecondaq Liner Contact Element Maximum Contact Gap ~ Gravity 
Plus Seismic 
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Figure 7.72. Insulating ConcretelSecondaq Liner Contact Element Maximum Contact Gap ~ Seismic 
Only 
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Max,m"m Lateral o,sp,acement ,nsu,at,ng co"cr&lL,"~rAY 
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Figure 7.73. Insulating ConcretelSecondaq Liner Contact Element Maximum Contact Lateral 
Displacement (Slide) ~ Gravity Only 
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Max,m"m Lateral o,sp,acement ,nsu,at,ng co"cmtdL,"mAY 
se,srn,c Only 

L 

Figure 7.75. Insulating ConcretelSecondaq Liner Contact Element Maximum Contact Lateral 
Displacement (Slide)- Seismic Only 

The maximum sliding displacement due to a seismic event is approximately 0.01 1 inches and occurs in 
the Best Estimate Soil, Fully Cracked Concrete load case. Figures 7.76 and 7.77 show the location and 
magnitude of the sliding between the insulating concrete and secondaq 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. 

7.45 



RPP-RPT-28966, Rev. 0 
M&D-2 008-004 -CALC-001, Rev. OA 

ELEMENT SOLUTION 

STEP'420 
SUB '1 
TIME'104.19 
C ONT S TAT 
RSYS=O 

( NDAVG) 

SMN 
SMX 

ANSYS 8.1 
JAN 17 2006 
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oad Case: BES-BEC, Full Non-linear, Final PT Mesh 

Figure 7.76. Sliding Locations for Insulating Concrete/Secondary Liner Contact at Time of Maximum 
Displacement 

ANSYB 8.1 
JAN 17 2006 
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Figure 7.77. Maximum Sliding Displacement Between Insulating Concrete and Secondary Liner at 
Time of Maximum Displacement (ft) 
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Based on the small displacements between the insulating concrete and secondaq liner, this contact 
surface feature could be omitted in future analyses. 
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8,O 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 were calculated using a horizontal spectral acceleration for the impulsive 
mode of the tank/waste system using a horizontal response spectrum from the center bottom of the 
concrete wall at 90 degrees. Theoretical waste pressures were calculated using a vertical spectral 
acceleration for the impulsive mode of the t d w a s t e  system using a vertical response spectrum from the 
bottom of the concrete tank wall. 

WasteRrimary 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 towxds the center. Contact normal and other 
contact data were extracted for the interface between waste and the primary tank. Figwe 8.1 shows the 
location and element numbers for first slice of contact elements. The following data was extracted for 
each CONTAl73 element 

CONT-PRES Normal Contact Pressure 
CONT-SLIDE Contact Lateral Displacement 
CONT-GAP Contact Gap Distance 
CONT-STAT Contact Status (Open, Closed, Sliding) 

ELEMENTS AN 
ELEM NUM 

J A N  10 2 0 0 6  
14: 31: 3 1  

&ad Case: BES-BEC,  Full N o n - l i n e a r ,  F i n a l  PT Hesh 

Figure 8.1. Waste Contact Element Retrieval Sequence Starting Element Numbers 
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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. In the case of horizontal excitation, both the impul- 
sive and convective components v a v  in the circumferential direction as the cosine of the angle 8,  with the 
maximum values occurring at 8=0 measured from the plane of excitation, and decreasing to zero hydro- 
dynamic pressure at 8=90" 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 4.55 of BNL 1995. The total pressures are the sum of the hydro- 
static pressures and the hydrodynamic pressures. Two methods for combining 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. Development 
of theoretical waste pressures is documented for each load case and is included in the appropriate 
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 is 
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 response 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 fluidtank 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 

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

Table 8.1. Theoretical Waste Pressures, LBS-BEC 
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Dynamic Pressure Comparison 

0 1  

Waste Height (in) 

+MaxPressure +Mi" Pressure +Theoretical Max (SRSS) 
AYTank. 422 in Wade Level. SpG = 1 7 
Time Hidory(PS1) Time History(PS1) 

AYTank. 422 in Waste Level. SpG = 1 7  

+Theoretical Max +Theoretical Min (SRSS) +Theoretical Min 

Figure 8.2. Waste Pressure Distribution, LBS-BEC 
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Figure 8.3. Waste Free Surface Displacement, LBS-BEC 
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Response Spectra, Concrete WalllCenter Floor, Free Field Surface, Horizontal (LBS) 
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Figure 8.4. Comparison of DST Base and Free Field Surface Response, LBS-BEC, Horizontal 

Response Spectra, Concrete WalllCenter Floor, Free Field Surface, Vertical (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 

Sib = 0.35 g 
S, = 0.30 g 

Table 8.2. Theoretical Waste Pressures, BES-BEC 

40 

30 

20 

0 

Dynamic Pressure Comparison 
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AYTank. 422 in Wade  Level. SpG = 1 7 
Time Hidory(PS1) Time History(PS1) 

AYTank. 422 in Waste Level. SpG = 1 7  

+Theoretical Max +Theoretical Min (SRSS) Theoretical Min 

Figure 8.6. Waste Pressure Distribution, BES-BEC 
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Surface Displacement 
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center 

Figure 8.7. Waste Free Surface Displacement, BES-BEC 

Response Spectra, Concrete WalllCenter Floor, Free Field Surface, Horizontal (BES) 
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Figure 8.8. Comparison of DST Base and Free Field Surface Response, BES, Horizontal 
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Waste 
Height 
Ratio 

0.97 
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Response Spectra, Concrete WalllCenter Floor, Free Field Surface, Horizontal (BES) 
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Figure 8.9. Comparison of DST Base and Free Field Surface Response, BES, Vertical 

8.3 Upper Bound Soil 

Sib = 0.38 g 
S, = 0.36 g 

Table Theoretic; v ste Pressures, JB BEC 

8.1 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Dynamic Pressure Comparison 
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Figure 8.10. Waste Pressure Distribution, UBS-BEC 
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Figure 8.11. Waste Free Surface Displacement, UBS-BEC 
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Response Spectra, Concrete OomelCenter Floor, Horizontal 
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Figure 8.12. Comparison of DST Base and Free Field Surface Response, UBS, Horizontal 

Response Spectra, Concrete DomelCenter Floor, Vertical 
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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 

Sib = 0.39 g 
S, = 0.30 g 

Table 8.4. Theoretical Waste Pressures, BES-FCC 

Dynamic Pressure Comparison 
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Figure 8.14. Waste Pressure Distribution, BES-FCC 
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Surface Displacement 
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Figure 8.15. Waste Free Surface Displacement, BES-FCC 
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Figure 8.16. Comparison of DST Base and Free Field Surface Response, BES-FCC, Horizontal 
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Response Spectra, Concrete WalllCenter Floor, Free Field Surface, Vertical, LBS-FCC 
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Figure 8.17. Comparison of DST Base and Free Field Surface Response, BES-FCC, Vertical 

8.12 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

9.0 References 

Abatt FG. 2006. Dytrana Benchmark Analysis of Seismically InducedFluid-Structure Interaction in a 
HanfordDouble Shell Primary Tank, M&D-2008-005-RPT-01, Rev. 0, prepared by M&D Professional 
Services, Inc. for Pacific Northwest National Laboratoly, Richland, Washington. 

Abatt FG, BG Carpenter, and CA Hendrix. 2006. Establishment of Methodology for Time Domain Soil- 
Structure Interaction Analysis of a HanfordDouble Shell Tank, M&D-2008-004-RPT-01, Rev. 0 ,  
prepared by M&D Professional Services, Inc. for Pacific Northwest National Laboratoly, Richland, 
Washington. 

ASCE. 1998. Seismic Analysis of Safety-RelatedNuclear Structures and Commentary, ASCE 4-98, 
American Society of Civil Engineers, Reston, Virginia. 

BNFL. 2000. Free-Field Analysis of HL W Vitr@cation Building, CALC-W375HVST00004, Rev. 0, 
BNFL, Inc., Richland, Washington. 

BNL. 1995. Seismic Design andEvaluation Guidelines for the Department of Energy High Level Waste 
Storage Tanks andilppurtenances, Report No. 52361, October, 1995, Engineering Research and 
Applications Division, Department of Advanced Technology, Brookhaven National Laboratoly, 
Associated Universities, Inc. Upton, New York. 

Bowles Joseph E. 1982. Foundation Analysis andDesign, Third Edition, McGraw-Hill Book Company, 
New York, New York. 

Carpenter BG and FG Abatt. 2006. ANSYP Analysis of Seismically InducedFluid-Structure Interaction 
in a HanfordDouble Shell Primary Tank, M&D-2008-004-RPT-02, Rev. 0, Prepared by M&D 
Professional Services, Inc. for Pacific Northwest National Laboratoly, Richland, Washington. 

CHG. 2003. Design Loads for  TankFarm Facilities, TFC-ENG-STD-06, Rev. B-1, CH2MHill Hanford 
Group, Richland, Washington. 

Deibler JE, JD Holbeny, K1 Johnson, and MW Rinker. 2004. DSTPrimary Tanksettlement Evaluation, 
PNNL-14706, Pacific Northwest National Laboratoly, Richland, Washington, June 2004. 

DOE. 2002. Natural Phenomena Hazards Design andEvahation Criteria for Department of Energy 
Facilities, DOE-STD-1020-2002, U.S. Department of Energy, Washington, D.C. 

Geomatrix. 2005. Development of Surface Spectra for  Double-Shell Tank Facilities, Rev. 0, DOE 
Hanford Site, Washington State, Project 10406, Geomatrix Consultants, Inc., Oakland, California. 

Hanford Drawing H-2-64306, Rev. 4, dated 12/4/1968, Tank Foundation Plan, Building 241-AY, Vitro 
Hanford Engineering Services, Richland, Washington. 

Hanford Drawing H-2-643 10, Rev. 1, dated 312411970, Concrete Tank Section andDetails, Building 241- 
AY, Vitro Hanford Engineering Services, Richland, Washington. 

9. I 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Hanford Drawing H-2-64449, Rev. 6, dated 5/12/1970, TankElevation andDetails, 241-AY, Vitro 
Hanford Engineering Services, Richland, Washington. 

IBC. 2000. 2000 International Building Code, International Code Council, Inc. 

Lysmer John, Farhang Ostadan, and Chih Cheng Chin. 1999a. SASS12000 User’s Manual, A System for 
Analysis of Soil-Stmcture Interaction, Revision 1. 

Lysmer John, Farhang Ostadan, and Chih Cheng Chin. 1999b. SASSI 2000 Theoretical Manual, A 
System for Analysis of Soil-Structure Interaction, Revision 1. 

M&D. 2001a. SASSIAnalysis ~ HLWPreliminary SSIEvaluation, Rev. 0, M&D Calculation No. 01- 
00 10-HLW-2, M&D Professional Services, Richland, Washington. 

M&D. 2001b. SASSIAnalysis ~ PTPreliminary SSIEvaluation, Rev. 0, M&D Calculation No. 01-0010- 
PT-2, M&D Professional Services, Richland, Washington. 

NUREG-0800, USNRC Standard Review Plan 3.7.1, Seismic Design Parameters, Revision 2, August 
1989. U.S. Nuclear Regulatoly Commission, Washington, D.C. 

PNNL. 2003. Statement of Work, DSTSeismic Analysis, RFP #1922, Pacific Northwest National 
Laboratoly, Richland, Washington. 

Rinker M W ,  JE Deibler, K1 Johnson, SP Pilli, CE Guzman-Leong, and OD Mullen. 2004. Hanford 
Double-Shell Tank Thermal and Seismic Project ~ Thermal and Operating Loads Analysis, 
RPP-RPT-23308, Rev. 0, Pacific Northwest National Laboratoly, Richland, Washington. 

RPP- 13033, Tank Farms Documented Safety Analysis, Rev. 0, CH2MHill Hanford Group, Richland, 
Washington. 

Schnabel Per B, John Lysmer, and H Bolton Seed. 1972. SHAKE A Computer Program for Earthquake 
Response Analysis of Horizontally LayeredSites, Report No. EERC 72-12, Earthquake Engineering 
Research Center, College of Engineering, University of California, Berkeley, California, December, 1972 

9.2 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

10.0 Computer Run List 

Computer File Listing 

Program Used: ANSYS@ Version Used: 8.1 

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

Workstation used: 

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: 

Falcon 900, P52 Mustang, Challenger 

AppendixB Soil Arching Study 
AppendixE Lower Bound Soil, Best Estimate Concrete 
AppendixF Best Estimate Soil, Best Estimate Concrete 
Appendix G Upper Bound Soil, Best Estimate Concrete 
Appendix H Best Estimate Soil, Fully Cracked Concrete 
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11.0 Calculation Review Checklist 

Calculation Review Checklist 

1. Obiective is clearlv stated 

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

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

4. 

5.  

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

Software used is identified. including revision and workstation used. 

6. Computer File Listing has been included and completed if software has been used 
(Seoarate listing for each orogram and version used). 

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

8. Calculations are sufficiently detailed that a technically qualified person can understand 
and verify the methodology without requiring outside or unreferenced information. 

Results and conclusions address all ooints in the obiective. 9. 

10. Each page in body of calculation identifies the calculation number, page number, 
preparer and checker. @‘reparer and Checker have signed or initialed each page) 

11. Each page in appendices or attachments identifies the calculation number and page 
number, and the first page identifies the preparer and checker. @‘reparer and Checker 
have signed or initialed first page) 

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

13. Alternate calculations. if used bv the checker. have been included. 

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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Appendix A 

Dead Load Study 



Baseline 

50F. Full Tank 
None None NoneNo ne 
N""e 

Gravity + 1 7 S p G  waste 

ANSYS PI1 Element 
57 
77 
97 

117 
137 
157 
i 77 
I ̂ _. 

Section PNNL F-merid PNNL PNNL F-hoop PNNL PNNL M-merid PNNL PNNL M-hoop PNNL 
2 -54.3 -53.3 -2 -2 
3 -54.2 -52.5 -2 -2 
4 -54.5 6 1 . 4  ~1 .6 -2.1 
6 -54.7 ~48.6 ~ 2 . 9  -2.2 
8 -49.7 ~43.1 d 5  -2.6 
9 -48.2 ~39 .7  ~ 1 . 7  -2.2 
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5571 58 I 3.31 6.41 -1.31 0.8 

5971 60 I 5.41 7.81 0.11 0.6 
61 71 61 8.1 I 8.11 -0.51 0.5 

5771 59 61 7.41 -0.51 0.3 

20 -42 51.5 25.1 4.9 
22 -51.1 76.6 45.1 8.9 
24 -51.7 49.5 30.4 6.7 
26 -49.6 28.4 2.8 0.9 
30 -69.7 -13.6 -6.7 -0.9 

-60.8 -37.9 -7  -1.2 33 

Figure A.l. Concrete Forces and Moments, PNNL Slice Model 



Figure A.2. Concrete Forces and Moments, Old Geometly 



Figure A.3. Concrete Forces and Moments, New Geometly 



Figure A.4. Concrete Forces and Moments, New Geometly, PNNL Concrete 



Figure A.5. Concrete Forces and Moments, New Geometq, New J-Bolts 



Figure A.6. Concrete Forces and Moments, No Soil Friction 



Figure A.7. Concrete Forces and Moments, No Dome Friction 



Figure A.8. Concrete Forces and Moments, No Wall Friction 



Figure A.9. Concrete Forces and Moments, Low Soil Friction, Haunch Friction = 0.30 



I I Shear Mnt I- Low soil I 

Figure A.lO. Concrete Forces and Moments, Low Soil Friction, Haunch Friction = 0.05 
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Figure A.l l .  Concrete Forces and Moments, High Soil Friction 

Merid Frc~High Friction Hoop Frc ~ High Friction Shear Frc ~ High Fr~ction Merid Mnt~High Friction Hoop Mnt ~ High Friction 
Path Length soil soil SO81 soil soil 

67.73 36 .7350 ~24.7170 0.4585 2 1 6 2 7  ~4.2690 
105.67 3C.2830 _ , . I _ _ "  " 4  7""- 0.663E 0.49!2 2.8017 
137.07 ~36.1070 ~19.1040 0.6074 a5220 ~2.1803 
1 UZ 85 -35 801 U -152960 U~598U -0 , UJ3 - 1  bUY3 
226.56 -36.1260 - 1  2.1 940 0.5869 -0,1646 -1,2808 
275.57 36.5030 ~6.2783 0.5612 ~ 0 . 0 0 1 8  ~ 1 . 0 1 6 2  
325.69 48.1980 d9.595 0.5001 a7444 a9954 
372.30 -42.0940 -0.6618 0.4714 -2.7962 -1.4697 
423.43 ~46.0040 11.6970 0.4507 4 6 1 3 8  ~2.8210 
468.31 46 .3160 44.1870 0.3233 20.3790 ~2.9595 
515.31 ~69.4820 66.8350 a3579 40.4150 4.1926 
549 73 -76 6280 47 8060 -1~4427 27 7670 39714 
585.82 ~80.6270 29.9850 a0606 7.4109 0.4337 
-*e 117 ea791n 1 Ellno a ?,.,a0 E 3 7 7 0  * E " * *  

1 ,  
0 s 
L 

1060.16 a 0 2 1  0 14,7340 1.0639 7.7437 3.4887 
1109.70 -4.9748 10.31 40 0.834, 2.1856 0.7823 
1155.77 2.2013 10.1 560 0.2802 0.2507 0.1360 
1211.96 5.9432 10.7660 0.0315 0,1500 0.0758 
1261.71 5.9653 10.8430 0.0189 0.0512 0.0368 
1330.56 6.2672 10.8660 ~0.0042 0.1510 0.0719 
1374.86 6.7240 10.6430 ~0.0730 0.0406 0.0327 



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

A W Y S  YAXIMUE BY PATH 

Pago 1 
AY-20-NBESBEC Corn Tar& M a n d  Gravlry-M.xk, FM Max 

Figure A.12. Concrete Forces and Moments, BES-BEC Blrth and Death 



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 

M&D 
J-Bolt 

Radius No. 
Radius 2 
Hadus 3 
Radius d 

Maximum Maximum "la 
Maximum Old Geom - Shear Old Geom - Shear Geom - 

Mean Radius Of J-Bolts Average Old Geom - Axial Force Shear Force1 Shear Force2 Shear 
Bolts per Axial Force Model Force1 Model Force2 Model Force J-Bolt 

Radius mi" max Element (kip) Angle (kip) Angle (kip) Angle (SRSS) 

Included 

44.72 22.361 67.29 0.55 0.64 180.00 0.65 36.00 3.79 171.00 3.84 
89.87 67.291 104.93 0.89 0.24 81 .OO 0.30 126.00 0.73 171.00 0.79 

17""" l"d931 l ? h 9 R  1 "3 n 39 171 nn n "3 36 "" n 87 81 "" n 87 

Comparisons - J Bolts.xls-for reportxls 

Figure A.13. J-Bolt Forces, Old 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 

M&D 
J-Bolt 

Radius No. 
Radius 2 
HadiUS 3 
Radiiia d 

Maximum Maximum NBW 

Maximum New Geom Shear New Geom Shear Geom - 
Mean Radius Of Average New Geom Axial Force Shear Force1 Shear Force2 Shear 

Bolts per Axial Force Model Force1 Model Force2 Model Force J-Bolt 
Radius mi" max Element (kip) Angle (kip) Angle (kip) Angle (SRSS) 

Included 

44.72 22.361 67.29 0.55 0.55 171.00 0.47 45.00 10.86 0.00 10.87 
89.87 67.291 104.93 0.89 0.48 81 .oo 0.37 126.00 0.43 81 .OD 0.57 
17""" l " d 9 R I  1 R h 9 R  1 "3 " 1 8  18""" " "7 l S 3 " "  1 h'l 81 nn 1 hd 

Comparisons - J Bolls.xls-for reportxls 

Figure A.14. J-Bolt Forces, New Geometry 



AY Primary Tank, Best Estimate Soil, Dead Weight Gravity Input, PNNL 
Concrete (5.083e6 psi) Tank Concrete, 422 in. Waste Level at 1.7 SpG 

M&D 
J-Bolt 

RadiuS No. 
Radius 2 
HadiUS 3 
Radius 4 
Radius 5 
Radius 6 
Rirlius 7 
Radius 8 
Radius 9 
Radius 10 
Radius 11 

New tieom ~ e w  tieom Maximum ~ e w  tieom Maximum ~ e w  
PNNL Maximum PNNL Shear PNNL Shear Geom- 

Mean HatiiUs Of J-Uoks Average Concrete - hula1 Force Concrete - Foreel Concrete - Force2 PNNL 
J-Bolt included Bolts per Axial Force Model Shear Model Shear Model Concrete 
RadiuS mi” max Element (kip) Angle Force1 Angle Force2 Angle Shear 

44.72 22.36 67.29 0.55 0.43 171.00 0.37 45.00 5.16 180.00 5.18 
89.87 67.29 104.93 0.89 0.35 81 .oo 0.29 27.00 0.19 9.00 0.35 

120.00 104.93 135.98 1.03 0.15 171.00 0.02 153.00 1.22 81 .oo 1.22 
151.97 135.98 181.01 1.97 0.38 81 .oo 0.01 11 7.00 1.33 81 .oo 1.33 
210.05 181.01 223.79 2.46 0.36 180.00 0.01 126.00 0.65 180.00 0.65 
~~ 73753 223~79 2709R 3~30 0 ~ 3 5  17cnn n~nn 36~00 K R S  R1 Jm 0~R5 
304.43 270.98 318.74 4.04 0.49 180.00 0.01 36.00 0.37 81 .oo 0.38 
333.05 31 8.74 361.64 4.37 0.29 171.00 0.03 36.00 0.94 180.00 0.94 
390.22 361.64 406.24 5.36 0.63 180.00 0.1 1 126.00 1.27 81 .oo 1.27 
422.26 406.24 431.63 3.60 1.23 81 .OO 1.03 126.00 10.92 180.00 10.97 

Comparisons ~ J BoitsAs~for report.nis 

Figure A.15. J-Bolt Forces, New Geometq, PNNL Concrete 



M&D 
J-Bolt 

RadiuS NO. 
Radius 2 
HadiUS 3 
Radius 4 
Radius 5 
Radius 6 
Rirlius 7 
Radius 8 
Radius 9 
Radius 10 
Radius 11 

Comparisons ~ J BoitsAs~for report.nis 

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

New tieom ~ e w  tieom Maximum ~ e w  tieom Maximum ~ e w  
NewJ- Maximum NewJ-  Shear NewJ- Shear Geom- 
Bolts - hula1 Force Bolts - Foreel Bolts - Force2 New J- Mean Radius Of J-UoiIs A",verage 

J-Bolt included Bolts per Axial Force Model Shear Model Shear Model Bolts- 
RadiuS mi" max Element (kip) Angle Force1 Angle Force2 Angle Shear 

44.72 22.36 67.29 0.55 0.97 171.00 0.24 45.00 2.59 180.00 2.60 
89.87 67.29 104.93 0.89 0.24 81 .oo 0.16 36.00 1.39 81 .oo 1.40 

120.00 104.93 135.98 1.03 0.46 171.00 0.03 36.00 1.19 81 .oo 1.19 
151.97 135.98 181.01 1.97 0.40 153.00 0.02 36.00 1.33 81 .oo 1.33 
210.05 181.01 223.79 2.46 0.47 0.00 0.02 126.00 0.95 171.00 0.95 
~~ 73753 223~79 2709R 3~30 0~A5 171~00 0 ~ n A  126~00 K R S  R1 Jm 0~R5 
304.43 270.98 318.74 4.04 0.48 171.00 0.07 126.00 0.33 180.00 0.34 
333.05 31 8.74 361.64 4.37 0.41 171.00 0.15 126.00 1.27 180.00 1.27 
390.22 361.64 406.24 5.36 0.06 171.00 0.33 126.00 1.76 180.00 1.79 
422.26 406.24 431.63 3.60 0.78 81 .oo 0.95 126.00 5.41 180.00 5.49 



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 

M&D 
J-Bolt 

Radius No. 
Radius 2 
Hadus 3 
Radius d 

Maximum Maximum N O  

Maximum No Friction Shear No Friction Shear Friction 
Mean Radius Of J-Bolts Average No Friction Axial Force Soil -Shear Force1 Soil -Shear Force2 Soil - 

Bolts per Soil - Axial Model Force1 Model Force2 Model Shear J-Bolt 
Radius mi" max Element Force (kip) Angle (kip) Angle (kip) Angle Force 

Included 

44.72 22.361 67.29 0.55 2.50 171.00 0.87 90.00 6.40 180.00 6.46 
89.87 67.291 104.93 0.89 0.90 81 .00 0.40 27.00 2.69 171.00 2.72 

17""" l"d931 l ? h 9 R  1 "3 1 7 4  171 nn n R d  " "" n dfi 9" "" n s7 

Comparisons - J Bolts.xls-for reportxls 

Figure A.17. J-Bolt Forces, No Soil Friction 



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 

M&D 
J-Bolt 

Radius No. 
Radius 2 
HadiUS 3 
Radiiia d 

NO wiciton Maximum NO wiciton Maximum NO 
No Friciton Maximum Dome Soil - Shear Dome Soil - Shear Friciton 

Mean Radius Of Average Dome Soil - Axial Force Shear Force1 Shear Force2 Dome 
Bolts per Axial Force Model Force1 Model Force2 Model Soil - J-Bolt 

Radius mi" max Element (kip) Angle (kip) Angle (kip) Angle Shear 

Included 

44.72 22.361 67.29 0.55 2.37 171.00 0.95 90.00 6.55 180.00 6.62 
89.87 67.291 104.93 0.89 0.84 81 .OO 0.42 27.00 2.34 171.00 2.37 

17""" l " d 9 R I  1 R h 9 R  1 "3 1 1s 171 nn " ?R " nn " SR Q" nn " 67 

Comparisons - J Bolls.xls-for reportxls 

Figure A.M. J-Bolt Forces, No Dome Friction 



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 

M&D 
J-Bolt 

Radius No. 
Radius 2 
HadiUS 3 
Radiiia d 

NO wiciton Maximum NO wiciton Maximum NO 
NO Friciton Maximum Wall Soil - Shear Wall Soil - Shear Friciton 

Mean Radius Of J-Bolte Average Wall Soil - Axial Force Shear Force1 Shear Force2 Wall Soil.  
Bolts per Axial Force Model Force1 Model Force2 Model Shear J-Bolt 

Radius mi" max Element (kip) Angle (kip) Angle (kip) Angle Force 

Included 

44.72 22.361 67.29 0.55 0.96 171.00 0.95 90.00 7.96 180.00 8.02 
89.87 67.291 104.93 0.89 0.26 81 .oo 0.56 27.00 1.57 108.00 1.66 

17""" l " d 9 R I  1 R h 9 R  1 "3 " dfi 18""" " 1d 9" nn 1 1 9  171 nn 1 d" 

Comparisons - J Bolls.xls-for reportxls 

Figure A.19. J-Bolt Forces, No Wall Friction 



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 

M&D 
J-Bolt 

Radius No. 
Radius 2 
HadiUS 3 
Radiiia d 

LOW Maximum LOW Maximum LOW 

Mean Radius Of J-Bolte Average Fricilon Axial Force Soil -Shear Force1 Soil -Shear Force2 Soil - 
Bolts per Soil -Axial  Model Force1 Model Force2 Model Shear J-Bolt 

Radius mi" max Element Force (kip) Angle (kip) Angle (kip) Angle Force 

Low Maximum Friciton Shear Friciton Shear Friciton 

Included 

44.72 22.361 67.29 0.55 0.95 171.00 0.97 90.00 7.98 180.00 8.03 
89.87 67.291 104.93 0.89 0.25 81 .oo 0.55 27.00 1.60 108.00 1.69 

17""" l " d 9 R I  1 R h 9 R  1 "3 " dfi 18""" " 1 3  9" nn 1 d" 171 nn 1 d" 

Comparisons - J Bolls.xls-for reportxls 

Figure A.20. J-Bolt Forces, Low Soil Friction 



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 

M&D 
J-Bolt 

RadiuS No. 
Radius 2 
HadiUS 3 
Radius 4 
Radius 5 
Radius 6 
Rirlius 7 
Radius 8 
Radius 9 
Radius 10 
Radius 1 1  

LOW LOW Maximum LOW Maximum LOW 
Friciton Maximum Friciton Shear Friciton Shear Friciton 

Mean HatiiUs OfJ-uoils Average Haunch - hula1 Force Haunch - Foreel Haunch - Force2 Haunch - 
J-Bolt included Bolts per Axial Force Model Shear Model Shear Model Shear 
RadiuS mi” max Element (kip) Angle Force1 Angle Force2 Angle Force 

44.72 22.36 67.29 0.55 1.02 171.00 0.95 90.00 7.91 180.00 7.96 
69.67 67.29 104.93 0.89 0.29 81 .oo 0.54 27.00 1.39 180.00 1.49 
120.00 104.93 135.98 1.03 0.50 180.00 0.14 90.00 1.33 171.00 1.34 
151.97 135.98 181.01 1.97 0.54 171.00 0.10 0.00 1.52 81 .oo 1.53 
210.05 181.01 223.79 2.46 0.57 0.00 0.12 0.00 1.02 171.00 1.03 
~~ 73753 223~79 27(19R 3~30 0~67 171~00 0 ~ 1 1  nnn 1 ~ A R  R1 Jm 1 ~ A R  
304.43 270.98 318.74 4.04 0.75 0.00 0.09 0.00 0.22 90.00 0.23 
333.05 31 8.74 361.64 4.37 0.65 171.00 0.15 72.00 2.91 0.00 2.92 
390.22 361.64 406.24 5.36 0.48 180.00 0.29 81 .oo 1.84 90.00 1.86 
422.26 406.24 431.63 3.60 0.81 90.00 1.63 99.00 7.99 180.00 8.16 

Comparisons ~ J BoitsAs~for report.nis 

Figure A.21. J-Bolt Forces, Low Soil Friction, 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 

M&D 
J-Bolt 

Radius No. 
Radius 2 
HadiUS 3 
Radiiia d 

nigh Maximum nigh Maximum nigh 

Mean Radius Of Average Fricilon Axial Force Soil -Shear  Force1 Soil -Shear  Force2 Soil - 
Bolts per Soil -Axial  Model Force1 Model Force2 Model Shear J-Bolt 

Radius mi" max Element Force (kip) Angle (kip) Angle (kip) Angle Force 

High Maximum Friciton Shear Friciton Shear Friciton 

Included 

44.72 22.361 67.29 0.55 0.86 171.00 0.97 90.00 8.80 180.00 8.85 
89.87 67.291 104.93 0.89 0.22 81 .oo 0.55 27.00 1.79 108.00 1.88 

17""" l " d 9 R I  1 R h 9 R  1 "3 " 47 18""" " 1 3  9" nn 1 ?* 171 nn 13s 

Comparisons - J Bolls.xls-for reportxls 

Figure A.22. J-Bolt Forces, High Soil Friction 



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 

M&D 
J-Bolt 

Radius No. 
Radius 2 
HadiUS 3 
Radiiia d 

Maximum Maximum tl&u- 
Maximum B&D- Shear B&D - Shear Shear 

Axial Force Shear Force1 Shear Force2 Force 
Mean Radius of J-Bolts Average 

Bolts per B&D -Axial Model Force1 Model Force2 Model (SRSS) J-Bolt 
Radius mi" max Element Force (kip) Angle (kip) Angle (kip) Angle (kip) 

Included 

44.72 22.361 67.29 0.55 1.35 171.00 0.86 0.00 3.14 180.00 3.25 
89.87 67.291 104.93 0.89 1.04 81 .OO 0.05 27.00 1.96 99.00 1.96 

17""" l " d 9 R I  1 R h 9 R  1 "3 " 1 9  171 nn " "R le?""  "sa 171 nn " 9d 

Comparisons - J Bolls.xls-for reportxls 

Figure A.23. J-Bolt Forces, Soil Birth and Death 



MhD 
Starling 

M&D 
Element 

NO. Palh 

Primary Tank Component Stress Results 
Old Geom 

LNSYS MAXIMUMS BY PATH 
Shell Top Surface (outside - away from waste) 

1 1 1 
Phase I1 2D HV 

aiamic Hoop Stress 
Iklpmn21 
157.90 
173.90 
155.80 
172.90 
116.30 
143.70 
71.96 
43.64 
34.11 
429.80 
564.80 
338.43 
560.20 
1058.00 
1362.00 
1411.00 
1492.00 
1840.00 
1129.M m 2u.8p 

258.M * 
O.M 
Iol. 1: MemneJ. 1 
lote 2 Underlined re! 

MaD Prdessionai S B N ~ C B S  Cmfideniiai 
1212112005 

Phase I1 20 HV 
Ssismic Thru- 

Thickness Sheer 
Stress (kipinA2) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
n.w 

A A 

A A 
A 
A 

- 
Page 1 
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Figure A.24. Primruy Tank Stresses, Shell Top, Old Geometly 
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Figure A.25. Primary Tank Stresses, Shell Middle, Old Geometq 
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Figure A.26. Primary Tank Stresses, Shell Bottom, Old Geometry 
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Figure A.27. Primruy Tank Stresses, Shell Top, New Geometry 
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Figure A.28. Primary Tank Stresses, Shell Middle, New Geometq 



-r 
St.nl”g 

M&D 
Element MhO I 

vrimary ‘lank component stress Kesults 

Linear Model 

(NSYS MAXIMUMS BY PATH 
Shell Bouom Surtace (Inside - w a n e  side) 

Phase I1 20 HV 
ieiomic HOOP Stresr 

Iklpm~zl 
143.90 
151.30 
:51.50 
131.90 
132.10 
92.54 
82.21 
45.62 
113.00 
83.32 
167.60 
291.70 
564.30 
1077.00 
1652.00 
1339.00 
1813.00 
1338.00 
285 00 
441w 
420 sa * 3 B k  
A 
291.2p - 
Mte 1’ Mendonat 6 
lole 2. Under in& I 

MaD Professional S B N ~ C B S  Confidential 
1212112005 

Phase I1 2 0  HV Phase I1 2D HV Phase I1 2 0  HV Phase I1 2 0  HV 
Phase I 1  2 0  HV 

A M  

0. and Shear Stresses are Reversed In HbhIiQhted Sections Fmr) 
uns indicate a reversal Of inside fbomom) and Outride ftw) surfaces in the floor 

Page 6 
Comparisons - Pri Tank-lor repon.xis. Stress Max-3 

Figure A.29. Primary Tank Stresses, Shell Bottom, New Geometry 
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Figure A.30. Primary Tank Stresses, Shell Top, New Geometry, PNNL Concrete 
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Figure A.31. Primruy Tank Stresses, Shell Middle, New Geometly, PNNL Concrete 
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Figure A.32. Primary Tank Stresses, Shell Bottom, New Geometq, PNNL Concrete 
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Figure A.33. Primary Tank Stresses, Shell Top, New Geometry, New J-Bolts 
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Figure A.34. Primary Tank Stresses, Shell Middle, New Geometry, New J-Bolts 
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Figure A.35. Primary Tank Stresses, Shell Bottom, New Geometq, New J-Bolts 
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Figure A.36. Primruy Tank Stresses, Shell Top, New Geometly, No Soil Friction 
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Figure A.37. Primary Tank Stresses, Shell Middle, New Geometry, No Soil Friction 
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Figure A.38. Primruy Tank Stresses, Shell Bottom, New Geometly, No Soil Friction 
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Figure A.39. Primruy Tank Stresses, Shell Top, New Geometry, No Dome Soil Friction 
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Figure A.40. Primary Tank Stresses, Shell Middle, New Geometq, No Dome Soil Friction 
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Figure A.41. Primary Tank Stresses, Shell Bottom, New Geometry, No Dome Soil Friction 
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Figure A.42. Primary Tank Stresses, Shell Top, New Geometq, No Wall Soil Friction 
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Figure A.43. Primruy Tank Stresses, Shell Middle, New Geometly, No Wall Soil Friction 
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Figure A.44. Primary Tank Stresses, Shell Bottom, New Geometry, No Wall Soil Friction 
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Figure A.45. Primary Tank Stresses, Shell Top, New Geometq, Low Soil Friction 
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Figure A.46. Primary Tank Stresses, Shell Middle, New Geometly, Low Soil Friction 
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Figure A.47. Primary Tank Stresses, Shell Bottom, New Geometry, Low Soil Friction 
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Figure A.48. Primary Tank Stresses, Shell Top, New Geometry, Low Soil Friction Haunch 
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Figure A.49. Primruy Tank Stresses, Shell Middle, New Geometry, Low Soil Friction Haunch 
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Figure A.50. Primary Tank Stresses, Shell Bottom, New Geometq, Low Soil Friction Haunch 



primary 'l'ank Component stress Kesults 
Wall & Dome Soil - High Friction 
ANSYS MAXIMUMS BY PATH 

I I She!! Ten Su.t*ce !er?tside - pi%... !re- I 

I 
I 
I 

I 
I 

I 
I 

I 
I 

I 
M80 

M80 Phase I1 20 HV Phase I1 20 HV Seismic Thru- Seismic In-Plane 
Starting Phase I1 20 HV Phase I1 2 0  HV 

Element 
NO. 

Seismic Hoop Stress Selsmlc Meridlonal Thickness Stress Shear Stress 
(kipIft*Z) Stress (kipIft*Z) (kipIlt'2) (kipIft*Z) 

761 89.72 150.30 229.40 0.00 32.33 
761 127.48 166.90 269.90 0.00 31.29 
601 158.68 169.00 260.30 0.00 30.42 
R21 204.ld I6"s" 2% 3" 0 "0 8" no 
641 247.52 146.00 267.00 0.00 30.32 
661 296.07 125.40 291.60 0.00 29.49 
661 345.70 92.36 272.70 0.00 26.51 
901 391.94 29.47 212.40 0.00 27.06 
921 441.79 1 1  6.30 203.20 0.00 22.12 
941 466.30 297.90 385.10 0.00 7.23 
961 492.29 256.20 l l i . 0 0  0.00 3.81 
981 529.85 351.80 129.20 0.00 1.05 

1021 650.76 1070.00 9.03 0.00 0.84 

" ~" ".," " ̂ ^ "."" - "" 3 2 . i o  _I.1L 
.^^. C^^^. ,"", 

Note 2: Underlined results indicate a reversal Of inside rbotttoml and Outside r t o ~ l  suI1 

i"i8D ProieIIlona, sew,... ionildemai 
12/21 I2005 Page 29 

I 

Phase I1 20 HV Phase I1 20 HV 

"."< 
2.39 0.0, 

8s in the floor 

Figure A.51. Primary Tank Stresses, Shell Top, New Geometly, High Soil Friction 
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Figure A.52. Primary Tank Stresses, Shell Middle, New Geometq, High Soil Friction 
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Figure A.53. Primruy Tank Stresses, Shell Bottom, New Geometly, High Soil Friction 
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Figure A.54. Primruy Tank Stresses, Shell Top, New Geometry, Birth and Death 
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8s in the floor 

Figure A.55. Primary Tank Stresses, Shell Middle, New Geometq, Birth and Death 



primary 'l'ank Component stress Kesults 
Birth & Death - Wall & Dome Soil Spr 
ANSYS MAXIMUMS BY PATH 

I I She!! E"!!"!!? Sur?=ee !]!!side - *YI?ste si 

I 
I 
I 

I 
I 

I 
I 

I 
I 

I 
M80 

M80 Phase I1 20 HV Phase I1 20 HV Seismic Thru- Seismic In-Plane 
Starting Phase I1 20 HV Phase I1 2 0  HV 

Element 
NO. 

Seismic Hoop Stress Selsmlc Meridlonal Thickness Stress Shear Stress 
(kipIft*Z) Stress (kipIft*Z) (kipIlt'2) (kipIft*Z) 

761 89.72 326.00 294.00 0.00 1.45 
761 127.48 300.90 446.00 0.00 0.75 
601 158.68 295.40 322.20 0.00 0.70 
R21 204.ld 242 4" 419 sn 0 "0 " 7" 
641 247.52 235.60 274.40 0.00 0.81 
661 296.07 150.30 367.60 0.00 1.17 
661 345.70 129.00 215.40 0.00 2.10 
901 391.94 31.88 341.60 0.00 2.25 
921 441.79 41.94 205.10 0.00 2.16 
941 466.30 196.50 399.30 0.00 1.98 
961 492.29 456.10 245.00 0.00 1.12 
981 529.85 237.60 51.61 0.00 1.58 

1021 650.76 1086.00 66.35 0.00 1.87 

. "_ , .od " ̂ ^ "."" .^^. C^^^. _^" ^^ _ _  ^. ,"", 

Note 2: Underlined results indicate a reversal Of inside rbotttoml and Outside r t o ~ l  suI1 

i"i8D ProieIIlona, sew,... ionildemai 
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Figure A.56. Primary Tank Stresses, Shell Bottom, New Geometry, Birth and Death 
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Appendix B 

Arching Study 



Case 1 
Tank AY, 422 In Waste Level 

SpG.1.7 
MU=0.5. E=250 KSF 

M&D Professional Sewices Confidential 
31912006 Page 1 

Arching Study, Case 1, Sail Pressures Grauity.xls, FM Max 

Figure B.l .  Case 1, Soil Pressures 



Case 1 
Tank AY, 422 In Waste Level 

Mu=05, E=250 KSF 
SpG4.7 

MAD Pmfsasbnel Servlcee M l d e m l a l  
91812006 

M r q  Siurhj, Caae 1, Corn T& Selmlc Demand Summary.x$, FM Max 

Figure B.2. Case 1, Concrete Forces and Moments 



Case 1, Tank AY, 422 In Waste Level, SpG4.7, Hk0.5, E d 5 0  KSF 

15621 1Ys582 I 440.56 I 466.18 I am I I 12124  
13821 1e51.87 I 431.53 488.06 0.W -iim 
14021 1e84.82 1 381.11 1 440.00 ROO I 220.80 

Note 1 : Meddonal. Hmo. and shear msses  are R%versed in Hiohliohted Seelions moDrl 

M&D processional Servlces Confidential 
3412006 Page 1 

Arching Study, Cas-? 1 Pri Tank Seismic Stress.xis, Stress Max 

Figure B.3. Case 1, Primary Tank Stresses, Mid-Plane 



Case 2 
Tank Kf, 422 in Wasie ievei 

SpG.1.7 
Mu=O.O6, E.250 KSF 

W 
b 

I 24.00 I -1.57 I 930.54 I 8.35 I 8.05 6.42 

M&D Prolessionai Services Confidential 
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Arching Study, Case 2, Soil Pressures Gravity.xis. FM Max 

Figure B.4. Case 2, Soil Pressures 



Case 2 
Tank AY, 422 In Waste Level 

Mu=O.6, E=250 KSF 
SpG4.7 

M r q  Wdj, Caae 2, Corn T& Selmlc Demand Summary.x$, FM Max 

Figure B.5. Case 2, Concrete Forces and Moments 



Case 2, Tank AY, Waste Level 422 In, SpG4.7, Mw0.6, E=250 KSF 
I 

yow1' Meridonal. Hoop, and Shear Stresses are Ravemadin Hlghlightsd Secaans (Floor) 
HOW 2: Urderllned results lndlrate a reversal of inside m m )  and outside (top) surfaces in tw floor - 

Arehlng Study, Cmse2, Ri Tank Selsmlc Sasssxk, S t w  Max 

Figure B.6. Case 2, Primary Tank Stresses, Mid-Plane 



Case 3 
Tank Kf, 422 in Wasie ievei 

SpG.1.7 
Mu.0.7, E.250 KSF 

-1.57 I 930.54 I 8.63 I 7.88 6.47 

M&D Prolessionai Services Confidential 
31912006 Page 1 

Arching Study, Case 3, Soil Pressures Gravity.xls. FM Max 

Figure B.7. Case 3, Soil Pressures 



w 
00 

Case 3 
Tank AY, 422 I n  Waste Level 
SpG=1.7 
Mu=0.7, E=SO KSF 

A W Y S  YAXIMUE BY PATH 

Noie UefidonaVHwp Fwcas and MendonaUHq Mansntsare Rsversed in Highlighted S6-aons. 

Pago 1 
Arcl-ing w, Case 3, Conc Tank Geimic Demand Surnrnarpk, FM Max 

Figure B.S. Case 3 ,  Concrete Forces and Moments 



w 
# 

Case 3, Tank AY, 422 In Waste Level, SpG=1 .7, Muz0.7, E=250 KSF 
I 

yow1' Meridonal. Hoop, and Shear Stresses are Ravemadin Hlghlightsd Secaans (Floor) 
Noto 2: Urderllned results lndlrate a reversal of inside m m )  and outside (top) surfaces in tw floor - 

Page i 
A M l n g  Wdy Case 3, Ri Tank Selsmlc S w x l s ,  Strass Max 

Figure B.9. Case 3 ,  Primary Tank Stresses, Mid-Plane 



Case 4 
Tank Kf, 422 in Wasie ievei 

SpG.1.7 
Mu.0.8, E.250 KSF 

I 24.00 I -1.57 I 930.54 I 10.52 I 6.83 6.42 

M&D Prolessionai Services Confidential 
3/9/2006 Page 1 

Arching Study, Case 4, Soil Pressures Gravity.xis. FM Max 

Figure B.lO. Case 4, Soil Pressure 



Case 4 
Tank AY, 422 In Waste Level 

Mu=0.8, E=250 KSF 
SpG4.7 

M r q  Siuthj, Caae 4, Corn T& Selmlc Demand Summary.xla, FM Max 

Figure B.11. Case 4, Concrete Forces and Moments 



*: Underlinsd m l t s  indicate a reversal of inside @otrrom) and ovtside (tcp) surkes  in the floor 

M&D processional Servlces Confidential 
3412006 Page 1 

Arching Sludy, Case 4. Pri Tank Seismic Stress.xIs, Stress Max 

Figure B.12. Case 4, Primary Tank Stresses, Mid-Plane 



Case 5 
Tank AY, 422 In Waste Level 

SpG4.7 
Mu.0.7, E.9958 KSF (Original) 

Soil 
AY Mean Soil 

Uncracked 
concrete case 5, 
Mu=0.7. E=Oria 

Soil 
AY Mean Soil 

Uncracked 
concrete cas 5, Active Active 

M&D Professional Services Confidential 
31912006 

Arching Study, Case 5, Soil Pressures Gravity.xIs, FM Max 
Page 1 

Figure B.13. Case 5 ,  Soil Pressures 

Depth Angle(rad Path (psi) Pressure (psi) Pressure (psi) 33 deg (psi) 49 deg (psi) 
566.00 -0.04 67.73 5.70 3.61 7.12 0.13 7.11 7.11 
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 



Case 5 
Tank AY, 422 I n  Waste Level 
SpG=1.7 
Mw0.7, E 3 9 5 8  KSF (Original) 

PMNL 

Pago 1 
Arcl-ing w, Case 5, Conc Tank Geimic Demand Surnrnarpk, FM Max 

Figure B.14. Case 5 ,  Concrete Forces and Moments 



Case 5, Tank AY, 422 In Watse Level, SpG4.7, Mw0.7, E=9958 KSF {Orlglnal) 
She!! ?.?ld-Plarre 

m. Msridonal. Hoop, and Shear Stresses am Reversedin t m2. Underlined results indicate areversal of inside @U?mn) I.I mlside (top) wrlaoes in the Now 
iht&Sechs ( F W  

A M l n g  study, Case 6, Ri Tank Selsmlc Strsz%xls, S t w  Mux 

Figure B.15. Case 5, Primary Tank Stresses, Mid-Plane 



Case 5a 
Tank Kf, 422 in Wasie ievei 

SpG.1.7 
Mu.0.7, E.1000 KSF 

I 24.00 I -1.57 I 930.54 I 8.08 I 7.92 6.42 

M&D Prolessionai Services Confidential 
31912006 Page 1 

Arching Study. Case 5% Soil Pressures Gravity.xis. FM Max 

Figure B.15b. Case 1, Soil Pressures 



Case Sa 
Tank AY, 422 I n  Waste Level 
SpG=1.7 
Mu=0.7, E=l 000 KSF 

A W Y S  YAXIMUE BY PATH 

PMNL 

Pago 1 
Mchirq sludy, Case 5a, ConcTank Seimlc Demand Surnrnarpk, FM Max 

Figure B.16. Case 5a, Concrete Forces and Moments 



Case 5a, Tank AY, 422 In Waste Level, SpG4.7, Mud.7, E4000 KSF 
She!! ?.?:d-P!ane 

m. Msridonal. Hoop, and Shear Stresses am Reversedin t m2. Underlined results indicate areversal of inside @U?mn) I.I mlside (top) wrlaoes in the Now 
iht&Sechs ( F W  

h h l n g  Stuw, Case ba, Ri Tank SelsmlcSasssxk, S t w  Max 

Figure B.17. Case 5a, Primary Tank Stresses, Mid-Plane 



Case 9 
Tank Kf, 422 in Wasie ievei 

SpG.1.7 
Mu.0.2, 0.6, E.250 KSF 

I 24.00 I -1.57 I 930.54 I 11.22 I 13.52 I 6.42 

M&D Prolessionai Services Confidential 
31912006 Page 1 

Arching Study, Case 9, Soil Pressures Gravity.xis. FM Max 

Figure B.18. Case 9, Soil Pressures 



W 
h, 
0 

Case 9 
Tank AY, 422 I n  Waste Level 
SpG=1.7 
Mu=0.2,0.6, E=250 KSF 

PMNL 

Pago 1 
Arcl-ing w, Case 9, Conc Tank Geimic Demand Surnrnarpk, FM Max 

Figure B.19. Case 9, Concrete Forces and Moments 



Case 10 
Tank Ar, 422 in waste Level 

Mu=0.2,0.6, E.250 KSF, Best Estimate Concrete 
SpG4.7 

I 24.00 I -1.57 I 930.54 I 12.47 I 12.40 6.42 

M&D Prolessionai Services Confidential 
31912006 Page 1 

Arching Study. Case 10, Soil Pressures Gravity.xis. FM Max 

Figure B.20. Case 10, Soil Pressures 



Case 10 
Tank AY, 422 In Waste Level 

Mu=0.2,0.6, E250 KSF, Best Estimate Concrete 
SpG4.7 

ArcWng W d y ,  C&m lo,  Corn T& Selmlc Demand Summary.x$, FM Max 

Figure B.2 1. Case 10, Concrete Forces and Moments 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

File Listing 
Volume in drive C 1s 600GB 2xRAIDO 
Volume Serial Nuder 1s 8785-3B22 

Directory of C:\Users\Bruce\2008-000 PNNL\2008-004 ANSYS\Soil Arching 

03/09/2006 12:20 PM <DIR> 
03/09/2006 12:20 PM <DIR> . .  
03/09/2006 12:15 PM <DIR> case 1 
03/09/2006 12:19 PM <DIR> case 10 
03/09/2006 12:15 PM <DIR> case 2 
03/09/2006 12:16 PM <DIR> case 3 
03/09/2006 12:16 PM <DIR> case 4 
03/09/2006 12:16 PM <DIR> case 5 
03/09/2006 12:16 PM <DIR> case 5a 
03/09/2006 12:18 PM <DIR> case 9 
01/19/2006 02:35 PM 462,848 Soil Arching Study ~ Primary Tank.xls 
10/04/2005 11:38 AM 17,920 Soil Arching Study.doc 
08/24/2005 02:35 PM 224,768 Soil Archinq Study.xls 
01/06/2006 03:36 PM 347,648 Soil Contact Pressure.xls 
03/09/2006 12:20 PM 0 SOIl-ArChing-LISt.txt 
03/09/2006 10:40 AM 207,315 soil-arch-files.txt 

6 Filejs) 1,260,499 bytes 

Directory of C:\Users\Bruce\2008-000 PNNL\2008-004 ANSYS\Soil Arching\Case 1 

03/09/2006 12:15 PM 
03/09/2006 12:15 PM 

<DIR> 
<DIR> 

07/01/2005 11:43 AM 
03/09/2006 11:30 AM 
03/08/2006 03:39 PM 

159 
8,210,944 
3,181,568 

All-Forces.txt 
Arching Study, Case 1 Pri Tank Seismic Stress.xls 
Arching Study, Case 1, Conc Tank S e i s m i c  Demand 

Arching Study, Case 1, Soil Pressures Gravity.xls 
Bolts-friction.txt 
Boundary.txt 
connectlons.txt 
Contact-Soll.txt 
Far-Soil.txt 
file.BCS 
flle.db 
file.dbb 
file . emat 

sumary.x1s 
03/09/2006 08:05 AM 
08/23/2005 03:27 PM 
06/09/2005 01:59 PM 

818,688 
5,766 

262 
06/09/2005 02:28 PM 
09/02/2005 10:05 AM 
06/23/2005 01:26 PM 
08/24/2005 09:42 AM 

350 
610 

8,149 
2, 998 

08/24/2005 09:42 AM 
08/24/2005 09:42 AM 
08/24/2005 09:42 AM 

30,539,776 
53,411,840 
11.993.088 

03/08/2006 04:12 PM 
08/24/2005 09:42 AM 
08/24/2005 09:42 AM 
08/24/2005 09:41 AM 

. .  
228,321 

82,116,608 
22,085,632 

260,462 

flle.err 
file. esav 
flle.f"ll 
file. ldhi 

03/09/2006 09:03 AM 
08/24/2005 09:42 AM 

242,238 
1,467 

file. l o g  
file.mntr 

08/24/2005 09:41 AM 
08/24/2005 09:42 AM 
08/24/2005 09:42 AM 
08/24/2005 09:31 AM 
08/24/2005 09:42 AM 

82,116,608 
739 

82,903,040 
30,474,240 
31,850,496 

file. osav 
file. PVTS 
flle.rO01 
flle.rdb 
file. rst 

12/22/2005 04:19 PM 
12/22/2005 04:20 PM 

151,147 
112.405 

flleoOo.]pg 
flleOol.]pg 
flle002.]pg 
Footing-Contact.txt 

01/05/2006 11:28 AM 
06/20/2005 08:OO AM 
04/06/2005 08:24 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

182,057 
3,484 

894 
4,996 
7,050 

Force-c.txt 
Force-c~lO8amax.OUT 
Force-c 108ath.OUT 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

14,716 
13.770 

Force-cIlO8max .OUT 
Force-c~lO8th.OUT 
Force-c~ll7amax.OUT 
Force-c~ll7ath.OUT 
Force-c~ll7max.OUT 
Force-c~ll7th.OUT 
Force-c~l26amax.OUT 
Force-c~l26ath.OUT 
Force-c~l26max.OUT 
Force-c~l26th.OUT 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

4,996 
7,050 
14,716 
13,770 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

4,996 
7,050 
14,716 
13,770 

B.23 
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08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

4,996 
I, 050 

Force-c~l35arnax.OUT 
Force-c~l35ath.OUT 
Force-c~l35rnax.OUT 
Force-c~l35th.OUT 
Force-c-144arnax.OUT 
Force-c-144ath.OUT 
Force-c~l44rnax.OUT 
Force-c-144th.OUT 
Force-c~l53arnax.OUT 
Force-c~l53ath.OUT 
Force-c~l53rnax.OUT 
Force-c~l53th.OUT 
Force-c~l62arnax.OUT 
Force-c~l62ath.OUT 
Force-c~l62rnax.OUT 
Force-c~l62th.OUT 
Force-c~lIlarnax.OUT 
Force-c~l1lath.OUT 
Force-c~lIlrnax.OUT 
Force-c~lIlth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~2Iarnax.OUT 
Force-c~2Iath.OUT 
Force-c~2Irnax.OUT 
Force-c-2Ith.OUT 
Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~I2arnax.OUT 
Force-c~I2ath.OUT 
Force-c~I2rnax.OUT 
Force-c-12th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c-9th.OUT 
Force-i-bolt.txt 
FOrCeCl.txt 
Forces-9.txt 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

14,116 
13, I10 
4.996 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

I, 050 
14,116 
13, I10 
4,996 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

I, 050 
14,116 
13. I10 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

4,996 
I, 050 
14,116 
13, I10 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

4,996 
I, 050 
14.116 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

13, I10 
4,996 
I, 050 
14,116 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

13, I10 
4,996 
7.050 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

14,116 
13, I10 
4,996 
I, 050 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

14,116 
13, I10 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

4,996 
I, 050 
14,116 
13, I10 
4,996 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

I, 050 
14.116 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

13, I10 
4,996 
I, 050 
14,116 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

13, I10 
4,996 
7.050 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

14,116 
13, I10 
4,996 
I, 050 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

14,116 
13, I10 
4.996 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

I, 050 
14,116 
13, I10 
4,996 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

I, 050 
14,116 
13. I10 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

4,996 
I, 050 
14,116 
13, I10 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

4,996 
1,118 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
06/20/2005 10:53 AM 
06/01/2005 11:11 AM 
09/15/2004 01:31 AM 

14,116 
13,898 

661 
516 

4,516 
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05/26/2005 08:18 AM 
08/24/2005 09:50 AM 

288 
441,856 

grav1ty-post.txt 
import-0-90.xls 
import-99-180.xls 
1nsu1ate.txt 
1nterface-gap.txt 
1nterface-gapl.txt 
1nterface-spr.txt 
1nterface.txt 
Interface2.txt 
Interface2a.txt 
Llner.txt 
1ive-load.txt 
Near-Soil-l.txt 
outer-spar. txt 
Primary-Props-AP.txt 
Primary-Props-AY.txt 
Primary-Props.txt 
Primary. txt 
OA.out 

08/24/2005 09:5l AM 
07/15/2005 02:21 PM 
07/21/2005 12:20 PM 

442,368 
1,590 
1.430 

08/24/2005 09:28 AM 
05/02/2005 02:05 PM 
06/07/2005 01:16 PM 
05/13/2005 02:02 PM 

3,481 
689 
882 

1, 926 
05/25/2005 03:37 PM 
06/01/2005 01:17 PM 
05/02/2005 02:19 PM 

1,793 
1,708 

667 
06/21/2005 02:15 PM 
04/20/2005 01:14 PM 
07/01/2005 11:29 AM 
08/24/2005 09:21 AM 

5,714 
508 

4,860 
4,715 

02/17/2005 04:24 PM 
07/26/2005 02:26 PM 
08/24/2005 09:31 AM 

4,742 
1,538 

461.652 
07/10/2005 06:32 AM 
03/26/2004 01:16 PM 
08/24/2005 09:42 AM 
08/24/2005 09:22 AM 

19,730 
2, 689 

3,008,641 
1,454 

- 
RS-OUT-Soil.txt 
RS-FREQ.txt 
Run-Tank-0ut.out 
Run-Tank.txt 
scratch.hlp 
se1ect.txt 
Slave .  txt 

01/05/2006 11:26 AM 
05/17/2005 12:15 PM 
02/11/2005 01:22 PM 

0 
28 

1.053 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 616 
6, 940 
6, 616 
6, 940 

SO~l~COntact~l08max.OUT 
Soil~Contact-lO8th.OUT 
Soil-Contact 117max.OUT 
S01l~C0nta~tI117th.OUT 
SOII~COntact-126max.OUT 
Soil-Contact 126th.OUT 

09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 616 
6, 940 

09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 616 
6, 940 
6, 616 
6, 940 
6, 616 

09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 940 
6. 616 

09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 940 
6, 616 
6, 940 
6, 616 

09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 940 
6, 616 
6. 940 

09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 616 
6, 940 
6, 616 
6, 940 

09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 616 
6, 940 
6. 616 

09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 940 
6, 616 
6, 940 
6, 616 
6, 940 
6, 616 
6. 940 

09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 616 
6, 940 
6, 616 
6, 940 

09/06/2005 02:07 PM 
09/06/2005 02:07 PM 

6, 616 
7,068 

08/24/2005 09:28 AM 
07/28/2004 10:36 AM 
12/16/2005 01:42 PM 
12/16/2005 01:43 PM 
05/03/2005 02:25 PM 

4,104 
3,911 

149,504 
149,504 

217 
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08/19/2005 01:17 PM 
08/19/2005 07:42 AM 

1, 684 
1,459 

06/20/2005 08:26 AM 
06/20/2005 09:04 AM 
06/20/2005 08:52 AM 

651 
647 
679 

08/24/2005 01:04 PM 
08/24/2005 01:04 PM 
08/24/2005 01:04 PM 
08/24/2005 01:05 PM 

350,208 
351,744 
350,720 
350,720 

08/24/2005 01:05 PM 
08/24/2005 01:05 PM 
08/23/2005 02:52 PM 

351,744 
350,720 

566 
08/23/2005 02:53 PM 
08/23/2005 02:53 PM 
04/13/2005 07:38 AM 
08/24/2005 11:57 AM 

566 
566 
205 

16,237 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

16,237 
16,237 
17.205 

08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:57 AM 

17,205 
17,205 
16,237 
16,237 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:57 AM 

16,237 
17,205 
17.205 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

17,205 
16,237 
16,237 
16,237 

08/24/2005 11:57 AM 
08/24/2005 11:57 AM 

17,205 
17,205 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

17,205 
16,237 
16,237 
16,237 
17,205 

08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

17,205 
17.205 

08/24/2005 11:57 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

16,237 
16,237 
16,237 
17,205 

08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

17,205 
17,205 
16.237 

08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:57 AM 

16,237 
16,237 
17,205 
17,205 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:57 AM 

17,205 
16,237 
16.237 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

16,237 
17,205 
17,205 
17,205 

08/24/2005 11:57 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

16,240 
16,240 
16.240 

08/24/2005 11:57 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

17,303 
17,303 
17,303 
16,240 

08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

16,240 
16,240 

08/24/2005 11:57 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

17,303 
17,303 
17,303 
16,237 
16,237 
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08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

16,237 
17,205 

Stress~pt-18max~t.OUT 
Stress-pt-18th-b.OUT 
Stress-pt-18th-m.OUT 
Stress-pt-18th-t.OUT 
Stress~pt-27max~b.OUT 
Stress~pt-27max~m.OUT 
Stress~pt-27max~t.OUT 
Stress-pt-27th-b.OUT 
Stress-pt-27th-m.OUT 
Stress-pt-27th-t.OUT 
Stress~pt-36max~b.OUT 
Stress~pt-36max~m.OUT 
Stress~pt-36max~t.OUT 
Stress-pt-36th-b.OUT 
Stress-pt-36th-m.OUT 
Stress-pt-36th-t.OUT 
Stress~pt-45max~b.OUT 
Stress~pt-45max~m.OUT 
Stress~pt-45max~t.OUT 
Stress-pt-45th-b.OUT 
Stress-pt-45th-m.OUT 
Stress-pt-45th-t.OUT 
Stress~pt-54max~b.OUT 
Stress~pt-54max~m.OUT 
Stress~pt-54max~t.OUT 
Stress-pt-54th-b.OUT 
Stress-pt-54th-m.OUT 
Stress-pt-54th-t.OUT 
Stress~pt-63max~b.OUT 
Stress~pt-63max~m.OUT 
Stress~pt-63max~t.OUT 
Stress-pt-63th-b.OUT 
Stress-pt-63th-m.OUT 
Stress-pt-63th-t.OUT 
Stress~pt-72max~b.OUT 
Stress~pt-72max~m.OUT 
Stress~pt-72max~t.OUT 
Stress-pt-72th-b.OUT 
Stress-pt-72th-m.OUT 
Stress-pt-72th-t.OUT 
Stress~pt-8lmax~b.OUT 
Stress~pt-8lmax~m.OUT 
Stress~pt-8lmax~t.OUT 
Stress-pt-8lth-b.OUT 
Stress-pt-8lth-m.OUT 
Stress-pt-8lth-t.OUT 
Stress~pt-90max~b.OUT 
Stress~pt-90max~m.OUT 
Stress~pt-90max~t.OUT 
Stress-pt-90th-b.OUT 
Stress-pt-90th-m.OUT 
Stress-pt-90th-t.OUT 
Stress~pt-99max~b.OUT 
Stress~pt-99max~m.OUT 
Stress~pt-99max~t.OUT 
Stress-pt-99th-b.OUT 
Stress-pt-99th-m.OUT 
Stress-pt-99th-t.OUT 
Stress-pt-9max-b.OUT 
Stress-pt-9max-m.OUT 
Stress-pt-9max-t.OUT 
Stress-pt-9th-b.OUT 
Stress-pt-9th-m.OUT 
Stress-pt-9th-t.OUT 
Stress-Soll.txt 
Tank~C00rdinateS~AP.txt 
Tank~C00rdinateS~AY.txt 
Tank-Coordinates.txt 
Tank-Meshl. txt 
tank-out. out 
Tank-Props-BEC-25O.txt 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

17,205 
17,205 
16.237 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

16,237 
16,237 
17,205 
17,205 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

17,205 
16,237 
16.237 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

16,237 
17,205 
17,205 
17,205 

08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

16,237 
16,237 
16.237 

08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

17,205 
17,205 
17,205 
16,237 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

16,237 
16,237 
17.205 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

17,205 
17,205 
16,237 
16,237 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

16,237 
17,205 

08/24/2005 11:56 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

17,205 
17,205 
16,237 
16,237 
16,237 

08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

17,205 
17.205 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

17,205 
16,237 
16,237 
16,237 

08/24/2005 11:57 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

17,205 
17,205 
17.205 

08/24/2005 11:57 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

16,237 
16,237 
16,237 
17,205 

08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 

17,205 
17,205 
16.237 

08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:57 AM 

16,237 
16,237 
17,205 
17,205 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 

17,205 
16,237 
16.237 

08/24/2005 11:56 AM 
08/24/2005 11:57 AM 
08/24/2005 11:56 AM 
08/24/2005 11:56 AM 

16,237 
17,333 
17,333 
17,333 

09/20/2005 09:37 AM 
07/14/2005 12:58 PM 

610 
3, 667 

08/24/2005 09:21 AM 
07/18/2005 09:58 AM 
05/25/2005 03:32 PM 
08/24/2005 09:30 AM 
02/25/2005 02:24 PM 

3,666 
3,476 
2,512 

102 
5,406 
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5,407 Tank-Props. txt 
3,007 Tank-th.out 
63,236 test-th-2d.out 
41,470 TH~266~Mean~Geo~V.txt 
41.472 TH-266-Mean-Geo.txt 

08/19/2005 10:13 AM 
08/24/2005 09:31 AM 
08/24/2005 09:42 AM 
05/16/2005 03:40 PM 
05/13/2005 10:57 AM 
08/22/2005 08:37 AM 
08/22/2005 02:11 PM 

4,252 Waste-solid-AP.txt 
3,568 Waste-solid-AY.txt 

332 Filejs) 451,017,355 bytes 

Directory of C:\Users\Bruce\2008-000 PNNL\2008-004 ANSYS\Soil Arching\Case 10 

03/09/2006 12:19 PM <DIR> 
03/09/2006 12:19 PM 
09/27/2005 03:47 PM 
12/16/2005 02:56 PM 
03/09/2006 09:38 AM 

<DIR> 
99 

53,346,304 
3,206,656 

. .  
All-Forces.txt 
ansabort .db 
Arching Study, Case 10, Conc Tank Seismic Demand 

Arching Study, Case 10, Soil Pressures Gravity.xls 
BOltS~FriCtiOn~TeSt.txt 
BOltS-FriCtiOn.txt 
Boundary.txt 
connectlons.txt 
Contact-AP.txt 
Contact-AY.txt 
Contact-Footing.txt 
contact-1nsu1.txt 
Contact-J-Bolts.txt 
Contact-Primary.txt 
Contact-Soll.txt 
Contact-Waste-AP.txt 
Contact-Waste-AY.txt 
Far-Soil.txt 
file.BCS 
flle.db 
file.dbb 
file . emat 
flle.err 
file. esav 
flle.f"ll 

sumary.x1s 
03/09/2006 09:42 AM 
09/12/2005 09:13 AM 

819,712 
6,076 
5,766 

262 
350 
162 
162 
490 
604 

09/02/2005 02:Ol PM 
06/09/2005 01:59 PM 
06/09/2005 02:28 PM 
09/27/2005 03:47 PM 
09/02/2005 10:03 AM 
09/02/2005 10:06 AM 
09/02/2005 09:28 AM 
09/02/2005 09:5l AM 
09/09/2005 09:59 AM 
09/15/2005 11:50 AM 
09/06/2005 11:16 AM 

602 
608 
742 
630 

09/02/2005 09:43 AM 
09/22/2005 04:05 PM 

630 
8, 608 
7. 99R 12/16/2005 02:52 PM 

12/16/2005 02:52 PM 53,346,304 
12/16/2005 02:41 PM 34,340,864 
12/16/2005 02:56 PM 12,255,232 
01/05/2006 11:31 AM 864, 991 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

101,187,584 
27.459.584 

12/16/2005 02:52 PM 
12/16/2005 02:56 PM 
12/16/2005 02:52 PM 
12/16/2005 02:52 PM 

. .  
288,402 

270,458,880 
24,032,752 

792,280 

file. ldhi 
file. LN09 
file.LN20 
file.LN22 

12/16/2005 02:52 PM 
01/05/2006 11:36 AM 
12/16/2005 02:52 PM 

8,407,864 
412,180 

1.375 

file.LN25 

file.mntr 
file. osav 
file. PCE 
file. PCS 
file. PVTS 
flle.rO01 
flle.rdb 
file. rst 

file. l o g  

12/16/2005 02:52 PM 
12/16/2005 02:52 PM 
12/16/2005 02:52 PM 
12/16/2005 02:52 PM 

101,187,584 
428 
428 
739 

12/16/2005 02:52 PM 
12/16/2005 02:42 PM 
12/16/2005 02:56 PM 

102,170,624 
34,996,224 
20,447,232 

n 12/16/2005 02:41 PM 
10/13/2005 09:20 AM 
01/05/2006 11:34 AM 
10/13/2005 06:54 AM 

file. sda 
flle.stat 
flleoOo.,pg 

97 
189, 944 

562 
09/21/2005 07:lO AM 
09/21/2005 07:lO AM 
04/06/2005 08:24 AM 

6, 940 
7,068 

894 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

4,996 
7,050 
14,716 
13,770 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

4,996 
7,050 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

14,716 
13,770 
4,996 
7,050 
14,716 
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09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

13,770 
4,996 

Force-c~l26th.OUT 
Force-c~l35arnax.OUT 
Force-c~l35ath.OUT 
Force-c~l35rnax.OUT 
Force-c~l35th.OUT 
Force-c-144arnax.OUT 
Force-c-144ath.OUT 
Force-c~l44rnax.OUT 
Force-c-144th.OUT 
Force-c~l53arnax.OUT 
Force-c~l53ath.OUT 
Force-c~l53rnax.OUT 
Force-c~l53th.OUT 
Force-c~l62arnax.OUT 
Force-c~l62ath.OUT 
Force-c~l62rnax.OUT 
Force-c~l62th.OUT 
Force-c~l7larnax.OUT 
Force-c~l7lath.OUT 
Force-c~l7lrnax.OUT 
Force-c~l7lth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~27arnax.OUT 
Force-c-27ath.OUT 
Force-c~27rnax.OUT 
Force-c-27th.OUT 
Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~72arnax.OUT 
Force-c~72ath.OUT 
Force-c~72rnax.OUT 
Force-c-72th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c-9th.OUT 
Force-i-bolt.txt 
FOrCeCl.txt 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

7,050 
14,716 
13.770 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

4,996 
7,050 
14,716 
13,770 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

4,996 
7,050 
14.716 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

13,770 
4,996 
7,050 
14,716 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

13,770 
4,996 
7.050 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

14,716 
13,770 
4,996 
7,050 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

14,716 
13,770 
4.996 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

7,050 
14,716 
13,770 
4,996 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

7,050 
14,716 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

13,770 
4,996 
7,050 
14,716 
13,770 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

4,996 
7.050 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

14,716 
13,770 
4,996 
7,050 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

14,716 
13,770 
4.996 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

7,050 
14,716 
13,770 
4,996 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

7,050 
14,716 
13.770 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

4,996 
7,050 
14,716 
13,770 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

4,996 
7,050 
14.716 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

13,770 
4,996 
7,050 
14,716 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 

13,770 
4,996 

09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
09/21/2005 07:09 AM 
06/20/2005 10:53 AM 
06/07/2005 11:11 AM 

7,178 
14,716 
13,898 

661 
516 
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09/15/2004 07:37 AM 
05/26/2005 08:18 AM 

4,516 
288 

Forces-9.txt 
grav1ty-post.txt 
import-0-90.xls 
import-99-180.xls 
1nsu1ate.txt 
1nterface-gap.txt 
1nterface-gapl.txt 
1nterface-spr.txt 
1nterface.txt 
1nterfacel.txt 
Interface2.txt 
Interface2a.txt 
Llner.txt 
1ive-load.txt 
Near-Soil-l.txt 
outer-spar. txt 
Primary-Props-AP.txt 
Primary-Props-AY.txt 
Primary-Props.txt 
Primary. txt 
QA.out 
RS-FREQ.txt 
Run-Tank-0ut.out 
run-tank.bat 
Run-Tank.txt 
scratch.hlp 
se1ect.txt 

10/13/2005 09:40 AM 
10/13/2005 09:40 AM 
09/01/2005 10:27 AM 

440,832 
441,344 
1. 664 

07/21/2005 12:20 PM 
10/13/2005 08:28 AM 
05/02/2005 02:05 PM 
08/26/2005 08:11 AM 

1,430 
4,031 

689 
882 

09/09/2005 09:34 AM 
05/13/2005 02:02 PM 
05/25/2005 03:37 PM 

2, 616 
1, 926 
1.793 

06/01/2005 01:17 PM 
05/02/2005 02:19 PM 
09/28/2005 07:08 AM 
04/20/2005 01:14 PM 

1,708 
667 

6,183 
508 

09/09/2005 07:28 AM 
09/08/2005 09:30 AM 
02/17/2005 04:24 PM 

5,557 
5,402 
4.742 

09/27/2005 03:52 PM 
12/16/2005 02:41 PM 
03/26/2004 01:16 PM 
10/13/2005 09:26 AM 

1,538 
390,099 
2, 689 
9,263 

09/09/2005 11:04 AM 
12/16/2005 02:40 PM 
01/05/2006 11:31 AM 

145 
1,882 

0 
05/17/2005 12:15 PM 
02/11/2005 01:22 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

28 
1,053 
9,896 
9,120 

Slave .  txt 
SO~l~COntact~l08max.OUT 
Soil-Contact 108th.OUT 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,896 
9.120 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,896 
9,120 
9,896 
9,120 
9,896 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,120 
9.896 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,120 
9,896 
9,120 
9,896 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,120 
9,896 
9,120 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,896 
9,120 
9,896 
9,120 

S01l~C0ntactI18max.OUT 
Soil~Contact-18th.OUT 
Soil-Contact 27max.OUT 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,896 
9,120 
9.896 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,120 
9,896 
9,120 
9,896 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,120 
9,896 
9,120 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,896 
9,120 
9,896 
9,120 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 

9,896 
9.120 

12/16/2005 02:56 PM 
12/16/2005 02:56 PM 
09/07/2005 Ol:55 PM 
07/28/2004 10:36 AM 
10/13/2005 08:19 AM 

9,896 
9,248 
4,215 
3,911 
5,016 
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12/16/2005 
12/16/2005 

02:57 
02:57 

PM 
PM 

223,232 
223,232 

so11~o-9o.xls 
soil 9 9 -180.~1~ 

05/03/2005 
09/09/2005 
09/09/2005 

02:25 
10:02 
09:32 

PM 
AM 
AM 

217 
1,752 
1. 946 

- 

so1ve-g.txt 
Solve-Gravity.txt 
Solve-Test.txt 
Solve-TH-mean.txt 
Solve-TH-UB.txt 
spectra-concrete.txt 
SpeCtra-SOll.txt 
spectra-wa11.txt 
spectra-waste.txt 
strain-compb.txt 
strain-compm.txt 
Strain-cOmpt.txt 
Straln-Llner.txt 
stress-compb.txt 
stress-compm.txt 
StreSs-compt.txt 
stress~node~compb.txt 
Stress-Primary.txt 
Tank~C00rdinateS~AP.txt 
Tank~C00rdinateS~AY.txt 
Tank-Coordinates.txt 
Tank-Meshl. txt 
tank-out. out 
Tank~Pro~s~BEC~25O.txt 

10/13/2005 
10/13/2005 
09/06/2005 
09/06/2005 

09:13 
08:25 
07:03 
06:49 

AM 
AM 
AM 
AM 

1, 930 
2,471 
2,095 
1,287 

06/20/2005 
06/20/2005 
09/02/2005 

09:04 
08:52 
08:51 

AM 
AM 
AM 

647 
679 
707 

09/02/2005 
09/02/2005 
09/02/2005 
09/08/2005 

08:51 
08:50 
08:52 
10:18 

AM 
AM 
AM 

705 
720 
544 
692 AM 

AM 
AM 
AM 

09/08/2005 
09/08/2005 
09/09/2005 

10:18 
09:20 
06:47 

692 
692 
803 

04/13/2005 
09/09/2005 
09/08/2005 
07/18/2005 

07:38 
07:20 
09:35 
09:58 

AM 
AM 
AM 

205 
3,825 
3,773 
3,476 AM 

PM 
PM 
PM 

05/25/2005 
12/16/2005 
02/25/2005 

03:32 
02:40 
02:24 

2,512 
102 

5.406 
08/19/2005 
12/16/2005 
12/16/2005 
05/16/2005 

10:13 AM 
02:41 PM 
02:56 PM 

5,407 Tank-Props. txt 
774 Tank-th.out 

71,808 test-th-2d.out 
41,470 TH~266~Mean~Geo~V.txt 03:40 PM 

05/13/2005 
05/16/2005 

10:57 AM 41,472 TH-266-Mean-Geo.txt 
03:42 PM 41,472 TH-266-UB-Geo-V.txt 
08:45 AM 41,391 TH-266-UB-Geo. txt 
06:16 AM 326 Waste-Reaction.txt 
07:53 AM 4,229 Waste-solid-AP.txt 
10:27 AM 3,568 Waste-solid-AY.txt 
355 Filejs) 855,611,622 bytes 

of C:\Users\Bruce\2008-000 PNNL\2008-004 ANSYS\Soil Arching\Case 2 

05/16/2005 
08/15/2005 
09/09/2005 
09/08/2005 

Directory 

03/09/2006 
03/09/2006 
07/01/2005 
03/09/2006 
03/09/2006 
s u m a r v . x 1 s  

11:33 AM 8,238,080 Arching Study, Case 2, Pri Tank S e i s m i c  Stress.xls 
08:19 AM 3,181,568 Arching Study, Case 2, Conc Tank S e i s m i c  Demand 

03/09/2006 
08/23/2005 
06/09/2005 
06/09/2005 

08 
03 
01 

:13 AM 
:27 PM 
:59 PM 

02:28 PM 

818,688 
5,766 

262 

Arching Study, Case 2, Soil Pressures Gravity.xls 
Bolts-friction.txt 
Boundary.txt 

350 connections.txt 
610 Contact-Soil.txt 

8,149 Far-Soil. txt 
2.998 file.BCS 

09/02/2005 
06/23/2005 
08/24/2005 

10:05 AM 
01:26 PM 
09:54 AM 

08/24/2005 
08/24/2005 
08/24/2005 
09/06/2005 

09:55 AM 30,539,776 file.& 
09:54 AM 53,411,840 file.&b 
09:54 AM 11,993,088 file.emat 
01:50 PM 104,247 file.err 
09:54 AM 82,116,608 file.esav 
09:54 AM 22,085,632 file.ful1 
09:52 AM 260.462 file.ldhi 

08/24/2005 
08/24/2005 
08/24/2005 
09/06/2005 
08/24/2005 
08/24/2005 
08/24/2005 

01:53 PM 223,348 file.log 
09:54 AM 1,467 file.mntr 
09:53 AM 82,116,608 file.osav 
09:53 AM 739 flle.PVTS 

08/24/2005 
08/24/2005 

09:54 AM 82,903,040 file.rO01 
09:43 AM 30,474,240 file.r& 
09:54 AM 31,850,496 file.rst 
08:OO AM 3,484 Footing-Contact.txt 
08:24 AM 894 Force-c.txt 
11:58 AM 4,996 Force-c~lO8amax.OUT 
11:58 AM 7,050 Force-c~lO8ath.OUT 

08/24/2005 
06/20/2005 
04/06/2005 
08/24/2005 
08/24/2005 
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08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

14,116 
13, I10 
4,996 
I, 050 
14,116 
13, I10 
4,996 
I, 050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
1,050 
14,116 
13,110 
4,996 
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08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

7,050 
14,716 

Force-c-99ath.OUT 
Force-c-99max.OUT 
Force-c-99th.OUT 
Force-c-9amax.OUT 
Force-c-9ath.OUT 
Force-c-9max.OUT 
Force-c-9th.OUT 
Force-i-bolt.txt 
FOrCeCl.txt 
Forces-9.txt 
grav1ty-post.txt 
import-0-90.xls 
import-99-180.xls 
1nsu1ate.txt 
1nterface-gap.txt 
1nterface-gapl.txt 
1nterface-spr.txt 
1nterface.txt 
Interface2.txt 
Interface2a.txt 
Llner.txt 
1ive-load.txt 
Near-Soil-l.txt 
outer-spar. txt 
Primary-Props-AP.txt 
Primary-Props-AY.txt 
Primary-Props.txt 
Primary. txt 
QA.out 
RS-OUT-Soil.txt 
RS-FREQ.txt 
Run-Tank-0ut.out 
Run-Tank.txt 
scratch.hlp 
se1ect.txt 
Slave .  txt 
SO~l~COntact~l08max.OUT 
Soil~Contact-lO8th.OUT 
SO~l~COntact~ll7max.OUT 
Soil~Contact-ll7th.OUT 
SOII~COntact-126max.OUT 
Soil~Contact-126th.OUT 
SO~l~COntact~l35max.OUT 
SOIl~COntaCt-135th.OUT 
SOII~COntact-144max.OUT 
SOIl~COntaCt-144th.OUT 
SO~l~COntact~l53max.OUT 
SOIl~COntaCt-153th.OUT 
SOII~COntact-162max.OUT 
Soil~Contact-16Zth.OUT 
SO~l~COntact~l7lmax.OUT 
Soil~Contact-171th.OUT 
SO~l~COntact~l80max.OUT 
Soil~Contact-lBOth.OUT 
Soil~Contact-18max.OUT 
Soil~Contact-18th.OUT 
Soil~Contact-27max.OUT 
Soil~Contact-27th.OUT 
Soil~Contact-36max.OUT 
S01l~C0nta~t-36th.OUT 
Soil~Contact-45max.OUT 
S01l~C0nta~t-45th.OUT 
Soil~Contact-54max.OUT 
S01l~C0nta~t-54th.OUT 
Soil~Contact-63max.OUT 
Soil-Contact 63th.OUT 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

13,770 
4,996 
7.178 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
06/20/2005 10:53 AM 
06/07/2005 11:11 AM 

14,716 
13,898 

661 
516 

09/15/2004 07:37 AM 
05/26/2005 08:18 AM 
08/24/2005 10:05 AM 

4,516 
288 

441.344 
08/24/2005 10:05 AM 
07/15/2005 02:21 PM 
07/21/2005 12:20 PM 
08/24/2005 09:29 AM 

440,832 
1,590 
1,430 
3,483 

05/02/2005 02:05 PM 
06/07/2005 01:16 PM 
05/13/2005 02:02 PM 

689 
882 

1. 926 
05/25/2005 03:37 PM 
06/01/2005 01:17 PM 
05/02/2005 02:19 PM 
06/21/2005 02:15 PM 

1,793 
1,708 

667 
5,714 

04/20/2005 01:14 PM 
07/01/2005 11:29 AM 
08/24/2005 09:21 AM 

508 
4,860 
4.715 

02/17/2005 04:24 PM 
07/26/2005 02:26 PM 
08/24/2005 09:43 AM 
07/10/2005 06:32 AM 

4,742 
1,538 

461, 652 
19,730 

03/26/2004 01:16 PM 
08/24/2005 09:55 AM 

2, 689 
3,008,641 

1,454 08/24/2005 09:22 AM 
09/06/2005 01:50 PM 
05/17/2005 12:15 PM 
02/11/2005 01:22 PM 
09/06/2005 01:50 PM 

28 
1,053 
6, 616 
6, 940 
6. 616 

09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 

6, 940 
6, 616 
6, 940 
6, 616 

09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 

6, 940 
6, 616 
6. 940 

09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 

6, 616 
6, 940 
6, 616 
6, 940 

09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 

6, 616 
6, 940 
6. 616 

09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 

6, 940 
6, 616 
6, 940 
6, 616 
6, 940 
6, 616 
6. 940 

09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 

6, 616 
6, 940 
6, 616 
6, 940 

09/06/2005 01:50 PM 
09/06/2005 01:50 PM 

6, 616 
6, 940 

09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 

6, 616 
6, 940 
6, 616 
6, 940 
6, 616 

Soil-ContactI8lth. 
Soil~Contact-90max.OUT 
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6, 940 
6, 616 
6, 940 
6, 616 
7.068 

09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
09/06/2005 01:50 PM 
08/24/2005 09:29 AM 
07/28/2004 10:36 AM 
12/16/2005 01:46 PM 
12/16/2005 01:46 PM 

4,104 
3,911 

149,504 
149,504 

05/03/2005 02:25 PM 
08/19/2005 01:17 PM 
08/19/2005 07:42 AM 

217 
1, 684 
1.459 

06/20/2005 08:26 AM 
06/20/2005 09:04 AM 
06/20/2005 08:52 AM 
08/24/2005 12:37 PM 

651 
647 
679 

350,720 
08/24/2005 12:37 PM 
08/24/2005 12:38 PM 
08/24/2005 12:38 PM 

351,744 
350,208 
350.720 

08/24/2005 12:38 PM 
08/24/2005 12:39 PM 
08/23/2005 02:52 PM 
08/23/2005 02:53 PM 

351,744 
350,720 

566 
566 

08/23/2005 02:53 PM 
04/13/2005 07:38 AM 
08/24/2005 11:58 AM 

566 
205 

16.237 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

16,237 
16,237 
17,205 
17,205 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

17,205 
16,237 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

16,237 
16,237 
17,205 
17,205 
17,205 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

16,237 
16.237 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

16,237 
17,205 
17,205 
17,205 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

16,237 
16,237 
16.237 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

17,205 
17,205 
17,205 
16,237 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

16,237 
16,237 
17.205 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

17,205 
17,205 
16,237 
16,237 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

16,237 
17,205 
17.205 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

17,205 
16,237 
16,237 
16,237 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

17,205 
17,205 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

17,205 
16,240 
16,240 
16,240 
17,303 
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08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 

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 
16,237 

Stress~pt-17lth~m.OUT 
Stress~pt-17lth~t.OUT 
Stress~pt-18Omax~b.OUT 
Stress~pt-18Omax~m.OUT 
Stress~pt-18Omax~t.OUT 
Stress~pt-18Oth~b.OUT 
Stress~pt-18Oth~m.OUT 
Stress~pt-18Oth~t.OUT 
Stress~pt-18max~b.OUT 
Stress~pt-18max~m.OUT 
Stress~pt-18max~t.OUT 
Stress-pt-18th-b.OUT 
Stress-pt-18th-m.OUT 
Stress-pt-18th-t.OUT 
Stress~pt-27max~b.OUT 
Stress~pt-27max~m.OUT 
Stress~pt-27max~t.OUT 
Stress-pt-27th-b.OUT 
Stress-pt-27th-m.OUT 
Stress-pt-27th-t.OUT 
Stress~pt-36max~b.OUT 
Stress~pt-36max~m.OUT 
Stress~pt-36max~t.OUT 
Stress-pt-36th-b.OUT 
Stress-pt-36th-m.OUT 
Stress-pt-36th-t.OUT 
Stress~pt-45max~b.OUT 
Stress~pt-45max~m.OUT 
Stress~pt-45max~t.OUT 
Stress-pt-45th-b.OUT 
Stress-pt-45th-m.OUT 
Stress-pt-45th-t.OUT 
Stress~pt-54max~b.OUT 
Stress~pt-54max~m.OUT 
Stress~pt-54max~t.OUT 
Stress-pt-54th-b.OUT 
Stress-pt-54th-m.OUT 
Stress-pt-54th-t.OUT 
Stress~pt-63max~b.OUT 
Stress~pt-63max~m.OUT 
Stress~pt-63max~t.OUT 
Stress-pt-63th-b.OUT 
Stress-pt-63th-m.OUT 
Stress-pt-63th-t.OUT 
Stress~pt-72max~b.OUT 
Stress~pt-72max~m.OUT 
Stress~pt-72max~t.OUT 
Stress-pt-72th-b.OUT 
Stress-pt-72th-m.OUT 
Stress-pt-72th-t.OUT 
Stress~pt-8lmax~b.OUT 
Stress~pt-8lmax~m.OUT 
Stress~pt-8lmax~t.OUT 
Stress-pt-8lth-b.OUT 
Stress-pt-8lth-m.OUT 
Stress-pt-8lth-t.OUT 
Stress~pt-90max~b.OUT 
Stress~pt-90max~m.OUT 
Stress~pt-90max~t.OUT 
Stress-pt-90th-b.OUT 
Stress-pt-90th-m.OUT 
Stress-pt-90th-t.OUT 
Stress~pt-99max~b.OUT 
Stress~pt-99max~m.OUT 
Stress~pt-99max~t.OUT 
Stress-pt-99th-b.OUT 
Stress-pt-99th-m.OUT 
Stress-pt-99th-t.OUT 
Stress-pt-9max-b.OUT 
Stress-pt-9max-m.OUT 
Stress-pt-9max-t.OUT 
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17,333 Stress-pt-9th-b.OUT 
17,333 Stress-pt-9th-m.OUT 
17,333 Stress-pt-9th-t.OUT 
3,667 Tank~C00rdinateS~AP.txt 
3.666 Tank~C00rdinateS~AY.txt 

08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
08/24/2005 11:58 AM 
07/14/2005 12:58 PM 
08/24/2005 09:21 AM 
07/18/2005 09:58 AM 3,476 Tank-Coordinates.txt 
05/25/2005 03:32 PM 2,512 Tank-Meshl. txt 
08/24/2005 09:42 AM 102 tank-out.out 
02/25/2005 02:24 PM 5,406 Tank-Props-BEC-25O.txt 
08/19/2005 10:13 AM 5,407 Tank-Props. txt 
08/24/2005 09:43 AM 3,007 Tank-th.out 
08/24/2005 09:54 AM 63,731 test-th-2d.out 
05/16/2005 03:40 PM 41,470 TH~266~Mean~Geo~V.txt 
05/13/2005 10:57 AM 41,472 TH-266-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 Filejs) 450,453,757 bytes 

Directory of C:\Users\Bruce\2008-000 PNNL\2008-004 ANSYS\Soil Arching\Case 3 

03/09/2006 12:16 PM 
03/09/2006 12:16 PM 
07/01/2005 11:43 AM 
03/08/2006 04:11 PM 

03/09/2006 11:36 AM 
sumary.x1s 

03/09/2006 08:14 AM 
08/23/2005 03:27 PM 
06/09/2005 01:59 PM 
06/09/2005 02:28 PM 
09/02/2005 10:05 AM 
06/23/2005 01:26 PM 
08/24/2005 10:06 AM 
08/24/2005 10:07 AM 
08/24/2005 10:06 AM 
08/24/2005 10:06 AM 
09/21/2005 08:11 AM 
08/24/2005 10:06 AM 
08/24/2005 10:06 AM 
08/24/2005 10:05 AM 
09/21/2005 08:19 AM 
08/24/2005 10:06 AM 
08/24/2005 10:05 AM 
08/24/2005 10:06 AM 
08/24/2005 10:06 AM 
08/24/2005 09:55 AM 
08/24/2005 10:06 AM 
06/20/2005 08:OO AM 
04/06/2005 08:24 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

<DIR> 
<DIR> . .  

159 All-Forces.txt 
3,182,080 Arching Study, Case 3, Conc Tank S e i s m i c  Demand 

8,238,080 Arching Study, Case 3, Pri Tank Seismic Stress.xls 
818,688 Arching Study, Case 3, Soil Pressures Gravity.xls 

5,766 Bolts-friction.txt 
262 Boundary.txt 
350 connections.txt 
610 Contact-Soil.txt 

8,149 Far-Soil.txt 
2,998 file.BCS 

30,539,776 file.& 
53,411,840 file.&b 
11,993,088 file.emat 

94,384 file.err 
82,116,608 file.esav 
22.085.632 file.ful1 . .  

260,462 file.ldhi 
232,264 file.log 

1,467 file.mntr 
82,116,608 file.osav 

547 flle.PVTS 
82,903,040 file.rO01 
30,474,240 file.r& 
31,850,496 file.rst 

3,484 Footing-Contact.txt 

4,996 Force-c~lO8amax.OUT 
7,050 Force-c~lO8ath.OUT 
14,716 Force-c~lO8max.OUT 
13.770 Force-c 108th.OUT 

894 Force-c.txt 

4,996 
7,050 
14,716 
13,770 
4,996 
7,050 
14,716 
13,770 
4,996 
7,050 
14,716 
13,770 
4,996 
7,050 
14,716 
13,770 
4,996 
7,050 

Force-cI117amax. OUT 
Force-c~ll7ath.OUT 
Force-c~ll7max.OUT 
Force-c~ll7th.OUT 
Force-c~l26amax.OUT 
Force-c~l26ath.OUT 
Force-c~l26max.OUT 
Force-c~l26th.OUT 
Force-c~l35amax.OUT 
Force-c~l35ath.OUT 
Force-c~l35max.OUT 
Force-c~l35th.OUT 
Force-c-144amax.OUT 
Force-c-144ath.OUT 
Force-c~l44max.OUT 
Force-c-144th.OUT 
Force-c~l53amax.OUT 
Force-c~l53ath.OUT 
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14,116 
13, I10 
4,996 
I, 050 
14.116 

Force-c~l53rnax.OUT 
Force-c~l53th.OUT 
Force-c~l62arnax.OUT 
Force-c~l62ath.OUT 
Force-c~l62rnax.OUT 
Force-c~l62th.OUT 
Force-c~lIlarnax.OUT 
Force-c~l1lath.OUT 
Force-c~lIlrnax.OUT 
Force-c~lIlth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~2Iarnax.OUT 
Force-c~2Iath.OUT 
Force-c~2Irnax.OUT 
Force-c-2Ith.OUT 
Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~I2arnax.OUT 
Force-c~I2ath.OUT 
Force-c~I2rnax.OUT 
Force-c-12th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c-9th.OUT 
Force-i-bolt.txt 
FOrCeCl.txt 
Forces-9.txt 
grav1ty-post.txt 
irnport-0-90.xls 
irnport-99-180.xls 
1nsu1ate.txt 
1nterface-gap.txt 
1nterface-gapl.txt 
1nterface-spr.txt 
1nterface.txt 
Interface2.txt 
Interface2a.txt 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

13, I10 
4,996 
I, 050 
14,116 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

13, I10 
4,996 
7.050 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

14,116 
13, I10 
4,996 
I, 050 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

14,116 
13, I10 
4.996 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

I, 050 
14,116 
13, I10 
4,996 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

I, 050 
14,116 
13. I10 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

4,996 
I, 050 
14,116 
13, I10 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

4,996 
1,050 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

14,116 
13, I10 
4,996 
I, 050 
14,116 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

13, I10 
4.996 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

I, 050 
14,116 
13, I10 
4,996 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

I, 050 
14,116 
13. I10 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

4,996 
I, 050 
14,116 
13, I10 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

4,996 
I, 050 
14.116 

08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 
08/24/2005 11:59 AM 

13, I10 
4,996 
I, 118 
14,116 

08/24/2005 11:59 AM 
06/20/2005 10:53 AM 
06/01/2005 11:11 AM 

13,898 
661 
516 

09/15/2004 01:31 AM 
05/26/2005 08:18 AM 
08/24/2005 10:20 AM 
08/24/2005 10:20 AM 

4,516 
288 

441,344 
441,856 

01/15/2005 02:21 PM 
01/21/2005 12:20 PM 

1,590 
1,430 

08/24/2005 09:31 AM 
05/02/2005 02:05 PM 
06/01/2005 01:16 PM 
05/13/2005 02:02 PM 
05/25/2005 03:31 PM 

3,480 
689 
882 

1, 926 
1,193 
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1,708 
667 

Llner.txt 
1ive-load.txt 
Near-Soil-l.txt 
outer-spar. txt 
Primary-Props-AP.txt 
Primary-Props-AY.txt 
Primary-Props.txt 
Primary. txt 
QA.out 
RS-OUT-Soil.txt 
RS-FREQ.txt 
Run-Tank-0ut.out 
Run-Tank.txt 
scratch.hlp 
se1ect.txt 
Slave .  txt 
SO~l~COntact~l08max.OUT 
Soil~Contact-lO8th.OUT 
SO~l~COntact~ll7max.OUT 
Soil~Contact-ll7th.OUT 
SOII~COntact-126max.OUT 
Soil~Contact-126th.OUT 
SO~l~COntact~l35max.OUT 
SOIl~COntaCt-135th.OUT 
SOII~COntact-144max.OUT 
Soil-Contact 144th.OUT 

06/01/2005 01:17 PM 
05/02/2005 02:19 PM 
06/21/2005 02:15 PM 
04/20/2005 01:14 PM 
07/01/2005 11:29 AM 

5,714 
508 

4.860 
08/24/2005 09:21 AM 
02/17/2005 04:24 PM 
07/26/2005 02:26 PM 
08/24/2005 09:55 AM 

4,715 
4,742 
1,538 

461, 652 
07/10/2005 06:32 AM 
03/26/2004 01:16 PM 
08/24/2005 10:07 AM 

19,730 
2, 689 

3,008,641 
1,454 08/24/2005 09:22 AM 

09/21/2005 08:lO AM 
05/17/2005 12:15 PM 
02/11/2005 01:22 PM 

28 
1,053 
6, 616 
6, 940 
6. 616 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 

6, 940 
6, 616 
6, 940 
6, 616 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 

6, 940 
6, 616 
6. 940 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 

6, 616 
6, 940 
6, 616 
6, 940 

soil-contactI153ma.x. OUT 
SOIl~COntaCt-153th.OUT 
Soil-Contact 162max.OUT 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 

6, 616 
6, 940 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 

6, 616 
6, 940 
6, 616 
6, 940 
6, 616 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 

6, 940 
6. 616 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 

6, 940 
6, 616 
6, 940 
6, 616 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 

6, 940 
6, 616 
6. 940 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 

6, 616 
6, 940 
6, 616 
6, 940 

~011~~0ntactI72max.o~~ 
Soil~Contact-72th.OUT 
Soil-Contact 8lmax.OUT 
Soil-ContactI8lth .OUT 
Soil~Contact-90max.OUT 
SOIl~COntaCt-90th.OUT 
Soil~Contact-99max.OUT 
SOIl~COntaCt-99th.OUT 
Soil~Contact-9max.OUT 
Soil-Contact-9th.OUT 
Soil~Prop~Mean~Geo.txt 
Soil~Prop~Mean~SW.txt 

soi1~99-18O.xls 

Solve-Test.txt 
Solve-TH-mean.txt 

so11~o-9o.xls 

so1ve-g.txt 

SpeCtra-SOll.txt 
spectra-wa11.txt 
spectra-waste.txt 
str-comp-O-90b.xls 
str-comp-0-90m.xls 
str-comp-0-90t.xls 
str-comp-99-18Ob.xls 
str-comp-99-180m.xls 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 

6, 616 
6, 940 
6. 616 

09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
09/21/2005 08:11 AM 
08/24/2005 09:31 AM 

6, 940 
6, 616 
7,068 
4,104 

07/28/2004 10:36 AM 
12/16/2005 01:49 PM 
12/16/2005 01:49 PM 

3,911 
150,016 
150.016 

05/03/2005 02:25 PM 
08/19/2005 01:17 PM 
08/19/2005 07:42 AM 
06/20/2005 08:26 AM 

217 
1, 684 
1,459 

651 
06/20/2005 09:04 AM 
06/20/2005 08:52 AM 

647 
679 

08/24/2005 01:OO PM 
08/24/2005 01:OO PM 
08/24/2005 01:Ol PM 
08/24/2005 01:Ol PM 
08/24/2005 01:Ol PM 

349,696 
350,720 
349,696 
350,208 
351,232 
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08/24/2005 
08/23/2005 

01:02 
02:52 
02:53 
02:53 
07:38 
12:58 
09:21 
09:58 
03:32 
09:55 
02:24 
10:13 
09:55 
10:06 
03:40 
10:57 
08:37 
02:11 

PM 
PM 
PM 
PM 
AM 
PM 
AM 
AM 
PM 
AM 
PM 
AM 
AM 
AM 
PM 
AM 
AM 
PM 

349,696 
566 
566 
566 
205 

3, 667 
3,666 
3,476 
2,512 
102 

5,406 
5,407 
3,007 
62, 674 
41,470 
41,472 
4,252 
3,568 

str-comp-99-18Ot.xls 
stress-compb.txt 
stress-compm.txt 
StreSs-compt.txt 
Stress-Primary.txt 
Tank~C00rdinateS~AP.txt 
Tank~C00rdinateS~AY.txt 
Tank-Coordinates.txt 
Tank-Meshl. txt 
tank-out. out 
Tank-Props-BEC-25O.txt 
Tank-Prous. txt 

08/23/2005 
08/23/2005 
04/13/2005 
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 

Tank-th.out 
test-th-2d.out 
TH~266~Mean~Geo~V.txt 
TH-266-Mean-Geo.txt 
Waste-solid-AP.txt 
Waste-solid-AY.txt 

08/22/2005 
08/22/2005 

328 Filejs) 450,449,510 bytes 

P Directory of C:\Users\Bruce\2008-000 NNL\2008-004 ANSYS\Soil Arching\Case 4 

03/09/2006 12:16 PM 
03/09/2006 12:16 PM 
07/01/2005 11:43 AM 
03/09/2006 07:5l AM 

DIR> 
DIR> 

159 
3,181,568 

< 
< 

All-Forces.txt 
Arching Study, Case 4, Conc Tank S e i s m i c  Demand 

Arching Study, Case 4, Pri Tank Seismic Stress.xls 
Bolts-friction.txt 
Boundary.txt 
connectlons.txt 
Contact-Soll.txt 

sumary.x1s 
03/09/2006 11:50 AM 
08/23/2005 03:27 PM 
06/09/2005 01:59 PM 

8,234,496 
5,766 

262 
06/09/2005 02:28 PM 
09/02/2005 10:05 AM 

350 
610 

06/23/2005 01:26 PM 
08/24/2005 10:18 AM 
09/23/2005 02:lO PM 
08/24/2005 10:19 AM 
08/24/2005 10:19 AM 

8,149 
2, 998 

30,539,776 
30,539,776 
11,993,088 

Far-Soil.txt 
file.BCS 
flle.db 
file.dbb 
file . emat 
flle.err 
file. esav 

03/09/2006 09:30 AM 
08/24/2005 10:19 AM 

94,294 
82.116.608 

08/24/2005 10:19 AM 
08/24/2005 10:17 AM 
03/09/2006 09:30 AM 
03/09/2006 11:29 AM 

. .  
22,085,632 

260,462 
flle.f"ll 
file. ldhi 
file.lock 
file. l o g  230,502 

1,467 
82,116,608 

0 

08/24/2005 10:19 AM 
08/24/2005 10:17 AM 
03/09/2006 09:30 AM 

file.mntr 
file. osav 
flle.uaae 

08/24/2005 10:18 AM 
08/24/2005 10:19 AM 
08/24/2005 10:08 AM 
08/24/2005 10:19 AM 

547 
82,903,040 
30,474,240 
31,850,496 

_ i  

file. PVTS 
flle.rO01 
flle.rdb 
file. rst 
Footing-Contact.txt 
Force-c.txt 
Force-c~lO8amax.OUT 
Force-c~lO8ath.OUT 
Force-c~lO8max.OUT 
Force-c~lO8th.OUT 
Force-c~ll7amax.OUT 
Force-c~ll7ath.OUT 
Force-c~ll7max.OUT 
Force-c~ll7th.OUT 
Force-c~l26amax.OUT 
Force-c~l26ath.OUT 
Force-c~l26max.OUT 
Force-c~l26th.OUT 
Force-c~l35amax.OUT 
Force-c~l35ath.OUT 
Force-c~l35max.OUT 
Force-c~l35th.OUT 
Force-c-144amax.OUT 
Force-c-144ath.OUT 
Force-c~l44max.OUT 

06/20/2005 08:OO AM 
04/06/2005 08:24 AM 
08/24/2005 12:OO PM 

3,484 
894 

4.996 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 

7,050 
14,716 
13,770 
4,996 

08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 

7,050 
14,716 
13.770 

08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 

4,996 
7,050 
14,716 
13,770 

08/24/2005 12:OO PM 
08/24/2005 12:OO PM 

4,996 
7,050 

08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 

14,716 
13,770 
4,996 
7,050 
14,716 
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08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
08/24/2005 12:OO PM 
z 
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13, I10 
4,996 
I, 050 
14,116 
13. I10 
4,996 
I, 050 
14,116 
13, I10 
4,996 
I, 050 
14.116 
13, I10 
4,996 
I, 050 
14,116 
13, I10 
4,996 
7.050 
14,116 
13, I10 
4,996 
I, 050 
14,116 
13, I10 
4.996 
I, 050 
14,116 
13, I10 
4,996 
I, 050 
14,116 
13, I10 
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Appendix C 

Model Error Evaluation 

C.l 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 lbs/ft3 instead of 394 lbs/ft3) 

Concrete Material Nos. 31 and 32 have incorrect density (150 lbs/ft3 instead of 41 1 lbs/ft3 and 252 
lbs/ft3 for Nos. 3 1 and 32 respectively) 

Concrete elements in floor have taper rotated 90 degrees 

Primary Tank elements in floor have thickness of 0.44 inches instead of 0.31 inches 

Primary Tank, first row of elements above knuckles have thickness of 0.69 inches instead of 0.815 
inches 

Elastic Modulus for soil material properties (No. 901, Upper Bound Soil) are incorrect 
(approximately 0.04%) 

C.2 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. 

C.3 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. 

c.1 
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C.4 Concrete Tank 

Figures C.l through C.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 appear in the in-plane shear forces, but the 
magnitudes are small, therefore, even small differences in values appear larger when plotted. Table C. 1 
provides the values for concrete forces and moments for the corrected model. 

Hoop Forces 

20.0 

0.0 

- 
5 

5 20.0 

P 
Y 

40.0 

Path (Inches) 

I-GraviV Hoop Force (kiplft)AY~UBS~BEC FIXED GiaviVHoop Force (kiplft)AY~UBS~BEC Oti~inal 1 

30 

Figure C.l .  Comparison of Concrete Hoop Forces, UBS-BEC vs. UBS-BEC-FIXED, Gravity Load 
Only 
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MeHdional Forces 

I 
Path (inches) 

- Gravity Meridonal Force (kiplfl) AY~UBS~BEC FIXED Gravily Meridonal Force (kipin) AY~UBS~BEC OHginal 

Figure C.2. Comparison of Concrete Meridional Forces, UBS-BEC vs. UBS-BEC-FIXED, Gravity 
Load Only 

HoopMornents 

6.00 
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2.00 

0.00 - s 
'a .. 
5 2.00 
c 

4.00 
I 

600 

~8.00 

Path (Inches) 

I-Gravly Hoop Moment (ft'kiplft) AYXBS~BEC FIXED Gravly Hoop Moment (ft'kiplft) AY~UBS~BEC Original 1 

Figure C.3. Comparison of Concrete Hoop Moments, UBS-BEC vs. UBS-BEC-FIXED, Gravity Load 
Only 
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Meddional Moments 

~~ ~~ 

25.00 

20.00 

15.00 - s 
'a .. 
5 10.00 

E 
c 

5.00 
I 

0.00 

6 0 0  

Path (Inches) 

1-Gravity Meridonal Moment (R'kip1R)AYXBS~BEC FIXED Giavly Metiddona1 Moment (ft'kiplft)AY~UBS~BEC Otioinal 1 

Figure C.4. Comparison of Concrete Meridional Moments, UBS-BEC vs. UBS-BEC-FIXED, Gravity 
Load Only 

In-Plane Shear Force 

1.4C 

1.2c 

1.oc 

0.8C 

0.2c 

0.0c 

Dome 1 Haunch 1 Wall Floor 

I I I 

Path (Inches) 

-Grauihj~In~PIane ShearForce (kiplft)AY~UBS~BEC FIXED Giavihj~In~PIane ShearForce (kiplft)AY~UBS~BEC Otioinal 1 

Figure C.5. Comparison of Concrete In-Plane Shear Forces, UBS-BEC vs. UBS-BEC-FIXED, Gravity 
Load Only 
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Out-of-Plane Shear Force 

1 Haunch 1 Wall Floor I Dome 1 -  1: 
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.. 
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80 

- Giavly ThroughWall Shear Force (kiplft) AYXBS~BEC FIXED - Gravity Thmugh~Wall Shear Force (kiplft) AY~UBS~BEC Otiginal 

Figure C.6. Comparison of Concrete Through-Wall Shear Forces, UBS-BEC vs. UBS-BEC-FIXED, 
Gravity Load Only 
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Table C.1. Concrete Forces and Moments for UBS-BEC-FIXED, Gravity Only 

AY Primary Tank, Uliper Boutid Soil iGcomatrix), Gravity O t h ,  Bcst 
Estimate Concrclr, 422 in. Weslc  LcvcI a l  1.7 SpC F I X M )  

ANSYS MAXIMUMS BY PATH 

C.5 Primary tank 

Figures C.7, C.8, and C.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. Tables C.2, C.3, and C.4 provide the values for primary tank stresses for 
the corrected model. 

C. 6 
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m 

0 

Primary-Tank Stresses - Hoop Stresses (Mid) 

800 1000 0 

Path (inches) 

-AY~NL~UBS~BEC FIXED Gravity Onty Hoop Stress (Ibslln"2) Mid -PNNL Hoop Mid 
-AY~NL~UBS~BEC Orig Gravity Only Hoop Stress (Ibslln"2) Mid 

Figure C.7. Comparison of Primary Tank Hoop Stresses, Mid-Plane, UBS-BEC vs. UBS-BEC-FIXED, 
Gravity Load Only 

Plimary-Tank Stresses - Meridional Stress (Top) 
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10000 

- .. 5000 a 
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-5000 

-10000 

-15000 

Figure C.8. Comparison of Primary Tank Meridional Stresses, Shell Top, UBS-BEC vs. UBS-BEC- 
FIXED, Gravity Load Only 
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Primary-Tank Stresses - Meridional Stress (Bot) 

IO 

Figure C.9. Comparison of Primary Tank Meridional Stresses, Shell Bottom, UBS-BEC vs. UBS-BEC- 
FIXED, Gravity Load Only 
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C.3. Primary Tank Stresses, Shell Middle, UBS-BEC-FIX D, Gravity Only 

AY Primary Tank, Upper Bound Soil, Gravity Input, Best Estimate Tank Concrete, 
422 in. Waste Level at 1.7 SpG FIXED 

Shell Mid-Plane 

I I I 
AY-NL-UBS-BEC 

FIXED Gravity Onl) 
Hooo Stress 

Path (in.) (lb&2) Mid 
67.33 -1877.78 
105.01 ~17rn.97 
136.24 ~16M.53 
181.71 -1106.17 
225.10 -1016.57 
273.66 ~493.19 
323.27 ~279.72 
369.20 220.14 
419.20 891.67 
444.11 614.38 
471.06 -183.96 
503.51 1167.36 
527.76 3057.64 
154.76 3929.17 
182.28 5653.47 
609.26 7305.56 
636.26 9041.67 
663.26 10361.1, 
68861 12419.17 
711.96 13791.67 
734.96 15277.78 
757.91 15895.83 
762.81 12138.89 
809.76 12479.17 
836.76 13798.61 
863.76 146666.67 

DOB.65 6227.08 
916.01 1667.36 
934.63 482.99 

889.76 12618.06 

Ma0 Proferrional SeMcer Confidentid 
3iW2006 

AY-NL-UBS-BEC 
FIXED Gravity On19 
Meridional Stress 

(Ibdin"2) Mid 
-1921.53 
4488.19 
2306.s4 
-2015.78 
-1732.64 
~1419.44 
~1063.19 
-752.08 
-356.18 
20.01 

10.0, 
3.37 
-5.72 
-13.53 
~21.31 
~29.21 
-37.18 
-44.72 
41.47 
-58.42 
-65.43 
-47.64 
-55.63 
-63.57 
~ 7 l . l l  
47.93 
-89.03 
88.54 
30h.03 
766.67 
568.96 
528.06 

15.88 

AY-NL-UBS-BEC 

768.75 I ~13.85 I ~1.90 I 23.98 

529.72 I ~1.79 I ~1.76 I 22.20 
569.86 -3.62 1.20 -15.1, 

AY-2D-NL-UBS-BEC Prl Tank Stress Gravity FIXED.xIr, Stress Max FIXED 
Page2 
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C.6 Secondary Liner 

Figures C. 10, C. 11 and C. 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. Tables C.5, C.6, and C.7 provide the values for secondruy liner strains 
for the corrected model. 
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Secondary Liner Strains -Hoop Strains (Mid) 

Floor 

0 50 100 150 200 250 300 350 400 450 500 

Path (inches) 

-AY~NL~UBS~BEC FIXED Hoop Strain (inlin) Gravity Mid AY~NL~UBS~BEC Orig Hoop Strain (inlin) Gravity Mid 

Figure C.10. Comparison of Secondaq Liner Hoop Strains, Shell Mid-Plane, UBS-BEC vs. UBS-BEC- 
FIXED, Gravity Load Only 

Secondary Liner Strains - Meridional Strains - Bottom . Floor 

0 50 100 150 200 250 300 350 400 450 500 

Path (in) 

1 AY~NL~UBS~BEC FIXED Metidional Strain (inlin) Glavly Bot -AY~NL~UBS~BEC Oiig Metidional Strain (inhn) Gravity Bot 1 

Figure C. l l .  Comparison of Secondaq Liner Merdional Strains, Shell Top, UBS-BEC vs. UBS-BEC- 
FIXED, Gravity Load Only 
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Secondary Liner Strains - Merdional Strains -Top 

\ .  Floor 

I A, 
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Path (in) 

-AY~NL~UBS~BEC FIXED Meddional Strain (inlin) Gravily Top -AY~NL~UBS~BEC Odg Meddional Strain (inlin) Gravity Top 

Figure C.12. Comparison of Secondaq Liner Meridional Strains, Shell Bottom, UBS-BEC vs. UBS- 
BEC-FIXED, Gravity Load Only 
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Table C.5. Secondary Liner Strains, Shell Top, UBS-BEC-FIXED, Gravity Only 

AY SecondaN Liner. UDwr Bound Soll. Gravltv Onlv. Best Estimate Tank Concrete. 422 In 

M8D Proleraional Sewices Confidential 
,11812006 Page 1 

AY-2D-NL-UBS-BEC Liner Strain Gravny F1XED.xle. Strain Max FIXED 
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Table C.6. Secondaq Liner Strains, Shell Mid-Plane, UBS-BEC-FIXED, Gravity Only 

MBD Pralessianal Services Confidential 
,11812006 

AYPD-NL-UBS-BEC Lmer Strain Gravity FIXEDAs. Strain Max FIXED 
Page2 
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Table C.7. Secondruy Liner Strains, Shell Bottom, UBS-BEC-FIXED, Gravity Only 

AY Secondarv Liner. Umer Bound Soil. Gravitv Onlv. Best Estimate Tank Concrete. 422 In , .. 
waste Level i t  I . % p ~  

Shell Bonorn Suriace (outside - away from waste) Gravity 

I I I I I 
I AY-NL-UBS-BEC 

AY-NL-UBS-BEC FIXED Meridional FIXED Strain FIXED In-Plane Shear FIXED In-Plane Shear ThlcknerrShear 
AY-NL-UBS-BEC AY-NL-Uffi-BEC AY-NL-UBS-BEC AY-NL-UBS-BEC FIXEDThru- 

Element FIXED Hoop Strain Strain (inlinl Gravity Intensity Win)  Strain (infin1 Gravity Forcestrain (intin1 Strain (inlinl Gravity 

msz1 1g.w I 5.82E-05 I 2.33E-04 I 3.58E-04 I l.llE-07 I 3.17E-08 I 8.81E-10 
N ~ .  Pafh(ln.1 IiniinlGwity Bot Bot Grsvity Bot Bot Gravity Bot Bot 

""-- I "= cLlc  "= I . _ j l C n e  I I "= I "?C "? 

M8D Pralerrional SeMeer Confidentid 
,11812006 

AYQD-NL-UBS-BEC Liner Strain Gravity FIXED.xla. Strain Max FIXED 
Page 3 
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C.7 Conclusion 

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. 

C.8 Corrected Files 

Liner.txt 

ksel,u,kp,,all ! C l e a r  active 
Keypoints 
ase1,u,area, , a l l  ! C l e a r  active 
Areas 
vsel ," ,vol" ,  , a l l  ! C l e a r  active 
Volumes 
ksel,s,kp,,l,ct-kps,ct-kps-l ! Activate 
Keypoints for a x i s  of rotation 
esel,u,elem,,all 
lsel,",llne,,all 

et,21,codinl4,,1 
et,22,codin14,,2 
et,23,codin14,,3 

r,201,le8 
r,202,le8 
r,203,le8 

r, 51,0.25/12 

cmsel,s, i n s u l - v o l  
?&lV 
asel,r,loc, r,ctr jct-kps) 

mat,lOl 

real, 51 
amesh,all 

k, h a x i c t l ,  ctx jbm-kpt3) ,0, ctr jbm-kpt3) 
k, h a x i c t 2 ,  ctx jbm-kp) -1,O, ctr jbm-kp) 
k, haxict3, ctx jbm-kp) ~ 

0.2929,0, ctr jbm-kp) to. 2929 
k,haxict4,ctx jbm-kp) ,O,ctr jbm-kp)+l 
k, h a x i c t 5 ,  ctx jbm-kp-1) ,O, ctr jbm-kp-1) 
k, h a x i c t b ,  ctx Ibrn-kp-Z), 0, ctr jbm-kp-2) 

type, 1 

I, h a x l c t l ,  h a x l c t 2  
I, h a x l c t 2 ,  haxlct3 
I, haxlct3, haxlct4 
I, haxlct4, h a x l c t 5  
I, h a x i c t 5 ,  h a x i c t b  

arotat,a11,,,,,,1,ct 
cm,liner-lines,line 
aatt,lOl,il,l 

kps,180,2 

leslre,all,,arcslre 
cmsel ,s , lmer- lmes 
lsel,r,loc,x,ctxjbm-kp) -1 
leslre,all,,arcslre 
cmsel ,s , lmer- lmes 
lsel,r,loc,x,ctxjbm-kp) -0.2929 
leslre,all,,arcslre 

amesh,all 
n S l e  
n u m r g , n o d e  

cm,liner,elem 
n S l e  
nsel,r,loc,x,ctxjbm-kp+3) ,ctx jbm-kp)-l 

cmsel,s, liner 
n S l e  
nsel,r,loc,r,ctrjbm-kp~l),ctr jbm-kp)+l 

cp1nt,ur,3.5 

cplntf,"x, 3 
cplntf,"y, 3 

allsel 
n s e l ,  s,loc,x,ctx jbm-kp) 
nsel,r,loc, r,ctr jbm-kp-2) ,ctr jbm-kp-1) 
cm,liner-wall,node 

e S d , l l O l l e  

/COM ~ M e r g e  liner and Concrete wall 
n u m r g , n o d e  

allsel 
*get,KMAXl,KP, O,num,max ! Get maximum 
Keypoint Nuder 
*get, LMAXI, LINE, O,num,max ! Get maximum 
Line Number 
*get,AMAXl,AREA, O,num,max ! Get maximum 
Area Number 
*get,mXl,VOLU, O,num,max ! Get maximum 
Volume Nuder 

lsel,r,loc,x,ctxjbm-kp) 
leslre,all,,arcslre 
cmsel ,s , lmer- lmes 
lsel,r,loc,x,ctxjbm-kp+3) 
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Soil-Props-UB-Ceo.txt 

T a n k s o i l - 9  
deepsoil-20 
soil-radius-320 
mass-le8 

*dim,soilx, ,30 
*dim,soilr, ,30 

sollr 11) -0 
sollr 12) --5 
soilr 13)-ctr19) 
soilr 14) -ctr 112) 
soilr 15) -ctr 114) 
soilr 16)-ctrj16) 
soilr 17) -ctr 118) 
soilr 18) -ctr 120) 
soilr 19)-ctr[23) 
soilr 110)--73.5 
sollr 111)--90.5 
soilr 112)--106.5 
soilr 113)--123.5 
soilr 114)--139.5 
soilr 115)--156 
soilr 116)--178 
soilr 117)--200 
soilr 118)--222 
soilr 119)--244 
soilr 120)--266 

/COM Excavated Soil Properties 

/COM ~ Material 801, Soil [Top Layer) 
mp,ex,801,18*144 
mp,nuxy, 801,O. 27 
mp,dens, 801,125/ 11OOO*g) 
mp,damp,801,0.017/df 

/COM ~ Material 802, S o i l  
mp,ex,802,22.5*144 
mp,nuxy, 802,O. 27 
mp,dens, 802,125/ 11OOO*g) 
mp,damp,802,0.027/df 

/COM ~ Material 803, S o i l  
mp,ex,803,29.25*144 
mp,nuxy, 803,O. 27 
mp,dens, 803,125/ 11OOO*g) 
mp,damp,803,0.039/df 

/COM ~ Material 804, S o i l  
mp,ex,804,36*144 
mp,nuxy, 804,O. 27 
mp,dens, 804,125/ 11OOO*g) 
mp,damp,804,0.031/df 

/COM ~ Material 805, Soil 
mp,ex,805,42*144 
mp,nuxy, 805,O. 27 
mp,dens, 805,125/ 11OOO*g) 
mp,damp,805,0.035/df 

/COM ~ Material 806, Soil 
mp,ex,806,48.75*144 
mp,nuxy, 806,O. 27 
mp,dens, 806,125/ 11OOO*g) 
mp,damp,806,0.042/df 

/COM ~ Material 807, Soil 
mp,ex,807,55.5*144 
mp,nuxy, 807,O. 27 
mp,dens, 807,125/ 11OOO*g) 
mp,damp,807,0.047/df 

/COM ~ Material 808, Soil 
mp,ex,808,60*144 
mp,nuxy, 808,O. 27 
mp,dens, 808,125/ 11OOO*g) 
mp,damp,808,0.037/df 

/COM ~ Material 810, Soil 
m~.ex.810.250 ~. . . 
mp,nuxy, 810,O. 27 
mp,dens, 810,125/ 11OOO*g) 
mp,damp,810,0.037/df 

/COM ~ Material 811, Soil [Top Layer) 
mu.ex.811.15131 . .  . . 
mp,nuxy, 811,O. 27 
mp,dens, 811,125/ 11OOO*g) 
mp,damp,811,0.017/df 

/COM ~ Material 812, Soil 
mp,ex,812,14108 
mp,nuxy, 812,O. 27 
mp,dens, 812,125/ 11OOO*g) 
mp,damp,812,0.027/df 

/COM ~ Material 813, Soil 
mp,ex,813,12816 
mp,nuxy, 813,O. 27 
mp,dens, 813,125/ 11OOO*g) 
mp,damp,813,0.039/df 

/COM ~ Material 814, Soil 
mp,ex,814,13186 
mp,nuxy, 814,O. 27 
mp,dens, 814,125/ 11OOO*g) 
mp,damp,814,0.031/df 

/COM ~ Material 815, Soil 
mp,ex,815,12714 
mp,nuxy, 815,O. 27 
mp,dens, 815,125/ 11OOO*g) 
mp,damp,815,0.035/df 

/COM ~ Material 816, Soil 
mp,ex,816,12059 
mp,nuxy, 816,O. 27 
mp,dens, 816,125/ 11OOO*g) 
mp,damp,816,0.042/df 

/COM ~ Material 817, Soil 
mp,ex,817,11562 
mp,nuxy, 817,O. 27 
mp,dens, 817,125/ 11OOO*g) 
mp,damp,817,0.047/df 
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/COM ~ Material 818, S o i l  
mp,ex,818,12357 
mp,nuxy, 818,O. 27 
mp,dens, 818,125/ 11OOO*g) 
mp,damp,818,0.037/df 

/COM ~ Upper Bound Soil Properties Geomatrlx 
Soil Data 
/COM ~ 19 Layer Mode 
/COM ~ Material Definitions 

/COM ~ Material 901, Soil [Top Layer) 
mp,ex,901,24811 
mp,nuxy, 901,O. 24 
mp,dens, 901,110/ 11OOO*g) 
mp,damp,901,0.016/df 

/COM ~ Material 902, S o i l  
mp,ex,902,23826 
mp,nuxy, 902,O. 24 
mp,dens, 902,110/ 11OOO*g) 
mp,damp,902,0.022/df 

/COM ~ Material 903, S o i l  
mp,ex,903,22986 
mp,nuxy, 903,O. 24 
mp,dens, 903,110/ 11OOO*g) 
mp,damp,903,0.027/df 

/COM ~ Material 904, S o i l  
mp,ex,904,23271 
mp,nuxy, 904,O. 24 
mp,dens, 904,110/ 11OOO*g) 
mp,damp,904,0.022/df 

/COM ~ Material 905, S o i l  
mu.ex.905.21584 ~. . . 
mp,nuxy, 905,0.19 
mp,dens, 905,110/ 11OOO*g) 
mp,damp,905,0.026/df 

/COM ~ Material 906, Soil 
mp,ex,906,24488 
mp,nuxy, 906,0.19 
mp,dens, 906,110/ 11OOO*g) 
mp,damp,906,0.027/df 

/COM ~ Material 907, Soil 
mp,ex,907,27725 
mp,nuxy, 907,0.19 
mp,dens, 907,110/ 11OOO*g) 
mp,damp,907,0.028/df 

/COM ~ Material 908, Soil 
mp,ex,908,32629 
mp,nuxy, 908,0.19 
mp,dens, 908,110/ 11OOO*g) 
mp,damp,908,0.022/df 

/COM ~ Material 909, S o i l  
mp,ex,909,36376 
mp,nuxy, 909,0.19 
mp,dens, 909,110/ 11OOO*g) 
mp,damp,909,0.022/df 

/COM ~ Material 910, S o i l  
mp,ex,910,35784 
mp,nuxy, 910,0.19 
mp,dens, 910,110/ 11OOO*g) 

mp,damp,910,0.024/df 

/COM ~ Material 911, Soil 
mp,ex,911,35374 
mp,nuxy, 911,0.19 
mp,dens, 911,110/ 11OOO*g) 
mp,damp,911,0.025/df 

/COM ~ Material 912, Soil 
mp,ex,912,35096 
mp,nuxy, 912,0.19 
mp,dens, 912,110/ 11OOO*g) 
mp,damp,912,0.026/df 

/COM ~ Material 913, Soil 
mp,ex,913,40418 
mp,nuxy, 913,0.19 
mp,dens, 913,110/ 11OOO*g) 
mp,damp,913,0.020/df 

/COM ~ Material 914, Soil 
mp,ex,914,40076 
mp,nuxy, 914,0.19 
mp,dens, 914,110/ 11OOO*g) 
mp,damp,914,0.021/df 

/COM ~ Material 915, Soil 
mp,ex,915,55863 
mp,nuxy, 915,O. 28 
mp,dens, 915,120/ 11OOO*g) 
mp,damp,915,0.019/df 

/COM ~ Material 916, Soil 
mp,ex,916,61211 
mp,nuxy, 916,0.28 
mp,dens, 916,120/ 11OOO*g) 
mp,damp,916,0.019/df 

/COM ~ Material 917. Soil 
mp,ex,917,60604 
mp,nuxy, 917,O. 28 
mp,dens, 917,120/ 11OOO*g) 
mp,damp,917,0.020/df 

/COM ~ Material 918, Soil 
mu.ex.918.60224 ~. . . 
mp,nuxy, 918,O. 28 
mp,dens, 918,120/ 11OOO*g) 
mp,damp,918,0.020/df 

/COM ~ Material 919, Soil 
mp,ex,919,66350 
mp,nuxy, 919,0.28 
mp,dens, 919,120/ 11OOO*g) 
mp,damp,919,0.019/df 

Tank-Coordinates-AY.txt 

/COM ~ Definition 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 w a l l  
tw-9 ! Rings in common for 
lnsulatlng concrete 
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arcs1ze-9 ! Control for meshing, 

Midsi re-5 ! Control for meshing, center 

r-off-57.31 ! Vertical offset for tank 
[bottom of primary tank 1s 2-0 for 
coordinates) 
C-Floor--4 

SeCtlOn a n g l e  

areas 

ctr[15)-335/12-r~off 
ctr[16)-281/12-r-off 
ctr[17)-236.5/12-r off - 

ctr[18)~186.8/12~r-off 
ctr1191-145.5/12-r off 

*dim,ctx,,ct-kps ! Concrete Tank 
Keypoint X Coordinates 
*dim,ctr,,ct-kps ! Concrete Tank 
Keypoint 2 Coordinates 
*dim,ptx, ,pt-kps ! Primary Tank 
Keypoint X Coordinates 
*dim,ptr, ,pt-kps ! Primary Tank 
Keypoint 2 Coordinates 

/COM ~ Define Horizontal Keypoint Locations 
ctx[l)-O 
ctx[2)-45/12 
ctx [3)-90.4/12 
ctx[4)-120.72/12 
ctx[5)-152.9/12 
ctx 161-211.4/12 , ,  

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 
ctx[12)-469.9/12 
ctx[13)-486.9/12 
ctx [14)-489/12 
ctx [15)-489/12 
ctx [16)-489/12 
ctx [17)-489/12 
ctx [18)-489/12 
ctx [19)-489/12 
ctx [20)-489/12 
ctx [21)-489/12 
ctx [22)-489/12 
ctx [23)-531/12 
ctx [24)-489/12 
ctx [25)-438/12 
ctx 1261-410/12 , ,  

ctx [27)-358/12 
ctx[28)-277.7/12 
ctx [29)-218.5/12 
ctx [30)-180/12 
ctx[31)-129.9/12 
ctx[32)-95.7/12 
ctx [33)-36/12 
ctx[34)-0 

/COM ~ Define Vertical Keypoint Locations 

ctr[l)~576.8/12~r-off 
ctr[2)-576/12-r-off 
ctrf31-573.8/12-r off - , ,  

ctr[4)~571.21/12~r-off 
ctr[5)~567.7/12~r-off 
ctr[6)~558.7/12~r-off 
ctr[7)-553.2/12-r Off 

ptx 16)-210.05344/12 
ptx 17)-237.53366/12 
ptx[8)-304.42488/12 
ptx [9)-333.05132/12 
Ptx [10)-390.22141/12 
Dtx 1111-422.26434/12 
ptx [12)-450/12 
ptx [13)-450/12 
ptx [14)-450/12 
ptx [15)-450/12 
ptx [16)-450/12 
ptx [17)-450/12 
ptx [18)-450/12 
ptx [19)-450/12 
ptx [20)-450/12 
ptx [21)-450/12 
ptx [22)-450/12 
ptx [23)-450/12 
ptx [24)-450/12 
ptx [25)-450/12 
ptx [26)-450/12 
ptx [27)-450/12 
ptx [28)-450/12 
ptx [29)-450/12 
ptx[30)-446.49/12 
ptx [31)-438/12 
ptx [32)-410/12 
ptx [33)-358/12 
ptx[34)-277.7/12 
ptx[35)-218.5/12 
ptx [36)-180/12 
ptx[37)-129.9/12 
ptx[38)-95.7/12 
ptx [39)-36/12 
ptx[40)-0 

ptrl1)~569.30000/12~r~off 
ptrl2)~568.50462/12~r off 
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ptrl10)-495.85550/12-r~off 
ptrl11)~474.92388/12~r off 

ptr 129)-20/12-rIoff 
ptrI30)~11.51/12~r~off 
ptrl31)-8/12-r off 
ptr [32)-8/12-rIoff 
ptr [33)-8/12-r-off 
ptr [34)-8/12-r-off 
ptr [35)-8/12-r-off 
ptr [36)-8/12-r-off 
ptr [37)-8/12-r-off 
ptr [38)-8/12-r-off 
ptr [39)-8/12-r-off 
ptr [40)-8/12-r-off 

Tank-Props-BEC-250.txt 

/COM ~ Tank Concrete Properties 

/COM ~ Material Definitions 
! EX ~ Youngs Modulus, [k/ft2) 
! NUXY ~ Poisons ratio 
! DENS ~ Density [1000*slugs/ft3) 
! DAMP ~ Beta [Stiffness) Damping 

/COM ~ Material 1, Tank Concrete 
mp,ex,l, 626754 
mp,nuxy, 1,O. 18 
mp,dens, 1,148/ [lOOO*g) 
mp, damp, 1,O. 07 /df 

/COM ~ Material 2, Tank Concrete 
mp,ex,2,620114 
mp,nuxy, 2,O. 18 
mp,dens, 2,149/ [lOOO*g) 
mp, damp, 2,O. 07 /df 

/COM ~ Material 3, Tank Concrete 
mp,ex,3,616594 
mp,nuxy, 3,O. 18 
mp,dens, 3,149/ [lOOO*g) 
mp, damp, 3,O. 07 /df 

/COM ~ Material 4, Tank Concrete 
mp,ex,4,610922 
mp,nuxy, 4,O. 18 
mp,dens, 4,149/ [lOOO*g) 
mp, damp, 4,O. 07 /df 

/COM ~ Material 5, Tank Concrete 
mp,ex, 5,621305 
mp,nuxy, 5,0.18 

mp,dens, 5,148/ [lOOO*g) 
mp, damp, 5,O. 07 /df 

/COM ~ Material 6, Tank Concrete 
mu.ex.6.607093 ~. . . 
mp,nuxy, 6,O. 18 
mp,dens, 6,148/ 1 1 O O O * g )  
mp, damp, 6,O. 07 /df 

/COM ~ Material 7, Tank Concrete 
mp,ex,7,639237 
mp,nuxy, 7,O. 18 
mp,dens, 7,146/ 1 1 O O O * g )  
mp, damp, 7,O. 07 /df 

/COM ~ Material 8, Tank Concrete 
mp,ex,8,634338 
mp,nuxy, 8,O. 18 
mp,dens, 8,147/ 1 1 O O O * g )  
mp, damp, 8,O. 07 /df 

/COM ~ Material 9, Tank Concrete 
mp,ex,9,628756 
mp,nuxy, 9,O. 18 
mp,dens, 9,147/ 1 1 O O O * g )  
mp, damp, 9,O. 07 /df 

/COM ~ Material,lO, Tank Concrete 
mp,ex,10,193677 
mp,nuxy, 10,O. 18 
mp,dens,lO,l65/ [lOOO*g) 
mp,damp, 10,0.07/df 

/COM ~ Material,ll, Tank Concrete 
mp,ex,ll,575959 
mp,nuxy, 11,O. 18 
mp,dens,11,144/[1000*g) 
mp,damp, 11,0.07/df 

/COM ~ Materlal,lE, Tank Concrete 
mp,ex,12,202953 
mp,nuxy, 12,O. 18 
mp,dens,l2,159/ [lOOO*g) 
mp,damp, 12,0.07/df 

/COM ~ Material,l3, Tank Concrete 
mp,ex,13,157426 
mp,nuxy, 13,O. 18 
mp,dens,13,176/ [lOOO*g) 
mp,damp, 13,0.07/df 

/COM ~ Material,l4, Tank Concrete 
mu.ex.14.153784 ~. . . 
mp,nuxy, 14,O. 18 
mp,dens,14,193/ 1 1 O O O * g )  
mp,damp, 14,0.07/df 

/COM ~ Material,l5, Tank Concrete 
mp,ex,15,136651 
mp,nuxy, l5,O. 18 
mp,dens,l5,200/[1000*g) 
mp,damp, l5,0.07/df 

/COM ~ Material,l6, Tank Concrete 
mp,ex,16,136651 
mp,nuxy,l6,0.18 
mp,dens,l6,200/ [lOOO*g) 
mp , damp, 1 6,O . 0 7 /df 

/COM ~ Material,l7, Tank Concrete 
mp,ex,17,138084 
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mp,nuxy, 17,O. 18 
mp,dens,l7,181/ 11000*9) 
mp,damp, 17,0.07/df 

/COM ~ Material,l8, Tank Concrete 
mp,ex,18,123378 
mp,nuxy, 18,O. 18 
mp,dens,l8,209/ 1 1 O O O * g )  
mp,damp, 18,0.07/df 

/COM ~ Material.19, Tank Concrete 
mu.ex.19.124633 ~. . . 
mp,nuxy,l9,0.18 
mp,dens,19,190/ 1 1 O O O * g )  
mp , damp, 1 9,O . 0 7 /d f 

/COM ~ Material,EO, Tank Concrete 
mp,ex,20,124388 
mp,nuxy, 20,O. 18 
mp,dens,20,210/11000*g) 
mp,damp, 20,0.07/df 

/COM ~ Materlal,El, Tank Concrete 
mp,ex,21,548683 
mp,nuxy, 21,O. 18 
mp,dens,21,166/ 1 1 O O O * g )  
mp,damp, 21,0.07/df 

/COM ~ Material,ZE, Tank Concrete 
mp,ex,22,154870 
mp,nuxy, 22,O. 18 
mp,dens,22,184/11000*g) 
mp,damp, 22,0.07/df 

/COM ~ Material,23, Tank Concrete 
mp,ex,23,514287 
mp,nuxy, 23,O. 18 
mp,dens,23,172/11000*g) 
mp, damp, 23,O. 0 60/df 

/COM ~ Material,24, Tank Concrete 
mp,ex,24,164113 
mp,nuxy, 24,O. 18 
mp,dens,24,288/11000*g) 
mp,damp, 24,0.07/df 

/COM ~ Material,25, Tank Concrete 
mp,ex,25,522946 
mp,nuxy, 25,O. 18 
mp,dens,25,201/11000*g) 
mp,damp, 25,0.07/df 

/COM ~ Material,26, Tank Concrete 
mp,ex,26,194254 
mp,nuxy,26,0.18 
mp,dens,26,322/ 1 1 O O O * g )  
mp , damp, 2 6,O . 0 7 /df 

/COM ~ Material.27. Tank Concrete 
mu.ex.27.199783 ~. . . 
mp,nuxy, 27,O. 18 
mp,dens,27,281/ 1 1 O O O * g )  
mp,damp, 27,0.07/df 

/COM ~ Material,28, Tank Concrete 
mu.ex.28.162553 . .  . . 
mp,nuxy, 28,O. 18 
mp,dens,28,299/ 11000*9) 
mp,damp, 28,0.07/df 

/COM ~ Material,29, Tank Concrete 

mp,ex,29,200531 
mp,nuxy,29,0.18 
mp,dens,29,394/ 1 1 O O O * g )  
mp , damp, 2 9,O . 0 7 /df 

/COM ~ Material,30, Tank Concrete 
mp,ex,30,167538 
mp,nuxy, 30,O. 18 
mp,dens,30,411/11000*g) 
mp,damp, 30,0.07/df 

/COM ~ Material,31, Tank Concrete 
mp,ex,31,125560 
mp,nuxy, 31,O. 18 
mp,dens,31,242/11000*g) 
mp,damp, 31,0.07/df 

/COM ~ Material,32, Tank Concrete 
mu.ex.32.125560 ~. . . 
mp,nuxy, 32,O. 18 
mp,dens,32,252/ 1 1 O O O * g )  
mp,damp, 32,0.07/df 

!/COM ~ Material,33, Tank Concrete 
!mp,ex,33,731952 
!mp,nuxy,33,0.18 
!mp,dens,33,150/jlOOO*g) 
!mp,damp,33,0.07/df 

!/COM ~ Material,34, Tank Concrete 
!mp,ex,34,731952 
!mp,nuxy,34,0.18 
!mp,dens,34,150/jlOOO*g) 
!mp,damp,34,0.07/df 

!/COM ~ Material,35, Tank Concrete 
!mp,ex,35,731952 
!mp,nuxy,35,0.18 
!mp,dens,35,150/jlOOO*g) 
!mp,damp,35,0.07/df 

!/COM ~ Material,36, Tank Concrete 
!mp,ex,36,731952 
!mp,nuxy,36,0.18 
!mp,dens,36,150/jlOOO*g) 
!mp,damp,36,0.07/df 

!/COM ~ Material,37, Tank Concrete 
!mp,ex,37,731952 
!mp,nuxy,37,0.18 
!mp,dens,37,150/jlOOO*g) 
!mp,damp,37,0.07/df 

/COM ~ Concrete Real Values, t in ft 
r,l,l.26 ! 15 in 
r,2,1.26 ! 15 in 
r,3,1.26 ! 15 in 
r,4,1.26 
r, 5,1.27 
r. 6.1.26 

! 15 in 
! 15 in 
! 15 in 

r, 8,1.28 
r, 9,l. 73 
r, 10,1.73, 
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,l. 17 
r, 15,1.13 
r,16,1.13 
r, 17,l. 24 

18 in 
18 in 
18 in 
18 in 

c.22 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

r, 18,1.07 ! 18 in 
r,19,1.18 ! 18 in 
r, 20,1.07 
r, 21,l. 97 
r. 22.1.68 

! 18 in 
! 18 in 
! 18 in 
! 18 in 

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 ! 8 in to 
r, 32,1.02 
! r, 34,l 
! r, 35,l 
!r,36,1 
! r, 37,l 
!r,39,1 

Waste-Soild-AY.txt 

et,3,solld45 ! FLUID80 13-0 Non-Flowing 
Fluid elements) 
wastet-13 ! Primary tank coordinate for 
top of waste 1422 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,er,201,2.592 
mp,prxy, 201,O. 49999 
mp, pryr, 201,O. 4 9 9 99 
mp, prxr, 201,O. 4 9 9 99 
mp,gxy,201,0.464 
mp, gyz, 2 01,O. 4 64 
mp, gx I, 2 01,O. 4 64 
mp,dens, 201,l. 7*62.4/ j l O O O * g )  ! Waste 
Density 

ksel,u,kp,,all ! Clear active 

ase1,u,area, , a l l  ! Clear active 
Keypoints 

Areas 
vsel ," ,vol" ,  , a l l  ! Clear active 
Volumes 
ksel,s,kp,,l,ct-kps,ct-kps-l ! Activate 
Keypoints for Center of rotation 

/COM ~ Create Keypoints for waste in tank 
*do, I, 0, Wasteb-Wastet, 1 

*do,] ,0, tw-1 

k,!maxl+i* jtw+l)+l+l,ptxjpt-kps- 

*enddo 
k,!maxl+i*jtw+l)+~+2,ptxji+Wastet),O,ptr jitW 
astet) ! 
*enddo 

! Cycle on vertical Keypoints 

! Cycle on horizontal Keypoints 

1) ,o,ptr jltwastet) 

/COM ~ Create Areas for waste in tank 
*do,i,O,Wasteb-Wastet-l,l 

*do,] ,0, tw-1 
a,!maxl+i* jtw+l)+l+l,!maxl+i* jtwtl) tIt2,kmax 
l + j i + l ) *  jtw+l)+i+2,kmaxl+j~+l)*jtw+l)+i+l 
*enddo 
*enddo 

/COM ~ Create Volumes for Waste 
vrotat,all,, , , , ,l,ct-kps,l80,2 

/COM ~ Assign attributes 
vatt, 201 , ,3 

wastevols- jtw) * jwasteb-wastet) 
/COM ~ Elements in waste 
*do,i,O,Wasteb-Wastet-l,l 
*do,], 1, tw-l,1 
vsel,  s , v o l u ,  ,vmaxl+i*tw+]+l 
v s e l , a , v o l u , , v m a x l + w a s t e v o l s t l * t w + ~ + l  
?&lV 
lsla 
lsel,r,loc,x,ptx jpt-kps-1) ,ptx jitwastet) 
leslre,all,,arcslre 
mesh,all 
*enddo 
*enddo 

allsel 
/COM ~ Mesh Center column to match primary 
tank center 
asel,s,loc,x,ptx jpt-kps-1) ,ptx jpt-kps) 
ase1,r,1oc, z,ptr jwastet) 
asel, r, lOC, y, 0, -90 
cm,a3a,area 
cmsel,s,a3a 
cmsel,a, ala 
mshcopy, 2,ala,a3a,, , ,ptr jwastet) -ptr jwasteb) 
allsel 
asel,s,loc,x,ptx jpt-kps-1) ,ptx jpt-kps) 

cmsel,", a3a 
cm,a3b,area 
cmsel,a, alb 
mshcopy,Z,alb,a3b,,, ,ptr jwastet) -ptr jwasteb) 
vsel,s,volu,,vmaxl+l,maxl+2*wastevols+l,tw 

cmsel,", alb 
cmsel,a, a3a 
aclear,all 

ase1,r,1oc, z,ptr jwastet) 

vsweep,a11,,a11 

ese1, s, type, ,3 
cm,waste,elem 
n S l e  
crn,waste-n, node 
/COM ~ Couple waste to primary tank 

allsel 

! cmsel, s, waste 
! cmsel, s,primary-tank 
Select Primary tank elements 
! cmsel, a, w a s  te 
Select Waste elements 
!llSle 

!nsel,r, loc,x,ptx jwasteb-2) ,ptx jwastet) 

!nsel,r,loc,r,ptr jwasteb) ,ptr jwastet) 

Couple nodes radially 

CSYS,l 

! Select nodes at vertical interface 

!cplntf,"x 
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!cplntf,"y 
!llSle 

!nsel,r,loc,x,ptx 136),ptxl34) 
Select node at bottom interface 
!nsel,a,loc,r,ptr 121) 
! cplntf, "I 
Couple nodes vertically 
!allsel 

mp,damp,45,O 
mp,mu,45,0 

et,44,targe170 
et,45,contal73 
r, 800,, ,1000 
!keyopt,45,2,3 
!keyopt,45,5,3 
!keyopt,45,9,1 
ke yop t, 4 5,12,4 
cmsel,s,primary-tank 
n S l e  
n s e l ,  r , l o c ,  z,ptr 114) ,ptr 136) 
!nsel,u,loc,x,ptx 136),ptxl33) 
e s l n ,  r 
n S l e  
mat,45 

real, 800 
type, 44 

esurf 
*get, emax,elem, ,num,maxd 
enorm,emax 
cmsel, s, waste 
n S l e  
nsel,r,loc,x,ptxjll) ,ptxll5) 
nsel,a,loc, z,ptr 136) 
!nsel,u,loc,x,ptx 136),ptxl34) 
e s l n ,  r 
type, 45 
esurf 
ese1, s, type, ,45 
cm,waste-surf, elem 

! cmsel, s, waste 
!llSle 

!nsel,r, lOC, z,ptr jwastet) 

allsel 
*get, KMAXw, KP, O,num,max 

! Get maximum Keypoint number 
*get, LMAXw, LINE, O,num,max 
maximum Line n u d e r  
*get,AMAXw,AREA, O,num,max 
maximum Area n u d e r  
*get,mXw,VOLU, O,num,max 
maximum Volume n u d e r  

! Get 

! Get 

! Get 
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Appendix D 

Common ANSYS Input File Listing 

All-Forces.txt 

/hnp"t,force-c,txt 
/Input,stress~Prirnary,txt 
/Input, Force-J-bolt, txt 
/Input, straln-llrler, txt 

Bolts-FrictionAxt 

pl-acos (-1) ! Define PI 

!ET, 4, BEAM44 ! Rigid Links 
!KEYOPT,4,8,111 
et, 4, BEAM4 
keyopt, 4,6,1 

et,31,corbinl4,,1 
et,32,corbin14,,2 
et,33,corbin14,,3 

et,34,targe170 
et,35,contal73 
!keyopt,35,2,3 
ke yop t, 3 5,5,3 
keyopt, 35,9,1 
ke yop t, 3 5,11,1 

r, 701,0,0,. 1 
r, 702,0,0,. 1 
r, 703,0,0,. 1 
r, 704,0,0,. 1 
r, 705,0,0,. 1 
r, 706,0,0,. 1 
r, 707,0,0,. 1 
r,?08,0,0,.1 
r, 709,0,0,. 1 
r, 710,0,0,. 1 
r, 711,0,0,. 1 

BX-33333/20 
BY-33333/20 
BZ-22777/10 
mp,mu,?OO,O.4 

/COM ~ Create Rlgid Links for J-Bolts 
nibolt-11 

rnp,ex,401,4176000 

rnp,dens, 401,O 

rmore,,le-3 

rmore,,le-3 
r, 403,1,10,10,2.5,2.5 
rmore,,le-3 
r, 404,1,10,10,2.5,2.5 
rmore,,le-3 

!keyopt,35,12,4 

rnp,nuxy, 401,o. 30 

*,401,1,10,10,2.1,2.1 

r, 402,1,10,10,2.5,2.5 

r, 405,1,10,10,2.5,2.5 
rrnore,,le-3 
r, 406,1,10,10,2.5,2.5 
rrnore,,le-3 . .  
r, 407,1,10,10,2.5,2.5 
rrnore,,le-3 
I, 4oa,i, io, io, 2.5,~. 5 
rrnore,,le-3 
r, 409,1,10,10,2.5,2.5 
rrnore,,le-3 
r, 410,1,10,10,2.5,2.5 
rrnore,,le-3 
r, 411,1,10,10,2.5,2.5 
rrnore,,le-3 

r, 421,1/2,10,10,2.5,2.5 
rrnore,,le-3 
r, 422,1/2,10,10,2.5,2.5 

r, 423,1/2,10,10,2.5,2.5 
rrnore,,le-3 

rrnore,,le-3 
r, 424,1/2,10,10,2.5,2.5 
rrnore,,le-3 

rrnore,,le-3 
r, 426,1/2,10,10,2.5,2.5 

r, 425,1/2,10,10,2.5,2.5 

rrnore,,le-3 
r, 427,1/2,10,10,2.5,2.5 
rrnore,,le-3 
r, 428,1/2,10,10,2.5,2.5 
rrnore,,le-3 . .  
r, 429,1/2,10,10,2.5,2.5 
rrnore,,le-3 
r, 430,1/2,10,10,2.5,2.5 
rrnore,,le-3 
r, 431,1/2,10,10,2.5,2.5 
rrnore,,le-3 

r. 501.1.364*BX 

r, 506,2.407*BX 
r, 507,3.301*BX 
r, 508.4.039*BX 

r, 521,l. 364*BY 
r, 522,0,55O*BY . .  
r, 523,O. 887*BY 
r, 524,l. 027*BY 
r,525,1,971*BY 
r, 526,2.407*BY 
r, 527,3.301*BY 
r, 528,4.039*BY 
r, 529.4.369*BY . .  
r, 530,5.362*BY 
r, 531,3.596*BY 
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r, 5 4 1 , l .  3 6 4 * B Z  
r, 5 4 2 , O .  55O*BZ 
r, 5 4 3 , O .  8 8 7 * B Z  
r, 5 4 4 , l .  0 2 7 * B Z  
r. 5 4 5 . 1 . 9 7 1 * B Z  . .  
r, 5 4 6 , 2 . 4 0 7 * B Z  
r, 5 4 7 , 3 . 3 0 1 * B Z  
r, 5 4 8 , 4 . 0 3 9 * B Z  
r, 5 4 9 , 4 . 3 6 9 * B Z  
r, 5 5 0 , 5 .  3 6 2 * B Z  
r, 5 5 1 , 3 . 5 9 6 * B Z  

R, 6 0 1 , 1 . 3 6 4 * B X / 2  
R, 6 0 2 , 0 . 5 5 0 * B X / 2  
R, 6 0 3 , 0 . 8 8 7 * B X / 2  
R, 6 0 4 , 1 . 0 2 7 * B X / 2  
R , 6 0 5 , 1 . 9 7 1 * B X / 2  
R, 6 0 6 , 2 . 4 0 7 * B X / 2  
R. 6 0 7 . 3 . 3 0 1 * B X / 2  . .  
R, 6 0 8 , 4 . 0 3 9 * B X / 2  
R, 6 0 9 , 4 . 3 6 9 * B X / 2  
R, 6 1 0 , 5 . 3 6 2 * B X / 2  
R, 6 1 1 , 3 . 5 9 6 * B X / 2  

R, 6 2 1 , 1 . 3 6 4 * B Y / 2  
R. 6 2 2 . 0 . 5 5 O * B Y / 2  . .  
R, 6 2 3 , 0 . 8 8 7 * B Y / 2  
R, 6 2 4 , 1 . 0 2 7 * B Y / 2  
R , 6 2 5 , 1 . 9 7 1 * B Y / 2  
R, 6 2 6 , 2 . 4 0 7 * B Y / 2  
R, 6 2 7 , 3 . 3 0 1 * B Y / 2  
R ,  6 2 8 , 4 . 0 3 9 * B Y / 2  

R, 6 4 1 , 1 . 3 6 4 * B Z / 2  
R, 6 4 2 , 0 . 5 5 0 * B Z / 2  
R. 6 4 3 . 0 . 8 8 7 * B Z / 2  

R, 6 4 8 , 4 . 0 3 9 * B Z / 2  
R , 6 4 9 , 4 . 3 6 9 * B Z / 2  
R, 6 5 0 , 5 . 3 6 2 * B Z / 2  
R , 6 5 1 , 3 . 5 9 6 * B Z / 2  

c m s e l , s , p r i m a r y - t a n k  
n S l e  
nse1, r ,1oc ,  z , p t r  (1) , p t r  ill) 
c m , b o l t ~ p r i m a r y ~ n , n o d e  
l l S d , l l O l l e  

n , , o , o , P t r I l )  
*do, I ,  2, n l - b o l t  
* d o , ] , 0 , 1 8 0 / a r c s i r e  

*enddo 
c m , b o l t - n o d e , n o d e  

/COM ~ C r e a t e  l i n k  a t  t o p  C e n t e r  of t a n k s  

m a t , 4 0 1  
real ,  4 0 1  

nse1, s, lOC, X I  0 
S e l e c t  nodes on m o d e l  o r i g i n  

type ,  4 

n s e l , r , l o c , r , p t r j l ) , c t r  (1) 
R e s e l e c t  nodes on Concre t e  and p r i m a r y  t a n k s  
! n s e l ,  u, node, ,  1 
c m s e l , u , b o l t ~ p r i m a r y ~ n  
e l n t f , 1 0 0  
l i n k  a t  d o m e  c e n t e r  

C S Y S , l  

/COM ~ C r e a t e  l i n k s  f o r  J - B o l t s  
*do, I ,  2, n l - b o l t  

REAL, 4 0 0 t i  
*do,]  , 1 , 1 8 0 / a r c s i r e - l  
by  m o d e l  s l i ce  

D e f i n e  a n g l e  f o r  node s e l e c t i o n  

S e l e c t  nodes a t  rad ius  

R e s e l e c t  nodes a t  a n g l e  "an lgey"  
c m s e l , u , b o l t ~ p r i m a r y ~ n  
cmsel, u, w a s  t e - n  
e l n t f , 1 0 0  
C r e a t e  r i g i d  l i n k  
*enddo 
r e a 1 , 4 2 0 + i  

S e l e c t  nodes a t  rad ius  

R e s e l e c t  nodes a t  a n g l e  0 
c m s e l , u , b o l t ~ p r i m a r y ~ n  
cmsel, u, w a s  t e - n  
e l n t f , 1 0 0  
C r e a t e  r i g i d  l i n k  
nse1, s , 1 o c , x , c t x  (1) , p t x  (1) 
S e l e c t  nodes a t  rad ius  
n s e l ,  r , l o c ,  y , 1 8 0  
R e s e l e c t  nodes a t  a n g l e  1 8 0  
c m s e l . u . b o l t ~ D r i m a r v ~ n  

! C y c l e  by  radius 

angley- - ]*arcs l re  

nse1, s , 1 o c , x , c t x  (1) , p t x  (1) 

nse1, r ,1oc ,  y ,ang1ey 

nse1, s , 1 o c , x , c t x  (1) , p t x  (1) 

nse1, r ,1oc ,  y , o  

. .  
cmsel, u, w a s  t e - n  
e l n t f , 1 0 0  
C r e a t e  r i g i d  l i n k  

! P l a c e  

! C y c l e  

*enddo 

ese1, s, type, , 4  
cm, ] -bol ts ,  elem 

l i n k s  
allsel 

! C r e a t e  c o m p o n e n t  f o r  J - B o l t  r i g i d  

/COM ~ C r e a t e  l i n k  a t  t o p  C e n t e r  of t a n k s  
n s e l ,  R, loc, x, 0 
S e l e c t  nodes on m o d e l  o r i g i n  

R e s e l e c t  nodes on Concre t e  and p r i m a r y  t a n k s  
TYPE, 31 
REAL, 5 0 1  
e l n t f  ! P l a c e  l i n k  
a t  d o m e  c e n t e r  
TYPE, 3 2  
REAL, 5 2 1  
e l n t f  ! P l a c e  l i n k  
a t  d o m e  c e n t e r  

nse1, r ,1oc ,  z , p t r  (1) , p t r  (1) 

a t  d o m e  c e n t e r  
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CSYS,l 
/COM ~ Create links for J-Bolts 
*do,] A, 2 
type, 31+1 
*do, I, 2 ,  nl-bolt 

REAL, 500+20*]+1 

by model s l i ce  
angley--k*arcsire 
Define a n g l e  for node selection 

Select nodes at radius 

Reselect nodes at a n g l e  "anlgey" 

! Cycle by radius 

*do,k,l, 180/arcsire-l ! Cycle 

nsel,s,loc,x,ptxjl) ,ptx (1) 

nse1, r ,1oc ,  y,ang1ey 

cmsel, u, was te-n 
elntf 
link 
*enddo 
real, 600+1*20+i 

Select nodes at radius 

Reselect nodes at a n g l e  0 
cmsel, u, was te-n 
elntf 

nsel,s,loc,x,ptxjl) ,ptx (1) 

nse1, r ,1oc ,  y,o 

link 

Select nodes at radius 
nsel,s,loc,x,ptxjl) ,ptx (1) 

n s e l ,  r , l o c ,  y,180 
Reselect nodes at a n g l e  180 
cmsel, u, was te-n 
elntf 
link 

*enddo 
*enddo 

ese1, s, type, ,31,33 
cm,bolt-springs,elem 

*do,i, 2 , l O  
cmsel,s, conc-tank 
n S l e  
nse1, r,1oc,x,ctx [I), ctx jltl) 
nsel,r,loc,r,ctrjl),ctr jltl) 
e s l n ,  r 
rea1,700+i 
type, 34 
esurf, ,bottom 
cmsel,s,primary-tank 
n S l e  
n s e l , r , l o c , x , p t x j l ) , p t x j l t l )  
nse1, r ,1oc ,  z,ptr (1) ,ptr jltl) 
e s l n ,  r 
type, 35 
rea1,700+i 
mat,700 
esurf, ,bottom 
*enddo 

cm,bolt~friction,elem 

!*do,i,3,n]-bolt 
! cmsel, s,primary-tank 
!cmsel,a,conc-tank 

ese1, s, type, ,35 

. .  
!llSle 

!nsel,r,loc,r,ptr (1) ,CtZjl) 
!nsel,r, 1oc,x,ptx (1) ,CtX (1) 
!type,35 
!mat, 700 

. .  
!llSle 

!nsel,r,loc,r,ptr (1) ,CtZjl) 
!nsel,r, 1oc,x,ptx (1) ,CtX (1) 
!type,35 
!mat, 700 

!real, 700 
!emtf, 1, high 
! *enddo 

*aet.KMAXib.KP.O,num.max ! Get maximum i .  . 
keypoint n u d e r  
*get,LMAX]b,LINE, O,num,max ! Get maximum 
line number 
*get,AMAX]b,AREA, O,num,max ! Get maximum 
area number 
*get,mX]b,volu, O,num,max ! Get maximum 
volume n u d e r  

Boundarv.txt 
! Create rigid 

/COM ~ Fix symmetry face 
allsel 
csys,o 
nse1, S,lOC, y,o 

CSYS,l 
d, al1,uy 

cmsel,s, conc-tank 
cmsel,a,primary-tank 
n S l e  

! Create rigid 

csys,o 
nse1, r ,1oc ,  y,o 
d, all, rotx 
d, all, rotz 
CSYS,l ! Create rigid 

allsel 

!esel,s, type,, 24 
!llSle 

!cmsel,u,conc-slab 
!ddele,all,uy 
!allsel 

Contact-AY.txt 

/Inp"t,contact~footlng,t~t 
/Inp"t,contact~lns"l,txt 

/Input, COntaCt-SOll, txt 
/Inp"t,contact~waste~ay,txt 
/Inp"t,waste~reactlon,txt 

Contact-Footing.txt 

/Input,contact~]~bolts, txt 
/Input,contact~primary,txt 

/pos t2 6 
nurnvar , 2  00 
*do, r , 2 , 2 0 0  
VARDEL, I 
*enddo 

*do,i, 1 , 2 1  
angley~~arcslre*jl~l) 
ese1, s, type, ,24 
n S l e  
nse1, r ,1oc ,  y,ang1ey 
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
e s o l ,  [ Z t i ) ,  jemax), ,smisc, l ,pr%jemax)B 
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esol, [32+i), [emax),,cont,slide,sl%[~m~~)% 
esol, [62+i), [emax),,cont,gap,gp% [emax)% 
esol, [92+i), [emax),,cont,stat,st%[~m~~)% 
e s o l ,  [122+i), [ e m a x ) , , s m i s c , 2 , f s y % j e m a x ) B  
esol, [152+i), [emax) , , smisc ,3 , f s r%jemax)B 
*enddo 
LINES,2050 
extrem 
/OUT,Footing~Cont-max,OUT 
extrem, 3,200 
/OUT 

/OuT,Footing~Cont~th,OUT 
*do,k,l,20 
PRVAR, 2+k, 32+k, 62+k, 92+k, 122+k, l52tk 
*enddo 
/OUT 

Contact-1nsul.txt 

/pos t2 6 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

*do,i, 1,20 
*do,] ,I, 8 
angley~~arcslre*[l~l) 
esel,s,type,,68 
n S l e  

nsel,r,loc,x,ctx[1+24) ,ctx [1+25) 
n s e l , r , l o c , r , c t r [ 1 + 2 4 ) , c t r  [1+25) 
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
esol, [2+]), [emax) ,,cont,pres,pr% [emax)% 
esol, [32+1), [emax), ,cont ,s l ide,prBjemax)B 
esol, [62+3), [emax),,cont,gap,pr% [emax)% 
esol, [92+]), [emax),,cont,stat,pr%[~m~~)% 
*enddo 

LINES,2050 
extrem 

nse1,r,1oc, y,angley,angley~arcslre 

/OUT,Insul-Cont-% [9*i)%th,OUT 
*do,k,l,21 
PRVAR,Z+k,32tk,62+k, 92tk 
*enddo 
/OUT 

*enddo 

Contact-J-Bolts..txt 

/pos t2 6 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

*do,i, 1,20 
*do,] ,I, 9 
angley~~arcslre*ll~l) 

ese1, s, type, ,35 

nse1,r,1oc, y,angley,angley~arcslre 
nse1, r,1oc,x,ptx [ l t l )  ,ptx []+2) 
nsel,r,loc,r,ptr[]tl),pt~[]+z) 
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
esol, [2+]), [emax) ,,cont,pres,pr% [emax)% 
esol, [32+1), [emax), ,cont ,s l ide,prBjemax)B 
esol, [62+3), [emax),,cont,gap,pr% [emax)% 
esol, [92+]), [emax),,cont,stat,pr%[~m~~)% 
*enddo 

LINES,2050 
extrem 
/OUT, J-Bolt-C0nt-B [9*i) %max,OUT 
extrem, 3,200 
/OUT 

n S l e  

/OUT, J-Bolt-C0nt-B [9*i) %th,OUT 
*do,k,l,21 
PRVAR,Z+k,32tk,62+k, 92tk 
*enddo 
/OUT 

*enddo 

Contact-Primaary.txt 

/pos t2 6 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

*do,i, 1,20 
*do,] ,I, 8 
angley~~arcslre*[l~l) 
esel,s,type,,66 
n S l e  
nse1,r,1oc, y,angley,angley~arcslre 
nsel,r,loc,x,ptxll+30) ,ptx 11t31) 
nse1,r,1oc, z,ptr 11t30) ,ptr 11t31) 
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
esol, [2+]), [emax) ,,cont,pres,pr% [emax)% 
esol, [32+1), [emax), ,cont ,s l ide,prBjemax)B 
esol, [62+3), [emax),,cont,gap,pr% [emax)% 
esol, [92+]), [emax),,cont,stat,pr%[~m~~)% 
*enddo 

LINES,2050 
extrem 
/OUT, Prmary-Cont-B [9*i) %max,OUT 
extrem, 3,200 
/OUT 

/OUT, Prmary-Cont-B [9*I) %th,OUT 
*do, k.l.21 

*enddo 

Contact-Soil.txt 

/pos t2 6 
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/OUT numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

*do,i, 1,20 
*do,],1,20 

esel, s, type,, 61,63,2 
angley~~arcslre*[l~l) 

n S l e  
nse1,r,1oc, y,angley,angley~arcslre 
nse1, r,1oc,x,ctx [ltl) ,CtX []+2) 
nsel,r,loc,r,ctr[]tl),~t~[]+z) 
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
*get, nmax, node,, num, max 
esol, [2+]), [emax) ,,cont,pres,pr% [emax)% 
esol, [32+1), [emax), ,cont ,s l ide,prBjemax)B 
esol, [62+3), [emax),,cont,gap,pr% [emax)% 
esol, [92+]), [emax),,cont,stat,pr%[~m~~)% 
esol, [122+]), [ emax) ,nmax , smisc ,8 , t au rB  [emax) 

esol, [152+1), [ e m a x ) , n m a x , s m i s c , l 2 , t a u s B  [emax 
1 %  
*enddo 

LINES,2050 
extrem 
/OUT, Soil-Contact-% [9*i) %max,OUT 
extrem, 3,200 
/OUT 

/ O u T , s o ~ l ~ C o n t a c t ~ % [ 9 * ~ ) % t h , O U T  
*do,k,l,21 
PRVAR, 2+k, 32+k, 62+k, 92+k, 122+k, l52tk 
*enddo 
/OUT 

*enddo 

Contact-Waste-AY.txt 

/pos t2 6 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

*do,i, 1,20 
*do,1,1,25 
angley~~arcslre*[l~l) 
cmsel, s, was te-surf 
n S l e  
nse1,r,1oc, y,angley,angley~arcslre 
nse1, r,1oc,x,ptx Iltwastet-1) ,ptx []+wastet) 
nse1,r,1oc, z,ptr Iltwastet-1) ,ptr []+wastet) 
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
esol, [2+]), [emax), ,Cont,pres,pr% [emax) 8 
esol, [32+1), [ emax) , ,Con t , s l i de ,p rB jemax)B  
esol, [62+1), [ernax),,Cont,gap,pr% [emax)% 
esol, [92+1), [emax),,Cont,stat,pr%[~m~~)% 
*enddo 

LINES,2050 
extrem 
/OUT,Waste-Cont-% [9*i)%max,OUT 
extrem, 3,200 

/OuT,Waste-Cont-% [9*I) %th,OUT 
*do, k.l.21 

*enddo 

Far-Soil.txt 

et,9,solid45 ! Use Elment type 
SOLID45 for Far Soil 
et,lO,mass21 
r, 1001,mass,mass,mass 
type, 9 

a S d , l l O l l e  ! unse1ect all reas 
vse1 ,none  ! unselect all volumes 
1se1,none 
l l S d , l l O l l e  

kse1,none 
e S d , l l O l l e  

/COM ~ Generate K e m o m t s  at full model 
radius 
*do,i,l, tanksoil 
k, h a x n s t i ,  soil-radius, 0 , s o i l r  [I) 
*enddo 

*do, I, 1,9 . . .  
k,haxns+tankso~l+~,So~lx[~),O,so~lr [I) 

*enddo 

/COM ~ Generate areas outside excavated soil 
*do, I, 1, tanksoil-1 
kpl~kp[soilx[i),O,soilr (1)) 
kp2~kp[soil-radius,O,soilr [I) ) 
kp3~kp[soil-radius,O,soilr [itl)) 
kp4Gkpjsoilxjitl) , O , s o i l r  [itl)) 

*enddo 
ksel,a,kp,,l,ct-kps,ct-kps-l 
vrotat,all,, , , , ,l,ct-kps,l80,2 
cm,far~soil~volu,volu 
*do, I, 1, tanksoil-1 
cmsel,s,far~soil~volu 
v s e l , r , l o c , r , s o l l r [ l ) , s o l l r i l t l )  
vatt, 900+l,, 9 
Assign attributes 
?&lV 
lsla 
lsel,r,loc,x,sollx[l) 
leslre,all,,arcslre ! Match 
excavated soil meshing 
lsla 
Isel, r,loc,x,sollx [ltl) 
leslre,all,,arcslre ! Match 
excavated soil meshina 

a, kpl, kp2, kp3, kp4 

excavated soil meshing 
lsla 
l s e l , r , l o c , x , s o i l - r a d l u s  
lsel,r,loc, Z , S O l l Z  [ltl) 

! Match 
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leslre,all,,arcslre ! Match 
excavated soil meshing 
*enddo 

/COM ~ Mesh soil outside excavated soil 
cmsel,s,far~soil~volu 
e s l z e ,  30 
mesh,all 
CSYS,l 
ese1, s, type,, 9 
n S l e  
!nrotat,all 
Rotate a l l  nodes to cylidrical coordinates 
cm,far-soil-top,elem 

!/COM ~ Connect new soil elements to 
excavated soil at interface 
!*do, i,1, tanksoil 
!nsel,s, lOC,X, SOllX (1) 
!nsel,r, lOC, I, sollr (1) 
!cmsel,u,excav-wall 
! n u m r g ,  node 
! *enddo 

*get, KMAXtemp, KP, O,num,max 
*get, LMAXtemp, LINE, O,num,max 
*get,AMAXtemp,AREA,O,num,max 
* g e t , m X t e m p , V O L U , O , n u m , m a x  

ksel,u,kp,,all 
ase1,u,area, , a l l  
vsel ," ,vol" ,  , a l l  

/COM ~ Generate Keypoint below tank for five 
layers 
*do, I, 0, deepsoil-tanksoil-5 
k,!maxtemp+5*i+l, O,O,soilr [ittanksoil) 

! Keypoint on centerline 
k, !maxtempti*i+2, ctx [ct-kps-1- 
I) ,O,soilr[i+tanksoil) ! Keypoint to flare 
central area under tank 
k, !maxtempti*i+3, ctx [bm-kptl) ,0, soilr [ittank 
soil) ! Keypoint under edge of tank 
k,!maxtemp+i*i+4,soilx[tanksoil) , O , s o i l r  [itt 
anksoil) ! Keypoint under edge of 
excavated soil 
k, !maxtemp+5*i+5, soil-radius, 0 , s o i l r  [ittanks 
oil) ! Keypoint at edge of model 
*enddo 

/COM ~ Generate Keypoint below tank to full 
depth 
*do, I, 5, deepsoil-tanksoil 
k,!maxtemp+5*i+l, O,O,soilr [ittanksoil) 

k, !maxtempti*i+2, ctx [ct-kps- 
5) , O , s o i l r  [ittanksoil) ! Keypoint for central 
so11 area 
k, !maxtempti*i+3, ctx [bm-kptl) ,0, soilr [ittank 
soil) ! Keypoint under edge of tank 
k,!maxtemp+i*i+4,soilx[tanksoil) , O , s o i l r  [itt 
anksoil) ! Keypoint under edge of 
excavated soil 
k, !maxtemp+5*i+5, soil-radius, 0 , s o i l r  [ittanks 
oil) ! Keypoint at edge of model 
*enddo 

*do,i, 0,3 ! Area pattern for 1st 

! Keypoint on centerline 

4 layers under tank 
a,~axtemp+5*~+l,~axtemp+5*~+2,~axtemp+5*l 
itl) t2, kmaxtemp+5* Iitl) tl 

a,!maxtemp+5*~+2,!maxtemp+5*~+3,!maxtemp+5*l 
itl) t3, kmaxtemp+i* [itl) t2 
a,!maxtemp+5*~+3,!maxtemp+5*~+4,!maxtemp+5*l 
itl) t4, kmaxtemp+i* [itl) t3 
a,!maxtemp+5*~+4,!maxtemp+5*~+5,!maxtemp+5*l 
itl) ti, kmaxtemp+i* [itl) t4 
*enddo 

! Area pattern for transition layer 
a,!maxtemp+5*4+l,!maxtemp+5*4+2,!maxtemp+5*l 
4tl) t2, kmaxtemp+i* 14tl) tl 
a,!maxtemp+5*4+2,!maxtemp+5*4+3,!maxtemp+5*4 
+4,!maxtemp+5* [4+1)+4,kmaxtemp+5* 14tl) t2 
a,!maxtemp+5*4+4,!maxtemp+5*4+5,!maxtemp+5*l 
4tl) ti, kmaxtemp+i* 14tl) t4 

*do,i, 5 , l O  ! Area pattern to 
bottom of model 
a,~axtemp+5*~+l,~axtemp+5*~+2,~axtemp+5*l 
itl) t2, kmaxtemp+i* [itl) tl 
a,!maxtemp+5*~+2,!maxtemp+5*~+4,!maxtemp+5*l 
itl) t4, kmaxtemp+i* [itl) t2 
a,!maxtemp+5*~+4,!maxtemp+5*~+5,!maxtemp+5*l 
itl) ti, kmaxtemp+i* [itl) t4 
*enddo 

/COM ~ dlvlde lme lnterfaclng wlth bottom 
of tank to match tank meshing 
lsla 
lsel,r,loc, r , s o i l r  [tanksoil) 
lsel, r,loc,x,ctx [ct-kps-1) ,ctx lbm-kptl) 
ratio-[ctxlct-kps-1) -ctxlct-kps- 
2))/[ctx[ct-kps~l)~ctxlbm-kp+l)) 
ldiv,all,ratio 
*get, LMAXtemp, LINE, O,num,max 
*do,i, 1,8 
lsla 
lsel,r,loc, r , s o i l r  [tanksoil) 
lsel,r,loc,x,ctx[ct-kps~l~~) ,ctx lbm-kptl) 
ratio-lctx [ct-kps-1-11 -Ctx lct-kps-2- 
I) ) / [ctx [ct-kps-1-11 -Ctx lbm-kptl) 
ldiv,all,ratio 
*enddo 

/COM ~ Move Keypomts to match tank bottom 
vertical locations 
lsla 
*do,i,O, ct-kps-bm-kp-l 
kact-kplctx [ct-kps-1) ,O,soilr [tanksoil)) 
kmodif,kact,ctx[ct-kps~i) ,O,ctr [ct-kps-1) 
*enddo 

ksel,a,kp,,l,ct-kps,ct-kps-l 
Select Keypoints for rotation axis 
vrotat,all,, , , , ,l,ct-kps,l80,2 

! Develop volumes 
cm,deep~soil~volu,volu 
* d o , i , t a n k s o i l , d e e p s o l l l  
Assign attributes 
v s e l , s , l o c , r , s o l l r [ l ) , s o l l r i l t l )  
vatt, 900+l,, 9 
*enddo 

/COM ~ Control meshing to match model sl ices  
cmsel,s,deep~soil~volu 
?&lV 
lsla 
l s e l , r , l o c , x , s o i l - r a d l u s  
leslre,all,,arcslre 
lsla 
lsel,r,loc,x,soilx [tanksoil) 
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vsel,  u, loc, x, 0, soilx [tanksoil) 
mesh,all 

! Mesh outside volumes 
vsel, s,loc,x,ctx [ct-kps-5) ,soilx [tanksoil) 
vsel,r,loc, r , s o i l r  jtanksoilt5) ,soilr [deepsol 
1) 
e s l z e ,  22 
mesh,all 

! Mesh under excavated soil and tank 
except for centra1 area 

cmsel,s,deep~soil~volu 
vsel, r,loc,x,O,ctx [ct-kps-5) 

?&lV 
asel,r,loc, r , s o i l r  [tanksoil) 

lsla 
lsel, r,loc,x,ctx [ct-kps-1) 

! Select volumes under center of tank 

! Select soil area at bottom of tank 

! Select Lines on outside of center 
area 
leslre,all,,arcslre 

lsla 
lsel,u,loc,x,ctx [ct-kps-1) 
lesire,all,,,midsire 

?&lV 
lsla 
cmsel,s,deep~soil~volu 
vsel, r,loc,x,O,ctx [ct-kps-5) 
?&lV 
lsla 
lsel,r,loc, r , s o i l r  [tanksoil),soilr [tanksoil+ 
1) 
lsel,u,loc, r , s o i l r  [tanksoil) 
lsel,u,loc, r , s o i l r  [tanksoiltl) 
1es1re,a11,,,3 

cmsel,s,deep~soil~volu 
vsel, r,loc,x,O,ctx [ct-kps-5) 
?&lV 
lsla 
lsel,r,loc, r , s o i l r  [tanksoiltl) ,soilr [tanksol 
lt2) 
lsel,u,loc, r , s o i l r  [tanksoiltl) 
lsel,u,loc, r , s o i l r  jtanksoilt2) 
1es1re,a11,,,2 

cmsel,s,deep~soil~volu 
vsel, r,loc,x,O,ctx [ct-kps-5) 
?&lV 
asel,r,loc, r , s o i l r  [tanksoil) 

! Control mesh for slices 

! control mesh on inside of area 

! Control meshing under tank 

! Control meshing under tank 

type, 1 
amesh,all 

! mesh area at tank/soil interface 
vsweep,a11 

aclear,all 
! Sweep mesh to bottom of model 

! Clear pattern 

cmsel,s,deep~soil~volu 
?&lV 
lsla 
lsel,r,loc, r , s o i l r  [tanksoiltl) 

lsel, r,loc,x,ctx [ct-kps-2) ,ctx [bm-kptl) 
lsel,u,loc,x,ctx [ct-kps-2) 
lsel,u,loc,x,ctx [bm-kptl) 
lesire,all,,,8 

! Control meshing under tank 

lsla 
lsel,r,loc, r , s o i l r  jtanksoilt2) 
lsel, r,loc,x,ctx [ct-kps-3) ,ctx [bm-kptl) 
lsel,u,loc,x,ctx [ct-kps-3) 
lsel,u,loc,x,ctx [bm-kptl) 
l e s i r e , a l l , ,  , 6  

! Control meshing under tank 

lsla 
lsel,r,loc, r , s o i l r  jtanksoilt3) 
lsel, r,loc,x,ctx [ct-kps-4) ,ctx [bm-kptl) 
lsel,u,loc,x,ctx [ct-kps-4) 
lsel,u,loc,x,ctx [bm-kptl) 
1es1re,a11,,,4 

! Control meshing under tank 

lsla 
lsel,r,loc, r , s o i l r  jtanksoilt4) 
lsel, r,loc,x,ctx [ct-kps-5) ,ctx [bm-kptl) 
lsel,u,loc,x,ctx [ct-kps-5) 
lsel,u,loc,x,ctx [bm-kptl) 
1es1re,a11,,,2 

! Control meshing under tank 

*do,i, 0,2 
lsla 
lsel,r,loc, r , s o i l r  [tanksoilti) 
lsel,r,loc,x,ctx[bm~kp+l) ,soilx[tanksoil) 
lsel,u,loc,x,ctx [bm-kptl) 
lsel,u,loc,x,soilx [tanksoil) 
leslre,all,,,4-1 

*enddo 

cmsel,s,deep~soil~volu 
?&lV 
lsla 
lsel,r,loc,x,ctx[bm~kp+l) 
lsel,r,loc, r , s o i l r  [tanksoil),soilr [tanksoil+ 
1) 
lsel,u,loc, r , s o i l r  [tanksoil) 
lsel,u,loc, r , s o i l r  [tanksoiltl) 
ldiv,all,2 

! Control meshing under tank 

! Control meshing under tank 

cmsel,s,deep~soil~volu 
?&lV 
lsla 
lsel,r,loc, r , s o i l r  [tanksoil) 
lsel, r,loc,x,ctx [ct-kps-2) ,ctx [bm-kptl) 
leslre,all,,arcslre 

! Control meshing for slices 

*do,i, 0,4 
vsel,s,loc, r , s o i l r  [tanksoilti) ,soilr [tanksol 
ltltl) 
vsel,r,loc,x,ctx[ct-kps~l~~) ,soilx[tanksoil) 
?&lV 
asel, r ,1oc ,  y,o 
type, 1 
amesh,all 

! Mesh area for sweep pattern 

! Mesh volumes 
vsweep,a11 
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aclear,all 

*enddo 
! Clear pattern 

ese1, s, type,, 9 
n S l e  
numrg,node 
soil to rest of model 

ese1, s, type,, 9 
n S l e  

et,90,targe170 
et,9l,contal73 
keyopt, 91,9,1 
mp,mu,90,0.3 
mp,mu,91,0.7 

! Merge bottom mp,mu,92,0.7 
r, g o , ,  , o  .1 
r, 91,, , o  .1 

nse1, s,loc,x,sollx 11) 
nse1,r,1oc, Z , S O l l Z  11) 
cm,far~soil~face~node,node 
*do, I, 2,9 
ese1, s, type,, 9 
n S l e  
nsel,r,loc,x,sollxjl) 
nse1,r,1oc, Z , S O l l Z  11) 

cmsel,a,far~soil~face~node 
cm,far~soil~face~node,node 
*enddo 

ese1, s, type,, 9 
n S l e  
nse1,r,1oc, Z , S O l l Z  1 9 )  
nsel, r,loc,x,41,68 
cm,far~soil~bot~node,node 

!nsel,s, loc,x, 68,320 
! n u m r g ,  node 

!esel,s, type,, 8,9 
!llSle 

!nsel,r, lOC, I, sollr 1 9 )  
!nsel,r, loc,x, 41,67 
! cpmt,ur 

type, 10 
rea1,1001 

csys,o 
nsel,s,loc, r , s o i l r  [deepsoil) 
CSYS,l 
nsel, r, loc, x, 320 
csys,o 
nse1, r ,1oc ,x ,  0 
*get,master-node,node, ,num,max 
d,master-node, all 
allsel 

e,master-node ! Large mass 
for excltatlon 

CSYS,l 
n s e l , s , l o c , r , s o ~ l r ~ 9 ) , ~ ~ ~ 1 ~ ~ 1 0 )  
nse1, r,loc,x,O,sollx 1 9 )  
e s l n ,  ,1 
ese1, r, type,, 9 
cm,bottom-soil,elem 

Fix-Soil.txt 

!esel,s, type,, 8,9 
!llSle 

!nsel,r, lOC, I, sollr 1 9 )  
!nsel,r, loc,x, ctx 121)+l, 68 
! n u m r g ,  node 

ese1, s, type,, 9 
cmsel,s,far~soil~face~node 
e s l n ,  r 
type, 90 
real, 90 
mat,90 
esurf 
esel, s, type, ,8 
cmsel,s,near~soil~facenode 
e s l n ,  r 
type, 91 
esurf 

ese1, s, type,, 9 
cmsel,s,far~soil~bot~node 
e s l n ,  r 
type, 90 
real, 91 
mat,91 
esurf 
esel, s, type, ,8 
cmsel,s,near~soil~bot~node 
e s l n ,  r 
type, 91 
esurf 

ese1,s,type,,91 
cm,far~soil~contact,elem 

Force-c.txt 

/pos t2 6 
numvar,200 

*do, r,2,199 
VARDEL, I 
*enddo 

*do,i, 1,20 
*do,1,1,30 
esol, I l O t ] ) ,  136+i+20*]) ,,smisc,l,sl% 136tit20 
*I)% 
esol, 140+]), 136+i+20*]) , , s r n i s c , 2 , s 2 %  136tit20 
*I)% 
esol, [70+]), 136+i+20*]) ,,srnisc,3,s3% 136tit20 
*I)% 
esol, j100+]), 136+i+20*1) ,,srnisc,4,s4% 136tit2 
a * ] ) %  
esol, 1130+1), 136+i+20*1) ,,smisc,i,si% 136tit2 
a * ] ) %  
esol, 1160+1), 136+i+20*1),,smisc, 6,s6% 136tit2 
a * ] ) %  
*enddo 

LINES,2050 
extrem 
/OUT,Force-c-% I9*i)%max,OUT 
extrem, 11,198 
/OUT 
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/OUT,Force-c-B [9*i)Bth,OUT 
*do,k,l,30 
PRVAR,10+1,40+1,70+1,100+1,130+1,160+1 
*enddo 
/OUT 

*enddo 

*do, r,2,199 
VARDEL, I 
*enddo 

*do,i, 1,20 
*do,1,1,30 
esol, [10+1), [36+i+20*1) ,,smisc,7,slB 136tit20 
*I)% 
esol, 140+1), [36+i+20*1) ,,smisc,8,sZB 136tit20 
*, 1 %  

LINES,2050 
extrem 
/OUT, Force-c-B 19*i) B a r n a x , O U T  
extrem, 5,80 
/OUT 

/OUT, Force-c-B 19*i) Bath,OUT 
*do,k,l,30 
PRVAR,lO+I,40+1,70+I 
*enddo 
/OUT 

*enddo 

Force-j-bolt.txt 

/pos t2 6 
LINES,2050 

*do, r,2,199 
VARDEL, I 
*enddo 

! select ]-bolts based on radius 
nl-bolt-11 

CSYS,l 
*do, I, 2, nl-bolt 

! radius selection 
*do,],1,21 ! a n g l e  
selection 

angley~~]*arcslre+arcsIre 

crnsel,s,l-bolts 
n S l e  
nse1, r,1oc,x,ctx (1) ,ptx (1) 
nse1, r ,1oc ,  y,ang1ey 
select lines 1-21 jllne 1&21 on spetry 
plane) 

es1n,s,1 
*get, emax,elem, ,num,max 
esol, [lO+]),emax,,smisc,7,fxB [emax)% 
e s o l ,  [40+1),emax,,smisc,8,fyB [emax)% 
esol, [70+]),emax,,smisc,9,frB [emax)% 
*enddo 

LINES,2050 
extrem 
/OUT, Force-lb-rBiB-max, OUT 
ex trem, 11,180 
/OUT 

/OuT,Force~]b-rBiB~th,OUT 
*do,k,l,21 
PRVAR,lO+k, 40+k,70+k 
*enddo 
/OUT 

*enddo 

1nsulate.txt 

et,Z,solid45 ! SOLID45 elements for 
lnsulatlng concrete 

mp,ex,50,23760 
mp,dens, 50,0.05/9 
mp,prxy, 50,O. 15 
mp , damp, 5 0,O. 0 7/DF 

/COM ~ Key Points for Insulating Concrete 
*do,i,O, tw, 1 
k,!maxpt+l+i,ptx[pt-kps-i) ,O,ptr [pt-kps-1) 

! Match KeYDoint to Primary Tank .. 
k,!maxpt+Zttw+i,ctx jct-kps-1) ,0, ctr [ct-kps- 
1) ! Match Keypoint to Concrete Tank 
*enddo 

/COM ~ Areas for Insulating Concrete 
*do,i,l, tw, 1 
a,!maxpt+i,!maxpt+tw+l+i,kmaxpt+tw+2+i,!maxp 
ttltl 
*enddo 

/COM ~ Assign Material Properties 
*do,i,l, tw, 1 
asel,s,area,,amaxpt+~ 
aatt, 50, I, 2 
*enddo 

asel,s,area,,amaxpt+l,amaxptttw 
vrotat,all,, , , , ,l,ct-kps,l80,2 

type, 2 
/COM ~ Elements in insulating Concrete 
*do,i,2, tw, 1 
vse1, S , V O l " ,  ,I 

vsel,a,vol",,tw+l 
?&lV 
lsla 
lsel, r,loc,x,ctx jct-kps-1) ,ctx jct-kps-1-1) 
leslre,all,,arcslre 
mesh,all 
*enddo 

/COM ~ Mesh Center volume to match primary 
tank 
vse1, S , V O l " ,  ,1, twt1, tw 
?&lV 
asel, r , l o c ,  z,ptr [pt-kps) 
cm,aZ,area 
cmsel, a, a1 
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mshcopy, 2 , a l , a 2  
type, 2 
vsweep,a11,,a11 

allsel 

mpchg,50,all 
cm,msu l -conc , e l em 
cmsel,a,primary-tank 
n S l e  
nsel, r , l o c ,  z,ptr lpt-kps) 
cm,primary-mt,node 
allsel 
cmsel,s, conc-tank 

n S l e  
nsel,r,loc, r,ctr let-kps) 
nsel,r,loc,x,ctx jct-kps-tw) ,ctx let-kps) 

c m , m s u l - v o l , v o l u  
cm,msul-mt,node 

cmsel,s,a2 
aclear,all 
allsel 
*get, KMAXic,KP, 0, num,max ! Get maximum 
Keypoint Nuder 
*get,LMAXic,LINE, O,num,max ! Get maximum 
Line Number 
*get,AMAXic,AREA, O,num,max ! Get maximum 
Area Number 
*get,mXic,VOLU, O,num,max ! Get maximum 
Volume Nuder 

ese1, s, type, ,2 

ese1,a, type, ,2 

. .  
n S l e  
nsel, r , l o c ,  z,ptr lpt-kps) 
nsel, r,loc,x,ptx lpt-kps-tw) 
CSYS,l 
!nrotat,all 
allsel 

Interface-gapl.txt 

/COM, Create components for wall and dome of 
concrete tank and excavated soil for 
Interface coupling 
CSYS,l 
cmsel,s,conc~dome-walln 
nsel, r, loc, x, ctx 112) ,ctx 114) t.1 
es1n,s,1 
cmsel,", liner 
cm,conc-wall-e,elem 
cm,conc-wall-n,node 

cmsel,s,conc~dome-walle 
cmsel,s,conc~dome-walln 
cmsel,", conc-wall-e 
ns1e,s,1 
nsel,u,loc,r,ctrjl3) ,ctrjl4) 
e s 1 n , r , 1  
cm,conc-dome-e,elem 
cm,conc-dome-n,node 

cmsel,s,excav-soil 

ns1e,s,1 
nsel, r,loc,x,ctx 112) ,ctx 114) 
nsel,r,loc,r,ctrjl2) ,CtZ122) 
e s l n ,  s 
cm,excav-wall-e,elem 
cm,excav-wall-n,node 

cmsel,s,excav-soil 
ns1e,s,1 
CM,EXCAV-SOIL-N,NODE 
!nsel,r, loc,x, 0,ctx 114) 
!nse l , " ,  lOC, I, 0 , S O l l Z  13) 
!nsel,u,loc,r,ctr j14),ctr 122) 
! cm,ntemp,node 
!nsel,r, lOC, I, -11,-13.4 
!nsel,u, loc,x, 0,28 
!cm,ntempl,node 
!cmsel,s,ntemp 
!cmsel.u.ntemnl . .  
CMSEL,S,EXCAV-SOIL-N 
NSEL,R,LOC,X,CTXIl),CTX12) 
NSEL,R,LOC,Z,CTZIl),CTZ 12) 
cm,excav-dome-n,node 
*DO,I, 3,12 
CMSEL,S,EXCAV-SOIL-N . .  
NSEL,R,LOC,X,CTX [I) 
NSEL,R,LOC,Z,CTZ/I) 
CMSEL,A,EXCAV-DOME-N 
cm,excav-dome-n,node 
*ENDDO 
e S h ,  
cm,excav-dome-e,elem 

/COM, Create wall soil to Concrete tank 
interface elements 
cmsel,s, conc-wall-n 
cmsel,a,excav-wall-n 
cm,conc~excav~wall~int,node 

cmsel,s, conc-dome-n 
cmsel,a,excav-dome-n 
cm,conc~excav~dome~int,node 

/COM, Define contact properteis 
et,6l,contal73 ! contact 
Surface ~ Concrete Tank 
keyopt, 61,5,3 ! T y p e  of 
constriant ~ Shell/Solid contact norma l  
direction 
et,60,targe170 ! Contact Element ~ 

Excavated Soil 
!keyopt,60,8,2 ! Asymmetric 
contact selection [ a l l  contact elements on 
one surface and a l l  target elements on the 
other surface) 
! keyopt, 61,12,4 
Behavior of contact surface [no seperation, 
sliding permitted) 
!keyopt,61,2,3 

et,63,contal73 
keyopt, 63,5,3 
et,62,targe170 
!keyopt,62,8,2 
! keyopt, 63,12,4 
!keyopt,63,2,3 

mp,mu,60,0.2 ! Coefflclent 
of Friction between excavated soil and 
concrete tank w a l l  
MP,damp, 60,0.07/DF 
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r, 60,, ,O .05 

mp,mu,62,0.2 ! Coefflclent 
of Friction between excavated soil and 
concrete tank dome 
MP,damp, 62,0.07/DF 
r, 62,, ,O .05 

r, 61,, ,O .05 
r, 63,, ,O ,025 

of Friction between excavated soil and 
concrete tank dome 
MP,damp, 64,0.07/DF 

mp,mu,64,0.6 ! Coefflclent 

! add wall interface elements 
! concrete tank surface target 
cmsel,s, conc-wall-e 
ns1e,s,1 
type, 60 
real, 60 
mat,60 
esurf 
esel,s,type,,60 
n S l e  
nsel,r,loc,r,ctrll2) ,ctrll4) 
e s 1 n , r , 1  
emodif, a l l ,  real, 6 1 
esel,s,type,,bl 
cmsel,", conc-wall-e 
cm,conc-target,elem 

type, 61 
cmsel,s,excav-wall-e 
cmsel,a,excav-wall-n 
esurf 
esel,s,type,,bl 
n S l e  
nsel,r,loc,r,ctrll2) ,ctrll4) 
e s 1 n , r , 1  
emodif, a l l ,  real, 6 1 
esel,s,type,,bl 
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 dome interface elements 
! concrete tank surface target 
cmsel,s, conc-dome-e 
ns1e,s,1 
type, 62 
real, 62 
mat,62 
esurf 
esel,s,type,,62 
n S l e  
nsel,r,loc,r,ctrll2) ,ctrll4) 
e s 1 n , r , 1  
emodif, a l l ,  real, 6 2 
esel,s,type,,62 
cmsel,", conc-dome-e 
cm,conc~dome~target,elem 

type, 63 
cmsel,s,excav-dome-e 
esel,", type, ,1 

cmsel,s,excav-dome-n 
esurf 
cmsel,u,excav-dome-e 
cm,excav~dome~contact,elem 

cmsel,s,conc~dome~target 
cmsel,a,excav~dome~contact 
cm,conc~excav~dome~gap,elem 
allsel 

/COM, Create Concrete slab to soil interface 
elments 
! spring constants 
! slab 
r,307,le8 
r,308,le8 
r, 309,1e8 
e S d , l l O l l e  

ese1, s, type,, 9 
n S l e  
nsel,r,loc, r,ctr 123) 
nsel, r, loc, x, 0, ctx 123) 
cm,soil-slab,node 
allsel 
e S d , l l O l l e  

cmsel,s, conc-slab 
cmsel,a,soil-slab 

real, 307 
elntf 

type, 21 

type, 22 
real, 308 
elntf 

type, 23 
rea1,309 
elntf 
cm,conc~soil~slab~spr,elem 
e S d , l l O l l e  

allsel 

/COM ~ Create contact on top of footing slab 

. .  
n S l e  
nsel, r,loc,x,ctx 123) 
e s l n ,  r 
n S l e  
type, 60 
real, 63 
mat,64 
esurf, tog 

cmsel,s,excav-soil 
n S l e  
nse1,r,1oc, Z , S O l l Z  1 9 )  
nsel, r,loc,x,ctx 122) ,ctx 123) 
e s l n ,  r 
type, 61 
esurf 
esel, s,real,, 63 
esel, r, type,, 61 
cm,soil~contact~foot~elem,elem 

1nterfacel.txt 

D . l l  



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001. Rev. OA 

et,21,corbinl4,,1 
et,22,corbin14,,2 
et,23,corbin14,,3 

r,201,le8 
r,202,le8 
r,203,le8 

et,24,conta178 
ke yop t, 2 4,2,1 

mp,mu,64,0.20 ! Coefflclent 
of Friction between Concrete tank wall and 
concrete tank slab 
mp , damp, 6 4,O. 0 7/DF 

/COM, Define contact properteis 

Surface 

constriant ~ Shell/Solid contact norma l  
direction 
et,66,contal73 ! contact 
Element 
! keyopt, 66,12,4 
Behavior of contact surface [no seperation, 
sliding permitted) 
keyopt, 6 6,9,1 
! keyopt, 66,10,1 

r, 65,, ,O .05 

et,65,targel70 ! Target 

keyopt, 65,5,3 ! T y p e  of 

et,67,targel70 ! Target 

keyopt, 67,5,3 ! T y p e  of 
Surface ~ Concrete Tank 

constriant ~ Shell/Solid contact norma l  
direction 
et,68,contal73 ! 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,, ,O .05 

mp,mu,65,0.40 ! Coefflclent 
of Friction between primary tank and 
insulating Concrete [PNNL values) 
MP,damp, 65,0.03/DF 

mp,mu,67,0.40 ! Coefflclent 
of Friction between secondary liner and 
Concrete tank basemat [PNNL values) 
MP,damp, 67,0.03/DF 

e S d , l l O l l e  

/COM ~ Create Interface Elements at Bottom 
of concrete Wall 
cmsel,s,wall-int 
type, 24 
real, 204 
mat,64 
eintf,, , high 
cm,wall-mt-gap,elem 

e S d , l l O l l e  

/COM ~ Create Interface Elements between 
primary tank and insulating concrete 
cmsel,s,primary-tank 

n S l e  
nsel,r,loc,r,ptr[34) 
!nsel,r,loc,x,ptx [41),ptx[39) 
cm,primary~int~n,node 
e s 1 n , r , 1  
cm,primary~int~e,elem 

CSYS,l 

. .  
n S l e  
nsel,r,loc,r,ptr[34) 
!nsel,r,loc,x,ptx [31),ptx[39) 
cm,msul-mt-n,node 

cmsel,s,primary~int~e 
cmsel,s,primary~int~n 
type, 66 
real, 65 
mat,65 
esurf, ,bottom 
cmsel,u,primary~int~e 
cm,pri-target,elem 

cmsel,s, insul-conc 
cmsel,s,msul-mt-n 
type, 65 
real, 65 
esurf 
cmsel,", insul-conc 
cm,insul~contact,elem 

cmsel,s,pri-target 
cmsel,a,insul~contact 
cm,primary~int~gap,elem 
e S d , l l O l l e  

!nsel,s, lOC, z,ptr 134) 

! cpmt,ur 
!nsel,r, loc,x,ptx 139) - .  1,ptx 140) 

/COM ~ Create Interface Elements between 
concrete tank and insulating concrete 
cmsel,s, conc-tank 
cmsel,a, liner 
cmsel,a,msul-mt 
e s 1 n , r , 1  
cm,etemp,elem 

cmsel, s, etemp 
ese1, ", real,, 51 
cm,conc-temp,elem 

cmsel, s, etemp 
ese1, r,rea1, ,5l 
cm,liner-temp,elem 

cmsel,s, conc-temp 
n S l e  
type, 67 
real, 67 
mat,67 

cmsel,", conc-temp 
cm,conc-target,elem 

cmsel,s, liner-temp 
n S l e  
type, 68 

esurf,, top 
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real, 6 1  
esurf, ,bottom 
cmsel,", liner-temp 
cm,liner~contact,elem 

cmsel,s, conc-target 
cmsel,a,liner~contact 
cm,conc~liner~gap,elem 

Liner.txt 

ksel,u,kp,,all ! C l e a r  active 
Keypoints 
ase1,u,area, , a l l  ! C l e a r  active 
Areas 
vsel ," ,vol" ,  , a l l  ! C l e a r  active 
Volumes 
ksel,s,kp,,l,ct-kps,ct-kps-l ! Activate 
Keypoints for a x i s  of rotation 
esel,u,elem,,all 
lsel,",llne,,all 

et,21,codinl4,,1 
et,22,codin14,,2 
et,23,codin14,,3 

r,201,le8 
r,202,le8 
r,203,le8 

r, 51,0.25/12 

cmsel,s, i n s u l - v o l  
?&lV 
asel,r,loc, r,ctr jct-kps) 

type, 1 
real, 51 
amesh,all 

k, h a x i c t l ,  ctx jbm-kpt3) ,0, ctr jbm-kpt3) 
k, h a x i c t 2 ,  ctx jbm-kp) -1,O, ctr jbm-kp) 
k, haxict3, ctx jbm-kp) ~ 

0.2929,0, ctr jbm-kp) to. 2929 
k,haxict4,ctx jbm-kp) ,O,ctr jbm-kp)+l 
k, h a x i c t 5 ,  ctx jbm-kp-1) ,O, ctr jbm-kp-1) 
k, h a x i c t 6 ,  ctx Ibrn-kp-Z), 0, ctr jbm-kp-2) 

I, h a x l c t l ,  h a x l c t 2  
I, h a x l c t 2 ,  haxlct3 
I, haxlct3, haxlct4 
I, haxlct4, h a x l c t 5  
I, h a x i c t 5 ,  h a x i c t 6  

arotat,all,, , , , ,l,ct-kps,l80,2 
cm,liner-lines,line 
aatt,lOl,il,l 

cmsel ,s , lmer- lmes 
lsel,r,loc,x,ctxjbm-kp+3) 
leslre,all,,arcslre 
cmsel ,s , lmer- lmes 
lsel,r,loc,x,ctxjbm-kp) -1 
leslre,all,,arcslre 
cmsel ,s , lmer- lmes 
lsel,r,loc,x,ctxjbm-kp) -0.2929 
leslre,all,,arcslre 

amesh,all 
n S l e  
numrg,node 

cm,liner,elem 
n S l e  
nsel,r,loc,x,ctxjbm-kp+3) ,ctx jbm-kp)-l 

cmsel,s, liner 
n S l e  
nsel,r,loc,r,ctrjbm-kp~l),ctr jbm-kp)+l 

cp1nt,ur,3.5 

cplntf,"x, 3 
cplntf,"y, 3 

allsel 
n s e l ,  s,loc,x,ctx jbm-kp) 
nsel,r,loc, r,ctr jbm-kp-2) ,ctr jbm-kp-1) 
cm,liner-wall,node 

e S d , l l O l l e  

/COM ~ M e r g e  liner and Concrete wall 
numrg,node 

allsel 
*get,KMAXl,KP, O,num,max ! Get maximum 
Keypoint Nuder 
*get, LMAXI, LINE, O,num,max ! Get maximum 
Line Number 
*get,AMAXl,AREA, O,num,max ! Get maximum 
Area Number 
*get,mXl,VOLU, O,num,max ! Get maximum 
Volume Nuder 

Live-lo ad.txt 

! select nodes to apply concentrated l i v e  
load over ~ 10 ft radius 
allsel 
nse1,s,1oc, r,O 
nse1, r, lOC, X I  0,11 
cm , n- 1 ive , node 
*get,nodes,node,, count ! count the 
n u d e r  of nodes selected 
*get,nstart,node,,num,mln ! get m i n  node 
n u d e r  

live-load-200000 ! live load 100 tons 

live-mass-live-load/ jZ*g*lOOO*nodes) ! 
convert live load to slugdnode selected 

R,1002,l~ve~mass,live~mass,live~mass 

llbs) 

type, 10 
lsel,r,loc,x,ctxjbm-kp) 
leslre,all,,arcslre 
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rea1,1002 

cmsel, s, n-live 
cm,nlive,node 
counter for nodes 

*do,i,l,nodes 
cmsel, s, d i v e  
*get, cnode,node, ,num,min 
e, mode 
nsel,u,node, ,cnode 
cm,nlive,node 
*enddo 

ese1, s,rea1, ,1002 
cm,live-load,elem 
allsel 

Outer-Spar.txt 

! temporary 

mp,nuxy, 103,O. 30 
mp,dens, 103,490/ 11OOO*g) 
mp,damp,l03,0.04/df 

/COM ~ Material 104, Tank Steel 
mp,ex,104,4248000 
mp,nuxy, 104,O. 30 
mp,dens, 104,490/ 11OOO*g) 
mp,damp,l04,0.04/df 

/COM ~ Material 105, Tank Steel 
mu.ex.105.4248000 ~. . . 
mp,nuxy, 105,O. 30 
mp,dens, 105,490/ 11OOO*g) 
mp,damp,l05,0.04/df 

/COM ~ Material 106, Tank Steel 
mp,ex,106,4248000 
mp,nuxy, 106,O. 30 
mp , dens, 10 6,4 9 O/ I 100 O*g 
mp,damp,l06,0.04/df 

/COM ~ Material 107, Tank Steel 
mp,ex,107,4248000 
mp,nuxy, 107,O. 30 
mp,dens, 107,490/ 11OOO*g) 
mp,damp,l07,0.04/df 

/COM ~ Material 108, Tank Steel 
mp,ex,108,4248000 
mp,nuxy, 108,O. 30 
mp,dens, 108,490/ 11OOO*g) 
mp,damp,l08,0.04/df 

! deinfe element type, material and real 
constants 
et,30,1ink8 ! rigid l i n k  to be 
place between couping and boundry conditions 

mp,ex,300,10e9 ! high modulus to 
create a rigid l i n k  
mp,dens, 300,O ! massless rigid l i n k  
r,300,1 ! cross-sectional area 
of rigid l i n k  

! select elements and define riaid l i n k s  
n S l e  
n s e l ,  s,loc,x,soil ~ radius 

cm,ntemp,node 

type, 30 
mat,300 
real, 300 

*do,i, 1,20 
cmsel, s, ntemp 
nse1,r,1oc, Z , S O l l Z  11) 

eintf,5l 
*enddo 

allsel 

nsel,",loc,y,~10,~170 

Primary-Props-AY.txt 

/COM ~ Material Definitions 
/COM ~ Material 101, Tank Steel 
mp,ex,101,4248000 
mp,nuxy, 101,O. 30 
mp,dens, 101,490/ 11OOO*g) 
mp,damp,lOl,O.O4/df 

/COM ~ Material 102, Tank Steel 
mp,ex,102,4248000 
mp,nuxy, 102,O. 30 
mp,dens, 102,490/ 11OOO*g) 
mp,damp,l02,0.04/df 

/COM ~ Material 109, Tank Steel 
mp,ex,109,4248000 
mp,nuxy, 109,O. 30 
mp,dens, 109,490/ 11OOO*g) 
mp,damp,l09,0,04/df 

/COM ~ Material,llO, Tank Steel 
mp,ex,110,4248000 
mp,nuxy, 110,O. 30 
mp,dens, 110,490/ 11OOO*g) 
mp,damp,llO,O.O4/df 

/COM ~ Material,lll, Tank Steel 
mp,ex,111,4248000 
mp,nuxy, 111,O. 30 
mp,dens, 111,490/ 11OOO*g) 
mp,damp,lll,O.O4/df 

/COM ~ Materlal,llE, Tank Steel 
mp,ex,112,4248000 
mp,nuxy, 112,O. 30 
mp,dens, 112,490/ 11OOO*g) 
mp,damp,ll2,0,04/df 

/COM ~ Material,ll3, Tank Steel 
mu.ex.113.4248000 ~. . . 
mp,nuxy, 113,O. 30 
mp,dens, 113,490/ 11OOO*g) 
mp,damp,ll3,0.04/df 

/COM ~ Material,ll4, Tank Steel 
mu.ex.114.4248000 . .  . . 
mp,nuxy, 114,O. 30 
mp,dens, 114,490/ 11OOO*g) 
mp,damp,ll4,0.04/df 

/COM ~ Material 103, Tank Steel 
mp,ex,103,4248000 /COM ~ Material,ll5, Tank Steel 
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mp,ex,115,4248000 
mp,nuxy, ll5,O. 30 
mp,dens, 115,490/ 11OOO*g) 
mp,damp,ll5,0.04/df 

/COM ~ Material,ll6, Tank Steel 
mp,ex,116,4248000 
mp,nuxy, 116,O. 30 
mp,dens, 116,490/ 11OOO*g) 
mp,damp,ll6,0.04/df 

/COM ~ Material,ll7, Tank Steel 
mp,ex,117,4248000 
mp,nuxy, 117,O. 30 
mp,dens, 117,490/ 11OOO*g) 
mp,damp,ll7,0,04/df 

/COM ~ Material,ll8, Tank Steel 
m~.ex.118.4248000 ~. . . 
mp,nuxy, 118,O. 30 
mp,dens, 118,490/ 11OOO*g) 
mp,damp,ll8,0.04/df 

/COM ~ Material,ll9, Tank Steel 
mp,ex,119,4248000 
mp,nuxy, 119,O. 30 
mp,dens, 119,490/ 11OOO*g) 
mp,damp,ll9,0,04/df 

/COM ~ Material,lZO, Tank Steel 
mp,ex,120,4248000 
mp,nuxy, 120,O. 30 
mp,dens, 120,490/ 11OOO*g) 
mp,damp,l20,0.04/df 

/COM ~ Material,lEl, Tank Steel 
mp,ex,121,4248000 
mp,nuxy, 121,O. 30 
mp,dens, 121,490/ 11OOO*g) 
mp,damp,l21,0.04/df 

/COM ~ Material,lEE, Tank Steel 
mp,ex,122,4248000 
mp,nuxy, 122,O. 30 
mp,dens, 122,490/ 11OOO*g) 
mp,damp,122,0.03/df 

/COM ~ Material,l23, Tank Steel 
mp,ex,123,4248000 
mp,nuxy, 123,O. 30 
mp,dens, 123,490/ 11OOO*g) 
mp,damp,123,0.04/df 

/COM ~ Material,l24, Tank Steel 
mp,ex,124,4248000 
mp,nuxy, 124,O. 30 
mp,dens, 124,490/ 11OOO*g) 
mp,damp,124,0.04/df 

/COM ~ Material,l25, Tank Steel 
mp,ex,125,4248000 
mp,nuxy, 125,O. 30 
mp,dens, 125,490/ 11OOO*g) 
mp,damp,l25,0.04/df 

/COM ~ Material,l26, Tank Steel 
mp,ex,126,4248000 
mp,nuxy, 126,O. 30 
mp , dens, 12 6,4 9 O/ I 100 O*g 
mp,damp,126,0.04/df 

/COM ~ Material,l27, Tank Steel 
mp,ex,127,4248000 
mp,nuxy, 127,O. 30 
mp,dens, 127,490/ 11OOO*g) 
mp,damp,l27,0.04/df 

/COM ~ Material,l28, Tank Steel 
mp,ex,128,4248000 
mp,nuxy, 128,O. 30 
mp,dens, 128,490/ 11OOO*g) 
mp,damp,128,0.04/df 

/COM ~ Material,l29, Tank Steel 
mp, ex, 12 9,4 248 OO( 
mp,nuxy, 129,O. 30 
mp,dens, 129,490/ 11OOO*q) 
mp,damp,129,0,04/df 

/COM ~ Material,l30, Tank Steel 
mp,ex,130,4248000 
mp,nuxy, 130,O. 30 
mp,dens, 130,490/ 11OOO*g) 
mp,damp,l30,0.04/df 

/COM ~ Material,l31, Tank Steel 
mp,ex,131,4248000 
mp,nuxy, 131,O. 30 
mp,dens, 131,490/ 11OOO*g) 
mp,damp,l31,0,04/df 

/COM ~ Material,l32, Tank Steel 
mu.ex.132.4248000 . .  . . 
mp,nuxy, 132,O. 30 
mp,dens, 132,490/ 11OOO*g) 
mp,damp,132,0.04/df 

/COM ~ Material,l33, Tank Steel 
mp,ex,133,4248000 
mp,nuxy, 133,O. 30 
mp,dens, 133,490/ 11OOO*g) 
mp,damp,133,0.04/df 

/COM ~ Material,l34, Tank Steel 
mp,ex,134,4248000 
mp,nuxy, 134,O. 30 
mp,dens, 134,490/ 11OOO*g) 
mp,damp,134,0.04/df 

/COM ~ Material,l35, Tank Steel 
mp,ex,135,4248000 
mp,nuxy, 135,O. 30 
mp,dens, 135,490/ 11OOO*g) 
mp,damp,l35,0.04 /df 

/COM ~ Material,l36, Tank Steel 
mp,ex,136,4248000 
mp,nuxy, 136,O. 30 
mp,dens, 136,490/ 11OOO*g) 
mp,damp,136,0.04 /df 

/COM ~ Material,l37, Tank Steel 
mp,ex,137,4248000 
mp,nuxy, 137,O. 30 
mp,dens, 137,490/ 11OOO*g) 
mp,damp,l37,0.04 /df 

/COM ~ Material,l38, Tank Steel 
mp,ex,138,4248000 
mp,nuxy, 138,O. 30 
mp,dens, 138,490/ 11OOO*g) 
mp,damp,138,0.04 /df 
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aatt, 100+l,100+l, 1 
*enddo 
allsel 

/COM ~ Material,l39, Tank 
mp,ex,139,4248000 
mp,nuxy, 139,O. 30 
mp,dens, 139,490/ 11OOO*g) 
mp,damp,139,0.04 /df 

r, 101, 10.5-0.06) /12 
r, 102, 10.5-0.06) /12 
r, 103, 10.375-0.06) /12 
r, 104, 10.375-0.06) /12 
r.105. 10.375-0.061 /12 . . ,  
r, 106, 10.375-0.06) /12 
r, 107, 10.375-0.06) /12 
r, 108, 10.375-0.06) /12 
r, 109, 10.375-0.06) /12 
r, 110, 10.375-0.06) /12 
r, 111, 10.375-0.06) /12 
r.112. 10.375-0.061 /12 . . ,  
r, 113, 10.375-0.06) /12 
r, 114, 10.375-0.06) /12 
r, 115, 10.5-0.06) /12 
r, 116, 10.5-0.06) /12 
r, 117, 10.5-0.06) /12 
r, 118, 10.5-0.06) /12 
r.119. 10.1-0.061/12 . . ,  
r, 120, 10.5-0.06) /12 
r, 121, 10.5-0.06) /12 
r, 122, 10.5-0.06) /12 
r, 123, 10.5-0.06) /12 
r, 124, 10.75-0.06) /12 
r.121, 10.71-0.061/12 . .  
r, 126, 10.75-0.06) /12 
r, 127, 10.75-0.06) /12 
r, 128, 10.75-0.06) /12 
r, 129, 10.875-0.06) /12 
r, 130, 10.875-0.06) /12 
r, 131, 10.875-0.06) /12 
r. 132. 10.1-0.061 /12 . . ,  
r, 133, 10.5-0.06) /12 
r, 134, 10.5-0.06) /12 
r, 135, 10.5-0.06) /12 
r, 136, 10.5-0.06) /12 
r, 137, 10.5-0.06) /12 
r, 138, 10.5-0.06) /12 
r, 139, 10.5-0.06) /12 

Primary.txt 

Steel 

/COM ~ Create Keypoints for primarytank 
*do, I, 1,pt kps, 1 

~~ - 

k,!maxct+i,ptx 1 1 )  ,O,ptr 1 1 )  
*enddo 

/COM ~ Create l i n e s  for primary tank 
*do,i,l,pt-kps-l, 1 
I, kmaxctt1, haxcttltl 
*enddo 

/COM ~ Create Areas for primary tank 
lsel, s , lme,  , L M A X c t + l , L M A X c t + p t - k p s l  
arotat,all,, , , , ,l,ct-kps,l80,2 

/COM ~ Assign Material and Real Properties 
to primary tank areas 

*do,i,l,pt-kps-l, 1 
asel,s,area, ,AMAXct+i 
asel,a,area, ,AMAXct+pt-kps-l+i 

CSYS,l 

/COM ~ Elements at tank Top Center 
asel,s,loc,x,ptxll) ,ptx 12) 
asel, r ,1oc ,  z,ptr 11) ,ptr 12) 
lsla 
Isel, r,1oc,x,ptx 12) 
leslre,all,,arcslre 
lsla 
lsel,",loc,x,ptx 12) 
lesire,all,,,midsire 
amesh,all 

/COM ~ Elements in primary tank 
*do,i,Z,pt-kps-Z, 1 
asel,s,area, ,AMAXct+i 
asel,a,area, ,AMAXct+pt-kps-l+i 
lsla 
l s e l , s , l o c , x , p t x l l ) , p t x j l t l )  
lsel,r,loc, z,ptr 11) ,ptr jltl) 
leslre,all,,arcslre 
amesh,all 
*enddo 

/COM ~ Elements at tank floor Center 
asel,s,loc,x,ptx lpt-kps-1) ,ptx lpt-kps) 
asel, r , l o c ,  z,ptr lpt-kps) 
cm,al,area 
lsla 
lsel,r,loc,x,ptx lpt-kps-1) 
leslre,all,,arcslre 
lsla 
lsel,u,loc,x,ptx lpt-kps-1) 
lesire,all,,,midsire 
amesh,all 

cm,ala,area 
for mesh mapping 
cmsel,s,al 
cmsel,", ala 
cm,alb,area 
for mesh mapping 
allsel 
cmsel,", conc-tank 
*get, emax,elem, ,num,maxd 
enorm,emax 
cm,primary- tank, elem 

asel, r, lOC, y, 0, -90 
! Component 

! Compoment 

allsel 
*get, KMAXpt,KP, 0, num,max ! Get maximum 
Keypoint n u d e r  
*get,LMAXpt,LINE, O,num,max ! Get maximum 
Line Number 
*get,AMAXpt,AREA, O,num,max ! Get maximum 
Area Number 

RS-Freq.txt 

data, 2,1,152,1, frequenck 
lf7.3) 
0.100 
0.105 
0.111 
0.118 
0.121 
0.128 
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0.132 
0.135 

1.064 
1.087 
1.111 0.139 

0.143 
0.147 

1.136 
1.163 

0.152 
0.156 
0.161 
0.167 

1.190 
1.220 
1.250 
1.282 

0.172 
0.179 
0.185 

1.316 
1.351 
1.389 

0.192 
0.196 
0.200 
0.204 

1.429 
1.471 
1.515 
1.563 

0.208 
0.213 
0.217 

1.613 
1.667 
1.724 

0.222 
0.227 
0.233 
0.238 

1.754 
1.786 
1.818 
1.852 

0.244 
0.250 
0.256 

1.887 
1.923 
1.961 

0.263 
0.270 
0.278 
0.286 

2.000 
2.041 
2.083 
2.128 

0.294 
0.303 

2.174 
2.222 

0.313 
0.323 
0.333 
0.345 
0.357 

2.273 
2.326 
2.381 
2.439 
2.500 

0.370 
0.385 

2.564 
2.632 

0.400 
0.417 
0.426 
0.435 

2.703 
2.778 
2.857 
2.941 

0.444 
0.455 
0.465 

3.030 
3.125 
3.226 

0.476 
0.488 
0.500 
0.513 

3.333 
3.448 
3.571 
3.704 

0.526 
0.541 
0.556 

3.846 
4.000 
4.167 

0.571 
0.588 
0.606 
0.625 

4.348 
4.545 
4.762 
5.000 

0.645 
0.667 
0.690 

5.263 
5.556 
5.882 

0.714 
0.741 
0.769 
0.800 

6.250 
6.667 
7.143 
7.692 

0.833 
0.870 

8.333 
9.091 

0.909 
0.952 
1.000 
1.020 
1.042 

10.000 
11.111 
12.500 
14.286 
16.667 
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flnl 

/POST26 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

cmsel,s, conc-tank 
n S l e  
CSYS,l 
nse1, r,1oc,x,ctx Ill) 
nse1, r ,1oc ,  y,o 
nse1,r,1oc, r,ctr Ill) 
*get,ct-O-H,node,,num,max 

cmsel,s, conc-tank 
n S l e  
nsel, r,loc,x,ctx 114) 

nsel,r,loc, r,ctr 114) 
*get, ct-0-382,node, ,num,max 

cmsel,s, conc-tank 
n S l e  
nsel, r,loc,x,ctx 117) 

nsel,r,loc, r,ctr 117) 
*get,ct-O-Z36,node,,num,max 

cmsel,s, conc-tank 
n S l e  
nse1, r, lOC, X I  ctx 119) 
nse1, r ,1oc ,  y,o 
nse1,r,1oc, r,ctr 119) 
*get, ct-O-l45,node, ,num,max 

cmsel,s, conc-tank 
n S l e  
nse1, r,1oc,x,ctx 122) 
nse1, r ,1oc ,  y,o 
nse1,r,1oc, r,ctr 122) 
*get,ct-O-O,node,,num,rnax 

m o l ,  3,ct-O-H,u,x,N-B jct-0-H) BX 
m o l ,  4, c t-0-38 2, u, x, N-B 1 ct-0-382 ) BX 
ns ol,5, c t-0-23 6, u, x, N-B 1 ct-0-23 6 ) BX 
m o l ,  6, c t-0-14 5, u, x, N-B 1 ct-0-145 ) BX 
ns 01~7, c t-0-0, u, x, N-B 1 c t-0-0) BX 

nse1, r ,1oc ,  y,o 

nse1, r ,1oc ,  y,o 

20.000 
25.000 
33.333 
100.000 

Slave.txt 

/COM ~ Develop Slave Boundarr Conditions 
/COM ~ 20 Layer Model 

CSYS,l ! set 
Cylindrical Coordinates 
*get, CPMAX, CP, O,num,max 
Counter for Couple Set Numbers 
nsel, s,loc,x,soil radius 
exterior surface nodes 
csys,o 
Cartesian Coordinates 
nrotat,a11 
Global Cartesian Coordinates 
nsel,s,loc, r , s o i l r  [deepsoil) 
Base nodes 
nrotat,a11 
Global Cartesian Coordinates 

CSYS,l 
Cylindrical Coordinates 
*do,i,l,deepsoil-l,l 
through each soil layer 
nsel, s,loc,x,soil - radius 
exterior nodes 
nse1,r,1oc, Z , S O l l Z  11) 

by layer 
cp,3*1~2+cpmax,ux,all 
cp,3*i+cpmax,ur,all 

nodes on Symmetry Plane 
nsel, u, loc, y, 180 
cp,3*i~l+cpmax,uy,all 
*enddo 

nsel,",loc, y, 0 

nsel,s,loc, r , s o i l r  [deepsoil) 
nodes 
nsel,",loc, r,320-.1,320+.1 

! Select 

! set 

! Rotate 

! Select 

! Rotate 

Into 

a l l  

Into 

! set 

! Cycle 

! Select a l l  

! Select nodes 

! Couple In x 
! Couple In 2 
! unse1ect 

! Couple In Y 

! Select base 

cp ,deepso~l* lOt l+cpmax,ux ,a l l  ! Couple in X 
c p , d e e p s o ~ l * l 0 + 2 + c p m a x , u y , a l l  ! Couple in Y 
cp ,deepso~l* l0+3+cpmax,ur ,a l l  ! Couple in 2 

allsel 

Spectra-All.txt 

/Inp"t,spectra~conc~O,txt 
/Inp"t,spectra~conc~45,txt 
/Inp"t,spectra~conc~gO,txt 
/Inp"t,spectra~conc~l35,t~t 

/Inp"t,spectra-conc, txt 
/Input,spectra~conc~l8O,txt 

/Input,spectra~primary0,txt 
/input, spectra-primary-45, txt 
/input, spectra-primary-90, txt 
/Input,spectra~primaryl3i,txt 
/Input,spectra~primaryl80,txt 
/Input, spectra-so11, txt 

Spectra-conc-O.txt 

nsol,l3,ct-O-H,u,y,N-B 1ct-O-H)By 
nsol,l4,ct 0 382,u,y,N Bjct 0 382)By - 
ns 01~15, ctIOI2 3 6, u, G ,  N-B 1 c tIOI23 6) 8 G 
nsol,l6,ct~O~l45,u,y,N~B jct-0-145)By 
nso1,17,ct~O~O,u,y,N~B jct-0-0)By 

nsol,23,ct-O-H,u, r,N-B 1ct-O-H)Br 
m o l ,  24, ct-0-382,u, r,N-B jct-0-382) B r  
nsol,25,ct 0 236,u,r,N Bjct 0 236)Br - -  - 

m o l ,  26, ct-0-145, u, I, N-B jctIOIl45) 8 I 
n s o 1 , 2 7 , c t ~ O ~ O , u , r , N ~ B I c t 0 0 ) B r  

/Inp"t,rs-freq,txt 

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 
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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, 44,2,16,3,0.05,0.01,100,120.48 
res~.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, 61,31,, ,rs-B lct-0-H) B-X,, , l / g  
prod, 62,32,, , rs-B lct-0-382) B-X,, , l / g  
prod, 63,33,, ,rs-B lct-0-236)B-X,, , l / g  
prod, 64,34,, , rs-B lct-0-145) B-X,, , l / g  
prod, 65,35,, ,rs-B lct-0-0) B-X,, , l / g  
prod, 71,41,, ,rs-B lct-0-H) B-y,, , l / g  
prod, 72,42,, ,rs-B lct-0-382)B-y,, , l / g  
prod, 73,43,, ,rs-B [ct-0-236)B-y,, , l / g  
prod, 74,44,, ,rs-B jct-O-l45)B-y,, , l / g  
prod, 75,45,, ,rs-B lct-0-0) B-y,, , l / g  
prod, 81,51,, ,rs-B lct-0-H) B - r , ,  , l / g  
prod,82,52, ,,rs-B [ct-0-382)B-r,, , l / g  
prod,83,53, ,,rs-B lct-0-236)B-r,, , l / g  
prod,84,54, ,,rs-B Ict-O-l45)B-r,, , l / g  
prod, 85,55,, ,rs-B lct-0-0) B - r , ,  , l / g  

11nes,200 
/out, RS-ct-0, Out 
prvar,2,61,62,63,64,65 
prvar, 2,71,72,73,74,75 
prvar,2,81,82,83,84,85 
/out 

deriv, 91,3,1, ,vx3 
deriv, 92,4,1, ,vx4 
deriv, 93,5,1, ,vx5 
deriv, 94,6,1, ,vx6 
deriv, 95,7,1, ,vx7 

deriv,lOl,l3,1, ,vy13 
deriv,102,14,1, ,vy14 
deriv,l03,15,1, ,vyl5 
deriv,104,16,l,,vy16 
deriv,l05,71,1, ,vyl7 

deriv,111,23,l,,vr23 
deriv,112,24,l,,vr24 
deriv,113,25,l,,vr25 
deriv,114,26,l,,vr26 
deriv,ll5,27,l,,vr27 

der~v,l21,9l,l,,a~Blct~O~H~B~~,,,l/g 
deriv,122,92,1, ,a-B lct-0-382) B-x,, , l/g 
deriv,123,93,1, ,a-B lct-0-236) B-x,, , l/g 
deriv,124,94,1, ,a-B lct-0-145) B-x,, , l/g 
der~v,l25,95,l,,a~Blct~O~O~B~~,,,l/g 

deriv,l31,101,1, ,a-B lct-0-H) B-y,, , l / g  
deriv,132,102,1, ,a-B lct-0-382)B-y,, , l / g  
deriv,133,103,1, ,a-B lct-0-236)B-y,, , l / g  
deriv,134,104,1, ,a-B Ict-O-l45)B-y,, , l / g  
deriv,135,105,1, ,a-B lct-0-0) B-y,, , l / g  

deriv,141,111,1, ,a-B lct-0-H) B - r , ,  , l / g  
deriv,142,112,1, ,a-B lct-0-382)B-r,, , l / g  
deriv,143,113,1, ,a-B lct-0-236)B-r,, , l / g  
deriv,144,114,1, ,a-B Ict-O-l45)B-r,, , l / g  
deriv,145,115,1, ,a-B lct-0-0) B - r , ,  , l / g  

lines,2050 
/out,Accel-ct-0, Out 
prvar,121,122,123,124,125 
prvar,131,132,133,134,135 
prvar,141,142,143,144,145 
/out 

Spectra-conc-135.txt 

flnl 

/POST26 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

CSYS,l 
cmsel.s.conc-tank . .  
n S l e  
nse1, r,1oc,x,ctx Ill) 
nsel, r , l o c ,  y,-135 
nse1,r,1oc, r,ctr Ill) 
*get, ct-l35-H,node, ,num,max 

. .  
n S l e  
nsel, r,loc,x,ctx 114) 
nsel, r , l o c ,  y,-135 
nsel,r,loc, r,ctr 114) 
*get, ct-135-382,node, ,num,max 

. .  
n S l e  
nsel, r,loc,x,ctx 117) 
nsel, r , l o c ,  y,-135 
nsel,r,loc, r,ctr 117) 
*get, ct-135-23 6, node,, num, max 

. .  
n S l e  
nse1, r, lOC, X I  ctx 119) 
nsel, r , l o c ,  y,-135 
nse1,r,1oc, r,ctr 119) 
*get, ct-l35-l45,node, ,num,max 

cmsel,s, conc-tank 
" < l e  
nse1, r,1oc,x,ctx 122) 
nsel, r , l o c ,  y,-135 
nse1,r,1oc, r,ctr 122) 
*get, ct-l35-0,node, ,num,max 

m o l ,  3, c t-l35-H, u, x, N-B I ct-13 5-H) BX 
m o l ,  4,ct-135-382,u,x,N-B lct-135-382) BX 
nsol,i,ct-135-236,u,x,N-B lct-135-236)BX 
m o l ,  6,ct-135-145,u,x,N-B lct-135-145) BX 
m o l ,  7, c t-135-0, u, x, N-B I ct-13 5-0 ) BX 

nsol,l3,ct~l35~H,u,y,N~B jct-135-H)By 
m o l ,  14, ct-135-382,u,y,N-B lct-135-382) By 
m o l ,  15, ct-135-236,u,y,N-B lct-135-236) By 
m o l ,  16, ct-135-145,u,y,N-B lct-135-145) By 
nsol,l7,ct~l35~0,u,y,N~B jct-135-0)By 

nsol,23,ct-l35-H,u,r,N-B jct-135-H)Br 
nso1.24.ct 135 382.u.r.N Bfct 135 3821%~ . .  . . .  
m o l ,  25, ctI135I236,u, r,N3 lctI135I236) Br 
m o l ,  26, ct-135-145,", r,N-B lct-135-145) Br 
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m o l ,  21, ct-l35-0,u, 

/Inp"t,rs-freq,txt 

resp, 31,2,3,3,0.05, 
resp, 32,2,4,3,0.05, 

resp, 34,2,6,3,0.05, 
resp, 33,2,5,3,0.05, 

resp, 35,2,1,3,0.05, 

,N-B jct-135-0) B r  

.01.100.120.48 . .  

.01,100,120.48 

.01,100,120.48 

.01,100,120.48 

.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 
res~.43.2.15.3.0.05.0.01~100~120.48 ~. . .  . .  . .  
resp, 44,2,16,3,0.05,0.01,100,120.48 
resp,45,2,11,3,0.05,0.01,100,120.48 
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,55,2,21,3,0.05,0.01,100,120.48 

prvar,2,61,62,63,64,65 

prvar,2,81,82,83,84,85 
prvar, 2,11,12,13,14, I5 

/out 

deriv, 91,3,1, ,vx3 
deriv, 92,4,1, ,vx4 
deriv, 93,5,1, ,vx5 
deriv, 94,6,1, ,vx6 
deriv, 95,1,1, ,vxl 

deriv,lOl,l3,1, ,vy13 
deriv,102,14,1, ,vy14 
deriv,l03,15,1, ,vyl5 
deriv,104,16,l,,vy16 
deriv,105,11,1, ,vyll 

deriv,111,23,l,,vr23 
deriv,112,24,l,,vr24 
deriv,113,25,l,,vr25 
deriv,114,26,l,,vr26 
deriv,ll5,21,l,,vr21 

deriv,l21,9l,l,,a~ct~l35~H~~,,,l/g 
deriv,122,92,l,,a-ct-l35-382~~,,,l/g 
deriv,123,93,l,,a-ct-l35-236~~,,,l/g 
deriv,124,94,l,,a-ct-l35-145~~,,,1/g 
deriv,l25,95,l,,a~ct~l35~O~~,,,l/g 

Spectra-conc-180.txt 

flnl 

/POST26 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

CSYS,l 
cmsel,s, conc-tank 
n S l e  
nse1, r,1oc,x,ctx Ill) 
nsel, r , l o c ,  y,-180 
nse1,r,1oc, r,ctr Ill) 
*get, ct-l80-H,node, ,num,max 

cmsel,s, conc-tank 
n S l e  
nsel, r,loc,x,ctx 114) 
nsel, r , l o c ,  y,-180 
nsel,r,loc, r,ctr 114) 
*get, ct-180-382,node, ,num,max 

cmsel,s, conc-tank 
n S l e  
nse1, r,1oc,x,ctx 111) 
nsel, r , l o c ,  y,-180 
nse1,r,1oc, r,ctr 111) 
*get, ct-180-23 6, node,, num, max 

cmsel,s, conc-tank 
n S l e  
nse1, r, lOC, X I  ctx 119) 
nsel, r , l o c ,  y,-180 
nse1,r,1oc, r,ctr 119) 
*get, ct-l80-145,node, ,num,max 

cmsel,s, conc-tank 
n S l e  
nse1, r,1oc,x,ctx 122) 
nsel, r , l o c ,  y,-180 
nse1,r,1oc, r,ctr 122) 
*get, ct-180-0,node, ,num,max 

m o l ,  3, ct-l80-H, u, x, N-B 1 ct-18 0-H) BX 
nsol,4,ct 180 382,u,x,N Bjct 180 382)BX - -  - 

m o l ,  5,ct-180-236,u,x,N-B lctI180I236) BX 
m o l ,  6,ct-180-145,u,x,N-B jct-180-145) BX 
m o l ,  I, c t-180-0, u, x, N-B 1 ct-18 0-0 ) BX 

nsol,l3,ct~l80~H,u,y,N~B jct-l80-H)B% 
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m o l ,  14, ct-180-382,u,y,N-B lct-180-382) By 
nsol,l5,ct 180 236,u,y,N Blct 180 236)By - 

m o l ,  16, ctI180I145,u,y,N-B lctI18OIl45) By 
nsol,ll,ct~l80~0,u,y,N~B lct-180-0)By 

nso1,23,ct-180-H,u,r,N-B jct-180-H)Br 
m o l ,  24, ct-180-382,", r,N-B lct-180-382) Br 
m o l ,  25, ct-180-236,", r,N-B lct-180-236) Br 
m o l ,  26, ct-180-145,", r,N-B lct-180-145) Br 
nsol,ZI,ct-180-0,u,r,N-B lct-180-0)Br 

/Inp"t,rs-freq,txt 

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,35,2,1,3,0.05,0.01,100,120.48 
resu.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, 44,2,16,3,0.05,0.01,100,120.48 
resp,45,2,11,3,0.05,0.01,100,120.48 
resp,51,2,23,3,0.05,0.01,100,120.48 
resp,52,2,24,3,0.05,0.01,100,120.48 
resu.53.2.25,3.0.05.0.01,100,120.48 ~. . .  . .  . .  
resp, 54,2,26,3,0.05,0.01,100,120.48 
resp,55,2,21,3,0.05,0.01,100,120.48 

11nes,200 
/out,RS-ct-45,out 
prvar,2,61,62,63,64,65 
prvar, 2,11,12,13,14, I5 
prvar,2,81,82,83,84,85 
/out 

deriv, 91,3,1, ,vx3 
deriv, 92,4,1, ,vx4 
deriv, 93,5,1, ,vx5 
deriv, 94,6,1, ,vx6 
deriv, 95,1,1, ,vxl 

deriv,lOl,l3,1, ,vy13 
deriv,102,14,1, ,vy14 
deriv,l03,15,1, ,vyl5 
deriv,104,16,l,,vy16 
deriv,105,11,1, ,vyll 

deriv,111,23,l,,vr23 
deriv,112,24,l,,vr24 
deriv,113,25,l,,vr25 
deriv,114,26,l,,vr26 
deriv,ll5,21,l,,vr21 

derlv,121,91,1,,a~ct~180~H~~,,,l/g 
derlv,122,92,1,,a~ct~180~382~~,,,l/g 
deriv,123,93,l,,a Ct 180 236-x,,,1/q 

/out,Accel~ct~lBO,out 
prvar,121,122,123,124,125 
prvar,131,132,133,134,135 
prvar,141,142,143,144,145 
/out 

Spectra-conc-45.txt 

flnl 

/POST26 
nurnvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

CSYS,l 
crnsel,s, conc-tank 
n S l e  
nse1, r,1oc,x,ctx Ill) 
nse1, r ,1oc ,  y,-45 
nse1,r,1oc, r,ctr Ill) 
*get,ct-45-H,node, ,nurn,rnax 

crnsel,s, conc-tank 
n S l e  
n s e l ,  r,loc,x,ctx 114) 

nsel,r,loc, r,ctr 114) 
*get,ct-45-382,node,,num,max 

crnsel,s, conc-tank 
n S l e  
nse1, r,1oc,x,ctx 111) 
nse1, r ,1oc ,  y,-45 
nse1,r,1oc, r,ctr 111) 
*get,ct-45-236,node,,num,max 

crnsel,s, conc-tank 
n S l e  
nse1, r, lOC, X I  ctx 119) 
nse1, r ,1oc ,  y,-45 
nse1,r,1oc, r,ctr 119) 
* g e t , c t ~ 4 5 ~ 1 4 5 , n o d e , , n u m , m a x  

crnsel,s, conc-tank 
n S l e  
nse1, r,1oc,x,ctx 122) 
nse1, r ,1oc ,  y,-45 
nse1,r,1oc, r,ctr 122) 

nse1, r ,1oc ,  y,-45 
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*get,ct-45-0,node, ,num,max 

ns 01~3, c t-4 5-H, u, x, N-B I ct-45-H) BX 
ns 01~4, c t-4 5-3 82, u, x, N-B I c t-4 5-3 82) BX 
ns 01~5, c t-4 5-2 3 6, u, x, N-B I c t-4 5-2 3 6) BX 
ns 01~6, c t-4 5-1 45, u, x, N-B I c t-4 5-1 45) BX 
m o l ,  7,ct-45-O,u,x,N-B lct-45-0) BX 

nsol,l3,ct-45-H,u,y,N-B lct-45-H) By 
nso1,14,ct~45~382,u,y,N~B lct-45-382)By 
nsol,l5,ct~45~236,u,y,N~B lct-45-236)By 
nsol,l6,ct~45~145,u,y,N~B Ict-45-145)By 
nsol,l7,ct~45~0,u,y,N~B lct-45-0) By 

nsol,23,ct-45-H,u,r,N-B lct-45-H) Br 
nso1,24,ct 45 382,u,r,N Blct 45 382)Br 
nso1,25,ctI45I236,u, r,N3 lctI45I236)Br 
nso1,26,ct~45~145,u, r,N-B Ict-45-145)Br 
nsol,27,ct-45-0,u,r,N-B lct-45-0) Br 

/Inp"t,rs-freq,txt 

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 
res~.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, 44,2,16,3,0.05,0.01,100,120.48 
resu,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, 61,31,, ,rs-B lct-45-H) B-X,, , l/g 
prod, 62,32,, ,rs-B lct-45-382)B-X,, , l / g  
prod, 63,33,, ,rs-B lct-45-236)B-X,, , l / g  
prod, 64,34,, ,rs-B jct-45-145)B-X,, , l / g  
prod, 65,35,, ,rs-B lct-45-0) B-X,, , l/g 
prod, 71,41,, ,rs-B lct-45-H) B-y,, , l/g 
prod, 72,42,, ,rs-B lct-45-382)B-y,, , l / g  
prod, 73,43,, ,rs-B lct-45-236)B-y,, , l / g  
prod, 74,44,, ,rs-B jct-45-145)B-y,, , l / g  
prod, 75,45,, ,rs-B lct-45-0) B-y,, , l/g 
prod, 81,51,, ,rs-B lct-45-H) B - r , ,  , l/g 
prod, 82,52,, ,rs-B lct-45-382)B-r,, , l / g  
prod, 83,53,, ,rs-B lct-45-236)B-r,, , l / g  
prod, 84,54,, ,rs-B jct-45-145)B-r,, , l / g  
prod, 85,55,, ,rs-B lct-45-0) B - r , ,  , l/g 

deriv,104,16,l,,vy16 
deriv,l05,71,1, ,vyl7 

deriv,111,23,l,,vr23 
deriv,112,24,l,,vr24 
deriv,113,25,l,,vr25 
deriv,114,26,l,,vr26 
deriv,ll5,27,l,,vr27 

deriv,l21,9l,l,,a~Blct~45~H)B~~,,,l/g 
d e r i v , 1 2 2 , 9 2 , l , , a - B l c t 4 1 3 8 2 ) 8 x , , , l / g  
d e r i v , 1 2 3 , 9 3 , l , , a - B l c t 4 1 2 3 6 ) 8 x , , , l / g  
d e r i v , 1 2 4 , 9 4 , l , , a - B l c t 4 1 1 4 1 ) 8 x , , , l / g  
der~v,l25,95,l,,a~Blct~45~O~B~~,,,l/g 

deriv,l31,101,1, ,a-B lct-45-H) B-y,, , l/g 
deriv,132,102,1, ,a-B lct-45-382)B-y,, , l / g  
deriv,133,103,1, ,a-B lct-45-236)B-y,, , l / g  
deriv,134,104,1, ,a-B Ict-45-145)B-y,, , l / g  
deriv,135,105,1, ,a-B lct-45-01 B-y,, , l/g 

deriv,141,111,1, ,a-B lct-45-H) B - r , ,  , l/g 
deriv,142,112,1, ,a-B lct-45-382)B-r,, , l / g  
deriv,143,113,1, ,a-B lct-45-236)B-r,, , l / g  
deriv,144,114,1, ,a-B Ict-45-145)B-r,, , l / g  
deriv,145,115,1, ,a-B lct-45-01 B - r , ,  , l/g 

lines,2050 
/out,Accel-ct-45, Out 
prvar,121,122,123,124,125 
prvar,131,132,133,134,135 
prvar,141,142,143,144,145 
/out 

Spectra-conc-9O.txt 

flnl 

/POST26 
numvar ,2 00 
*do, r,2,200 
VARDEL, I 
*enddo 

CSYS,l 
cmsel,s,conc-tank . .  
n S l e  
nse1, r,1oc,x,ctx Ill) 
nse1, r ,1oc ,  y,-90 
nse1,r,1oc, r,ctr Ill) 
*get,ct-gO-H,node, ,num,max 

11nes,200 
/out,RS-ct-45,out 
prvar,2,61,62,63,64,65 
prvar, 2,71,72,73,74,75 
prvar,2,81,82,83,84,85 
/out 

deriv, 91,3,1, ,vx3 
deriv, 92,4,1, ,vx4 
deriv, 93,5,1, ,vx5 
deriv, 94,6,1, ,vx6 
deriv, 95,7,1, ,vx7 

deriv,lOl,l3,1, ,vy13 
deriv,102,14,1, ,vy14 
deriv,l03,15,1, ,vyl5 

. .  
n S l e  
nsel, r,loc,x,ctx 114) 

nsel,r,loc, r,ctr 114) 
*get,ct-90-382,node,,num,max 

nse1, r ,1oc ,  y,-90 

. .  
n S l e  
nsel, r,loc,x,ctx 117) 

nsel,r,loc, r,ctr 117) 
nse1, r ,1oc ,  y,-90 

. .  
n S l e  
nse1, r, lOC, X I  ctx 119) 
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deriv, 91,3,1, ,vx3 
deriv, 92,4,1, ,vx4 
deriv, 93,5,1, ,vx5 
deriv, 94,6,1, ,vx6 
deriv, 95,7,1, ,vx7 

nse1, r ,1oc ,  y,-90 
nse1,r,1oc, r,ctr 119) 
* g e t , c t ~ 9 0 ~ 1 4 5 , n o d e , , n u m , m a x  

. .  
n S l e  
nse1, r,1oc,x,ctx 122) 
nse1, r ,1oc ,  y,-90 
nse1,r,1oc, r,ctr 122) 
*get,ct-90-0,node, ,num,max 

m o l ,  3, ct-90-H,u, x,N-B lct-90-H) BX 
ns 01~4, c t-9 0-3 82, u, x, N-B I c t-9 0-3 82) BX 
ns 01~5, c t-9 0-2 3 6, u, x, N-B I c t-9 0-2 3 6) BX 
ns 01~6, c t-9 0-1 45, u, x, N-B I c t-9 0-1 45) BX 
m o l ,  7,ct-90-0,u,x,N-B lct-90-0) BX 

nsol,l3,ct-90-H,u,y,N-B lct-90-H) By 
nso1,14,ct-90-382,u,y,N-B lct-90-382)By 
nsol,li,ct-90-236,u,y,N-B lct-90-236)By 
nso1,16,ct-90-145,u,y,N-B lct-90-145)By 
nso1,17,ct-90-0,u,y,N-B lct-90-0) By 

nso1,23,ct-90-H,u,r,N-B lct-90-H) Br 
nso1,24,ct-90-382,~, r,N-B lct-90-382)Br 
nso1,25,ct-90-236,~, r,N-B lct-90-236)Br 
nso1,26,ct~90~145,u, r,N-B lct-90-145)Br 
nso1,27,ct-90-0,u,r,N-B lct-90-0) Br 

/Inp"t,rs-freq,txt 

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 
res~.43.2.15.3.0.05.0.01~100~120.48 ~. . .  . .  . .  
resp, 44,2,16,3,0.05,0.01,100,120.48 
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 

prvar,2,61,62,63,64,65 

prvar,2,81,82,83,84,85 
prvar, 2,71,72,73,74,75 

Spectra-conc.txt 

flnl 

/POST26 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

cmsel,s, conc-tank 
n S l e  
CSYS,l 
nse1, r, lOC, X I  ctx 11) 
nse1,r,1oc, r,ctr 11) 
*get,ct-Top,node,,num,max 

cmsel,s, conc-tank 

n s e l ,  r,loc,x,ctx 134) 
nsel,r,loc, r,ctr 134) 
*get,ct-BOttom,nOde,,num,max 

nsol,3,ct Top,u,x,N - Blct-Top)%X 
m o l ,  4,ctIBottom,u,x,N-B lct-Bottom) BX /out 

D.23 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

. .  
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, 61,31,, ,rs-ct Top-X,, , l / g  
prod, 62,32,, ,rs-ctIBOttom-X,, , l / g  
prod, 71,41,, ,rs-ct-Top-y,, , l / g  
prod, 72,42,, ,rs-ct-Bottom-y,, , l / g  
prod, 81,51,, ,rs~~t~Top-z,, , l / g  
prod, 82,52,, ,r~~ct~BOttom-z,, , l / g  

11nes,200 
/out,RS-ct,out 
prvar,2,61,62 
prvar,2,71,72 
prvar,2,81,82 
/out 

deriv, 91,3,1, ,vx3 
deriv, 92,4,1, ,vx4 

deriv,lOl,l3,1, ,vy13 
deriv,102,14,1, ,vy14 

deriv,111,23,l,,vr23 
deriv,112,24,l,,vr24 

d e r i v , l 2 1 , 9 l , l , , a ~ c t ~ T o p x , , , , l / g  
d e r i v , 1 2 2 , 9 2 , l , , a - c t - B o t t o m x , , , l / g  

deriv,131,101,1, ,a-ct-Top-y,, , l / g  
deriv,132,102,1, ,a-ct-Bottom-y,, , l / g  

deriv,141,111,1, ,a-ct-Top-r,, , l / g  
deriv,142,112,1, ,a-ct-BOttom-z,, , l / g  

lines,2050 
/out,Accel-ct, Out 

prvar,131,132 
prvar,141,142 
/out 

prvar,121,122 

Spectra-primary-O.txt 

flnl 

/POST26 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

C S " S . 1  - .  
cmsel,s,primary-tank 
n S l e  
nse1, r,1oc,x,ptx ill) 

nse1, r ,1oc ,  y,o 
nsel,r,loc,r,ptr[ll) 
*get,pt-0-460, node,, num,max 

cmsel,s,primary-tank 
n S l e  
nsel, r,loc,x,ptx 116) 
nse1, r ,1oc ,  y,o 
nsel,r,loc,r,ptrjl6) 
*get,pt-0-353, node,, num,max 

n S l e  
nse1, r,1oc,x,ptx 120) 
nse1, r ,1oc ,  y,o 
nsel,r,loc,r,ptr[20) 
*get,pt-0-245, node,, num,max 

n S l e  
nsel, r,loc,x,ptx 125) 
nse1, r ,1oc ,  y,o 
nsel,r,loc,r,ptr[25) 
*get,pt-0-126, node,, num,max 

" < l e  
nse1, r,1oc,x,ptx 129) 
nse1, r ,1oc ,  y,o 
nsel,r,loc,r,ptr[29) 
*get, pt-0-20, node,, num, max 

m o l ,  3, p t-0-4 6 0, u, x, N-B [pt-0-4 60 ) BX 

nsol,5,pt 0 21 
m o l ,  4, p t-0-35 3, " 

m o l ,  6,ptI - 

nso1,7,pt-0-20,u,x,N-B [pt-E-%O)BX 

ns 01~13, pt-0-4 60, u, y, N-B [p t-0-4 6 0) 8 y 
m o l ,  14,pt-0-353, u, y,N-B [pt-0-353) By 
m o l ,  15,pt-0-245, u, y,N-B [pt-0-245) By 
ns 01~16, pt-0-12 6, u, y, N-B [p t-0-12 6) 8 y 
m o l ,  17,pt-0-20,u,y,N-B [pt-0-20) By 

ns ol,23, pt-0-4 60, u, I, N-B [p t-0-4 6 0) 8 I 
m o l ,  24, pt-0-3 53, u, I, N-B [p t-0-35 3) 8 I 
m o l ,  25, pt-0-2 45, u, I, N-B [p t-0-24 5) 8 I 
ns o l , 2  6, pt-0-12 6, u, I, N-B [p t-0-12 6) 8 I 
m o l ,  27,pt-0-20,", r,N-B [pt-0-20) Br 

/Inp"t,rs-freq,txt 

resu.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 
res~,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, 44,2,16,3,0.05,0.01,100,120.48 
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, 61,31,, ,rspt-0-460-X,, , l/g 
prod, 62,32,, ,rspt-0-353-X,, , l/g 
prod, 63,33,, ,rspt-O-245-X,, , l/g 
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11nes,200 
/out, RS-PT-0, Out 
prvar,2,61,62,63,64,65 
prvar, 2,71,72,73,74,75 
prvar,2,81,82,83,84,85 
/out 

deriv, 91,3,1, ,vx3 
deriv, 92,4,1, ,vx4 
deriv, 93,5,1, ,vx5 
deriv, 94,6,1, ,vx6 
deriv, 95,7,1, ,vx7 

deriv,lOl,l3,1, ,vy13 
deriv,102,14,1, ,vy14 
deriv,l03,15,1, ,vyl5 
deriv,104,16,l,,vy16 
deriv,l05,71,1, ,vyl7 

deriv,111,23,l,,vr23 
deriv,112,24,l,,vr24 
deriv,113,25,l,,vr25 
deriv,114,26,l,,vr26 
deriv,ll5,27,l,,vr27 

deriv,l21,91,l,,apt~0~460~x,,l/g 
deriv,122,92,l,,apt-0-353~x,,l/g 
deriv,123,93,1,,apt-0-245~x,,l/g 
deriv,124,94,l,,apt-O-l26~x,,l/g 
deriv,l25,95,1,,apt~0~20~x,,l/g 

der~v,l31,101,1,,apt~0~460-y,,l/g 
deriv,132,102,1,,apt~0~353-y,,l/g 
deriv,133,103,1,,apt~0~245-y,,l/g 
deriv,134,104,1, ,apt-0-126-y, , l / g  
deriv,135,105,1, ,apt-0-20-y, , l / g  

deriv,l41,111,1,,apt 0-460-r,,1/g 
der1v,142,112,1, ,aptI0-353-r, , l / g  
deriv,143,113,1,,apt~0~245~r,,l/g 
deriv,144,114,1, ,apt-0-126-r, , l / g  
deriv,145,115,1, ,apt-0-20-r, , l / g  

lines,2050 
/out,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 

flnl 

/POST26 

numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

CSYS,l 
cmsel,s,primary-tank 
n S l e  

nsel, r , l o c ,  y,-135 

*get,pt-135-460,node, ,num,max 

cmsel,s,primary-tank 
n S l e  
nsel, r,loc,x,ptx 116) 
nsel, r , l o c ,  y,-135 
nsel,r,loc,r,ptrjl6) 
*get, pt-135-353, node,, num, max 

cmsel,s,primary-tank 
n S l e  

nsel, r , l o c ,  y,-135 

*get, pt-135-245, node,, num, max 

cmsel,s,primary-tank 
n S l e  
nsel, r,loc,x,ptx 125) 
nsel, r , l o c ,  y,-135 
nsel,r,loc,r,ptrl25) 
*get, pt-135-12 6, node,, num, max 

cmsel,s,primary-tank 
n S l e  

nsel, r , l o c ,  y,-135 

* g e t , p t ~ 1 3 5 ~ 2 0 , n o d e , , n u m , m a x  

nse1, r,1oc,x,ptx Ill) 

nsel,r,loc,r,ptrlll) 

nse1, r,1oc,x,ptx 120) 

nsel,r,loc,r,ptrl20) 

nse1, r,1oc,x,ptx 129) 

nsel,r,loc,r,ptrl29) 

m o l ,  3,pt-135-460,", x,N-B lpt-135-460) BX 
nsol,4,pt 135 353,u,x,N Blpt 135 353)BX - 

m o l ,  5,ptI135I245,u,x,N-B lptI135I245) BX 
m o l ,  6,pt-135-126,u,x,N-B lpt-135-126) BX 
m o l ,  7,pt-135-20, u,x,N-B lpt-135-20) BX 

m o l ,  13,pt-135-460,u,y,N-B lpt-135-460) By 
m o l ,  14,pt-131-353,", y,N-B lpt-135-353) By 
m o l ,  15,pt-135-245,~, y,N-B lpt-135-245) By 
m o l ,  16,pt-135-126,u,y,N-B lpt-135-126) By 
m o l ,  17,pt-135-20,", y,N-B lpt-135-20) By 

m o l ,  23,pt-135-460,", r,N-B lpt-135-460) Br 
m o l ,  24,pt-135-353,", r,N-B lpt-135-353) Br 
m o l ,  25,pt-135-245,~, r,N-B lpt-135-245) Br 
ns o l , 2  6, pt-135-12 6, u, I, N-B lpt-13 5-1 2 6) Br 
m o l ,  27,pt-135-20,", r,N-B lpt-135-20) Br 

m o l ,  23,pt-135-460,", r,N-B lpt-135-460) Br 
m o l ,  24,pt-135-353,", r,N-B lpt-135-353) Br 
nsol,25,pt-l35 245,u,r,N 8 lpt 135-245)Br 
nsol,26,pt 135 15-126) Br 

i-20)Br 

/Inp"t,rs-freq,txt 

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, 44,2,16,3,0.05,0.01,100,120.48 
resp,45,2,17,3,0.05,0.01,100,120.48 
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resp,51,2,23,3,0.05,0.01,100,120.48 
resp,52,2,24,3,0.05,0.01,100,120.48 

11nes,200 
/out, RS-PT-135, Out 
prvar,2,61,62,63,64,65 

prvar,2,81,82,83,84,85 
prvar, 2,11,12,13,14, I5 

/out 

deriv, 91,3,1, ,vx3 
deriv, 92,4,1, ,vx4 
deriv, 93,5,1, ,vx5 
deriv, 94,6,1, ,vx6 
deriv, 95,1,1, ,vxl 

deriv,lOl,l3,1, ,vy13 
deriv,102,14,1, ,vy14 
deriv,l03,15,1, ,vyl5 
deriv,104,16,l,,vy16 
deriv,105,11,1, ,vyll 

deriv,111,23,l,,vr23 
deriv,112,24,l,,vr24 
deriv,113,25,l,,vr25 
deriv,114,26,l,,vr26 
deriv,ll5,21,l,,vr21 

deriv,l21,91,l,,apt~135~460~x,, 119 
deriv,122,92,1,,apt-131-353~x,,l/g 
deriv,123,93,l,,apt-135-241~x,,l/g 
deriv,124,94,1,,apt-135-126~x,,l/g 
deriv,125,95,l,,apt-135-2O~x,,l/g 

der~v,l31,101,1,,a~Pt~135~460~~,,l/9 
deriv,132,102,1,,apt~135~353~Y,,l/g 
deriv,133,103,1,,apt~135~245~~,,l/g 
deriv,134,104,1,,apt~135~126~~,,l/g 
deriv,135,105,1, ,apt-135-20-~, I 119 

der~v,l41,111,1,,a~Pt~135~460~r, , l / g  
der~v,142,112,1,,apt~135~353~r,,l/g 
deriv,143,113,1, ,a pt 135 245-r, , l / g  

lines,2050 
/out,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 

flnl 

/POST26 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

CSYS,l 
cmsel,s,primary-tank 
n S l e  

nsel, r , l o c ,  y,-180 
nse1, r,1oc,x,ptx Ill) 

nsel,r,loc,r,ptrlll) 
*get,pt-180-460,node, ,num,max 

cmsel,s,primary-tank 
n S l e  
nsel, r,loc,x,ptx 116) 
nsel, r , l o c ,  y,-180 
nsel,r,loc,r,ptrjl6) 
*get, pt-180-353, node,, num, max 

cmsel,s,primary-tank 
n S l e  

nsel, r , l o c ,  y,-180 

*get, pt-180-245, node,, num, max 

cmsel,s,primary-tank 
n S l e  
nsel, r,loc,x,ptx 125) 
nsel, r , l o c ,  y,-180 
nsel,r,loc,r,ptrl25) 
*get, pt-180-12 6, node,, num, max 

cmsel,s,primary-tank 
n S l e  

nsel, r , l o c ,  y,-180 

* g e t , p t ~ 1 8 0 ~ 2 0 , n o d e , , n u m , m a x  

nse1, r,1oc,x,ptx 120) 

nsel,r,loc,r,ptrl20) 

nse1, r,1oc,x,ptx 129) 

nsel,r,loc,r,ptrl29) 

m o l ,  3,pt-180-460,", x,N-B lpt-180-460) BX 
m o l ,  4,pt-180-353,", x,N-B lpt-180-353) BX 
nsol,5,pt 180 245,u,x,N Blpt 180 245)BX - 

m o l ,  6,ptI180I126,u,x,N-B lptI180I126) BX 
m o l ,  l,pt-180-20, u,x,N-B lpt-180-20) BX 

m o l ,  13,pt-180-460,u,y,N-B lpt-180-460) By 
m o l ,  14,pt-l80-353,", y,N-B lpt-180-353) By 
m o l ,  15,pt-180-245,~, y,N-B lpt-180-245) By 
m o l ,  16,pt-180-126,u,y,N-B lpt-180-126) By 
m o l ,  lI,pt-180-20,~, y,N-B lpt-180-20) By 

m o l ,  23,pt-l80-460,", r,N-B lpt-180-460) Br 
m o l ,  24,pt-180-353,", r,N-B lpt-180-353) Br 
m o l ,  25,pt-180-245,~, r,N-B lpt-180-245) Br 
ns o l , 2  6, pt-180-12 6, u, I, N-B lpt-18 0-1 2 6) Br 
m o l ,  21,pt-180-20,~, r,N-B lpt-180-20) Br 

/Inp"t,rs-freq,txt 

resp,31,2,3,3,0.05,0.01,100,120.48 
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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 
resu.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, 44,2,16,3,0.05,0.01,100,120.48 
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 
resu.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 

prvar,2,61,62,63,64,65 
prvar, 2,71,72,73,74,75 

deriv,143,113,1,,apt~180~245~r,,,l/g 
der~v,144,114,1,,apt~180~126~r,,,l/g 
deriv,145,115,1, ,apt-180-20-r,, , l / g  

lines.2050 
/out,Accel~PT~lBO,out 
prvar,121,122,123,124,125 
prvar,131,132,133,134,135 
prvar,141,142,143,144,145 
/out 

Spectra-primary-45.txt 

flnl 

/POST26 
nurnvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

CSYS,l 
crnsel,s,prirnary-tank 
n S l e  
nse1, r,1oc,x,ptx Ill) 
nse1, r ,1oc ,  y,-45 
nsel,r,loc,r,ptrlll) 
*get,pt-45-460,node,,nurn,rnax 

crnsel,s,prirnary-tank 
n S l e  
nsel, r,loc,x,ptx 116) 

nsel,r,loc,r,ptrjl6) 
*get,pt-45-353,node,,nurn,rnax 

crnsel,s,prirnary-tank 
n S l e  

nse1, r ,1oc ,  y,-45 

nse1, r,1oc,x,ptx 120) 
nse1, r ,1oc ,  y,-45 
nsel,r,loc,r,ptrl20) 
*get,pt-45-245,node,,nurn,rnax 

crnsel,s,prirnary-tank 
n S l e  
nsel, r,loc,x,ptx 125) 

nsel,r,loc,r,ptrl25) 
*get,pt-45-l26,node,,num,max 

crnsel,s,prirnary-tank 
n S l e  

nse1, r ,1oc ,  y,-45 

nse1, r,1oc,x,ptx 129) 
nse1, r ,1oc ,  y,-45 
nsel,r,loc,r,ptrl29) 
*get,pt-45-20, node,, nurn,rnax 

m o l ,  3, p t-4 5-4 60, u, x, N-B lp t-4 5-4 60) BX 
ns 01~4, p t-4 5-3 53, u, x, N-B lp t-4 5-3 53) BX 
ns 01~5, p t-4 5-2 45, u, x, N-B lp t-4 5-2 45) BX 
ns 01~6, p t-4 5-1 2 6, u, x, N-B lp t-4 5-1 2 6) BX 
m o l ,  7, p t-4 5-2 0, u, x, N-B lpt-45-20 ) BX 

m o l ,  13,pt-45-460,", y,N-B lpt-45-460)By 
m o l ,  14,pt-45-353,", y,N-B lpt-45-353)By 
m o l ,  15,pt-45-245,", y,N-B lpt-45-245)By 
m o l ,  16,pt-45-126,", y,N-B lpt-45-126)By 
m o l ,  17,pt-45-20, u, y,N-B lpt-45-20) By 
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n s o 1 , 2 3 , p t - 4 5 - 4 6 0 , ~ ,  r ,N-B l p t - 4 5 - 4 6 0 ) B r  
n s o 1 , 2 4 , p t - 4 5 - 3 5 3 , ~ ,  r ,N-B l p t - 4 5 - 3 5 3 ) B r  
n s o 1 , 2 5 , p t - 4 5 - 2 4 5 , ~ ,  r ,N-B l p t - 4 5 - 2 4 5 ) B r  
n s o 1 , 2 6 , p t - 4 5 - 1 2 6 , ~ ,  r ,N-B l p t - 4 5 - 1 2 6 ) B r  
m o l ,  2 1 ,  p t - 4 5 - 2 0 ,  u, I, N-B l p t - 4  5-2 0 8 I 

d e r i v , l 3 1 , 1 0 1 , 1 ,  , a p t - 4 5 - 4 6 0 - y , ,  l/g 
d e r i v , 1 3 2 , 1 0 2 , 1 ,  , a p t - 4 5 - 3 5 3 - y , ,  l/g 
d e r i v , 1 3 3 , 1 0 3 , 1 ,  , a p t - 4 5 - 2 4 5 - y , ,  l/g 
d e r i v , 1 3 4 , 1 0 4 , 1 ,  , a p t - 4 5 - 1 2 6 - y , ,  l/g 
deriv,135,105,l,,apt~45~2O-y,,l/g 

resp,31,2,3,3,0.05,0.01,100,120.48 
resp,32,2,4,3,0.05,0.01,100,120.48 
r e s p , 3 3 , 2 , 5 , 3 , 0 . 0 5 , 0 . 0 1 , 1 0 0 , 1 2 0 . 4 8  
r e s u . 3 4 . 2 . 6 . 3 . 0 . 0 5 . 0 . 0 1 ~ 1 0 0 ~ 1 2 0 . 4 8  ~. . . . .  . .  
r e s p , 3 5 , 2 , 1 , 3 , 0 . 0 5 , 0 . 0 1 , 1 0 0 , 1 2 0 . 4 8  
resp,41,2,13,3,0.05,0.01,100,120.48 
r e s p , 4 2 , 2 , 1 4 , 3 , 0 . 0 5 , 0 . 0 1 , 1 0 0 , 1 2 0 . 4 8  
r e s p , 4 3 , 2 , 1 5 , 3 , 0 . 0 5 , 0 . 0 1 , 1 0 0 , 1 2 0 . 4 8  
resp, 4 4 , 2 , 1 6 , 3 , 0 . 0 5 , 0 . 0 1 , 1 0 0 , 1 2 0 . 4 8  
r e s p , 4 5 , 2 , 1 1 , 3 , 0 . 0 5 , 0 . 0 1 , 1 0 0 , 1 2 0 . 4 8  
resu.51.2.23.3.0.05.0.01~100~120.48 ~. . .  . .  . .  
resp,52,2,24,3,0.05,0.01,100,120.48 
r e s p , 5 3 , 2 , 2 5 , 3 , 0 . 0 5 , 0 . 0 1 , 1 0 0 , 1 2 0 . 4 8  
resp, 5 4 , 2 , 2 6 , 3 , 0 . 0 5 , 0 . 0 1 , 1 0 0 , 1 2 0 . 4 8  
r e s p , 5 5 , 2 , 2 1 , 3 , 0 . 0 5 , 0 . 0 1 , 1 0 0 , 1 2 0 . 4 8  

11nes,200 
/ o u t , R S - P T - 4 5 , o u t  
p r v a r , 2 , 6 1 , 6 2 , 6 3 , 6 4 , 6 5  
prvar,  2 , 1 1 , 1 2 , 1 3 , 1 4 ,  I 5  
p r v a r , 2 , 8 1 , 8 2 , 8 3 , 8 4 , 8 5  
/ o u t  

deriv,  9 1 , 3 , 1 ,  , v x 3  
deriv,  9 2 , 4 , 1 ,  , v x 4  
deriv,  9 3 , 5 , 1 ,  , v x 5  
deriv,  9 4 , 6 , 1 ,  , v x 6  
deriv,  9 5 , 1 , 1 ,  , v x l  

d e r i v , l O l , l 3 , 1 ,  , v y 1 3  
d e r i v , 1 0 2 , 1 4 , 1 ,  , v y 1 4  
d e r i v , l 0 3 , 1 5 , 1 ,  , v y l 5  
d e r i v , 1 0 4 , 1 6 , l , , v y 1 6  
d e r i v , 1 0 5 , 1 1 , 1 ,  , v y l l  

d e r i v , 1 1 1 , 2 3 , l , , v r 2 3  
d e r i v , 1 1 2 , 2 4 , l , , v r 2 4  
d e r i v , 1 1 3 , 2 5 , l , , v r 2 5  
d e r i v , 1 1 4 , 2 6 , l , , v r 2 6  
d e r i v , l l 5 , 2 1 , l , , v r 2 1  

d e r i v , l 2 1 , 9 1 , 1 , , a p t ~ 4 5 ~ 4 6 O ~ x , , l / g  
deriv,122,92,1,,apt-45-353~x,,l/g 
d e r i v , 1 2 3 , 9 3 , 1 , , a p t - 4 5 - 2 4 5 ~ x , , l / g  
d e r i v , l 2 4 , 9 4 , 1 , , a p t - 4 5 - 1 2 6 ~ x , , l / g  
d e r i v , l 2 5 , 9 5 , l , , a p t ~ 4 5 ~ 2 0 ~ x , , l / g  

l i n e s , 2 0 5 0  
/ o u t , A c c e l - P T - 4 5 ,  O u t  
prvar,121,122,123,124,125 
prvar,131,132,133,134,135 
p r v a r , 1 4 1 , 1 4 2 , 1 4 3 , 1 4 4 , 1 4 5  
/ o u t  

Spectra-primary-90.txt 

f l n l  

/ P O S T 2 6  
nurnvar ,2 00 
* d o ,  r,2,200 
VARDEL, I 
* e n d d o  

C S Y S , l  

c r n s e l , s , p r i r n a r y - t a n k  
n S l e  
nse1, r , 1 o c , x , p t x  Ill) 
nse1, r ,1oc ,  y , - 9 0  
n s e l , r , l o c , r , p t r l l l )  
*get,pt-90-460,node,,nurn,rnax 

c r n s e l , s , p r i r n a r y - t a n k  
n S l e  
n s e l ,  r , l o c , x , p t x  1 1 6 )  

n s e l , r , l o c , r , p t r j l 6 )  
*get,pt-90-353,node,,nurn,rnax 

c r n s e l , s , p r i r n a r y - t a n k  
n S l e  

nse1, r ,1oc ,  y , - 9 0  

nse1, r , 1 o c , x , p t x  120) 
nse1, r ,1oc ,  y , - 9 0  
n s e l , r , l o c , r , p t r l 2 0 )  
*get,pt-90-245,node,,num,max 

n S l e  
n s e l ,  r , l o c , x , p t x  1 2 5 )  

n s e l , r , l o c , r , p t r l 2 5 )  
*get,pt-90-126,node,,num,max 

c r n s e l , s , p r i r n a r y - t a n k  
n S l e  

nse1, r ,1oc ,  y , - 9 0  

nse1, r , 1 o c , x , p t x  129) 
nse1, r ,1oc ,  y , - 9 0  
n s e l , r , l o c , r , p t r l 2 9 )  
* g e t , p t - 9 0 - 2 0 ,  n o d e , ,  nurn,rnax 

m o l ,  3 , p t - 9 0 - 4 6 0 , u , x , N - B  l p t - 9 0 - 4 6 0 )  BX 
m o l ,  4 , p t - 9 0 - 3 5 3 ,  u , x , N - B  l p t - 9 0 - 3 5 3 )  BX 
m o l ,  5 , p t - 9 0 - 2 4 5 ,  u , x , N - B  l p t - 9 0 - 2 4 5 )  BX 
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m o l ,  6,pt-90-126, u,x,N-B lpt-90-126) BX 
m o l ,  7,pt-90-20,u,x,N-B lpt-90-20) BX 

m o l ,  13,pt-90-460,", y,N-B lpt-90-460)By 
m o l ,  14,pt-90-353,", y,N-B lpt-90-353)By 
m o l ,  15,pt-90-245,", y,N-B lpt-90-245)By 
m o l ,  16,pt-90-126,", y,N-B lpt-90-126)By 
m o l ,  17,pt-90-20,u,y,N-B lpt-90-20) By 

m o l ,  23,pt-90-460,", r,N-B lpt-90-460) Br 
m o l ,  24,pt-90-353,", r,N-B lpt-90-353) Br 
m o l ,  25,pt-90-245,", r,N-B lpt-90-245) Br 
m o l ,  26,pt-90-126,", r,N-B lpt-90-126) Br 
m o l ,  27,pt-90-20,", r,N-B lpt-90-20) B r  

/Inp"t,rs-freq,txt 

resp,31,2,3,3,0.05,0.01,100,120.48 
resu.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 
resu.44.2.16.3.0.05.0.01~100~120.48 ~. . .  . .  . .  
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 

11nes,200 
/out,RS-PT-90, Out 
prvar,2,61,62,63,64,65 

prvar,2,81,82,83,84,85 
prvar, 2,71,72,73,74,75 

/out 

deriv, 91,3,1, ,vx3 
deriv, 92,4,1, ,vx4 
deriv, 93,5,1, ,vx5 
deriv, 94,6,1, ,vx6 
deriv, 95,7,1, ,vx7 

deriv,lOl,l3,1, ,vy13 
deriv,102,14,1, ,vy14 
deriv,l03,15,1, ,vyl5 
deriv,104,16,l,,vy16 
deriv,l05,71,1, ,vyl7 

deriv,111,23,l,,vr23 
deriv,112,24,l,,vr24 

ese1, s, type,, 9 
n S l e  
CSYS,l 
nsel, r , l o c , x , s o i l  - radius 
nse1, r ,1oc ,  y,o 
nse1,r,1oc, Z , S O l l Z  11) 
*get,Soil-Surf,node,,num,max 

n s e l , r , l o c , x , S o i l - r a d l u s  

nsel,r,loc, r , s o i l r  13) 
*get,Soil-Tank-top,node,,num,max 

nse1, r ,1oc ,  y,o 

nse1, r ,1oc ,  y,o 
nsel,r,loc, r , s o i l r  16) 
*get, Soil-Tank-mid, node,, num, max 

n S l e  
nsel, r , l o c , x , s o i l  - radius 
nse1, r ,1oc ,  y,o 
nse1,r,1oc, Z , S O l l Z  1 9 )  
*get, Soil-Tank-bot,node, ,num,max 

n S l e  
nsel,r,loc,x,oil - radius 
nse1, r ,1oc ,  y,o 
nse1,r,1oc, Z , S O l l Z  120) 
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*get, Soil-Bottom,node, ,num,max 

m o l ,  3,Soil-Surf,u,x,N-B [Soil-Surf) BX 
m o l ,  4, Soil-Tank-top,", x,N-B [Soil-Tank-top) B 
X 
m o l ,  5, Soil-Tank-mid,u, x,N-B [Soil-Tank-mid) 8 
X 
m o l ,  6, Soil-Tank-bot,", x,N-B [Soil-Tank-bot) 8 
X 
m o l ,  7,Soil-Bottom,u,x,N-B [Soil-Bottom) BX 

nsol,l3,Soil-Surf,u,y,N-B [Soil-Surf)By 
m o l ,  14, Soil-Tank-top,", y,N-B [Soil-Tank-top) 

m o l ,  15, Soil-Tankmid,", y,N-B [Soil-Tankmid) 

m o l ,  16, Soil-Tank-bot,", y,N-B [Soil-Tankbot) 

n~01,17,S01l-B0ttom,u,y,N-B [Soil-Bottom)By 

m o l ,  23, Soil-Surf,~, r,N-B [Soil-Surf) Br 
m o l ,  24, Soil-Tank-top,", r,N-B [Soil-Tank-top) 
% r  
m o l ,  25, Soil-Tank-mid,", r,N-B [Soil-Tankmid) 
Br 
m o l ,  26, Soil-Tank-bot,~, r,N-B [Soil-Tankbot) 

BY 

BY 

17 .. 
n s o l , 2 7 , S o i l - B o t t o m , u , r , N B  [Soll~Bottom)Br 

/Inp"t,rs-freq,txt 

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 
res~.43.2.15.3.0.05.0.01~100~120.48 ~. . .  . .  . .  
resp, 44,2,16,3,0.05,0.01,100,120.48 
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, 61,31,, ,rs-So~l-Surf-X,, , l / g  
prod, 62,32, ,,rs-Soil-Tank-toP~X, ,,1/9 
prod,63,33,,,rs-Soll-Tank-mid~X,,,l/g 
prod,64,34,,,rs-Soll-Tank-bot~X,,,l/g 
prod, 65,35,, ,rs~Soll~Bottom-X,, , l/g 
prod, 71,41,, ,rs-So~l-Surf-y,, , l / g  
prod,72,42, ,,rs-Soil-Tank-toP~y, ,,1/9 
prod,73,43, ,,rs-Soil-Tank-mid~y, ,,1/9 
prod,74,44, ,,rs-Soil-Tank-bot~y, ,,1/9 
prod, 75,45,, , rs-Soil-Bottom-y,, , l/g 
prod, 81,51,, ,rs~Soll~Surf-r,, , l / g  
prod,82,52, ,,rs-Soil-Tank-toP~r, ,,1/9 
prod,83,53,,,rs-Soll-Tank-mid~r,,,l/g 
prod,84,54, ,,rs-Soil-Tank-bot~r, ,,1/9 
prod, 85,55,, , r~~SOil~BOttom-z,,, l/g 

11nes,200 
/out,RS-SOil,out 
prvar,2,61,62,63,64,65 

prvar,2,81,82,83,84,85 
prvar, 2,71,72,73,74,75 

/out 

deriv, 91,3,1, ,vx3 
deriv, 92,4,1, ,vx4 
deriv, 93,5,1, ,vx5 
deriv, 94,6,1, ,vx6 
deriv, 95,7,1, ,vx7 

deriv,lOl,l3,1, ,vy13 
deriv,102,14,1, ,vy14 
deriv,l03,15,1, ,vyl5 
deriv,104,16,l,,vy16 
deriv,l05,71,1, ,vyl7 

deriv,111,23,l,,vr23 
deriv,112,24,l,,vr24 
deriv,113,25,l,,vr25 
deriv,114,26,l,,vr26 
deriv,ll5,27,l,,vr27 

deriv,l21,9l,l,,a-Soil Surf-x,,,l/g 
deriv,122,92,1, ,a-SoilITank-top-x,, , l / g  
derlv,123,93,l,,a-Soll Tank mid-x,,,l/g 
deriv,124,94,1,,a-Soil-Tankbot~x,,,l/g 
d e r ~ v , l 2 5 , 9 5 , l , , a ~ S o ~ I B o t t o m x , , , l / g  

d e r ~ v , l 3 l , l O l , l , , a ~ S o I I S u r f y , ,  , l / g  
deriv,132,102,1, ,a-Soll-Tank-top-y,, , l / g  
der~v,133,103,1,,a~So~l~Tank~m~d~y,,,l/g 
deriv,134,104,1,,a~Soil~Tank~bot~y,,,l/g 
d e r ~ v , l 3 5 , l 0 5 , l , , a ~ S o I I B o t t o m y , , , , l / g  

deriv,141,111,1, ,a~Soll~Surf-r,, , l / g  
deriv,142,112,1, ,a~Soll~Tank~top-r,, , l / g  
der~v,143,113,1,,a~So~l~Tank~m~d~r,,,l/g 
deriv,144,114,1,,a~Soil~Tank~bot~r,,,l/g 
d e r ~ v , l 4 5 , l l i , l , , a ~ S o I I B o t t o m r , , , , l / g  

lines,2050 
/out,Accel-SOl1,out 
prvar,121,122,123,124,125 
prvar,131,132,133,134,135 
prvar,141,142,143,144,145 
/out 

- - 

Strain-compb.txt 

/pos t2 6 

*do, r,2,199 
VARDEL, I 
*enddo 

*do,i, 1,20 

*do,],1,12 
cmsel,s, liner 
n S l e  

CSYS,l 

angley~~arcslre*[l~l) 

nse1,r,1oc, y,angley,angley~arcslre 
nse1, r, lOC, X I  l l n x  11 1 ,  llnx Iltl) 
nse1, r ,1oc ,  r,llnr 11) +.1,11nz []+l)-. 1 
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
esol, [Zt]), [emax) ,,epel,x,exB [emax)%-b 
esol, [35+1), [ emax) , , epe l ,y , eyB[emax)Bb  
esol, [68+1), [emax),,epel,int,eintB[~m~~)B~b 
esol, [101+]), [emax),,epel,xy,exyB[~m~~)B~b 
esol, [134+1), [emax),,epel,yr,eyrB[~m~~)B~b 
esol, [167+1), [emax), ,epel,xr,exrB [emax)%-b 
*enddo 
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LINES,2050 
extrem 
/ O U T , S t r a ~ n ~ l b ~ s l 9 * ~ ) s m a x b , O U T  
extrem, 2,200 
/OUT 

/OUT,Stra~n~lb~sl9*~)sthb,OUT 
*do,k,1,33 
PRVAR,2+k,35+k,68tk,lOl+k, 134+k, 167tk 
*enddo 
/OUT 

*enddo 

Strain-compm.txt 

/pos t2 6 
*do, r,2,199 
VARDEL, I 
*enddo 

*do,i, 1,20 

*do,],1,12 
cmsel,s, liner 
n S l e  

CSYS,l 

angley~~arcslre*ll~l) 

nse1,r,1oc, y,angley,angley~arcslre 
nse1, r, lOC, X I  l l n x  11 1 ,  llnx Iltl) 
nse1, r ,1oc ,  r,llnr I]) +.1,11nz l]+l)-. 1 
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
esol, 12+]), lemax),,epel,x,exB [emax)%-m 
esol, 135+1), j e m a x ) , , e p e l , y , e y B j e m a x ) B m  
esol, 168+1), j emax) , , epe l , i n t , e in t%jemax)Bm 
esol, IlOlt]), j emax) , , epe l ,xy , exyBjemax)Bm 
esol, 1134+1), j emax) , , epe l ,y r , ey rBjemax)Bm 
esol, 1167+1), j emax) , , epe l ,x r , ex rBjemax)Bm 
*enddo 

LINES,2050 
extrem 
/ O U T , s t r a ~ n ~ l m ~ ~ l 9 * ~ ) ~ m a x m , o u T  
extrem, 2,200 
/OUT 

/ O U T , s t r a ~ n ~ l m ~ s l 9 * ~ ) s t h m , o u T  
*do,k,1,33 
PRVAR,2+k,35+k,68tk,lOl+k, 134+k, 167tk 
*enddo 
/OUT 

*enddo 

Strain-compt.txt 

/pos t2 6 
cmsel,s, liner 
*do, r,2,199 
VARDEL, I 
*enddo 

*do,i, 1,20 

*do,],1,12 
cmsel,s, liner 
n S l e  

CSYS,l 

angley~~arcslre*ll~l) 

nse1,r,1oc, y,angley,angley~arcslre 
nse1, r, lOC, X I  l l n x  11 1 ,  llnx Iltl) 

nse1, r ,1oc ,  r,llnr I]) +.1,11nz l]+l)-. 1 
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
esol, 12+]), lemax),,epel,x,exB [emax)%-t 
esol, 135+1), j e m a x ) , , e p e l , y , e y B j e m a x ) B t  
esol, 168+1), j e m a x ) , , e p e l , i n t , e i n t % j e m a x ) B t  
esol, IlOlt]), j emax) , , epe l ,xy , exyBjemax)Bt  
esol, 1134+1), j e m a x ) , , e p e l , y r , e y r B j e m a x ) B t  
esol, 1167+1), j emax) , ,epe l ,xr ,exrBjemax)Bt  
*enddo 

LINES,2050 
extrem 
/ O U T , s t r a ~ n ~ l t ~ ~ l 9 * ~ ) ~ m a x t , o u T  
extrem, 2,200 
/OUT 

/OUT,stra~n~lt~~l9*~)~tht,ouT 
*do,k,1,33 
PRVAR,2+k,35+k, 68+k, lOltk, 134+k, 167tk 
*enddo 
/OUT 

*enddo 

Strain-Liner.txt 

! extract l i n e r  tank strain components at 
the top, middle and bottom surface of the 
shell 
/pos t2 6 
numvar,200 
*dim, l m x , ,  20 
*dim, l m r , ,  20 

llnx 1l)bCtX 120) ,CtX 121) ,CtX 122), ctx 122) ~ 

0.2929,CtX122) ~ 

1,ctx 125) ,ctxl26) ,ctxl27) ,ctx 128) ,ctxl29) 
l~nxjll)~ctxl30),ctxl3l),~t~l32) ,ctxl33),ctx 
134) 

linrll)-ctr 120),ctr 121) ,-55.893,- 
56.60,ctrl24),ctr l25),ctr (26) ,ctr 127),ctr 128 
),CtZ129) 
linrjll)-ctrl30),ctr 1 3 1 ) , c t r 1 3 2 ) , c t r 1 3 3 ) , c t r  
134) 

shell, top 
/input, strain-compt, txt 

shel1,mid 
/input, strain-compm, txt 

shel1,bot 
/Input,strain~compb,txt 

Stress-compb.txt 

/pos t2 6 

*do, r,2,200 
VARDEL, I 
*enddo 

*do,i, 1,20 

*do,],2,34 
cmsel,s,primary-tank 

CSYS,l 

angley~~arcslre*ll~l) 
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n S l e  
nse1,r,1oc, y,angley,angley~arcslre 
nsel,r,loc,x,ptxll) ,ptx I l t l )  
nse1,r,1oc, z,ptr ll)+.l,ptr I 1 + l ) - . l  
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
esol, [ l t l ) ,  [emax) ,,s,x,sx% [emax)%-b 
esol, [34+1), [emax),,s,y,sy%jemax)Bb 
esol, [67+1), [ e m a x ) , , s , i n t , s i n t % [ e m a x ) B b  
esol, [100+]), [ e m a x ) , , s , x y , s x y % [ e m a x ) B b  
esol, [133+1), [ e m a x ) , , s , y r , s y r % [ e m a x ) B b  
esol, [166+1), [ e m a x ) , , s , x r , s x r % [ e m a x ) B b  
*enddo 

LINES,2050 
extrem 
/ O U T , s t r e s s ~ p t ~ % [ 9 * i ) % m a x b , O U T  
extrem, 2,200 
/OUT 

*enddo 
/OUT 

*enddo 

Stress-compm.txt 

/pos t2 6 

*do, r,2,200 
VARDEL, I 
*enddo 

*do,i, 1,20 

*do,],2,34 
cmsel,s,primary-tank 
n S l e  

CSYS,l 

angley~~arcslre*[l~l) 

nse1,r,1oc, y,angley,angley~arcslre 
nsel,r,loc,x,ptxll) ,ptx I l t l )  
nse1,r,1oc, z,ptr ll)+.l,ptr I 1 + l ) - . l  
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
esol, [ l t l ) ,  [emax) ,,s,x,sx% [emax)%-m 
esol, [34+1), [emax),,s,y,sy%[ernax)Bm 
esol, [67+1), [ e m a x ) , , s , i n t , s i n t % [ e m a x ) B m  
esol, [100+]), [ e m a x ) , , s , x y , s x y % [ e m a x ) B m  
esol, [133+1), [ e m a x ) , , s , y r , s y r % [ e m a x ) B m  
esol, [166+1), [ e m a x ) , , s , x r , s x r % [ e m a x ) B m  
*enddo 

LINES,2050 
extrem 
/ O U T , S t r e s s ~ p t - % [ 9 * i ) % m a x m , O U T  
extrem, 2,200 
/OUT 

*enddo 
/OUT 

*enddo 

Stress-compt.txt 

/pos t2 6 

*do, r,2,200 
VARDEL, I 
*enddo 

*do,i, 1,20 

*do,],2,34 
cmsel,s,primary-tank 
n S l e  

CSYS,l 

angley~~arcslre*[l~l) 

nse1,r,1oc, y,angley,angley~arcslre 
nsel,r,loc,x,ptxll) ,ptx I l t l )  
nse1,r,1oc, z,ptr ll)+.l,ptr I 1 + l ) - . l  
e s 1 n , r , 1  
*get, emax,elem, ,num,max 
esol, [ l t l ) ,  [emax) ,,s,x,sx% [emax)%-t 
esol, [33+1), [emax) ,,s,y,sy% [emax)%-t 
esol, [67+1), [ e m a x ) , , S , i n t , S i n t % [ e m a x ) B t  
esol, [100+]), [ e m a x ) , , S , x y , S x y % [ e m a x ) B t  
esol, [133+1), [ e m a x ) , , S , y i , S y i % [ e m a x ) B t  
esol, [166+1), [ e m a x ) , , s , x r , s x r % [ e m a x ) B t  
*enddo 

LINES,2050 
extrem 

/ O U T , s t r e s s ~ p t - % [ 9 * ~ ) % t h t , O U T  
*do,k,2,34 
PRVAR,l+k,34+k,67+k,100+k,133+k,166+k 
*enddo 
/OUT 

*enddo 

Stress-Primary.txt 

! extract primary tank stress components at 
the top, middel and bottom surface of the 
shell 

shell, top 
/hnpu t, stress- compt, txt 

shel1,mid 
/hnpu t, stress- compm, txt 

shel1,bot 
/Input,stress~compb,txt 

Tank-Coordinates-AY.txt 

/COM ~ Definition 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 w a l l  
tw-9 ! Rings in common for 
lnsulatlnq concrete 
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arcs1ze-9 ! Control for meshing, 

Midsi re-5 ! Control for meshing, center 

r-off-56.56 ! Vertical offset for tank 
[bottom of primary tank 1s 2-0 for 
coordinates) 
C-Floor--4 

SeCtlOn a n g l e  

areas 

*dim,ctx,,ct-kps ! Concrete Tank 
Keypoint X Coordinates 
*dim,ctr,,ct-kps ! Concrete Tank 
Keypoint 2 Coordinates 
*dim,ptx, ,pt-kps ! Primary Tank 
Keypoint X Coordinates 
*dim,ptr, ,pt-kps ! Primary Tank 
Keypoint 2 Coordinates 

/COM ~ Define Horizontal Keypoint Locations 
ctxIl)-o 
ctxl2)-45/12 
ctx 13)-90.4/12 
ctxl4)-120.72/12 
ctxI5)-152.9/12 
ctx 161-211.4/12 , ,  

ctxl7)-239.1/12 
ctxI8)-306.63/12 
ctxI9)-335.6/12 
ctxl10)-393.7/12 
ctxl11)-428.7/12 
ctxl12)-469.9/12 
ctxl13)-486.9/12 
ctx 114)-489/12 
ctx 115)-489/12 
ctx 116)-489/12 
ctx 117)-489/12 
ctx 118)-489/12 
ctx 119)-489/12 
ctx 120)-489/12 
ctx 121)-489/12 
ctx 122)-489/12 
ctx 123)-531/12 
ctx 124)-489/12 
ctx 125)-438/12 
ctx 1261-410/12 , ,  

ctx 127)-358/12 
ctxl28)-277.7/12 
ctx 129)-218.5/12 
ctx 130)-180/12 
ctxl31)-129.9/12 
ctxl32)-95.7/12 
ctx 133)-36/12 
ctxl34)-0 

/COM ~ Define Vertical Keypoint Locations 

ctrl1)~568.8/12~r-off 
ctrl2)-568/12-r-off 
ctrf31-565.8/12-r off - , ,  

ctrl4)~563.21/12~r-off 
ctrl5)~559.7/12~r-off 
ctrI6)~550.7/12~r-off 
ctrl7)-545.2/12-r Off 

ctrl15)-335/12-r~off 
ctrl16)-281/12-r~off 
ctrl17)-236.5/12-r off - 

ctrl18)~186.8/12~r-off 
ctr1191-145.5/12-r off 

- 

Ctr 124) -CIFloor/lE-r-off 
ctrl25)~C-Floor/l2~r-off 
ctrl26)~C-Floor/l2~r-off 
ctrl27)~C-Floor/l2~r-off 
ctrl28)~C-Floor/l2~r-off 
ctrl29)~C-Floor/l2~r-off 
ctrl30)~C-Floor/l2~r-off 
ctrl31)~C-Floor/l2~r-off 
ctrl32)~C-Floor/l2~r-off 
ctr133)~C-Floor/lZ~r-off 
ctr134)~C-Floor/lZ~r-off 

ptx 11)-0 
ptx 12)-44.73689/12 
ptx 13)-89.86533/12 

ptxl5)-151.96854/12 
ptx 16)-210.05344/12 
ptx 17)-237.53366/12 
ptxl8)-304.42488/12 
ptx 19)-333.05132/12 

ptxI11)-422.26434/12 
ptx112)-431.63/12 
ptx 113)-450/12 
ptx 114)-450/12 
ptx 115)-450/12 
ptx 116)-450/12 
ptx 117)-450/12 
ptx 118)-450/12 
ptx 119)-450/12 
ptx 120)-450/12 
ptx 121)-450/12 
ptx 122)-450/12 
ptx 123)-450/12 
ptx 124)-450/12 
ptx 125)-450/12 
ptx 126)-450/12 
ptx 127)-450/12 
ptx 128)-450/12 
ptx 129)-450/12 
ptxl30)-446.49/12 
ptx 131)-438/12 
ptx 132)-410/12 
ptx 133)-358/12 
ptxl34)-277.7/12 
ptxl35)-218.5/12 
ptx 136)-180/12 
ptxl37)-129.9/12 
ptxl38)-95.7/12 
ptx 139)-36/12 

ptxl4)-119.99721/12 

ptx110)-390.22141/12 

ptxl40)-0 

ptrl1)~561.30000/12~r~off 
ptrl2)~560.50462/12~r off 
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ptrl10)-487.85550/12-r~off 
ptrl11)~466.92388/12~r off 

ptr 129)-20/12-rIoff 
ptr130)~11.51/12~r~off 
ptrl31)-8/12-r off 
ptr 132)-8/12-rIoff 
ptr 133)-8/12-r-off 
ptr 134)-8/12-r-off 
ptr 135)-8/12-r-off 
ptr 136)-8/12-r-off 
ptr 137)-8/12-r-off 
ptr 138)-8/12-r-off 
ptr 139)-8/12-r-off 
ptr 140)-8/12-r-off 

Tank-Meshl.txt 

et,l, she11143 ! SHELL143 Elements 
for Concrete Tank 
keyopt, 1,3,2 
keyopt, 1,5,1 

CSYS,l ! Cylindrical 
Coordinates 
/COM ~ Create Keypoints for Concrete tank 
*do,i,l,ct kps,l 
k,i,ctxIi);O,ctr 1 1 )  
*enddo 

/COM ~ Create l i n e s  from top of tank to 
bottom of wall 
*do, I, 1, bm-kp-l,l 
l ,l ,l+l 
*enddo 

/COM ~ Create l i n e s  from edge of foundation 
to center 
/COM ~ Wall and Foundation do not have 
common lines 
*do,i,bm-kp+l, ct-kps-l,l 
l ,l ,l+l 
*enddo 

/COM ~ Create Areas for tank dome and walls 
lsel, s , lme,  ,l,bm-kp-l 
arotat,all,, , , , ,l,ct-kps,l80,2 

/COM ~ Create areas for tank 
foundation/floor 
Isel,s,line,,bm-kp,ct-kps~Z 
arotat,all,, , , , ,l,ct-kps,l80,2 

/COM ~ Assign Material and R e a l  Properties 
to areas 
CSYS,l 
*do, I, 1, bm-kp-l,l 
asel,s,loc,x,ctxll) ,CtX Iltl) 
asel,r,loc,r,ctrll),ctr Iltl) 
aatt, I, I, 1 
*enddo 

asel, s,area, ,1,2* lbm-kp-1) 
CM,ctank-",area 

*do, i,bm-kp, ct-kps-2,l 
asel,s,area, ,bm-kp-l+i 
asel,a,area, ,ct-kps-Zti 
aatt, I, I, 1 
*enddo 

/COM ~ Create Elements 
/COM ~ Elements at dome apex 
es1re,7 
element maximum s i z e  
asel,s,loc,x,ctxll) ,CtX 12) 
at top 
asel,r,loc,r,ctrll),ctr 12) 
lsla 
from areas 
Isel, r,1oc,x,ctx 12) 
at a radius of CTXI2) 
leslre,all,,arcslre 
to match tank sl ices  
lsla 
Isel,", lOC, X I  ctx 12) 
Interlor lines 
lesire,all,,,midsire 
element resolution 
amesh,all 

/COM ~ Elements in dome and w a l l  
*do, I, 2, bm-kp-l,l 
asel,s,loc,x,ctxll) ,CtX Iltl) 
asel,r,loc,r,ctrll),ctr Iltl) 
lsla 
lsel,s,loc,x,ctxll) ,CtX Iltl) 
lsel,r,loc,r,ctrll),ctr Iltl) 
leslre,all,,arcslre 
amesh,all 
*enddo 
cm,conc~dome-wall~n,node 
cm,conc~dome-wall~e,elem 

! Define 

! Select area 

! Select lines 

! Select line 

! Divide line 

! Select only 

! Define 

! Mesh area 

l l S d , l l O l l e  

*do,i,bm-kp+l, ct-kps-2,I 
asel,s,area, ,bm-kp-Z+i 
asel,a,area, ,ct-kps-3+1 
lsla 
lsel,s,loc,x,ctxll) ,CtX Iltl) 
lsel,r,loc,r,ctrll),ctr Iltl) 
leslre,all,,arcslre 
amesh,all 
*enddo 

/COM ~ Elements at floor Center 
asel, s,loc,x,ctx lct-kps-1) ,ctx lct-kps) 
lsla 
lsel, r,loc,x,ctx lct-kps-1) 
leslre,all,,arcslre 
lsla 
lsel,u,loc,x,ctx lct-kps-1) 
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lesire,all,,,midsire 
amesh,all 
cm,conc-slab,node 
cm,conc-floor-e,elem 
allsel 
cm, conc-tank,elem 
cm, conc-tank-a,area 

/COM ~ Create Component for 
Wall/Floor Interface nodes 
nsel,s,loc, r,ctr jbm-kp) 
n s e l ,  r,loc,x,ctx jbm-kp) 
cm,Wall-mt,node 

allsel 
*get, KMAXct,KP, 0, num,max 
Keypoint Nuder 
*get, LMAXCt, LINE, 0, num, max 
Line Number 
*get, AMAXct,AREA, 0, num, max 
Area Number 

Waste-Reactioatxt 

CO 

mp,dens, 201,l. 1*62.4/ j l O O O * g )  ! Waste 
Density 

ksel,u,kp,,all ! Clear active 

ase1,u,area, , a l l  ! Clear active 
Keypoints 

Areas 
vsel ," ,vol" ,  , a l l  ! Clear active 

ncrete Volumes 
ksel,s,kp,,l,ct-kps,ct-kps-l ! Activate 
Keypoints for Center of rotation 

/COM ~ Create Keypoints for waste in tank 
*do, I, 0, Wasteb-Wastet, 1 

! Cycle on vertical Keypoints 
! Get Maximum *do,] ,0, tw-1 

! Get Maximum k,!maxl+i* jtw+l)+l+l,ptxjpt-kps- 

! Get Maximum *enddo 

! Cycle on horizontal Keypoints 

1) ,o,ptr jltwastet) 

k,!maxl+i*jtw+l)+~+2,ptxji+Wastet),O,ptr jitW 
astet) ! 
*enddo 

cmsel, s, waste 
cmsel,a, waste-surf 
n S l e  
*do,i,l, 2049 
Set,l 
fsum, ,cant 
*get, REACTX (1) , FSUM, 0, ITEM, FX 
*get,reactz (1) ,FSUM,O,ITEM,FZ 
*enddo 
/out, Waste-Reaction, Out 

*Vwrlte 
['Total Waste Forces') 
*Vwrlte 
1 '  FX FZ') 
*Vwrlte,reactxjl) ,reactrjl) 
jflO. 1, flO.l) 
/out 

Waste-Solid-AY.txt 

et,3,solid45 ! FLUID80 13-0 Non-Flowing 
Fluid elements) 
wastet-13 ! Primary tank coordinate for 
top of waste 1422 in for AY Tanks) 
Wasteb-31 ! Primary tank coordinate for 
bottom of waste 

mp,ex,201,2.592 ! Bulk 
Modulus ~ 300,000 U S I  

m~.ev.201.2.592 ~. ~. . 
mp,er,201,2.592 
mp,prxy, 201,O. 49999 
mp, pryr, 201,O. 4 9 9 99 
mp, prxr, 201,O. 4 9 9 99 

~~ 

mp,gxy,201,0.464 
mp, gyz, 2 01,O. 4 64 
mp, gx I, 2 01,O. 4 64 

/COM ~ Create Areas for waste in tank 
*do,i,O,Wasteb-Wastet-l,l 
*do,] ,0, tw-1 
a,!maxl+i* jtw+l)+l+l,!maxl+i* jtwtl) tIt2,kmax 
l + j i + l ) *  jtw+l)+i+2,kmaxl+j~+l)*jtw+l)+i+l 
*enddo 
*enddo 

/COM ~ Create Volumes for Waste 
vrotat,all,, , , , ,l,ct-kps,l80,2 

/COM ~ Assign attributes 
vatt, 201 , ,3 

wastevols- jtw) * jwasteb-wastet) 
/COM ~ Elements in waste 
*do,i,O,Wasteb-Wastet-l,l 
*do,], 1, tw-l,1 
vsel,  s , v o l u ,  ,vmaxl+i*tw+]+l 
v s e l , a , v o l u , , v m a x l + w a s t e v o l s t l * t w + ~ + l  
?&lV 
lsla 
lsel,r,loc,x,ptx jpt-kps-1) ,ptx jitwastet) 
leslre,all,,arcslre 
mesh,all 
*enddo 
*enddo 

allsel 
/COM ~ Mesh Center column to match primary 
tank center 
asel,s,loc,x,ptx jpt-kps-1) ,ptx jpt-kps) 
ase1,r,1oc, z,ptr jwastet) 
asel, r, lOC, y, 0, -90 
cm,a3a,area 
cmsel,s,a3a 
cmsel,a, ala 
mshcopy, 2,ala,a3a,, , ,ptr jwastet) -ptr jwasteb) 
allsel 
asel,s,loc,x,ptx jpt-kps-1) ,ptx jpt-kps) 

cmsel,", a3a 
cm,a3b,area 
cmsel,a, alb 

ase1,r,1oc, z,ptr jwastet) 
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mshcopy,Z,alb,a3b,,, ,ptr jwastet) -ptr jwasteb) 
vsel,s,volu,,vmaxl+l,~axl+2*wastevols+l,tw 

cmsel,", alb 
cmsel,a, a3a 
aclear,all 

vsweep,a11,,a11 

ese1, s, type, ,3 
cm,waste,elem 
n S l e  
cm,waste-n, node 
/COM ~ Couple waste to primary tank 

allsel 

! cmsel, s, waste 
! cmsel, s,primary-tank 
Select Primary tank elements 
! cmsel, a, w a s  te 
Select Waste elements 
!llSle 

!nsel,r, loc,x,ptx jwasteb-2) ,ptx jwastet) 

!nsel,r,loc,r,ptr jwasteb) ,ptr jwastet) 

Couple nodes radially 

!llSle 

!nsel,r,loc,x,ptx 136),ptxj34) 
Select node at bottom interface 

CSYS,l 

! Select nodes at vertical interface 

!cplntf,"x 

!cplntf,"y 

!nsel,a,loc,r,ptr 121) 
! cplntf, "I 
Couple nodes vertically 
!allsel 

et,44,targe170 
et,45,contal73 
r, 800,, ,1000 
!keyopt,45,2,3 
!keyopt,45,5,3 
!keyopt,45,9,1 
ke yop t, 4 5,12,4 
cmsel,s,primary-tank 
n S l e  
nsel, r , l o c ,  z,ptr 114) ,ptr 136) 
!nsel,u,loc,x,ptx 136),ptxj33) 
e s l n ,  r 
n S l e  
type, 44 
real, 800 
esurf 
*get, emax,elem, ,num,maxd 
enorm,emax 
cmsel, s, waste 
n S l e  
nsel,r,loc,x,ptxjll) ,ptxjl5) 
nsel,a,loc, z,ptr 136) 
!nsel,u,loc,x,ptx 136),ptxj34) 
e s l n ,  r 
type, 45 
esurf 
ese1, s, type, ,45 
cm,waste-surf, elem 

allsel 
*get, KMAXw, KP, O,num,max 

*get, LMAXw, LINE, O,num,max ! Get 
maximum Line n u d e r  
*get,AMAXw,AREA, O,num,max ! Get 
maximum Area n u d e r  
*get,mXw,VOLU, O,num,max ! Get 
maximum Volume n u d e r  

! Get maximum Keypoint number 

Waste-Surface-AY.txt 

/pos t2 6 
numvar,200 
*do, r,2,200 
VARDEL, I 
*enddo 

cmsel, s, waste 
n S l e  
nsel, r,loc,x,ptx jpt-kps) 
nsel,r,loc, z,ptr jwasteb) 
*get, nmax, node,, num, max 
m o l ,  12), jnmax) ,u, r,ur8 jnmax) 8 

*do,i, 0,20 
*do,] ,2,8 
angley--arcslre* (1) 
cmsel, s, waste 
n S l e  

nsel, r,loc,x,ptx jpt-kps-1) 

*get, nmax, node,, num, max 
m o l ,  12+]), jnmax) ,u, r,ur8 jnmax)B 
add, 12+]), jEtJ),E,,urB jnmax)8,,,1,-1 
*enddo 

cmsel, s, waste 
n S l e  

nse1, r ,1oc ,  y,ang1ey 

nse1,r,1oc, z,ptr jwastet) 

nse1, r ,1oc ,  y,ang1ey 
nse1, r,1oc,x,ptx jwastet) 
nse1,r,1oc, z,ptr jwastet) 
*get, nmax, node,, num, max 
m o l ,  j3+3), jnmax) ,u, r,ur8 jnmax)B 
add, 13+1), [3+J),E,,urB jnmax)B,,,l,~ 

LINES,2050 
extrem 
/OUT,Waste-Surf-B [9*i)Brnax,OUT 
extrem, 3,200 
/OUT 

/OUT,Waste-Surf-B [9*i)Bth,OUT 
*do,k,2,11 
PRVAR I 2t k 
*enddc 
/OUT 

*enddo 

! cmsel, s, waste 

D.36 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001. Rev. OA 

Appendix E 

Lower Bound Soil 
Best Estimate Concrete 

Results 
Load Case Specific Input Files 

File Listing 
Theoretical Waste Pressure Calculation 

E.2 



RPP-RPT-28966, Rev. 0 
M&D-2 008-004-CALC-00 1, Rev. OA 

Appendix E 

Lower Bound Soil 
Best Estimate Concrete 

Results 
Load Case Specific Input Piles 

File Listing 
Theoretical Waste Pressure Calculation 

AY primary Tank, Lower Bound Soil (Geomatrix), Gravity Only, Bwt 
Estimate Concrete, 422 in. Waste Level at 1.7 SpG 

ANSYS MAXIMUMS BY PATH 

Nore bJendonaUHoop Forcesand MeridcnaltHwp kmmkare Revsrsed in Highlight4 SBctim. 

AY-PLNLIBSBEC Cmc T d  hml  &ausr/.xis, FM Mex 

Figure E.1. LBS-BEC Concrete Forces and Moment, Gravity Load Only 
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1/1m06.12:29 PM 

AY- Primary Tank, Lower Bound Soil {Geomatrix), Best Estimate Concrete, 
422 in. Waste Level at 1.7 SpG 

Figure E.2. LBS-BEC Concrete Forces and Moments, Gravity Plus Seismic Load 
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Figure E.3. LBS-BEC Concrete Forces and Moments, Seismic Only 

E.3 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Figure E.4. LBS-BEC Primary Tank Stresses, Shell Top, Gravity Load Only 
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AY Prlmary Tank, Lower Bound SdI, Horlzmtal and Vertlcal Selsmlc Input, Best 
Estimate Tank Concrete, 422 In. Waste Level at 1.7 SpG 

I I Shell MiWhne 

m. Meridond. Hoop. and Shear Stresses are R8versed in (Flwr] 

PagO 2 
AYBDNL-LBBBEC FTI Tank S t w  Grai4ly.rks, S twe  Max 

Figure E.5. LBS-BEC Primary Tank Stresses, Shell Middle, Gravity Load Only 
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Figure E.6. LBS-BEC Primary Tank Stresses, Shell Bottom, Gravity Load Only 

E.6 



RPP-RPT-28966, Rev. 0 
M&D-2 008-004-CALC-00 1, Rev. 0A 

Figure E.7. LBS-BEC Primary Tank Stresses, Shell Top, Gravity Plus Seismic Load 
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Y&D 
Sbrllng 

Y&D 

AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best 
Estlmate Tank Concrete, 422 In. Waste Level at 1.7 SpG 

Shell Mid-Plane 

AY-NL-LE-BEG AY-NL-LBBEC AY-NL-LWEC AYHL-LBMEC 
A Y - N L - L W C  AY-NUESBEC Sdsmlc Sttroop Sdmlc In-Pi- Solpmle In-Flam Solpmle Thu- 

862 273.88 
882 829.23 
902 88p.m 
822 418.20 
w2 u . 1 1  
a 2  471.a 
882 503.51 

1002 527.78 
1022 m.76 
1042 582.28 
1062 808.28 
1082 w6.f 
1102 m.28 
1122 688.61 

1162 W.96 

1202 782.81 
1222 m.76 
la42 m76 
1262 m.78 
1282 8W.m 
1m 90&85 
5 9 2 2  9l6.w 
tw2 m4.W 
$962 w4.a 
$982 104n.78 51 71186 -157083 I 
I402 1110.53 21 90.87 93542 1 

1142 711.96 

1182 m . 9 1  

Mmidonal, Hoop. and Shear Saesses we Reversed in Highlighted Sections (Flwr) 

I -5I)12 ^^ 

71.53 I 

AY-20-NL-LBS-BEG Ptt TmkSweae Selamlc.de, S t w  Max 

Figure E.8. LBS-BEC Primary Tank Stresses, Shell Middle, Gravity Plus Seismic Load 
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AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Selamlc Input, Best 
Estlmate Tank Concrete, 422 In. Waste Level at 1.7 SpG 

Shell Bottom Surface (outslde - away from waste) 

I I I I I 

Figure E.9. LBS-BEC Primary Tank Stresses, Shell Bottom, Gravity Plus Seismic Load 
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M&D 
Sidrlg 

MBD 

AY Prlmary Tank, Lower Bound Soll, Horlzontal and Vertical Seismic Input, Best 

Shell Top Surface (Inside - waste slde) 

AY-NL-LBBEC AY-NL-LBSBEC AY-NL-LEE-BEC IW AY-NL-LBS-BEG h- AY-NL-LWEC ThW- 
AYJIL-LBS-EEC Hoop M d l o n a l  Stress Stress geismic Only Plane Shear Wlrrss Plane 8 W  Fwce TNckmss Shear 

m: Meridonal, Hoop, and Shear Stresses are Reversed in Hiwlic 

AY.ZD.NL-LBS.BEC Pri Tank Srreas Seismic Only.ds, Srress Max M&D Professions Servkes Confkkmtial 
31WO2006 +'ape 1 

Figure E.10. LBS-BEC Primary Tank Stresses, Shell Top, Seismic Load Only 
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AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best 

M O  Prolossimd S p r v i w ~  COrfidDntiU AY-2PNL-LBS-BEC Ri Tmk S w s ~  Spiomic c*lly.bh. Stmo Max 
3WmM psgo 2 

Figure E.11. LBS-BEC Primary Tank Stresses, Shell Middle, Seismic Load Only 
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AY Prirnaw Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best . -  
Estlmate Tank Concrete, 422 In. Waste Level at 1.7 SpG 

Shell Botwm Surface (omkk - away from waste) 

HBO 

HBO 

No, P&h(in.) (LBBfln"2) BO4 (LBSfln*2) BOt Bot (LWnV!) W (LB81hh2) Bot (LBSnn"2) Bot 
7fz 67.99 1486.1 1 1600.69 1m.31 2M17 11.06 5 7 0  
782 105.W 1080.1 4 137569 27.84 1.85 32842 1992.84 

AY-NLLBS-BEC AY-NL-LBSBEC AY-NUBSBEC I b  AY-NL-LBII-BEC In- AY-NL-LBSBEC Thru- 
AY-NL-LESSBEG cloop HerMlonal Stresa Snwm S e h l c  mly plane Sheers- Plme Shear F m  Thlckneee Shm 

awng 

ElomOnt atropp Sokmk Only Soismk Only IMpknHy ( L M n u )  gotpmlc On@ Stiws Mpmic Only 81Ra9 goipmlc 

.. . ... _. .. ... .. . . . . . . . . 

AY-DNL-LBSBEC FTI Tmk Wms Wsmlc 01EJds. Saws Max 

Figure E.12. LBS-BEC Primary Tank Stresses, Shell Bottom, Seismic Load Only 
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MhD 
J-Bolt 

Radlus No. 
Radius 2 
Radius 3 
Radius4 

MI" uxla- wlal bnear lola, 
FO- (*iP) Fe:ce (+) cers-? c*o>l 

M n  RadlUSOf J%ons Average LBSBEC LBSBEC (klp) L B S  LDaxlmum Shear Farce2 Maximum (klp) LBS- 
J-Bolt included B o b  per Gravity Gravity BEC Shear Force1 (kip) LE?-BEC Shear Force2 BEC 
Radius m h  man Element O W  0"lV Gravltv Model Angle Gravltv Onlv Model h a l e  Graviw 
44.72 22.36 67.29 0.55 -0.008 -0.006 0.007 135 0.152 61 0.152 
69.67 67.29 104.93 0.69 -0.007 -0.m 0.007 144 0.044 45 0.044 
120.00 104.93 135.96 1.03 0.000 0.001 0.010 153 0.026 160 0.026 

M&D Professional Services Confidential AY-2D-NL-LBS-BEC J Bolt Forces Gravityxls, Forces 
111612006 Page 1 

Figure E.13. LBS-BEC J-Bolt Forces, Gravity Load Only 
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AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, Best 
Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG 

N S Y S  MAXIMUMS BY RADIUS 

M&D Professional Services Confidential 
lilM2006 

AY-2D-NL-LBS-BEC J Bolt Forces Seismic.xls 
Page 2 

Figure E.14. LBS-BEC J-Bolt Forces, Gravity Plus Seismic Loads 
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AY Primary Tank, Lower Bound Soil, Horizontal and Vertical Seismic Input, 
Best Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG Seismic Only 

ANSYS MAXIMUMS BY RADIUS 

M&D Prolesional Sewices Confidential AY~ZD~NCLBS~BEC J Bolt Forces Seismic.xls 
1/16/2006 Page 1 

Figure E.15. LBS-BEC J-Bolt Forces, Seismic Load Only 
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AY Secondary Liner, Lower Bound Soil, Gravity Only, Best Estimate Tank Concrete, 422 In 
Waste Level at 1.7SpG 

Shell Top Surface (inside - towards wane) Gravity 

I I I I I 

M8D Pmfessimd Services Confidemid AY-NL-LBS-BEC Liner Sfrdn Gravify.xIs. Strain Mar 
31812006 Page 1 

Figure E.16. LBS-BEC Secondaq Liner Strain, Shell Top, Gravity Load Only 
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M&D Professional SeMoea Coniidenfiai 
31812006 

AY-NL-LBS-BEC Liner Strain Gravify.xla. Strain Mar 
Page 2 

Figure E.17. LBS-BEC Secondaq Liner Strain, Shell Middle, Gravity Load Only 
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AY Secondary Liner, Lower Bound Soll, Gravity Only, Best Estimate Tank Concrete, 422 In 

18761 379.62 I 1.55E-05 I 1.llE-04 I 1.38E-M I 1.46E-06 I 7.22506 I 9.37E-09 
,8661 u1.02 I 1.18E-05 I 5.32E-05 I 6.49E-05 I 2.01E-06 I 6.53E46 3.31E-08 
18561 487.97 I 9.52E-06 I 1.22E-04 I 1.5OE-M I 2.99E-06 I 1.23E-OS I 2.76E-07 

M&D Professional SeMces Confidential 
31812006 

AY-NL-LBS-BEC Liner Strain Gravfiy.xls. Strain M u  
Page 3 

Figure E.18. LBS-BEC Secondaq Liner Strain, Shell Bottom, Gravity Load Only 
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AY Secondary Liner, Lower Bound Soil, Horizontal and Vertical Input, Best Estimate Tank 

M&O Professional Sewices Confidential 
1/1612006 Page 4 

AY-PO-NL-LBS-BEC Liner Strain Seirmic.xls. Strain Max 

Figure E.19. LBS-BEC Secondruy Liner Strain, Shell Top, Gravity Plus Seismic Load 
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AY Secondary Liner, Lower Bound Soil, Horlzonial and Venical Input, Best Esilmate lank 
Concrete, 422 In waste Level at i.7SpG 

Shell Mid-Plane 

MBD 
Starling 

Elemenl Hoop Strain (Inlin) Meridional Strain Strain lmmrity (iniin) Plane Shear Strain Plane Shear Force Thickmess Shea 
No. hthlin.) Mid (insn) Mid Mid (intin) Mid Strain (insn) Mid Strain (insn) Mid 

2062 19.00 1.25E-M 3.57E-M 6.18E-M 4.13E-M 3.76E-08 3.4OE-08 

MBO AV-NL-LBSBEC AV-NL-LBSBEC AV-NL-LBSBEC AWL-LE-BEC in- AWL-LE-BEC in- AV-NL-LBS-BEC mm 

m<, &am * iPF."< I CI*F."< I .CF."d < .AF."< 1 <7F."< I APF."C 

MKD Professional Services Confidential 
111612006 Page 5 

AY-2D-NL-LBS-BEC Liner Strain Seismic.xls. Strain Mar 

Figure E.20. LBS-BEC Secondaq Liner Strain, Shell Middle, Gravity Plus Seismic Load 
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AY Secondarv Llner. Lower Bound Soll. Horizontal and Venlcal InDut. Best Estimate Tank 

MBD Profeesiond SeMcea Confidentid 
111512006 Page6 

AYPD-NL-LBS-BEG Liner Strain SB(smic.xIs. Strain MBX 

Figure E.21. LBS-BEC Secondaq Liner Strain, Shell Bottom, Gravity Plus Seismic Load 
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AY Secondary Liner, Lower Bound Soil, Horizontal and Vertical Input, Best Estimate Tank 

AVY-NL-LBEBEC 

MKD Professional Services Confidential AY-2D-NL-LBS-BEC Liner Sfr in Seismic.ids 
111612006 Page 1 

Figure E.22. LBS-BEC Secondruy Liner Strain, Shell Top, Seismic Load Only 
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Y Liner, Lower Bound Soil, Horizontal and Vertical put, Best Estimate Tank 

M8D Professional Services Confidential AY-2D-NL-LBS-BEC Liner Strain Seismic.xls 
111612006 Page 2 

Figure E.23. LBS-BEC Secondaq Liner Strain, Shell Middle, Seismic Load Only 
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AY Secondary Llner, Upper Bound Soll, Gravlty Only, Best Estlmate Tank Concrete, 422 In 

.-, "" -..= , I.."L~"" I.".L~"" "."LL~"" I.""L~"" ~ . I  l L ~ " "  _ " ~ L ~ " "  

18751 379.62 I 1.55E~05 I l . i iE~O4 I 1.38E~O4 I 1.46E~06 I 7.22E~O6 I 9.37E~09 

18551 487.97 I 9.52E~06 I 1.22E~O4 I 1.50E~O4 I 299E~06 I 1.23E~05 I 276E~07 
18651 441.02 I 1.18E~05 5.32E~05 649E~05 201E~06 653E~06 3.31E~08 

M8D Professional Services Confidentid AY-NL-LBSBEC Liner Strain Gravity.XlS. Strain Ma* 
111612006 Page 3 

Figure E.24. LBS-BEC Secondruy Liner Strain, Shell Bottom, Seismic Load Only 
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Tank AY. 422 inch Waste Level 
SpG=1.7 

Lower Bound Soil 
Best Estimate Concrete 

Venical Vertical Shear Y Shear Y Shear X Shear X Shear Y 
Min AY- Max AY- MinAY- Max AY- Min AY- Max AY- MaxAY- 
LBSXEC LBS-BEC LBS~BEC LBS~BEC LBS~BEC LBS~BEC LBSBEC 

Angle Gravity Gravity Gravity Gravity Gravity Gravity Gravity 
0 -243.10 -243.10 0.00 0.00 0.01 0.020.00 
9 -483.40 483.30 -0.48 -0.48 -0.29 -0.29 0.07 

18 -483.80 483.80 -1.04 -1.03 -0.64 -0.64 0.16 
27 -483.20 483.10 -0.80 -0.80 -0.74 -0.74 0.13 
36 483.30 483.20 4 7 8  ~0.76 4 7 4  4 7 3  0.12 
45 -483.20 483.20 -0.74 -0.73 -0.66 -0.66 0.12 
54 -483.20 483.20 -0.79 -0.79 -0.55 -0.55 0.12 
63 483.20 483.20 4 8 7  ~0.87 4 4 3  4 4 3  0.14 
72 -483.20 483.20 -0.98 -0.96 -0.29 -0.29 0.15 
81 -483.10 483.10 -1.02 -1.01 -0.17 -0.170.16 
90 -483.10 483.10 -1.02 -1.02 -0.04 -0.04 0.16 
99 -483.20 483.10 -0.98 -0.98 0.11 0.110.15 

108 -483.20 483.20 -0.89 -0.88 0.25 0.26 0.14 
117 -483.30 483.20 -0.83 -0.82 0.39 0.39 0.13 
126 -483.20 483.20 -0.78 -0.78 0.52 0.53 0.12 
135 -483.20 483.20 -0.76 -0.75 0.64 0.65 0.12 
144 -483.10 483.10 -0.71 -0.71 0.73 0.74 0.11 
153 -483.40 483.40 -0.85 -0.85 0.76 0.77 0.13 
162 -483.00 483.00 -0.68 -0.68 0.72 0.73 0.11 
171 -485.30 485.30 -1.44 -1.44 0.28 0.28 0.23 
180 ~241.00 ~241.00 0.00 0.00 4 0 2  4 0 1  0.00 

ShearX Shear 
Max AY- Max AY- Venicai Force Vertical Force 
LBS~BEC LBS~BEC Max AY~LBS~ Min AY~LBS~ 
Gravity Gravity BEC Gravity BEG Graviiy 
0.00 0.00 -75.97 -75.97 
0.05 0.09 -75.53 -75.52 
0.10 0.19 -75.59 -75.59 
0.12 0.17 -75.50 -75.48 
0.12 0.17 ~75.52 ~75.50 
0.10 0.15 -75.50 -75.50 
0.09 0.15 -75.50 -75.50 
0.07 
0.05 
0.03 
0.01 
0.02 
0.04 
0.08 
0.08 
0.10 
0.12 
0.12 
0.11 
0.04 
0.01 

0.15 ~75.50 ~75.50 
0.16 -75.50 -75.50 
0.16 -75.48 -75.48 
0.16 -75.48 -75.48 
0.15 -75.50 -75.48 
0.14 -75.50 -75.50 
0.14 -75.52 -75.50 
0.15 -75.50 -75.50 
0.16 -75.50 -75.50 
0.16 -75.48 -75.48 
0.18 -75.53 -75.53 
0.16 -75.47 -75.47 
0.23 -75.83 -75.83 
0.01 ~75.31 ~75.31 

Figure E.25. LBS-BEC Concrete WallKooting Contact Forces. Gravity Only 

Tank AY. 422 inch Waste Level 
SpG=1.7 

Lower Bound Soil 
Best Estimate Concrete 

Vertical Vertical ShearY ShearY ShearX ShearX ShearY ShearX Shear 
Min AY- Max AY- Min AY- Max AY- Min AY- Max AY- Max AY- Max AY- Max AY- Vertical Force Velficai Force 
LBS-BEC LBS-BEC LBS-BEC LBS-BEC LBS-BEG LBS-BEG LBSBEC LBS-BEC LBS-BEG Max AY-LBS- Min AY-LBS- 

Angle Seismic Seismic Seismic Seismic Seismic Seismic Seismic Seismic Seismic BEG Seismic BEC Seismic 
0 -290.50 -180.70 0.00 0.00 -14.76 14.79 0.00 4.62 4.62 -90.78 -56.47 
9 -577.50 -359.80 -30.82 30.79 -34.08 33.29 4.81 5.32 7.17 -90.23 -56.22 

18 ~577.80 462.80 ~58.19 58.19 48.28 46.25 9.09 7.54 11.81 40.28 ~56.69 
27 -576.90 -386.40 -79.08 80.36 -70.48 67.24 12.56 11.01 16.70 -90.14 -57.25 
36 -576.90 -372.00 -92.91 94.90 -98.90 94.24 14.83 15.45 21.42 -90.14 -58.1 3 
45 -576.60 -378.50 -98.17 100.40 -130.70 124.60 15.69 20.42 25.75 -90.09 -59.14 
51 -578.30 -385.70 -94.15 95.74 -182.40 155.50 14.98 25.38 29.48 -90.05 -80.27 
63 -576.00 -393.10 -80.91 81.23 -190.60 183.90 12.89 29.78 32.37 -90.00 -61.42 
72 ~575.60 ~400.10 ~59.53 58.51 ~212.50 207.20 9.30 33.20 34.48 -39.94 ~62.52 
81 -575.20 -406.20 -32.00 30.11 -226.20 222.60 5.00 35.34 35.70 -89.88 -63.47 
90 -574.80 -411.80 -2.80 0.88 -230.50 228.30 0.41 36.02 36.02 -89.81 44.34 
99 -574.40 -413.40 -32.07 30.28 -224.70 224.10 5.01 35.11 35.47 -89.75 -64.59 

108 -574.10 -411.90 -59.88 58.37 -209.30 210.40 9.33 32.88 34.17 -89.70 -64.36 
117 -573.80 -408.50 -81.40 81.02 -186.30 188.70 12.72 29.48 32.11 -89.68 -63.83 
126 ~573.60 ~404.80 45.19 95.62 ~158.00 160.80 14.94 25.13 29.23 -39.63 4 x 2 2  
135 -573.50 -401.00 -99.82 100.50 -127.10 129.40 15.70 20.22 25.60 -89.61 -62.66 
144 -573.30 -398.00 -94.85 95.22 -96.45 97.89 14.88 15.30 21.34 -89.58 -62.1 9 
153 -573.60 -396.10 -81.20 80.72 -69.04 69.80 12.69 10.91 16.73 -89.63 -61.89 
162 -573.00 -394.20 -59.43 58.77 -47.51 47.79 9.29 7.47 11.92 -89.53 -61.59 
171 -575.50 -395.80 -33.18 30.60 -34.48 33.85 5.18 5.38 7.47 -89.92 -61.81 
180 ~285.90 ~196.10 0.00 0.00 ~15.17 14.46 0.00 4.74 4.74 -39.34 +31.28 

Figure E.26. LBS-BEC Concrete WalVFooting Contact Forces. Gravity Plus Seismic 
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Tank AY, 422 Inch Waste Level 
SpG.1.7 

Lower Baund Soil 
Best Estimate Concrete 

Venical VeRiCal ShearY ShearY ShearX Shear X Shear Y ShearX Shear 
Mi" A Y ~  Max A Y ~  Min A Y ~  Max A Y ~  Mi" A Y ~  Max A Y ~  Max A Y ~  Man A Y ~  Man A Y ~  Vertical Force VeRical Force 
LBS-BEC LBS-BEC LBS-BEG LBS-BEG LBS-BEC LBS-BEC LBS-BEC LBSBEC LBS-BEC Max AY-LBS- Min AY-LBS- 
Seismic Seismic Seismic Seismic Seismic Seismic Seismic Seismic Seismic BEG Seismic BEC Seismic 

Angle Only Only Only Only Only Only 
~47.40 62.40 0.00 0.00 ~14.77 14.77 

Only 
0.00 

Only 
4.62 0 

9 
18 
27 
36 
45 
54 
63 
72 
81 
90 
99 

108 
117 
126 
135 
144 
153 
162 
171 
180 

-94.10 
-94.00 
-93.70 
-93.60 
-93.40 
-93.10 
-92.80 
42.40 
-92.10 
-91.70 
-91.20 
-90.90 
-90.50 
-90.40 
-90.30 
-90.20 
m.20 
-90.00 
-90.20 
-44.90 

~~ ~ 

123.50 
121.00 
116.70 
111.20 
104.70 
97.50 
90.10 
83.10 
76.90 
71.30 
69.70 
71.30 
74.70 
78.60 
82.20 
85.10 
87.30 
88.80 
89.70 
44.90 

~ ~~ 

-30.14 
-57.18 
-78.28 
-92.15 
-97.43 
-93.36 
-80.04 
48.57 
-30.98 
-1.58 

-31.09 
-58.79 
-80.57 
-94.41 
-99.08 
-94.14 
-30.35 
-58.75 
-31.74 
0.00 

31 27 -3377 3358 
59.22 -47.64 
81.16 -69.74 
95.66 -98.16 

101.13 -130.04 
96.53 -161.85 
82.10 -190.17 
59.47 m2.21 
31.12 -226.03 

1.90 -23046 
31.24 -224.81 
59.25 -209.55 
81.84 -186.69 
96.40 -158.52 

101.25 -127.74 
95.93 -97.18 
81.57 49.80 
59.45 -48.23 
32.04 -34.74 

0.00 -15.15 

46.89 
67.98 
94.97 

125.26 
156.05 
184.33 
207.49 
222.77 
228.34 
223.99 
210.14 
188.31 
160.27 
128.75 
97.15 
69.03 
47.06 
33.37 
14.47 

~ ~~ 

4.89 
9.25 

12.68 
14.95 
15.80 
15.08 
12.83 
9.29 
4.88 
0.30 
4.88 
9.26 

12.79 
15.06 
15.82 
14.99 
12.74 
9.29 
5.01 
0.00 

~~ 

5.28 
7.44 

10.90 
15.34 
20.32 
25.29 
29.71 
33.16 
35.32 
38.01 
35.13 
32.84 
29.42 
25.04 
20.12 
15.19 
10.91 
7.54 
5.43 
4.74 

Only Only Only 
4.62 ~14.81 19.50 
7.19 -14.70 19.30 

11.88 -14.89 18.91 
16.72 -14.64 18.23 
21.42 -14.63 17.38 
25.74 -14.59 16.36 
29.45 -14.55 15.23 
32.37 -14.50 14.08 
34.44 ~14.44 12.98 
35.65 -14.39 12.02 
36.01 -14.33 11.14 
35.46 -14.25 10.89 
34.12 -14.20 11.14 
32.08 -14.14 11.67 
29 22 -1413 1228 
25.59 -14.11 12.84 
21.34 -14.09 13.30 
16 .n  ~14.09 13.64 
11.96 -14.06 13.88 
7.38 -14.09 14.02 
4.74 -14.03 14.03 

Figure E.27. LBS-BEC Concrete WalVFooting Contact Forces. Seismic Only 
Tmk AY, 422 Inch Waste Level 

spo-1.7 
Lower sound Soil 

BSJt Estimafs concrsts 

M m  Plofsssional Ssrdcn Confldsmial 
111612006 , n U C ,  

AY-20-NL-LBS-BEC Soil Pressurn Gra"ly.x!a FM Max 

Figure E.28. LBS-BEC SoiVConcrete Tank Contact Forces. Gravity Only 
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Tank AY, 422 lnoh Waste Level 
SpG - 1.7 

Lower Bound Soil 
Be* Estimate Cmorste 

M8D Profe54lonel S e ~ I c 8 9  Confldehdal 
1116RO06 Page 2 

AY-PD-NL-LBS-BEC Soil Pr-ures Selsmlc.nl~, FM Max 

Figure E.29. LBS-BEC SoiVConcrete Tank Contact Forces. Gravity Plus Seismic 
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Max Pressure 
so11 (LBS) AY 
Seismic Onlv 

Tank AY. 422 Inch Waste Level 
SpG = 1.7 

Lower Bound Soil 
Best Estimate Concrete 

MilX MilX MilX 
Meridional Tangential Tangential 

Mln Pressure Frlctlon Frlctlon (LBS) Friction (LBS) 
so11 (LBS) AY (LBS) AY AY AY 
Seismic Onlv Seismic Onlv Seismic Onlv Seismic Onlv 

M&D Professional Services Confidential AY-2D-NL-LBS-BEC Soil Pressures Seismic.xIs 
111 W2006 Page 1 

Figure E.30. LBS-BEC SoiVConcrete Tank Contact Forces. Seismic Only 
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Tank AY. 422 Inch Waste Level 
SpG=1.7 

Lower Bound Soil 
Best ESfimale Concrete 

Max Gap 
Lateral 

Max Pressure Mi" Pressure Displacement 

TanWConcrete TanWConcrete /Concrete PrimaryTanWConceteTanl 
Primary Primary Primary Tank Max Gap Displacement 

-...~".~.....I -...~".-..., -..,~" .... 

MRD Professional Services Confidential AY-2D-NL-LBS-BECJ-Boll-Contact-Gravity.xl~, FM Max 
111612006 Page 1 

Figure E.31. LBS-BEC Primary TankKoncrete Dome Contact Data, Gravity Only 
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Tank AY. 422 Inch Waste Level 

Lower Bound Sail 
Best Estimate Concrete 

SpG = 1.7 

AY-2D-NL-LBS-BEC J-Bolt-Contact-Seismic.xB, FM Max M&D Pmlesional Services Confidential 
lil612006 Page 2 

Figure E.32. LBS-BEC Primary Tank/Concrete Dome Contact Data, Gravity Plus Seismic 
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Radius 
67.727 
105.668 
137.069 
182.849 
226.563 
275.566 
325.690 
372.305 
423.427 

Tank AY. 422 Inch Waste Level 
SpG=1.7 

Lower Bound Soil 
Best Estimate Concrete 

Lateral 
Max Pressure Min Pressure Displacement 

Prlmary Prlmary Prlmary Tank 
TanklConcrete TanklConcrete /Concrete Max Gap Displacement 
Tank Dome AY Tank Dome AY Tank Dome Primary TanklCDnceteTank 
Seismic Only Seismic Only Seismic Only Dome AY 

(PSI) (PSI) (in) Seismic Only (Inches) 
13.118 -1.420 0.001362 -0.000019 
13.281 -1.033 0.002359 -0.000049 
7.917 -0.506 0.003930 -0.000075 
6.438 -0.643 0.001766 -0.0001 69 
31.009 -1.243 0.0011/7 -0.000434 
65.032 -0.713 0.001855 -0.000787 
99.384 -1.871 0.001680 -0.002239 
101.036 0.000 0.022393 -0.003600 
50.851 -0.324 0.030380 -0.007680 

I I MaxGap I I 

M&D Professional Service ConlKlential 
111 812006 

AY-2D-NL-LBS-BEC J-Bolt-Contact-Seismic.xls 
Page 1 

Figure E.33. LBS-BEC Primruy Tank/Concrete Dome Contact Data, Seismic Only 
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Tank AY, 422 Inch Waste Level 
SpG = 1.7 

Lower Bound Soil 
Best Estimate Concrete 

Max Pressure Min Pressure Max Lateral Min Lateral 
Primary Primary Displacement Displacement 

TmWlnsulating TmWlnsulating Primary Tank I Primary Tank I Insulating -~ ~~~.~ .., 

MaD Prolesional Sewices Confidential 
1/16/2006 Page 1 

AY~2D~NL~LBS~BEC~Ptimaly~Co~tact~G~"ity.xB. FM Max 

Figure E.34. LBS-BEC Primruy Tank/Insulating Concrete Contact Forces. Gravity Only 
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Tank AY, 422 Inch Waste Level 
SpG=1.7 

Lower Bound Sail 
Best Estimate Concrete 

I I MarLataral I 
Tankllnsulaiting Tankllnsulaiting Tankllnsulaiting Primary TankllnSulaitinl 

Concrete AY Concrete AY Concrete AY Concreie AY 
Seismic (PSI) Seismic (PSI) Seismic (Inches) Seismic (Inches) 

81.319 23.382 0.024912 0.001445 
25.778 11.222 0.016524 0.000137 
35.458 19.882 0.006144 0.000185 
32.354 20.188 0.002460 0.000148 
31.542 21.236 0.001853 0.000017 
30.750 21.597 0.001622 0.000063 
29.597 20.778 0.001685 0.000023 
1" 71c """lF"0 " """lCE 

M&D Professional Services Confidential 
lil612006 Page 2 

AY-2D-NL-LBS-BEC Pnmaiy-C~)ntact-Seismic.xls. FM Max 

Figure E.35. LBS-BEC Primary Tank/ Insulating Concrete Contact Data, Gravity Plus Seismic 
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Tank AY. 422 inch Waste Lwei 
SpG=1.7 

Lower Bound Soil 
Best Estimate Concrete 

Max Pressure Min Pressure Max Lateral 
Primsly Primsly Displacement Min Lateral 

TanWlnsulaiting TanWlnsulaiting Primary Displacement 
Concrete AY Concrete AY Tankllnsulaiting Primary Tankiinsulaiting 
Seismic Onlv Seismic Onlv concrete AY concrete AY 

M&D Professional Services Confidential AY-ZD~NL~LBS~BEC PrimaryCantact~Seismic.x$ 
1 I t  612006 Page 1 

Figure E.36. LBS-BEC Primary Tank/ Insulating Concrete Contact Forces. Seismic Only 
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Tank AY, 422 Inch Waste Level 
SpG=1.7 

Lower Bound Soil 
Best Estimate Concrete 

M&D Professional Sewices Confidential 
111 612006 Page 1 

AY-2D-NL-LBS-BEC-lnSUI-Contact-Gravity.x1~, FM Max 

Figure E.37. LBS-BEC Insulating ConcretelSeconday Liner Contact Data, Gravity Only 
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Tank AY. 422 Inch Waste Level 
SpG=1.7 

Lower BOund Soil 
Best Estimate Concrete 

M&D Professional Sewices Confidential 
Il l  612006 

AY-2D-NL-LBS-BEC Li~e~-Contact-Seismic.x$. FM Max 
Page 2 

Figure E.38. LBS-BEC Insulating ConcretelSecondaq Liner Contact Data, Gravity Plus Seismic 
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Tank AY. 422 Inch Waste Level 
SpG=1.7 

Lower Bound Soil 
Best Estimate Concrete 

Max Lateral Mi" Lateral 

M&D Professional Services Confidential AY-2D-NL-LBS-BEG Liner-Contact-Seismic.~ls 
111 612006 Page 1 

Figure E.39. LBS-BEC Insulating ConcretelSecondaq Liner Contact Data, Seismic Only 
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Tank AY. 422 Inch Wssts Level 
SpG - 1.7 

Lower Baund Soil 
Beat Estimate Cancrete 

I Max Pressure I Mln Pressure I 
AY Tank, 422 In AY Tank 422 in I I 

I I 

M&D Pmf-imd S d c s r  Confidential 
1/16n'oo6 Page 1 

AY-2D-NL-LBS-BEC Warte-TH-MAX.xB, FM Max 

Figure E.40. LBS-BEC LBS Waste Contact Pressure, Gravity Plus Seismic 
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Tank AY, 422 Inch Waste Level 
SpG=1.7 

Lower Bound Soil 
Best Estimate Concrete 

M&D Protessional Services Confidential 
1 11 612006 Page 1 

Figure E.41. LBS-BEC LBS Waste Surface Displacement, Gravity Plus Seismic 
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Near-Soil-l.txt 

e t , 8 ,  s o l i d 4 5  
Element SOLID45 f o r  Near So1 
/ I n p u t , s o i l ~ p r o p ~ L B ~ g e o , t x t  
so11 PrOper t l eS  

k s e l , u , k p , , l , k m a x i b  
Unse lec t  e x i s t i n g  Keypoints  
asel, u, area, ,  1, amax] b 
Unse lec t  e x i s t i n g  A r e a  
l s e l , u , l i n e , , l , l m a x i b  
unse1ec t  e x l s t l n g  LlneS 
vse1, ", V O l " ,  ,1, m a x w  
Unse lec t  e x i s t i n g  Volumes 

! use  

! Read 
Elements 

/COM ~ C r e a t e  Keypoints  t o  match Concrete  
t a n k  p r o f i l e  
*do, I ,  1, bm-kp 
k , h a x i b + i , c t x j i )  , O , c t r  1 1 )  
*enddo 

/COM ~ C r e a t e  Keypoints  above t o p  of  t a n k  
k, h a x i b t b m - k p t l ,  O,O,O ! Keypoint a t  

k,haxib+bm~kp+2,0,0,soilr 12) ! Keypoint a t  
t o  d i v i d e  s o i l  above t a n k  
* g e t ,  KMAXtempl,KP, 0 ,  num,max ! G e t  maximum 
keypo in t  n u d e r  f o r  c o u n t e r  

/COM ~ C r e a t e  Keypoints  a t  o u t s i d e  of 
excava ted  s o i l  
* d o , i , l ,  t a n k s o i l  
k , h a x t e m p l + i ,  soilx [I), 0 , s o i l r  1 1 )  
*enddo 
* g e t ,  KMAXternpZ,KP, 0 ,  num,max 

c o u n t e r  

/COM ~ C r e a t e  a d d i t i o n a l  keypo in t  in s o i l  
above t a n k  
k , h a x t e m p 2 + l , c t x 1 2 )  ,O,so~lzll) 
k ,hax temp2+2 ,  c t x  1 9 )  , 0 ,  soilr 11) 
k,haxtemp2+3,ctxj12),0,soilr 11) 
k , h a x t e m p 2 + 4 , c t x 1 2 )  ,O,soilr12) 
k ,hax temp2+5 ,  c t x  1 9 )  , 0 ,  soilr 12) 
k,haxtemp2+6,ctxj12),0,soilr 12) 
k,haxtemp2+7,ctxj12),0,soilr 13) 
k, h a x t e m p 2 t 8 ,  c t x  jbm-kptl) ,O, c t r  jbm-kptl) 

a, hax tempZt1 ,  hax tempZt2 ,  hax tempZt5 ,  h a x t e  
mp2t4 
a, hax tempZt2 ,  hax tempZt3 ,  hax tempZt6 ,  h a x t e  
mp2t5 
a, hax tempZt3 ,  h a x t e m p l t l ,  h a x t e m p l t 2 ,  h a x t e  
mp2t6 
a, h a x t e m p 2 t 4 ,  h a x t e m p 2 t 5 ,  h a x i b t 9 ,  h a x i b t 8 ,  
haxib+7,haxib+6,haxib+5,haxib+4,haxib+3 
,kmaxib+2!a,740,741,712,711,710,709,708,707, 
706,705 
a, h a x t e m p 2 t 5 ,  h a x t e m p 2 t 6 ,  h a x t e m p 2 t 7 ,  h a x i b  
t12, k m a x i b t l l ,  h a x 1 b t l O , h a x 1 b + 9  
a, h a x t e m p 2 t 6 ,  h a x t e m p l t 2 ,  h a x t e m p l t 3 ,  h a x t e  
mp2t7 
a, h a x t e m p 2 t 7 ,  h a x t e m p l t 3 ,  h a x t e m p l t 4 ,  h a x i b  
t12 
a, h a x i b t l 2 ,  h a x t e m p l t 4 ,  h a x t e m p l t i ,  h a x i b t l  
4 , h a x i b + l 3  

orlgln [ s u r f a c e )  

! G e t  maximum keypo in t  number f o r  

a, h a x i b t l 4 ,  h a x t e m p l t 5 ,  h a x t e m p l t b ,  h a x i b t l  
6 , h a x l b + l 5  
a, h a x i b t l 6 ,  h a x t e m p l t 6 ,  h a x t e m p l t 7 ,  h a x i b t l  
8 , h a x i b + l 7  
a, h a x i b t l 8 ,  h a x t e m p l t 7 ,  h a x t e m p l t 8 ,  h a x i b t 2  
0 , h a x i b + l 9  
a, h a x i b t 2 0 ,  h a x t e m p l t 8 ,  h a x t e m p l t 9 ,  h a x t e m p  
2 t 8 ,  kmaxibt22, h a x i b t 2 1  

c m , t o p ~ s o i l ~ a r e a , a r e a  
lsla 
c m , t o p - s o i l , l i n e  
type ,  1 
real, 1 

/COM ~ Define l i n e  d i v i s i o n s  t o  c o n t r o l  
meshing 
l s e l , s , l o c , r , s o l l r j l ) , ~ ~ ~ l ~ l 2 )  
l s e l , r , l o c , x , c t x l 3 )  , c t x  18) 
l e s l r e , a l l , , , l 4  ! so11 
above t a n k  top ,  match t a n k  meshing 
l s e l , s , l o c , r , s o l l r j l ) , ~ ~ ~ l ~ l 2 )  
Isel, r , 1 o c , x , c t x  110) , C t X  Ill) 
1 e s 1 r e , a 1 1 , , , 3  ! s o i l  above 
t a n k  top ,  match t a n k  meshing 
cmsel,s, t o p - s o i l  ! R e s e l e c t  
lines In near  so11 
Isel, r , 1 o c , x , c t x  12) 
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
Isel, S,lOC, X I  c t x  1 9 )  
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
Isel, r , 1 o c , x , c t x  112)  
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
l s e l , r , l o c , r , c t r l 2 ) , c t r  112)  
l s e l , r , l o c , x , c t x l 2 )  , C t X  112)  
1es1ze,a11,,,1 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  o u t s i d e  e x c a v a t i o n  
mesh 
l s e l , s , l ~ n e , , l m a x ~ b + 8 , l m a x 7 b t 1 0 , 2  
l s e l , a , l ~ n e , , l m a x ~ b + 2 6 , l m ~ ~ ~ b + 2 8 , 2  
lsel,a,l~ne,,lmax1b+3O,lm~~1b+38,4 
l e s l r e , a l l , ,  ,9 
lsel,s,l~ne,,lmax1b+42,lm~~1b+42,4 
1 e s 1 r e , a 1 1 , , , 7  ! C o n t r o l  
h o r i z o n t a l  meshing in s o i l  
l s e l , s , l i n e , , l m a x i b + 9  
l s e l , a , l ~ n e , , l m a x ~ b + 2 5 , l m ~ ~ ~ b + 2 7 , 2  
lsel,a,l~ne,,lmax~b+29,lm~~~b+45,4 
1es1ze,a11,,,1 ! C o n t r o l  
h o r i z o n t a l  meshing in s o i l  
l s e l , s , l i n e , , l m a x i b + 6  
lsel,a,l~ne,,lmax~b+20,1m~~~b+21 
lsel,a,l~ne,,lmax~b+32,lm~~~b+44,4 
lsel,a,l~ne,,lmax~b+3l,lm~~~b+43,4 
lsel,a,l~ne,,lmax~b+47,lm~~~b+49 
1es1ze,a11,,,1 ! C o n t r o l  
meshing t o  match t a n k  
l s e l , s , l i n e , , l m a x i b + 4 6  
1 e s 1 r e , a 1 1 , , , 4  ! C o n t r o l  mesh 
s i z e  a t  bottom of excava ted  s o i l  

c m s e l , s , t o p ~ s o i l ~ a r e a  
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amesh ,a l l  ! Mesh area t c  
deve lop  p a t t e r n  for volume meshing 

type ,  8 
k s e l , a , k p , , l  ! S e l e c t  
Keypoint for r o t a t i o n  a x i s  
k s e l , a ,  kp, ,  ct-kps ! S e l e c t  
Keypoint for r o t a t i o n  a x i s  
v r o t a t , a l l , ,  , , , , l , c t - k p s , l 8 0 , 2  
Genera te  Volumes for excava ted  s o i l  
lsla 
Isel, r , 1 o c , x , c t x  12) 
leslre,all,,arcslre ! Def ine  
meshing for slices 
lsla 
Isel, r ,1oc ,  X I  c t x  1 9 )  
leslre,all,,arcslre ! Def ine  
meshina for slices 

meshing for slices 

p a t t e r n  i n t o  volume 
aclear,all ! Delete 
e lements  used  for sweep 
cm, top - so i l -vo l ,vo lu  

* g e t , m X t e m p , V O L U , O , n u r n , r n a x  
/COM ~ Genera t e  e lement  above t o p  Center  of 
t a n k  
ase1,u,area, , a l l  

vsweep,a11 ! sweep 

vsel ," ,vol" ,  , a l l  
a, h a x i b t b m  k p t l ,  h a x t e m p z t l ,  h a x t e m p 2 t 4 ,  h a  
x i  btbm-kpt2- 
a, haxib tbm-kpt2 ,  hax tempZt4 ,  h a x i b t 2 ,  h a x i t  
tl 
v r o t a t , a l l , ,  , , , , l , c t - k p s , l 8 0 , 2  
vsel,s,volu, , v m a x t e m p + l , ~ a x t e m p + 3 , 2  
v a t t ,  801,,  8 
Ass ign  mater ia l  p r o p e r t i e s  
vsel,s,volu, , vmax temp+Z,~ax temp+4 ,2  
v a t t ,  802,,  8 
Ass ian  mater ia l  U r o u e r t i e s  . .  
vsel,s,volu,,vmaxtemp+l,~axtemp+4 
allsel 
a s e l , s , l o c , r , c t r j l ) , c t r  12) 
t ype ,  1 
asel, r , l o c , x ,  0 , 4  
a s e l , r , l o c , r , c t r j l ) , c t r  12) 
cmsel,", conc-tank-a 
*ge t , a t emp ,a rea ,  ,num,max 
*get,atempl,area,,num,min 
ase1,a,area,,1,22,21 
mshcopy, 2 ,1 ,a templ  ! copy mesh 
t o p  match t o p  of c o n c r e t e  t a n k  
mshcopy, 2,22, atemp ! copy mesh 
t o p  match t o p  of c o n c r e t e  t a n k  
ase1,u,area,,1,22,21 
vsel,s,volu,,vmaxtemp+l,~axtemp+4 
vsweep,a11 
Genera te  e lements  by sweeping area 

/COM ~ Assign  s o i l  p r o p e r t i e s  by l a y e r  
*do, I ,  1, t a n k s o i l - 1  
cmsel,s, t o p - s o i l - v o l  
vsel,r,loc,r,sollrjl),~~~l~l~+l) 
eSlV 
emodi f, all, m a t ,  80 Oti 
e s y s , o  

*enddo 

cmsel,s, t o p - s o i l - v o l  
vsel,a,loc,r,sollrjl),~t~Iz) 
eSlV 
cm,excav-soil, elem 
n S l e  
numrg ,node  

/COM ~ D e f i n e  component for excava ted  s o i l  ~ 

t a n k  w a l l s  on ly  
cmsel,s,excav-soil 
ns1e,s,1 
nsel,r,loc,r,soilrj5),~~~1~19) 
e s 1 n , r , 1  
cm,excav-wall, elem 

/COM ~ D e f i n e  component for excava ted  s o i l  ~ 

t a n k  dome on ly  
cmsel,s,excav-soil 
cmsel,", excav-wall 
cm,excav-dome, elem 

C S Y S , l  

cmsel, s, excav-wall 
n S l e  
n s e l ,  r , l o c , x , c t x  114)  
cm,excav-wall-n,node 

esel, s, t ype ,  , 8  
n S l e  
nse1, s,loc,x,sollx 11) 
nse1,r,1oc, Z , S O l l Z  11) 
cm,near~soil~face~node,nodt 
*do, I ,  2 , 9  
esel, s, t ype ,  , 8  
n S l e  
nsel,r,loc,x,sollxjl) 
nse1,r,1oc, Z , S O l l Z  11) 

cmsel,a,near~soil~facenodt 
cm,near~soil~face~node,nodt 
*enddo 

esel, s, t ype ,  , 8  
n S l e  
nse1,r,1oc, Z , S O l l Z  1 9 )  
n s e l ,  r , l o c , x , 4 1 , 6 8  
cm,near~soil~bot~node,node 

allsel 
* g e t ,  KMAXns,KP, 0 ,  num,max 
Keypoint nuder 
* g e t ,  LMAXns,LINE, O,num, max 
l i n e  number 
* g e t ,  AMAXns ,AREA, 0 ,  num, max 
A r e a  number 
* g e t ,  m X n s ,  volu, 0,  num, max 
Volume nuder 

! G e t  maximum 

! G e t  maximum 

! G e t  maximum 

! G e t  maximum 

Run-Tank.txt 

Hor izon ta l  and  
/ b a t c h  
! PNNL DST S e i s m i c  Ana lvs i s  

~ i ,  

V e r t i c a l  Seismic I n p u t s ,  B e s t  E s t i m a t e  S o i l ,  
B e s t  E s t i m a t e  Concre te  Properties, AP 
Primary Tank Geometry 
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flnl 
/Clear 
/f~lname,PNNL~2D~LBs~BEC,l 
/conflg,nres,3000 ! Increase 
allowable n u d e r  of results to 3000 
/conflg,nproc, 2 
Activate 2 processers for solution 
/conflg, fspllt,1024 ! Split binary 
file at 4.2GB 

9-32.2 ! Gravity 
/prep7 

lft/sec) 

DF-40 ! Factor for 
beta [stiffness) damping 
ALPHA-0.4 ! Alpha 
damping 

/out, tank-out, out 
/sys, "X: \07 .OO ~ Quality Assurance\ANSYS 
QA\usrcfg.bat" > QA.out 
/out,QA,out,,append 
/Input,tank~coordinatesAY,txt ! Run 
file defining tank coordinates [concrete and 
primary) 
/input, tank-props-BEC-250, txt ! Run file 
defining fully cracked concrete properties 
IPNNL Concrete Properties) 
/Input,tank~meshl,txt ! Develop 
concrete tank 
/Input,primary~props~AY,txt ! Run file 
defining AP Primary tank properties 
/hnput,primary, txt 
Primary tank 

insulating concrete model 

Liner model 
/Input,waste~solid~AY,txt 
waste model 
/Input,bolts~friction,txt 
Bolt model 

excavated soil model 

/Inp"t,lns"late, txt 

/Inp"t,llner, txt 

/Inp"t,near~soil~l,txt 

/Inp"t,far-soll, txt 

/Inp"t,lnterfacel,txt 

/Inp"t,lnterface~gapl,txt 

Field soil model 

and Concrete Interfaces 

Primary Tank Interfaces 
/Inu"t.slave.txt 

! Develop 

! Develop 

! Develop 

! Develop 

! Develop J- 

! Develop 

~. 
slaved boundary conditions 
/hnput,boundary, txt 
and s m e t r y  boundary conditions 

model to symmetry plane 
/input, live-load, txt ! Apply live 
load over a loft radius over dome center 
/Inp"t,flx-soll, txt 
/out 

/Input, outer-spar, txt ! connect so11 

ALLSEL 

! Develop Far- 

! Develop Soil 

! Develop 

! Develop 

! Place base 

/out,Tank-th,out 

save 

/Input,solve~TH~LB,txt ! Run solution 
Phase 
/Input,contact~AY,txt ! Extract 
Contact data 
/Inp"t,all~forces,txt ! Extract 
component forcesdstrains 
/Inp"t,spectra~all,txt ! Extract 
Response Spectra 
/out 
/exit 

Soil-Prop-LB-Ceo.txt 

Tanksoil-9 
deepsoil-20 
soil-radius-320 
mass-le8 

*dim,soilx, ,30 
*dim,soilr, ,30 

sollr 11) -0 
sollr 12) --5 
soilr 13)-ctrI9) 
soilr 14) -ctr 112) 
soilr 15) -ctr 114) 
soilr 16)-ctrl16) 
soilr 17) -ctr 118) 
soilr 18) -ctr 120) 
soilr 19)-ctrl23) 
soilr 1101--73.5 

soilr 115)--156 
soilr 116)--178 
soilr 1171--200 

/COM Excavated Soil Properties 

/COM ~ Material Definitions 

mu.ex.801.6470 
/COM ~ Material 801, Soil [Top Layer) 
~. . . 
mp,nuxy, 801,O. 27 
mp,dens, 801,125/ 11OOO*g) 
mp,damp,801,0.023/df 

/COM ~ Material 802, Soil 
mp,ex,802,5402 
mp,nuxy, 802,O. 27 
mp,dens, 802,125/ 11OOO*g) 
mp,damp,802,0.044/df 
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/COM ~ M a t e r i a l  803, S o i l  
mp,ex,803,4527 
mp,nuxy, 803,O. 27 
mp,dens, 803,125/ 11OOO*g) 
mp,damp,803,0.066/df 

/COM ~ M a t e r i a l  804, S o i l  
mp,ex,804,4854 
mp,nuxy, 804,O. 27 
mp,dens, 804,125/ 11OOO*g) 
mp,damp,804,0.053/df 

/COM ~ M a t e r i a l  805, S o i l  
mp,ex,805,4514 
mp,nuxy, 805,O. 27 
mp,dens, 805,125/ 11OOO*g) 
mp,damp,805,0.061/df 

/COM ~ M a t e r i a l  806, S o i l  
mp, ex, 80 6,4 2 91 
mp,nuxy, 806,O. 27 
mp,dens, 806,125/ 11OOO*g) 
mp,damp,806,0.067/df 

/COM ~ M a t e r i a l  807, S o i l  
mu.ex.807.4136 ~. . . 
mp,nuxy, 807,O. 27 
mp,dens, 807,125/ 11OOO*g) 
mp,damp,807,0.07O/df 

/COM ~ M a t e r i a l  808, S o i l  
mu.ex.808.4612 . .  . . 
mp,nuxy, 808,O. 27 
mp,dens, 808,125/ 11OOO*g) 
mp,damp,808,0.056/df 

/COM ~ M a t e r i a l  810, S o i l  
mp,ex,810,250 
mp,nuxy, 810,O. 27 
mp,dens, 810,125/ 11OOO*g) 
mp,damp,810,0.056/df 

mp,damp,904,0.034/df 

/COM ~ M a t e r i a l  905, S o i l  
mp, ex, 90 5,8 452 
mp,nuxy, 905,0.19 
mp,dens, 905,110/ 11OOO*g) 
mp,damp,905,0.040/df 

/COM ~ M a t e r i a l  906, S o i l  
mp, ex, 90 6,9 530 
mp,nuxy, 906,0.19 
mp,dens, 906,110/ 11OOO*g) 
mp,damp,906,0.042/df 

/COM ~ M a t e r i a l  907, S o i l  
mp,ex,907,10856 
mp,nuxy, 907,0.19 
mp,dens, 907,110/ 11OOO*g) 
mp,damp,907,0.042/df 

/COM ~ M a t e r i a l  908, S o i l  
mp,ex,908,13399 
mp,nuxy, 908,0.19 
mp,dens, 908,110/ 11OOO*g) 
mp,damp,908,0.030/df 

/COM ~ M a t e r i a l  9 0 9 ,  S o i l  
mp,ex,909,15068 
mp,nuxy, 909,0.19 
mp,dens, 909,110/ 11OOO*g) 
mp,damp,909,0.030/df 

/COM ~ M a t e r i a l  9 1 0 ,  S o i l  
mp,ex,910,14438 
mp,nuxy, 910,0.19 
mp,dens, 910,110/ 11OOO*g) 
mp,damp,910,0.035/df 

/COM ~ M a t e r i a l  9 1 1 .  S o i l  
mp,ex,911,13879 
mp,nuxy, 911,0.19 
mp,dens, 911,110/ 11OOO*g) 
mp,damp,911,0.039/df 

/COM ~ Lower Bound Soil P r o u e r t i e s  G e o m a t r i x  /COM ~ M a t e r i a l  912, S o i l  
S o i l  D a t a  
/COM ~ 1 9  Layer Mode 
/COM ~ M a t e r i a l  Definitions 

/COM ~ M a t e r i a l  9 0 1 ,  S o i l  
mp,ex,901,10870 
mp,nuxy, 901,O. 24 
mp,dens, 901,110/ 11OOO*g) 
mp,damp,901,0.018/df 

/COM ~ M a t e r i a l  902, S o i l  
mp, ex, 90 2,9 930 
mp,nuxy, 902,O. 24 
mp,dens, 902,110/ 11OOO*g) 
mp,damp,902,0.030/df 

/COM ~ M a t e r i a l  903, S o i l  
mp, ex, 90 3,8 904 
mp,nuxy, 903,O. 24 
mp,dens, 903,110/ 11OOO*g) 
mp,damp,903,0.043/df 

/COM ~ M a t e r i a l  904, S o i l  
mp,ex,904,9274 
mp,nuxy, 904,O. 24 
mp,dens, 904,110/ 11OOO*g) 

[Top Layer) 

mu.ex.912.13408 ~. . . 
mp,nuxy, 912,0.19 
mp,dens, 912,110/ 11OOO*g) 
mp,damp,912,0.043/df 

/COM ~ M a t e r i a l  913, S o i l  
mp,ex,913,16152 
mp,nuxy, 913,0.19 
mp,dens, 913,110/ 11OOO*g) 
mp,damp,913,0,032/df 

/COM ~ M a t e r i a l  914, S o i l  
mp,ex,914,16097 
mp,nuxy, 914,0.19 
mp,dens, 914,110/ 11OOO*g) 
mp,damp,914,0,032/df 

/COM ~ M a t e r i a l  915, S o i l  
mp,ex,915,22066 
mp,nuxy, 915,O. 28 
mp,dens, 915,120/ 11OOO*g) 
mp,damp,915,0.028/df 

/COM ~ M a t e r i a l  916, S o i l  
mp,ex,916,24180 
mp,nuxy, 916,0.28 
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m p , d e n s ,  9 1 6 , 1 2 0 /  11OOO*g) 
m p , d a m p , 9 1 6 , 0 . 0 2 8 / d f  

/COM ~ Material 9 1 7 ,  Soil 
m n . e x . 9 1 7 . 2 3 8 4 6  ~. . . 
m p , n u x y ,  9 1 7 , O .  2 8  
m p , d e n s ,  9 1 7 , 1 2 0 /  11OOO*g) 
m p , d a m p , 9 1 7 , 0 . 0 2 9 / d f  

/COM ~ Material 9 1 8 ,  Soil 
m p , e x , 9 1 8 , 2 3 8 6 1  
m p , n u x y ,  9 1 8 , O .  2 8  
m p , d e n s ,  9 1 8 , 1 2 0 /  11OOO*g) 
m p , d a m p , 9 1 8 , 0 . 0 2 9 / d f  

/COM ~ Material 9 1 9 ,  Soil 
m p , e x , 9 1 9 , 2 7 1 0 6  
m p , n u x y ,  9 1 9 , 0 . 2 8  
m p , d e n s ,  919,120/ 11OOO*g) 
m p , d a m p , 9 1 9 , 0 , 0 2 6 / d f  

Solve-Gravity-LB.txt 

/prep7 
m a s s - r - 1 4 8 4 1 4 . 5 9  
d , m a s t e r - n o d e ,  a l l  
allsel 

cmsel,s,excav-soil 
n S l e  

n s e l ,  r , l o c , x , - c t x  1 6 )  -1, c t x  1 6 )  tl 
n s e l ,  r , l o c ,  y ,O,-ctx 1 6 )  -1 

c s y s , o  

cmsel,s,excav-soil 
n S l e  

n s e l ,  r , l o c , x , c t x  Ill) -1, c t x  1 1 3 ) t l  
nsel,r,loc,r,so~lrll),~~~l~l3)1 
e s 1 n , r , 1  
m p c h g , 8 1 0 , a l l  

*do, I ,  8 0 1 , 8 0 8  
e s e l , s , m a t ,  ,I 
m p c h g ,  it10, a l l  
*enddo 
allsel 

/oUt,PNNL-AY-ZD-NL-BEC-LBS,out 
/Sol"  

C S Y S , l  

an type ,  t r a n s  
TRNOPT,FULL 
l u m p m ,  O F F  
!nlgeom, on 

N R O P T , a u t o  
NTIM-2 !NUMBER OF TIME S T E P S  
DT-0.01 
T I M - l e - 0 6  
a u t o t s ,  on 
KBC, on 
T I M I N T , O N ,  STRU 
s o l c o n t r o l , O N , o f f , ,  

/COM ~ Dimension H o r i z o n t a l  I n p u t  
* D I M , A - l - x , , 2 0 4 8  
* D I M , A - l - Z , , 2 0 4 8  

* V R E A D , A - l - x l l ) , t h - 2 6 6 - L B g e o , t x t  
1 8 l F 9 . 6 ) )  

* V R E A D , A ~ l ~ Z j l ) , t h ~ 2 6 6 ~ L B g e o v , t x t  
1 8 l F 9 . 6 ) )  

/ T i t l e , L o a d  C a s e :  LBS-BEC, F u l l  N o n - l i n e a r ,  
F i n a l  P T  Mesh 
O U T P R , a l l , N O N E ,  
OUTRES, ALL,NONE, 
O U T R E S , R S O L , l a s t  

a lphad ,a lpha  
NSUBS T,  2 0,2 0 0 , 5 ,  ON 
TIME,  1 0 0  
T I M I N T , o f f  

SOLVE 
ace1,0,0,g 

SAVE 
T I M I N T , o n  
I T I M - 1  
DS-TIM 
NSUBST,  1,20,1, ON 

d d e l e , r n a s t e r - n o d e , u x  
d d e l e , m a s t e r - n o d e , u r  

esel, s, type,, 6 1 , 6 3 , 2  
m p c h g ,  6 4 , a l l  

ese1, s, type,, 9 1 , 9 3 , 2  
m p c h g ,  92,all 

allsel 

*DO,  I T I M ,  l , N T I M ,  I 

TIM-DT*ITIM 

TIME,  T I M t l O O  

F , m a S t e r - n O d e ,  FX,A-l-X l i t i m )  *mass*g*l. 175 
F , m a S t e r - n O d e , F z ,  [A-1-2 l i t i m )  *1.12+1)* Imassi 
m a s s - r )  *g 

ncnv, 0,200 
LNSRCH,OFF 
PRED, on , ,  on 

/COM ~ Time F i l e  

SOLVE 
SAVE 
*ENDDO 
F I N I S H  
/ o u t  
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Solve-TH-LB 

/prep7 
m a s s - r - 1 4 8 4 1 4 . 5 9  
d , m a s t e r - n o d e ,  a l l  
allsel 

c s y s , o  
n s e l , r , l o c , x , - c t x  1 6 )  -1, c t x  1 6 )  +I 
n s e l ,  r , l o c ,  y ,O,-ctx 1 6 )  -1 

C S Y S , l  
n s e l ,  r , l o c , x , c t x  Ill) -1, c t x  1 1 3 ) t l  
nsel,r,loc,r,so~lrll),~~~l~l3)1 
e s 1 n , r , 1  
m p c h g , 8 1 0 , a l l  

*do, I ,  8 0 1 , 8 0 8  
e s e l , s , m a t ,  ,I 
m p c h g ,  it10, a l l  
*enddo 
allsel 

/out,PNNL-AY-2D-NL-BEC-LBS,out 
/Sol"  
an type ,  t r a n s  
TRNOPT,FULL 
l u m p m ,  O F F  
!nlgeom, on 

N R O P T , a u t o  
N T I M - 2 0 4  8 !NUMBER OF TIME S T E P S  
DT-0.01 
T I M - l e - 0 6  
a u t o t s ,  on 
KBC, on 
T I M I N T , O N ,  STRU 
s o l c o n t r o l . 0 N . o f f . .  
ncnv, 0 , 2 0 0  
LNSRCH,OFF 
PRED, on , ,  on 

/COM ~ Time F i l e  

/COM ~ Dimension H o r i z o n t a l  I n p u t  
* D I M , A - l - x , , 2 0 4 8  
* D I M , A - l - Z , , 2 0 4 8  

* V R E A D , A - l - x l l ) , t h - 2 6 6 - L B g e o , t x t  
1 8 l F 9 . 6 ) )  

/ T i t l e , L o a d  C a s e :  LBS-BEC, F u l l  N o n - l i n e a r ,  
F i n a l  P T  Mesh 
O U T P R , a l l , N O N E ,  
OUTRES, ALL,NONE, 
0 U T R E S . R S O L . l a s t  
O U T R E S , N S O L , l a s t  
O U T R E s , E s O L , l a ~ t , c ~ n C t a n k  
OUTRES, S t rs ,  l a s t ,  P r i m a r y - t a n k  

OUTRES,ESOL,  l a s t ,  J b o l t s  
O U T R E S , E p e l , l a s t ,  l i n e r  
o " t r e s , e s o l , l a s t , w a l l l n t g a p  
o " t r e s , e s o l , l a s t , c o n c e x c a v w a l l g a p  
o u t r e s , e s o l , l a s t , c o n c e x c a v d o m e g a p  
O " t r e S , S t r S , l a S t , e x C a v s o l l  

O u t r e S , S t r S , l a S t , b o t t o m s o l l  
o u t r e s , e s o l , l a s t , b o l t f r l c t l o n  
o " t r e s , e s o l , l a s t , w a s t e s u r f  
O u t r e S , S t r S , l a S t , l n S U l c o n c  
o u t r e s , e s o l , l a s t , p r i m a r y l n t g a p  
o u t r e s , e s o 1 , 1 a s t , c o n c l l n e r g a p  
o " t r e s , e s o l , l a s t , f a r s o l l c o n t a c t  
o u t r e s , e s o l , l a s t , s o i l c o n t a c t f o o t e l e m  

a lphad ,a lpha  
NSUBS T,  2 0,2 0 0 , 5 ,  ON 
TIME,  1 0 0  
T I M I N T .  o f f  
ace1,0,0,g 
SOLVE 
SAVE 
T I M I N T , o n  
I T I M - 1  
DS-TIM 
NSUBST,  1,20,1, ON 

d d e l e , r n a s t e r - n o d e , u x  
d d e l e , m a s t e r - n o d e , u r  

esel, s, type,, 6 1 , 6 3 , 2  
m p c h g ,  6 4 , a l l  

ese1, s, type,, 9 1 , 9 3 , 2  
m p c h g ,  92,all 

allsel 

*DO,  I T I M ,  l , N T I M ,  I 

TIM-DT*ITIM 

TIME,  T I M t l O O  

F , m a S t e r - n O d e ,  FX,A-l-X l i t i m )  *mass*g*l. 175 
F , m a S t e r - n O d e , F z ,  [A-1-2 l i t i m )  *1.12+1)* Imassi 
m a s s - r )  *g 

SOLVE 
SAVE 
*ENDDO 
F I N I S H  
/ o u t  

Tank-Props-BEC-250 

/COM ~ T a n k  C o n c r e t e  P r o p e r t i e s  

/COM ~ Material D e f i n i t i o n s  
! EX ~ Y o u n g s  Modulus,  l k / f t 2 )  
! NUXY ~ P o i s o n s  r a t i o  
! DENS ~ D e n s i t y  1100O*s lugs / f t3 )  
! DAMP ~ B e t a  [ S t i f f n e s s )  D a m p i n g  

/COM ~ Material 1, T a n k  C o n c r e t e  
m p , e x , l ,  6 2 6 7 5 4  
m p , n u x y ,  1,O. 18 
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mp,dens, 1,148/ 1 1 O O O * g )  
mp, damp, 1,O. 07 /df 

/COM ~ Material 2. Tank Concrete 
mu. ex I 2 I 620114 ~. . . 
mp,nuxy, 2,O. 18 
mp,dens, 2,149/ 11000*9) 
mp, damp, 2,O. 07/df 

/COM ~ Material 3, Tank Concrete 
mp,ex,3,616594 
mp,nuxy, 3,O. 18 
mp,dens, 3,149/ 1 1 O O O * g )  
mp, damp, 3,O. 07 /df 

/COM ~ Material 4, Tank Concrete 
mp,ex,4,610922 
mp,nuxy, 4,O. 18 
mp,dens, 4,149/ 1 1 O O O * g )  
mp, damp, 4,O. 07 /df 

/COM ~ Material 5, Tank Concrete 
mp,ex, 5,612305 
mp,nuxy, 5,0.18 
mp,dens, 5,148/ 1 1 O O O * g )  
mp, damp, 5,O. 07 /df 

/COM ~ Material 6, Tank Concrete 
mp,ex,6,607093 
mp,nuxy, 6,O. 18 
mp,dens, 6,148/ 1 1 O O O * g )  
mp, damp, 6,O. 07 /df 

/COM ~ Material 7, Tank Concrete 
mp,ex,7,639237 
mp,nuxy, 7,O. 18 
mp,dens, 7,146/ 1 1 O O O * g )  
mp, damp, 7,O. 07 /df 

/COM ~ Material 8, Tank Concrete 
mp,ex,8,634338 
mp,nuxy, 8,O. 18 
mp,dens, 8,147/ 1 1 O O O * g )  
mp, damp, 8,O. 07 /df 

/COM ~ Material 9, Tank Concrete 
mp,ex,9,628756 
mp,nuxy, 9,O. 18 
mp,dens, 9,147/ 11000*9) 
mp, damp, 9,O. 07 /df 

/COM ~ Material.10, Tank Concrete 
mu.ex.10.193677 ~. . . 
mp,nuxy, 10,O. 18 
mp,dens,lO,l65/ 1 1 O O O * g )  
mp,damp, 10,0.07/df 

/COM ~ Material,ll, Tank Concrete 
mp,ex,ll,575959 
mp,nuxy, 11,O. 18 
mp,dens,11,144/11000*g) 
mp,damp, 11,0.07/df 

/COM ~ Materlal,lE, Tank Concrete 
mp,ex,12,202953 
mp,nuxy, 12,O. 18 
mp,dens,l2,159/ 1 1 O O O * g )  
mp,damp, 12,0.07/df 

/COM ~ Material,l3, Tank Concrete 
mp,ex,13,157426 

mp,nuxy, 13,O. 18 
mp,dens,13,176/ 1 1 O O O * g )  
mp,damp, 13,0.07/df 

/COM ~ Material,l4, Tank Concrete 
mp,ex,14,153784 
mp,nuxy, 14,O. 18 
mp,dens,14,193/ 1 1 O O O * g )  
mp,damp, 14,0.07/df 

/COM ~ Material,l5, Tank Concrete 
mu.ex.15.136651 ~. . . 
mp,nuxy, 15,O. 18 
mp,dens,l5,200/ 1 1 O O O * g )  
mp,damp, l5,0.07/df 

/COM ~ Material,l6, Tank Concrete 
mp,ex,16,136651 
mp,nuxy,l6,0.18 
mp,dens,l6,200/ 1 1 O O O * g )  
mp , damp, 1 6,O . 0 7 /df 

/COM ~ Material,l7, Tank Concrete 
mp,ex,17,138084 
mp,nuxy, 17,O. 18 
mp,dens,l7,l81/11000*g) 
mp,damp, 17,0.07/df 

/COM ~ Material,l8, Tank Concrete 
mp,ex,18,123378 
mp,nuxy, 18,O. 18 
mp,dens,l8,209/ 1 1 O O O * g )  
mp,damp, 18,0.07/df 

/COM ~ Material,l9, Tank Concrete 
mp,ex,19,124633 
mp,nuxy,l9,0.18 
mp,dens,19,190/ 1 1 O O O * g )  
mp , damp, 1 9,O . 0 7 /df 

/COM ~ Material,EO, Tank Concrete 
mp,ex,20,124388 
mp,nuxy, 20,O. 18 
mp,dens,20,210/11000*g) 
mp,damp, 20,0.07/df 

/COM ~ Materlal,El, Tank Concrete 
mp,ex,21,548683 
mp,nuxy, 21,O. 18 
mp,dens,21,166/ 1 1 O O O * g )  
mp,damp, 21,0.07/df 

/COM ~ Material,ZE, Tank Concrete 
mp,ex,22,154870 
mp,nuxy, 22,O. 18 
mp,dens,22,184/11000*g) 
mp,damp, 22,0.07/df 

/COM ~ Material,23, Tank Concrete 
mu.ex.23.514287 ~. . . 
mp,nuxy, 23,O. 18 
mp,dens,23,172/ 1 1 O O O * g )  
mp, damp, 23,O. 0 60/df 

/COM ~ Material,24, Tank Concrete 
mu.ex.24.164113 . .  . . 
mp,nuxy, 24,O. 18 
mp,dens,24,288/11000*g) 
mp,damp, 24,0.07/df 

/COM ~ Material,25, Tank Concrete 
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mp,ex,25,522946 
mp,nuxy, 25,O. 18 
mp,dens,25,201/11000*g) 
mp,damp, 25,0.07/df 

/COM ~ Material,26, Tank Concrete 
mp,ex,26,194254 
mp,nuxy,26,0.18 
mp,dens,26,322/ 1 1 O O O * g )  
mp , damp, 2 6,O . 0 7 /df 

/COM ~ Material,27, Tank Concrete 
mp,ex,27,199783 
mp,nuxy, 27,O. 18 
mp,dens,27,281/11000*g) 
mp,damp, 27,0.07/df 

/COM ~ Material.28, Tank Concrete 
mu.ex.28.162553 ~. . . 
mp,nuxy, 28,O. 18 
mp,dens,28,299/ 1 1 O O O * g )  
mp,damp, 28,0.07/df 

/COM ~ Material,29, Tank Concrete 
mp,ex,29,200531 
mp,nuxy,29,0.18 
mp,dens, 29,3894/ 11OOO*g) 
mp , damp, 2 9,O . 0 7 /df 

/COM ~ Material,30, Tank Concrete 
mp,ex,30,167538 
mp,nuxy, 30,O. 18 
mp,dens,30,411/11000*g) 
mp,damp, 30,0.07/df 

/COM ~ Material,31, Tank Concrete 
mp,ex,31,731952 
mp,nuxy, 31,O. 18 
mp,dens,31,150/11000*g) 
mp,damp, 31,0.07/df 

/COM ~ Material,32, Tank Concrete 
mp,ex,32,731952 
mp,nuxy, 32,O. 18 
mp,dens,32,150/11000*g) 
mp,damp, 32,0.07/df 

!/COM ~ Material,33, Tank Concrete 
!mp,ex,33,731952 
!mp,nuxy,33,0.18 
!mp,dens,33,150/jlOOO*g) 
!mp,damp,33,0.07/df 

!/COM ~ Material,34, Tank Concrete 
!mp,ex,34,731952 
!mp,nuxy,34,0.18 
!mp,dens,34,150/jlOOO*g) 
!mp,damp,34,0.07/df 

!/COM ~ Material,35, Tank Concrete 
!mp,ex,35,731952 

!mp,nuxy,35,0.18 
!mp,dens,35,l50/11000*g) 
!mp,damp,35,0.07/df 

!/COM ~ Material.36. Tank Concrete 
!mp,ex,36,731952 
!mp,nuxy,36,0.18 
!mp,dens,36,l50/11000*g) 
!mp,damp,36,0.07/df 

!/COM ~ Material.37, Tank Concrete 
!mu.ex.37.731952 ~. . . 
!mp,nuxy,37,0.18 
!mp,dens,37,l50/11000*g) 
!mp,damp,37,0.07/df 

/COM ~ Concrete Real Values, t in ft 
r,l,l.26 
r,2,1.26 
r,3,1.26 
r,4,1.26 
r, 5,1.27 
r, 6,1.26 
r, 7,1.28 
r, 8,1.28 
r. 9.1.73 . .  
r, 10,1.73,1.73,2.23,2.23 
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,l. 17 
r.15.1.13 . .  
r,16,1.13 
r, 17,l. 24 
r, 18,1.07 
r,19,1.18 
r, 20,1.07 
r, 21,l. 97 
r. 22.1.68 . .  
r, 23,1.43 
r, 24,1.43,1.43,0.51,0.51 
r, 25,0.51,0.51,0.66,0.66 
r, 26,O. 66,O. 66,O. 41,0.41 
r, 27,0.58 
r, 28,0.55 
r.29.0.42 . .  
r, 30,0.40 
r, 31,0.40,0.40,1.02,1.02 
r, 32,1.02 
! r, 34,l 

! 15 in 
! 15 in 
! 15 in 
! 15 in 
! 15 in 
! 15 in 
! 15 in 
! 15 in 
! 15 in 
! 15 in to 

! 18 in 
! 18 in 
! 18 in 
! 18 in 
! 18 in 
! 18 in 
! 18 in 
! 18 in 
! 18 in 
! 18 in 

! r, 35,l 
!r,36,1 
! r, 37,l 
!r,39,1 

/COM ~ Materlal,iO, Insulating Concrete 
mp,ex,50,23760 
mp,nuxy, 50,O. 15 
mp,dens,50,50/ 1 1 O O O * g )  
mp,damp, 50,0.07/df 

E.47 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

TH-266-LB-Geo-V.txt 
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LBS-BEC Seismic File Listing 

Volume in drive D 1s 300GB Maxtor 
Volume Serial N u d e r  1s 585PC3F2 

Directory of D:\Bruce\PNNL\PNNL-2D-N1 AY-LBS-BEC-Siesmic 

12/21/2005 07:56 AM 
12/21/2005 07:56 AM 

:DIR> 
:DIR> 

12/10/2005 12:OO PM 
12/10/2005 12:06 PM 
12/10/2005 12:08 PM 
12/10/2005 12:02 PM 
12/10/2005 12:04 PM 

535,476 
535,728 
535,728 
535,476 
535,728 

Accel-ct-0.0ut 
Accel-ct-l35.out 
Accel-ct-l8O.out 
Accel-ct-45.out 
Accel-ct-90.out 
ACCel-Ct.Out 
Accel-PT-O.out 
Accel-PT-135.out 
Accel-PT-18O.out 
Accel-PT-45.out 
Accel-PT-90.out 
Accel-SOil.out 
All-Forces.txt 
BOltS-FriCtiOn.txt 
Boundary.txt 
Contact-AY.txt 
Contact-Footing.txt 
contact-1nsu1.txt 
Contact-J-Bolts.txt 
Contact-Primary.txt 
Contact-Soll.txt 
Contact-Waste-AY.txt 
Far-Soil.txt 
file . bat 
flle.err 

flles.txt 
Fix-Soil.txt 
Footing-Cont-max.OUT 
F00ting-COnt-th.OUT 
Force-c.txt 
Force-c~lO8amax.OUT 
Force-c~lO8ath.OUT 
Force-c~lO8max.OUT 
Force-c~lO8th.OUT 
Force-c~ll7amax.OUT 
Force-c~ll7ath.OUT 
Force-c~ll7max.OUT 
Force-c~ll7th.OUT 
Force-c~l26amax.OUT 
Force-c~l26ath.OUT 
Force-c~l26max.OUT 
Force-c~l26th.OUT 
Force-c~l35amax.OUT 
Force-c~l35ath.OUT 
Force-c~l35max.OUT 
Force-c~l35th.OUT 
Force-c-144amax.OUT 
Force-c-144ath.OUT 
Force-c~l44max.OUT 
Force-c-144th.OUT 
Force-c~l53amax.OUT 
Force-c~l53ath.OUT 
Force-c~l53max.OUT 
Force-c~l53th.OUT 
Force-c~l62amax.OUT 
Force-c~l62ath.OUT 
Force-c~l62max.OUT 
Force-c~l62th.OUT 
Force-c~l7lamax.OUT 
Force-c~l7lath.OUT 

file. l o g  

12/10/2005 12:09 PM 
12/10/2005 12:ll PM 

277,176 
535.728 

12/10/2005 12:17 PM 
12/10/2005 12:19 PM 
12/10/2005 12:13 PM 
12/10/2005 12:15 PM 

535,728 
535,728 
535,728 
535,728 

12/10/2005 12:21 PM 
09/27/2005 03:47 PM 
09/02/2005 02:Ol PM 

535,728 
99 

5.766 
06/09/2005 01:59 PM 
10/31/2005 12:24 PM 
12/01/2005 09:11 AM 
09/02/2005 09:28 AM 

262 
189 
586 
604 

09/02/2005 09:5l AM 
09/09/2005 09:59 AM 
09/15/2005 11:50 AM 

602 
608 
742 
630 

8, 608 
2,046 

68 
456 
0 

562 

09/06/2005 11:16 AM 
09/22/2005 04:05 PM 
11/03/2005 1O:Ol AM 
11/03/2005 1O:Ol AM 
11/03/2005 1O:Ol AM 
12/21/2005 07:56 AM 
10/13/2005 06:54 AM 
12/14/2005 10:59 AM 
12/14/2005 10:59 AM 
04/06/2005 08:24 AM 
11/07/2005 03:40 PM 

10,342 
4,144,248 

894 
4,996 

11/07/2005 03:40 PM 
11/07/2005 12:45 PM 

2,770,500 
14,716 

11/07/2005 12:45 PM 
11/07/2005 03:48 PM 
11/07/2005 03:48 PM 
11/07/2005 12:54 PM 
11/07/2005 12:54 PM 

6,216,180 
4,996 

2,770,500 
14,716 

6,216,180 
11/07/2005 03:57 PM 
11/07/2005 03:57 PM 

4,996 
2.770.500 

11/07/2005 01:02 PM 
11/07/2005 01:02 PM 
11/07/2005 04:05 PM 
11/07/2005 04:05 PM 
11/07/2005 01:11 PM 

. .  
14,716 

6,216,180 
4,996 

2,770,500 
14,716 

11/07/2005 01:11 PM 
11/07/2005 04:14 PM 

6,216,180 
4.996 

11/07/2005 04:14 PM 
11/07/2005 01:20 PM 
11/07/2005 01:20 PM 
11/07/2005 04:22 PM 

2,770,500 
14,716 

6,216,180 
4,996 

11/07/2005 04:23 PM 
11/07/2005 01:29 PM 
11/07/2005 01:29 PM 

2,770,500 
14,716 

6.216.180 
11/07/2005 04:32 PM 
11/07/2005 04:32 PM 
11/07/2005 01:38 PM 
11/07/2005 01:38 PM 

. .  
4,996 

2,770,500 
14,716 

6,216,180 
11/07/2005 04:40 PM 
11/07/2005 04:40 PM 

4,996 
2,770,500 
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14,716 
6,216,180 

Force-c~l7lrnax.OUT 
Force-c~l7lth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~27arnax.OUT 
Force-c-27ath.OUT 
Force-c~27rnax.OUT 
Force-c-27th.OUT 
Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~72arnax.OUT 
Force-c-72ath.OUT 
Force-c~72rnax.OUT 
Force-c-72th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c-9th.OUT 
Force-]b-rlO-th.OUT 
Force-]b-rlO-rnax.OUT 
Force-]b-rll-th.OUT 
Force-]b-rll-rnax.OUT 
Force-lb-rE-th.OUT 
Force-]b-r2-rnax.OUT 
Force-]b-r3-th.OUT 
Force-]b-r3-rnax.OUT 
Force-]b-r4-th.OUT 
Force-]b-r4-rnax.OUT 
Force-]b-r5-th.OUT 
Force-lb-ri-rnax.OUT 
Force-]b-r6-th.OUT 
Force-]b-r6-rnax.OUT 
Force-]b-r7-th.OUT 
Force-]b-r7-rnax.OUT 
Force-]b-r8-th.OUT 
Force-]b-r8-rnax.OUT 
Force-]b-r9-th.OUT 
Force-]b-r9-rnax.OUT 
Force-]-bolt.txt 

11/07/2005 01:47 PM 
11/07/2005 01:47 PM 
11/07/2005 04:49 PM 
11/07/2005 04:49 PM 
11/07/2005 01:56 PM 

4,996 
2,770,500 

14.716 
11/07/2005 01:56 PM 
11/07/2005 02:14 PM 
11/07/2005 02:14 PM 
11/07/2005 11:17 AM 

6,216,180 
4,996 

2,770,500 
14,716 

11/07/2005 11:17 AM 
11/07/2005 02:22 PM 
11/07/2005 02:22 PM 

6,216,180 
4,996 

2.770.500 
11/07/2005 11:25 AM 
11/07/2005 11:25 AM 
11/07/2005 02:30 PM 
11/07/2005 02:30 PM 

. .  
14,716 

6,216,180 
4,996 

2,770,500 
11/07/2005 11:34 AM 
11/07/2005 11:34 AM 
11/07/2005 02:39 PM 

14,716 
6,216,180 

4.996 
11/07/2005 02:39 PM 
11/07/2005 11:43 AM 
11/07/2005 11:43 AM 
11/07/2005 02:48 PM 

2,770,500 
14,716 

6,216,180 
4,996 

11/07/2005 02:48 PM 
11/07/2005 11:52 AM 
11/07/2005 11:52 AM 

2,770,500 
14,716 

6.216.180 
11/07/2005 02:56 PM 
11/07/2005 02:56 PM 
11/07/2005 12:Ol PM 
11/07/2005 12:Ol PM 

. .  
4,996 

2,770,500 
14,716 

6,216,180 
11/07/2005 03:05 PM 
11/07/2005 03:05 PM 

4,996 
2,770,500 

11/07/2005 12:lO PM 
11/07/2005 12:lO PM 
11/07/2005 03:14 PM 
11/07/2005 03:14 PM 
11/07/2005 12:18 PM 

. .  
14,716 

6,216,180 
4,996 

2,770,500 
14,716 

11/07/2005 12:18 PM 
11/07/2005 03:22 PM 

6,216,180 
4.996 

11/07/2005 03:22 PM 
11/07/2005 12:27 PM 
11/07/2005 12:27 PM 
11/07/2005 03:31 PM 

2,770,500 
14,716 

6,216,180 
4,996 

11/07/2005 03:31 PM 
11/07/2005 12:36 PM 
11/07/2005 12:36 PM 

2,770,500 
14,716 

6.216.180 
11/07/2005 02:05 PM 
11/07/2005 02:05 PM 
11/07/2005 11:08 AM 
11/07/2005 11:08 AM 

. .  
4,996 

2,770,628 
14,716 

6,216,308 
11/08/2005 02:36 AM 
11/08/2005 02:36 AM 
11/08/2005 02:36 AM 

2,542,344 
5,239 

2’542.344 
11/08/2005 02:36 AM 
11/08/2005 02:31 AM 
11/08/2005 02:31 AM 
11/08/2005 02:31 AM 

. .  
5,239 

2,542,472 
5,239 

2,542,344 
11/08/2005 02:31 AM 
11/08/2005 02:32 AM 
11/08/2005 02:32 AM 

5,239 
2,542,344 

5.239 
11/08/2005 02:32 AM 
11/08/2005 02:32 AM 
11/08/2005 02:33 AM 
11/08/2005 02:33 AM 

2,542,344 
5,239 

2,542,344 
5,239 

11/08/2005 02:34 AM 
11/08/2005 02:34 AM 

2,542,344 
5,239 

11/08/2005 02:34 AM 
11/08/2005 02:34 AM 
11/08/2005 02:35 AM 
11/08/2005 02:35 AM 
06/20/2005 10:53 AM 

2,542,344 
5,239 

2,542,344 
5,239 

661 
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2,728 
1,200,144 

Insul~Cont~lO8max.OUT 
Insul-Cont 108th.OUT 

11/05/2005 01:53 PM 
11/05/2005 01:53 PM 
11/05/2005 01:56 PM 
11/05/2005 01:56 PM 
11/05/2005 01:58 PM 

2,728 
1,200,144 

2.728 

1nsul-contI117rnax. OUT 
Insul-Cont-ll7th.OUT 
Insul~Cont~l26max.OUT 
Insul-Cont-126th.OUT 
Insul~Cont~l35max.OUT 
Insul-Cont-135th.OUT 
Insul~Cont-144max.OUT 
Insul-Cont-144th.OUT 
Insul~Cont~l53max.OUT 
Insul-Cont-li3th.OUT 
Insul~Cont~l62max.OUT 
Insul-Cont-162th.OUT 
Insul~Cont~l7lmax.OUT 
Insul-Cont-17lth.OUT 
Insul~Cont~l8Omax.OUT 
Insul-Cont~l8Oth.OUT 
Insul-Cont-18max.OUT 
Insul-Cont-18th.OUT 
Insul-Cont-27max.OUT 
Insul-Cont-27th.OUT 
Insul-Cont-36max.OUT 
Insul-Cont-36th.OUT 
Insul-Cont-45max.OUT 
Insul-Cont-45th.OUT 
Insul-Cont-54max.OUT 
Insul-Cont-54th.OUT 
Insul-Cont-63max.OUT 
Insul-Cont-63th.OUT 
Insul-Cont-72max.OUT 
Insul-Cont-72th.OUT 
Insul-Cont-8lmax.OUT 
Insul-Cont-8lth.OUT 
Insul-Cont-90max.OUT 
Insul-Cont-90th.OUT 
Insul-Cont-99max.OUT 
Insul-Cont-99th.OUT 
Insul-Cont-9max.OUT 
Insul-Cont-9th.OUT 
1nsu1ate.txt 

1nterfacel.txt 
J~Bolt~Cont~lO8max.OUT 
J~Bolt~Cont-lO8th.OUT 
J-Bolt-COnt 117max.OUT 

1nterface-gapl.txt 

11/05/2005 01:58 PM 
11/05/2005 02:Ol PM 
11/05/2005 02:Ol PM 
11/05/2005 02:04 PM 

1,200,144 
2,728 

1,200,144 
2,728 

11/05/2005 02:04 PM 
11/05/2005 02:06 PM 
11/05/2005 02:06 PM 

1,200,144 
2,728 

1’200.544 
11/05/2005 02:lO PM 
11/05/2005 02:lO PM 
11/05/2005 02:12 PM 
11/05/2005 02:12 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
11/05/2005 02:15 PM 
11/05/2005 02:15 PM 
11/05/2005 01:25 PM 

2,728 
1,200,144 

2.728 
11/05/2005 01:25 PM 
11/05/2005 01:27 PM 
11/05/2005 01:27 PM 
11/05/2005 01:30 PM 

1,200,144 
2,728 

1,200,144 
2,728 

11/05/2005 01:30 PM 
11/05/2005 01:33 PM 
11/05/2005 01:33 PM 

1,200,144 
2,728 

1’200.544 
11/05/2005 01:36 PM 
11/05/2005 01:36 PM 
11/05/2005 01:39 PM 
11/05/2005 01:39 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
11/05/2005 01:42 PM 
11/05/2005 01:42 PM 

2,728 
1,200,544 

11/05/2005 01:44 PM 
11/05/2005 01:44 PM 
11/05/2005 01:47 PM 
11/05/2005 01:47 PM 
11/05/2005 01:50 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
2,728 

11/05/2005 01:50 PM 
11/05/2005 01:22 PM 

1,200,144 
2.728 

11/05/2005 01:22 PM 
09/01/2005 10:27 AM 
10/13/2005 08:28 AM 
09/09/2005 09:34 AM 

1,200,672 
1, 664 
4,031 
2, 616 

11/05/2005 02:59 PM 
11/05/2005 02:59 PM 
11/05/2005 03:02 PM 

3,052 
1,350,612 

3.052 
11/05/2005 03:02 PM 
11/05/2005 03:06 PM 
11/05/2005 03:06 PM 
11/05/2005 03:lO PM 

1,350,612 
3,052 

1,350,612 
3,052 

J~Bolt~ContI117th.OUT 
J~Bolt~Cont-126max.OUT 
J-Bolt-COnt 126th.OUT 
J-Bo1 t-ContI135max. OUT 
J~Bolt~Cont-135th.OUT 
J~Bolt~Cont-144max.OUT 
J-Bolt-COnt 144th.OUT 

11/05/2005 03:lO PM 
11/05/2005 03:13 PM 
11/05/2005 03:13 PM 

1,350,612 
3,052 

1.350.612 
11/05/2005 03:17 PM 
11/05/2005 03:17 PM 
11/05/2005 03:21 PM 
11/05/2005 03:21 PM 

. .  
3,052 

1,350,612 
3,052 

1,350,612 

J~Bolt~ContIl53max.OUT 
J~Bolt~Cont-153th.OUT 
J-Bolt-COnt 162max.OUT 

11/05/2005 03:25 PM 
11/05/2005 03:25 PM 
11/05/2005 03:28 PM 

3,052 
1,350,612 

3.052 
11/05/2005 03:28 PM 
11/05/2005 02:22 PM 
11/05/2005 02:22 PM 
11/05/2005 02:26 PM 

1,350,612 
3,052 

1,350,612 
3,052 

11/05/2005 02:26 PM 
11/05/2005 02:30 PM 

1,350,612 
3,052 

11/05/2005 02:30 PM 
11/05/2005 02:33 PM 
11/05/2005 02:33 PM 
11/05/2005 02:37 PM 
11/05/2005 02:37 PM 

1,350,612 
3,052 

1,350,612 
3,052 

1,350,612 
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3,052 
1,350,612 

J~Bolt~Cont-63max.OUT 
J-Bolt-COnt 63th.OUT 

11/05/2005 02:40 PM 
11/05/2005 02:40 PM 
11/05/2005 02:44 PM 
11/05/2005 02:44 PM 
11/05/2005 02:48 PM 

3,052 
1,350,612 

3.052 

J-Bolt-ContI72max .OUT 
J-Bolt-Cont-72th.OUT 
J~Bolt~Cont-8lmax.OUT 
J-Bolt-Cont~8lth.OUT 
J~Bolt~Cont-90max.OUT 
J-Bolt-Cont-90th.OUT 
J~Bolt~Cont-99max.OUT 
J-Bolt-Cont-99th.OUT 
J-Bolt-Cont-9max.OUT 
J-Bolt-Cont-9th.OUT 
Llner.txt 
1ive-load.txt 
Near-Soil-l.txt 
outer-spar. txt 
PNNL-ED-LBS-BEC.BCS 
PNNL-2D-LBS-BEC.db 
PNNL-2D-LBS-BEC.emat 
PNNL-2D-LBS-BEC.err 
PNNL-2D-LBS-BEC.esav 
PNNL-2D-LBS-BEC.ful1 
PNNL-2D-LBS-BEC.ldhi 
PNNL-2D-LBS-BEC.log 
PNNL-2D-LBS-BEC.mntr 
PNNL-2D-LBS-BEC.osav 

11/05/2005 02:48 PM 
11/05/2005 02:51 PM 
11/05/2005 02:52 PM 
11/05/2005 02:55 PM 

1,350,612 
3,052 

1,350,612 
3,052 

11/05/2005 02:55 PM 
11/05/2005 02:19 PM 
11/05/2005 02:19 PM 

1,350,612 
3,052 

1.350.740 
06/01/2005 01:17 PM 
05/02/2005 02:19 PM 
11/02/2005 09:25 AM 
04/20/2005 01:14 PM 

1,708 
667 

6,183 
508 

11/05/2005 01:17 PM 
11/05/2005 01:17 PM 
11/05/2005 01:17 PM 

2, 998 
55,574,528 
12.386.304 

12/14/2005 10:57 AM 
11/05/2005 01:17 PM 
11/05/2005 01:17 PM 
11/05/2005 01:16 PM 

. .  
52,007 

102,563,840 
27,918,336 
298,920,099 

12/14/2005 02:47 PM 
11/05/2005 01:17 PM 
11/05/2005 01:16 PM 

2,524 
189,791 

102.563.840 
11/05/2005 01:17 PM 
11/05/2005 01:17 PM 
11/03/2005 10:02 AM 
11/05/2005 01:17 PM 

. .  
1,507 

103,546,880 
35,782,656 

4,294,967,296 

PNNL-ED-LBS-BEC.PVTS 
PNNL-2D-LBS-BEC.rOOl 
PNNL-2D-LBS-BEC.rdb 
PNNL-ED-LBS-BEC.rst 
PNNL-ED-LBS-BEC.rstO2 
PNNL-ED-LBS-BEC.rstO3 

11/03/2005 08:56 PM 
11/04/2005 02:31 AM 

4,294,967,296 
4,294,967.296 . . .  

11/04/2005 08:06 AM 4,294,967,296 
11/04/2005 01:47 PM 4,294,967,296 
11/04/2005 07:36 PM 4,294,967,296 
11/05/2005 01:29 AM 4,294,967,296 
11/05/2005 07:34 AM 4,294,967,296 

PNNL-ED-LBS-BEC.rstO4 
PNNL-ED-LBS-BEC.rstO5 
PNNL-ED-LBS-BEC.rstO6 
PNNL-ED-LBS-BEC.rst07 
PNNL-ED-LBS-BEC.rstO8 
PNNL-ED-LBS-BEC.rstO9 
PNNL-2D-LBS-BEC.stat 
PNNL-AY-2D-NL-BEC-LBS.out 

11/05/2005 01:17 PM 
11/05/2005 01:15 PM 

4,002,217,984 
97 

11/05/2005 01:17 PM 
12/10/2005 11:41 AM 
11/05/2005 04:02 PM 
11/05/2005 04:02 PM 

3,139,708 
80 

2,728 
1,200,144 

post-waste.txt 
Primary~Cont-108max.OUT 
Primary-Cont 108th.OUT 

11/05/2005 04:05 PM 
11/05/2005 04:05 PM 
11/05/2005 04:08 PM 

2,728 
1,200,144 

2.728 
11/05/2005 04:08 PM 
11/05/2005 04:11 PM 
11/05/2005 04:11 PM 
11/05/2005 04:14 PM 

1,200,144 
2,728 

1,200,144 
2,728 

11/05/2005 04:14 PM 
11/05/2005 04:17 PM 
11/05/2005 04:17 PM 

1,200,144 
2,728 

1’200.544 
11/05/2005 04:20 PM 
11/05/2005 04:20 PM 
11/05/2005 04:23 PM 
11/05/2005 04:23 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
11/05/2005 04:25 PM 
11/05/2005 04:25 PM 
11/05/2005 03:33 PM 

2,728 
1,200,144 

2.728 
11/05/2005 03:33 PM 
11/05/2005 03:36 PM 
11/05/2005 03:36 PM 
11/05/2005 03:39 PM 

1,200,144 
2,728 

1,200,144 
2,728 

11/05/2005 03:39 PM 
11/05/2005 03:41 PM 

1,200,144 
2,728 

11/05/2005 03:41 PM 
11/05/2005 03:44 PM 
11/05/2005 03:44 PM 
11/05/2005 03:47 PM 
11/05/2005 03:47 PM 

1,200,144 
2,728 

1,200,144 
2,728 

1,200,144 
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2,728 
1,200,144 

Primary~Cont-72max.OUT 
Primary~Cont-72th.OUT 
Primary~Cont-8lmax.OUT 
Primary~Cont-8lth.OUT 
Primary~Cont-90max.OUT 
Primary~Cont-90th.OUT 
Primary~Cont-99max.OUT 
Primary~Cont-99th.OUT 
Primary~Cont-9max.OUT 
Primary-Cont-9th.OUT 
Primary-Props-AY.txt 
Primarv. txt 

11/05/2005 03:51 PM 
11/05/2005 03:51 PM 
11/05/2005 03:53 PM 
11/05/2005 03:53 PM 
11/05/2005 03:56 PM 

2,728 
1,200,144 

2.728 
11/05/2005 03:56 PM 
11/05/2005 03:59 PM 
11/05/2005 03:59 PM 
11/05/2005 03:31 PM 

1,200,144 
2,728 

1,200,144 
2,728 

11/05/2005 03:31 PM 
10/31/2005 12:18 PM 
09/27/2005 03:52 PM 

1,200,672 
5,549 
1.538 

11/03/2005 1O:Ol AM 
12/10/2005 12:OO PM 
12/10/2005 12:06 PM 
12/10/2005 12:08 PM 

341,370 
47,121 
47,121 
47,121 

QA.out 
RS-ct-O.out 
RS-ct-135.out 
RS-ct-18O.out 
RS-ct-45.out 
RS-ct-90.out 
RS-Ct. out 
RS-PT-O.out 
RS-PT-135.out 
RS-PT-18O.out 
RS-PT-45.out 
RS-PT-90.out 
RS-SOil.out 
RS-FREQ.txt 
Run-Tank-0ut.out 
run-tank.bat 
Run-Tank.txt 
scratch.hlp 
Slave .  txt 
SO~l~COntact~l08max.OUT 
Soil~Contact-lO8th.OUT 
SO~l~COntact~ll7max.OUT 
Soil~Contact-ll7th.OUT 
SOII~COntact-126max.OUT 
Soil~Contact-126th.OUT 
SO~l~COntact~l35max.OUT 
SOIl~COntaCt-135th.OUT 
SOII~COntact-144max.OUT 
SOIl~COntaCt-144th.OUT 
SO~l~COntact~l53max.OUT 
SOIl~COntaCt-153th.OUT 
SOII~COntact-162max.OUT 
Soil~Contact-16Eth.OUT 
SO~l~COntact~l7lmax.OUT 
Soil~Contact-171th.OUT 
SO~l~COntact~l80max.OUT 
Soil~Contact-lBOth.OUT 
Soil~Contact-18max.OUT 
Soil~Contact-18th.OUT 
Soil~Contact-27max.OUT 
Soil~Contact-27th.OUT 
Soil~Contact-36max.OUT 
S01l~C0nta~t-36th.OUT 
Soil~Contact-45max.OUT 
S01l~C0nta~t-45th.OUT 
Soil~Contact-54max.OUT 
S01l~C0nta~t-54th.OUT 
Soil~Contact-63max.OUT 
SOIl~COntaCt-63th.OUT 
Soil~Contact-72max.OUT 
Soil~Contact-72th.OUT 
Soil~Contact-8lmax.OUT 
Soil~Contact-8lth.OUT 
Soil~Contact-90max.OUT 
SOIl~COntaCt-90th.OUT 
Soil~Contact-99max.OUT 
SOIl~COntaCt-99th.OUT 
Soil~Contact-9max.OUT 
Soil-Contact-9th.OUT 

12/10/2005 12:02 PM 
12/10/2005 12:04 PM 
12/10/2005 12:09 PM 

47,121 
47,121 
27.591 

12/10/2005 12:ll PM 
12/10/2005 12:17 PM 
12/10/2005 12:19 PM 
12/10/2005 12:13 PM 

47,121 
47,121 
47,121 
47,121 

12/10/2005 12:15 PM 
12/10/2005 12:21 PM 
10/31/2005 10:31 AM 

47,121 
47,121 
1.108 

11/05/2005 09:OO PM 
09/19/2005 09:37 AM 
11/02/2005 12:28 PM 
12/14/2005 10:57 AM 

1,146,825 
145 

1, 958 
0 

1,053 
9,896 

02/11/2005 01:22 PM 
11/05/2005 05:46 PM 
11/05/2005 05:46 PM 
11/05/2005 05:53 PM 
11/05/2005 05:53 PM 
11/05/2005 05:59 PM 
11/05/2005 05:59 PM 

4,151,880 
9,896 

4,151,880 
9,896 

4,151,880 
11/05/2005 06:06 PM 
11/05/2005 06:06 PM 

9,896 
4.151.880 

11/05/2005 06:13 PM 
11/05/2005 06:13 PM 
11/05/2005 06:20 PM 
11/05/2005 06:20 PM 

. .  
9,896 

4,151,880 
9,896 

4,151,880 
11/05/2005 06:27 PM 
11/05/2005 06:27 PM 
11/05/2005 06:33 PM 

9,896 
4,151,880 

9.896 
11/05/2005 06:33 PM 
11/05/2005 06:40 PM 
11/05/2005 06:40 PM 
11/05/2005 04:39 PM 

4,151,880 
9,896 

4,151,880 
9,896 

11/05/2005 04:39 PM 
11/05/2005 04:45 PM 
11/05/2005 04:45 PM 

4,151,880 
9,896 

4.151.880 
11/05/2005 04:52 PM 
11/05/2005 04:52 PM 
11/05/2005 04:59 PM 
11/05/2005 04:59 PM 

. .  
9,896 

4,151,880 
9,896 

4,151,880 
11/05/2005 05:05 PM 
11/05/2005 05:05 PM 
11/05/2005 05:12 PM 

9,896 
4,151,880 

9.896 
11/05/2005 05:12 PM 
11/05/2005 05:19 PM 
11/05/2005 05:19 PM 
11/05/2005 05:26 PM 

4,151,880 
9,896 

4,151,880 
9,896 

11/05/2005 05:26 PM 
11/05/2005 05:33 PM 

4,151,880 
9,896 

11/05/2005 05:33 PM 
11/05/2005 05:39 PM 
11/05/2005 05:39 PM 
11/05/2005 04:32 PM 
11/05/2005 04:32 PM 

4,151,880 
9,896 

4,151,880 
9,896 

4,152,008 
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4,106 
1,900 

347 
3,483 
3.512 

09/20/2005 02:46 PM 
11/02/2005 09:26 AM 
11/28/2005 02:23 PM 
11/28/2005 02:16 PM 
12/09/2005 07:53 AM 
12/09/2005 07:53 AM 
11/28/2005 02:18 PM 
12/09/2005 07:53 AM 
10/31/2005 11:41 AM 

3,512 
3,560 
3,440 
1,459 

10/14/2005 11:18 AM 
10/31/2005 10:16 AM 
10/31/2005 10:17 AM 

2,061 
3,402 
3,551 
3,566 
3,479 
3,479 
3, 608 

647 
679 
707 

10/31/2005 11:02 AM 
10/31/2005 10:16 AM 
10/31/2005 10:16 AM 
10/31/2005 11:37 AM 
06/20/2005 09:04 AM 
06/20/2005 08:52 AM 
09/02/2005 08:51 AM 
09/02/2005 08:51 AM 
09/02/2005 08:50 AM 
11/08/2005 05:53 AM 
11/08/2005 05:53 AM 

705 
720 

6,110 
2,551,312 

11/08/2005 05:56 AM 
11/08/2005 05:56 AM 
11/08/2005 05:59 AM 

6,110 
2,551,312 

6.110 
11/08/2005 05:59 AM 
11/08/2005 06:03 AM 
11/08/2005 06:03 AM 
11/08/2005 06:07 AM 

2,551,312 
6,110 

2,551,312 
6,110 

11/08/2005 06:07 AM 
11/08/2005 06:11 AM 

2,551,312 
6,110 

11/08/2005 06:11 AM 
11/08/2005 06:15 AM 
11/08/2005 06:15 AM 
11/08/2005 06:19 AM 
11/08/2005 06:19 AM 

2,551,312 
6,110 

2,551,312 
6,110 

2,551,312 
11/08/2005 06:23 AM 
11/08/2005 06:23 AM 

6,110 
2.551.312 

11/08/2005 05:15 AM 
11/08/2005 05:15 AM 
11/08/2005 05:18 AM 
11/08/2005 05:18 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/08/2005 05:21 AM 
11/08/2005 05:21 AM 
11/08/2005 05:26 AM 

6,110 
2,551,312 

6.110 
11/08/2005 05:26 AM 
11/08/2005 05:30 AM 
11/08/2005 05:30 AM 
11/08/2005 05:34 AM 

2,551,312 
6,110 

2,551,312 
6,110 

11/08/2005 05:34 AM 
11/08/2005 05:37 AM 
11/08/2005 05:37 AM 

2,551,312 
6,110 

2.551.312 
11/08/2005 05:42 AM 
11/08/2005 05:42 AM 
11/08/2005 05:45 AM 
11/08/2005 05:45 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/08/2005 05:49 AM 
11/08/2005 05:49 AM 
11/08/2005 05:11 AM 

6,110 
2,551,312 

6.110 
11/08/2005 05:11 AM 
09/02/2005 08:52 AM 
11/08/2005 04:37 AM 
11/08/2005 04:37 AM 

2,551,440 
544 

6,110 
2,551,312 

11/08/2005 04:40 AM 
11/08/2005 04:40 AM 

6,110 
2,551,312 

11/08/2005 04:44 AM 
11/08/2005 04:44 AM 
11/08/2005 04:48 AM 
11/08/2005 04:48 AM 
11/08/2005 04:52 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
6,110 
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11/08/2005 04:52 AM 
11/08/2005 04:56 AM 

2,551,312 
6,110 

11/08/2005 04:56 AM 
11/08/2005 05:OO AM 
11/08/2005 05:OO AM 

2,551,312 
6,110 

2.551.312 
11/08/2005 05:03 AM 
11/08/2005 05:03 AM 
11/08/2005 05:07 AM 
11/08/2005 05:07 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/08/2005 03:59 AM 
11/08/2005 03:59 AM 
11/08/2005 04:02 AM 

6,110 
2,551,312 

6.110 
11/08/2005 04:02 AM 
11/08/2005 04:06 AM 
11/08/2005 04:06 AM 
11/08/2005 04:lO AM 

2,551,312 
6,110 

2,551,312 
6,110 

11/08/2005 04:lO AM 
11/08/2005 04:14 AM 
11/08/2005 04:14 AM 

2,551,312 
6,110 

2.551.312 
11/08/2005 04:18 AM 
11/08/2005 04:18 AM 
11/08/2005 04:22 AM 
11/08/2005 04:22 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/08/2005 04:26 AM 
11/08/2005 04:26 AM 
11/08/2005 04:30 AM 

6,110 
2,551,312 

6.110 
11/08/2005 04:30 AM 
11/08/2005 04:33 AM 
11/08/2005 04:33 AM 
11/08/2005 03:55 AM 

2,551,312 
6,110 

2,551,312 
6,110 

11/08/2005 03:55 AM 
11/08/2005 03:21 AM 

2,551,440 
6,110 

11/08/2005 03:21 AM 
11/08/2005 03:25 AM 
11/08/2005 03:25 AM 
11/08/2005 03:28 AM 
11/08/2005 03:28 AM 

2,551,312 
6,110 

2,551,312 
6,110 

2,551,312 
11/08/2005 03:32 AM 
11/08/2005 03:32 AM 

6,110 
2.551.312 

11/08/2005 03:36 AM 
11/08/2005 03:36 AM 
11/08/2005 03:40 AM 
11/08/2005 03:40 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/08/2005 03:44 AM 
11/08/2005 03:44 AM 
11/08/2005 03:48 AM 

6,110 
2,551,312 

6.110 
11/08/2005 03:48 AM 
11/08/2005 03:52 AM 
11/08/2005 03:52 AM 
11/08/2005 02:43 AM 

2,551,312 
6,110 

2,551,312 
6,110 

11/08/2005 02:44 AM 
11/08/2005 02:47 AM 
11/08/2005 02:47 AM 

2,551,312 
6,110 

2.551.312 
11/08/2005 02:50 AM 
11/08/2005 02:50 AM 
11/08/2005 02:54 AM 
11/08/2005 02:55 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/08/2005 02:59 AM 
11/08/2005 02:59 AM 
11/08/2005 03:02 AM 

6,110 
2,551,312 

6.110 
11/08/2005 03:02 AM 
11/08/2005 03:06 AM 
11/08/2005 03:06 AM 
11/08/2005 03:lO AM 

2,551,312 
6,110 

2,551,312 
6,110 

Strain-ltI63th-t. OUT 
Strain~lt-72max~t.OUT 
Strain-lt-72th-t.OUT 
Strain-lt 8lmax-t.OUT 

11/08/2005 03:lO AM 
11/08/2005 03:14 AM 

2,551,312 
6,110 

Strain-ltI8lth-t.OUT 
Strain~lt-90max~t.OUT 
Strain-lt-90th-t.OUT 
Strain~lt-99max~t.OUT 
Strain-lt-99th-t.OUT 
Strain-lt-9max-t.OUT 
Strain-lt-9th-t.OUT 

11/08/2005 03:14 AM 
11/08/2005 03:17 AM 
11/08/2005 03:17 AM 
11/08/2005 02:40 AM 
11/08/2005 02:40 AM 

2,551,312 
6,110 

2,551,312 
6,110 

2,551,440 

E.55 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

09/08/2005 10:18 AM 
11/01/2005 10:46 AM 

692 
702 

09/08/2005 09:20 AM 
04/13/2005 07:38 AM 
11/08/2005 01:12 AM 

692 
205 

16.291 
11/07/2005 09:59 PM 
11/07/2005 06:45 PM 
11/08/2005 01:12 AM 
11/07/2005 09:59 PM 

16,291 
16,210 

6,841,032 
6,841,032 

11/07/2005 06:45 PM 
11/08/2005 01:22 AM 
11/07/2005 10:08 PM 

6,812,304 
16,291 
16.291 

11/07/2005 06:55 PM 
11/08/2005 01:22 AM 
11/07/2005 10:08 PM 
11/07/2005 06:55 PM 

16,210 
6,841,032 
6,841,032 
6,812,304 

11/08/2005 01:31 AM 
11/07/2005 10:18 PM 
11/07/2005 07:04 PM 

16,291 
16,291 
16.210 

11/08/2005 01:31 AM 
11/07/2005 10:18 PM 
11/07/2005 07:04 PM 
11/08/2005 01:41 AM 

6,841,032 
6,841,032 
6,812,304 

16,291 
11/07/2005 10:27 PM 
11/07/2005 07:14 PM 
11/08/2005 01:41 AM 

16,291 
16,210 

6.841.032 
11/07/2005 10:27 PM 
11/07/2005 07:14 PM 
11/08/2005 01:50 AM 
11/07/2005 10:37 PM 

. .  
6,841,032 
6,812,304 

16,291 
16,291 

11/07/2005 07:23 PM 
11/08/2005 01:50 AM 

16,210 
6,841,032 

11/07/2005 10:37 PM 
11/07/2005 07:23 PM 
11/08/2005 02:OO AM 
11/07/2005 10:46 PM 
11/07/2005 07:33 PM 

. .  
6,841,032 
6,812,304 

16,291 
16,291 
16,210 

11/08/2005 02:OO AM 
11/07/2005 10:46 PM 

6,841,032 
6.841.032 

11/07/2005 07:33 PM 
11/08/2005 02:09 AM 
11/07/2005 10:56 PM 
11/07/2005 07:42 PM 

. .  
6,812,304 

16,291 
16,291 
16,210 

11/08/2005 02:lO AM 
11/07/2005 10:56 PM 
11/07/2005 07:42 PM 

6,841,032 
6,841,032 
6.812.304 

11/08/2005 02:19 AM 
11/07/2005 11:05 PM 
11/07/2005 07:52 PM 
11/08/2005 02:19 AM 

. .  
16,295 
16,295 
16,214 

6,841,032 
11/07/2005 11:05 PM 
11/07/2005 07:52 PM 
11/08/2005 02:29 AM 

6,841,032 
6,812,304 

16.295 
11/07/2005 11:15 PM 
11/07/2005 08:02 PM 
11/08/2005 02:29 AM 
11/07/2005 11:15 PM 

16,295 
16,214 

6,841,032 
6,841,032 

11/07/2005 08:02 PM 
11/07/2005 11:35 PM 
11/07/2005 08:21 PM 

6,812,304 
16,291 
16.291 

11/07/2005 05:08 PM 
11/07/2005 11:35 PM 
11/07/2005 08:21 PM 
11/07/2005 05:08 PM 

16,210 
6,841,032 
6,841,032 
6,812,304 

11/07/2005 11:44 PM 
11/07/2005 08:31 PM 

16,291 
16,291 

11/07/2005 05:18 PM 
11/07/2005 11:44 PM 
11/07/2005 08:31 PM 
11/07/2005 05:18 PM 
11/07/2005 11:54 PM 

16,210 
6,841,032 
6,841,032 
6,812,304 

16,291 

E.56 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

11/07/2005 08:40 PM 
11/07/2005 05:27 PM 

16,291 
16,210 

Stress~pt-36max~m.OUT 
Stress~pt-36max~t.OUT 
Stress-pt-36th-b.OUT 
Stress-pt-36th-m.OUT 
Stress-pt-36th-t.OUT 
Stress~pt-45max~b.OUT 
Stress~pt-45max~m.OUT 
Stress~pt-45max~t.OUT 
Stress-pt-45th-b.OUT 
Stress-pt-45th-m.OUT 
Stress-pt-45th-t.OUT 
Stress~pt-54max~b.OUT 
Stress~pt-54max~m.OUT 
Stress~pt-54max~t.OUT 
Stress-pt-54th-b.OUT 
Stress-pt-54th-m.OUT 
Stress-pt-54th-t.OUT 
Stress~pt-63max~b.OUT 
Stress~pt-63max~m.OUT 
Stress~pt-63max~t.OUT 
Stress-pt-63th-b.OUT 
Stress-pt-63th-m.OUT 
Stress-pt-63th-t.OUT 
Stress~pt-72max~b.OUT 
Stress~pt-72max~m.OUT 
Stress~pt-72max~t.OUT 
Stress-pt-72th-b.OUT 
Stress-pt-72th-m.OUT 
Stress-pt-72th-t.OUT 
Stress~pt-8lmax~b.OUT 
Stress~pt-8lmax~m.OUT 
Stress~pt-8lmax~t.OUT 
Stress-pt-8lth-b.OUT 
Stress-pt-8lth-m.OUT 
Stress-pt-8lth-t.OUT 
Stress~pt-90max~b.OUT 
Stress~pt-90max~m.OUT 
Stress~pt-90max~t.OUT 
Stress-pt-90th-b.OUT 
Stress-pt-90th-m.OUT 
Stress-pt-90th-t.OUT 
Stress~pt-99max~b.OUT 
Stress~pt-99max~m.OUT 
Stress~pt-99max~t.OUT 
Stress-pt-99th-b.OUT 
Stress-pt-99th-m.OUT 
Stress-pt-99th-t.OUT 
Stress-pt-9max-b.OUT 
Stress-pt-9max-m.OUT 
Stress-pt-9max-t.OUT 
Stress-pt-9th-b.OUT 
Stress-pt-9th-m.OUT 
Stress-pt-9th-t.OUT 
Tank~C00rdinateS~AY.txt 
Tank-Meshl. txt 
tank-out. out 
Tank-Props-BEC-25O.txt 
Tank-th.out 
TH-266-LB-Geo-V.txt 
TH-266-LB-Geo.txt 
Waste~Cont~lO8max.OUT 
Waste-Cont-lO8th.OUT 
Waste~Cont-ll7max.OUT 
Waste-Cont-ll7th.OUT 
Waste~Cont-126max.OUT 
Waste-Cont-lE6th.OUT 
Waste~Cont-135max.OUT 
Waste-Cont-135th.OUT 
Waste~Cont-144max.OUT 
Waste-Cont-144th.OUT 
Waste~Cont-153max.OUT 

11/07/2005 11:54 PM 
11/07/2005 08:41 PM 
11/07/2005 05:27 PM 

6,841,032 
6,841,032 
6.812.304 

11/08/2005 12:03 AM 
11/07/2005 08:50 PM 
11/07/2005 05:36 PM 
11/08/2005 12:03 AM 

. .  
16,291 
16,291 
16,210 

6,841,032 
11/07/2005 08:50 PM 
11/07/2005 05:36 PM 
11/08/2005 12:13 AM 

6,841,032 
6,812,304 

16.291 
11/07/2005 08:59 PM 
11/07/2005 05:46 PM 
11/08/2005 12:13 AM 
11/07/2005 08:59 PM 

16,291 
16,210 

6,841,032 
6,841,032 

11/07/2005 05:46 PM 
11/08/2005 12:23 AM 
11/07/2005 09:09 PM 

6,812,304 
16,291 
16.291 

11/07/2005 05:56 PM 
11/08/2005 12:23 AM 
11/07/2005 09:09 PM 
11/07/2005 05:56 PM 

16,210 
6,841,032 
6,841,032 
6,812,304 

11/08/2005 12:32 AM 
11/07/2005 09:18 PM 
11/07/2005 06:05 PM 

16,291 
16,291 
16.210 

11/08/2005 12:32 AM 
11/07/2005 09:18 PM 
11/07/2005 06:05 PM 
11/08/2005 12:42 AM 

6,841,032 
6,841,032 
6,812,304 

16,291 
16,291 
16,210 

11/07/2005 09:28 PM 
11/07/2005 06:15 PM 
11/08/2005 12:42 AM 
11/07/2005 09:28 PM 
11/07/2005 06:15 PM 
11/08/2005 12:52 AM 
11/07/2005 09:39 PM 

6,841,032 
6,841,032 
6,812,304 

16,291 
16,291 

11/07/2005 06:25 PM 
11/08/2005 12:52 AM 

16,210 
6.841.032 

11/07/2005 09:39 PM 
11/07/2005 06:25 PM 
11/08/2005 01:02 AM 
11/07/2005 09:49 PM 

. .  
6,841,032 
6,812,304 

16,291 
16,291 

11/07/2005 06:35 PM 
11/08/2005 01:02 AM 
11/07/2005 09:49 PM 

16,210 
6,841,032 
6.841.032 

11/07/2005 06:35 PM 
11/07/2005 11:25 PM 
11/07/2005 08:12 PM 
11/07/2005 04:58 PM 

. .  
6,812,304 

16,291 
16,291 
16,210 

11/07/2005 11:25 PM 
11/07/2005 08:12 PM 
11/07/2005 04:59 PM 

6,841,160 
6,841,160 
6.812.432 

10/31/2005 12:13 PM 
05/25/2005 03:32 PM 
11/03/2005 1O:Ol AM 
02/25/2005 02:24 PM 

3,825 
2,512 
102 

5,406 
11/03/2005 1O:Ol AM 
05/16/2005 03:41 PM 
05/16/2005 08:44 AM 

6,486 
41,470 
41.472 

11/05/2005 08:05 PM 
11/05/2005 08:05 PM 
11/05/2005 08:11 PM 
11/05/2005 08:11 PM 

8,236 
3,151,428 

8,236 
3,151,428 

11/05/2005 08:18 PM 
11/05/2005 08:18 PM 

8,236 
3,151,428 . .  

11/05/2005 08:25 PM 8,236 
11/05/2005 08:25 PM 3,151,428 
11/05/2005 08:32 PM 8,236 
11/05/2005 08:32 PM 3,151,428 
11/05/2005 08:39 PM 8,236 

E.57 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

11/05/2005 08:39 PM 
11/05/2005 08:46 PM 

3,151,428 
8,236 

Waste-Cont-153th.OUT 
Waste~Cont-16Emax.OUT 
Waste-Cont-162th.OUT 
Waste~Cont-17lmax.OUT 
Waste-Cont-17lth.OUT 
Waste~Cont~l8Omax.OUT 
Waste-Cont-18Oth.OUT 
Waste-Cont-18max.OUT 
Waste-Cont-18th.OUT 
Waste-Cont-27max.OUT 
Waste-Cont-27th.OUT 
Waste-Cont-36max.OUT 
Waste-Cont-36th.OUT 
Waste-Cont-45max.OUT 
Waste-Cont-45th.OUT 
Waste-Cont-54max.OUT 
Waste-Cont-54th.OUT 
Waste-Cont-63max.OUT 
Waste-Cont-63th.OUT 
Waste-Cont-72max.OUT 
Waste-Cont-72th.OUT 
Waste-Cont-8lmax.OUT 
Waste-Cont-8lth.OUT 
Waste-Cont-90max.OUT 
Waste-Cont-90th.OUT 
Waste-Cont-99max.OUT 
Waste-Cont-99th.OUT 
Waste-Cont-9max.OUT 
Waste-Cont-9th.OUT 
Waste-Reaction.out 
Waste-Reaction.txt 
Waste-solid-AY.txt 

Waste-Surf-Omax.OUT 
Waste-Surf-Oth.OUT 
Waste~Surf-lO8max.OUT 
Waste-Surf-lO8th.OUT 
Waste~Surf-ll7max.OUT 
Waste-Surf-ll7th.OUT 
Waste~Surf-lE6max.OUT 
Waste-Surf-126th.OUT 
Waste~Surf-135max.OUT 
Waste-Surf-135th.OUT 
Waste~Surf-144max.OUT 
Waste-Surf-144th.OUT 
Waste~Surf-153max.OUT 
Waste-Surf-li3th.OUT 
Waste~Surf-16Emax.OUT 
Waste-Surf-162th.OUT 
Waste~Surf-171max.OUT 
Waste-Surf-17lth.OUT 
Waste~Surf-18Omax.OUT 
Waste-Surf-18Oth.OUT 
Waste-Surf-18max.OUT 
Waste-Surf-18th.OUT 
Waste-Surf-27max.OUT 
Waste-Surf-27th.OUT 
Waste-Surf-36max.OUT 
Waste-Surf-36th.OUT 
Waste-Surf-45max.OUT 
Waste-Surf-45th.OUT 
Waste-Surf-54max.OUT 
Waste-Surf-54th.OUT 
Waste-Surf-63max.OUT 
Waste-Surf-63th.OUT 
Waste-Surf-72max.OUT 
Waste-Surf-72th.OUT 
Waste-Surf-8lmax.OUT 
Waste-Surf-8lth.OUT 
Waste-Surf-90max.OUT 
Waste-Surf-90th.OUT 

Waste-S"rface-ay.txt 

11/05/2005 08:46 PM 
11/05/2005 08:53 PM 
11/05/2005 08:53 PM 

3,151,428 
8,236 

3.151.428 
11/05/2005 09:OO PM 
11/05/2005 09:OO PM 
11/05/2005 06:55 PM 
11/05/2005 06:55 PM 

. .  
8,236 

3,151,428 
8,236 

3,151,428 
11/05/2005 07:Ol PM 
11/05/2005 07:Ol PM 
11/05/2005 07:08 PM 

8,236 
3,151,428 

8.236 
11/05/2005 07:08 PM 
11/05/2005 07:15 PM 
11/05/2005 07:15 PM 
11/05/2005 07:22 PM 

3,151,428 
8,236 

3,151,428 
8,236 

11/05/2005 07:22 PM 
11/05/2005 07:30 PM 
11/05/2005 07:30 PM 

3,151,428 
8,236 

3.151.428 
11/05/2005 07:37 PM 
11/05/2005 07:37 PM 
11/05/2005 07:44 PM 
11/05/2005 07:44 PM 

. .  
8,236 

3,151,428 
8,236 

3,151,428 
11/05/2005 07:5l PM 
11/05/2005 07:5l PM 
11/05/2005 07:58 PM 

8,236 
3,151,428 

8.236 
11/05/2005 07:58 PM 
11/05/2005 06:47 PM 
11/05/2005 06:47 PM 
12/10/2005 11:58 AM 

3,151,428 
8,236 

3,151,556 
45,117 

11/08/2005 08:42 AM 
10/31/2005 12:Ol PM 

332 
3,265 

11/29/2005 08:46 AM 
12/10/2005 12:35 PM 
12/10/2005 12:35 PM 
12/10/2005 03:32 PM 
12/10/2005 03:32 PM 

776 
784 

509,216 
784 

509,088 
12/10/2005 03:47 PM 
12/10/2005 03:47 PM 

784 
509.088 

12/10/2005 04:02 PM 
12/10/2005 04:02 PM 
12/10/2005 04:17 PM 
12/10/2005 04:17 PM 

784 
509,088 

784 
509,088 

12/10/2005 04:32 PM 
12/10/2005 04:32 PM 
12/10/2005 04:47 PM 

784 
509,088 

784 
12/10/2005 04:47 PM 
12/10/2005 05:02 PM 
12/10/2005 05:02 PM 
12/10/2005 05:17 PM 

509,088 
784 

509,088 
784 

12/10/2005 05:17 PM 
12/10/2005 05:32 PM 
12/10/2005 05:32 PM 

509,088 
784 

509.088 
12/10/2005 01:05 PM 
12/10/2005 01:05 PM 
12/10/2005 01:19 PM 
12/10/2005 01:19 PM 

784 
509,088 

784 
509,088 

12/10/2005 01:34 PM 
12/10/2005 01:34 PM 
12/10/2005 01:49 PM 

784 
509,088 

784 
12/10/2005 01:49 PM 
12/10/2005 02:03 PM 
12/10/2005 02:03 PM 
12/10/2005 02:18 PM 

509,088 
784 

509,088 
784 

12/10/2005 02:18 PM 
12/10/2005 02:33 PM 

509,088 
784 

12/10/2005 02:33 PM 
12/10/2005 02:48 PM 
12/10/2005 02:48 PM 
12/10/2005 03:02 PM 
12/10/2005 03:02 PM 

509,088 
784 

509,088 
784 

509,088 

E.58 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

12/10/2005 03:17 PM 784 Waste-Surf-99max.OUT 
12/10/2005 03:17 PM 509,088 Waste-Surf 99th.OUT 
12/10/2005 12:50 PM 784 Waste-SurfI9max. OUT 
12/10/2005 12:50 PM 509,088 Waste-Surf-9th.OUT 

704 Filejs) 40,119,471,972 bytes 
2 D i r j s )  176,165,568,512 bytes free 

LBS-BEC Gravity File Listing 

Volume in drive E 1s 250GB HITAC 
Volume Serial Nuder 1s B4FB-DB23 

Directory of E : \ P N N L ~ 2 D ~ N L ~ A Y ~ L B S ~ B E C ~ S ~ ~ ~ m ~ ~ \ P N N L 2 D N L A Y L B S ~ B E C ~ G ~ ~ v ~ t ~  

12/20/2005 04:49 PM 
12/20/2005 04:49 PM 
09/27/2005 03:47 PM 
12/08/2005 09:28 AM 
12/08/2005 09:30 AM 
12/14/2005 01:39 PM 
12/13/2005 03:35 PM 
12/08/2005 09:40 AM 
12/08/2005 09:31 AM 
12/08/2005 09:34 AM 
12/08/2005 09:47 AM 
09/02/2005 02:Ol PM 
06/09/2005 01:59 PM 
10/31/2005 12:24 PM 
12/01/2005 09:11 AM 
09/02/2005 09:28 AM 
09/02/2005 09:5l AM 
09/09/2005 09:59 AM 
09/15/2005 11:50 AM 
09/06/2005 11:16 AM 
09/22/2005 04:05 PM 
11/04/2005 08:44 AM 
11/04/2005 08:44 AM 
11/04/2005 08:44 AM 
12/20/2005 04:49 PM 
10/13/2005 06:54 AM 
12/14/2005 04:31 PM 
12/14/2005 04:31 PM 
04/06/2005 08:24 AM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

<DIR> 
<DIR> 

99 
3,365,888 . .  

676,864 
8,519,680 
2,107,392 

681, 984 
721,408 
764,416 

3.471.872 
5,766 

262 
189 
586 
604 
602 
608 
742 
630 

8, 608 
2,054 

204 
684 
0 

562 
10,342 
11,328 

894 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 

All-Forces.txt 
AY-ED-NL-LBS-BEC Conc Tank Demand Gravity.xls 
AY-ED-NL-LBS-BEC J Bolt Forces Gravity.xls 
AY-ED-NL-LBS-BEC Pri Tank Stress Gravity.xls 
AY-ED-NL-LBS-BEC Soil Pressures Gravity.xls 
AY~2D~NL~LBS~BEC~InSul~COntactGravlty.xls 
AY~2D~NL~LBS~BEC~J~BOlt~COntactGravlty.xls 
AY~2D~NL~LBS~BEC~Primary~COntactGravlty.xls 
AY-NL-LBS-BEC Liner Strain Gravity.xls 
BOltS-FriCtiOn.txt 
Boundary.txt 
Contact-AY.txt 
Contact-Footing.txt 
contact-1nsu1.txt 
Contact-J-Bolts.txt 
Contact-Primary.txt 
Contact-Soll.txt 
Contact-Waste-AY.txt 
Far-Soil.txt 
file . bat 
flle.err 

file. txt 
Fix-Soil.txt 
Footing-Cont-max.OUT 
F00ting-COnt-th.OUT 
Force-c.txt 
Force-c~lO8amax.OUT 
Force-c~lO8ath.OUT 
Force-c~lO8max.OUT 
Force-c~lO8th.OUT 
Force-c~ll7amax.OUT 
Force-c~ll7ath.OUT 
Force-c~ll7max.OUT 
Force-c~ll7th.OUT 
Force-c~l26amax.OUT 
Force-c~l26ath.OUT 
Force-c~l26max.OUT 
Force-c~l26th.OUT 
Force-c~l35amax.OUT 
Force-c~l35ath.OUT 
Force-c~l35max.OUT 
Force-c~l35th.OUT 
Force-c-144amax.OUT 
Force-c-144ath.OUT 
Force-c~l44max.OUT 
Force-c-144th.OUT 
Force-c~l53amax.OUT 
Force-c~l53ath.OUT 
Force-c~l53max.OUT 
Force-c~l53th.OUT 
Force-c~l62amax.OUT 
Force-c~l62ath.OUT 

file. l o g  
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14,116 
16,800 
4,996 
8,400 
14.116 

Force-c~l62rnax.OUT 
Force-c~l62th.OUT 
Force-c~lIlarnax.OUT 
Force-c~l1lath.OUT 
Force-c~lIlrnax.OUT 
Force-c~lIlth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~2Iarnax.OUT 
Force-c~2Iath.OUT 
Force-c~2Irnax.OUT 
Force-c-2Ith.OUT 
Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~I2arnax.OUT 
Force-c~I2ath.OUT 
Force-c~I2rnax.OUT 
Force-c-12th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c-9th.OUT 
force-lb.xls 
Force-]b-rlO-th.OUT 
Force-]b-rlO-rnax.OUT 
Force-]b-rll-th.OUT 
Force-]b-rll-rnax.OUT 
Force-lb-rE-th.OUT 
Force-]b-r2-rnax.OUT 
Force-]b-r3-th.OUT 
Force-]b-r3-rnax.OUT 
Force-]b-r4-th.OUT 
Force-]b-r4-rnax.OUT 
Force-]b-r5-th.OUT 
Force-lb-ri-rnax.OUT 
Force-]b-r6-th.OUT 
Force-]b-r6-rnax.OUT 
Force-]b-rl-th.OUT 
Force-]b-rl-rnax.OUT 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

16,800 
4,996 
8,400 
14,116 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

16,800 
4,996 
8.400 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

14,116 
16,800 
4,996 
8,400 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

14,116 
16,800 
4.996 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

8,400 
14,116 
16,800 
4,996 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

8,400 
14,116 
16.800 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

4,996 
8,400 
14,116 
16,800 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

4,996 
8,400 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

14,116 
16,800 
4,996 
8,400 
14,116 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

16,800 
4.996 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

8,400 
14,116 
16,800 
4,996 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

8,400 
14,116 
16.800 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

4,996 
8,400 
14,116 
16,800 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

4,996 
8,528 
14.116 

11/02/2005 12:30 PM 
12/08/2005 09:30 AM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

16, 928 
136,104 

I, 350 
5,239 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

I, 350 
5,239 
1.478 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

5,239 
I, 350 
5,239 
I, 350 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

5,239 
1,350 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

5,239 
I, 350 
5,239 
I, 350 
5,239 
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11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

7,350 
5,239 

Force-]b-r8-th.OUT 
Force-lb-rB-rnax.OUT 
Force-]b-r9-th.OUT 
Force-]b-r9-rnax.OUT 
Force-]-bolt.txt 
irnport-0-90.xls 
irnport-99-180.xls 

Insul~Contact-99~18O.xls 
Insul~Cont~lO8rnax.OUT 
Insul-Cont~lO8th.OUT 
Insul~Cont~ll7rnax.OUT 
Insul-Cont-ll7th.OUT 
Insul~Cont~l26rnax.OUT 
Insul-Cont-126th.OUT 
Insul~Cont~l35rnax.OUT 
Insul-Cont-135th.OUT 
Insul~Cont-144rnax.OUT 
Insul-Cont 144th.OUT 

Ins"l~Contact~0~90.xls 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
06/20/2005 10:53 AM 

7,350 
5,239 

661 
12/08/2005 09:28 AM 
12/08/2005 09:28 AM 
12/08/2005 09:39 AM 
12/08/2005 09:40 AM 

442,880 
442,880 
79,872 
80,384 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 
2.728 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

5, 680 
2,728 
5, 680 
2,728 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

5, 680 
2,728 
5. 680 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 
2,728 
5, 680 

1nsul~~ontIli3rnax.0~~ 
Insul-Cont-li3th.OUT 
Insul-Cont 162rnax.OUT 
Insul-ContI162th.OUT 
Insul~Cont~l7lrnax.OUT 
Insul-Cont-17lth.OUT 
Insul~Cont~l8Ornax.OUT 
Insul-Cont~l8Oth.OUT 
Insul-Cont~l8rnax.OUT 
1nsul-Cont-lBth.OUT 
Insul-Cont-27rnax.OUT 
Insul-Cont-27th.OUT 
Insul-Cont-36rnax.OUT 
Insul-Cont-36th.OUT 
Insul-Cont-45rnax.OUT 
Insul-Cont-45th.OUT 
Insul-Cont-54rnax.OUT 
Insul-Cont-54th.OUT 
Insul-Cont-63rnax.OUT 
Insul-Cont-63th.OUT 
Insul-Cont-72rnax.OUT 
Insul-Cont-72th.OUT 
Insul-Cont~8lrnax.OUT 
Insul-Cont-8lth.OUT 
Insul-Cont-90rnax.OUT 
Insul-Cont-90th.OUT 
Insul-Cont-99rnax.OUT 
Insul-Cont-99th.OUT 
Insul-Cont-9rnax.OUT 
Insul-Cont-9th.OUT 
1nsu1ate.txt 

1nterfacel.txt 
J~Bolt~Contact-0~90.xls 
J~Bolt~Contact-99~180.xls 
J~Bolt~Cont~lO8rnax.OUT 
J~Bolt~Cont-lO8th.OUT 
J~Bolt~Cont-ll7rnax.OUT 
J~Bolt~Cont-ll7th.OUT 
J~Bolt~Cont-126rnax.OUT 
J-Bolt-COnt 126th.OUT 

1nterface-gapl.txt 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 
2.728 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

5, 680 
2,728 
5, 680 
2,728 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

5, 680 
2,728 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

5, 680 
2,728 
5, 680 
2,728 
5, 680 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5. 680 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 
2,728 
5, 680 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 
2.728 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
09/01/2005 10:27 AM 

5, 680 
2,728 
5,808 
1, 664 

10/13/2005 08:28 AM 
09/09/2005 09:34 AM 
12/08/2005 09:30 AM 

4,031 
2, 616 
82.432 

12/08/2005 09:31 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

82,432 
3,052 
6,390 
3,052 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

6,390 
3,052 
6.390 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

3,052 
6,390 
3,052 
6,390 

J-Bo1 t-ContI135rnax. OUT 
J~Bolt~Cont-135th.OUT 
J-Bolt-COnt 144rnax.OUT 
J~Bolt~ContI144th.OUT 
J~Bolt~Cont-153max.OUT 
J-Bolt-COnt l53th.OUT 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

3,052 
6,390 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

3,052 
6,390 
3,052 
6,390 
3,052 

J-Bo1 t-ContI162rnax. OUT 
J~Bolt~Cont-162th.OUT 
J~Bolt~Cont-17lrnax.OUT 
J-Bolt-COnt 17lth.OUT 
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6,390 
3,052 
6,390 
3,052 
6.390 

J~Bolt~Cont-18Oth.OUT 
J~Bolt~Cont-18max.OUT 
J-Bolt-Cont~l8th.OUT 
J~Bolt~Cont-27max.OUT 
J-Bolt-COnt 27th.OUT 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

3,052 
6,390 
3,052 
6,390 

J~Bolt~ContI36max.OUT 
J-Bolt-Cont-36th.OUT 
J~Bolt~Cont-45max.OUT 
J-Bolt-COnt 45th.OUT 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

3,052 
6,390 
3.052 

J-Bolt-ContI54max .OUT 
J-Bolt-Cont-54th.OUT 
J~Bolt~Cont-63max.OUT 
J-Bolt-Cont-63th.OUT 
J~Bolt~Cont-72max.OUT 
J-Bolt-Cont-72th.OUT 
J~Bolt~Cont-8lmax.OUT 
J-Bolt-Cont~8lth.OUT 
J~Bolt~Cont-90max.OUT 
J-Bolt-COnt 90th.OUT 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

6,390 
3,052 
6,390 
3,052 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

6,390 
3,052 
6.390 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

3,052 
6,390 
3,052 
6,518 

J~Bolt~ContI99max.OUT 
J-Bolt-Cont-99th.OUT 
J-Bolt-COnt 9max.OUT 

12/08/2005 09:41 AM 
12/08/2005 09:41 AM 
12/08/2005 09:42 AM 

158,208 
158,208 
158.208 

12/08/2005 09:42 AM 
12/08/2005 09:42 AM 
12/08/2005 09:42 AM 
06/01/2005 01:17 PM 

158,208 
158,208 
158,208 

1,708 
05/02/2005 02:19 PM 
11/02/2005 09:25 AM 

667 
6,183 

04/20/2005 01:14 PM 
12/07/2005 04:09 PM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

508 
169,074 
2, 998 

55,574,528 
12,386,304 PNNL-2D-LBS-BEC.emat 

PNNL-2D-LBS-BEC.err 
PNNL-2D-LBS-BEC.esav 

12/15/2005 12:30 PM 
11/04/2005 08:59 AM 

45, 603 
102.563.840 

11/04/2005 08:59 AM 
11/04/2005 08:58 AM 
12/15/2005 01:05 PM 
11/04/2005 08:59 AM 

. .  
27,852,800 

437,553 
39, 690 
1,559 

11/04/2005 08:58 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

102,563,840 
1,699 

103.546.880 

PNNL-2D-LBS-BEC.osav 
PNNL-ED-LBS-BEC.PVTS 
PNNL-2D-LBS-BEC.rOOl 

11/04/2005 08:45 AM 
11/04/2005 08:59 AM 
11/04/2005 08:57 AM 
12/07/2005 04:26 PM 

. .  
35,782,656 
57,671,680 

4 7  

PNNL-2D-LBS-BEC.rdb 
PNNL-ED-LBS-BEC.rst 
PNNL-2D-LBS-BEC.stat - ,  

162, 974 
237,020 
163,272 
144.955 

12/07/2005 04:26 PM 
12/07/2005 04:27 PM 
12/07/2005 04:27 PM 
12/07/2005 04:27 PM 
12/07/2005 04:29 PM 
12/07/2005 04:29 PM 
12/07/2005 04:29 PM 

189,713 
159,776 
165,711 
59,242 

12/07/2005 04:30 PM 
12/07/2005 04:33 PM 
12/07/2005 04:34 PM 

87, 600 
97,411 
91.255 

12/07/2005 04:35 PM 
12/07/2005 04:35 PM 
12/07/2005 04:35 PM 
12/07/2005 04:36 PM 

145,490 
153,912 
137,646 
103,632 

12/07/2005 04:37 PM 
12/07/2005 04:39 PM 

72,197 
67,433 

11/04/2005 08:59 AM 
12/08/2005 09:34 AM 
12/08/2005 09:34 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

60,478 
73,728 
74,240 
2,728 
5, 680 
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11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 
2.728 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

5, 680 
2,728 
5, 680 
2,728 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

5, 680 
2,728 
5. 680 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 
2,728 
5, 680 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 
2.728 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

5, 680 
2,728 
5, 680 
2,728 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

5, 680 
2,728 
5. 680 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 
2,728 
5, 680 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

2,728 
5, 680 
2,728 
5, 680 
2,728 

11/04/2005 08:59 AM 
10/31/2005 12:18 PM 

5,808 
5.549 

09/27/2005 03:52 PM 
11/04/2005 08:45 AM 
10/31/2005 10:31 AM 
11/04/2005 09:OO AM 

1,538 
341,312 

1,108 
1,146,995 

QA.out 
RS-FREQ.txt 
Run-Tank-0ut.out 

11/02/2005 09:29 AM 
11/02/2005 12:27 PM 
12/15/2005 12:30 PM 

146 
1, 963 

0 

run-tank.bat 
Run-Tank.txt 
scratch.hl0 

02/11/2005 01:22 PM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

1,053 
9,896 

18, 960 
9,896 

Slave .  txt 
SO~l~COntact~l08max.OUT 
Soil~Contact-lO8th.OUT 
Soil-Contact 117max.OUT 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

18, 960 
9,896 

18. 960 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 09:OO AM 

9,896 
18, 960 
9,896 

18, 960 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 

9,896 
18, 960 
9.896 

11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 

18, 960 
9,896 

18, 960 
9,896 

11/04/2005 09:OO AM 
11/04/2005 08:59 AM 

18, 960 
9,896 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

18, 960 
9,896 

18, 960 
9,896 

18, 960 
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9,896 
18, 960 
9,896 

18, 960 
9.896 

Soil~Contact-45max.OUT 
Soil-Contact 45th.OUT 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

18, 960 
9,896 

18, 960 
9,896 

11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

18, 960 
9,896 

18. 960 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 
11/04/2005 08:59 AM 

9,896 
18, 960 
9,896 

19,088 
09/20/2005 02:46 PM 
12/08/2005 09:29 AM 
12/08/2005 09:29 AM 

4,106 
223,744 
223.744 

11/02/2005 09:27 AM 
10/31/2005 11:02 AM 
10/14/2005 11:18 AM 
10/31/2005 10:17 AM 

1,897 
3,363 
2,061 
3,551 

09/06/2005 06:49 AM 
06/20/2005 09:04 AM 
06/20/2005 08:52 AM 

1,287 
647 
679 

12/08/2005 04:33 PM 
12/08/2005 04:34 PM 
12/08/2005 04:34 PM 
12/08/2005 04:34 PM 

354,816 
355,328 
352,768 
354,816 

12/08/2005 04:35 PM 
12/08/2005 04:35 PM 

355,328 
352,768 

09/02/2005 08:51 AM 
09/02/2005 08:51 AM 
09/02/2005 08:50 AM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

707 
705 
720 

6,110 
8,134 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

6,110 
8.134 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

6,110 
8,134 
6,110 
8,134 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

6,110 
8,134 
6.110 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

8,134 
6,110 
8,134 
6,110 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
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11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

6,110 
8,134 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
09/02/2005 08:52 AM 

6,110 
8,262 

544 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

6,110 
8,134 
6,110 
8,134 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

6,110 
8,134 
6.110 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.134 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6.110 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.134 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

6,110 
8,134 
6,110 
8,134 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

6,110 
8,262 
6.110 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

8,134 
6,110 
8,134 
6,110 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

8,134 
6,110 
8.134 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6.110 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 

11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
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11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
11/02/2005 12:31 PM 
09/08/2005 10:18 AM 
11/01/2005 10:46 AM 
09/08/2005 09:20 AM 
04/13/2005 01:38 AM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8,262 

692 
IO2 
692 
205 

16,291 
16,291 
16,210 
21,114 
21,114 
21, 630 
16,291 
16,291 
16,210 
21,114 
21,114 
21, 630 
16,291 
16,291 
16,210 
21,114 
21,114 
21, 630 
16,291 
16,291 
16,210 
21,114 
21,114 
21, 630 
16,291 
16,291 
16,210 
21,114 
21,114 
21, 630 
16,291 
16,291 
16,210 
21,114 
21,114 
21, 630 
16,291 
16,291 
16,210 
21,114 
21,114 
21, 630 
16,295 
16,295 
16,214 
21,114 
21,114 
21, 630 
16,295 
16,295 
16,214 
21,114 
21,114 
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11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

21, 630 
16,291 

Stress~pt-18Oth~t.OUT 
Stress~pt-18max~b.OUT 
Stress~pt-18max~m.OUT 
Stress~pt-18max~t.OUT 
Stress-pt-18th-b.OUT 
Stress-pt-18th-m.OUT 
Stress-pt-18th-t.OUT 
Stress~pt-27max~b.OUT 
Stress~pt-27max~m.OUT 
Stress~pt-27max~t.OUT 
Stress-pt-27th-b.OUT 
Stress-pt-27th-m.OUT 
Stress-pt-27th-t.OUT 
Stress~pt-36max~b.OUT 
Stress~pt-36max~m.OUT 
Stress~pt-36max~t.OUT 
Stress-pt-36th-b.OUT 
Stress-pt-36th-m.OUT 
Stress-pt-36th-t.OUT 
Stress~pt-45max~b.OUT 
Stress~pt-45max~m.OUT 
Stress~pt-45max~t.OUT 
Stress-pt-45th-b.OUT 
Stress-pt-45th-m.OUT 
Stress-pt-45th-t.OUT 
Stress~pt-54max~b.OUT 
Stress~pt-54max~m.OUT 
Stress~pt-54max~t.OUT 
Stress-pt-54th-b.OUT 
Stress-pt-54th-m.OUT 
Stress-pt-54th-t.OUT 
Stress~pt-63max~b.OUT 
Stress~pt-63max~m.OUT 
Stress~pt-63max~t.OUT 
Stress-pt-63th-b.OUT 
Stress-pt-63th-m.OUT 
Stress-pt-63th-t.OUT 
Stress~pt-72max~b.OUT 
Stress~pt-72max~m.OUT 
Stress~pt-72max~t.OUT 
Stress-pt-72th-b.OUT 
Stress-pt-72th-m.OUT 
Stress-pt-72th-t.OUT 
Stress~pt-8lmax~b.OUT 
Stress~pt-8lmax~m.OUT 
Stress~pt-8lmax~t.OUT 
Stress-pt-8lth-b.OUT 
Stress-pt-8lth-m.OUT 
Stress-pt-8lth-t.OUT 
Stress~pt-90max~b.OUT 
Stress~pt-90max~m.OUT 
Stress~pt-90max~t.OUT 
Stress-pt-90th-b.OUT 
Stress-pt-90th-m.OUT 
Stress-pt-90th-t.OUT 
Stress~pt-99max~b.OUT 
Stress~pt-99max~m.OUT 
Stress~pt-99max~t.OUT 
Stress-pt-99th-b.OUT 
Stress-pt-99th-m.OUT 
Stress-pt-99th-t.OUT 
Stress-pt-9max-b.OUT 
Stress-pt-9max-m.OUT 
Stress-pt-9max-t.OUT 
Stress-pt-9th-b.OUT 
Stress-pt-9th-m.OUT 
Stress-pt-9th-t.OUT 
Tank~C00rdinateS~AY.txt 
Tank-Meshl. txt 
tank-out. out 
Tank-Props-BEC-25O.txt 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

16,291 
16,210 
21.714 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

21,714 
21, 630 
16,291 
16,291 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

16,210 
21,714 
21.714 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

21, 630 
16,291 
16,291 
16,210 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

21,714 
21,714 
21. 630 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

16,291 
16,291 
16,210 
21,714 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 

21,714 
21, 630 
16.291 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 

16,291 
16,210 
21,714 
21,714 

11/02/2005 12:30 PM 
11/02/2005 12:31 PM 

21, 630 
16,291 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

16,291 
16,210 
21,714 
21,714 
21, 630 

11/02/2005 12:31 PM 
11/02/2005 12:30 PM 

16,291 
16.291 

11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

16,210 
21,714 
21,714 
21, 630 

11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

16,291 
16,291 
16.210 

11/02/2005 12:31 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 

21,714 
21,714 
21, 630 
16,291 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 

16,291 
16,210 
21.714 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 

21,714 
21, 630 
16,291 
16,291 

11/02/2005 12:30 PM 
11/02/2005 12:31 PM 
11/02/2005 12:30 PM 

16,210 
21,714 
21.714 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

21, 630 
16,291 
16,291 
16,210 

11/02/2005 12:30 PM 
11/02/2005 12:30 PM 

21,842 
21,842 

11/02/2005 12:30 PM 
10/31/2005 12:13 PM 
05/25/2005 03:32 PM 
11/04/2005 08:44 AM 
02/25/2005 02:24 PM 

21,758 
3,825 
2,512 
102 

5,406 
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11/04/2005 08:45 AM 
05/16/2005 03:41 PM 
05/16/2005 08:44 AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/04/2005 09:OO AM 
11/01/2005 12:19 PM 
10/31/2005 12:Ol PM 

6,491 
41,470 
41,472 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
14, 910 
8,236 
15,038 
1,378 

342 
3.265 

Tank-th.out 
TH-266-LB-Geo-V.txt 
TH-266-LB-Geo.txt 
Waste~Cont~lO8max.OUT 
Waste-Cont-lO8th.OUT 
Waste~Cont-ll7max.OUT 
Waste-Cont-ll7th.OUT 
Waste~Cont-126max.OUT 
Waste-Cont-126th.OUT 
Waste~Cont-135max.OUT 
Waste-Cont-135th.OUT 
Waste~Cont-144max.OUT 
Waste-Cont-144th.OUT 
Waste~Cont-153max.OUT 
Waste-Cont-153th.OUT 
Waste~Cont-162max.OUT 
Waste-Cont-162th.OUT 
Waste~Cont-17lmax.OUT 
Waste-Cont-17lth.OUT 
Waste~Cont~l8Omax.OUT 
Waste-Cont-18Oth.OUT 
Waste-Cont-18max.OUT 
Waste-Cont-18th.OUT 
Waste-Cont-27max.OUT 
Waste-Cont-27th.OUT 
Waste-Cont-36max.OUT 
Waste-Cont-36th.OUT 
Waste-Cont-45max.OUT 
Waste-Cont-45th.OUT 
Waste-Cont-54max.OUT 
Waste-Cont-54th.OUT 
Waste-Cont-63max.OUT 
Waste-Cont-63th.OUT 
Waste-Cont-72max.OUT 
Waste-Cont-72th.OUT 
Waste-Cont-8lmax.OUT 
Waste-Cont-8lth.OUT 
Waste-Cont-90max.OUT 
Waste-Cont-90th.OUT 
Waste-Cont-99max.OUT 
Waste-Cont-99th.OUT 
Waste-Cont-9max.OUT 
Waste-Cont-9th.OUT 
Waste-Reaction.out 
Waste-Reaction.txt 
Waste-solid-AY.txt 

667 F i l e j s )  533,682,207 bytes 
2 D i r j s )  78,397,083,648 bytes free 
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3:; 422.h 

qs460.in Heighttoptimarytanktangentiine 

Hi -0.92 
Ht 

&= 386.4-" 
2 

Baseline waste level as mOMtled in ANSYS 

Ratio ofwaste height to tank height 

IIE 

&= 450.h Tank radius 

";OS4 Ratio of waste height to tank radius 

i:=0..2 

1.841) 

I := 5.331 I r 8.536) 

Bessel function mots 

Wrcumferentiai location of waste elements for whim pressures are reponed 

Convective Frequencies 

] Eqn. 4.14 BNL 1995 

0.19) 
Arst three wnveCtive frequencies 

0.43) 

waste density - specific gravity = 1.7 -4 Ibf.,,Z pI:=1.59.10 .- 
.4 

1 
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I:= 

Prepared by: F.G. Aball 
M6D Professional Se&es 

Rev. 3 ANSYS Madel Configuration 

Theoretical Fluld Respmse AY 
Flexible Wall Tank a1422 in. Wask 

Checked by: B.G. Carpenter 
M&D Professanal Services 

12/12/05 Level, Lower b u n d  Sal 1/101c% 

' 24.5.in ) 
SO.5.h 
77%" 

104.5.h 

131.4s.m 

15635.i~ 

179.3.i" 

202.3.1. 

225.65.in 

25l.in 

278.h 

305.h 

332.5" 

359.5.i" 

386.5 in 

,410.75-in) 

VerScal location of element cmtmids at which pressures 
are reported. 

Calculation of ImDUlSive Frequencv: 

pt:= 7.35.10 - 4  .~ ''''see2 Steel dansily 
4 
ill 

Average thickness of AY over lower 213. 0.65.1~ 

Table 4.4 Of BNL 1995. Hinged top support condition - estimated for ylHL=0.92 c,f:=o.102 

c?c(mr/q Eqn. 4.18 BNL 1995 

c, = 0.09 Impulsive mefncient for frequency calculation 

q 5.54 ANSYS Results 
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m a r e d  by: F.G. Aban Theoretical FluM Responne AY Checked bv: B.G. C a m e m  
M W  Profe-nal SslYices Fle~bleWallTanka1422in. Waste M&D Rofessional Sewices 
i 2 m n  Level, LowerBound Soil 1110106 
Rev. 3 ANSYS Model ConRguration 

Ratlo of tank wall vemcal kcanon lo waste height for waste dement 
centroids. 

Delemine convectve coeffc enls as a Imcl on of d mensmleu hughi 
per BNL 1995 Eqn 4.4 
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Prepared by: F.G. AbaU 
M&D Professional Sewkxs 

Rev. 3 ANSYS Model Cmfiguation 

Theoretical Fluid Response AY 
FleMble Wall Tank a1422 in. Waste 

Checked by: 8.6. Camenter 
M&D ProfeSiionaI Semites 

1~112105 Level, Lowermund Soil 1110106 

BNL 1995 Eqn. 4.7 
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Prepared by: F.G. matt 
M&D Probwional Services 

Rev. 3 ANSYS MOdel Configurntian 

Theoretical Fluid R e s p ~ n ~ ~  AY 
Flexible Wall Tank 81 422 in. Waste 

Checked by: 8.0. Carpenter 
M&D Profewionel Sewices 

izi2rn5 LW4, Lower Bound Soil l l l W 0 6  

Calculate maximum values of dynamic wall pressures 

Consider the first three convective m d e s  

SA* := 0.062.~ SA* 2 3 . 9 6 2  
2 

S I C  

SACl := 0.108,1 wrl = 4 1 . 7 3 2  0.5% Dome RS fmm Spectr 
2 

X I  

sA,:=O.l63s SA, = 6 2 . 9 8 2  
2 

19E 

Determine the spectral ameleration for the impulsive mode. 
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~epared by: F.G. Aban Theorelicd Fluld Response AY Checked by: B.G. Calpente 
M6D ProFessjonal SBwices FIe*ble Wall Tank at 422 in. Waste M&D Pmfessionsl Se-s 
12112105 Level, L w  BDund Soil 1110100 
Rev. 3 ANSYS MOdel Cmfiguration 

Maximum impulsive dynamic pressures at 
theta = 0. 

Maximum convedve dynamic pressures ai 
theta = 0. 
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Repared by: F.G. Abatt Theoretical Fluid Response AY Checked by: B.G. Carpenter 
M6D Pmfesslonai SelviCes FldMe Wall Tank at 422 in. Waste M&D Rofessional Services 
12/12/05 Level, L w r  Bound Soil lllOlO6 
Rev. 3 ANSYS Mcddei Configuration 

Maximum total dynamic pressure at 
theta = 0. 

Maximum total dynamic pressure a1 
meta = 45 degrees. 
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Prepared by: F.G. Ab& 
M(LD Pmfessioml Sewices 

Rev. 3 ANSYS Model CoMl~uralan 

Thwrelical FluM Reoponsa AY 
Flexible Wall Tankat422 in. Waste 

Checked by: B.G. Carpenter 
MaD PmfeSSlonal Services 

12112105 Level, L O W  Bound sou I l l o m  

Maximum total dynamic pressure a1 
lheta = 90 degress. 

Calculate Maximum Slash Heiaht: 

0.837) 
Maxlmum value of mnvsdve coemdent8 at q,=1 

0.028) 
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Checked by: B.G. Carpenter 
M8D Professional Sewices 

1I10105 

p 
The maximum hydrodynamic face induced on the tank wall is given by Eqn. 4.31 of BNL 1995 
wim the instantaneous acc4wations replaced by the maxlmum specval acceiemtions. first 
determine the effective impulsive and w v e u i w  rnass888. 

m ~ ~ ~ ~ ~ ~ : =  2 . H ~ P ~  mlapprir =4.27x 10 4 - 1w-2 Total waste m a s  base on Circular cylinder 
approximation. 

A d ~ l  Wasle mass repwted by ANSYS m a l  

9 
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Prepared by: F.G. Abati 
M a  ProfeGSI~al Services 

Rev. 3 ANSYS Madel CanRguraWn 

Theoretical Fluid Response AY 
Flea'& WallTankat 422 in. Waste 

Checked by: 0.0. Carpenter 
M&D Pmfessional Sewice. 

12/12/05 Level, Lower Bound Soil 111om6 

Fmy :- ?SA; + m#SAc0 t mS, SAaI + m&AC2 

6 
Consrvative estimate of maximum hydrodynamic Force ~ ~ , - 5 . 7 2 ~ 1 0  ~f 

The above BXpressbn is a COnswaUve estimate because h assums that the peak impulsive and 
convedve Forces occur simullaneously. A less COnseNatiie &mate can be made via a 
s q u a r e - r n o l a u m ~ f - t h e - ~ ~ ~ ~ ~ ~  (SRSS) combination. 

Consider Verbical Exdlatian: 

Calculate the axisymmelric breathing mode frequency For the tank 

C ~ : .  0.088 Table4.17 BNL 1995 

e,.= 5.4 

SA":= 0.21 g S,-81.14-" 
2 

Vert. Haunch 4 % RS from Specb. 
%E 

The maximum dynamic wall pressure as a function d l h e  dimensionless vertical distance 
is given by 

10 
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Prepared by: F.G.Abatt rneoreecai Fluid R - ~ O ~ S B  AY Check& by: 6.0. Carpenter 
MbD Profess(ona1 Services FlexiMBWallTankat422in. Waste M8D Professional Services 
1zmrn5 Level, LowerBaund Soil 1110106 
Rev. 3 ANSYS Model Configuration 

~ - ~ ~ , ) : = ( 0 . 8 ) . ~ ~ ~ . ~ ~ ~ ( ~ r ~ ~ * " )  Eqn. 4.52 BNL 1995 

Estimated from Figure 4.7 BNL 1995 
rQp,jnxoua:= 0.28 0.54 

"ptinUut,,:= 0.72 ~ m n - ~ , ~ : =  0.46 

m&:=o.t2.p 

The maximum base pressures at me outer and center elements am gMen by 
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Prepared by: F.G. &an rneoreuCai Fluid ~espmse ay Checked by: B.G. Carpenter 
M&D Professional Services FlexiMe Wall Tank at 422 in. Waste M8D Pmfessbmal Service 
12112/05 Level. L-r Bound Soil 1110106 
Rev. 3 ANSW Model Configuration 

Determine the maximum veriical force on the base 

mo:= 0.402..1 

ml:- 0.598.n, 

COrnpOnent of waste mass particpating in the matian of the tank base 

COrnwnent of waste mass Palticpating in the m l o n  of the tank wall 

BNL Table 4.17 

4 2  
m,.2.55x10 1 b t . F  

Eqn. 4.57 6NL 1995 modified for 
maximum response per p. 4-yl 

12 
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Appendix F 

Best Estimate Soil 
Best Estimate Concrete 

Results 
Load Case Specific Input Files 

File Listing 
Theoretical Waste Pressure Calculation 

F.2 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

I 

Appendix E 

I 

Best Estimate Soil 
Best Estimate Concrete 

Results 
Load Case Specific Input Files 

File Listing 
Theoretical Waste Pressure Calculation 

I M D P - M e m  A Y ~ - % C ~ T . n k D I n . n d P u h . r * .  FuUu 
1III1w. PLgr I 

Figure F.l .  BES-BEC Concrete Forces and Moments, Gravity Load Only 
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AY- Primary Tank, Best Estimate Soil (Geomatrix), Best Estimate Concrete, 
422 io. Waste Level at 1.7 SpG 
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HBO 
M l n g  

HBO 
Element 

-, . - . . . . 
842 225.10 
862 273.88 
882 923.27 
902 m.10 
622 418.20 
642 4 4 . 1 1  

882 m.SI 
1002 527.78 
1022 m.76 
1M2 582.1 
lW 808.28 
1M2 m1 
1102 m.m 
1122 BB8.M 
1142 711.9s 
1162 794.96 
1182 m.91 
1202 782.81 
1222 em78 
1242 -76 
1282 889.78 
1282 em76 
1302 M 
1322 M6.M 
i a d p  ctum 

471.08 

AY Primary Tank, Best Estimate Soil, Gravity Input, Best Estimate Tank Concrete, 
422 In. Waste Level ai 1.7 SpG 
Shell Top SurfnFa (inside - wnsm side) 

AY-NL-BES-BEG AY-NLBWBEC AY-NLBEPBEC AY-NL-BES-BEG AY-NLBWBEC 
AY-NL-BESBEC Gravltyhly Only Stmss Gravlty h l y l f l l a s  h u l t y  Ody IrrPtam &mity Only Thrv 

. - . -, -- 
13821 w4.m 
15821 1m.78 
14021 1110.53 I,,=.- 1 -- 1 1 *,.", 

Mwirlunal. Hoop. and Shear SWesses are Rawrsarl m mhhghtd Sections ( F ~ T )  

AY-2D-NL-BEQBEC Ri Tank Stroes Gmwlry.de. Stloas Max 
P q e  1 

Figure F.4. BES-BEC Primary Tank Stresses, Shell Top, Gravity Load Only 
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AY Prlmary Tank, Best Estimate SOH, Gravity Input, Best Estlmate Tank Concrete, 

86 are Reversed in Highlighmdlecfions (Floor) 

P q e  2 

Figure F.5. BES-BEC Primary Tank Stresses, Shell Middle, Gravity Load Only 
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AY Primary Tank, Best Estimate Soil, Gravity Input, Best Estimate Tank Concrete, 
422 In. Waste Level at 1.7 SDG 

pago 3 

Figure F.6. BES-BEC Primary Tank Stresses, Shell Bottom, Gravity Load Only 
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paso 1 

Figure F.7. BES-BEC Primary Tank Stresses, Shell Top, Gravity Plus Seismic Load 
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AY Primary Tank, Best Estimate Soil, Horizontal and Vertical Seismic Input, Best 

;We88es am Reversed in Hiphliphted Sections (Floor) 

AY-2C-NL.BES.BEC Prl TankSlresa S&mic.ds. Slrsss Max 

Figure F.8. BES-BEC Primary Tank Stresses, Shell Middle, Gravity Plus Seismic Load 
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AY Primary Tank, Best Estimate Soil, Horizontal and Vertical Seismic Input, Best 

;We88es am Reversed in Hiphliphted Sections (Floor) 

AY-2C-NL.BES.BEC Prl TankSlresa S&mic.ds. Slrsss Max 

Figure F.9. BES-BEC Primary Tank Stresses, Shell Bottom, Gravity Plus Seismic Load 
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AY Primary Tank, Best Estlmate Soil, Horizontal and Vertlcal Seismlc Input, Best 

AY-LD-NL-BESaEC prl Tank Swas Selsmlc Only.kis, Sacrss M a  

Figure F.10. BES-BEC Primary Tank Stresses, Shell Top, Seismic Load Only 
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AY-LD-NL-BESaEC prl Tank Swas Selsmlc Only.kis, Sacrss M a  

Figure F.11. BES-BEC Primary Tank Stresses, Shell Middle, Seismic Load Only 
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AY Primary Tank, Best Estlmate Soil, Horizontal and Vertlcal Seismlc Input, Best 

p w  3 
AY-LD-NL-BESaEC prl Tank Swas Selsmlc Only.kis, Sacrss M a  

Figure F.12. BES-BEC Primary Tank Stresses, Shell Bottom, Seismic Load Only 
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AY Primary Tank, Best Estimate Soil, Gravity Only, Best Estimate Tank Concrete, 
422 in. Waste Level at 1.7 SpG 

ANSYS MAXIMUMS BY RADIUS 

M&D Professional Services Confidential 
31812006 Page I 

Figure F.13. BES-BEC J-Bolt Forces, Gravity Load Only 

AYQD-NL-BES-BEC J Bolt Farces Gravity.xis, Forces 
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MbD 
J-Bolt 

Radius NO. 

Radius of J-Bolts 
Included Total 

Mea" Average Min Axial Max Axial Shear Maximum Maximum Shear 
J-Bolt B o k  per Force (kip) Force (kip) Forcel (kip) Shear Forcel Shear Force2 Shear Force2 (kip) BES 
Radius m u  Element BES-BEC BESBEC BESBEC Model Plnqle (kill) BESBEC Model Anale BEC 

Figure F.14. BES-BEC J-Bolt Forces, Gravity Plus Seismic Load 

, 
Radiw 8 
Radiw9 
Radiw 10 
Radiw 11 

F. 14 

L.,..,* LL".,lL,".I" *.<" =,,< "."y"l, ~"."""*" "."" ,.,. 
304.43 270.98 318.74 4.04 0.3076 1725 2132 0.01329 -0.00042 0.00270 
333.05 318.74 361.64 4.37 0.3613 1746 2086 0.01680 -0.00199 0.00578 
390.22 361.64 406.24 5.36 0.5235 1821 2006 0.01809 400620 0.00461 
422.26 406.24 431.63 3.60 0.6938 1913 1933 0.02541 -0.01244 0.01395 
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M8D 
J-Boll 
Radius 

Y- 

Radiusof J-Bolts Min Axial Max Axial Total Shear 
Included Force (kip) Force (kip) Shear Shear Force2 (kip) BES. 

Mean Average BESBEG BESBEC- Force1 (kip) Maximum (kip) BES- Maximum BEC- 
J-BoH Bolts per Seismic Seismic BESBEG Shear Force1 BEC-Seismic Shear Force2 Seismic 
m)l~illL m;n max rhment nni.. nniv n-8- ~ i ~ r ( ~ i  bnniA nni.. ~ ~ r ( - i  bnnie nni.. 

M&D Professional Services Confidential 
3/8/2008 

Radiw 7 
Radius8 
Radius9 
Radiw 10 
Radiw 11 

AY-20-NL-BES-BEC J Boil Forces Seismic.xls 
Page 1 

237.53 223.79 270.98 3.30 0.2136 1696 2172 0.00409 -0.00050 0.001 13 
304.43 270.98 318.74 4.04 0.3078 1725 2132 0.01 190 -0.00059 0.00237 
333.05 318.74 361.6% 4.37 0.3613 1746 2086 0.01609 -0.00177 0.00529 
390.22 361.64 406.24 5.36 0.5235 1821 2006 0.01765 -0.00626 0.00384 
422.26 406.24 431.63 3.60 0.6938 1913 1933 0.02512 -0.01327 0.01126 

Figure F.15. BES-BEC J-Bolt Forces, Seismic Load Only 
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AY Secondarv Liner. Best Estiamte Soil. Gravitv Onlv. Best Estimate Tank Concrete. 422 In 

M8D Professional Servlces Confidential 
31W2006 Page I 

AY-PD-NL-BES-BEC Liner Strain Gravlhj.ds, Strain Max 

Figure F.16. BES-BEC Secondaq Liner Strain, Shell Top, Gravity Load Only 
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AY Secondarv Liner. Best Estiamte Soil. Gravitv Onlv. Best Estimate Tank Concrete. 422 In 

M8D Professional Servlces Confidential 
31W2006 Page 2 

AY-2D-NL-BES-BEC Liner Strain Gravlhj.ds, Strain Max 

Figure F.17. BES-BEC Secondaq Liner Strain, Shell Middle, Gravity Load Only 
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AY Secondarv Liner. Best Estiamte Soil. Gravitv Onlv. Best Estimate Tank Concrete. 422 In 

M8D Professional Servlces Confidential 
31W2006 Page 3 

AY-PD-NL-BES-BEC Liner Strain Gravlhj.ds, Strain Max 

Figure F.18. BES-BEC Secondaq Liner Strain, Shell Bottom, Gravity Load Only 
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AY Secondarv Liner. BeSt Estimate Soil. Horizontal and Vertical Inaut. Best Estimate Tank 
. I  

Concrete, 422 in waste Level at 1.7SpG 
Shell Top Suriace (inside - toward8 waste) 

AV-NL-BESBEC 

M8D Professional Servlces Confidential 
31W2006 Page 4 

AY-PD-NL-BES-BEC Liner Strain Seiamio.ds, Strain Max 

Figure F.19. BES-BEC Secondruy Liner Strain, Shell Top, Gravity Plus Seismic Load 
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AY Secondary Liner, Best Estimate Soil, Horizontal and Vertical Input, Best Estimate Tank 
Concrete, 422 In Waste Level at 1.7SpG 

Shell Mid-Plane 

I MbD 
AY-NL-BESBEC 

MbD AY-NL-BES-BEC AY-NL-BES-BEC AY-NL-BES-BEC AY-NL-BESBEC In- AY-NL-BESBEC In- Thru-Thlckneos 

M8D Professional SeMcer Confidential 
31812006 Page 5 

AY-2D-NL-BES-BEC Liner Strain Seirmio.di. Strain Max 

Figure F.20. BES-BEC Secondaq Liner Strain, Shell Middle, Gravity Plus Seismic Load 
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AY Secondarv Liner. BeSt Estimate Soil. Horizontal and Vertical Inaut. Best Estimate Tank 
. I  

Concrete, 422 in waste Level at 1.7SpG 
Shell Bonom Surface (outside - away from waste) 

AV-NL-BESBEC 

M8D Professional Servlces Confidential 
31W2006 Page 6 

AY-PD-NL-BES-BEC Liner Strain Seiamio.ds, Strain Max 

Figure F.21. BES-BEC Secondaq Liner Strain, Shell Bottom, Gravity Plus Seismic Load 
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AY Secondary Liner, Best Estimate Soil, Horizontal and Vertical Input, Best Estimate Tank 
Concrete, 422 In Waste Level at 1.7SpG Seismic Only 

Shell Top Surface (inside - towards waste) 
I I I I I 

M8D Professional Servlces Confidential 
31W2006 

AY-PD-NL-BES-BEC Liner Strain Seirmio.xla 
P a w  1 

Figure F.22. BES-BEC Secondruy Liner Strain, Shell Top, Seismic Load Only 
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AY Secondary Liner, Best Estimate Soil, Horizontal and Vertical Input, Best Estimate Tank 
Concrete, 422 In Waste Level at 1.7SpG Seismic Only 

Shell Mid-Plane 
I I I I I 

M8D Professional Servlces Confidential 
31W2006 

AY-PD-NL-BES-BEC Liner Strain Seirmio.xla 
P a w  2 

Figure F.23. BES-BEC Secondaq Liner Strain, Shell Middle, Seismic Load Only 
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AY Secondary Liner, Best Estimate Soil, Horizontal and Vertical Input, Best Estimate Tank 

M8D Professional Servlces Confidential 
31W2006 

AY-PD-NL-BES-BEC Liner Strain Seirmio.xla 
P a w  3 

Figure F.24. BES-BEC Secondruy Liner Strain, Shell Bottom, Seismic Load Only 
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Tank AY, 422 Inch Waste Level 

Best Estimate Soil 
Best Estimate Concrete 

SpG=l.7 

Vertical Vertical Shear Y Shear Y ShearX Shear X Shear Y Shear X Shear 
Min AY- Max AY- Min AY- Max AY- Min AY- Max AY- Max AY- Max AY- Max AY- Vertical Force Vertical Force 
BES-BEC BES-BEC BES-BEG BES-BEC BES-BEC BES-BEG BES-BEG BES-BEC BES-BEC Max AY-BES- Min AY-BES- 

Angle Gravity Gravily Gravity Gravity Gravity Gravity Gravity Gravity Gravity BEG Gravity BEC Gravity 
0 
9 

18 
27 
36 
45 
54 
63 
72 
81 
90 
99 

108 
117 
126 
135 
144 
153 
162 
171 
180 

-217.90 
433.00 
433.40 
432.90 
432.90 
432.80 
432.80 
432.80 
432.70 
432.70 
432.70 
432.70 
432.70 
432.80 
432.70 
432.70 
432.60 
432.90 
432.50 
-434.50 
-215.60 

-2ij.go 
432.90 
433.30 
432.90 
432.90 
432.80 
432.80 
432.80 
432.70 
-432.70 
432.60 
432.70 
432.70 
432.70 
-432.70 
432.70 
432.60 
432.80 
432.50 
434.50 
-21 5.60 

0.00 
0.39 
0.49 
1.28 
1.87 
2.37 
2.75 
3.02 
3.19 
3.30 
3.35 
3.33 
3.26 
3.07 
2.78 
2.40 
1.96 
1.30 
0.85 

-0.54 
0.00 

0.00 
0.39 
0.50 
1.30 
1.88 
2.39 
2.76 
3.03 
3.20 
3.30 
3.35 
3.33 
3.27 
3.07 
2.78 
2.40 
1.96 
1.31 
0.85 

-0.54 
0.00 

2.06 
3.83 
3.46 
3.13 
2.79 
2.42 
2.01 
1.54 
1.04 
0.49 

-0.06 
-0.59 
-1.10 
-1.58 
-2.02 
-2.43 
-2.78 
-3.10 
a 3 7  
-3.84 
-2.09 

2.06 0.00 
3.84 0.06 
3.46 0.08 
3.13 0.20 
2.79 0.29 
2.42 0.37 
2.01 0.43 
1.54 0.47 
1.04 0.50 
0.50 0.52 

-0.05 0.52 
-0.58 0.52 
-1.09 0.51 
-1.58 0.48 
-2.02 0.44 
-2.42 0.37 
-2.77 0.31 
-3.09 0.20 
X36 0.13 
-3.83 0.08 
-2.09 0.00 

0.65 
0.60 
0.54 
0.49 
0.44 
0.38 
0.31 
0.24 
0.16 
0.08 
0.01 
0.09 
0.17 
0.25 
0.32 
0.38 
0.43 
0.48 
0.53 
0.60 
0.65 

0.65 
0.60 
0.55 
0.53 
0.53 
0.53 
0.53 
0.53 
0.52 
0.52 
0.52 
0.53 
0.54 
0.54 
0.54 
0.53 
0.53 
0.53 
0.54 
0.61 
0.65 

-68:09 
-67.86 
-67.72 
-67.64 
-67.64 
-67.63 
-67.83 
-67.63 
-67.61 
-67.81 
-67.61 
-67.61 
-67.61 
-67.63 
-67.81 
-67.81 
-67.59 
-67.64 
47.58 
-67.89 
-67.38 

-68.09 
-67.64 
-67.70 
-67.64 
-67.64 
-67.63 
-67.63 
-67.63 
-67.61 
-67.61 
-67.59 
-67.61 
-67.61 
-67.61 
-67.61 
-67.61 
-67.59 
-67.63 
47.58 
-67.89 
-67.38 

Figure F.25. BES-BEC Concrete WallKooting Contact Forces, Gravity Load Only 
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Tank AY, 422 Inch Waste Level 

Best EStimate Soil 
Best Estimate Concrete 

SpG=l .7  

Venical Venical Shear Y Shear Y Shear X Shear X Shear Y Shear X Shear 
Min AY- Max AY- Min AY- Max AY- Min AY- Max AY- Max AY- Max AY- Max AY- Vertical Force Venical Force 
BES~BEC BES~BEC BES~BEC BES~BEC BES-BEC BES~BEC BES~BEC BESBEC BES~BEC Max AY~BES~ Min AY~BES 

Anale Seismic Seismic Seismic Seismic Seismic Seismic Seismic Seismic Seismic BEC Seismic BEG Seismic 
0 ~250.00 -168.70 
9 496.70 -335.80 

18 496.90 -338.40 
27 496.00 -341.80 
36 495.40 -347.00 
45 494.60 -350.70 
54 493.70 -353.90 
63 492.70 -357.80 
72 491.50 -361.40 
81 490.30 -363.80 
90 -489.20 -365.10 
99 -488.30 -365.70 

108 -487.40 -365.60 
117 -486.60 -365.00 
126 -486.20 -363.70 
135 -486.60 -361.90 
144 -487.50 -360.30 
153 -489.20 -359.40 
162 -490.10 -358.80 
171 -493.40 -360.80 
180 -245.00 -179.00 

0.00 
-20.21 
-38.57 
-52.40 
-61.52 
-64.65 
-61.81 
-52.45 
-37.43 
-18.01 

1.34 
-17.82 
-36.36 
-50.61 
-59.89 
-62.92 
-59.70 
-50.98 
-37.14 
-21.01 

0.00 

0.00 
21.77 
41.08 
56.82 
87.00 
70.83 
67.83 
58.32 
43.25 
24.19 
5.11 

26.05 
45.98 
61.31 
70.39 
72.48 
67.73 
56.76 
41.06 
21.12 
0.00 

~7.94 
-18.74 
-28.48 

-63.33 
-64.93 

-106.60 
-126.10 
-141.70 
-151.70 
-155.10 
-151.40 
-141.10 
-125.50 
-106.60 

-86.07 
-65.96 
-48.14 
-34.35 
-26.21 
-1 1.65 

-43.87 

13.43 
29.37 
38.17 
52.40 
70.80 
91.62 

11 2.90 
132.70 
149.00 
159.80 
163.90 
160.50 
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Figure F.26. BES-BEC Concrete WallKooting Contact Forces, Gravity Plus Seismic Load 
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Figure F.27. BES-BEC Concrete WalVFooting Contact Forces, Seismic Load Only 
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Figure F.28. BES-BEC SoiKoncrete Tank Contact Forces, Gravity Load Only 
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Figure F.30. BES-BEC SoiVConcrete Tank Contact Forces, Seismic Load Only 
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Figure F.31. BES-BEC Primary TanUConcrete Dome Contact Forces, Gravity Load Only 
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Figure F.32. BES-BEC Primary TanUConcrete Dome Contact Forces, Gravity Plus Seismic Load 
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Figure F.33. BES-BEC Primruy Tank/Concrete Dome Contact Forces, Seismic Load Only 
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Figure F.34. BES-BEC Primruy Tank/Insulating Concrete Contact Forces, Gravity Load Only 
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Figure F.35. BES-BEC Primruy Tank/Insulating Concrete Contact Forces, Gravity Plus Seismic Load 
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Figure F.36. BES-BEC Primary Tank/Insulating Concrete Contact Forces, Seismic Load Only 
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Figure F.37. BES-BEC Insulating ConcretelSecondaq Liner Contact Forces, Gravity Load Only 

F.37 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Radius 
424.00 
384.00 
317.85 
?4B.?L! 
199.25 
154.95 
11 2.80 
65.85 

~ 

I anK AY.  422 Inch Waste Level 
SpG = 1.7 

Best Estimate Soil 
Best Estimate Concrete 

Displacement Displacement Max Pressure Mi" Pressure 
lnsulatlng lnsulatlng lnsulatlng lnsulatlng 

ConcreteISecon ConCretelSeCon ConcrelelSecondary ConcreteISecondary 
dary Liner AV dary Liner AV Liner AY Liner AV 
Seismic (PSI) Seismic (PSI) Seismic (Inches) Seismic (Inches) 

70.764 29.222 0.005928 0.000260 
26.806 14.181 0.005868 0.0001 75 
33.896 18.903 0.003961 0.000045 
31.799 20.326 0.002237 0.000089 
31.632 21.104 0.001274 0.000005 
30.972 21.069 0.000897 0.00001 7 
31.722 21 .896 0.000829 0.000007 
31.326 21.826 0.000750 0.000021 

M&D Professional Services Confidential 
12/20/2005 Page 2 

Figure F.38. BES-BEC Insulating ConcretelSeconday Liner Contact Forces, Gravity Plus Seismic 
Load 
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Figure F.40. BES-BEC Waste Contact Pressure, Gravity Plus Seismic Load 
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mp2t7 
a, h a x t e m p 2 t 7 ,  h a x t e m p l t 3 ,  h a x t e m p l t 4 ,  h a x i b  
t12 
a, h a x i b t l 2 ,  h a x t e m p l t 4 ,  h a x t e m p l t i ,  h a x i b t l  
4 , h a x i b + l 3  

! G e t  maximum keypo in t  number f o r  

a, h a x i b t l 4 ,  h a x t e m p l t 5 ,  h a x t e m p l t b ,  h a x i b t l  
6 , h a x l b + l 5  
a, h a x i b t l 6 ,  h a x t e m p l t 6 ,  h a x t e m p l t 7 ,  h a x i b t l  
8 , h a x i b + l 7  
a, h a x i b t l 8 ,  h a x t e m p l t 7 ,  h a x t e m p l t 8 ,  h a x i b t 2  
0 , h a x i b + l 9  
a, h a x i b t 2 0 ,  h a x t e m p l t 8 ,  h a x t e m p l t 9 ,  h a x t e m p  
2 t 8 ,  kmaxibt22, h a x i b t 2 1  

c m , t o p ~ s o i l ~ a r e a , a r e a  
lsla 
c m , t o p - s o i l , l i n e  
type ,  1 
real, 1 

/COM ~ Define l i n e  d i v i s i o n s  t o  c o n t r o l  
meshing 
l s e l , s , l o c , r , s o l l r j l ) , ~ ~ ~ l ~ l 2 )  
l s e l , r , l o c , x , c t x l 3 )  , c t x  18) 
l e s l r e , a l l , , , l 4  ! so11 
above t a n k  top ,  match t a n k  meshing 
l s e l , s , l o c , r , s o l l r j l ) , ~ ~ ~ l ~ l 2 )  
Isel, r , 1 o c , x , c t x  110) , C t X  Ill) 
1 e s 1 r e , a 1 1 , , , 3  ! s o i l  above 
t a n k  top ,  match t a n k  meshing 
cmsel,s, t o p - s o i l  ! R e s e l e c t  
lines In near  so11 
Isel, r , 1 o c , x , c t x  12) 
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
Isel, S,lOC, X I  c t x  1 9 )  
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
Isel, r , 1 o c , x , c t x  112)  
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
l s e l , r , l o c , r , c t r l 2 ) , c t r  112)  
l s e l , r , l o c , x , c t x l 2 )  , C t X  112)  
1es1ze,a11,,,1 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  o u t s i d e  e x c a v a t i o n  
mesh 
l s e l , s , l ~ n e , , l m a x ~ b + 8 , l m a x 7 b t 1 0 , 2  
l s e l , a , l ~ n e , , l m a x ~ b + 2 6 , l m ~ ~ ~ b + 2 8 , 2  
lsel,a,l~ne,,lmax1b+3O,lm~~1b+38,4 
l e s l r e , a l l , ,  ,9 
lsel,s,l~ne,,lmax1b+42,lm~~1b+42,4 
1 e s 1 r e , a 1 1 , , , 7  ! C o n t r o l  
h o r i z o n t a l  meshing in s o i l  
l s e l , s , l i n e , , l m a x i b + 9  
l s e l , a , l ~ n e , , l m a x ~ b + 2 5 , l m ~ ~ ~ b + 2 7 , 2  
lsel,a,l~ne,,lmax~b+29,lm~~~b+45,4 
1es1ze,a11,,,1 ! C o n t r o l  
h o r i z o n t a l  meshing in s o i l  
l s e l , s , l i n e , , l m a x i b + 6  
lsel,a,l~ne,,lmax~b+20,1m~~~b+21 
lsel,a,l~ne,,lmax~b+32,lm~~~b+44,4 
lsel,a,l~ne,,lmax~b+3l,lm~~~b+43,4 
lsel,a,l~ne,,lmax~b+47,lm~~~b+49 
1es1ze,a11,,,1 ! C o n t r o l  
meshing t o  match t a n k  
l s e l , s , l i n e , , l m a x i b + 4 6  
1 e s 1 r e , a 1 1 , , , 4  ! C o n t r o l  mesh 
s i z e  a t  bottom of excava ted  s o i l  

c m s e l , s , t o p ~ s o i l ~ a r e a  
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amesh ,a l l  ! Mesh area t c  
deve lop  p a t t e r n  for volume meshing 

type ,  8 
k s e l , a , k p , , l  ! S e l e c t  
Keypoint for r o t a t i o n  a x i s  
k s e l , a ,  kp, ,  ct-kps ! S e l e c t  
Keypoint for r o t a t i o n  a x i s  
v r o t a t , a l l , ,  , , , , l , c t - k p s , l 8 0 , 2  
Genera te  Volumes for excava ted  s o i l  
lsla 
Isel, r , 1 o c , x , c t x  12) 
leslre,all,,arcslre ! Def ine  
meshing for slices 
lsla 
Isel, r ,1oc ,  X I  c t x  1 9 )  
leslre,all,,arcslre ! Def ine  
meshina for slices 

meshing for slices 

p a t t e r n  i n t o  volume 
aclear,all ! Delete 
e lements  used  for sweep 
cm, top - so i l -vo l ,vo lu  

* g e t , m X t e m p , V O L U , O , n u r n , r n a x  
/COM ~ Genera t e  e lement  above t o p  Center  of 
t a n k  
ase1,u,area, , a l l  

vsweep,a11 ! sweep 

vsel ," ,vol" ,  , a l l  
a, h a x i b t b m  k p t l ,  h a x t e m p z t l ,  h a x t e m p 2 t 4 ,  h a  
x i  btbm-kpt2- 
a, haxib tbm-kpt2 ,  hax tempZt4 ,  h a x i b t 2 ,  h a x i t  
tl 
v r o t a t , a l l , ,  , , , , l , c t - k p s , l 8 0 , 2  
vsel,s,volu, , v m a x t e m p + l , ~ a x t e m p + 3 , 2  
v a t t ,  801,,  8 
Ass ign  mater ia l  p r o p e r t i e s  
vsel,s,volu, , vmax temp+Z,~ax temp+4 ,2  
v a t t ,  802,,  8 
Ass ian  mater ia l  U r o u e r t i e s  . .  
vsel,s,volu,,vmaxtemp+l,~axtemp+4 
allsel 
a s e l , s , l o c , r , c t r j l ) , c t r  12) 
t ype ,  1 
asel, r , l o c , x ,  0 , 4  
a s e l , r , l o c , r , c t r j l ) , c t r  12) 
cmsel,", conc-tank-a 
*ge t , a t emp ,a rea ,  ,num,max 
*get,atempl,area,,num,min 
ase1,a,area,,1,22,21 
mshcopy, 2 ,1 ,a templ  ! copy mesh 
t o p  match t o p  of c o n c r e t e  t a n k  
mshcopy, 2,22, atemp ! copy mesh 
t o p  match t o p  of c o n c r e t e  t a n k  
ase1,u,area,,1,22,21 
vsel,s,volu,,vmaxtemp+l,~axtemp+4 
vsweep,a11 
Genera te  e lements  by sweeping area 

/COM ~ Assign  s o i l  p r o p e r t i e s  by l a y e r  
*do, I ,  1, t a n k s o i l - 1  
cmsel,s, t o p - s o i l - v o l  
vsel,r,loc,r,sollrjl),~~~l~l~+l) 
eSlV 
emodi f, all, m a t ,  80 Oti 
e s y s , o  

*enddo 

cmsel,s, t o p - s o i l - v o l  
vsel,a,loc,r,sollrjl),~t~Iz) 
eSlV 
cm,excav-soil, elem 
n S l e  
numrg ,node  

/COM ~ D e f i n e  component for excava ted  s o i l  ~ 

t a n k  w a l l s  on ly  
cmsel,s,excav-soil 
ns1e,s,1 
nsel,r,loc,r,soilrj5),~~~1~19) 
e s 1 n , r , 1  
cm,excav-wall, elem 

/COM ~ D e f i n e  component for excava ted  s o i l  ~ 

t a n k  dome on ly  
cmsel,s,excav-soil 
cmsel,", excav-wall 
cm,excav-dome, elem 

C S Y S , l  

cmsel, s, excav-wall 
n S l e  
n s e l ,  r , l o c , x , c t x  114)  
cm,excav-wall-n,node 

esel, s, t ype ,  , 8  
n S l e  
nse1, s,loc,x,sollx 11) 
nse1,r,1oc, Z , S O l l Z  11) 
cm,near~soil~face~node,nodt 
*do, I ,  2 , 9  
esel, s, t ype ,  , 8  
n S l e  
nsel,r,loc,x,sollxjl) 
nse1,r,1oc, Z , S O l l Z  11) 

cmsel,a,near~soil~facenodt 
cm,near~soil~face~node,nodt 
*enddo 

esel, s, t ype ,  , 8  
n S l e  
nse1,r,1oc, Z , S O l l Z  1 9 )  
n s e l ,  r , l o c , x , 4 1 , 6 8  
cm,near~soil~bot~node,node 

allsel 
* g e t ,  KMAXns,KP, 0 ,  num,max 
Keypoint nuder 
* g e t ,  LMAXns,LINE, O,num, max 
l i n e  number 
* g e t ,  AMAXns ,AREA, 0 ,  num, max 
A r e a  number 
* g e t ,  m X n s ,  volu, 0,  num, max 
Volume nuder 

! G e t  maximum 

! G e t  maximum 

! G e t  maximum 

! G e t  maximum 

Run-Tank.txt 

Hor izon ta l  and  
/ b a t c h  
! PNNL DST S e i s m i c  Ana lvs i s  

~ i ,  

V e r t i c a l  Seismic I n p u t s ,  B e s t  E s t i m a t e  S o i l ,  
B e s t  E s t i m a t e  Concre te  Properties, AP 
Primary Tank Geometry 
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flnl 
/Clear 
/f~lnarne,PNNL~ZD~BEs~BEC,l 
/conflg,nres,3000 ! Increase 
allowable n u d e r  of results to 3000 
/conflg,nproc, 2 
Activate 2 processers for solution 
/conflg, fspllt,1024 ! Split binary 
file at 4.2GB 

9-32.2 ! Gravity 
/prep7 

lft/sec) 

DF-40 ! Factor for 
beta [stiffness) damping 
ALPHA-0.4 ! Alpha 
damping 

/out, tank-out, out 
/sys, "X: \07 .OO ~ Quality Assurance\ANSYS 
QA\usrcfg.bat" > QA.out 
/out,QA,out,,append 
/Input,tank~coordinatesAY,txt ! Run 
file defining tank coordinates [concrete and 
primary) 
/input, tank-props-BEC-250, txt ! Run file 
defining fully cracked concrete properties 
IPNNL Concrete Properties) 
/Input,tank~meshl,txt ! Develop 
concrete tank 
/Input,primary~props~AY,txt ! Run file 
defining AP Primary tank properties 
/hnput,primary, txt 
Primary tank 

insulating concrete model 

Liner model 
/Input,waste~solid~AY,txt 
waste model 
/Input,bolts~friction,txt 
Bolt model 

excavated soil model 

/Inp"t,lns"late, txt 

/Inp"t,llner, txt 

/Inp"t,near~soil~l,txt 

/Inp"t,far-soll, txt 

/Inp"t,lnterfacel,txt 

/Inp"t,lnterface~gapl,txt 

Field soil model 

and Concrete Interfaces 

Primary Tank Interfaces 
/InD"t.slave.txt 

! Develop 

! Develop 

! Develop 

! Develop 

! Develop J- 

! Develop 

~. 
slaved boundary conditions 
/hnput,boundary, txt 
and s m e t r y  boundary conditions 

model to symmetry plane 
/input, live-load, txt ! Apply live 
load over a loft radius over dome center 
/Inp"t,flx-soll, txt 
/out 

/Input, outer-spar, txt ! connect so11 

ALLSEL 

! Develop Far- 

! Develop Soil 

! Develop 

! Develop 

! Place base 

/out,Tank-th,out 

save 

/hnput,solve-TH-BES, txt ! Run 
solution Phase 
/Input,contact~AY,txt ! Extract 
Contact data 
/Inp"t,all~forces,txt ! Extract 
component forcesdstrains 
/Inp"t,spectra~all,txt ! Extract 
Response Spectra 
/out 
/exit 

Soil-Prop-Mean-Ceo.txt 

Tanksoil-9 
deepsoil-20 
soil-radius-320 
mass-le8 

*dim,soilx, ,30 
*dim,soilr, ,30 

sollr 11) -0 
sollr 12) --5 
soilr 13)-ctrI9) 
soilr 14) -ctr 112) 
soilr 15) -ctr 114) 
soilr 16)-ctrl16) 
soilr 17) -ctr 118) 
soilr 18) -ctr 120) 
soilr 19)-ctrl23) 
soilr 1101--73.5 

soilr 115)--156 
soilr 116)--178 
soilr 1171--200 

/COM Excavated Soil Properties 
mp,ex,801,18*144 
mp,nuxy, 801,O. 27 
mp,dens, 801,125/ 11OOO*g) 
mp,damp,801,0.017/df 

/COM ~ Material 802, Soil 
mp,ex,802,22.5*144 
mp,nuxy, 802,O. 27 
mp,dens, 802,125/ 11OOO*g) 
mp,damp,802,0.027/df 

/COM ~ Material 803, Soil 
mp,ex,803,29.25*144 
mp,nuxy, 803,O. 27 
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mp,dens, 803,125/ 11OOO*g) 
mp,damp,803,0.039/df 

/COM ~ M a t e r i a l  804, Soil 
mu.ex.804.36*144 ~. . . 
mp,nuxy, 804,O. 27 
mp,dens, 804,125/ 11OOO*g) 
mp,damp,804,0.031/df 

/COM ~ M a t e r i a l  805, Soil 
mp,ex,805,42*144 
mp,nuxy, 805,O. 27 
mp,dens, 805,125/ 11OOO*g) 
mp,damp,805,0.035/df 

/COM ~ M a t e r i a l  806, S o i l  
mp,ex,806,48.75*144 
mp,nuxy, 806,O. 27 
mp,dens, 806,125/ 11OOO*g) 
mp,damp,806,0.042/df 

/COM ~ M a t e r i a l  807, S o i l  
mp,ex,807,55.5*144 
mp,nuxy, 807,O. 27 
mp,dens, 807,125/ 11OOO*g) 
mp,damp,807,0.047/df 

/COM ~ M a t e r i a l  808, Soil 
mp,ex,808,60*144 
mp,nuxy, 808,O. 27 
mp,dens, 808,125/ 11OOO*g) 
mp,damp,808,0.037/df 

/COM ~ M a t e r i a l  810, Soil 
mp,ex,810,250 
mp,nuxy, 810,O. 27 
mp,dens, 810,125/ 11OOO*g) 
mp,damp,810,0.037/df 

/COM ~ M a t e r i a l  Definitions 

mp, ex, 81 1,9 958 
mp,nuxy, 811,O. 27 
mp,dens, 811,125/ 11OOO*g) 
mp,damp,811,0.019/df 

/COM ~ M a t e r i a l  812, Soil 
mp,ex,812,8797 
mp,nuxy, 812,O. 27 
mp,dens, 812,125/ 11OOO*g) 
mp,damp,812,0.035/df 

/COM ~ M a t e r i a l  813, Soil 
mp,ex,813,7845 
mp,nuxy, 813,O. 27 
mp,dens, 813,125/ 11OOO*g) 
mp,damp,813,0.048/df 

/COM ~ M a t e r i a l  814, Soil 
mp,ex,814,8209 
mp,nuxy, 814,O. 27 
mp,dens, 814,125/ 11OOO*g) 
mp,damp,814,0.039/df 

/COM ~ M a t e r i a l  815, Soil 
mp, ex, 81 5,7 634 

/COM ~ M a t e r i a l  811, S o i l  [Top Layer) 

mp,nuxy, 815,O. 27 
mp,dens, 815,125/ 11OOO*g) 
mp,damp,815,0.048/df 

/COM ~ M a t e r i a l  816, S o i l  
mp, ex, 81 6,7 188 
mp,nuxy, 816,O. 27 
mp,dens, 816,125/ 11OOO*g) 
mp,damp,816,0.055/df 

/COM ~ M a t e r i a l  817, S o i l  
mp, ex, 81 7,6 933 
mp,nuxy, 817,O. 27 
mp,dens, 817,125/ 11OOO*g) 
mp,damp,817,0.059/df 

/COM ~ M a t e r i a l  818, S o i l  
mp, ex, 81 8,7 6 67 
mp,nuxy, 818,O. 27 
mp,dens, 818,125/ 11OOO*g) 
mp,damp,818,0.045/df 

/COM ~ M e a n  S o i l  Properties G e o m a t r i x  S o i l  
D a t a  
/COM ~ 1 9  Layer Mode 
/COM ~ M a t e r i a l  Definitions 

/COM ~ M a t e r i a l  9 0 1 ,  S o i l  [Top Layer) 
mu.ex.901.16423 ~. . . 
mp,nuxy, 901,O. 24 
mp,dens, 901,110/ 11OOO*g) 
mp,damp,901,0.017/df 

/COM ~ M a t e r i a l  902, S o i l  
mu.ex.902.15479 . .  . . 
mp,nuxy, 902,O. 24 
mp,dens, 902,110/ 11OOO*g) 
mp,damp,902,0.025/df 

/COM ~ M a t e r i a l  903, S o i l  
mp,ex,903,14481 
mp,nuxy, 903,O. 24 
mp,dens, 903,110/ 11OOO*g) 
mp,damp,903,0.034/df 

/COM ~ M a t e r i a l  904, S o i l  
mp,ex,904,14707 
mp,nuxy, 904,O. 24 
mp,dens, 904,110/ 11OOO*g) 
mp,damp,904,0.028/df 

/COM ~ M a t e r i a l  905, S o i l  
mp,ex,905,13625 
mp,nuxy, 905,0.19 
mp,dens, 905,110/ 11OOO*g) 
mp,damp,905,0.032/df 

/COM ~ M a t e r i a l  906, S o i l  
mp,ex,906,15456 
mp,nuxy, 906,0.19 
mp,dens, 906,110/ 11OOO*g) 
mp,damp,906,0.033/df 

/COM ~ M a t e r i a l  907, S o i l  
mp,ex,907,17532 
mp,nuxy, 907,0.19 
mp,dens, 907,110/ 11OOO*g) 
mp,damp,907,0.033/df 

/COM ~ M a t e r i a l  908, S o i l  
mp,ex,908,20972 
mp,nuxy, 908,0.19 
mp,dens, 908,110/ 11OOO*g) 
mp,damp,908,0.025/df 
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/prep7 
mass-r-148414.59 
d,master-node, all 
allsel 

/COM ~ Material 909, Soil 
mp,ex,909,23447 
mp,nuxy, 909,0.19 
mp,dens, 909,110/ 11OOO*g) 
mp,damp,909,0,026/df 

/COM ~ Material 910, Soil 
mp,ex,910,23138 
mp,nuxy, 910,0.19 
mp,dens, 910,110/ 11OOO*g) 
mp,damp,910,0.027/df 

/COM ~ Material 911, Soil 
mp,ex,911,22753 
mp,nuxy, 911,0.19 
mp,dens, 911,110/ 11OOO*g) 
mp,damp,911,0.029/df 

/COM ~ Material 912, Soil 
mp,ex,912,22069 
mp,nuxy, 912,0.19 
mp,dens, 912,110/ 11OOO*g) 
mp,damp,912,0,033/df 

/COM ~ Material 913, Soil 
mp,ex,913,25780 
mp,nuxy, 913,0.19 
mp,dens, 913,110/ 11OOO*g) 
mp,damp,913,0.025/df 

/COM ~ Material 914, Soil 
mp,ex,914,25333 
mp,nuxy, 914,0.19 
mp,dens, 914,110/ 11OOO*g) 
mp,damp,914,0.027/df 

/COM ~ Material 915, Soil 
m~.ex.915.35501 ~. . . 
mp,nuxy, 915,O. 28 
mp,dens, 915,120/ 11OOO*g) 
mp,damp,915,0.022/df 

/COM ~ Material 916, Soil 
mp,ex,916,39465 
mp,nuxy, 916,0.28 
mp,dens, 916,120/ 11OOO*g) 
mp,damp,916,0.021/df 

/COM ~ Material 917, Soil 
mp,ex,917,38565 
mp,nuxy, 917,O. 28 
mp,dens, 917,120/ 11OOO*g) 
mp,damp,917,0.023/df 

/COM ~ Material 918, Soil 
mp,ex,918,37715 
mp,nuxy, 918,O. 28 
mp,dens, 918,120/ 11OOO*g) 
mp,damp,918,0.025/df 

/COM ~ Material 919, Soil 
mp,ex,919,41496 
mp,nuxy, 919,0.28 
mp,dens, 919,120/ 11OOO*g) 
mp,damp,919,0.024/df 

Solve-Gravity-BES.txt 

cmsel,s,excav-soil 
n S l e  

nsel, r,loc,x,-ctx 16) -1, ctx (6) tl 
nsel, r , l o c ,  y,O,-ctx 16) -1 
e s 1 n , r , 1  
mpchg,810,all 

cmsel,s,excav-soil 
n S l e  

nsel, r,loc,x,ctx Ill) -1, ctx 113)tl 
nsel,r,loc,r,so~lrjl),~~~l~[3)1 
e s 1 n , r , 1  
mpchg,810,all 

*do, I, 801,808 
esel,s,mat, ,I 
mpchg, it10, a l l  
*enddo 
allsel 

/out,PNNL-AY-ZD-NL-BEC-BES-Gravity,out 

csys,o 

CSYS,l 

/Sol"  
antype, trans 
TRNOPT,FULL 
lumpm, OFF 
!nlgeom, on 
NROPT,auto 
NTIM-2 !NUMBER OF TIME STEPS 
DT-0.01 
TIM-le-06 
autots, on 
KBC, on 
TIMINT,ON, STRU 
solcontrol,ON,off,, 

LNSRCH,OFF 
PRED, on,, on 

/COM ~ Time File 

ncnv, 0,200 

/COM ~ Dimension Horizontal Input 
*DIM,A 1 x,,2048 
*DIM,AIlIZ, ,2048 

* V R E A D , A - l - x j l ) , t h ~ 2 6 6 ~ M e a n g e o , t x t  
18 lF9.61 1 

/Title,Load Case: BES-BEC, Full Non-linear, 
Final PT Mesh 
OUTPR,all,NONE, 
OUTRES. ALL'NONE. 
OUTRES,RSOL,last 
OUTRES,NSOL,last 
O U T R E s , E s O L , l a ~ t , c ~ n C t a n k  
OUTRES, Strs, last, Primary-tank 
OUTRES,ESOL, last, Jbolts 
OUTRES,Epel,last, liner 
o " t r e s , e s o l , l a s t , w a l l l n t g a p  
o " t r e s , e s o l , l a s t , c o n c e x c a v w a l l g a p  
o u t r e s , e s o l , l a s t , c o n c e x c a v d o m e g a p  
O " t r e S , S t r S , l a S t , e x C a v s o l l  

O u t r e S , S t r S , l a S t , b o t t o m s o l l  
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o u t r e s , e s o l , l a s t , b o l t f r l c t l o n  
o " t r e s , e s o l , l a s t , w a s t e s u r f  
O u t r e S , S t r S , l a S t , l n S U l c o n c  
o u t r e s , e s o l , l a s t , p r i m a r y l n t g a p  
o u t r e s , e s o 1 , 1 a s t , c o n c l l n e r g a p  
o " t r e s , e s o l , l a s t , f a r s o l l c o n t a c t  
o u t r e s , e s o l , l a s t , s o i l c o n t a c t f o o t e l e m  

a lphad ,a lpha  
NSUBS T,  2 0,2 0 0 , 5 ,  ON 
TIME,  1 0 0  
T I M I N T .  o f f  
ace1,0,0,g 
SOLVE 
SAVE 
T I M I N T , o n  
I T I M - 1  
DS-TIM 
NSUBST,  1,20,1, ON 

d d e l e , m a s t e r - n o d e , u x  
d d e l e , m a s t e r - n o d e , u r  

esel, s, type,, 6 1 , 6 3 , 2  
m p c h g ,  6 4 , a l l  

ese1, s, type,, 9 1 , 9 3 , 2  
m p c h g ,  92,all 

allsel 

*DO,  I T I M ,  l , N T I M ,  1 

TIM-DT*ITIM 

TIME,  T I M t l O O  

F , m a S t e r - n O d e ,  FX,A-l-X l i t i m )  *mass*g 
F , m a S t e r - n O d e ,  F r ,  [A-1-2 l i t i m )  tl) * ImaSStmaSSn 
- ' ) * 4  

SOLVE 
SAVE 
*ENDDO 
F I N I S H  
/ o u t  

Solve-TH-BES.txt 

/prep7 
m a s s - r - 1 4 8 4 1 4 . 5 9  
d , m a s t e r - n o d e ,  a l l  
allsel 

cmsel,s,excav-soil 
n S l e  

n s e l , r , l o c , x , - c t x  1 6 )  -1, c t x  1 6 )  tl 
n s e l ,  r , l o c ,  y ,O,-ctx 1 6 )  -1 
e s 1 n , r , 1  
m p c h g , 8 1 0 , a l l  

cmsel,s,excav-soil 
n S l e  

c s y s , o  

C S Y S , l  
n s e l ,  r , l o c , x , c t x  Ill) -1, c t x  1 1 3 ) t l  
nsel,r,loc,r,so~lrll),~~~l~l3)1 

e s 1 n , r , 1  
m p c h g , 8 1 0 , a l l  

*do, I ,  8 0 1 , 8 0 8  
e s e l , s , m a t ,  ,I 
m p c h g ,  it10, a l l  
*enddo 
allsel 

/oUt,PNNL-AY-ZD-NL-BEC-BES,out 
/Sol"  
an type ,  t r a n s  
TRNOPT,FULL 
l u m p m ,  O F F  
!nlgeom, on 

N R O P T , a u t o  
N T I M - 2 0 4  8 !NUMBER OF TIME S T E P S  
DT-0.01 
T I M - l e - 0 6  
a u t o t s ,  on 
KBC, on 
T I M I N T , O N ,  STRU 
s o l c o n t r o l , O N , o f f , ,  

LNSRCH,OFF 
PRED, on , ,  on 

/COM ~ Time F i l e  

/COM ~ Dimension H o r i z o n t a l  I n p u t  
* D I M , A - l - x , , 2 0 4 8  
* D I M , A - 1 - 2 , , 2 0 4 8  

ncnv, 0,200 

/ T i t l e . L o a d  C a s e :  BES-BEC. F u l l  N o n - l i n e a r .  

O U T R E S , N S O L , l a s t  
O U T R E s , E s O L , l a ~ t , c ~ n C t a n k  
OUTRES, S t rs ,  l a s t ,  P r i m a r y - t a n k  
OUTRES,ESOL,  l a s t ,  J b o l t s  
O U T R E S , E p e l , l a s t ,  l i n e r  
o " t r e s , e s o l , l a s t , w a l l l n t g a p  
o " t r e s , e s o l , l a s t , c o n c e x c a v w a l l g a p  
o u t r e s , e s o l , l a s t , c o n c e x c a v d o m e g a p  
O " t r e S , S t r S , l a S t , e x C a v s o l l  

O u t r e S , S t r S , l a S t , b o t t o m s o l l  
o u t r e s , e s o l , l a s t , b o l t f r l c t l o n  
o " t r e s , e s o l , l a s t , w a s t e s u r f  
O u t r e S , S t r S , l a S t , l n S U l c o n c  
o u t r e s , e s o l , l a s t , p r i m a r y l n t g a p  
o u t r e s , e s o 1 , 1 a s t , c o n c l l n e r g a p  
o " t r e s , e s o l , l a s t , f a r s o l l c o n t a c t  
o u t r e s , e s o l , l a s t , s o i l c o n t a c t f o o t e l e m  

a lphad ,a lpha  
NSUBS T,  2 0,2 0 0 , 5 ,  ON 
TIME,  1 0 0  
T I M I N T , o f f  
acel.0,O.a . . . -  
SOLVE 
SAVE 
T I M I N T , o n  
I T I M - 1  
DS-TIM 
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mp, damp, 5,O. 07 /df NSUBST, 1,20,1, ON 

ddele,rnaster-node,ux 
ddele,master-node,ur 

esel, s, type,, 61,63,2 
mpchg, 64,all 

ese1, s, type,, 91,93,2 
mpchg, 92,all 

allsel 

*DO, ITIM, l,NTIM, 1 

TIM-DT*ITIM 

TIME, TIMtlOO 

F,maSter-nOde, FX,A-l-X [itim) *mass*g 
F,maSter-nOde, Fr, IA-l-2 [itim) tl) * [masstmassm 
- ' ) * 4  

SOLVE 
SAVE 
*ENDDO 
FINISH 
/out 

Tank-Props-BEC-250.txt 

/COM ~ Tank Concrete Properties 

/COM ~ Material Definitions 
! EX ~ Youngs Modulus, [k/ft2) 
! NUXY ~ Poisons ratio 
! DENS ~ Density [1000*slugs/ft3) 
! DAMP ~ Beta [Stiffness) Damping 

/COM ~ Material 1, Tank Concrete 
mp,ex,l, 626754 
mp,nuxy, 1,O. 18 
mp,dens, 1,148/ [lOOO*g) 
mp, damp, 1,O. 07 /df 

/COM ~ Material 2, Tank Concrete 
rnp,ex,2,620114 
mp,nuxy, 2,O. 18 
mp,dens, 2,149/ [lOOO*g) 
mp, damp, 2,O. 07 /df 

/COM ~ Material 3, Tank Concrete 
mp,ex,3,616594 
mp,nuxy, 3,O. 18 
mp,dens, 3,149/ [lOOO*g) 
mp, damp, 3,O. 07 /df 

/COM ~ Material 4, Tank Concrete 
mp,ex,4,610922 
mp,nuxy, 4,O. 18 
mp,dens, 4,149/ 11000*9) 
mp, damp, 4,O. 07/df 

/COM ~ Material 5. Tank Concrete 

/COM ~ Material 6, Tank Concrete 
mp,ex,6,607093 
mp,nuxy, 6,O. 18 
mp,dens, 6,148/ 1 1 O O O * g )  
mp, damp, 6,O. 07 /df 

/COM ~ Material 7, Tank Concrete 
mp,ex,7,639237 
mp,nuxy, 7,O. 18 
mp,dens, 7,146/ 1 1 O O O * g )  
mp, damp, 7,O. 07 /df 

/COM ~ Material 8, Tank Concrete 
mp,ex,8,634338 
mp,nuxy, 8,O. 18 
mp,dens, 8,147/ 1 1 O O O * g )  
mp, damp, 8,O. 07 /df 

/COM ~ Material 9, Tank Concrete 
mp,ex,9,628756 
mp,nuxy, 9,O. 18 
mp,dens, 9,147/ 1 1 O O O * g )  
mp, damp, 9,O. 07 /df 

/COM ~ Material,lO, Tank Concrete 
mp,ex,10,193677 
mp,nuxy, 10,O. 18 
mp,dens,lO,l65/ 1 1 O O O * q )  
&,damp, 10,0.07/df 

/COM ~ Material,ll, Tank Concrete 
mp,ex,ll,575959 
mp,nuxy, 11,O. 18 
mp,dens,11,144/[1000*g) 
mp,damp, 11,0.07/df 

/COM ~ Materlal,lE, Tank Concrete 
mp,ex,12,202953 
mp,nuxy, 12,O. 18 
mp,dens,l2,159/ [lOOO*g) 
mp,damp, 12,0.07/df 

/COM ~ Material,l3, Tank Concrete 
mn.ex.13.157426 ~. . . 
mp,nuxy, 13,O. 18 
mp,dens,13,176/ 1 1 O O O * g )  
mp,damp, 13,0.07/df 

/COM ~ Material,l4, Tank Concrete 
mp,ex,14,153784 
mp,nuxy, 14,O. 18 
mp,dens,14,193/ [lOOO*g) 
mp,damp, 14,0.07/df 

/COM ~ Material,l5, Tank Concrete 
mp,ex,15,136651 
mp,nuxy, l5,O. 18 
mp,dens,l5,200/[1000*g) 
mp,damp, l5,0.07/df 

/COM ~ Material,l6, Tank Concrete 
mp,ex,16,136651 
mp,nuxy,l6,0.18 
mp,dens,l6,200/ [lOOO*g) 
mp , damp, 1 6,O . 0 7 /df 
/C"M ~ M a t n n a l  1 7  Tank C n n r r n t n  mp,ex, 5,612305 

mp,nuxy, 5,0.18 
mp,dens, 5,148/[10( 

, ..I _ _ _ _  l_, - ,  , 
mp,ex,17,138084 

10*9) mp,nuxy, 17,O. 18 
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mp,dens,l7,181/ 1 1 O O O * g )  
mp,damp, 17,0.07/df 

/COM ~ Material.18. Tank Concrete 
mu.ex.18.123378 ~. . . 
mp,nuxy, 18,O. 18 
mp,dens,l8,209/ 1 1 O O O * g )  
mp,damp, 18,0.07/df 

/COM ~ Material,l9, Tank Concrete 
mp,ex,19,124633 
mp,nuxy,l9,0.18 
mp,dens,19,190/ 1 1 O O O * g )  
mp , damp, 1 9,O . 0 7 /df 

/COM ~ Material,EO, Tank Concrete 
mp,ex,20,124388 
mp,nuxy, 20,O. 18 
mp,dens,20,210/11000*g) 
mp,damp, 20,0.07/df 

/COM ~ Materlal,El, Tank Concrete 
mp,ex,21,548683 
mp,nuxy, 21,O. 18 
mp,dens,21,166/ 1 1 O O O * g )  
mp,damp, 21,0.07/df 

/COM ~ Material,ZE, Tank Concrete 
mp,ex,22,154870 
mp,nuxy, 22,O. 18 
mp,dens,22,184/11000*g) 
mp,damp, 22,0.07/df 

/COM ~ Material,23, Tank Concrete 
mp,ex,23,514287 
mp,nuxy, 23,O. 18 
mp,dens,23,172/11000*g) 
mp, damp, 23,O. 0 60/df 

/COM ~ Material,24, Tank Concrete 
mp,ex,24,164113 
mp,nuxy, 24,O. 18 
mp,dens,24,288/11000*g) 
mp,damp, 24,0.07/df 

/COM ~ Material,25, Tank Concrete 
mp,ex,25,522946 
mp,nuxy, 25,O. 18 
mp,dens,25,201/11000*g) 
mp,damp, 25,0.07/df 

/COM ~ Material.26, Tank Concrete 
mu.ex.26.194254 ~. . . 
mp,nuxy,26,0.18 
mp,dens,26,322/ 1 1 O O O * g )  
mp , damp, 2 6,O . 0 7 /d f 

/COM ~ Material,27, Tank Concrete 
mp,ex,27,199783 
mp,nuxy, 27,O. 18 
mp,dens,27,281/11000*g) 
mp,damp, 27,0.07/df 

/COM ~ Material,28, Tank Concrete 
mp,ex,28,162553 
mp,nuxy, 28,O. 18 
mp,dens,28,299/ 1 1 O O O * g )  
mp,damp, 28,0.07/df 

/COM ~ Material,29, Tank Concrete 
mp,ex,29,200531 

mp,nuxy,29,0.18 
mp,dens, 29,3894/ 11OOO*g) 
mp , damp, 2 9,O . 0 7 /d f 

/COM ~ Material,30, Tank Concrete 
mp,ex,30,167538 
mp,nuxy, 30,O. 18 
mp,dens,30,411/11000*g) 
mp,damp, 30,0.07/df 

/COM ~ Material,31, Tank Concrete 
mu.ex.31.731952 ~. . . 
mp,nuxy, 31,O. 18 
mp,dens,31,150/ 1 1 O O O * g )  
mp,damp, 31,0.07/df 

/COM ~ Material,32, Tank Concrete 
mp,ex,32,731952 
mp,nuxy, 32,O. 18 
mp,dens,32,150/11000*g) 
mp,damp, 32,0.07/df 

!/COM ~ Material,33, Tank Concrete 
!mp,ex,33,731952 
!mp,nuxy,33,0.18 
!mp,dens,33,150/jlOOO*g) 
!mp,damp,33,0.07/df 

!/COM ~ Material,34, Tank Concrete 
!mp,ex,34,731952 
!mp,nuxy,34,0.18 
!mp,dens,34,150/jlOOO*g) 
!mp,damp,34,0.07/df 

!/COM ~ Material,35, Tank Concrete 
!mp,ex,35,731952 
!mp,nuxy,35,0.18 
!mp,dens,35,150/jlOOO*g) 
!mp,damp,35,0.07/df 

!/COM ~ Material,36, Tank Concrete 
!mp,ex,36,731952 
!mp,nuxy,36,0.18 
!mp,dens,36,150/jlOOO*g) 
!mp,damp,36,0.07/df 

!/COM ~ Material,37, Tank Concrete 
!mp,ex,37,731952 
!mp,nuxy,37,0.18 
!mp,dens,37,150/jlOOO*g) 
!mp,damp,37,0.07/df 

/COM ~ Concrete Real Values. t in ft 
r,l,l.26 
r,2,1.26 
r,3,1.26 
r,4,1.26 
r, 5,1.27 
r, 6,1.26 
r. 7.1.28 

! 15 in 
! 15 in 
! 15 in 
! 15 in 
! 15 in 
! 15 in 
! 15 in . .  

r, 8,1.28 ! 15 in 
r, 9,l. 73 ! 15 in 
r, 10,1.73,1.73,2.23,2.23 ! 15 in to 
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,l. 17 
r, 15,1.13 
r,16,1.13 
r, 17,l. 24 
r, 18,1.07 

18 in 
18 in 
18 in 
18 in 
18 in 
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r,19,1.18 
r, 20,1.07 
r, 21,l. 97 
r, 22,l. 68 
r.23.1.43 . .  
r, 24,1.43,1.43,0.51,0.51 
r, 25,0.51,0.51,0.66,0.66 
r, 26,O. 66,O. 66,O. 41,0.41 
r, 27,0.58 
r, 28,0.55 
r,29,0.42 
r, 30,0.40 
r, 31,0.40,0.40,1.02,1.02 
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! 18 in 
! 18 in 
! 18 in 
! 18 in 
! 18 in 

r, 32,1.02 
! r, 34,l 
! r, 35,l 
!r,36,1 
! r, 37,l 
!r,39,1 

/COM ~ Materlal,iO, Insulating Concrete 
mp,ex,50,23760 
mp,nuxy, 50,O. 15 
mp,dens,50,50/ 1 1 O O O * g )  
mp,damp, 50,0.07/df 
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TH-266-Mean-Geo.txt 
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BES-BEC Seismic File Listing 

Volume in drive D 1s 300GB Maxtor 
Volume Serial N u d e r  1s 585PC3F2 

Directory of D:\Bruce\PNNL\PNNL-2D-N1 AY-BES-BEC-Seismic 

12/21/2005 07:53 AM 
12/21/2005 07:53 AM 

:DIR> 
:DIR> 

12/12/2005 09:57 AM 
12/12/2005 10:05 AM 
12/12/2005 10:08 AM 
12/12/2005 1O:OO AM 
12/12/2005 10:02 AM 

535,476 
535,728 
535,728 
535,476 
535,728 

Accel-ct-0.0ut 
Accel-ct-l35.out 
Accel-ct-l8O.out 
Accel-ct-45.out 
Accel-ct-90.out 
ACCel-Ct.Out 
Accel-PT-O.out 
Accel-PT-135.out 
Accel-PT-18O.out 
Accel-PT-45.out 
Accel-PT-90.out 
Accel-SOil.out 
All-Forces.txt 
BOltS-FriCtiOn.txt 
Boundary.txt 
Contact-AY.txt 
Contact-Footing.txt 
contact-1nsu1.txt 
Contact-J-Bolts.txt 
Contact-Primary.txt 
Contact-Soll.txt 
Contact-Waste-AY.txt 
Far-Soil.txt 
file . bat 
flle.err 

flles.txt 
Fix-Soil.txt 
Footing-Cont-max.OUT 
F00ting-COnt-th.OUT 
Force-c.txt 
Force-c~lO8amax.OUT 
Force-c~lO8ath.OUT 
Force-c~lO8max.OUT 
Force-c~lO8th.OUT 
Force-c~ll7amax.OUT 
Force-c~ll7ath.OUT 
Force-c~ll7max.OUT 
Force-c~ll7th.OUT 
Force-c~l26amax.OUT 
Force-c~l26ath.OUT 
Force-c~l26max.OUT 
Force-c~l26th.OUT 
Force-c~l35amax.OUT 
Force-c~l35ath.OUT 
Force-c~l35max.OUT 
Force-c~l35th.OUT 
Force-c-144amax.OUT 
Force-c-144ath.OUT 
Force-c~l44max.OUT 
Force-c-144th.OUT 
Force-c~l53amax.OUT 
Force-c~l53ath.OUT 
Force-c~l53max.OUT 
Force-c~l53th.OUT 
Force-c~l62amax.OUT 
Force-c~l62ath.OUT 
Force-c~l62max.OUT 
Force-c~l62th.OUT 
Force-c~l7lamax.OUT 
Force-c~l7lath.OUT 

file. l o g  

12/12/2005 1O:lO AM 
12/12/2005 10:13 AM 

277,176 
535.728 

12/12/2005 10:21 AM 
12/12/2005 10:24 AM 
12/12/2005 10:16 AM 
12/12/2005 10:18 AM 

535,728 
535,728 
535,728 
535,728 

12/12/2005 10:26 AM 
09/27/2005 03:47 PM 
09/02/2005 02:Ol PM 

535,728 
99 

5.766 
06/09/2005 01:59 PM 
10/31/2005 12:24 PM 
12/01/2005 09:11 AM 
09/02/2005 09:28 AM 

262 
189 
586 
604 

09/02/2005 09:5l AM 
09/09/2005 09:59 AM 
09/15/2005 11:50 AM 

602 
608 
742 
630 

8, 608 
2,050 

68 
456 
0 

562 

09/06/2005 11:16 AM 
09/22/2005 04:05 PM 
11/11/2005 12:08 PM 
11/11/2005 12:08 PM 
11/11/2005 12:08 PM 
12/21/2005 07:53 AM 
10/13/2005 06:54 AM 
12/14/2005 09:52 AM 
12/14/2005 09:52 AM 
04/06/2005 08:24 AM 
11/14/2005 04:09 PM 

10,342 
4,144,248 

894 
4,996 

11/14/2005 04:09 PM 
11/14/2005 12:39 PM 

2,770,500 
14,716 

11/14/2005 12:39 PM 
11/14/2005 04:18 PM 
11/14/2005 04:19 PM 
11/14/2005 12:50 PM 
11/14/2005 12:50 PM 

6,216,180 
4,996 

2,770,500 
14,716 

6,216,180 
11/14/2005 04:28 PM 
11/14/2005 04:29 PM 

4,996 
2.770.500 

11/14/2005 01:OO PM 
11/14/2005 01:OO PM 
11/14/2005 04:39 PM 
11/14/2005 04:39 PM 
11/14/2005 01:11 PM 

. .  
14,716 

6,216,180 
4,996 

2,770,500 
14,716 

11/14/2005 01:11 PM 
11/14/2005 04:49 PM 

6,216,180 
4.996 

11/14/2005 04:49 PM 
11/14/2005 01:21 PM 
11/14/2005 01:21 PM 
11/14/2005 05:OO PM 

2,770,500 
14,716 

6,216,180 
4,996 

11/14/2005 05:OO PM 
11/14/2005 01:32 PM 
11/14/2005 01:32 PM 

2,770,500 
14,716 

6.216.180 
11/14/2005 05:11 PM 
11/14/2005 05:11 PM 
11/14/2005 01:43 PM 
11/14/2005 01:43 PM 

. .  
4,996 

2,770,500 
14,716 

6,216,180 
11/14/2005 05:21 PM 
11/14/2005 05:21 PM 

4,996 
2,770,500 
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14,716 
6,216,180 

Force-c~l7lrnax.OUT 
Force-c~l7lth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~27arnax.OUT 
Force-c-27ath.OUT 
Force-c~27rnax.OUT 
Force-c-27th.OUT 
Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~72arnax.OUT 
Force-c-72ath.OUT 
Force-c~72rnax.OUT 
Force-c-72th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c-9th.OUT 
Force-]b-rlO-th.OUT 
Force-]b-rlO-rnax.OUT 
Force-]b-rll-th.OUT 
Force-]b-rll-rnax.OUT 
Force-lb-rE-th.OUT 
Force-]b-r2-rnax.OUT 
Force-]b-r3-th.OUT 
Force-]b-r3-rnax.OUT 
Force-]b-r4-th.OUT 
Force-]b-r4-rnax.OUT 
Force-]b-r5-th.OUT 
Force-lb-ri-rnax.OUT 
Force-]b-r6-th.OUT 
Force-]b-r6-rnax.OUT 
Force-]b-r7-th.OUT 
Force-]b-r7-rnax.OUT 
Force-]b-r8-th.OUT 
Force-]b-r8-rnax.OUT 
Force-]b-r9-th.OUT 
Force-]b-r9-rnax.OUT 
Force-]-bolt.txt 

11/14/2005 01:54 PM 
11/14/2005 01:54 PM 
11/14/2005 05:31 PM 
11/14/2005 05:31 PM 
11/14/2005 02:04 PM 

4,996 
2,770,500 

14.716 
11/14/2005 02:04 PM 
11/14/2005 02:26 PM 
11/14/2005 02:26 PM 
11/14/2005 10:54 AM 

6,216,180 
4,996 

2,770,500 
14,716 

11/14/2005 10:54 AM 
11/14/2005 02:35 PM 
11/14/2005 02:35 PM 

6,216,180 
4,996 

2.770.500 
11/14/2005 11:03 AM 
11/14/2005 11:04 AM 
11/14/2005 02:45 PM 
11/14/2005 02:45 PM 

. .  
14,716 

6,216,180 
4,996 

2,770,500 
11/14/2005 11:14 AM 
11/14/2005 11:14 AM 
11/14/2005 02:56 PM 

14,716 
6,216,180 

4.996 
11/14/2005 02:56 PM 
11/14/2005 11:25 AM 
11/14/2005 11:25 AM 
11/14/2005 03:06 PM 

2,770,500 
14,716 

6,216,180 
4,996 

11/14/2005 03:06 PM 
11/14/2005 11:35 AM 
11/14/2005 11:35 AM 

2,770,500 
14,716 

6.216.180 
11/14/2005 03:17 PM 
11/14/2005 03:17 PM 
11/14/2005 11:46 AM 
11/14/2005 11:46 AM 

. .  
4,996 

2,770,500 
14,716 

6,216,180 
11/14/2005 03:28 PM 
11/14/2005 03:28 PM 

4,996 
2,770,500 

11/14/2005 11:57 AM 
11/14/2005 11:57 AM 
11/14/2005 03:38 PM 
11/14/2005 03:38 PM 
11/14/2005 12:07 PM 

. .  
14,716 

6,216,180 
4,996 

2,770,500 
14,716 

11/14/2005 12:07 PM 
11/14/2005 03:48 PM 

6,216,180 
4.996 

11/14/2005 03:48 PM 
11/14/2005 12:18 PM 
11/14/2005 12:18 PM 
11/14/2005 03:58 PM 

2,770,500 
14,716 

6,216,180 
4,996 

11/14/2005 03:58 PM 
11/14/2005 12:28 PM 
11/14/2005 12:28 PM 

2,770,500 
14,716 

6.216.180 
11/14/2005 02:15 PM 
11/14/2005 02:15 PM 
11/14/2005 10:43 AM 
11/14/2005 10:43 AM 

. .  
4,996 

2,770,628 
14,716 

6,216,308 
11/15/2005 04:40 AM 
11/15/2005 04:40 AM 
11/15/2005 04:41 AM 

2,542,344 
5,239 

2’542.344 
11/15/2005 04:41 AM 
11/15/2005 04:33 AM 
11/15/2005 04:33 AM 
11/15/2005 04:34 AM 

. .  
5,239 

2,542,472 
5,239 

2,542,344 
11/15/2005 04:34 AM 
11/15/2005 04:35 AM 
11/15/2005 04:35 AM 

5,239 
2,542,344 

5.239 
11/15/2005 04:36 AM 
11/15/2005 04:36 AM 
11/15/2005 04:37 AM 
11/15/2005 04:37 AM 

2,542,344 
5,239 

2,542,344 
5,239 

11/15/2005 04:37 AM 
11/15/2005 04:37 AM 

2,542,344 
5,239 

11/15/2005 04:38 AM 
11/15/2005 04:38 AM 
11/15/2005 04:39 AM 
11/15/2005 04:39 AM 
06/20/2005 10:53 AM 

2,542,344 
5,239 

2,542,344 
5,239 

661 
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2,728 
1,200,144 

Insul~Cont~lO8max.OUT 
Insul-Cont 108th.OUT 

11/13/2005 04:39 PM 
11/13/2005 04:39 PM 
11/13/2005 04:43 PM 
11/13/2005 04:43 PM 
11/13/2005 04:46 PM 

2,728 
1,200,144 

2.728 

1nsul-contI117rnax. OUT 
Insul-Cont-ll7th.OUT 
Insul~Cont~l26max.OUT 
Insul-Cont-126th.OUT 
Insul~Cont~l35max.OUT 
Insul-Cont-135th.OUT 
Insul~Cont-144max.OUT 
Insul-Cont-144th.OUT 
Insul~Cont~l53max.OUT 
Insul-Cont-li3th.OUT 
Insul~Cont~l62max.OUT 
Insul-Cont-162th.OUT 
Insul~Cont~l7lmax.OUT 
Insul-Cont-17lth.OUT 
Insul~Cont~l8Omax.OUT 
Insul-Cont~l8Oth.OUT 
Insul-Cont-18max.OUT 
Insul-Cont-18th.OUT 
Insul-Cont-27max.OUT 
Insul-Cont-27th.OUT 
Insul-Cont-36max.OUT 
Insul-Cont-36th.OUT 
Insul-Cont-45max.OUT 
Insul-Cont-45th.OUT 
Insul-Cont-54max.OUT 
Insul-Cont-54th.OUT 
Insul-Cont-63max.OUT 
Insul-Cont-63th.OUT 
Insul-Cont-72max.OUT 
Insul-Cont-72th.OUT 
Insul-Cont-8lmax.OUT 
Insul-Cont-8lth.OUT 
Insul-Cont-90max.OUT 
Insul-Cont-90th.OUT 
Insul-Cont-99max.OUT 
Insul-Cont-99th.OUT 
Insul-Cont-9max.OUT 
Insul-Cont-9th.OUT 
1nsu1ate.txt 

1nterfacel.txt 
J~Bolt~Cont~lO8max.OUT 
J~Bolt~Cont-lO8th.OUT 
J-Bolt-COnt 117max.OUT 

1nterface-gapl.txt 

11/13/2005 04:46 PM 
11/13/2005 04:50 PM 
11/13/2005 04:50 PM 
11/13/2005 04:54 PM 

1,200,144 
2,728 

1,200,144 
2,728 

11/13/2005 04:54 PM 
11/13/2005 04:57 PM 
11/13/2005 04:57 PM 

1,200,144 
2,728 

1’200.544 
11/13/2005 05:02 PM 
11/13/2005 05:02 PM 
11/13/2005 05:05 PM 
11/13/2005 05:05 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
11/13/2005 05:09 PM 
11/13/2005 05:09 PM 
11/13/2005 04:02 PM 

2,728 
1,200,144 

2.728 
11/13/2005 04:02 PM 
11/13/2005 04:05 PM 
11/13/2005 04:05 PM 
11/13/2005 04:09 PM 

1,200,144 
2,728 

1,200,144 
2,728 

11/13/2005 04:09 PM 
11/13/2005 04:13 PM 
11/13/2005 04:13 PM 

1,200,144 
2,728 

1’200.544 
11/13/2005 04:16 PM 
11/13/2005 04:16 PM 
11/13/2005 04:20 PM 
11/13/2005 04:20 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
11/13/2005 04:24 PM 
11/13/2005 04:24 PM 

2,728 
1,200,544 

11/13/2005 04:28 PM 
11/13/2005 04:28 PM 
11/13/2005 04:32 PM 
11/13/2005 04:32 PM 
11/13/2005 04:35 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
2,728 

11/13/2005 04:35 PM 
11/13/2005 03:58 PM 

1,200,144 
2.728 

11/13/2005 03:58 PM 
09/01/2005 10:27 AM 
10/13/2005 08:28 AM 
09/09/2005 09:34 AM 

1,200,672 
1, 664 
4,031 
2, 616 

11/13/2005 06:02 PM 
11/13/2005 06:02 PM 
11/13/2005 06:07 PM 

3,052 
1,350,612 

3.052 
11/13/2005 06:07 PM 
11/13/2005 06:11 PM 
11/13/2005 06:11 PM 
11/13/2005 06:16 PM 

1,350,612 
3,052 

1,350,612 
3,052 

J~Bolt~ContI117th.OUT 
J~Bolt~Cont-126max.OUT 
J-Bolt-COnt 126th.OUT 
J-Bo1 t-ContI135max. OUT 
J~Bolt~Cont-135th.OUT 
J~Bolt~Cont-144max.OUT 
J-Bolt-COnt 144th.OUT 

11/13/2005 06:16 PM 
11/13/2005 06:20 PM 
11/13/2005 06:20 PM 

1,350,612 
3,052 

1.350.612 
11/13/2005 06:25 PM 
11/13/2005 06:25 PM 
11/13/2005 06:29 PM 
11/13/2005 06:29 PM 

. .  
3,052 

1,350,612 
3,052 

1,350,612 

J~Bolt~ContIl53max.OUT 
J~Bolt~Cont-153th.OUT 
J-Bolt-COnt 162max.OUT 

11/13/2005 06:34 PM 
11/13/2005 06:34 PM 
11/13/2005 06:38 PM 

3,052 
1,350,612 

3.052 
11/13/2005 06:38 PM 
11/13/2005 05:18 PM 
11/13/2005 05:18 PM 
11/13/2005 05:22 PM 

1,350,612 
3,052 

1,350,612 
3,052 

11/13/2005 05:22 PM 
11/13/2005 05:27 PM 

1,350,612 
3,052 

11/13/2005 05:27 PM 
11/13/2005 05:31 PM 
11/13/2005 05:31 PM 
11/13/2005 05:36 PM 
11/13/2005 05:36 PM 

1,350,612 
3,052 

1,350,612 
3,052 

1,350,612 
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3,052 
1,350,612 

J~Bolt~Cont-63max.OUT 
J-Bolt-COnt 63th.OUT 

11/13/2005 05:40 PM 
11/13/2005 05:40 PM 
11/13/2005 05:45 PM 
11/13/2005 05:45 PM 
11/13/2005 05:49 PM 

3,052 
1,350,612 

3.052 

J-Bolt-ContI72max .OUT 
J-Bolt-Cont-72th.OUT 
J~Bolt~Cont-8lmax.OUT 
J-Bolt-Cont~8lth.OUT 
J~Bolt~Cont-90max.OUT 
J-Bolt-Cont-90th.OUT 
J~Bolt~Cont-99max.OUT 
J-Bolt-Cont-99th.OUT 
J-Bolt-Cont-9max.OUT 
J-Bolt-Cont-9th.OUT 
Llner.txt 
1ive-load.txt 
Near-Soil-l.txt 
outer-spar. txt 
PNNL-ED-BES-BEC.BCS 
PNNL-2D-BES-BEC.db 
PNNL-2D-BES-BEC.emat 
PNNL-2D-BES-BEC.err 
PNNL-2D-BES-BEC.esav 
PNNL-2D-BES-BEC.ful1 
PNNL-2D-BES-BEC.ldhi 
PNNL-2D-BES-BEC.log 
PNNL-2D-BES-BEC.mntr 
PNNL-2D-BES-BEC.osav 

11/13/2005 05:49 PM 
11/13/2005 05:53 PM 
11/13/2005 05:53 PM 
11/13/2005 05:58 PM 

1,350,612 
3,052 

1,350,612 
3,052 

11/13/2005 05:58 PM 
11/13/2005 05:13 PM 
11/13/2005 05:14 PM 

1,350,612 
3,052 

1.350.740 
06/01/2005 01:17 PM 
05/02/2005 02:19 PM 
11/11/2005 10:38 AM 
04/20/2005 01:14 PM 

1,708 
667 

6,185 
508 

11/13/2005 03:51 PM 
11/13/2005 03:51 PM 
11/13/2005 03:51 PM 

2, 998 
55,574,528 
12.386.304 . .  

12/14/2005 09:49 AM 48, 994 
11/13/2005 03:51 PM 102,563,840 
11/13/2005 03:51 PM 27,918,336 
11/13/2005 03:50 PM 298,920,099 
12/14/2005 10:21 AM 
11/13/2005 03:51 PM 
11/13/2005 03:50 PM 

3,582 
189,791 

102.563.840 
11/13/2005 03:51 PM 
11/13/2005 03:51 PM 
11/11/2005 12:09 PM 
11/13/2005 03:51 PM 

. .  
1,699 

103,546,880 
35,782,656 

4,294,967,296 

PNNL-ED-BES-BEC.PVTS 
PNNL-2D-BES-BEC.rOOl 
PNNL-2D-BES-BEC.rdb 
PNNL-ED-BES-BEC.rst 
PNNL-ED-BES-BEC.rstO2 
PNNL-ED-BES-BEC.rstO3 

11/11/2005 11:lO PM 
11/12/2005 04:45 AM 

4,294,967,296 
4,294,967.296 . . .  

11/12/2005 10:23 AM 4,294,967,296 
11/12/2005 04:06 PM 4,294,967,296 
11/12/2005 09:56 PM 4,294,967,296 
11/13/2005 03:50 AM 4,294,967,296 
11/13/2005 09:54 AM 4,294,967,296 

PNNL-ED-BES-BEC.rstO4 
PNNL-ED-BES-BEC.rstO5 
PNNL-ED-BES-BEC.rstO6 
PNNL-ED-BES-BEC.rst07 

11/13/2005 03:51 PM 
11/13/2005 03:51 PM 

4,002,217,984 
289 

11/13/2005 03:51 PM 
11/13/2005 07:24 PM 
11/13/2005 07:24 PM 
11/13/2005 07:27 PM 

3,139,712 
2,728 

1,200,144 
2,728 

11/13/2005 07:27 PM 
11/13/2005 07:31 PM 
11/13/2005 07:31 PM 

1,200,144 
2,728 

1’200.544 
11/13/2005 07:35 PM 
11/13/2005 07:35 PM 
11/13/2005 07:39 PM 
11/13/2005 07:39 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
11/13/2005 07:43 PM 
11/13/2005 07:43 PM 
11/13/2005 07:47 PM 

2,728 
1,200,144 

2.728 
11/13/2005 07:47 PM 
11/13/2005 07:5l PM 
11/13/2005 07:5l PM 
11/13/2005 07:54 PM 

1,200,144 
2,728 

1,200,144 
2,728 

11/13/2005 07:54 PM 
11/13/2005 06:45 PM 
11/13/2005 06:45 PM 

1,200,144 
2,728 

1’200.544 
11/13/2005 06:49 PM 
11/13/2005 06:49 PM 
11/13/2005 06:53 PM 
11/13/2005 06:53 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
11/13/2005 06:56 PM 
11/13/2005 06:56 PM 

2,728 
1,200,544 

11/13/2005 07:OO PM 
11/13/2005 07:OO PM 
11/13/2005 07:04 PM 
11/13/2005 07:04 PM 
11/13/2005 07:08 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
2,728 

F.55 
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1,200,144 
2,728 

Primary~Cont-72th.OUT 
Primary~Cont-8lmax.OUT 
Primary~Cont-8lth.OUT 
Primary~Cont-90max.OUT 
Primary~Cont-90th.OUT 
Primary~Cont-99max.OUT 
Primary~Cont-99th.OUT 
Primary~Cont-9max.OUT 
Primary-Cont-9th.OUT 
Primary-Props-AY.txt 
Primary. txt 
QA.out 
RS-ct-O.out 
RS-ct-135.out 
RS-ct-18O.out 
RS-ct-45.out 
RS-ct-90.out 
RS-Ct. out 
RS-OUT-Soil.txt 
RS-PT-O.out 
RS-PT-135.out 
RS-PT-18O.out 
RS-PT-45.out 
RS-PT-90.out 
RS-SOil.out 
RS-FREQ.txt 
Run-Tank-0ut.out 
run-tank.bat 
Run-Tank.txt 
scratch.hlp 
Slave .  txt 
SO~l~COntact~l08max.OUT 
Soil~Contact-lO8th.OUT 
SO~l~COntact~ll7max.OUT 
Soil~Contact-ll7th.OUT 
SOII~COntact-126max.OUT 
Soil~Contact-126th.OUT 
SO~l~COntact~l35max.OUT 
SOIl~COntaCt-135th.OUT 
SOII~COntact-144max.OUT 
SOIl~COntaCt-144th.OUT 
SO~l~COntact~l53max.OUT 
SOIl~COntaCt-153th.OUT 
SOII~COntact-162max.OUT 
Soil~Contact-16Eth.OUT 
SO~l~COntact~l7lmax.OUT 
Soil~Contact-171th.OUT 
SO~l~COntact~l80max.OUT 
Soil~Contact-lBOth.OUT 
Soil~Contact-18max.OUT 
Soil~Contact-18th.OUT 
Soil~Contact-27max.OUT 
Soil~Contact-27th.OUT 
Soil~Contact-36max.OUT 
S01l~C0nta~t-36th.OUT 
Soil~Contact-45max.OUT 
S01l~C0nta~t-45th.OUT 
Soil~Contact-54max.OUT 
S01l~C0nta~t-54th.OUT 
Soil~Contact-63max.OUT 
SOIl~COntaCt-63th.OUT 
Soil~Contact-72max.OUT 
Soil~Contact-72th.OUT 
Soil~Contact-8lmax.OUT 
Soil~Contact-8lth.OUT 
Soil~Contact-90max.OUT 
SOIl~COntaCt-90th.OUT 
Soil~Contact-99max.OUT 
SOIl~COntaCt-99th.OUT 
Soil~Contact-9max.OUT 
Soil-Contact-9th.OUT 

11/13/2005 07:08 PM 
11/13/2005 07:12 PM 
11/13/2005 07:12 PM 
11/13/2005 07:16 PM 
11/13/2005 07:16 PM 

1,200,144 
2,728 

1’200.544 
11/13/2005 07:20 PM 
11/13/2005 07:20 PM 
11/13/2005 06:42 PM 
11/13/2005 06:42 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,672 
10/31/2005 12:18 PM 
09/27/2005 03:52 PM 
11/11/2005 12:09 PM 

5,549 
1,538 

343.286 
12/12/2005 09:57 AM 
12/12/2005 10:05 AM 
12/12/2005 10:08 AM 
12/12/2005 1O:OO AM 

47,121 
47,121 
47,121 
47,121 

12/12/2005 10:02 AM 
12/12/2005 1O:lO AM 
11/15/2005 11:38 AM 

47,121 
27,591 
34.101 

12/12/2005 10:13 AM 
12/12/2005 10:21 AM 
12/12/2005 10:24 AM 
12/12/2005 10:16 AM 

47,121 
47,121 
47,121 
47,121 

12/12/2005 10:18 AM 
12/12/2005 10:26 AM 
10/31/2005 10:31 AM 

47,121 
47,121 
1.108 

11/14/2005 01:20 AM 
09/19/2005 09:37 AM 
11/11/2005 10:37 AM 
12/14/2005 09:49 AM 

1,146,825 
145 

1,959 
0 

1,053 
9,896 

02/11/2005 01:22 PM 
11/13/2005 09:31 PM 
11/13/2005 09:31 PM 
11/13/2005 09:38 PM 
11/13/2005 09:38 PM 
11/13/2005 09:46 PM 
11/13/2005 09:46 PM 

4,151,880 
9,896 

4,151,880 
9,896 

4,151,880 
11/13/2005 09:54 PM 
11/13/2005 09:54 PM 

9,896 
4.151.880 

11/13/2005 10:02 PM 
11/13/2005 10:02 PM 
11/13/2005 10:ll PM 
11/13/2005 10:ll PM 

. .  
9,896 

4,151,880 
9,896 

4,151,880 
11/13/2005 10:19 PM 
11/13/2005 10:19 PM 
11/13/2005 10:27 PM 

9,896 
4,151,880 

9.896 
11/13/2005 10:27 PM 
11/13/2005 10:35 PM 
11/13/2005 10:35 PM 
11/13/2005 08:lO PM 

4,151,880 
9,896 

4,151,880 
9,896 

11/13/2005 08:lO PM 
11/13/2005 08:18 PM 
11/13/2005 08:18 PM 

4,151,880 
9,896 

4.151.880 
11/13/2005 08:26 PM 
11/13/2005 08:26 PM 
11/13/2005 08:34 PM 
11/13/2005 08:34 PM 

. .  
9,896 

4,151,880 
9,896 

4,151,880 
11/13/2005 08:42 PM 
11/13/2005 08:42 PM 
11/13/2005 08:50 PM 

9,896 
4,151,880 

9.896 
11/13/2005 08:50 PM 
11/13/2005 08:58 PM 
11/13/2005 08:58 PM 
11/13/2005 09:06 PM 

4,151,880 
9,896 

4,151,880 
9,896 

11/13/2005 09:06 PM 
11/13/2005 09:14 PM 

4,151,880 
9,896 

11/13/2005 09:14 PM 
11/13/2005 09:23 PM 
11/13/2005 09:23 PM 
11/13/2005 08:02 PM 
11/13/2005 08:02 PM 

4,151,880 
9,896 

4,151,880 
9,896 

4,152,008 
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4, 989 
1,893 

347 
3,483 
3.512 

11/11/2005 10:36 AM 
11/11/2005 10:33 AM 
11/28/2005 02:23 PM 
11/28/2005 02:16 PM 
12/09/2005 07:53 AM 
12/09/2005 07:53 AM 
11/28/2005 02:18 PM 
12/09/2005 07:53 AM 
10/31/2005 11:41 AM 

3,512 
3,560 
3,440 
1,459 

10/14/2005 11:18 AM 
10/31/2005 10:16 AM 
10/31/2005 10:17 AM 

2,061 
3,402 
3,551 
3,566 
3,479 
3,479 
3, 608 

647 
679 
707 

10/31/2005 11:02 AM 
10/31/2005 10:16 AM 
10/31/2005 10:16 AM 
10/31/2005 11:37 AM 
06/20/2005 09:04 AM 
06/20/2005 08:52 AM 
09/02/2005 08:51 AM 
09/02/2005 08:51 AM 
09/02/2005 08:50 AM 
11/15/2005 08:56 AM 
11/15/2005 08:56 AM 

705 
720 

6,110 
2,551,312 

11/15/2005 09:OO AM 
11/15/2005 09:OO AM 
11/15/2005 09:05 AM 

6,110 
2,551,312 

6.110 
11/15/2005 09:05 AM 
11/15/2005 09:lO AM 
11/15/2005 09:lO AM 
11/15/2005 09:15 AM 

2,551,312 
6,110 

2,551,312 
6,110 

11/15/2005 09:15 AM 
11/15/2005 09:20 AM 

2,551,312 
6,110 

11/15/2005 09:20 AM 
11/15/2005 09:25 AM 
11/15/2005 09:25 AM 
11/15/2005 09:30 AM 
11/15/2005 09:30 AM 

2,551,312 
6,110 

2,551,312 
6,110 

2,551,312 
11/15/2005 09:35 AM 
11/15/2005 09:35 AM 

6,110 
2.551.312 

11/15/2005 08:07 AM 
11/15/2005 08:07 AM 
11/15/2005 08:11 AM 
11/15/2005 08:11 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/15/2005 08:16 AM 
11/15/2005 08:16 AM 
11/15/2005 08:21 AM 

6,110 
2,551,312 

6.110 
11/15/2005 08:21 AM 
11/15/2005 08:26 AM 
11/15/2005 08:26 AM 
11/15/2005 08:31 AM 

2,551,312 
6,110 

2,551,312 
6,110 

11/15/2005 08:31 AM 
11/15/2005 08:36 AM 
11/15/2005 08:36 AM 

2,551,312 
6,110 

2.551.312 
11/15/2005 08:42 AM 
11/15/2005 08:42 AM 
11/15/2005 08:47 AM 
11/15/2005 08:47 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/15/2005 08:51 AM 
11/15/2005 08:51 AM 
11/15/2005 08:02 AM 

6,110 
2,551,312 

6.110 
11/15/2005 08:02 AM 
09/02/2005 08:52 AM 
11/15/2005 07:18 AM 
11/15/2005 07:18 AM 

2,551,440 
544 

6,110 
2,551,312 

11/15/2005 07:22 AM 
11/15/2005 07:22 AM 

6,110 
2,551,312 

11/15/2005 07:27 AM 
11/15/2005 07:27 AM 
11/15/2005 07:32 AM 
11/15/2005 07:32 AM 
11/15/2005 07:37 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
6,110 

F.57 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

11/15/2005 07:37 AM 
11/15/2005 07:42 AM 

2,551,312 
6,110 

11/15/2005 07:42 AM 
11/15/2005 07:47 AM 
11/15/2005 07:47 AM 

2,551,312 
6,110 

2.551.312 
11/15/2005 07:52 AM 
11/15/2005 07:52 AM 
11/15/2005 07:57 AM 
11/15/2005 07:57 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/15/2005 06:29 AM 
11/15/2005 06:29 AM 
11/15/2005 06:33 AM 

6,110 
2,551,312 

6.110 
11/15/2005 06:33 AM 
11/15/2005 06:38 AM 
11/15/2005 06:38 AM 
11/15/2005 06:43 AM 

2,551,312 
6,110 

2,551,312 
6,110 

11/15/2005 06:43 AM 
11/15/2005 06:48 AM 
11/15/2005 06:48 AM 

2,551,312 
6,110 

2.551.312 
11/15/2005 06:53 AM 
11/15/2005 06:53 AM 
11/15/2005 06:58 AM 
11/15/2005 06:58 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/15/2005 07:04 AM 
11/15/2005 07:04 AM 
11/15/2005 07:09 AM 

6,110 
2,551,312 

6.110 
11/15/2005 07:09 AM 
11/15/2005 07:13 AM 
11/15/2005 07:13 AM 
11/15/2005 06:24 AM 

2,551,312 
6,110 

2,551,312 
6,110 

11/15/2005 06:24 AM 
11/15/2005 05:40 AM 

2,551,440 
6,110 

11/15/2005 05:40 AM 
11/15/2005 05:44 AM 
11/15/2005 05:44 AM 
11/15/2005 05:49 AM 
11/15/2005 05:49 AM 

2,551,312 
6,110 

2,551,312 
6,110 

2,551,312 
11/15/2005 05:54 AM 
11/15/2005 05:54 AM 

6,110 
2.551.312 

11/15/2005 05:59 AM 
11/15/2005 05:59 AM 
11/15/2005 06:04 AM 
11/15/2005 06:04 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/15/2005 06:09 AM 
11/15/2005 06:09 AM 
11/15/2005 06:14 AM 

6,110 
2,551,312 

6.110 
11/15/2005 06:14 AM 
11/15/2005 06:19 AM 
11/15/2005 06:19 AM 
11/15/2005 04:51 AM 

2,551,312 
6,110 

2,551,312 
6,110 

11/15/2005 04:51 AM 
11/15/2005 04:55 AM 
11/15/2005 04:55 AM 

2,551,312 
6,110 

2.551.312 
11/15/2005 05:OO AM 
11/15/2005 05:OO AM 
11/15/2005 05:05 AM 
11/15/2005 05:05 AM 

. .  
6,110 

2,551,312 
6,110 

2,551,312 
11/15/2005 05:lO AM 
11/15/2005 05:lO AM 
11/15/2005 05:15 AM 

6,110 
2,551,312 

6.110 
11/15/2005 05:15 AM 
11/15/2005 05:20 AM 
11/15/2005 05:20 AM 
11/15/2005 05:25 AM 

2,551,312 
6,110 

2,551,312 
6,110 

Strain-ltI63th-t. OUT 
Strain~lt-72max~t.OUT 
Strain-lt-72th-t.OUT 
Strain-lt 8lmax-t.OUT 

11/15/2005 05:25 AM 
11/15/2005 05:30 AM 

2,551,312 
6,110 

Strain-ltI8lth-t.OUT 
Strain~lt-90max~t.OUT 
Strain-lt-90th-t.OUT 
Strain~lt-99max~t.OUT 
Strain-lt-99th-t.OUT 
Strain-lt-9max-t.OUT 
Strain-lt-9th-t.OUT 

11/15/2005 05:30 AM 
11/15/2005 05:35 AM 
11/15/2005 05:35 AM 
11/15/2005 04:46 AM 
11/15/2005 04:46 AM 

2,551,312 
6,110 

2,551,312 
6,110 

2,551,440 

F.58 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

09/08/2005 10:18 AM 
11/01/2005 10:46 AM 

692 
702 

09/08/2005 09:20 AM 
04/13/2005 07:38 AM 
11/15/2005 03:04 AM 

692 
205 

16.291 
11/14/2005 11:24 PM 
11/14/2005 07:45 PM 
11/15/2005 03:04 AM 
11/14/2005 11:24 PM 

16,291 
16,210 

6,841,032 
6,841,032 

11/14/2005 07:45 PM 
11/15/2005 03:14 AM 
11/14/2005 11:35 PM 

6,812,304 
16,291 
16.291 

11/14/2005 07:55 PM 
11/15/2005 03:14 AM 
11/14/2005 11:35 PM 
11/14/2005 07:55 PM 

16,210 
6,841,032 
6,841,032 
6,812,304 

11/15/2005 03:25 AM 
11/14/2005 11:46 PM 
11/14/2005 08:06 PM 

16,291 
16,291 
16.210 

11/15/2005 03:25 AM 
11/14/2005 11:46 PM 
11/14/2005 08:06 PM 
11/15/2005 03:36 AM 

6,841,032 
6,841,032 
6,812,304 

16,291 
11/14/2005 11:57 PM 
11/14/2005 08:17 PM 
11/15/2005 03:36 AM 

16,291 
16,210 

6.841.032 
11/14/2005 11:57 PM 
11/14/2005 08:17 PM 
11/15/2005 03:47 AM 
11/15/2005 12:07 AM 

. .  
6,841,032 
6,812,304 

16,291 
16,291 

11/14/2005 08:28 PM 
11/15/2005 03:47 AM 

16,210 
6,841,032 

11/15/2005 12:07 AM 
11/14/2005 08:28 PM 
11/15/2005 03:58 AM 
11/15/2005 12:18 AM 
11/14/2005 08:39 PM 

. .  
6,841,032 
6,812,304 

16,291 
16,291 
16,210 

11/15/2005 03:58 AM 
11/15/2005 12:18 AM 

6,841,032 
6.841.032 

11/14/2005 08:39 PM 
11/15/2005 04:09 AM 
11/15/2005 12:29 AM 
11/14/2005 08:50 PM 

. .  
6,812,304 

16,291 
16,291 
16,210 

11/15/2005 04:09 AM 
11/15/2005 12:29 AM 
11/14/2005 08:50 PM 

6,841,032 
6,841,032 
6.812.304 

11/15/2005 04:20 AM 
11/15/2005 12:40 AM 
11/14/2005 09:Ol PM 
11/15/2005 04:20 AM 

. .  
16,295 
16,295 
16,214 

6,841,032 
11/15/2005 12:40 AM 
11/14/2005 09:Ol PM 
11/15/2005 04:31 AM 

6,841,032 
6,812,304 

16.295 
11/15/2005 12:51 AM 
11/14/2005 09:12 PM 
11/15/2005 04:31 AM 
11/15/2005 12:51 AM 

16,295 
16,214 

6,841,032 
6,841,032 

11/14/2005 09:12 PM 
11/15/2005 01:13 AM 
11/14/2005 09:34 PM 

6,812,304 
16,291 
16.291 

11/14/2005 05:53 PM 
11/15/2005 01:13 AM 
11/14/2005 09:34 PM 
11/14/2005 05:53 PM 

16,210 
6,841,032 
6,841,032 
6,812,304 

11/15/2005 01:24 AM 
11/14/2005 09:45 PM 

16,291 
16,291 

11/14/2005 06:04 PM 
11/15/2005 01:24 AM 
11/14/2005 09:45 PM 
11/14/2005 06:04 PM 
11/15/2005 01:35 AM 

16,210 
6,841,032 
6,841,032 
6,812,304 

16,291 

F.59 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

11/14/2005 09:56 PM 
11/14/2005 06:15 PM 

16,291 
16,210 

Stress~pt-36max~m.OUT 
Stress~pt-36max~t.OUT 
Stress-pt-36th-b.OUT 
Stress-pt-36th-m.OUT 
Stress-pt-36th-t.OUT 
Stress~pt-45max~b.OUT 
Stress~pt-45max~m.OUT 
Stress~pt-45max~t.OUT 
Stress-pt-45th-b.OUT 
Stress-pt-45th-m.OUT 
Stress-pt-45th-t.OUT 
Stress~pt-54max~b.OUT 
Stress~pt-54max~m.OUT 
Stress~pt-54max~t.OUT 
Stress-pt-54th-b.OUT 
Stress-pt-54th-m.OUT 
Stress-pt-54th-t.OUT 
Stress~pt-63max~b.OUT 
Stress~pt-63max~m.OUT 
Stress~pt-63max~t.OUT 
Stress-pt-63th-b.OUT 
Stress-pt-63th-m.OUT 
Stress-pt-63th-t.OUT 
Stress~pt-72max~b.OUT 
Stress~pt-72max~m.OUT 
Stress~pt-72max~t.OUT 
Stress-pt-72th-b.OUT 
Stress-pt-72th-m.OUT 
Stress-pt-72th-t.OUT 
Stress~pt-8lmax~b.OUT 
Stress~pt-8lmax~m.OUT 
Stress~pt-8lmax~t.OUT 
Stress-pt-8lth-b.OUT 
Stress-pt-8lth-m.OUT 
Stress-pt-8lth-t.OUT 
Stress~pt-90max~b.OUT 
Stress~pt-90max~m.OUT 
Stress~pt-90max~t.OUT 
Stress-pt-90th-b.OUT 
Stress-pt-90th-m.OUT 
Stress-pt-90th-t.OUT 
Stress~pt-99max~b.OUT 
Stress~pt-99max~m.OUT 
Stress~pt-99max~t.OUT 
Stress-pt-99th-b.OUT 
Stress-pt-99th-m.OUT 
Stress-pt-99th-t.OUT 
Stress-pt-9max-b.OUT 
Stress-pt-9max-m.OUT 
Stress-pt-9max-t.OUT 
Stress-pt-9th-b.OUT 
Stress-pt-9th-m.OUT 
Stress-pt-9th-t.OUT 
Tank~C00rdinateS~AY.txt 
Tank-Meshl. txt 
tank-out. out 
Tank-Props-BEC-25O.txt 
Tank-th.out 
TH~266~Mean~Geo~V.txt 
TH-266-Mean-Geo.txt 
Waste~Cont~lO8max.OUT 
Waste-Cont-lO8th.OUT 
Waste~Cont-ll7max.OUT 
Waste-Cont-ll7th.OUT 
Waste~Cont-126max.OUT 
Waste-Cont-lE6th.OUT 
Waste~Cont-135max.OUT 
Waste-Cont-135th.OUT 
Waste~Cont-144max.OUT 
Waste-Cont-144th.OUT 
Waste~Cont-153max.OUT 

11/15/2005 01:35 AM 
11/14/2005 09:56 PM 
11/14/2005 06:15 PM 

6,841,032 
6,841,032 
6.812.304 

11/15/2005 01:45 AM 
11/14/2005 10:06 PM 
11/14/2005 06:26 PM 
11/15/2005 01:45 AM 

. .  
16,291 
16,291 
16,210 

6,841,032 
11/14/2005 10:06 PM 
11/14/2005 06:26 PM 
11/15/2005 01:56 AM 

6,841,032 
6,812,304 

16.291 
11/14/2005 10:17 PM 
11/14/2005 06:37 PM 
11/15/2005 01:56 AM 
11/14/2005 10:17 PM 

16,291 
16,210 

6,841,032 
6,841,032 

11/14/2005 06:37 PM 
11/15/2005 02:07 AM 
11/14/2005 10:28 PM 

6,812,304 
16,291 
16.291 

11/14/2005 06:48 PM 
11/15/2005 02:07 AM 
11/14/2005 10:28 PM 
11/14/2005 06:48 PM 

16,210 
6,841,032 
6,841,032 
6,812,304 

11/15/2005 02:18 AM 
11/14/2005 10:39 PM 
11/14/2005 06:59 PM 

16,291 
16,291 
16.210 

11/15/2005 02:18 AM 
11/14/2005 10:39 PM 
11/14/2005 06:59 PM 
11/15/2005 02:29 AM 

6,841,032 
6,841,032 
6,812,304 

16,291 
16,291 
16,210 

11/14/2005 10:50 PM 
11/14/2005 07:lO PM 
11/15/2005 02:29 AM 
11/14/2005 10:50 PM 
11/14/2005 07:lO PM 
11/15/2005 02:41 AM 
11/14/2005 11:02 PM 

6,841,032 
6,841,032 
6,812,304 

16,291 
16,291 

11/14/2005 07:22 PM 
11/15/2005 02:41 AM 

16,210 
6.841.032 

11/14/2005 11:02 PM 
11/14/2005 07:22 PM 
11/15/2005 02:52 AM 
11/14/2005 11:13 PM 

. .  
6,841,032 
6,812,304 

16,291 
16,291 

11/14/2005 07:33 PM 
11/15/2005 02:52 AM 
11/14/2005 11:13 PM 

16,210 
6,841,032 
6.841.032 

11/14/2005 07:33 PM 
11/15/2005 01:02 AM 
11/14/2005 09:23 PM 
11/14/2005 05:42 PM 

. .  
6,812,304 

16,291 
16,291 
16,210 

11/15/2005 01:02 AM 
11/14/2005 09:23 PM 
11/14/2005 05:42 PM 

6,841,160 
6,841,160 
6.812.432 

10/31/2005 12:13 PM 
05/25/2005 03:32 PM 
11/11/2005 12:08 PM 
02/25/2005 02:24 PM 

3,825 
2,512 
102 

5,406 
11/11/2005 12:09 PM 
05/16/2005 03:40 PM 
05/13/2005 10:57 AM 

4, 679 
41,470 
41.472 

11/14/2005 12:14 AM 
11/14/2005 12:14 AM 
11/14/2005 12:22 AM 
11/14/2005 12:22 AM 

8,236 
3,151,428 

8,236 
3,151,428 

11/14/2005 12:30 AM 
11/14/2005 12:30 AM 

8,236 
3,151,428 . .  

11/14/2005 12:38 AM 8,236 
11/14/2005 12:38 AM 3,151,428 
11/14/2005 12:47 AM 8,236 
11/14/2005 12:47 AM 3,151,428 
11/14/2005 12:55 AM 8,236 

F.60 



RPP-RPT-28966, Rev. 0 
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11/14/2005 12:55 AM 
11/14/2005 01:03 AM 

3,151,428 
8,236 

Waste-Cont-153th.OUT 
Waste~Cont-162max.OUT 
Waste-Cont-162th.OUT 
Waste~Cont-17lmax.OUT 
Waste-Cont-17lth.OUT 
Waste~Cont~l8Omax.OUT 
Waste-Cont-18Oth.OUT 
Waste-Cont-18max.OUT 
Waste-Cont-18th.OUT 
Waste-Cont-27max.OUT 
Waste-Cont-27th.OUT 
Waste-Cont-36max.OUT 
Waste-Cont-36th.OUT 
Waste-Cont-45max.OUT 
Waste-Cont-45th.OUT 
Waste-Cont-54max.OUT 
Waste-Cont-54th.OUT 
Waste-Cont-63max.OUT 
Waste-Cont-63th.OUT 
Waste-Cont-72max.OUT 
Waste-Cont-72th.OUT 
Waste-Cont-8lmax.OUT 
Waste-Cont-8lth.OUT 
Waste-Cont-90max.OUT 
Waste-Cont-90th.OUT 
Waste-Cont-99max.OUT 
Waste-Cont-99th.OUT 
Waste-Cont-9max.OUT 
Waste-Cont-9th.OUT 
Waste-Reaction.out 
Waste-Reaction.txt 
Waste-solid-AY.txt 

Waste-Surf-Omax.OUT 
Waste-Surf-Oth.OUT 
Waste~Surf-lO8max.OUT 
Waste-Surf-lO8th.OUT 
Waste~Surf-ll7max.OUT 
Waste-Surf-ll7th.OUT 
Waste~Surf-lE6max.OUT 
Waste-Surf-126th.OUT 
Waste~Surf-135max.OUT 
Waste-Surf-135th.OUT 
Waste~Surf-144max.OUT 
Waste-Surf-144th.OUT 
Waste~Surf-153max.OUT 
Waste-Surf-li3th.OUT 
Waste~Surf-16Emax.OUT 
Waste-Surf-162th.OUT 
Waste~Surf-171max.OUT 
Waste-Surf-17lth.OUT 
Waste~Surf-18Omax.OUT 
Waste-Surf-18Oth.OUT 
Waste-Surf-18max.OUT 
Waste-Surf-18th.OUT 
Waste-Surf-27max.OUT 
Waste-Surf-27th.OUT 
Waste-Surf-36max.OUT 
Waste-Surf-36th.OUT 
Waste-Surf-45max.OUT 
Waste-Surf-45th.OUT 
Waste-Surf-54max.OUT 
Waste-Surf-54th.OUT 
Waste-Surf-63max.OUT 
Waste-Surf-63th.OUT 
Waste-Surf-72max.OUT 
Waste-Surf-72th.OUT 
Waste-Surf-8lmax.OUT 
Waste-Surf-8lth.OUT 
Waste-Surf-90max.OUT 
Waste-Surf-90th.OUT 

Waste-S"rface-ay.txt 

11/14/2005 01:03 AM 
11/14/2005 01:11 AM 
11/14/2005 01:11 AM 

3,151,428 
8,236 

3.151.428 
11/14/2005 01:20 AM 
11/14/2005 01:20 AM 
11/13/2005 10:52 PM 
11/13/2005 10:52 PM 

. .  
8,236 

3,151,428 
8,236 

3,151,428 
11/13/2005 10:59 PM 
11/13/2005 10:59 PM 
11/13/2005 11:08 PM 

8,236 
3,151,428 

8.236 
11/13/2005 11:08 PM 
11/13/2005 11:16 PM 
11/13/2005 11:16 PM 
11/13/2005 11:24 PM 

3,151,428 
8,236 

3,151,428 
8,236 

11/13/2005 11:24 PM 
11/13/2005 11:33 PM 
11/13/2005 11:33 PM 

3,151,428 
8,236 

3.151.428 
11/13/2005 11:41 PM 
11/13/2005 11:42 PM 
11/13/2005 11:49 PM 
11/13/2005 11:50 PM 

. .  
8,236 

3,151,428 
8,236 

3,151,428 
11/13/2005 11:58 PM 
11/13/2005 11:58 PM 
11/14/2005 12:06 AM 

8,236 
3,151,428 

8.236 
11/14/2005 12:06 AM 
11/13/2005 10:43 PM 
11/13/2005 10:43 PM 
12/12/2005 11:04 AM 

3,151,428 
8,236 

3,151,556 
45,117 

12/09/2005 08:42 AM 
10/31/2005 12:Ol PM 

332 
3,265 

11/29/2005 08:46 AM 
12/09/2005 09:20 AM 
12/09/2005 09:20 AM 
12/09/2005 01:43 PM 
12/09/2005 01:43 PM 

776 
784 

509,216 
784 

509,088 
12/09/2005 02:05 PM 
12/09/2005 02:05 PM 

784 
509.088 

12/09/2005 02:27 PM 
12/09/2005 02:27 PM 
12/09/2005 02:48 PM 
12/09/2005 02:48 PM 

784 
509,088 

784 
509,088 

12/09/2005 03:lO PM 
12/09/2005 03:lO PM 
12/09/2005 03:32 PM 

784 
509,088 

784 
12/09/2005 03:32 PM 
12/09/2005 03:53 PM 
12/09/2005 03:53 PM 
12/09/2005 04:15 PM 

509,088 
784 

509,088 
784 

12/09/2005 04:15 PM 
12/09/2005 04:37 PM 
12/09/2005 04:37 PM 

509,088 
784 

509.088 
12/09/2005 10:03 AM 
12/09/2005 10:03 AM 
12/09/2005 10:25 AM 
12/09/2005 10:25 AM 

784 
509,088 

784 
509,088 

12/09/2005 10:47 AM 
12/09/2005 10:47 AM 
12/09/2005 11:09 AM 

784 
509,088 

784 
12/09/2005 11:09 AM 
12/09/2005 11:30 AM 
12/09/2005 11:30 AM 
12/09/2005 11:54 AM 

509,088 
784 

509,088 
784 

12/09/2005 11:54 AM 
12/09/2005 12:16 PM 

509,088 
784 

12/09/2005 12:16 PM 
12/09/2005 12:38 PM 
12/09/2005 12:38 PM 
12/09/2005 01:OO PM 
12/09/2005 01:OO PM 

509,088 
784 

509,088 
784 

509,088 

F.61 
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12/09/2005 01:21 PM 784 Waste-Surf-99max.OUT 
12/09/2005 01:21 PM 509,088 Waste-Surf-99th.OUT 
12/09/2005 09:42 AM 784 Waste-Surf-9max.OUT 
12/09/2005 09:42 AM 509,088 Waste-Surf-9th.OUT 

704 Fileis1 40.119.505.418 bvtes 
2 

, ,  . . . 
2 D i r l s )  176,165,658,6 4 bytes free 

BES-BEC Gravity File Listing 

Volume in drive E 1s 250GB HITAC 
Volume Serial Nuder 1s B4FB-DB23 

Directory of E:\PNNL-ZD-NL-AY-BES-BEC 

12/20/2005 04:49 PM <DIR> 
12/20/2005 04:49 PM <DIR> 
09/27/2005 03:47 PM 99 
12/08/2005 10:37 AM 3,372,032 . .  
12/08/2005 10:51 AM 680,448 
12/08/2005 01:29 PM 3,471,872 
12/14/2005 04:12 PM 8,528,896 
12/13/2005 04:lO PM 2,107,904 
12/08/2005 01:04 PM 685,568 
12/08/2005 
12/08/2005 
09/02/2005 
06/09/2005 
10/31/2005 
12/01/2005 
09/02/2005 
09/02/2005 
09/09/2005 
09/15/2005 
09/06/2005 
09/22/2005 
12/08/2005 
12/08/2005 
12/20/2005 
10/13/2005 
12/14/2005 
12/14/2005 
04/06/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 

10:50 
01:Ol 
02:Ol 
01:59 
12:24 
09:11 
09:28 
09:5l 
09:59 
11:50 
11:16 
04:05 
03:05 
05:02 
04:49 
06:54 
04:30 
04:30 
08:24 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 
09:23 

AM 
PM 
PM 
PM 
PM 
AM 
AM 
AM 
AM 
AM 
AM 
PM 
PM 
PM 
PM 
AM 
PM 
PM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

726,016 
768,000 

5,766 
262 
189 
586 
604 
602 
608 
742 
630 

8, 608 
1,108 
2,468 

0 
562 

10,342 
11,328 

894 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 
16,800 
4,996 
8,400 
14,716 

All-Forces.txt 
AY-ED-NL-BES-BEC Conc Tank Demand Gravity.xls 
AY-ED-NL-BES-BEC J Bolt Forces Gravity.xls 
AY-ED-NL-BES-BEC Liner Strain Gravity.xls 
AY-ED-NL-BES-BEC Pri Tank Stress Gravity.xls 
AY-ED-NL-BES-BEC Soil Pressures Gravity.xls 
AY~2D~NL~BES~BEC~InSul~COntactGravlty.xls 
AY~2D~NL~BES~BEC~J~BOlt~COntactGravlty.xls 
AY~2D~NL~BES~BEC~Primary~COntactGravlty.xls 
BOltS-FriCtiOn.txt 
Boundary.txt 
Contact-AY.txt 
Contact-Footing.txt 
contact-1nsu1.txt 
Contact-J-Bolts.txt 
Contact-Primary.txt 
Contact-Soll.txt 
Contact-Waste-AY.txt 
Far-Soil.txt 
flle.err 

file. txt 
Fix-Soil.txt 
Footing-Cont-max.OUT 
F00ting-COnt-th.OUT 
Force-c.txt 
Force-c~lO8amax.OUT 
Force-c~lO8ath.OUT 
Force-c~lO8max.OUT 
Force-c~lO8th.OUT 
Force-c~ll7amax.OUT 
Force-c~ll7ath.OUT 
Force-c~ll7max.OUT 
Force-c~ll7th.OUT 
Force-c~l26amax.OUT 
Force-c~l26ath.OUT 
Force-c~l26max.OUT 
Force-c~l26th.OUT 
Force-c~l35amax.OUT 
Force-c~l35ath.OUT 
Force-c~l35max.OUT 
Force-c~l35th.OUT 
Force-c-144amax.OUT 
Force-c-144ath.OUT 
Force-c~l44max.OUT 
Force-c-144th.OUT 
Force-c~l53amax.OUT 
Force-c~l53ath.OUT 
Force-c~l53max.OUT 
Force-c~l53th.OUT 
Force-c~l62amax.OUT 
Force-c~l62ath.OUT 
Force-c~l62max.OUT 

file. l o g  
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12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

16,800 
4,996 

Force-c~l62th.OUT 
Force-c~lIlarnax.OUT 
Force-c~l1lath.OUT 
Force-c~lIlrnax.OUT 
Force-c~lIlth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~E1arnax.OUT 
Force-c~E1ath.OUT 
Force-c~E1rnax.OUT 
Force-c-2Ith.OUT 
Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~I2arnax.OUT 
Force-c~I2ath.OUT 
Force-c~I2rnax.OUT 
Force-c~I2th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c 9th.OUT 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

8,400 
14,116 
16.800 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

4,996 
8,400 
14,116 
16,800 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

4,996 
8,400 
14.116 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

16,800 
4,996 
8,400 
14,116 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

16,800 
4,996 
8.400 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

14,116 
16,800 
4,996 
8,400 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

14,116 
16,800 
4.996 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

8,400 
14,116 
16,800 
4,996 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

8,400 
14,116 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

16,800 
4,996 
8,400 
14,116 
16,800 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

4,996 
8.400 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

14,116 
16,800 
4,996 
8,400 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

14,116 
16,800 
4.996 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

8,400 
14,116 
16,800 
4,996 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

8,528 
14,116 
16. 928 

12/08/2005 10:50 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

136,104 
I, 350 
5,239 
I, 350 

force-lb.xls 
Force-]b-rlO-th.OUT 
Force-lb r10 r n a x . O U T  
Force-lbIrll-th. OUT 
Force-]b-rllrnax.OUT 
Force-]b-rZ-th.OUT 
Force-]b-r2-rnax.OUT 
Force-]b-r3-th.OUT 
Force-]b-r3-rnax.OUT 
Force-]b-r4-th.OUT 
Force-]b-r4-rnax.OUT 
Force-]b-r5-th.OUT 
Force-lb-ri-rnax.OUT 
Force-]b-r6-th.OUT 
Force-]b-r6-rnax.OUT 
Force-]b-rl-th.OUT 
Force-]b-rl-rnax.OUT 
Force-]b-r8-th.OUT 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

5,239 
I, 418 
5.239 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

I, 350 
5,239 
I, 350 
5,239 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

I, 350 
5,239 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

I, 350 
5,239 
I, 350 
5,239 
I, 350 
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5,239 
7,350 

Force-]b-r8-rnax.OUT 
Force-]b-r9-th.OUT 
Force-]b-r9-rnax.OUT 
Force-]-bolt.txt 
irnport-0-90.xls 
irnport-99-180.xls 

Insul~Contact-99~18O.xls 
Insul~Cont~lO8rnax.OUT 
Insul-Cont~lO8th.OUT 
Insul~Cont~ll7rnax.OUT 
Insul-Cont-ll7th.OUT 
Insul~Cont~l26rnax.OUT 
Insul-Cont-126th.OUT 
Insul~Cont~l35rnax.OUT 
Insul-Cont-135th.OUT 
Insul~Cont-144rnax.OUT 
Insul-Cont-144th.OUT 
Insul~Cont~l53rnax.OUT 
Insul-Cont-li3th.OUT 
Insul~Cont~l62rnax.OUT 
Insul-Cont-162th.OUT 
Insul~Cont~l7lrnax.OUT 
Insul-Cont-17lth.OUT 
Insul~Cont~l8Ornax.OUT 
Insul-Cont~l8Oth.OUT 
Insul-Cont~l8rnax.OUT 
1nsul-Cont-lBth.OUT 
Insul-Cont-27rnax.OUT 
Insul-Cont-27th.OUT 
Insul-Cont-36rnax.OUT 
Insul-Cont-36th.OUT 
Insul-Cont-45rnax.OUT 
Insul-Cont-45th.OUT 
Insul-Cont-54rnax.OUT 
Insul-Cont-54th.OUT 
Insul-Cont-63rnax.OUT 
Insul-Cont-63th.OUT 
Insul-Cont-72rnax.OUT 
Insul-Cont-72th.OUT 
Insul-Cont~8lrnax.OUT 
Insul-Cont-8lth.OUT 
Insul-Cont-90rnax.OUT 
Insul-Cont-90th.OUT 
Insul-Cont-99rnax.OUT 
Insul-Cont-99th.OUT 
Insul-Cont-9rnax.OUT 
Insul-Cont-9th.OUT 
1nsu1ate.txt 

1nterfacel.txt 
J~Bolt~Contact-0~90.xls 
J-Bolt-Contact 99-180.~1~ 

Ins"l~Contact~0~90.xls 

1nterface-gapl.txt 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
06/20/2005 10:53 AM 
12/08/2005 10:34 AM 

5,239 
661 

444.416 
12/08/2005 10:35 AM 
12/08/2005 01:02 PM 
12/08/2005 01:02 PM 
12/08/2005 09:20 AM 

443,904 
74,240 
74,240 
2,728 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 
3.360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 
2,728 
3,360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 
2.728 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 
3,360 
2,728 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 
3.360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 
2,728 
3,360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 
2,728 
3,360 
2,728 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2.728 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 
3,360 
2,728 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 
3.360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
09/01/2005 10:27 AM 
10/13/2005 08:28 AM 

2,728 
3,488 
1, 664 
4,031 

09/09/2005 09:34 AM 
12/08/2005 10:46 AM 
12/08/2005 10:46 AM 

2, 616 
82, 944 
82. 944 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,052 
3,780 
3,052 
3,780 

J~Bolt~Cont-lOrnax.OUT 
J~Bolt~Cont-lO8th.OUT 
J-Bolt-COnt 117rnax.OUT 
J~Bolt~ContI117th.OUT 
J~Bolt~Cont-126rnax.OUT 
J~Bolt~Cont-126th.OUT 
J-Bolt-COnt 135rnax.OUT 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,052 
3,780 
3.052 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,780 
3,052 
3,780 
3,052 

J-Bolt-ContI135th .OUT 
J~Bolt~Cont-144max.OUT 
J-Bolt-COnt 144th.OUT 
J~Bolt~ContIl53rnax.OUT 
J~Bolt~Cont-153th.OUT 
J-Bolt-COnt 162rnax.OUT 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,780 
3,052 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,780 
3,052 
3,780 
3,052 
3,780 

J-Bolt-ContI162th .OUT 
J~Bolt~Cont-17lrnax.OUT 
J~Bolt~Cont-17lth.OUT 
J-Bolt-COnt 18Ornax.OUT 
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3,052 
3,780 
3,052 
3,780 
3.052 

J~Bolt~Cont-18max.OUT 
J-Bolt-COnt 18th.OUT 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

J-Bolt-ContI27max .OUT 
J-Bolt-Cont-27th.OUT 
J~Bolt~Cont-36max.OUT 
J-Bolt-Cont-36th.OUT 
J~Bolt~Cont-45max.OUT 
J-Bolt-Cont-45th.OUT 
J~Bolt~Cont-54max.OUT 
J-Bolt-Cont-54th.OUT 
J~Bolt~Cont-63max.OUT 
J-Bolt-Cont 63th.OUT 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,780 
3,052 
3,780 
3,052 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,780 
3,052 
3.780 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,052 
3,780 
3,052 
3,780 

J~Bolt~ContI72max.OUT 
J-Bolt-Cont-72th.OUT 
J-Bolt-COnt 8lrnax.OUT 
J-Bolt-ContI8lth.OUT 
J~Bolt~Cont-90max.OUT 
J-Bolt-Cont-90th.OUT 
J-Bolt-COnt 99max.OUT 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,052 
3,780 
3.052 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 01:25 PM 

3,780 
3,052 
3, 908 

158,208 

J-Bolt-ContI99th.OUT 
J-Bolt-Cont-9max.OUT 
J-Bolt-Cont-9th.OUT 
liner-strain-comp 0-90b.xls 

12/08/2005 01:07 PM 
12/08/2005 01:28 PM 
12/08/2005 01:lO PM 

158,208 
158,208 
164.352 

12/08/2005 01:lO PM 
12/08/2005 01:11 PM 
06/01/2005 01:17 PM 
05/02/2005 02:19 PM 

164,352 
164,352 

1,708 
667 

11/11/2005 10:38 AM 
04/20/2005 01:14 PM 

6,185 
508 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:19 AM 
12/08/2005 09:20 AM 
12/16/2005 03:Ol PM 

2, 998 
55,508,992 
55,508,992 
12,386,304 

44,254 PNNL-2D-BES-BEC.err 
PNNL-2D-BES-BEC.esav 
PNNL-2D-BES-BEC.ful1 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

102,563,840 
27.852.800 

12/08/2005 09:19 AM 
12/16/2005 03:08 PM 
12/08/2005 09:20 AM 
12/08/2005 09:19 AM 

. .  
437,553 

3, 662 
1,559 

102,563,840 

PNNL-2D-BES-BEC.ldhi 
PNNL-2D-BES-BEC.log 
PNNL-2D-BES-BEC.mntr 
PNNL-2D-BES-BEC.osav 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:06 AM 

1,027 
103,546,880 
35.782.656 

PNNL-ED-BES-BEC.PVTS 
PNNL-2D-BES-BEC.rOOl 
PNNL-2D-BES-BEC.rdb 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 01:OO PM 
12/08/2005 01:Ol PM 

. .  
57,671,680 

70,389 
74,240 
80,384 

PNNL-ED-BES-BEC.rst 
P N N L - A Y - 2 D - N L - B E C - B E S - G r a v I t y . o u t  

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 
2.728 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 
3,360 
2,728 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 
3.360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 
2,728 
3,360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 
2,728 
3,360 
2,728 

F.65 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 

Primary~Cont-27th.OUT 
Primary~Cont-36max.OUT 
Primary~Cont-36th.OUT 
Primary~Cont-45max.OUT 
Primary~Cont-45th.OUT 
Primary~Cont-54max.OUT 
Primary~Cont-54th.OUT 
Primary~Cont-63max.OUT 
Primary~Cont-63th.OUT 
Primary~Cont-72max.OUT 
Primary~Cont-72th.OUT 
Primary~Cont-8lmax.OUT 
Primary~Cont-8lth.OUT 
Primary~Cont-90max.OUT 
Primary~Cont-90th.OUT 
Primary~Cont-99max.OUT 
Primary~Cont-99th.OUT 
Primary~Cont-9max.OUT 
Primary-Cont-9th.OUT 
Primary-Props-AY.txt 
Primary. txt 
QA.out 
RS-FREQ.txt 
Run-Tank-0ut.out 
Run-Tank.txt 
scratch.hl0 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 
3.360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 
2,728 
3,360 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

2,728 
3,360 
2.728 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 
3,360 
2,728 

12/08/2005 09:20 AM 
12/08/2005 09:20 AM 
12/08/2005 09:20 AM 

3,360 
2,728 
3.488 

10/31/2005 12:18 PM 
09/27/2005 03:52 PM 
12/08/2005 09:06 AM 
10/31/2005 10:31 AM 

5,549 
1,538 

385,189 
1,108 

11/11/2005 11:16 AM 
12/08/2005 09:04 AM 
12/16/2005 03:Ol PM 

1,146,885 
1,942 

0 
02/11/2005 01:22 PM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

1,053 
9,896 

13,160 
9,896 

Slave .  txt 
SO~l~COntact~l08max.OUT 
Soil-Contact 108th.OUT 

12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

13,160 
9,896 

12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

13,160 
9,896 

13,160 
9,896 

13,160 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

9,896 
13.160 

12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

9,896 
13,160 
9,896 

13,160 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

9,896 
13,160 
9.896 

12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

13,160 
9,896 

13,160 
9,896 

12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

13,160 
9,896 

13.160 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

9,896 
13,160 
9,896 

13,160 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

9,896 
13,160 
9.896 

12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

13,160 
9,896 

13,160 
9,896 

12/08/2005 09:21 AM 
12/08/2005 09:20 AM 

13,160 
9,896 

12/08/2005 09:20 AM 
11/11/2005 10:36 AM 
12/08/2005 10:37 AM 
12/08/2005 10:38 AM 
11/11/2005 10:54 AM 

13,288 
4, 989 

223,744 
223,232 

1,898 

F.66 
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10/31/2005 11:02 AM 
10/14/2005 11:18 AM 

3,363 
2,061 

10/31/2005 10:17 AM 
09/06/2005 06:49 AM 
06/20/2005 09:04 AM 

3,551 
1,287 

647 
06/20/2005 08:52 AM 
12/09/2005 07:45 AM 
12/09/2005 07:45 AM 
12/09/2005 07:45 AM 

679 
354,304 
355,328 
353,280 

12/09/2005 07:45 AM 
12/09/2005 07:46 AM 
12/09/2005 07:46 AM 

354,304 
354,816 
353.280 

09/02/2005 08:51 AM 
09/02/2005 08:51 AM 
09/02/2005 08:50 AM 
12/08/2005 09:24 AM 

707 
705 
720 

6,110 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8.134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6.110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6,110 
8,134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6.110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8,134 
6,110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8.134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
09/02/2005 08:52 AM 
12/08/2005 09:24 AM 

6,110 
8,262 

544 
6,110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8.134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6,110 
8,134 
6,110 

F.67 
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12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8.134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6,110 
8,134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6.110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,262 
6.110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6,110 
8,134 

strain~ltI17lmax~t.ouT 
Strain~lt-171th~t.OUT 
Strain~lt-18Omax~t.OUT 
Strain-lt 180th-t.OUT 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6.110 

Strain-ltIl8max-t .OUT 
Strain-lt-18th-t.OUT 
Strain~lt-27max~t.OUT 
Strain-lt-27th-t.OUT 
Strain~lt-36max~t.OUT 
Strain-lt-36th-t.OUT 
Strain~lt-45max~t.OUT 
Strain-lt-45th-t.OUT 
Strain~lt-54max~t.OUT 
Strain-lt-54th-t.OUT 
Strain~lt-63max~t.OUT 
Strain-lt-63th-t.OUT 
Strain~lt-72max~t.OUT 
Strain-lt-72th-t.OUT 
Strain~lt-8lmax~t.OUT 
Strain-lt-8lth-t.OUT 
Strain~lt-90max~t.OUT 
Strain-lt-90th-t.OUT 
Strain~lt-99max~t.OUT 
Strain-lt-99th-t.OUT 
Strain-lt-9max-t.OUT 
Strain-lt-9th-t.OUT 
stress-compb.txt 
stress-compm.txt 
StreSs-compt.txt 
Stress-Primary.txt 
Stress~pt-lO8max~b.OUT 
Stress~pt-lO8max~m.OUT 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8,134 
6,110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8.134 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6.110 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

8,134 
6,110 
8,134 
6,110 
8,262 

692 
12/08/2005 09:24 AM 
09/08/2005 10:18 AM 
11/01/2005 10:46 AM 
09/08/2005 09:20 AM 
04/13/2005 07:38 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

702 
692 
205 

16,291 
16,291 

F.68 
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12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

16,210 
21,714 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

21,714 
21, 630 
16.291 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

16,291 
16,210 
21,714 
21,714 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

21, 630 
16,291 
16.291 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

16,210 
21,714 
21,714 
21, 630 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

16,291 
16,291 
16.210 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

21,714 
21,714 
21, 630 
16,291 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

16,291 
16,210 
21.714 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

21,714 
21, 630 
16,291 
16,291 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

16,210 
21.714 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

21,714 
21, 630 
16,291 
16,291 
16,210 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 

21,714 
21.714 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

21, 630 
16,295 
16,295 
16,214 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

21,714 
21,714 
21. 630 

12/08/2005 09:24 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

16,295 
16,295 
16,214 
21,714 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

21,714 
21, 630 
16.291 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

16,291 
16,210 
21,714 
21,714 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

21, 630 
16,291 
16.291 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

16,210 
21,714 
21,714 
21, 630 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

16,291 
16,291 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

16,210 
21,714 
21,714 
21, 630 
16,291 

F.69 
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12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

16,291 
16,210 

Stress~pt-45max~m.OUT 
Stress~pt-45max~t.OUT 
Stress-pt-45th-b.OUT 
Stress-pt-45th-m.OUT 
Stress-pt-45th-t.OUT 
Stress~pt-54max~b.OUT 
Stress~pt-54max~m.OUT 
Stress~pt-54max~t.OUT 
Stress-pt-54th-b.OUT 
Stress-pt-54th-m.OUT 
Stress-pt-54th-t.OUT 
Stress~pt-63max~b.OUT 
Stress~pt-63max~m.OUT 
Stress~pt-63max~t.OUT 
Stress-pt-63th-b.OUT 
Stress-pt-63th-m.OUT 
Stress-pt-63th-t.OUT 
Stress~pt-72max~b.OUT 
Stress~pt-72max~m.OUT 
Stress~pt-72max~t.OUT 
Stress-pt-72th-b.OUT 
Stress-pt-72th-m.OUT 
Stress-pt-72th-t.OUT 
Stress~pt-8lmax~b.OUT 
Stress~pt-8lmax~m.OUT 
Stress~pt-8lmax~t.OUT 
Stress-pt-8lth-b.OUT 
Stress-pt-8lth-m.OUT 
Stress-pt-8lth-t.OUT 
Stress~pt-90max~b.OUT 
Stress~pt-90max~m.OUT 
Stress~pt-90max~t.OUT 
Stress-pt-90th-b.OUT 
Stress-pt-90th-m.OUT 
Stress-pt-90th-t.OUT 
Stress~pt-99max~b.OUT 
Stress~pt-99max~m.OUT 
Stress~pt-99max~t.OUT 
Stress-pt-99th-b.OUT 
Stress-pt-99th-m.OUT 
Stress-pt-99th-t.OUT 
Stress-pt-9max-b.OUT 
Stress-pt-9max-m.OUT 
Stress-pt-9max-t.OUT 
Stress-pt-9th-b.OUT 
Stress-pt-9th-m.OUT 
Stress-pt-9th-t.OUT 
Tank~C00rdinateS~AY.txt 
Tank-Meshl. txt 
tank-out. out 
Tank-Props-BEC-25O.txt 
Tank-th.out 
TH~266~Mean~Geo~V.txt 
TH-266-Mean-Geo.txt 
Waste~Cont~lO8max.OUT 
Waste-Cont-lO8th.OUT 
Waste~Cont-ll7max.OUT 
Waste-Cont-ll7th.OUT 
Waste~Cont-126max.OUT 
Waste-Cont-lE6th.OUT 
Waste~Cont-135max.OUT 
Waste-Cont-135th.OUT 
Waste~Cont-144max.OUT 
Waste-Cont-144th.OUT 
Waste~Cont-153max.OUT 
Waste-Cont-153th.OUT 
Waste~Cont-162max.OUT 
Waste-Cont-162th.OUT 
Waste~Cont-17lmax.OUT 
Waste-Cont-17lth.OUT 
Waste~Cont~l8Omax.OUT 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

21,714 
21,714 
21. 630 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

16,291 
16,291 
16,210 
21,714 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

21,714 
21, 630 
16.291 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

16,291 
16,210 
21,714 
21,714 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

21, 630 
16,291 
16.291 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

16,210 
21,714 
21,714 
21, 630 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

16,291 
16,291 
16.210 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

21,714 
21,714 
21, 630 
16,291 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 

16,291 
16,210 

12/08/2005 09:24 AM 
12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

21,714 
21,714 
21, 630 
16,291 
16,291 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 

16,210 
21.714 

12/08/2005 09:23 AM 
12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

21,714 
21, 630 
16,291 
16,291 

12/08/2005 09:23 AM 
12/08/2005 09:24 AM 
12/08/2005 09:23 AM 

16,210 
21,842 
21.842 

12/08/2005 09:23 AM 
10/31/2005 12:13 PM 
05/25/2005 03:32 PM 
12/08/2005 09:05 AM 

21,758 
3,825 
2,512 
102 

02/25/2005 02:24 PM 
12/08/2005 09:06 AM 
05/16/2005 03:40 PM 

5,406 
4, 692 
41.470 

05/13/2005 10:57 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

41,472 
8,236 
8,820 
8,236 
8,820 
8,236 
8.820 

12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

8,236 
8,820 
8,236 
8,820 
8,236 
8,820 

12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 
12/08/2005 09:21 AM 

8,236 
8,820 
8,236 
8,820 
8,236 

F.70 



12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
12/08/2005 
11/01/2005 
10/31/2005 

09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:21 
09:23 
12:19 
12:Ol 

AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
PM 
PM 
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8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8, 948 
33,299 

342 
3.265 

Waste-Cont-18Oth.OUT 
Waste-Cont-18rnax.OUT 
Waste-Cont-18th.OUT 
Waste-Cont-27rnax.OUT 
Waste-Cont-27th.OUT 
Waste-Cont-36rnax.OUT 
Waste-Cont-36th.OUT 
Waste-Cont-45rnax.OUT 
Waste-Cont-45th.OUT 
Waste-Cont-54rnax.OUT 
Waste-Cont-54th.OUT 
Waste-Cont-63rnax.OUT 
Waste-Cont-63th.OUT 
Waste-Cont-72rnax.OUT 
Waste-Cont-72th.OUT 
Waste-Cont-8lrnax.OUT 
Waste-Cont-8lth.OUT 
Waste-Cont-90rnax.OUT 
Waste-Cont-90th.OUT 
Waste-Cont-99rnax.OUT 
Waste-Cont-99th.OUT 
Waste-Cont-9rnax.OUT 
Waste-Cont-9th.OUT 
Waste-Reaction.out 
Waste-Reaction.txt 
Waste-solid-AY.txt 
bytes 647 F i l e j s )  586,428,661 

2 D i r j s )  78,397,038,592 bytes free 
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Prepared by: F.G.Aban 

Rev.3 , ANSYS Model ConRgucation 

TheDreUcal Fluid Response AY 

Level. Best Emmate Soil 

Checked by: 8.0. Ca#pentet 
FiexibleWailTanka1422in. Waste M&D Professional Services 

H,= 422.1. 

E+:= 460.i0 

Baseline waste level as modeled in ANSYS 

Height to primary tank tangent line 

3 -0.92 Ratio Of MSte height to tank height 
Y 

i 0.94 

i:=O..Z 

1.841) I 8.536) 

h i  5.331 I 

Tank radius 

Ratio ofwaste heighttotank radius 

BeSFei function mob 

Circumferential location of waste dements for which pressures are reported 

COnveCtive Frequencies 

0.19) I 0.43) 

*on= 0.34 1- First three mnveCfive frequencies 

2 
1.59.10-4.1b" waste density - SpeciSc gravity = 1.7 

. 4  
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z:= 

6 q:=Z9.10 .E Elastkmodulusforsteel 
. 2  

f 24.S.in ) 
m . i n  

77.5.8. 

104.5.i~ 

131.45.i~ 

156.3% 

179.3-b 

202.3.m 

225.65.10 

251.i. 

278.1. 

Verb location of element centroids at which pressures 
are repolted. 

305.in 

332-i. 

359.5- 

386.5m 

,410.75.in) 

circf'=o.1n2 Table 4.4 of BNL 1995. Hinged top support condition - estimated for wt!+.92 

Eqn. 4.18 BNL 1995 

C, = 0.09 Impulsive coefitienl for frequency calculatim 
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Checked by: B.G. Camenter Prepared by: F.G.Abatt TheOleticsl Fluid Response AY 
M8D PrOfffSional Services Flexlble Wall Tank at 422 in. Waste Ma0 Pmf888lonai Services 
12/12/05 Level. Be61 E&rnate Soil i l lOlOB 

‘I, :- ~ 

Y 
Ratio of tank MII vertical location to waste heighlforWa6te element 
cemolds. 

Determine convective ~ ~ f f i c i s n t s  as a function of dimensionless height 
per BNL IS95 Eqn. 4.4 

3 

F.74 
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Wepared by: F.G. Aban Theoretical Flus Response AY Checked by: B.G. Carpenter 
M&D Professional Servlees Flexible Wall Tank a1 422 in. Waste M m  Pmfesslonal Services 
iZl12105 Level, Best Estimate Soil 1110106 
Re". 3 ANSYS MOdel Configuration 

0.03 
0.05 
0.06 

Impulsive pressure coefficient BE a function of dimensionless wall height 

q(n,):= 1 --&I - rn,(lll) --.*(n,) BNL 1995 Eqn. 4.1 
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Theoredcal Fluid Response AY 

ANSYS MOdel ConRguraUon 

Checked by: B.G. Carpenter 
F l ~ ~ b l ~ W ~ l l T ~ ~ k ~ l ~ 2 2 ~ . W ~ ~ t ~  M W  Prof-imal Services 

Level. Besl Estimate Soil l / IO Ic% 

Calculate maximum values of dynamic wall pressures 

Cansider the first three mnvBdive modes 

:= 0.062p = 23.96-" 
2 

 SA^, := 0.108.8  SA^, -41.73' 0.5% Dome RS fmm Spectr 
2 

s~~2'0.163.g  SA^ = 6 2 . 9 8 L  
2 = 

Determine the spedral acceleration for the impulsive made. 
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Prepred by: F.G. Abm m8orekal Fluid R e s p n ~ e  AY Checked by: BG. Carpenter 
M&D Fmfessianal Swvices Flexible Wall Tank at 422 in. Waste Ma0 Professional Services 
12112105 Level. Best Estimate Soil 1110106 
Rev. 3 ANSYS Model ConRguration 

Maximum impulsive dynamic pressures at 
theta = 0. 

Maximum convechve dynamic pressures at 
meta = 0. 
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Maximum total dynamic pressure at 
theta = 0. 

Maximum total dynamic pressure at 
theta = 45 degrees. 
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Maximum total dynamic pressure at 
theta = 90 degrees. 

Calculate Maximum Slosh Heiaht 

0.837) 
Maximum value of mnvective mhicients at q,=1 

0.028) 
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Prepared by: F.G. Aban 
M6D Pmfessional SeNiCeE 
12/12/05 
Rev. 3 ANSYS Model Configgumlion 

Theoretical Fluid Response AY 
Flexible Wall Tmk at 422 in. Wase 

Checked by: 8.0. Carpenter 
M6D Profeaionsl Sewices 

Lev#, Best Estimate Sdl lllOx)6 

The maximum hydmdynamicforce i n d u d  on the tank wall is given by Eqn. 4.31 of 0NL 1535 
with Ule instantaneous accelerations replaced by the maximum speciral accelerations. First 
determine lhe effective impulsive and convective massss. 

m,mor. .n .~Z.~ ,p ,  m-,=4.Z7x IO4& Totalwastemass baseon circularcylinder 
in approximation. 

rnp4 .27~  IO4.!& Actual waste ma88 reponed by ANSYS model. 

2 
Q = 1 4 8 . 4 6 e  

I. 

mj := m, - (m, + Pel + Impulsive mass 

mi.2.25x 104& 

9 
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Prqared by: F.G. Absn Thwreticd Fluid Rmponse AY Checked by: B.G. Carpenter 
M6D Pmfessional Services FlexiMBWallTankat422in. Waste M6D Professional Services 
lUl2m5 Level, Best Estimate Soil 1110106 
Rev. 3 ANSYS Model Configuration 

The above expression is a conservative estimate because it assumes that the peak impulsive and 
WnVBCtiVe forcer occur simullaneausly. A less consewalive estimate can be made via a 
Square-mot-sum-of-th8-squares (SRSS) combination. 

SRSS estimate of peak hydrodynamic force 6 
~ ~ ~ = 3 . 0 8 x  IO ~ b c  

5 
P-= 4.66x 10 ~ b f  Peak hyddynamic force due to convective effecD Only 

Consider Veltical Excitatior(: 

Calculate Ihe axisymmetric breathing m& frequency for the lank 

cd:= 0.088 TaMe4.17 BNL 19% 

sAr:= 0.30.1 s A v - l l s . 9 z ~  Vmi Haunch4%RSfmmSpectr 
2 

Q 

The maximum dynamic wall pressure as a fundon of the dimensionless v~rticel distance 
is given by 
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Prepared by: F.G. Aban Thearetical Fluid Response AY Checked by: B.G. Carpenter 
W D  Profe88ional Sewices nexibleWallTankat422in.Wsste M&D Plofessional SewiCeS 

Re". 3 ANSYS Model Configuralin 
12H205 Level. Bert Earnate Soil i i iome 

Estimated fmm Figure 4.7 BNL 1995 ~ ~ ~ ~ ~ ~ 0 . 2 8  E ~ ~ ~ ~ ~ : =  0.54 

wmwYm:= 0.72 %m...un:= 0.46 

w&:= 0.12-g 

The maximum base pre66ums at the Outer and center elements are given by 
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Prepared by: F.G. Aban Theorekd Fluid Response AY Checked by: B.G. Carpenter 
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Rev. 3 ANSYS Madd Configuration 

Determine the maximum vedcal fwce on the base 

+:= 0.402.m, 

m V =  0.598.n, 

CMnpment of waste ma56 participating in the motion ofthe tank base 

Cmpmenl of waste mass paAcipating in the motion of the tank wall 

BNLTable4.11 

Eqn. 4.57 BNL 1995 modised for 
maximum response per p. 4-34 
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Appendix G 

Upper Bound Soil 
Best Estimate Concrete 

Results 
Load Case Specific Input Files 

File Listing 
Theoretical Waste Pressure Calculations 
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Appendix E 

Upper Bound Soil 
Best Estimate Concrete 

Res u 1 t s 
Load Case Specific Input Files 

File Listing 
Theoretical Waste Pressure Calculations 

M&D Profesmal Gervlces Confiderdial 
111612006 

AY-2D-N-UE6BEC CMC Tank Dewam Gra*.rls, FM Max 

Figure G.1. UBS-BEC Concrete Forces and Moments, Gravity Load Only 
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AY- Primary Tank, Upper Bound Soil @hrnatrix), Best Estimate Concrete, 
422 in. Waste Level at 1.7 SpG 

AUSYS UAXIUUIIIS BY PATU 

M&D P W M a l  Services Confiderdial 
111612006 

C'WsersW\BBruceWNNL E ~ \ P N N L - ~ D - N L - A Y - U B S ~ E C - ~ I ~ ~ Y - ~ ~ N L - W ~ ~ E C  Conc Tank Omand Se imk~Is  
Page 1 

Figure G.2. UBS-BEC Concrete Forces and Moments, Gravity Plus Seismic Load 

G .2 
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lfiW2006.11'03 AM 

AY- Primary Tank, Upper Bound Soil @hrnatrix), Best Estimate Concrete, 
422 in. Waste Level at 1.7 SpG 

AUSYS UAXIUUIIIS BY PATU 

I I I I I I I  

M&D PmfesMal Services Confiderdial 
111612006 

C-UJsers\Bruce\EWnm\FNNL E Drive\PNNL-2D-NL-AY-UBS-~GSe~m~Y-2L-NL-UB~BEC Cww: Tarh Demand Seismic 0dy.d~ 
Page 1 

Figure G.3. UBS-BEC Concrete Forces and Moments, Seismic Load Only 
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AY Primary Tank, Upper Bound Soil, Gravity Input, Best Estimate Tank Concrete, 
422 In. Waste Level at 1.7 SDG 

1242 am78 13743.06 -19.12 1876388 1.61 4.97 0.02 
1262 -78 1 M162.m 141.11 15wEu 1.46 -7.64 0.06 
1282 Ma78 1 m.44 -28 1716S72 308 -2.61 .0.16 
1302 m85 4284.03 - 7 W Q  1 2 m 2 8  12.31 14? -1 39 
1 %  m*w 4129.1 7 7589.44 mm.17 9.15 34( -2.46 
1342 a34.0 at 79.81 ,11576 
1382 Q74m 1431.04 39.53 
1382 1MD.78 I 7ma9 a 3 9  
14w 111- 108642 %.EQ 

M d o n s l .  Hoop. and Shear ma449 818 Reversed in H~hl i~Med s%cM 

Figure G.4. UBS-BEC Primary Tank Stresses, Shell Top, Gravity Load Only 
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AY.2D-NL.VBS.EEC PI Tank S k e s  Grakity.xls, Stms Max 

Figure GS.  UBS-BEC Primary Tank Stresses, Shell Middle, Gravity Load Only 
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1282 
1202 
1322 
1w2 
1382 
1m 
1402 

88978 I 15247.B I 4568.06 I 15247.B I 3.M I -2.51 -015 
ma5 I 83M.44 I no1 98 8701 39 I a15 14722 . l .S  
91&W 1 ea56 -7526N I 7561 .I 1 $49 I $40.07 -2.46 
99489 7541 67 -11576 
w4.m 2591.87 39.53 
1040.78 845.83 -24.33 

I 
1110.53 - 2088.81 D 34m 

AY.2D-NL.VBS.EEC PI Tank S k e s  Grakity.xls, Stms Max 

Figure G.6. UBS-BEC Primary Tank Stresses, Shell Bottom, Gravity Load Only 
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AY Primary Tank, Upper Bound Soil, Horizontal and Vertical Selsmic Input, Best 
Estimate Tank Concrete, 422 In. Waste Level at 1.7 SpG 

Shell Top Sumace (Inskie - waste slde) 

I I I I I 

AV-LD-NL-UBS-BEG Ptt Talc Stress Selsmlc.rls, Stms Max 

Figure G.7. UBS-BEC Primary Tank Stresses, Shell Top, Gravity Plus Seismic Load 
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AY Prlmary Tank, Upper Bound SOH, Horlzontal and Vertlcal Slrmlc Input, Best 
Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG 

I I Shell Mid-Plane 

AY-20-NL-UBS-BEC Ri Tank Stress Seismic.ls, stress Maa 

Figure G.8. UBS-BEC Primary Tank Stresses, Shell Middle, Gravity Plus Seismic Load 
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AY Prlmary Tank, Upper Bound SOH, Horlzontal and Vertlcal Selrmlc Input, Best 

AY-20-NL-UBS-BEC Ri Tank Stress Seismic.ls, stress Maa 

Figure G.9. UBS-BEC Primary Tank Stresses, Shell Bottom, Gravity Plus Seismic Load 
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AY Primary Tank, Upper Bound Soll, Horlzontal and Vertlcal Selsmlc Input, Best 

Figure G.10. UBS-BEC Primary Tank Stresses, Shell Top, Seismic Load Only 
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AY Primary Tank, Upper Bound Soll, Horlzontal and Vertlcal Selsmlc Input, Best 
Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG 

I I I SWI MWPlane I 

I I 

dptkl: MendMIal, Hwp, ami Shear Suesses are Reversed in Higniignred SMIOM (Floor) 

Pwe 2 

Figure G.11. UBS-BEC Primary Tank Stresses, Shell Middle, Seismic Load Only 
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AY Primary Tank, Upper Bound Soll, Horlzontal and Vertlcal Selsmlc Input, Best 

Pwe 3 

Figure G.12. UBS-BEC Primary Tank Stresses, Shell Bottom, Seismic Load Only 
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M&D 
J-Bolt 

Radius NO. 
Radius 2 

Radius of J-Bolts 
Included 

Axial Max 
Axial Min Oisp UBS- 

Mean Average Shear Axial Shear Disp Disp UBS- BEC- 
J-Bolt Bolts per Bolt Angle Stillness Stillness UBS-BEG- BEG-Gravity Gravity 

44.72 22.36 67.29 0.55 0.0351 1667 2222 0.00179 -0.00006 -0.00003 
Radius mjn max Element (Rad) (kipitf) (kiplff) Gravity Only Only Only 

^ ^ ^ _  , 

AY-2D-NL-UBS-BEC J Bolt Forces Gravity.xIs, Forces M&D Professional Selvices Confidential 
111 612006 Page 1 

Figure C.13. UBS-BEC J-Bolt Forces, Gravity Load Only 
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M&D 
J-Boll 

RadiusNo. 
Radius 2 
Radius 3 

AY Primary Tank, Upper Bound Soil, Horizontal and Vertical Seismic Input, Best 
Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG 

ANSVS MAXIMUMS BY RADIUS 

Radius Of J-Bolts 
Shear Axial Min Axial Max 

Displacement Displacement Displacement 
Mea" Average Shear Axial UBSBEC- UBS-BEG- UBSBEC- 
J-Bolt Bolts per Bolt Angle StilneSS Stillness Gravity Plus Gravity Plus Gravity Plus 
Radius mi? max ~ l ~ ~ ~ ~ t  (Rad) (kipift) (kiplft) Seismic Seismic Seismic 
44.72 22.36 67.29 0.55 0.0351 1667 2222 0.00485 -0.00103 0.00116 
89.87 67.29 104.93 0.89 0.0715 1670 2219 0.00498 -0.00109 0.00231 

AY-20-NL-UBS-BEC J Bolt Forces Seismic.xIs 
Page 2 

M&D Professional Selvices Confidential 
Ill 612006 

Figure C.14. UBS-BEC J-Bolt Forces, Gravity Plus Seismic Load 
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AY Primary Tank, Upper Bound Soil, Horizontal and Vertical Seismic Input, 
Best Estimate Tank Concrete, 422 in. Waste Level at 1.7 SpG Seismic Only 

ANSYS MAXIMUMS BY RADIUS 

M&D Professional Selvices Confidential AY-20-NL-UBS-BEC J Bolt Forces Sei?,mic.x1s 
1/16/2006 Page 1 

Figure C.15. UBS-BEC J-Bolt Forces, Seismic Load Only 
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AY Secondalv Liner. Uowr Bound Soil. Gravitv Onlv. Best Estimate Tank Concrete. 422 In . .  
waste Levelat 1 ~ S P G  

Shell Top Surtace (mslde - towards waste) Gravlw 

MKD PlofeSSional SeNiCeS Confidential 
31912006 Page 1 

AY-2D-NL-UBS-BEG Liner Stran Gmity.kls, Strain M u  

Figure C.16. UBS-BEC Secondaq Liner Strains, Shell Top, Gravity Load Only 
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AY Secondaly Liner; Upper Bound Soil; Gravity Only, Best Estimate Tank Concrete; 422 In 
Waste Level at 1.7SpG 

Shell Mid-Plane 

MKD PlofeSSional SeNiCeS Confidential 
31912006 Page 2 

AY-2D-NL-UBS-BEG Liner Stran Gmity.kls, Strain M u  

Figure C.17. UBS-BEC Secondruy Liner Strains, Shell Middle, Gravity Load Only 
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AY Secondalv Liner. Uowr Bound Soil. Gravitv Onlv. Best Estimate Tank Concrete. 422 In . .  
Waste Levelat 1.fSpG 

Shell Bonom Swlace (outode - away from waste) Gravity 

MKD PlofeSSional SeNiCeS Confidential 
31912006 Page 3 

AY-2D-NL-UBS-BEG Liner Stran Gmity.kls, Strain M u  

Figure C.18. UBS-BEC Secondaq Liner Strains, Shell Bottom, Gravity Load Only 

G.18 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

AY Secondam Liner. UDDer Bound Soil. Horizontal and Vertical Innut. Best Estimate Tank . .. . .  
Concrete, 4221n Waste Level at 1.7SpG 

Shell Top Suilace (inside. towards waste) 

I I I I I 

AYPD-NL-UBS-BEC Liner Strain Seismic.xls. Strain Max M8D Professional Services Codidmtid 
t1I612006 Page 4 

Figure C.19. UBS-BEC Secondaq Liner Strains, Shell Top, Gravity Plus Seismic Load 
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staling 
M&D 

Element 
No. 

2062 
2052 
ma 
2032 
2022 
1916 
1906 
1696 
,886 
1676 
1666 
1656 

AY Secondary Liner; Upper Bound Soil; Horizontal and Vertical Input, Best Estimate Tank 
Concrete, 422 In waste Level at i.7SpG 

Shell Mid-Plane 

I I I I I 
AYUL-UsS-BECln- AY-NL-UBSBEC 

AY-NL-UBS-BEC AY-NL-UsS-BEC AY-NL-Uffi-BEC AY-NL-UBEBEC In- Plane Shmi Force ThrU-Thickness 
Hoop Strain Sebmic Yerldlonal Strain Strain Intendty Plane Shear Straln Strdn Wmls (Intln) Shmr Strain Sebmic 

Path (In.) (Inlln) Mld Wsmlc (Iniln) Yld Sel?lmic (Intin) Mld Selomlc (Inlln) Yld Yld (Inlln) Mld 
10.M 7.48E-05 2.76E-04 4.36E-04 2.3OE-04 7.15E-06 1.6dE-08 
49.28 449E-05 8.12E-06 6.41E-05 3.6OE-05 2.05E-05 8.40E-07 
a.15 2.77E~05 2.76E~05 6.2SE~05 6.01E~05 2.59E~OS 1.09E~O5 
72.28 6.66E-05 4.94505 1.21E-04 6.35505 2.33E-OS 1.16E-05 
95.32 3.13E-05 3.35E-05 7.15E-05 7.11E-05 1.4OE-06 267E-07 
129.82 4.54E-05 9.43E-OS 1.4OE-04 7.66E-05 6.47E-06 1.87E-07 
169.82 5.31E-05 4.71E-05 l.0OE-04 4.95E-05 3.03E-06 4.09E-06 
235.87 3.83E-05 3.lOE-05 5.6OE-05 5.72E-05 2.06E-06 1.1 1E-06 
3x72 3.35E-05 1.69E-05 4.49E-05 4.Z1E-05 3.29E-06 4.06E-09 
379.62 3.63E-05 2.70E-05 4.56E-05 3.06E-05 5.63E-06 7.71 E-09 
441.02 2.37E-05 2.4OE-05 3.3OE-05 2.36E-05 5.03E-06 23OE-06 
487.97 2.16E-05 2.60E-05 3.33E-05 1.75E-05 9.36E-06 Z18E-07 

MSD Proles~ional Services Confidential 
111612006 Page5 

AY-2D-NL-UBS-BEC Liner Strain S~sm~c.xIs. Strain Max 

Figure C.20. UBS-BEC Secondaq Liner Strains, Shell Middle, Gravity Plus Seismic Load 
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AY Secondarv Liner. Uaaer Bound Soil. Horizontal and Vertical Inaut. Best Estimate Tank , .. . ,  
Concrete, 422’1n waste Level at 1.7SpG 

Shell Bonom Surface (outside - away from waste) 

I I I I I 

M8D Professional Servlces Confidential 
111612006 Page 6 

AY-PD-NL-UBS-BEC Liner Strain Seiamio.ds, Strain Max 

Figure C.21. UBS-BEC Secondaq Liner Strains, Shell Bottom, Gravity Plus Seismic Load 

G.21 
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AY Secondary Liner, Upper Bound Soil, Horizontal and Vertical Input, Best Estimate Tank 
Concrete, 422 In Waste Level at 1.7SpG Seismic Only 

Shell Top Surface (inside - towards waste) 

i i 
i I AY-NL-UBS-BEC I AYNL-UBS-BEC I AYNL-UBS-BEC i I AY-NL-UBS-BEC 

AY-NL-UBS-BEC Seiomic Only AY-NL-UBS-BEC Seismic Only In- Selsmlc Only In- Seismic Only Thiu- 

M8D Professional Servlces Confidential 
111612006 

AY-2D-NL-UBS-BEC Liner Strain Seirmio.xla 
P a w  1 

Figure C.22. UBS-BEC Secondruy Liner Strains, Shell Top, Seismic Load Only 
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AY Secondary Liner, Upper Bound Soil, Horizontal and Vertical Input, Best Estimate Tank 
Concrete, 422 In Wasie Level at 1.7SpG Seismic Only 

Shell Mid-Plane 

I I I I I 
AV-NL-Uffi-BEC 

M8D Professional SeMcer Confidential 
iiieirnm 

AYPD-NL-UBS-BEC Liner Strain Seirmio.dr 
Page 2 

Figure C.23. UBS-BEC Secondaq Liner Strains, Shell Middle, Seismic Load Only 
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AY Secondary Liner, Upper Bound Soil, Horizontal and Vertical Input, Best Estimate Tank 

M8D Professional Servlces Confidential 
111612006 

AY-PD-NL-UBS-BEC Liner Strain Seirmio.xla 
P a w  3 

Figure C.24. UBS-BEC Secondaq Liner Strains, Shell Bottom, Gravity Load Only 
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Tank AY, 422 Inch Waste Level 

Upper Bound Soil 
Best Estimate Concrete 

SpG=l.7 

Vertical Vertical Shear Y Shear Y ShearX Shear X Shear Y Shear X Shear 
Min AY- Max AY- Min AY- Max AY- Min AY- Max AY- Max AY- Max AY- Max AY- Vertical Force Vertical Force 
UBS-BEC UBS-BEC UBS-BEG UBS-BEG UBSBEC UBS-BEC UBS-BEG UBS-BEG UBS-BEC Max AY-UBS- Min AY-UBS- 

Angle Gravity Gravily Gravity Gravity Gravity Gravity Gravity Gravity Gravity BEG Gravity BEC Gravity 
0 
9 

18 
27 
36 
45 
54 
63 
72 
81 
90 
99 

108 
117 
126 
135 
144 
153 
162 
171 
180 

-187.30 
-372.20 
-372.50 
-372.20 
-372.10 
-372.00 
-371.90 
-371.90 
-371.70 
-371.70 
-371.60 
-371.60 
-371.60 
-371.60 
-371.50 
-371.50 
-371.40 
-371.50 
471.20 
-372.70 
-185.10 

-187.20 
-372.20 
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Figure C.25. UBS-BEC Concrete WalVFooting Contact Forces, Gravity Load Only 
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Figure C.26. UBS-BEC Concrete WallKooting Contact Forces, Gravity Plus Seismic Load 
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Figure C.27. UBS-BEC Concrete WallKooting Contact Forces, Seismic Load Only 
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Figure C.28. UBS-BEC SoiKoncrete Tank Contact Forces, Gravity Load Only 
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Figure C.29. UBS-BEC SoiKoncrete Tank Contact Forces, Gravity Plus Seismic Load 
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Figure C.30. UBS-BEC SoiKoncrete Tank Contact Forces, Seismic Load Only 
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Figure C.31. UBS-BEC Primary Tank/Concrete Dome Contact Forces, Gravity Load Only 
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Figure C.32. UBS-BEC Primary Tank/Concrete Dome Contact Forces, Gravity Plus Seismic Load 
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Figure C.33. UBS-BEC Primary TankKoncrete Dome Contact Forces, Seismic Load Only 
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Figure C.34. UBS-BEC Primary Tank/Insulating Concrete Contact Forces, Gravity Load Only 
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Figure C.35. UBS-BEC Primary TanUInsulating Concrete Contact Forces, Gravity Plus Seismic Load 
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Figure C.36. UBS-BEC Primary TanUInsulating Concrete Contact Forces, Seismic Load Only 
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Figure C.37. UBS-BEC Insulating ConcretelSecondaq Liner Contact Forces, Gravity Load Only 
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Figure C.38. UBS-BEC Insulating ConcretelSecondaq Liner Contact Forces, Gravity Plus Seismic 
Load 
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Tank AY, 422 Inch Waste Level 
SpG=i.7 

Upper Bound Soil 
Best Estimate Concrete 

Radius 
424.00 

317.85 
248.10 
199.25 
154.95 
112.80 

M&D Professional Selvices Confidential 
lli 612006 

Figure C.39. UBS-BEC Insulating Concrete/Secondary Liner Contact Forces, Seismic Load Only 
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Figure C.40. UBS-BEC Waste Contact Pressures, Gravity Plus Seismic Load 
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Tank AY. 422 Inch Waste Level 
SpG=1.7 

Upper Bound Soil 
Best Estimate Concrete 

Max Vertical 
Displacement 
AY-UBS-BEC 
Time History 

WaOte Radius (in) 

218.5 5.93 
277.7 6.42 

358 6.65 
410 7.47 
450 7.59 

Min Vertical 
Displacement 
AY-UBSBEC 
Time History 

-3.73 
-5.10 
-5.76 
-6.68 
-7.05 
-7.25 
4 0 0  
-8.08 

(in) 

AY-2D-NL-UBS-BEC WaSte-DiSp-TH-MAX.XIS. FM Max M&D Professional Selvices Confidential 
1/16/2006 Page 1 

Figure C.41. UBS-BEC Waste Surface Displacement, Gravity Plus Seismic Load 
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Near-Soil-l.txt 

e t , 8 ,  s o l i d 4 5  
Element SOLID45 f o r  Near So1 
/ I n p u t , s o i l ~ p r o p ~ U B ~ g e o , t x t  
so11 PrOper t l eS  

k s e l , u , k p , , l , k m a x i b  
Unse lec t  e x i s t i n g  Keypoints  
asel, u, area, ,  1, amax] b 
Unse lec t  e x i s t i n g  A r e a  
l s e l , u , l i n e , , l , l m a x i b  
unse1ec t  e x l s t l n g  LlneS 
vse1, ", V O l " ,  ,1, m a x w  
Unse lec t  e x i s t i n g  Volumes 

! use  

! Read 
Elements 

/COM ~ C r e a t e  Keypoints  t o  match Concrete  
t a n k  p r o f i l e  
*do, I ,  1, bm-kp 
k , h a x i b + i , c t x j i )  , O , c t r  1 1 )  
*enddo 

/COM ~ C r e a t e  Keypoints  above t o p  of  t a n k  
k, h a x i b t b m - k p t l ,  O,O,O ! Keypoint a t  

k,haxib+bm~kp+2,0,0,soilr 12) ! Keypoint a t  
t o  d i v i d e  s o i l  above t a n k  
* g e t ,  KMAXtempl,KP, 0 ,  num,max ! G e t  maximum 
keypo in t  n u d e r  f o r  c o u n t e r  

/COM ~ C r e a t e  Keypoints  a t  o u t s i d e  of 
excava ted  s o i l  
* d o , i , l ,  t a n k s o i l  
k , h a x t e m p l + i ,  soilx [I), 0 , s o i l r  1 1 )  
*enddo 
* g e t ,  KMAXternpZ,KP, 0 ,  num,max 

c o u n t e r  

/COM ~ C r e a t e  a d d i t i o n a l  keypo in t  in s o i l  
above t a n k  
k , h a x t e m p 2 + l , c t x 1 2 )  ,O,so~lzll) 
k ,hax temp2+2 ,  c t x  1 9 )  , 0 ,  soilr 11) 
k,haxtemp2+3,ctxj12),0,soilr 11) 
k , h a x t e m p 2 + 4 , c t x 1 2 )  ,O,soilr12) 
k ,hax temp2+5 ,  c t x  1 9 )  , 0 ,  soilr 12) 
k,haxtemp2+6,ctxj12),0,soilr 12) 
k,haxtemp2+7,ctxj12),0,soilr 13) 
k, h a x t e m p 2 t 8 ,  c t x  jbm-kptl) ,O, c t r  jbm-kptl) 

a, hax tempZt1 ,  hax tempZt2 ,  hax tempZt5 ,  h a x t e  
mp2t4 
a, hax tempZt2 ,  hax tempZt3 ,  hax tempZt6 ,  h a x t e  
mp2t5 
a, hax tempZt3 ,  h a x t e m p l t l ,  h a x t e m p l t 2 ,  h a x t e  
mp2t6 
a, h a x t e m p 2 t 4 ,  h a x t e m p 2 t 5 ,  h a x i b t 9 ,  h a x i b t 8 ,  
haxib+7,haxib+6,haxib+5,haxib+4,haxib+3 
,kmaxib+2!a,740,741,712,711,710,709,708,707, 
706,705 
a, h a x t e m p 2 t 5 ,  h a x t e m p 2 t 6 ,  h a x t e m p 2 t 7 ,  h a x i b  
t12, k m a x i b t l l ,  h a x 1 b t l O , h a x 1 b + 9  
a, h a x t e m p 2 t 6 ,  h a x t e m p l t 2 ,  h a x t e m p l t 3 ,  h a x t e  
mp2t7 
a, h a x t e m p 2 t 7 ,  h a x t e m p l t 3 ,  h a x t e m p l t 4 ,  h a x i b  
t12 
a, h a x i b t l 2 ,  h a x t e m p l t 4 ,  h a x t e m p l t i ,  h a x i b t l  
4 , h a x i b + l 3  

orlgln [ s u r f a c e )  

! G e t  maximum keypo in t  number f o r  

a, h a x i b t l 4 ,  h a x t e m p l t 5 ,  h a x t e m p l t b ,  h a x i b t l  
6 , h a x l b + l 5  
a, h a x i b t l 6 ,  h a x t e m p l t 6 ,  h a x t e m p l t 7 ,  h a x i b t l  
8 , h a x i b + l 7  
a, h a x i b t l 8 ,  h a x t e m p l t 7 ,  h a x t e m p l t 8 ,  h a x i b t 2  
0 , h a x i b + l 9  
a, h a x i b t 2 0 ,  h a x t e m p l t 8 ,  h a x t e m p l t 9 ,  h a x t e m p  
2 t 8 ,  kmaxibt22, h a x i b t 2 1  

c m , t o p ~ s o i l ~ a r e a , a r e a  
lsla 
c m , t o p - s o i l , l i n e  
type ,  1 
real, 1 

/COM ~ Define l i n e  d i v i s i o n s  t o  c o n t r o l  
meshing 
l s e l , s , l o c , r , s o l l r j l ) , ~ ~ ~ l ~ l 2 )  
l s e l , r , l o c , x , c t x l 3 )  , c t x  18) 
l e s l r e , a l l , , , l 4  ! so11 
above t a n k  top ,  match t a n k  meshing 
l s e l , s , l o c , r , s o l l r j l ) , ~ ~ ~ l ~ l 2 )  
Isel, r , 1 o c , x , c t x  110) , C t X  Ill) 
1 e s 1 r e , a 1 1 , , , 3  ! s o i l  above 
t a n k  top ,  match t a n k  meshing 
cmsel,s, t o p - s o i l  ! R e s e l e c t  
lines In near  so11 
Isel, r , 1 o c , x , c t x  12) 
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
Isel, S,lOC, X I  c t x  1 9 )  
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
Isel, r , 1 o c , x , c t x  112)  
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
l s e l , r , l o c , r , c t r l 2 ) , c t r  112)  
l s e l , r , l o c , x , c t x l 2 )  , C t X  112)  
1es1ze,a11,,,1 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  o u t s i d e  e x c a v a t i o n  
mesh 
l s e l , s , l ~ n e , , l m a x ~ b + 8 , l m a x 7 b t 1 0 , 2  
l s e l , a , l ~ n e , , l m a x ~ b + 2 6 , l m ~ ~ ~ b + 2 8 , 2  
lsel,a,l~ne,,lmax1b+3O,lm~~1b+38,4 
l e s l r e , a l l , ,  ,9 
lsel,s,l~ne,,lmax1b+42,lm~~1b+42,4 
1 e s 1 r e , a 1 1 , , , 7  ! C o n t r o l  
h o r i z o n t a l  meshing in s o i l  
l s e l , s , l i n e , , l m a x i b + 9  
l s e l , a , l ~ n e , , l m a x ~ b + 2 5 , l m ~ ~ ~ b + 2 7 , 2  
lsel,a,l~ne,,lmax~b+29,lm~~~b+45,4 
1es1ze,a11,,,1 ! C o n t r o l  
h o r i z o n t a l  meshing in s o i l  
l s e l , s , l i n e , , l m a x i b + 6  
lsel,a,l~ne,,lmax~b+20,1m~~~b+21 
lsel,a,l~ne,,lmax~b+32,lm~~~b+44,4 
lsel,a,l~ne,,lmax~b+3l,lm~~~b+43,4 
lsel,a,l~ne,,lmax~b+47,lm~~~b+49 
1es1ze,a11,,,1 ! C o n t r o l  
meshing t o  match t a n k  
l s e l , s , l i n e , , l m a x i b + 4 6  
1 e s 1 r e , a 1 1 , , , 4  ! C o n t r o l  mesh 
s i z e  a t  bottom of excava ted  s o i l  

c m s e l , s , t o p ~ s o i l ~ a r e a  
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amesh ,a l l  ! Mesh area t c  
deve lop  p a t t e r n  for volume meshing 

type ,  8 
k s e l , a , k p , , l  ! S e l e c t  
Keypoint for r o t a t i o n  a x i s  
k s e l , a ,  kp, ,  ct-kps ! S e l e c t  
Keypoint for r o t a t i o n  a x i s  
v r o t a t , a l l , ,  , , , , l , c t - k p s , l 8 0 , 2  
Genera te  Volumes for excava ted  s o i l  
lsla 
Isel, r , 1 o c , x , c t x  12) 
leslre,all,,arcslre ! Def ine  
meshing for slices 
lsla 
Isel, r ,1oc ,  X I  c t x  1 9 )  
leslre,all,,arcslre ! Def ine  
meshina for slices 

meshing for slices 

p a t t e r n  i n t o  volume 
aclear,all ! Delete 
e lements  used  for sweep 
cm, top - so i l -vo l ,vo lu  

* g e t , m X t e m p , V O L U , O , n u r n , r n a x  
/COM ~ Genera t e  e lement  above t o p  Center  of 
t a n k  
ase1,u,area, , a l l  

vsweep,a11 ! sweep 

vsel ," ,vol" ,  , a l l  
a, h a x i b t b m  k p t l ,  h a x t e m p z t l ,  h a x t e m p 2 t 4 ,  h a  
x i  btbm-kpt2- 
a, haxib tbm-kpt2 ,  hax tempZt4 ,  h a x i b t 2 ,  h a x i t  
tl 
v r o t a t , a l l , ,  , , , , l , c t - k p s , l 8 0 , 2  
vsel,s,volu, , v m a x t e m p + l , ~ a x t e m p + 3 , 2  
v a t t ,  801,,  8 
Ass ign  mater ia l  p r o p e r t i e s  
vsel,s,volu, , vmax temp+Z,~ax temp+4 ,2  
v a t t ,  802,,  8 
Ass ian  mater ia l  U r o u e r t i e s  . .  
vsel,s,volu,,vmaxtemp+l,~axtemp+4 
allsel 
a s e l , s , l o c , r , c t r j l ) , c t r  12) 
t ype ,  1 
asel, r , l o c , x ,  0 , 4  
a s e l , r , l o c , r , c t r j l ) , c t r  12) 
cmsel,", conc-tank-a 
*ge t , a t emp ,a rea ,  ,num,max 
*get,atempl,area,,num,min 
ase1,a,area,,1,22,21 
mshcopy, 2 ,1 ,a templ  ! copy mesh 
t o p  match t o p  of c o n c r e t e  t a n k  
mshcopy, 2,22, atemp ! copy mesh 
t o p  match t o p  of c o n c r e t e  t a n k  
ase1,u,area,,1,22,21 
vsel,s,volu,,vmaxtemp+l,~axtemp+4 
vsweep,a11 
Genera te  e lements  by sweeping area 

/COM ~ Assign  s o i l  p r o p e r t i e s  by l a y e r  
*do, I ,  1, t a n k s o i l - 1  
cmsel,s, t o p - s o i l - v o l  
vsel,r,loc,r,sollrjl),~~~l~l~+l) 
eSlV 
emodi f, all, m a t ,  80 Oti 
e s y s , o  

*enddo 

cmsel,s, t o p - s o i l - v o l  
vsel,a,loc,r,sollrjl),~t~Iz) 
eSlV 
cm,excav-soil, elem 
n S l e  
numrg ,node  

/COM ~ D e f i n e  component for excava ted  s o i l  ~ 

t a n k  w a l l s  on ly  
cmsel,s,excav-soil 
ns1e,s,1 
nsel,r,loc,r,soilrj5),~~~1~19) 
e s 1 n , r , 1  
cm,excav-wall, elem 

/COM ~ D e f i n e  component for excava ted  s o i l  ~ 

t a n k  dome on ly  
cmsel,s,excav-soil 
cmsel,", excav-wall 
cm,excav-dome, elem 

C S Y S , l  

cmsel, s, excav-wall 
n S l e  
n s e l ,  r , l o c , x , c t x  114)  
cm,excav-wall-n,node 

esel, s, t ype ,  , 8  
n S l e  
nse1, s,loc,x,sollx 11) 
nse1,r,1oc, Z , S O l l Z  11) 
cm,near~soil~face~node,nodt 
*do, I ,  2 , 9  
esel, s, t ype ,  , 8  
n S l e  
nsel,r,loc,x,sollxjl) 
nse1,r,1oc, Z , S O l l Z  11) 

cmsel,a,near~soil~facenodt 
cm,near~soil~face~node,nodt 
*enddo 

esel, s, t ype ,  , 8  
n S l e  
nse1,r,1oc, Z , S O l l Z  1 9 )  
n s e l ,  r , l o c , x , 4 1 , 6 8  
cm,near~soil~bot~node,node 

allsel 
* g e t ,  KMAXns,KP, 0 ,  num,max 
Keypoint nuder 
* g e t ,  LMAXns,LINE, O,num, max 
l i n e  number 
* g e t ,  AMAXns ,AREA, 0 ,  num, max 
A r e a  number 
* g e t ,  m X n s ,  volu, 0,  num, max 
Volume nuder 

! G e t  maximum 

! G e t  maximum 

! G e t  maximum 

! G e t  maximum 

Run-Tank.txt 

Hor izon ta l  and  
/ b a t c h  
! PNNL DST S e i s m i c  Ana lvs i s  

~ i ,  

V e r t i c a l  Seismic I n p u t s ,  B e s t  E s t i m a t e  S o i l ,  
B e s t  E s t i m a t e  Concre te  Properties, AP 
Primary Tank Geometry 
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flnl 
/Clear 
/f~lname,PNNL~2D~UBs~BEC,l 
/conflg,nres,3000 ! Increase 
allowable n u d e r  of results to 3000 
/conflg,nproc, 2 
Activate 2 processers for solution 
/conflg, fspllt,1024 ! Split binary 
file at 4.2GB 

9-32.2 ! Gravity 
/prep7 

lft/sec) 

DF-40 ! Factor for 
beta [stiffness) damping 
ALPHA-0.4 ! Alpha 
damping 

/out, tank-out, out 
/sys, "X: \07 .OO ~ Quality Assurance\ANSYS 
QA\usrcfg.bat" > QA.out 
/out,QA,out,,append 
/Input,tank~coordinatesAY,txt ! Run 
file defining tank coordinates [concrete and 
primary) 
/input, tank-props-BEC-250, txt ! Run file 
defining fully cracked concrete properties 
IPNNL Concrete Properties) 
/Input,tank~meshl,txt ! Develop 
concrete tank 
/Input,primary~props~AY,txt ! Run file 
defining AP Primary tank properties 
/hnput,primary, txt 
Primary tank 

insulating concrete model 

Liner model 
/Input,waste~solid~AY,txt 
waste model 
/Input,bolts~friction,txt 
Bolt model 

excavated soil model 

/Inp"t,lns"late, txt 

/Inp"t,llner, txt 

/Inp"t,near~soil~l,txt 

/Inp"t,far-soll, txt 

/Inp"t,lnterfacel,txt 

/Inp"t,lnterface~gapl,txt 

Field soil model 

and Concrete Interfaces 

Primary Tank Interfaces 
/Inu"t.slave.txt 

! Develop 

! Develop 

! Develop 

! Develop 

! Develop J- 

! Develop 

~. 
slaved boundary conditions 
/hnput,boundary, txt 
and s m e t r y  boundary conditions 

model to symmetry plane 
/input, live-load, txt ! Apply live 
load over a loft radius over dome center 
/Inp"t,flx-soll, txt 
/out 

/Input, outer-spar, txt ! connect so11 

ALLSEL 

! Develop Far- 

! Develop Soil 

! Develop 

! Develop 

! Place base 

/out,Tank-th,out 

save 

/Input,solve~TH~UB,txt ! Run solution 
Phase 
/Inp"t,all~forces,txt ! Extract 
component forcesdstrains 
/Input,contact~AY,txt ! Extract 
Contact data 
/Inp"t,spectra~all,txt ! Extract 
Response Spectra 
/out 
/exit 

Soil-Prop-UB-Ceo.txt 

Tanksoil-9 
deepsoil-20 
soil-radius-320 
mass-le8 

*dim,soilx, ,30 
*dim,soilr, ,30 

sollr 11) -0 
sollr 12) --5 
soilr 13)-ctrI9) 
soilr 14) -ctr 112) 
soilr 15) -ctr 114) 
soilr 16)-ctrl16) 
soilr 17) -ctr 118) 
soilr 18) -ctr 120) 
soilr 19)-ctrl23) 
soilr 1101--73.5 

soilr 115)--156 
soilr 116)--178 
soilr 1171--200 

/COM Excavated Soil Properties 

/COM ~ Material 801, Soil [Top Layer) 
mu.ex.801.18*144 ~. . . 
mp,nuxy, 801,O. 27 
mp,dens, 801,125/ 11OOO*g) 
mp,damp,801,0.017/df 

/COM ~ Material 802, Soil 
mp,ex,802,22.5*144 
mp,nuxy, 802,O. 27 
mp,dens, 802,125/ 11OOO*g) 
mp,damp,802,0.027/df 
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/COM ~ M a t e r i a l  803, Soil 
mp,ex,803,29.25*144 
mp,nuxy, 803,O. 27 
mp,dens, 803,125/ 11OOO*g) 
mp,damp,803,0.039/df 

/COM ~ M a t e r i a l  804, Soil 
mp,ex,804,36*144 
mp,nuxy, 804,O. 27 
mp,dens, 804,125/ 11OOO*g) 
mp,damp,804,0.031/df 

/COM ~ M a t e r i a l  805, Soil 
mp,ex,805,42*144 
mp,nuxy, 805,O. 27 
mp,dens, 805,125/ 11OOO*g) 
mp,damp,805,0.035/df 

/COM ~ M a t e r i a l  806, Soil 
mp,ex,806,48.75*144 
mp,nuxy, 806,O. 27 
mp,dens, 806,125/ 11OOO*g) 
mp,damp,806,0.042/df 

/COM ~ M a t e r i a l  807, Soil 
mu.ex.807.55.5*144 ~. . . 
mp,nuxy, 807,O. 27 
mp,dens, 807,125/ 11OOO*g) 
mp,damp,807,0.047/df 

/COM ~ M a t e r i a l  808, Soil 
mu,ex,808,60*144 . .  . . 
mp,nuxy, 808,O. 27 
mp,dens, 808,125/ 11OOO*g) 
mp,damp,808,0.037/df 

/COM ~ M a t e r i a l  810, S o i l  
mp,ex,810,250 
mp,nuxy, 810,O. 27 
mp,dens, 810,125/ 11OOO*g) 
mp,damp,810,0.037/df 

/COM ~ M a t e r i a l  811, S o i l  [Top Layer) 
mp,ex,811,15131 
mp,nuxy, 811,O. 27 
mp,dens, 811,125/ 11OOO*g) 
mp,damp,811,0.017/df 

/COM ~ M a t e r i a l  812, S o i l  
mp,ex,812,14108 
mp,nuxy, 812,O. 27 
mp,dens, 812,125/ 11OOO*g) 
mp,damp,812,0.027/df 

/COM ~ M a t e r i a l  813, Soil 
mp,ex,813,12816 
mp,nuxy, 813,O. 27 
mp,dens, 813,125/ 11OOO*g) 
mp,damp,813,0.039/df 

/COM ~ M a t e r i a l  814, Soil 
mp,ex,814,13186 
mp,nuxy, 814,O. 27 
mp,dens, 814,125/ 11OOO*g) 
mp,damp,814,0.031/df 

/COM ~ M a t e r i a l  815, Soil 
mp,ex,815,12714 
mp,nuxy, 815,O. 27 
mp,dens, 815,125/ 11OOO*g) 
mp,damp,815,0.035/df 

/COM ~ M a t e r i a l  816, S o i l  
mp,ex,816,12059 
mp,nuxy, 816,O. 27 
mp,dens, 816,125/ 11OOO*g) 
mp,damp,816,0.042/df 

/COM ~ M a t e r i a l  817, S o i l  
mp,ex,817,11562 
mp,nuxy, 817,O. 27 
mp,dens, 817,125/ 11OOO*g) 
mp,damp,817,0.047/df 

/COM ~ M a t e r i a l  818, S o i l  
mp,ex,818,12357 
mp,nuxy, 818,O. 27 
mp,dens, 818,125/ 11OOO*g) 
mp,damp,818,0.037/df 

/COM ~ Upper Bound Soil Properties G e o m a t r i x  
S o i l  D a t a  
/COM ~ 1 9  Layer Mode 
/COM ~ M a t e r i a l  Definitions 

/COM ~ M a t e r i a l  9 0 1 ,  S o i l  [Top Layer) 
mp,ex,901,24801 
mp,nuxy, 901,O. 24 
mp,dens, 901,110/ 11OOO*g) 
mp,damp,901,0.016/df 

/COM ~ M a t e r i a l  902. S o i l  
mp,ex,902,23826 
mp,nuxy, 902,O. 24 
mp,dens, 902,110/ 11OOO*g) 
mp,damp,902,0.022/df 

/COM ~ M a t e r i a l  903, S o i l  
mu.ex.903.22996 ~. . . 
mp,nuxy, 903,O. 24 
mp,dens, 903,110/ 11OOO*g) 
mp,damp,903,0.027/df 

/COM ~ M a t e r i a l  904, S o i l  
mp,ex,904,23271 
mp,nuxy, 904,O. 24 
mp,dens, 904,110/ 11OOO*g) 
mp,damp,904,0.022/df 

/COM ~ M a t e r i a l  905, S o i l  
mp,ex,905,21584 
mp,nuxy, 905,0.19 
mp,dens, 905,110/ 11OOO*g) 
mp,damp,905,0.026/df 

/COM ~ M a t e r i a l  906, S o i l  
mp,ex,906,24488 
mp,nuxy, 906,0.19 
mp,dens, 906,110/ 11OOO*g) 
mp,damp,906,0.027/df 

/COM ~ M a t e r i a l  907, S o i l  
mp,ex,907,27725 
mp,nuxy, 907,0.19 
mp,dens, 907,110/ 11OOO*g) 
mp,damp,907,0.028/df 

/COM ~ M a t e r i a l  908, S o i l  
mp,ex,908,32629 
mp,nuxy, 908,0.19 
mp,dens, 908,110/ 11OOO*g) 

G.45 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001. Rev. OA 

mp,damp,908,0.022/df 

/COM ~ Material 909, Soil 
mp,ex,909,36376 
mp,nuxy, 909,0.19 
mp,dens, 909,110/ 11OOO*g) 
mp,damp,909,0.022/df 

/COM ~ Material 910, Soil 
mp,ex,910,35784 
mp,nuxy, 910,0.19 
mp,dens, 910,110/ 11OOO*g) 
mp,damp,910,0.024/df 

/COM ~ Material 911, Soil 
mp,ex,911,35374 
mp,nuxy, 911,0.19 
mp,dens, 911,110/ 11OOO*g) 
mp,damp,911,0.025/df 

/COM ~ Material 912, Soil 
mp,ex,912,35096 
mp,nuxy, 912,0.19 
mp,dens, 912,110/ 11OOO*g) 
mp,damp,912,0.026/df 

/COM ~ Material 913, Soil 
mp,ex,913,40418 
mp,nuxy, 913,0.19 
mp,dens, 913,110/ 11OOO*g) 
mp,damp,913,0.020/df 

/COM ~ Material 914, Soil 
mp,ex,914,40076 
mp,nuxy, 914,0.19 
mp,dens, 914,110/ 11OOO*g) 
mp,damp,914,0.021/df 

/COM ~ Material 915. Soil 
mp,ex,915,55863 
mp,nuxy, 915,O. 28 
mp,dens, 915,120/ 11OOO*g) 
mp,damp,915,0.019/df 

/COM ~ Material 916, Soil 
mn.ex.916.61211 ~. . . 
mp,nuxy, 916,0.28 
mp,dens, 916,120/ 11OOO*g) 
mp,damp,916,0.019/df 

/COM ~ Material 917, Soil 
mp,ex,917,60604 
mp,nuxy, 917,O. 28 
mp,dens, 917,120/ 11OOO*g) 
mp,damp,917,0.020/df 

/COM ~ Material 918, Soil 
mp,ex,918,60224 
mp,nuxy, 918,O. 28 
mp,dens, 918,120/ 11OOO*g) 
mp,damp,918,0.020/df 

/COM ~ Material 919, Soil 
mp,ex,919,66350 
mp,nuxy, 919,0.28 
mp,dens, 919,120/ 11OOO*g) 
mp,damp,919,0.019/df 

Solve-Gravity-UB.txt 

/prep7 
mass-r-148414.59 
d,master-node, all 
allsel 

csys,o 
nsel,r,loc,x,-ctx 16) -1, ctx 16) tl 
n s e l ,  r , l o c ,  y,O,-ctx 16) -1 
e s 1 n , r , 1  
mpchg,810,all 

cmsel,s,excav-soil 
n S l e  

nsel, r,loc,x,ctx Ill) -1, ctx 113)tl 
nsel,r,loc,r,so~lrjl),~~~l~[3)1 
e s 1 n , r , 1  
mpchg,810,all 

*do, I, 801,808 
esel,s,mat, ,I 
mpchg, it10, a l l  
*enddo 
allsel 

/out,PNNL-AY-ZD-NL-BEC-UBS-Gravity,out 

CSYS,l 

/Sol"  
antype, trans 
TRNOPT,FULL 
lumpm, OFF 
!nlgeom, on 
NROPT.auto 
NTIM-2 !NUMBER OF TIME STEPS 
DT-0.01 
TIM-le-06 
autots, on 
KBC, on 
TIMINT. ON. S TRU 

!/mput,atm-ay, txt 

/COM ~ Time File 

/COM ~ Dimension Horizontal Input 
*DIM,A 1 x,,2048 
*DIM,AIlIZ, ,2048 

/Title,Load Case: AY Tank, 422 In Waste, 
UBS-BEC 
0UTPR.all.NONE. . .  
OUTRES, ALL,NONE, 
OUTRES,RSOL,last 
OUTRES,NSOL,last 
O U T R E s , E s O L , l a ~ t , c ~ n C t a n k  
OUTRES, Strs, last, Primary-tank 
OUTRES,ESOL, last, Jbolts 
OUTRES,Epel,last, liner 
o " t r e s , e s o l , l a s t , w a l l l n t g a p  
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a lphad ,a lpha  
NSUBS T,  2 0,2 0 0 , 5 ,  ON 
TIME,  1 0 0  
T I M I N T , o f f  

SOLVE 
SAVE 

ace1,0,0,g 

d d e l e , r n a s t e r - n o d e , u x  
d d e l e , m a s t e r - n o d e , u r  

esel, s, type,, 6 1 , 6 3 , 2  
m p c h g ,  6 4 , a l l  

ese1, s, type,, 9 1 , 9 3 , 2  
m p c h g ,  92,all 

allsel 

*DO, I T I M ,  l , N T I M ,  1 

TIM-DT*ITIM 

TIME,  T I M t l O O  

F,master~node,FX,A~1~Xlit~m)*mass*g*l.12 
F , m a S t e r - n O d e , F z ,  [A-1-2 j i t i m ) * 1 . 1 9 + 1 ) *  [masst 
m a s s - r )  *g 

SOLVE 
SAVE 
*ENDDO 
F I N I S H  
/ o u t  

Solve-TH-UB 

/prep7 
m a s s - r - 1 4 8 4 1 4 . 5 9  
d , m a s t e r - n o d e ,  a l l  
allsel 

cmsel,s,excav-soil 
n S l e  
c s y s , o  
n s e l ,  r , l o c , x , - c t x  1 6 )  -1, c 
n s e l ,  r , l o c ,  y ,O,-ctx 1 6 )  -1 
e s 1 n , r , 1  
m p c h g , 8 1 0 , a l l  

cmsel,s,excav-soil 

t x  

n S l e  

n s e l ,  r , l o c , x , c t x  Ill) -1, c t x  1 1 3 ) t l  
nsel,r,loc,r,so~lrll),~~~l~l3)1 
e s 1 n , r , 1  
m p c h g , 8 1 0 , a l l  

*do, I ,  8 0 1 , 8 0 8  
e s e l , s , m a t ,  ,I 
m p c h g ,  it10, a l l  
*enddo 
allsel 

/oUt,PNNL-AY-ZD-NL-BEC-UBS,out 

C S Y S , l  

/So l"  
an type ,  t r a n s  
TRNOPT,FULL 
l u m p m ,  O F F  
!n laeom.  on i .  

N R O P T , a u t o  
N T I M - 2 0 4  8 !NUMBER OF TIME S T E P S  
DT-0.01 
T I M - l e - 0 6  
a u t o t s ,  on 
KBC, on 
T I M I N T .  ON. S TRU . .  
s o l c o n t r o l , O N , o f f , ,  

LNSRCH,OFF 
ncnv, 0,200 

PRED, on , ,  on 

/COM ~ Time F i l e  

/COM ~ Dimension H o r i z o n t a l  I n p u t  
* D I M , A - l - x , , 2 0 4 8  
* D I M , A - l - Z , , 2 0 4 8  

* V R E A D , A - l - x l l ) , t h ~ 2 6 6 ~ U B g e o , t x t  
18 l F 9 . 6 1  1 

/ T i t l e , L o a d  C a s e :  UBS-BEC, F u l l  N o n - l i n e a r ,  
S o i l  M u - 0 . 6 5 ,  F i n a l  P T  Mesh 
O U T P R , a l l , N O N E ,  
OUTRES. ALL'NONE. 
O U T R E S , R S O L , l a s t  
O U T R E S , N S O L , l a s t  
O U T R E s , E s O L , l a ~ t , c ~ n C t a n k  

SOLVE 
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SAVE 
TIMINT,on 
ITIM-1 
DS-TIM 
NSUBST, 1,20,1, ON 

ddele,rnaster-node,ux 
ddele,master-node,ur 

esel, s, type,, 61,63,2 
mpchg, 64,all 

ese1, s, type,, 91,93,2 
mpchg, 92,all 

allsel 

*DO, ITIM, l,NTIM, 1 

TIM-DT*ITIM 

TIME, TIMtlOO 

F,master~node,FX,A~l~X[itim)*mass*g*l.12 
F,maSter-nOde,Fz, 1A-l-Z [ltim)*1.19+1)* [masst 
m a s s - r )  *g 

SOLVE 
SAVE 
*ENDDO 
FINISH 
/out 

Tank-Props-BEC-250 

/COM ~ Tank Concrete Properties 

/COM ~ Material Definitions 
! EX ~ Youngs Modulus, [k/ft2) 
! NUXY ~ Poisons ratio 
! DENS ~ Density [1000*slugs/ft3) 
! DAMP ~ Beta [Stiffness) Damping 

/COM ~ Material 1, Tank Concrete 
mu.ex.l.626754 ~. . . 
mp,nuxy, 1,O. 18 
mp,dens, 1,148/ 1 1 O O O * g )  
mp, damp, 1,O. 07/df 

/COM ~ Material 2, Tank Concrete 
mp,ex,2,620114 
mp,nuxy, 2,O. 18 
mp,dens, 2,149/ 1 1 O O O * g )  
mp, damp, 2,O. 07 /df 

/COM ~ Material 3, Tank Concrete 
mp,ex,3,616594 
mp,nuxy, 3,O. 18 
mp,dens, 3,149/ 1 1 O O O * g )  
mp, damp, 3,O. 07 /df 

/COM ~ Material 4, Tank Concrete 
mp,ex,4,610922 
mp,nuxy, 4,O. 18 
mp,dens, 4,149/ 1 1 O O O * g )  
mp, damp, 4,O. 07 /df 

/COM ~ Material 5, Tank Concrete 
mp,ex, 5,612305 
mp,nuxy, 5,0.18 
mp,dens, 5,148/ [lOOO*g) 
mp, damp, 5,O. 07 /df 

/COM ~ Material 6, Tank Concrete 
mp,ex,6,607093 
mp,nuxy, 6,O. 18 
mp,dens, 6,148/ [lOOO*g) 
mp, damp, 6,O. 07 /df 

/COM ~ Material 7, Tank Concrete 
mp,ex,7,639237 
mp,nuxy, 7,O. 18 
mp,dens, 7,146/ [lOOO*g) 
mp, damp, 7,O. 07 /df 

/COM ~ Material 8, Tank Concrete 
mp,ex,8,634338 
mp,nuxy, 8,O. 18 
mp,dens, 8,147/ [lOOO*g) 
mp, damp, 8,O. 07 /df 

/COM ~ Material 9, Tank Concrete 
mp,ex,9,628756 
mp,nuxy, 9,O. 18 
mp,dens, 9,147/ [lOOO*g) 
mp, damp, 9,O. 07 /df 

/COM ~ Material,lO, Tank Concrete 
mp,ex,10,193677 
mp,nuxy, 10,O. 18 
mp,dens,lO,l65/ [lOOO*g) 
mp,damp, 10,0.07/df 

/COM ~ Material,ll, Tank Concrete 
mu.ex.ll.575959 ~. . . 
mp,nuxy, 11,O. 18 
mp,dens,11,144/ 1 1 O O O * g )  
mp,damp, 11,0.07/df 

/COM ~ Materlal,lE, Tank Concrete 
mp,ex,12,202953 
mp,nuxy, 12,O. 18 
mp,dens,l2,159/ [lOOO*g) 
mp,damp, 12,0.07/df 

/COM ~ Material,l3, Tank Concrete 
mp,ex,13,157426 
mp,nuxy, 13,O. 18 
mp,dens,13,176/ [lOOO*g) 
mp,damp, 13,0.07/df 

/COM ~ Material,l4, Tank Concrete 
mp,ex,14,153784 
mp,nuxy, 14,O. 18 
mp,dens,14,193/ [lOOO*g) 
mp,damp, 14,0.07/df 

/COM ~ Material,l5, Tank Concrete 
mp,ex,15,136651 
mp,nuxy, l5,O. 18 
mp,dens,l5,200/[1000*g) 
mp,damp, l5,0.07/df 

/COM ~ Material,l6, Tank Concrete 
mp,ex,16,136651 
mp,nuxy,l6,0.18 
mp,dens,l6,200/ [lOOO*g) 
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mp , damp, 1 6,O . 0 7 /df 

/COM ~ Material,l7, Tank Concrete 
mp,ex,17,138084 
mp,nuxy, 17,O. 18 
mp,dens,l7,l81/11000*g) 
mp,damp, 17,0.07/df 

/COM ~ Material,l8, Tank Concrete 
mp,ex,18,123378 
mp,nuxy, 18,O. 18 
mp,dens,l8,209/ 1 1 O O O * g )  
mp,damp, 18,0.07/df 

/COM ~ Material,l9, Tank Concrete 
mp,ex,19,124633 
mp,nuxy,l9,0.18 
mp,dens,19,190/ 1 1 O O O * g )  
mp , damp, 1 9,O . 0 7 /df 

/COM ~ Material,EO, Tank Concrete 
mp,ex,20,124388 
mp,nuxy, 20,O. 18 
mp,dens,20,210/11000*g) 
mp,damp, 20,0.07/df 

/COM ~ Materlal,El, Tank Concrete 
mp,ex,21,548683 
mp,nuxy, 21,O. 18 
mp,dens,21,166/ 1 1 O O O * g )  
mp,damp, 21,0.07/df 

/COM ~ Material,ZE, Tank Concrete 
mp,ex,22,154870 
mp,nuxy, 22,O. 18 
mp,dens,22,184/11000*g) 
mp,damp, 22,0.07/df 

/COM ~ Material.23. Tank Concrete 
mp,ex,23,514287 
mp,nuxy, 23,O. 18 
mp,dens,23,172/ 11000*9) 
mp, damp, 23,O. 0 60/df 

/COM ~ Material.24, Tank Concrete 
mu.ex.24.164113 ~. . . 
mp,nuxy, 24,O. 18 
mp,dens,24,288/ 1 1 O O O * g )  
mp,damp, 24,0.07/df 

/COM ~ Material,25, Tank Concrete 
mp,ex,25,522946 
mp,nuxy, 25,O. 18 
mp,dens,25,201/11000*g) 
mp,damp, 25,0.07/df 

/COM ~ Material,26, Tank Concrete 
mp,ex,26,194254 
mp,nuxy,26,0.18 
mp,dens,26,322/ 1 1 O O O * g )  
mp , damp, 2 6,O . 0 7 /df 

/COM ~ Material,27, Tank Concrete 
mp,ex,27,199783 
mp,nuxy, 27,O. 18 
mp,dens,27,281/11000*g) 
mp,damp, 27,0.07/df 

/COM ~ Material,28, Tank Concrete 
mp,ex,28,162553 
mp,nuxy, 28,O. 18 

mp,dens,28,299/ 1 1 O O O * g )  
mp,damp, 28,0.07/df 

/COM ~ Material,29, Tank Concrete 
mu.ex.29.200531 ~. . . 
mp,nuxy,29,0.18 
mp,dens, 29,3894/ 11OOO*g) 
mp , damp, 2 9,O . 0 7 /d f 

/COM ~ Material,30, Tank Concrete 
mp,ex,30,167538 
mp,nuxy, 30,O. 18 
mp,dens,30,411/11000*g) 
mp,damp, 30,0.07/df 

/COM ~ Material,31, Tank Concrete 
mp,ex,31,731952 
mp,nuxy, 31,O. 18 
mp,dens,31,150/11000*g) 
mp,damp, 31,0.07/df 

/COM ~ Material,32, Tank Concrete 
mp,ex,32,731952 
mp,nuxy, 32,O. 18 
mp,dens,32,150/11000*g) 
mp,damp, 32,0.07/df 

!/COM ~ Material,33, Tank Concrete 
!mp,ex,33,731952 
!mp,nuxy,33,0.18 
!mp,dens,33,150/jlOOO*g) 
!mp,damp,33,0.07/df 

!/COM ~ Material,34, Tank Concrete 
!mp,ex,34,731952 
!mp,nuxy,34,0.18 
!mp,dens,34,150/jlOOO*g) 
!mp,damp,34,0.07/df 

!/COM ~ Material,35, Tank Concrete 
!mp,ex,35,731952 
!mp,nuxy,35,0.18 
!mp,dens,35,150/jlOOO*g) 
!mp,damp,35,0.07/df 

!/COM ~ Material,36, Tank Concrete 
!mp,ex,36,731952 
!mp,nuxy,36,0.18 
!mp,dens,36,150/jlOOO*g) 
!mp,damp,36,0.07/df 

!/COM ~ Material.37, Tank Concrete 
!mu.ex.37.731952 ~. . . 
!mp,nuxy,37,0.18 
!mp,dens,37,l50/11000*g) 
!mp,damp,37,0.07/df 

/COM ~ Concrete Real Values, t in ft 
r,l,l.26 ! 15 in 
r.2.1.26 ! 15 in . .  
r,3,1.26 
r,4,1.26 
r, 5,1.27 
r, 6,1.26 

! 15 in 
! 15 in 
! 15 in 
! 15 in 

r, 7,1.28 ! 15 in 
r, 8,l. 28 ! 15 in . .  
r, 9,l. 73 ! 15 in 
r, 10,1.73,1.73,2.23,2.23 ! 15 in to 
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,l. 17 
r, 15,l. 13 
r,16,1.13 
r, 17,l. 24 
r.18.1.07 . .  
r,19,1.18 
r, 20,1.07 
r, 21,l. 97 
r, 22,l. 68 
r, 23,1.43 
r, 24,1.43,1.43,0.51,0.51 
r, 25,0.51,0.51,0.66,0.66 
r, 26,O. 66,O. 66,O. 41,0.41 
r, 27,0.58 
r, 28,0.55 
r,29,0.42 
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! 18 in r, 30,0.40 ! 8 in 
! 18 in r, 31,0.40,0.40,1.02,1.02 ! 8 in to 
! 18 in r, 32,1.02 
! 18 in ! r, 34,l 
! 18 in !r,35,1 
! 18 in 
! 18 in 
! 18 in 
! 18 in 
! 18 in 

. .  
!r,36,1 
! r, 37,l 
!r,39,1 

/COM ~ Material,50, Insulating Concrete 
m~.ex.50.23760 ~. . . 
mp,nuxy, 50,O. 15 
mp,dens,50,50/ 1 1 O O O * g )  
mp,damp, 50,0.07/df 
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TH-266-UB-Geo-V.txt 

TH-266-UB-Geo.txt 
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UBS-BEC Seismic File Listing 
Volume in drive E 1s 250GB HITAC 
Volume Serial Nuder 1s B4FB-DB23 

Directory of E:\PNNL-ED-NL-AY-UBS-BEC Seismic 

12/20/2005 04:40 PM <DIR> 
12/20/2005 04:40 PM 
11/28/2005 02:26 PM 
11/28/2005 02:34 PM 
11/28/2005 02:35 PM 
11/28/2005 02:37 PM 

<DIR> 
535,476 
535,476 
277,176 
535,728 

. .  
Accel-ct-0.0ut 
Accel-ct-45.out 
ACCel-Ct.Out 
Accel-PT-O.out 
Accel-PT-135.out 
Accel-PT-18O.out 
Accel-PT-45.out 
Accel-PT-90.out 
Accel-SOil.out 
All-Forces.txt 
AY-ED-NL-UBS-BEC Conc Tank Demand Seismic 0nly.xls 
AY-ED-NL-UBS-BEC Conc Tank Demand Seismic.xls 
AY-ED-NL-UBS-BEC Cmc-Tank Spectra.xls 
AY-ED-NL-UBS-BEC Footing Seismic.xls 
AY-ED-NL-UBS-BEC Free Field RS Comparision.xls 
AY-ED-NL-UBS-BEC J Bolt Forces Seismic.xls 
AY-ED-NL-UBS-BEC J~BOlt~COntaCt~SeiSmiC.xls 
AY-ED-NL-UBS-BEC Liner Strain Seismic.xls 
AY-ED-NL-UBS-BEC Liner~Contact~Seismic.Xls 
AY-ED-NL-UBS-BEC Pri Tank Stress Seismic 0nly.xls 
AY-ED-NL-UBS-BEC Pri Tank Stress Seismic.xls 
AY-ED-NL-UBS-BEC Primary~COntact~SeiSmiC.xls 
AY-ED-NL-UBS-BEC Primary-Tank Spectra.xls 
AY-ED-NL-UBS-BEC Soil Pressures Seismic.xls 
AY-ED-NL-UBS-BEC Total ReaCtiOn.xlS 
AY-ED-NL-UBS-BEC Waste~Disp~TH~MAX.xls 
AY-ED-NL-UBS-BEC Waste-TH-MAX.xls 
AY-ED-UBS-BEC Excel File LiSt.doC 
BOltS-FriCtiOn.txt 
Boundary.txt 
Contact-AY.txt 
Contact-Footing.txt 
contact-1nsu1.txt 
Contact-J-Bolts.txt 
Contact-Primary.txt 
Contact-Soll.txt 
Contact-Waste-AY.txt 
disp-0-90.xls 
disp-99-180.xls 
Far-Soil.txt 
file . bat 
flle.err 
file. 11s 

Fix-Soil.txt 
Footing-Contmax.OUT 
Footina-COnt th.OUT 

file. l o g  

11/28/2005 02:43 PM 
11/28/2005 02:44 PM 

535,728 
535.728 

11/28/2005 02:39 PM 
11/28/2005 02:41 PM 
11/28/2005 02:46 PM 
09/27/2005 03:47 PM 

535,728 
535,728 
535,728 

99 
3,641,344 
3,126,272 
1.104.896 

12/05/2005 11:33 AM 
12/02/2005 12:43 PM 
12/02/2005 04:07 PM 
12/16/2005 10:21 AM 
12/15/2005 02:04 PM 
12/06/2005 09:56 AM 
12/02/2005 01:07 PM 

. .  
1,369,600 
296, 960 
701,952 
737,280 

11/29/2005 04:48 PM 
12/08/2005 10:24 AM 
12/20/2005 01:24 PM 

3,489,792 
699, 904 

8.423.424 
12/14/2005 12:46 PM 
12/02/2005 08:05 AM 
12/02/2005 04:46 PM 
12/13/2005 04:Ol PM 

. .  
8,418,816 
766, 976 

1,156,608 
2,094,080 

12/12/2005 12:44 PM 
12/01/2005 09:25 AM 
12/12/2005 12:47 PM 

526,336 
408,576 
829.952 

12/02/2005 02:06 PM 
09/02/2005 02:Ol PM 
06/09/2005 01:59 PM 
10/31/2005 12:24 PM 

73,728 
5,766 

262 
189 

12/01/2005 09:11 AM 
09/02/2005 09:28 AM 

586 
604 

09/02/2005 09:5l AM 
09/09/2005 09:59 AM 
09/15/2005 11:50 AM 
09/06/2005 11:16 AM 
12/01/2005 09:14 AM 

602 
608 
742 
630 

36,352 
12/01/2005 09:15 AM 
09/22/2005 04:05 PM 

36,352 
8, 608 
2,046 

68 
11/04/2005 09:21 AM 
11/04/2005 09:20 AM 
12/20/2005 04:40 PM 
11/04/2005 09:21 AM 228 

562 
10,342 

4.144.248 

10/13/2005 06:54 AM 
12/01/2005 09:12 AM 
12/01/2005 09:12 AM 
04/06/2005 08:24 AM 
11/06/2005 10:19 PM 
11/06/2005 10:19 PM 
11/06/2005 07:54 PM 

. .  
894 

4,996 
2,779,200 

14,716 

- 

Force-c.txt 
Force-c~lO8amax.OUT 
Force-c 108ath.OUT 
Force-cIlO8max .OUT 
Force-c~lO8th.OUT 
Force-c~ll7amax.OUT 
Force-c~ll7ath.OUT 
Force-c~ll7max.OUT 
Force-c~ll7th.OUT 
Force-c~l26amax.OUT 
Force-c~l26ath.OUT 
Force-c~l26max.OUT 
Force-c~l26th.OUT 
Force-c~l35amax.OUT 
Force-c~l35ath.OUT 

11/06/2005 07:54 PM 
11/06/2005 10:26 PM 
11/06/2005 10:26 PM 

6,224,880 
4,996 

2'779.200 
11/06/2005 08:Ol PM 
11/06/2005 08:Ol PM 
11/06/2005 10:33 PM 
11/06/2005 10:33 PM 

. .  
14,716 

6,224,880 
4,996 

2,779,200 
11/06/2005 08:08 PM 
11/06/2005 08:08 PM 
11/06/2005 10:41 PM 
11/06/2005 10:41 PM 

14,716 
6,224,880 

4,996 
2,779,200 
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14,716 
6,224,880 

Force-c~l35rnax.OUT 
Force-c~l35th.OUT 
Force-c-144arnax.OUT 
Force-c-144ath.OUT 
Force-c~l44rnax.OUT 
Force-c-144th.OUT 
Force-c~l53arnax.OUT 
Force-c~l53ath.OUT 
Force-c~l53rnax.OUT 
Force-c~l53th.OUT 
Force-c~l62arnax.OUT 
Force-c~l62ath.OUT 
Force-c~l62rnax.OUT 
Force-c~l62th.OUT 
Force-c~l7larnax.OUT 
Force-c~l7lath.OUT 
Force-c~l7lrnax.OUT 
Force-c~l7lth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~27arnax.OUT 
Force-c-27ath.OUT 
Force-c~27rnax.OUT 
Force-c-27th.OUT 
Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~72arnax.OUT 
Force-c-72ath.OUT 
Force-c~72rnax.OUT 
Force-c-72th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c 9th.OUT 

11/06/2005 08:16 PM 
11/06/2005 08:16 PM 
11/06/2005 10:48 PM 
11/06/2005 10:48 PM 
11/06/2005 08:23 PM 

4,996 
2,779,200 

14.716 
11/06/2005 08:23 PM 
11/06/2005 10:55 PM 
11/06/2005 10:55 PM 
11/06/2005 08:31 PM 

6,224,880 
4,996 

2,779,200 
14,716 

11/06/2005 08:31 PM 
11/06/2005 11:02 PM 
11/06/2005 11:02 PM 

6,224,880 
4,996 

2’779.200 
11/06/2005 08:38 PM 
11/06/2005 08:38 PM 
11/06/2005 11:09 PM 
11/06/2005 11:09 PM 

. .  
14,716 

6,224,880 
4,996 

2,779,200 
11/06/2005 08:46 PM 
11/06/2005 08:46 PM 
11/06/2005 11:16 PM 

14,716 
6,224,880 

4.996 
11/06/2005 11:16 PM 
11/06/2005 08:53 PM 
11/06/2005 08:53 PM 
11/06/2005 09:07 PM 

2,779,200 
14,716 

6,224,880 
4,996 

11/06/2005 09:07 PM 
11/06/2005 06:40 PM 
11/06/2005 06:40 PM 

2,779,200 
14,716 

6.224.880 
11/06/2005 09:14 PM 
11/06/2005 09:14 PM 
11/06/2005 06:47 PM 
11/06/2005 06:47 PM 

. .  
4,996 

2,779,200 
14,716 

6,224,880 
11/06/2005 09:21 PM 
11/06/2005 09:21 PM 

4,996 
2.779.200 

11/06/2005 06:54 PM 
11/06/2005 06:54 PM 
11/06/2005 09:29 PM 
11/06/2005 09:29 PM 
11/06/2005 07:02 PM 

. .  
14,716 

6,224,880 
4,996 

2,779,200 
14,716 

11/06/2005 07:02 PM 
11/06/2005 09:36 PM 

6,224,880 
4.996 

11/06/2005 09:36 PM 
11/06/2005 07:09 PM 
11/06/2005 07:09 PM 
11/06/2005 09:43 PM 

2,779,200 
14,716 

6,224,880 
4,996 

11/06/2005 09:43 PM 
11/06/2005 07:17 PM 
11/06/2005 07:17 PM 

2,779,200 
14,716 

6.224.880 
11/06/2005 09:5l PM 
11/06/2005 09:5l PM 
11/06/2005 07:24 PM 
11/06/2005 07:24 PM 

. .  
4,996 

2,779,200 
14,716 

6,224,880 
11/06/2005 09:58 PM 
11/06/2005 09:58 PM 
11/06/2005 07:32 PM 

4,996 
2,779,200 

14.716 
11/06/2005 07:32 PM 
11/06/2005 10:05 PM 
11/06/2005 10:05 PM 
11/06/2005 07:39 PM 

6,224,880 
4,996 

2,779,200 
14,716 

11/06/2005 07:39 PM 
11/06/2005 10:12 PM 
11/06/2005 10:12 PM 

6,224,880 
4,996 

2’779.200 
11/06/2005 07:46 PM 
11/06/2005 07:46 PM 
11/06/2005 09:OO PM 
11/06/2005 09:OO PM 

. .  
14,716 

6,224,880 
4,996 

2,779,328 
11/06/2005 06:32 PM 
11/06/2005 06:32 PM 

14,716 
6,225,008 

11/22/2005 11:59 AM 
11/07/2005 06:52 AM 
11/07/2005 06:52 AM 
11/07/2005 06:53 AM 
11/07/2005 06:53 AM 

. .  
135,168 

2,548,434 
5,239 

2,548,434 
5,239 

- 

force-lb.xls 
Force-]b-rlO-th.OUT 
Force-]b-rlOrnax.OUT 
Force-lb rll-th.OUT 
Force-]bIrllrnax. OUT 
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11/07/2005 06:49 AM 
11/07/2005 06:49 AM 

2,548,562 
5,239 

11/07/2005 06:49 AM 
11/07/2005 06:49 AM 
11/07/2005 06:49 AM 

2,548,434 
5,239 

2.548.434 
11/07/2005 06:49 AM 
11/07/2005 06:50 AM 
11/07/2005 06:50 AM 
11/07/2005 06:50 AM 

. .  
5,239 

2,548,434 
5,239 

2,548,434 
11/07/2005 06:50 AM 
11/07/2005 06:5l AM 
11/07/2005 06:5l AM 

5,239 
2,548,434 

5.239 
11/07/2005 06:5l AM 
11/07/2005 06:5l AM 
11/07/2005 06:52 AM 
11/07/2005 06:52 AM 

2,548,434 
5,239 

2,548,434 
5,239 

06/20/2005 10:53 AM 
11/07/2005 01:Ol PM 
11/07/2005 01:02 PM 

661 
439,808 
440.832 

12/20/2005 03:57 PM 
12/08/2005 10:23 AM 
12/08/2005 10:23 AM 
11/07/2005 10:13 AM 

3,742 
73,728 
73,728 
2,728 

L s 
Ins"l~Contact~0~90.xls 
Insul~Contact-99~18O.xls 
Insul-Cont 108rnax.OUT 

11/07/2005 10:13 AM 
11/07/2005 10:15 AM 
11/07/2005 10:15 AM 

1,200,144 
2,728 

1'200.544 

Insul-ContIlO8th.OUT 
Insul~Cont~ll7rnax.OUT 
Insul-Cont 117th.OUT 

11/07/2005 10:17 AM 
11/07/2005 10:17 AM 
11/07/2005 10:20 AM 
11/07/2005 10:20 AM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 

Insul-ContI126rnax .OUT 
Insul-Cont-126th.OUT 
Insul-Cont 135rnax.OUT 
Insul-ContI135th.OUT 
Insul~Cont-144rnax.OUT 
Insul-Cont-144th.OUT 
Insul~Cont~l53rnax.OUT 
Insul-Cont-li3th.OUT 
Insul~Cont~l62rnax.OUT 
Insul-Cont-162th.OUT 
Insul~Cont~l7lrnax.OUT 
Insul-Cont-17lth.OUT 
Insul-Cont 18Ornax.OUT 

11/07/2005 10:22 AM 
11/07/2005 10:22 AM 

2,728 
1,200,544 

11/07/2005 10:24 AM 
11/07/2005 10:24 AM 
11/07/2005 10:26 AM 
11/07/2005 10:26 AM 
11/07/2005 10:28 AM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
2,728 

11/07/2005 10:28 AM 
11/07/2005 10:30 AM 

1,200,144 
2.728 

11/07/2005 10:30 AM 
11/07/2005 09:53 AM 
11/07/2005 09:53 AM 
11/07/2005 09:55 AM 

1,200,144 
2,728 

1,200,144 
2,728 

Insul-ContI18Oth.OUT 
Insul-Cont-18rnax.OUT 
Insul-Cont-18th.OUT 
Insul-Cont-27rnax.OUT 

1,200,144 Insul-Cont-27th.OUT 
2,728 Insul-Cont-36rnax.OUT 

1.200.544 Insul-Cont 36th.OUT 

11/07/2005 09:55 AM 
11/07/2005 09:56 AM 
11/07/2005 09:56 AM 
11/07/2005 09:59 AM 
11/07/2005 09:59 AM 
11/07/2005 1O:Ol AM 
11/07/2005 1O:Ol AM 

. .  
2,728 Insul-ContI45rnax.OUT 

2,728 Insul-Cont 54rnax.OUT 
1,200,144 Insul-Cont-45th.OUT 

1,200,544 Insul-ContI54th.OUT 

1,200,144 Insul-Cont-63th.OUT 
2,728 Insul-Cont-63rnax.OUT 

2.728 Insul-Cont 72rnax.OUT 

11/07/2005 10:03 AM 
11/07/2005 10:03 AM 
11/07/2005 10:05 AM 
11/07/2005 10:05 AM 
11/07/2005 10:07 AM 
11/07/2005 10:07 AM 
11/07/2005 10:09 AM 

1,200,144 
2,728 

1,200,144 
2,728 

Insul-ContI72th. OUT 
Insul-Cont-8lrnax.OUT 
Insul-Cont-8lth.OUT 
Insul-Cont 90rnax .OUT 

11/07/2005 10:09 AM 
11/07/2005 10:ll AM 
11/07/2005 10:ll AM 

1,200,544 Insul-ContI90th.OUT 

1.200.544 Insul-Cont 99th.OUT 
2,728 Insul-Cont-99rnax.OUT 

11/07/2005 09:5l AM 
11/07/2005 09:5l AM 
09/01/2005 10:27 AM 
10/13/2005 08:28 AM 

. .  
2,728 Insul-ContI9rnax.OUT 

1,200,672 Insul-Cont 9th.OUT 
1,664 1nsulate.t;t 
4,031 mterface-gapl.txt 
2,616 mterfacel. txt 
80,896 J-Bolt-Contact 0 - 9 0 . ~ 1 ~  

09/09/2005 09:34 AM 
11/29/2005 02:OO PM 
11/29/2005 02:OO PM 80,896 J~Bolt~ContactI99~180,xIs 
11/07/2005 11:06 AM 3,052 J-Bo1 t-Cont-lO8rnax. OUT 
11/07/2005 11:06 AM 1,350,612 J-Bolt-Cont-108th .OUT 
11/07/2005 11:09 AM 3,052 J-Bo1 t-Cont-ll7rnax. OUT 
11/07/2005 11:09 AM 1,350,612 J-Bolt-Cont-ll7th .OUT 
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3,052 
1,350,612 

J~Bolt~Cont-126max.OUT 
J-Bolt-COnt 126th.OUT 

11/07/2005 11:12 AM 
11/07/2005 11:12 AM 
11/07/2005 11:15 AM 
11/07/2005 11:15 AM 
11/07/2005 11:18 AM 

3,052 
1,350,612 

3.052 

J-Bo1 t-ContI135max. OUT 
J~Bolt~Cont-135th.OUT 
J~Bolt~Cont-144rnax.OUT 
J~Bolt~Cont-144th.OUT 
J~Bolt~Cont-153rnax.OUT 
J~Bolt~Cont-153th.OUT 
J~Bolt~Cont-162max.OUT 
J~Bolt~Cont-162th.OUT 
J~Bolt~Cont-17lmax.OUT 
J-Bolt-COnt 17lth.OUT 

11/07/2005 11:18 AM 
11/07/2005 11:23 AM 
11/07/2005 11:23 AM 
11/07/2005 11:26 AM 

1,350,612 
3,052 

1,350,612 
3,052 

11/07/2005 11:26 AM 
11/07/2005 11:29 AM 
11/07/2005 11:29 AM 

1,350,612 
3,052 

1.350.612 
11/07/2005 11:32 AM 
11/07/2005 11:32 AM 
11/07/2005 10:36 AM 
11/07/2005 10:36 AM 

. .  
3,052 

1,350,612 
3,052 

1,350,612 

J~Bolt~ContI18Omax.OUT 
J~Bolt~Cont-180th.OUT 
J-Bolt-COnt 18max.OUT 
J-Bolt-ContI18th.OUT 
J~Bolt~Cont-27max.OUT 
J-Bolt-Cont-27th.OUT 
J-Bolt-COnt 36max.OUT 

11/07/2005 10:39 AM 
11/07/2005 10:39 AM 
11/07/2005 10:42 AM 

3,052 
1,350,612 

3.052 
11/07/2005 10:42 AM 
11/07/2005 10:45 AM 
11/07/2005 10:45 AM 
11/07/2005 10:48 AM 

1,350,612 
3,052 

1,350,612 
3,052 

J-Bolt-ContI36th.OUT 
J~Bolt~Cont-45max.OUT 
J-Bolt-Cont-45th.OUT 
J-Bolt-COnt 54max.OUT 

11/07/2005 10:48 AM 
11/07/2005 10:51 AM 
11/07/2005 10:51 AM 

1,350,612 
3,052 

1.350.612 

J-Bolt-ContI54th.OUT 
J~Bolt~Cont-63max.OUT 
J-Bolt-COnt 63th.OUT 

11/07/2005 10:54 AM 
11/07/2005 10:54 AM 
11/07/2005 10:58 AM 
11/07/2005 10:58 AM 

. .  
3,052 

1,350,612 
3,052 

1,350,612 

J-Bolt-ContI72max .OUT 
J-Bolt-Cont-72th.OUT 
J-Bolt-COnt 8lmax.OUT 
J-Bolt-ContI8lth.OUT 
J~Bolt~Cont-90max.OUT 
J-Bolt-COnt 90th.OUT 

11/07/2005 11:OO AM 
11/07/2005 11:OO AM 

3,052 
1,350,612 

11/07/2005 11:03 AM 
11/07/2005 11:03 AM 
11/07/2005 10:33 AM 
11/07/2005 10:33 AM 
11/23/2005 11:48 AM 

. .  
3,052 

1,350,612 
3,052 

1,350,740 
134,656 

J-Bolt-ContI99max .OUT 
J-Bolt-Cont-99th.OUT 
J-Bolt-Cont-9max.OUT 
J-Bolt-Cont-9th.OUT 
Knuckle Study.doc 

11/23/2005 12:Ol PM 
11/08/2005 11:45 AM 

3,209,728 
157.696 

Kunckle Study.xls 
liner~strain~comp-0~90b.xls 
liner~strain~comp-0~90m.xls 
liner~strain~comp-0~90t.xls 
liner~strain~comp-99~18Ob.xls 
liner~strain~comp-99~180m.xls 
liner~strain~comp-99~18Ot.xls 
Llner.txt 
1ive-load.txt 
Miscellaneous Post Processing 
Near-Soil-l.txt 

PNNL-2D-NL-AY-UBS-BEC-GravI ty  
PNNL~ZD~NL~AY~UBS~GravltyFlXED 
PNNL-2D-NL-AY-UBS-NC-Gravity 
PNNL-2D-UBS-BEC.avi 

outer-spar. txt 

11/08/2005 11:45 AM 
11/08/2005 11:46 AM 
11/08/2005 11:46 AM 
11/08/2005 11:46 AM 

157,696 
157,696 
157,696 
157,696 

11/08/2005 11:46 AM 
06/01/2005 01:17 PM 
05/02/2005 02:19 PM 

157,696 
1,708 

667 
12/02/2005 08:14 AM 
09/28/2005 07:08 AM 
04/20/2005 01:14 PM 
12/16/2005 01:25 PM 

<DIR> 
6,183 
508 

<DIR> 
<DIR> 
<DIR> 

26.246.656 

12/15/2005 02:06 PM 
12/16/2005 04:05 PM 
11/09/2005 04:27 PM . .  
11/06/2005 06:25 PM 2, 998 
11/07/2005 04:14 PM 35,782,656 
11/06/2005 06:25 PM 12,386,304 
12/16/2005 11:13 AM 57,577 

PNNL-2D-UBS-BEC.BCS 
PNNL-2D-UBS-BEC.db 
PNNL-2D-UBS-BEC.emat 
PNNL-2D-UBS-BEC.err 
PNNL-2D-UBS-BEC.esav 
PNNL-2D-UBS-BEC.ful1 
PNNL-2D-UBS-BEC.ldhi 
PNNL-2D-UBS-BEC.log 
PNNL-2D-UBS-BEC.mntr 
PNNL-2D-UBS-BEC.osav 
PNNL-ED-UBS-BEC.PVTS 
PNNL-2D-UBS-BEC.rOOl 
PNNL-2D-UBS-BEC.rdb 

11/06/2005 06:25 PM 
11/06/2005 06:25 PM 
11/06/2005 06:23 PM 

102,563,840 
27,918,336 
298.920.099 

12/16/2005 01:05 PM 
11/06/2005 06:25 PM 
11/06/2005 06:23 PM 
11/06/2005 06:24 PM 

. .  
105,284 
189,791 

102,563,840 
1,315 

11/06/2005 06:25 PM 
11/04/2005 09:21 AM 

103,546,880 
35,782,656 . .  

11/06/2005 06:25 PM 4,294,967,296 
11/04/2005 09:36 PM 4,294,967,296 
11/05/2005 03:47 AM 4,294,967,296 
11/05/2005 10:02 AM 4,294,967,296 
11/05/2005 04:23 PM 4,294,967,296 

PNNL-2D-UBS-BEC.rst 
PNNL-ED-UBS-BEC.rstO2 
PNNL-ED-UBS-BEC.rstO3 
PNNL-ED-UBS-BEC.rstO4 
PNNL-ED-UBS-BEC.rstO5 
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4,294,967,296 
4,294,967,296 

PNNL-ED-UBS-BEC.rstO6 
PNNL-ED-UBS-BEC.rst07 
PNNL-ED-UBS-BEC.rstO8 
PNNL-ED-UBS-BEC.rstO9 
PNNL-2D-UBS-BEC.stat 

11/05/2005 10:51 PM 
11/06/2005 05:25 AM 
11/06/2005 12:09 PM 
11/06/2005 06:25 PM 
11/06/2005 06:25 PM 

4,294,967,296 
4,002,217,984 

289 
12/07/2005 04:51 PM 
12/07/2005 04:54 PM 
11/06/2005 06:25 PM 
11/29/2005 03:30 PM 

1,729,206 
1,729,206 
3,139,708 

73,728 

PNNL-2D-UBS-BECOOO.bmp 
PNNL-2D-UBS-BECOOl.bmp 
PNNL-AY-2D-NL-BEC-UBS.out 
Primary~Contact-0~90.xlS 
Primary~Contact-99~180.xls 
Primary~Cont-108max.OUT 
Primary~Cont-lO8th.OUT 
Primary~Cont-ll7max.OUT 
Primary~Cont-ll7th.OUT 
Primary~Cont-126max.OUT 
Prirnary~Cont-lE6th.OUT 
Primary~Cont-135max.OUT 
Prirnary~Cont-135th.OUT 
Primary~Cont-144max.OUT 
Prirnary~Cont-144th.OUT 
Primary~Cont-153max.OUT 
Prirnary~Cont-li3th.OUT 
Primary~Cont-162max.OUT 
Prirnary~Cont-162th.OUT 
Primary~Cont-17lmax.OUT 
Prirnary~Cont-17lth.OUT 
Primary~Cont-180max.OUT 
Primary~Cont-lBOth.OUT 
Primary~Cont-lBrnax.OUT 
Primary~Cont-18th.OUT 
Primary~Cont-27max.OUT 
Primary~Cont-27th.OUT 
Primary~Cont-36max.OUT 
Primary~Cont-36th.OUT 
Primary~Cont-45max.OUT 
Primary~Cont-45th.OUT 
Primary~Cont-54max.OUT 
Primary~Cont-54th.OUT 
Primary~Cont-63max.OUT 
Primary~Cont-63th.OUT 
Primary~Cont-72max.OUT 
Primary~Cont-72th.OUT 
Primary~Cont-8lmax.OUT 
Primary~Cont-8lth.OUT 
Primary~Cont-90max.OUT 
Primary~Cont-90th.OUT 
Primary~Cont-99max.OUT 
Primary~Cont-99th.OUT 
Primary~Cont-9max.OUT 
Primary-Cont-9th.OUT 
Primary-Props-AY.txt 
Primary. txt 
QA.out 
RS-ct-O.out 
RS-ct-135.out 
RS-ct-18O.out 
RS-ct-45.out 
RS-ct-90.out 
RS-Ct. out 
RS-OUT-Concrete.txt 

11/29/2005 03:30 PM 
11/07/2005 11:55 AM 
11/07/2005 11:55 AM 

73,728 
2,728 

1’200.544 
11/07/2005 11:57 AM 
11/07/2005 11:57 AM 
11/07/2005 11:59 AM 
11/07/2005 11:59 AM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
11/07/2005 12:02 PM 
11/07/2005 12:02 PM 
11/07/2005 12:04 PM 

2,728 
1,200,144 

2.728 
11/07/2005 12:04 PM 
11/07/2005 12:06 PM 
11/07/2005 12:06 PM 
11/07/2005 12:08 PM 

1,200,144 
2,728 

1,200,144 
2,728 

11/07/2005 12:08 PM 
11/07/2005 12:lO PM 
11/07/2005 12:lO PM 

1,200,144 
2,728 

1’200.544 
11/07/2005 12:12 PM 
11/07/2005 12:12 PM 
11/07/2005 11:35 AM 
11/07/2005 11:35 AM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
11/07/2005 11:36 AM 
11/07/2005 11:36 AM 

2,728 
1,200,544 

11/07/2005 11:38 AM 
11/07/2005 11:38 AM 
11/07/2005 11:40 AM 
11/07/2005 11:40 AM 
11/07/2005 11:42 AM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
2,728 

11/07/2005 11:42 AM 
11/07/2005 11:44 AM 

1,200,144 
2.728 

11/07/2005 11:44 AM 
11/07/2005 11:47 AM 
11/07/2005 11:47 AM 
11/07/2005 11:49 AM 

1,200,144 
2,728 

1,200,144 
2,728 

11/07/2005 11:49 AM 
11/07/2005 11:51 AM 
11/07/2005 11:51 AM 

1,200,144 
2,728 

1’200.544 
11/07/2005 11:53 AM 
11/07/2005 11:53 AM 
11/07/2005 11:34 AM 
11/07/2005 11:34 AM 

. .  
2,728 

1,200,144 
2,728 

1,200,672 
10/31/2005 12:18 PM 
09/27/2005 03:52 PM 
11/04/2005 09:21 AM 

5,549 
1,538 

343.243 
11/28/2005 02:26 PM 
11/28/2005 02:32 PM 
11/28/2005 02:34 PM 
11/28/2005 02:28 PM 

47,121 
47,121 
47,121 
47,121 

11/28/2005 02:30 PM 
11/28/2005 02:35 PM 
10/14/2005 11:18 AM 

47,121 
27,591 
40.851 

11/28/2005 02:37 PM 
11/28/2005 02:43 PM 
11/28/2005 02:44 PM 
11/28/2005 02:39 PM 

47,121 
47,121 
47,121 
47,121 

RS-PT-O.out 
RS-PT-135.out 
RS-PT-18O.out 
RS-PT-45.out 
RS-PT-90.out 
RS-SOil.out 
RS-FREQ.txt 
Run-Tank-0ut.out 
run-tank.bat 
Run-Tank.txt 
scratch.hlp 

11/28/2005 02:41 PM 
11/28/2005 02:46 PM 

47,121 
47.121 

10/31/2005 10:31 AM 
11/07/2005 04:14 PM 
11/02/2005 09:29 AM 
10/31/2005 12:22 PM 
12/16/2005 11:13 AM 

1,108 
5,641,770 

146 
1, 958 

0 

G.56 
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02/11/2005 01:22 PM 
11/07/2005 01:23 PM 

1,053 
9,896 

11/07/2005 01:23 PM 
11/07/2005 01:28 PM 
11/07/2005 01:28 PM 

4,151,880 
9,896 

4.151.880 
11/07/2005 01:34 PM 
11/07/2005 01:34 PM 
11/07/2005 01:40 PM 
11/07/2005 01:40 PM 

. .  
9,896 

4,151,880 
9,896 

4,151,880 
11/07/2005 01:46 PM 
11/07/2005 01:46 PM 
11/07/2005 01:52 PM 

9,896 
4,151,880 

9.896 
11/07/2005 01:52 PM 
11/07/2005 01:58 PM 
11/07/2005 01:58 PM 
11/07/2005 02:04 PM 

4,151,880 
9,896 

4,151,880 
9,896 

11/07/2005 02:04 PM 
11/07/2005 02:lO PM 
11/07/2005 02:lO PM 

4,151,880 
9,896 

4.151.880 
11/07/2005 12:24 PM 
11/07/2005 12:24 PM 
11/07/2005 12:30 PM 
11/07/2005 12:30 PM 

. .  
9,896 

4,151,880 
9,896 

4,151,880 

S01l~C0ntactI18max.OUT 
Soil~Contact-18th.OUT 
Soil-Contact 27max.OUT 
Soil~ContactI27th.OUT 
Soil~Contact-36max.OUT 
S01l~C0nta~t-36th.OUT 
Soil~Contact-45max.OUT 
S01l~C0nta~t-45th.OUT 
Soil~Contact-54max.OUT 
S01l~C0nta~t-54th.OUT 
Soil~Contact-63max.OUT 
SOIl~COntaCt-63th.OUT 
Soil~Contact-72max.OUT 
Soil~Contact-72th.OUT 
Soil~Contact-8lmax.OUT 
Soil~Contact-8lth.OUT 
Soil~Contact-90max.OUT 
SOIl~COntaCt-90th.OUT 
Soil~Contact-99max.OUT 
SOIl~COntaCt-99th.OUT 
Soil~Contact-9max.OUT 
Soil-Contact-9th.OUT 
Soil-Prop-UB-Geo.txt 

soi1~99-18O.xls 
Solve-TH-UB.txt 

so11~o-9o.xls 

spectra-a11.txt 
SpeCtra-COnC-O.txt 
spectra-conc-135.txt 

spectra-conc-45.txt 
spectra-conc-90.txt 
spectra-conc.txt 
spectra-concrete.txt 
spectra~primary~0,txt 
spectra~primary~l35,txt 
spectra~primary~l80,txt 
spectra~primary~45.txt 
spectra~primary~90,txt 

spectra-conc-18O.txt 

SpeCtra-SOll.txt 
spectra-wa11.txt 
spectra-waste.txt 
str-comp-O-90b.xls 
str-comp-0-90m.xls 
str-comp-0-90t.xls 
str-comp-99-18Ob.xls 
str-comp-99-180m.xls 
str-comp-99-18Ot.xls 
strain-compb.txt 
strain-compm.txt 
Strain-cOmpt.txt 
Strain~lb-lO8max~b.OUT 

11/07/2005 12:36 PM 
11/07/2005 12:36 PM 
11/07/2005 12:42 PM 

9,896 
4,151,880 

9.896 
11/07/2005 12:42 PM 
11/07/2005 12:47 PM 
11/07/2005 12:48 PM 
11/07/2005 12:53 PM 

4,151,880 
9,896 

4,151,880 
9,896 

11/07/2005 12:53 PM 
11/07/2005 12:59 PM 

4,151,880 
9,896 

11/07/2005 12:59 PM 
11/07/2005 01:05 PM 
11/07/2005 01:05 PM 
11/07/2005 01:11 PM 
11/07/2005 01:11 PM 

4,151,880 
9,896 

4,151,880 
9,896 

4,151,880 
11/07/2005 01:17 PM 
11/07/2005 01:17 PM 

9,896 
4.151.880 

11/07/2005 12:18 PM 
11/07/2005 12:18 PM 
10/13/2005 08:19 AM 
11/22/2005 01:24 PM 

. .  
9,896 

4,152,008 
5,016 

223,232 
11/22/2005 01:24 PM 
10/31/2005 01:58 PM 
11/28/2005 02:23 PM 

223,232 
1, 913 

347 
11/28/2005 02:16 PM 
12/05/2005 10:59 AM 
12/05/2005 10:59 AM 
11/28/2005 02:18 PM 

3,483 
3,511 
3,511 
3,560 

12/05/2005 10:59 AM 
10/31/2005 11:41 AM 
10/14/2005 11:18 AM 

3,440 
1,459 
2.061 

10/31/2005 10:16 AM 
10/31/2005 10:17 AM 
10/31/2005 11:02 AM 
10/31/2005 10:16 AM 

3,402 
3,551 
3,566 
3,479 

10/31/2005 10:16 AM 
10/31/2005 11:37 AM 
06/20/2005 09:04 AM 

3,479 
3, 608 

647 
67ci 06/20/2005 08:52 AM 

12/07/2005 09:19 AM 
12/07/2005 09:19 AM 
12/07/2005 09:20 AM 

. -  
344,576 
344,576 
343,040 

12/07/2005 09:20 AM 
12/07/2005 09:20 AM 

345,088 
345,088 

12/07/2005 09:21 AM 
09/02/2005 08:51 AM 
09/02/2005 08:51 AM 
09/02/2005 08:50 AM 
11/07/2005 09:25 AM 

343,040 
707 
705 
720 

6,110 

G.57 
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2,555,082 
6,110 

11/07/2005 09:25 AM 
11/07/2005 09:27 AM 
11/07/2005 09:27 AM 
11/07/2005 09:30 AM 
11/07/2005 09:30 AM 

2,555,082 
6,110 

2.555.082 
11/07/2005 09:33 AM 
11/07/2005 09:33 AM 
11/07/2005 09:36 AM 
11/07/2005 09:36 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
11/07/2005 09:39 AM 
11/07/2005 09:39 AM 
11/07/2005 09:43 AM 

6,110 
2,555,082 

6.110 
11/07/2005 09:43 AM 
11/07/2005 09:46 AM 
11/07/2005 09:46 AM 
11/07/2005 09:48 AM 

2,555,082 
6,110 

2,555,082 
6,110 

11/07/2005 09:48 AM 
11/07/2005 08:56 AM 
11/07/2005 08:56 AM 

2,555,082 
6,110 

2.555.082 
11/07/2005 08:58 AM 
11/07/2005 08:58 AM 
11/07/2005 09:Ol AM 
11/07/2005 09:Ol AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
11/07/2005 09:04 AM 
11/07/2005 09:04 AM 
11/07/2005 09:07 AM 

6,110 
2,555,082 

6.110 
11/07/2005 09:07 AM 
11/07/2005 09:lO AM 
11/07/2005 09:lO AM 
11/07/2005 09:13 AM 

2,555,082 
6,110 

2,555,082 
6,110 

11/07/2005 09:13 AM 
11/07/2005 09:16 AM 

2,555,082 
6,110 

11/07/2005 09:16 AM 
11/07/2005 09:19 AM 
11/07/2005 09:19 AM 
11/07/2005 09:22 AM 
11/07/2005 09:22 AM 

2,555,082 
6,110 

2,555,082 
6,110 

2,555,082 
11/07/2005 08:53 AM 
11/07/2005 08:53 AM 

6,110 
2.555.210 . .  

09/02/2005 08:52 AM 544 
11/07/2005 08:26 AM 6,110 
11/07/2005 08:26 AM 2,555,082 
11/07/2005 08:29 AM 6,110 
11/07/2005 08:29 AM 
11/07/2005 08:32 AM 
11/07/2005 08:32 AM 

2,555,082 
6,110 

2.555.082 
11/07/2005 08:35 AM 
11/07/2005 08:35 AM 
11/07/2005 08:38 AM 
11/07/2005 08:38 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
11/07/2005 08:41 AM 
11/07/2005 08:41 AM 
11/07/2005 08:44 AM 

6,110 
2,555,082 

6.110 
11/07/2005 08:44 AM 
11/07/2005 08:47 AM 
11/07/2005 08:47 AM 
11/07/2005 08:50 AM 

2,555,082 
6,110 

2,555,082 
6,110 

11/07/2005 08:50 AM 
11/07/2005 07:57 AM 
11/07/2005 07:57 AM 

2,555,082 
6,110 

2.555.082 
11/07/2005 07:59 AM 
11/07/2005 07:59 AM 
11/07/2005 08:02 AM 
11/07/2005 08:02 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
11/07/2005 08:05 AM 
11/07/2005 08:05 AM 

6,110 
2,555,082 

11/07/2005 08:08 AM 
11/07/2005 08:08 AM 
11/07/2005 08:11 AM 
11/07/2005 08:11 AM 
11/07/2005 08:14 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
6,110 

G.58 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001. Rev. OA 

2,555,082 
6,110 

11/07/2005 08:14 AM 
11/07/2005 08:18 AM 
11/07/2005 08:18 AM 
11/07/2005 08:21 AM 
11/07/2005 08:21 AM 

2,555,082 
6,110 

2.555.082 
11/07/2005 08:23 AM 
11/07/2005 08:23 AM 
11/07/2005 07:54 AM 
11/07/2005 07:54 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,210 
11/07/2005 07:28 AM 
11/07/2005 07:28 AM 
11/07/2005 07:30 AM 

6,110 
2,555,082 

6.110 
11/07/2005 07:30 AM 
11/07/2005 07:33 AM 
11/07/2005 07:33 AM 
11/07/2005 07:36 AM 

2,555,082 
6,110 

2,555,082 
6,110 

11/07/2005 07:36 AM 
11/07/2005 07:39 AM 
11/07/2005 07:39 AM 

2,555,082 
6,110 

2.555.082 
11/07/2005 07:42 AM 
11/07/2005 07:42 AM 
11/07/2005 07:45 AM 
11/07/2005 07:45 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 Strain~ltI162th~t.OUT 
Strain~lt-171max~t.OUT 
Strain~lt-171th~t.OUT 
Strain~lt-18Omax~t.OUT 
Strain~lt-18Oth~t.OUT 
Strain~lt-18max~t.OUT 
Strain-lt-18th-t.OUT 
Strain~lt-27max~t.OUT 
Strain-lt-27th-t.OUT 
Strain~lt-36max~t.OUT 
Strain-lt-36th-t.OUT 
Strain~lt-45max~t.OUT 
Strain-lt-45th-t.OUT 
Strain~lt-54max~t.OUT 
Strain-lt-54th-t.OUT 
Strain~lt-63max~t.OUT 
Strain-lt 63th-t.OUT 

11/07/2005 07:48 AM 
11/07/2005 07:48 AM 
11/07/2005 07:5l AM 

6,110 
2,555,082 

6.110 
11/07/2005 07:5l AM 
11/07/2005 06:58 AM 
11/07/2005 06:58 AM 
11/07/2005 07:Ol AM 

2,555,082 
6,110 

2,555,082 
6,110 

11/07/2005 07:Ol AM 
11/07/2005 07:03 AM 

2,555,082 
6,110 

11/07/2005 07:03 AM 
11/07/2005 07:06 AM 
11/07/2005 07:06 AM 
11/07/2005 07:lO AM 
11/07/2005 07:lO AM 

2,555,082 
6,110 

2,555,082 
6,110 

2,555,082 
11/07/2005 07:13 AM 
11/07/2005 07:13 AM 

6,110 
2.555.082 

11/07/2005 07:16 AM 
11/07/2005 07:16 AM 
11/07/2005 07:19 AM 
11/07/2005 07:19 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 

strain~ltI72max~t.ouT 
Strain-lt-72th-t.OUT 
Strain~lt-8lmax~t.OUT 
Strain-lt 81th-t.OUT 

11/07/2005 07:22 AM 
11/07/2005 07:22 AM 
11/07/2005 07:24 AM 

6,110 
2,555,082 

6.110 
11/07/2005 07:24 AM 
11/07/2005 06:55 AM 
11/07/2005 06:55 AM 
09/08/2005 10:18 AM 

2,555,082 
6,110 

2,555,210 
692 
692 
692 
205 

09/08/2005 10:18 AM 
09/08/2005 09:20 AM 
04/13/2005 07:38 AM 
11/07/2005 05:47 AM 
11/07/2005 03:17 AM 
11/07/2005 12:46 AM 
11/07/2005 05:47 AM 

16,291 
16,291 
16,210 

6,850,602 
11/07/2005 03:17 AM 
11/07/2005 12:46 AM 
11/07/2005 05:55 AM 

6,850,602 
6,821,874 

16.291 
11/07/2005 03:24 AM 
11/07/2005 12:54 AM 
11/07/2005 05:55 AM 
11/07/2005 03:24 AM 

16,291 
16,210 

6,850,602 
6,850,602 

11/07/2005 12:54 AM 
11/07/2005 06:02 AM 

6,821,874 
16,291 

11/07/2005 03:32 AM 
11/07/2005 01:Ol AM 
11/07/2005 06:02 AM 
11/07/2005 03:32 AM 
11/07/2005 01:Ol AM 

16,291 
16,210 

6,850,602 
6,850,602 
6,821,874 

G.59 
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11/07/2005 06:lO AM 
11/07/2005 03:39 AM 

16,291 
16,291 

11/07/2005 01:09 AM 
11/07/2005 06:lO AM 
11/07/2005 03:39 AM 

16,210 
6,850,602 
6.850.602 

11/07/2005 01:09 AM 
11/07/2005 06:17 AM 
11/07/2005 03:47 AM 
11/07/2005 01:16 AM 

. .  
6,821,874 

16,291 
16,291 
16,210 

11/07/2005 06:17 AM 
11/07/2005 03:47 AM 
11/07/2005 01:16 AM 

6,850,602 
6,850,602 
6.821.874 

11/07/2005 06:25 AM 
11/07/2005 03:54 AM 
11/07/2005 01:24 AM 
11/07/2005 06:25 AM 

. .  
16,291 
16,291 
16,210 

6,850,602 
11/07/2005 03:54 AM 
11/07/2005 01:24 AM 
11/07/2005 06:32 AM 

6,850,602 
6,821,874 

16.291 
11/07/2005 04:02 AM 
11/07/2005 01:31 AM 
11/07/2005 06:32 AM 
11/07/2005 04:02 AM 

16,291 
16,210 

6,850,602 
6,850,602 

11/07/2005 01:32 AM 
11/07/2005 06:40 AM 
11/07/2005 04:09 AM 

6,821,874 
16,295 
16.295 

11/07/2005 01:39 AM 
11/07/2005 06:40 AM 
11/07/2005 04:09 AM 
11/07/2005 01:39 AM 

16,214 
6,850,602 
6,850,602 
6,821,874 

11/07/2005 06:47 AM 
11/07/2005 04:17 AM 

16,295 
16,295 

11/07/2005 01:47 AM 
11/07/2005 06:47 AM 
11/07/2005 04:17 AM 
11/07/2005 01:47 AM 
11/07/2005 04:32 AM 

16,214 
6,850,602 
6,850,602 
6,821,874 

16,291 
11/07/2005 02:Ol AM 
11/06/2005 11:31 PM 

16,291 
16.210 

11/07/2005 04:32 AM 
11/07/2005 02:Ol AM 
11/06/2005 11:31 PM 
11/07/2005 04:39 AM 

6,850,602 
6,850,602 
6,821,874 

16,291 
11/07/2005 02:09 AM 
11/06/2005 11:39 PM 
11/07/2005 04:39 AM 

16,291 
16,210 

6.850.602 
11/07/2005 02:09 AM 
11/06/2005 11:39 PM 
11/07/2005 04:47 AM 
11/07/2005 02:17 AM 

. .  
6,850,602 
6,821,874 

16,291 
16,291 

11/06/2005 11:46 PM 
11/07/2005 04:47 AM 
11/07/2005 02:17 AM 

16,210 
6,850,602 
6.850.602 

11/06/2005 11:46 PM 
11/07/2005 04:54 AM 
11/07/2005 02:24 AM 
11/06/2005 11:54 PM 

. .  
6,821,874 

16,291 
16,291 
16,210 

11/07/2005 04:54 AM 
11/07/2005 02:24 AM 
11/06/2005 11:54 PM 

6,850,602 
6,850,602 
6.821.874 

11/07/2005 05:02 AM 
11/07/2005 02:31 AM 
11/07/2005 12:Ol AM 
11/07/2005 05:02 AM 

. .  
16,291 
16,291 
16,210 

6,850,602 
11/07/2005 02:31 AM 
11/07/2005 12:Ol AM 

6,850,602 
6,821,874 

11/07/2005 05:09 AM 
11/07/2005 02:39 AM 
11/07/2005 12:09 AM 
11/07/2005 05:09 AM 
11/07/2005 02:39 AM 

. .  
16,291 
16,291 
16,210 

6,850,602 
6,850,602 

G.60 
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6,821,874 
16,291 

Stress-pt-63th-t.OUT 
Stress~pt-72max~b.OUT 
Stress~pt-72max~m.OUT 
Stress~pt-72max~t.OUT 
Stress-pt-72th-b.OUT 
Stress-pt-72th-m.OUT 
Stress-pt-72th-t.OUT 
Stress~pt-8lmax~b.OUT 
Stress~pt-8lmax~m.OUT 
Stress~pt-8lmax~t.OUT 
Stress-pt-8lth-b.OUT 
Stress-pt-8lth-m.OUT 
Stress-pt-8lth-t.OUT 
Stress~pt-90max~b.OUT 
Stress~pt-90max~m.OUT 
Stress~pt-90max~t.OUT 
Stress-pt-90th-b.OUT 
Stress-pt-90th-m.OUT 
Stress-pt-90th-t.OUT 
Stress~pt-99max~b.OUT 
Stress~pt-99max~m.OUT 
Stress~pt-99max~t.OUT 
Stress-pt-99th-b.OUT 
Stress-pt-99th-m.OUT 
Stress-pt-99th-t.OUT 
Stress-pt-9max-b.OUT 
Stress-pt-9max-m.OUT 
Stress-pt-9max-t.OUT 
Stress-pt-9th-b.OUT 
Stress-pt-9th-m.OUT 
Stress-pt-9th-t.OUT 
Tank~C00rdinateS~AY.txt 
Tank-Meshl. txt 
tank-out. out 
Tank-Props-BEC-25O.txt 
Tank-th.out 
TH-266-UB-Geo-V.txt 
TH-266-UB-Geo.txt 
UBS PDF-Files 
Waste~Cont~lO8max.OUT 
Waste-Cont-lO8th.OUT 
Waste~Cont-ll7max.OUT 
Waste-Cont-ll7th.OUT 
Waste~Cont-126max.OUT 
Waste-Cont-lE6th.OUT 
Waste~Cont-135max.OUT 
Waste-Cont-135th.OUT 
Waste~Cont-144max.OUT 
Waste-Cont-144th.OUT 
Waste~Cont-153max.OUT 
Waste-Cont-153th.OUT 
Waste~Cont-162max.OUT 
Waste-Cont-162th.OUT 
Waste~Cont-17lmax.OUT 
Waste-Cont-17lth.OUT 
Waste~Cont~l8Omax.OUT 
Waste-Cont-18Oth.OUT 
Waste-Cont-18max.OUT 
Waste-Cont-18th.OUT 
Waste-Cont-27max.OUT 
Waste-Cont-27th.OUT 
Waste-Cont-36max.OUT 
Waste-Cont-36th.OUT 
Waste-Cont-45max.OUT 
Waste-Cont-45th.OUT 
Waste-Cont-54max.OUT 
Waste-Cont-54th.OUT 
Waste-Cont-63max.OUT 
Waste-Cont-63th.OUT 
Waste-Cont-72max.OUT 
Waste-Cont-72th.OUT 

11/07/2005 12:09 AM 
11/07/2005 05:17 AM 
11/07/2005 02:46 AM 
11/07/2005 12:16 AM 
11/07/2005 05:17 AM 

16,291 
16,210 

6.850.602 
11/07/2005 02:46 AM 
11/07/2005 12:16 AM 
11/07/2005 05:24 AM 
11/07/2005 02:54 AM 

. .  
6,850,602 
6,821,874 

16,291 
16,291 

11/07/2005 12:23 AM 
11/07/2005 05:24 AM 
11/07/2005 02:54 AM 

16,210 
6,850,602 
6.850.602 

11/07/2005 12:23 AM 
11/07/2005 05:32 AM 
11/07/2005 03:02 AM 
11/07/2005 12:31 AM 

. .  
6,821,874 

16,291 
16,291 
16,210 

11/07/2005 05:32 AM 
11/07/2005 03:02 AM 
11/07/2005 12:31 AM 

6,850,602 
6,850,602 
6.821.874 

11/07/2005 05:40 AM 
11/07/2005 03:09 AM 
11/07/2005 12:39 AM 
11/07/2005 05:40 AM 

. .  
16,291 
16,291 
16,210 

6,850,602 
11/07/2005 03:09 AM 
11/07/2005 12:39 AM 
11/07/2005 04:24 AM 

6,850,602 
6,821,874 

16.291 
11/07/2005 01:54 AM 
11/06/2005 11:24 PM 
11/07/2005 04:24 AM 
11/07/2005 01:54 AM 

16,291 
16,210 

6,850,730 
6,850,730 

11/06/2005 11:24 PM 
10/31/2005 12:13 PM 

6,822,002 
3,825 

05/25/2005 03:32 PM 
11/04/2005 09:21 AM 
02/25/2005 02:24 PM 
11/04/2005 09:21 AM 
05/16/2005 03:42 PM 

2,512 
102 

5,406 
4, 678 
41,472 

05/16/2005 08:45 AM 
12/20/2005 01:37 PM 

41,391 
DIR> < 

11/07/2005 03:13 PM 
11/07/2005 03:13 PM 
11/07/2005 03:18 PM 
11/07/2005 03:18 PM 

8,236 
3,151,428 

8,236 
3,151,428 

11/07/2005 03:23 PM 
11/07/2005 03:23 PM 
11/07/2005 03:29 PM 

8,236 
3,151,428 

8.236 
11/07/2005 03:29 PM 
11/07/2005 03:34 PM 
11/07/2005 03:34 PM 
11/07/2005 03:39 PM 

3,151,428 
8,236 

3,151,428 
8,236 

11/07/2005 03:39 PM 
11/07/2005 03:45 PM 
11/07/2005 03:45 PM 

3,151,428 
8,236 

3.151.428 
11/07/2005 03:50 PM 
11/07/2005 03:50 PM 
11/07/2005 03:56 PM 
11/07/2005 03:56 PM 

. .  
8,236 

3,151,428 
8,236 

3,151,428 
11/07/2005 02:20 PM 
11/07/2005 02:20 PM 
11/07/2005 02:25 PM 

8,236 
3,151,428 

8.236 
11/07/2005 02:25 PM 
11/07/2005 02:30 PM 
11/07/2005 02:30 PM 
11/07/2005 02:36 PM 

3,151,428 
8,236 

3,151,428 
8,236 

11/07/2005 02:36 PM 
11/07/2005 02:41 PM 

3,151,428 
8,236 

11/07/2005 02:41 PM 3,151,428 
11/07/2005 02:47 PM 8,236 
11/07/2005 02:47 PM 3,151,428 
11/07/2005 02:52 PM 8,236 
11/07/2005 02:52 PM 3,151,428 
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11/07/2005 02:58 PM 
11/07/2005 02:58 PM 
11/07/2005 03:03 PM 
11/07/2005 03:03 PM 
11/07/2005 03:08 PM 
11/07/2005 03:08 PM 
11/07/2005 02:15 PM 
11/07/2005 02:15 PM 
11/29/2005 05:09 PM 
11/08/2005 08:53 AM 
10/31/2005 12:Ol PM 
11/29/2005 08:46 AM 
11/29/2005 09:Ol AM 
11/29/2005 09:Ol AM 
11/29/2005 11:51 AM 
11/29/2005 11:51 AM 
11/29/2005 12:06 PM 
11/29/2005 12:06 PM 
11/29/2005 12:20 PM 
11/29/2005 12:20 PM 
11/29/2005 12:34 PM 
11/29/2005 12:34 PM 
11/29/2005 12:48 PM 
11/29/2005 12:48 PM 
11/29/2005 01:02 PM 
11/29/2005 01:02 PM 
11/29/2005 01:16 PM 
11/29/2005 01:16 PM 
11/29/2005 01:30 PM 
11/29/2005 01:30 PM 
11/29/2005 01:44 PM 
11/29/2005 01:44 PM 
11/29/2005 09:30 AM 
11/29/2005 09:30 AM 
11/29/2005 09:44 AM 
11/29/2005 09:44 AM 
11/29/2005 09:58 AM 
11/29/2005 09:58 AM 
11/29/2005 10:12 AM 
11/29/2005 10:12 AM 
11/29/2005 10:27 AM 
11/29/2005 10:27 AM 
11/29/2005 10:41 AM 
11/29/2005 10:41 AM 
11/29/2005 10:55 AM 
11/29/2005 10:55 AM 
11/29/2005 11:09 AM 
11/29/2005 11:09 AM 
11/29/2005 11:23 AM 
11/29/2005 11:23 AM 
11/29/2005 11:37 AM 
11/29/2005 11:37 AM 
11/29/2005 09:15 AM 

8,236 
3,151,428 

8,236 
3,151,428 

8,236 
3,151,428 

8,236 
3,151,556 

45,117 
332 

3,265 
776 
784 

509,216 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

509,088 
784 

Waste-Cont-8lmax.OUT 
Waste-Cont-8lth.OUT 
Waste-Cont-90max.OUT 
Waste-Cont-90th.OUT 
Waste-Cont-99max.OUT 
Waste-Cont-99th.OUT 
Waste-Cont-9max.OUT 
Waste-Cont-9th.OUT 
Waste-Reaction.out 
Waste-Reaction.txt 
Waste-solid-AY.txt 

Waste-Surf-Omax.OUT 
Waste-Surf-Oth.OUT 
Waste~Surf-lO8max.OUT 
Waste-Surf-lO8th.OUT 
Waste~Surf-ll7max.OUT 
Waste-Surf-ll7th.OUT 
Waste~Surf-lE6max.OUT 
Waste-Surf-126th.OUT 
Waste~Surf-135max.OUT 
Waste-Surf-135th.OUT 
Waste~Surf-144max.OUT 
Waste-Surf-144th.OUT 
Waste~Surf-153max.OUT 
Waste-Surf-li3th.OUT 
Waste~Surf-16Emax.OUT 
Waste-Surf-162th.OUT 
Waste~Surf-171max.OUT 
Waste-Surf-17lth.OUT 
Waste~Surf-18Omax.OUT 
Waste-Surf-18Oth.OUT 
Waste-Surf-18max.OUT 
Waste-Surf-18th.OUT 
Waste-Surf-27max.OUT 
Waste-Surf-27th.OUT 
Waste-Surf-36max.OUT 
Waste-Surf-36th.OUT 
Waste-Surf-45max.OUT 
Waste-Surf-45th.OUT 
Waste-Surf-54max.OUT 
Waste-Surf-54th.OUT 
Waste-Surf-63max.OUT 
Waste-Surf-63th.OUT 
Waste-Surf-72max.OUT 
Waste-Surf-72th.OUT 
Waste-Surf-8lmax.OUT 
Waste-Surf-8lth.OUT 
Waste-Surf-90max.OUT 
Waste-Surf-90th.OUT 
Waste-Surf-99max.OUT 
Waste-Surf-99th.OUT 
Waste-Surf-9max.OUT 
Waste-Surf-9th.OUT 

waste 9 9 - 1 8 0 . ~ 1 ~  

Waste-S"rface-ay.txt 

waste~0-90.xls 

7 D i r l s )  78,397,345,792 bytes free 

UBS-BEC Gravity File Listing 
Volume in drive E 1s 250GB HITAC 
Volume Serial Nuder 1s B4FB-DB23 

Directory of E : \ P N N L ~ 2 D ~ N L ~ A Y ~ u B S ~ B E C ~ S e l s m l c \ P N N L 2 D N L A Y U B S ~ B E C ~ G ~ ~ v ~ t y  

12/20/2005 04:44 PM <DIR> 

09/27/2005 03:47 PM 99 All-Forces.txt 
12/20/2005 04:44 PM <DIR> . .  

10/24/2005 09:54 AM 527 atm-AY.txt 
12/05/2005 11:31 AM 3,363,840 AY-ED-NL-UBS-BEC Conc Tank Demand Gravity.xls 

G.62 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

12/02/2005 04:Ol PM 
12/01/2005 12:08 PM 

1,104,896 AY-ED-NL-UBS-BEC Cmc-Tank Spectra.xls 
296,960 AY-ED-NL-UBS-BEC Free Field RS Cornparision.xls 

12/06/2005 09:55 AM 
11/29/2005 04:31 PM 
12/15/2005 01:14 PM 

615,840 
3,459,584 
8,111,248 
8,451,128 
2,019,144 

685,568 
698,880 
164,416 

5,166 
262 
190 
586 
604 
602 
608 
184 
630 

AY-ED-NL-UBS-BEC J Bolt Forces Gravity.xls 
AY-ED-NL-UBS-BEC Liner Strain Gravity.xls 
AY-ED-NL-UBS-BEC Pri Tank Stress Gravity-INT-SXY.xls 
AY-ED-NL-UBS-BEC Pri Tank Stress Gravity.xls 
AY-ED-NL-UBS-BEC Soil Pressures Gravity.xls 
AY~2D~NL~UBS~BEC~InSul~COntactGravlty.xls 
AY~2D~NL~UBS~BEC~J~BOlt~COntactGravlty.xls 
AY~2D~NL~UBS~BEC~Prirnary~COntactGravlty.xls 
BOltS-FriCtiOn.txt 
Boundary.txt 
Contact-AY.txt 
Contact-Footing.txt 
contact-1nsu1.txt 
Contact-J-Bolts.txt 
Contact-Prirnary.txt 
Contact-Soll.txt 
Contact-Waste-AY.txt 
disp-0-90.xls 
disp-99-180.xls 
Far-Soil.txt 
file. txt 
Fix-Soil.txt 
Footing-Cont-rnax.OUI 
F00ting-COnt-th.OUT 
Force-c.txt 
Force-c~lO8arnax.OUT 
Force-c~lO8ath.OUT 
Force-c~lO8rnax.OUT 
Force-c~lO8th.OUT 
Force-c~llIarnax.OUT 
Force-c~ll1ath.OUT 
Force-c~llIrnax.OUT 
Force-c~llIth.OUT 
Force-c~l26arnax.OUT 
Force-c~l26ath.OUT 
Force-c~l26rnax.OUT 
Force-c~l26th.OUT 
Force-c~l35arnax.OUT 
Force-c~l35ath.OUT 
Force-c~l35rnax.OUT 
Force-c~l35th.OUT 
Force-c-144arnax.OUT 
Force-c-144ath.OUT 
Force-c~l44rnax.OUT 
Force-c-144th.OUT 
Force-c~l53arnax.OUT 
Force-c~l53ath.OUT 
Force-c~l53rnax.OUT 
Force-c~l53th.OUT 
Force-c~l62arnax.OUT 
Force-c~l62ath.OUT 
Force-c~l62rnax.OUT 
Force-c~l62th.OUT 
Force-c~lIlarnax.OUT 
Force-c~l1lath.OUT 
Force-c~lIlrnax.OUT 
Force-c~lIlth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~2Iarnax.OUT 
Force-c~2Iath.OUT 
Force-c~2Irnax.OUT 
Force-c-2Ith.OUT 

12/14/2005 12:48 PM 
12/13/2005 03:58 PM 
12/08/2005 10:22 AM 
11/29/2005 02:14 PM 
11/29/2005 03:32 PM 
09/02/2005 02:Ol PM 
06/09/2005 01:59 PM 
10/31/2005 12:25 PM 
12/01/2005 09:11 AM 
09/02/2005 09:28 AM 
09/02/2005 09:5l AM 
09/09/2005 09:59 AM 
11/28/2005 03:11 PM 
09/06/2005 11:16 AM 
12/01/2005 09:14 AM 
12/01/2005 09:15 AM 
09/22/2005 04:05 PM 
12/20/2005 04:44 PM 

36,352 
36,352 
8, 608 

0 
562 

10,342 
11.328 

10/13/2005 06:54 AM 
12/01/2005 09:38 AM 
12/01/2005 09:38 AM 
04/06/2005 08:24 AM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

894 
4,996 
8,400 
14,116 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,800 
4,996 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

8,400 
14,116 
16,800 
4,996 
8,400 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

14,116 
16.800 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

4,996 
8,400 
14,116 
16,800 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

4,996 
8,400 
14.116 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,800 
4,996 
8,400 
14,116 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,800 
4,996 
8.400 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

14,116 
16,800 
4,996 
8,400 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

14,116 
16,800 
4.996 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

8,400 
14,116 
16,800 
4,996 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

8,400 
14,116 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,800 
4,996 
8,400 
14,116 
16,800 
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10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

4,996 
8,400 

Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~I2arnax.OUT 
Force-c~I2ath.OUT 
Force-c~I2rnax.OUT 
Force-c-12th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c-9th.OUT 
force-lb.xls 
Force-]b-rlO-th.OUT 
Force-]b-rlO-rnax.OUT 
Force-]b-rll-th.OUT 
Force-]b-rll-rnax.OUT 
Force-lb-rE-th.OUT 
Force-]b-r2-rnax.OUT 
Force-]b-r3-th.OUT 
Force-]b-r3-rnax.OUT 
Force-]b-r4-th.OUT 
Force-]b-r4-rnax.OUT 
Force-]b-r5-th.OUT 
Force-lb-ri-rnax.OUT 
Force-]b-r6-th.OUT 
Force-]b-r6-rnax.OUT 
Force-]b-rl-th.OUT 
Force-]b-rl-rnax.OUT 
Force-]b-r8-th.OUT 
Force-lb-rB-rnax.OUT 
Force-]b-r9-th.OUT 
Force-]b-r9-rnax.OUT 
Force-]-bolt.txt 
irnport-0-90.xls 
irnport-99-180.xls 

Insul~Contact-99~18O.xls 
Insul~Cont~lO8rnax.OUT 
Insul-Cont~lO8th.OUT 
1nsul~Cont~llIrnax.OUT 
1nsul-Cont~lllth.OUT 
Insul~Cont~l26rnax.OUT 
Insul-Cont-126th.OUT 
Insul~Cont~l35rnax.OUT 
Insul-Cont-135th.OUT 
Insul~Cont-144rnax.OUT 

Ins"l~Contact~0~90.xls 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

14,116 
16,800 
4.996 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

8,400 
14,116 
16,800 
4,996 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

8,400 
14,116 
16.800 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

4,996 
8,400 
14,116 
16,800 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

4,996 
8,400 
14.116 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,800 
4,996 
8,400 
14,116 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,800 
4,996 
8.400 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

14,116 
16,800 
4,996 
8,400 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

14,116 
16,800 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
11/22/2005 11:54 AM 

4,996 
8,528 
14,116 
16, 928 

136,104 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

I, 350 
5.239 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

I, 350 
5,239 
I, 418 
5,239 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

I, 350 
5,239 
7.350 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

5,239 
I, 350 
5,239 
I, 350 

10/31/2005 01:48 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

5,239 
I, 350 
5.239 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

I, 350 
5,239 
I, 350 
5,239 

06/20/2005 10:53 AM 
12/05/2005 11:30 AM 
12/05/2005 11:30 AM 

661 
445,440 
445.440 

12/08/2005 10:21 AM 
12/08/2005 10:22 AM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

14,240 
14,240 
2,128 
3,360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,128 
3,360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,128 
3,360 
2,128 
3,360 
2,128 
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10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,360 
2,728 

Insul-Cont-144th.OUT 
Insul~Cont~l53max.OUT 
Insul-Cont-li3th.OUT 
Insul~Cont~l62max.OUT 
Insul-Cont-162th.OUT 
Insul~Cont~l7lmax.OUT 
Insul-Cont-17lth.OUT 
Insul~Cont~l8Omax.OUT 
Insul-Cont~l8Oth.OUT 
Insul-Cont-18max.OUT 
Insul-Cont-18th.OUT 
Insul-Cont-27max.OUT 
Insul-Cont-27th.OUT 
Insul-Cont-36max.OUT 
Insul-Cont-36th.OUT 
Insul-Cont-45max.OUT 
Insul-Cont-45th.OUT 
Insul-Cont-54max.OUT 
Insul-Cont-54th.OUT 
Insul-Cont-63max.OUT 
Insul-Cont-63th.OUT 
Insul-Cont-72max.OUT 
Insul-Cont-72th.OUT 
Insul-Cont-8lmax.OUT 
Insul-Cont-8lth.OUT 
Insul-Cont-90max.OUT 
Insul-Cont-90th.OUT 
Insul-Cont-99max.OUT 
Insul-Cont-99th.OUT 
Insul-Cont-9max.OUT 
Insul-Cont-9th.OUT 
1nsu1ate.txt 
1nterface-gapl.txt 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,360 
2,728 
3.360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,728 
3,360 
2,728 
3,360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,728 
3,360 
2.728 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,360 
2,728 
3,360 
2,728 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,360 
2,728 
3.360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,728 
3,360 
2,728 
3,360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,728 
3,360 
2.728 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,360 
2,728 
3,360 
2,728 

10/31/2005 01:49 PM 
09/01/2005 10:27 AM 

3,488 
1, 664 

10/13/2005 08:28 AM 
09/09/2005 09:34 AM 
11/29/2005 12:43 PM 
11/29/2005 12:44 PM 
10/31/2005 01:49 PM 

4,031 
2, 616 
82,432 
82,432 
3,052 

1nterfacel.txt 
J~Bolt~Contact-0~90.xls 
J-Bolt-Contact 99-180.~1~ 
J~Bolt~Cont-lOmax.OUT 
J~Bolt~Cont-lO8th.OUT 
J-Bolt-COnt 117max.OUT 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,780 
3.052 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,780 
3,052 
3,780 
3,052 

J~Bolt~ContI117th.OUT 
J~Bolt~Cont-126max.OUT 
J~Bolt~Cont-126th.OUT 
J-Bolt-COnt 135max.OUT 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,780 
3,052 
3.780 

J-Bolt-ContI135th .OUT 
J~Bolt~Cont-144max.OUT 
J-Bolt-COnt 144th.OUT 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,052 
3,780 
3,052 
3,780 

J~Bolt~ContIl53max.OUT 
J~Bolt~Cont-153th.OUT 
J-Bolt-COnt 162max.OUT 
J-Bolt-ContI162th .OUT 
J~Bolt~Cont-17lmax.OUT 
J~Bolt~Cont-17lth.OUT 
J~Bolt~Cont~l8Omax.OUT 
J~Bolt~Cont-18Oth.OUT 
J~Bolt~Cont-18max.OUT 
J-Bolt-Cont~l8th.OUT 
J~Bolt~Cont-27max.OUT 
J-Bolt-Cont-27th.OUT 
J~Bolt~Cont-36max.OUT 
J-Bolt-COnt 36th.OUT 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,052 
3,780 
3.052 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,780 
3,052 
3,780 
3,052 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,780 
3,052 
3.780 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,052 
3,780 
3,052 
3,780 

J-Bolt-ContI45max .OUT 
J-Bolt-Cont-45th.OUT 
J-Bolt-COnt 54max.OUT 
J-Bolt-ContI54th.OUT 
J~Bolt~Cont-63max.OUT 
J-Bolt-COnt 63th.OUT 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,052 
3,780 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,052 
3,780 
3,052 
3,780 
3,052 
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3,780 
3,052 
3,780 
3,052 
3. 908 

J-Bolt-Cont-90th.OUT 
J-Bolt-COnt 99max.OUT 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

J-Bolt-ContI99th. OUT 
J-Bolt-Cont-9max.OUT 
J-Bolt-Cont-9th.OUT 
liner~strain~comp-0~90b.xls 
liner~strain~comp-0~90m.xls 
liner~strain~comp-0~90t.xls 
liner~strain~comp-99~18Ob.xls 
liner~strain~comp-99~180m.xls 
liner~strain~comp-99~18Ot.xls 
Llner.txt 
1ive-load.txt 
Near-Soil-l.txt 
outer-spar. txt 
PNNL-ED-NL-AY-UBS-BEC.BCS 
PNNL-2D-NL-AY-UBS-BEC.db 
PNNL-2D-NL-AY-UBS-BEC.dbb 
PNNL-2D-NL-AY-UBS-BEC.emat 
PNNL-2D-NL-AY-UBS-BEC.err 
PNNL-2D-NL-AY-UBS-BEC.esav 
PNNL-2D-NL-AY-UBS-BEC.full 
PNNL-2D-NL-AY-UBS-BEC.ldhi 
PNNL-2D-NL-AY-UBS-BEC.log 
PNNL-2D-NL-AY-UBS-BEC.mntr 
PNNL-2D-NL-AY-UBS-BEC.osav 

11/22/2005 10:34 AM 
11/22/2005 10:35 AM 
11/22/2005 10:35 AM 
11/22/2005 10:35 AM 

158,208 
158,208 
158,208 
158,208 

11/22/2005 10:35 AM 
11/22/2005 10:35 AM 
06/01/2005 01:17 PM 

158,208 
158,208 

1.708 
05/02/2005 02:19 PM 
09/28/2005 07:08 AM 
04/20/2005 01:14 PM 
10/31/2005 01:48 PM 

667 
6,183 
508 

2, 998 
10/31/2005 01:48 PM 
10/31/2005 01:46 PM 
10/31/2005 01:48 PM 

55,508,992 
55,508,992 
12.386.304 

12/16/2005 01:14 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:46 PM 

. .  
41, 918 

102,563,840 
27,852,800 

437,553 
12/16/2005 01:25 PM 
10/31/2005 01:48 PM 
10/31/2005 01:46 PM 

3, 654 
1,559 

102.563.840 
10/31/2005 01:47 PM 
10/31/2005 01:48 PM 
10/31/2005 01:32 PM 
10/31/2005 01:48 PM 

. .  
1,411 

103,546,880 
35,782,656 
57,671,680 

PNNL-2D-NL-AY-UBS-BEC.PVTS 
PNNL-2D-NL-AY-UBS-BEC.rOOl 
PNNL-2D-NL-AY-UBS-BEC.rdb 
PNNL-2D-NL-AY-UBS-BEC.rst 
PNNL-2D-UBS-BEC.BCS 
PNNL-2D-UBS-BEC.db 

10/31/2005 12:48 PM 
10/31/2005 12:50 PM 

2, 998 
35,913,728 

10/31/2005 12:48 PM 
10/31/2005 12:48 PM 
12/01/2005 09:37 AM 
10/31/2005 12:48 PM 
10/31/2005 12:48 PM 

. .  
55,771,136 
12,386,304 

42,821 
102,563,840 
27,852,800 

PNNL-ED-UBS-BEC.dbb 
PNNL-2D-UBS-BEC.emat 
PNNL-2D-UBS-BEC.err 
PNNL-2D-UBS-BEC.esav 
PNNL-2D-UBS-BEC.ful1 
PNNL-2D-UBS-BEC.ldhi 
PNNL-2D-UBS-BEC.loa 

10/31/2005 12:46 PM 
12/01/2005 09:37 AM 

912,753 
16.100 

10/31/2005 12:48 PM 
10/31/2005 12:46 PM 
10/31/2005 12:47 PM 
10/31/2005 12:48 PM 

1,559 
102,563,840 

451 
103,546,880 

10/31/2005 12:31 PM 
10/31/2005 12:48 PM 
10/31/2005 01:48 PM 

35,979,264 
57,671,680 

70.342 
11/22/2005 12:41 PM 
11/22/2005 12:42 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

74,240 
74,240 
2,728 
3,360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,728 
3,360 
2.728 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,360 
2,728 
3,360 
2,728 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,360 
2,728 
3.360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,728 
3,360 
2,728 
3,360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,728 
3,360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,728 
3,360 
2,728 
3,360 
2,728 
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10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,360 
2,728 

Primary~Cont-36th.OUT 
Primary~Cont-45max.OUT 
Primary~Cont-45th.OUT 
Primary~Cont-54max.OUT 
Primary~Cont-54th.OUT 
Primary~Cont-63max.OUT 
Primary~Cont-63th.OUT 
Primary~Cont-72max.OUT 
Primary~Cont-72th.OUT 
Primary~Cont-8lmax.OUT 
Primary~Cont-8lth.OUT 
Primary~Cont-90max.OUT 
Primary~Cont-90th.OUT 
Primary~Cont-99max.OUT 
Primary~Cont-99th.OUT 
Primary~Cont-9max.OUT 
Primary-Cont-9th.OUT 
Primary-Props-AY.txt 
Primarv. txt 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,360 
2,728 
3.360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,728 
3,360 
2,728 
3,360 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

2,728 
3,360 
2.728 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

3,360 
2,728 
3,360 
2,728 

10/31/2005 01:49 PM 
10/31/2005 12:18 PM 
09/27/2005 03:52 PM 

3,488 
5,549 
1.538 

10/31/2005 01:32 PM 
10/14/2005 11:18 AM 
10/31/2005 10:31 AM 
10/31/2005 01:31 PM 

385,204 QA.out 
40,851 RS-OUT-Concrete.txt 
1,108 RS FREQ. txt 
1,971 Run-Tank.txt 

0 scratch.hlp 
595 Shortcut to P N N L - 2 D - N L - A Y - U B S - B E C - G r a v I t y . l n k  

1.053 Slave.txt 

12/16/2005 01:14 PM 
12/02/2005 11:38 AM 
02/11/2005 01:22 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

9,896 
13,160 
9,896 

13,160 

SO~l~COntact~l08max.OUT 
Soil~Contact-lO8th.OUT 
Soil-Contact 117max.OUT 
S01l~C0nta~tI117th.OUT 
SOII~COntact-126max.OUT 
Soil-Contact 126th.OUT 

11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

9,896 
13,160 

11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

9,896 
13,160 
9,896 

13,160 
9,896 

11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

13,160 
9.896 

11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

13,160 
9,896 

13,160 
9,896 

11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

13,160 
9,896 

13.160 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

9,896 
13,160 
9,896 

13,160 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

9,896 
13,160 
9.896 

11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

13,160 
9,896 

13,160 
9,896 

11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

13,160 
9,896 

13.160 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

9,896 
13,160 
9,896 

13,160 
11/28/2005 03:14 PM 
11/28/2005 03:14 PM 

9,896 
13,288 

10/13/2005 08:19 AM 5,016 
10/31/2005 01:51 PM 223,744 
10/31/2005 01:51 PM 223,744 

10/31/2005 12:21 PM 1,934 
10/31/2005 01:30 PM 1, 917 
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10/31/2005 11:02 AM 
10/14/2005 11:18 AM 

3,363 
2,061 

10/31/2005 10:17 AM 
09/06/2005 06:49 AM 
06/20/2005 09:04 AM 

3,551 
1,287 

647 
679 06/20/2005 08:52 AM 

10/31/2005 01:54 PM 
10/31/2005 01:54 PM 
10/31/2005 01:54 PM 

~~ 

354,816 
358,912 
352,768 

10/31/2005 Ol:55 PM 
10/31/2005 Ol:55 PM 
10/31/2005 Ol:55 PM 

354,816 
358,400 
352.768 

09/02/2005 08:51 AM 
09/02/2005 08:51 AM 
09/02/2005 08:50 AM 
10/31/2005 01:49 PM 

707 
705 
720 

6,110 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8.134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6.110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6,110 
8,134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6.110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8,134 
6,110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8.134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
09/02/2005 08:52 AM 
10/31/2005 01:49 PM 

6,110 
8,262 

544 
6,110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8.134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6,110 
8,134 
6,110 
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10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8.134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6,110 
8,134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6.110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,262 
6.110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6,110 
8,134 

strain~ltI17lmax~t.ouT 
Strain~lt-171th~t.OUT 
Strain~lt-18Omax~t.OUT 
Strain-lt 180th-t.OUT 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6.110 

Strain-ltIl8max-t .OUT 
Strain-lt-18th-t.OUT 
Strain~lt-27max~t.OUT 
Strain-lt-27th-t.OUT 
Strain~lt-36max~t.OUT 
Strain-lt-36th-t.OUT 
Strain~lt-45max~t.OUT 
Strain-lt-45th-t.OUT 
Strain~lt-54max~t.OUT 
Strain-lt-54th-t.OUT 
Strain~lt-63max~t.OUT 
Strain-lt-63th-t.OUT 
Strain~lt-72max~t.OUT 
Strain-lt-72th-t.OUT 
Strain~lt-8lmax~t.OUT 
Strain-lt-8lth-t.OUT 
Strain~lt-90max~t.OUT 
Strain-lt-90th-t.OUT 
Strain~lt-99max~t.OUT 
Strain-lt-99th-t.OUT 
Strain-lt-9max-t.OUT 
Strain-lt-9th-t.OUT 
stress-compb.txt 
stress-compm.txt 
StreSs-compt.txt 
Stress-Primary.txt 
Stress~pt-lO8max~b.OUT 
Stress~pt-lO8max~m.OUT 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8,134 
6,110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8.134 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6.110 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,134 
6,110 
8,134 
6,110 
8,262 

692 
10/31/2005 01:49 PM 
09/08/2005 10:18 AM 
09/08/2005 10:18 AM 
09/08/2005 09:20 AM 
04/13/2005 07:38 AM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

692 
692 
205 

16,291 
16,291 
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10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,210 
21,714 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21, 630 
16.291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,291 
16,210 
21,714 
21,714 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21, 630 
16,291 
16.291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,210 
21,714 
21,714 
21, 630 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,291 
16,291 
16.210 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21,714 
21, 630 
16,291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,291 
16,210 
21.714 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21, 630 
16,291 
16,291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,210 
21.714 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21, 630 
16,291 
16,291 
16,210 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21.714 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21, 630 
16,295 
16,295 
16,214 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21,714 
21. 630 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,295 
16,295 
16,214 
21,714 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21, 630 
16.291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,291 
16,210 
21,714 
21,714 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21, 630 
16,291 
16.291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,210 
21,714 
21,714 
21, 630 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,291 
16,291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,210 
21,714 
21,714 
21, 630 
16,291 
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10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,291 
16,210 

Stress~pt-45max~m.OUT 
Stress~pt-45max~t.OUT 
Stress-pt-45th-b.OUT 
Stress-pt-45th-m.OUT 
Stress-pt-45th-t.OUT 
Stress~pt-54max~b.OUT 
Stress~pt-54max~m.OUT 
Stress~pt-54max~t.OUT 
Stress-pt-54th-b.OUT 
Stress-pt-54th-m.OUT 
Stress-pt-54th-t.OUT 
Stress~pt-63max~b.OUT 
Stress~pt-63max~m.OUT 
Stress~pt-63max~t.OUT 
Stress-pt-63th-b.OUT 
Stress-pt-63th-m.OUT 
Stress-pt-63th-t.OUT 
Stress~pt-72max~b.OUT 
Stress~pt-72max~m.OUT 
Stress~pt-72max~t.OUT 
Stress-pt-72th-b.OUT 
Stress-pt-72th-m.OUT 
Stress-pt-72th-t.OUT 
Stress~pt-8lmax~b.OUT 
Stress~pt-8lmax~m.OUT 
Stress~pt-8lmax~t.OUT 
Stress-pt-8lth-b.OUT 
Stress-pt-8lth-m.OUT 
Stress-pt-8lth-t.OUT 
Stress~pt-90max~b.OUT 
Stress~pt-90max~m.OUT 
Stress~pt-90max~t.OUT 
Stress-pt-90th-b.OUT 
Stress-pt-90th-m.OUT 
Stress-pt-90th-t.OUT 
Stress~pt-99max~b.OUT 
Stress~pt-99max~m.OUT 
Stress~pt-99max~t.OUT 
Stress-pt-99th-b.OUT 
Stress-pt-99th-m.OUT 
Stress-pt-99th-t.OUT 
Stress-pt-9max-b.OUT 
Stress-pt-9max-m.OUT 
Stress-pt-9max-t.OUT 
Stress-pt-9th-b.OUT 
Stress-pt-9th-m.OUT 
Stress-pt-9th-t.OUT 
Tank~C00rdinateS~AY.txt 
Tank-Meshl. txt 
tank-out. out 
Tank-Props-BEC-25O.txt 
Tank-th.out 
TH-266-UB-Geo-V.txt 
TH-266-UB-Geo.txt 
Waste~Cont~lO8max.OUT 
Waste-Cont-lO8th.OUT 
Waste~Cont-ll7max.OUT 
Waste-Cont-ll7th.OUT 
Waste~Cont-126max.OUT 
Waste-Cont-lE6th.OUT 
Waste~Cont-135max.OUT 
Waste-Cont-135th.OUT 
Waste~Cont-144max.OUT 
Waste-Cont-144th.OUT 
Waste~Cont-153max.OUT 
Waste-Cont-153th.OUT 
Waste~Cont-162max.OUT 
Waste-Cont-162th.OUT 
Waste~Cont-17lmax.OUT 
Waste-Cont-17lth.OUT 
Waste~Cont~l8Omax.OUT 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21,714 
21. 630 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,291 
16,291 
16,210 
21,714 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21, 630 
16.291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,291 
16,210 
21,714 
21,714 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21, 630 
16,291 
16.291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,210 
21,714 
21,714 
21, 630 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,291 
16,291 
16.210 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21,714 
21, 630 
16,291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,291 
16,210 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21,714 
21, 630 
16,291 
16,291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,210 
21.714 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

21,714 
21, 630 
16,291 
16,291 

10/31/2005 01:48 PM 
10/31/2005 01:48 PM 
10/31/2005 01:48 PM 

16,210 
21,842 
21.842 

10/31/2005 01:48 PM 
10/31/2005 12:13 PM 
05/25/2005 03:32 PM 
10/31/2005 01:31 PM 

21,758 
3,825 
2,512 
102 

02/25/2005 02:24 PM 
10/31/2005 01:32 PM 
05/16/2005 03:42 PM 

5,406 
4, 697 
41.472 

05/16/2005 08:45 AM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

41,391 
8,236 
8,820 
8,236 
8,820 
8,236 
8.820 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,236 
8,820 
8,236 
8,820 
8,236 
8,820 

10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 
10/31/2005 01:49 PM 

8,236 
8,820 
8,236 
8,820 
8,236 
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10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 
10/31/2005 

01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
01:49 
11:46 
12:Ol 

PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
AM 
PM 
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8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8, 948 

328 
3,265 

Waste-Cont-18Oth.OUT 
Waste-Cont-18rnax.OUT 
Waste-Cont-18th.OUT 
Waste-Cont-27rnax.OUT 
Waste-Cont-27th.OUT 
Waste-Cont-36rnax.OUT 
Waste-Cont-36th.OUT 
Waste-Cont-45rnax.OUT 
Waste-Cont-45th.OUT 
Waste-Cont-54rnax.OUT 
Waste-Cont-54th.OUT 
Waste-Cont-63rnax.OUT 
Waste-Cont-63th.OUT 
Waste-Cont-72rnax.OUT 
Waste-Cont-72th.OUT 
Waste-Cont-8lrnax.OUT 
Waste-Cont-8lth.OUT 
Waste-Cont-90rnax.OUT 
Waste-Cont-90th.OUT 
Waste-Cont-99rnax.OUT 
Waste-Cont-99th.OUT 
Waste-Cont-9rnax.OUT 
Waste-Cont-9th.OUT 
Waste-Reaction.txt 
Waste-solid-AY.txt 

667 F i l e j s )  1,129,934,300 bytes 
2 D i r j s )  78,397,296,640 bytes free 
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Tneoretica Flrb Response br Checked by 0 G Carpenler 
SmplTcdAY FexbsWallTan~al M6D Profevlonal Semces 
422 m +Vme Level. Umer Bo-nd 

SUI 

H, 4222.h Baseline msle level as modeled in ANSYS 

yi4M).io Height lo prirnarytanktangent line 

~ HI -0.92 Ratio of waste height 10 tank height 
% 

&= 450 Tank radius 

Ratio ofwaste height lo tank radius HI ~ = 0.94 

i:-0..2 

1.841) 
h:-  5.331 I BeSSelfllnCtlm M t S  I 8.536) 

Circumferential IoCdtion ofwaste elements for which pressures are rewrted 

90.e) 

0.19) 
Fin1 three cmv&tlve frequencies 

0.43) 

G.73 
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I:= 

Calculation of ImpUlSiYe Frequency: 
2 

0,-7.35.10-~.* Steel density 
. 4  

Average thickness of AY over 1-r 213 &:= 0.65 jn 

24.5.h ) 
50.5.i" 

77.5.11 

104.5.i" 

131.45i0 

156.35.k 

179.3.i" 

ZM.3.in 

225.65.m 
25I.h 
278.;. 

30%. 
332.h 

359.5" 

386.5.h 

Vertical location of element cenlroids at which pressures 
are reponed. 

,410.75.i") 

4:- 29.106.'br 
2 

Elastic modulus for steel 

Table 4.4 of BNL 1995. Hinged top support condition - estimated for H{H,-O.92 Cbd:= 0.102 

C, = 0.09 Impulsive weffident fwfrequency calculation 

8.5.5 ANSYS Results 

G.74 
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Prepared by: F.G. Abatt Theoretical Fluid R ~ ~ p o n ~ e  for Checked by: 0.0. Carpenter 
M&D Professional Services SlmpllRed AY Flexible Wall Tank at M&D Profesional Sewices 
12112105 422 in. Waste Lewi, Upper Bwnd lllOlO6 
Rev. 3 so11 

Ratio of tank wall vemcal looation to waste height forwaste element 
centroids. 

Determine convBc6ve coefficients as a fundon of dimemianless height 
per BNL 1995 Eqn. 4.4 

G.75 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Prepared by F.G.AbaU TheoreUcal Fluid R-onsefor Checked by: B.G. Camenter 
M&D PmfeSS(0Mi Sewices Simplified AY Flexible Wall Tanka1 M6D Professional Services 

Rev. 3 Soil 
12112N5 422 in. Waste L-I, Upper Bwnd lll(lH16 

Impulsive pressure coefficient as a funcum of dimensionless wall height 

+,):= 1 -wndn,)-i~~,(*,)--*(113 BNL 1995 Eqn. 4.7 
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Prepared by: F.G. Aban 
M a  Pmfesiwal Sewices 

Rev. 3 soil 

T h m b l  Fluid Response for 
Simplified AY Flexible Wall Tankat 

Checked by: 8.0. Carpenter 
M&D Professional Selvices 

i 2 m m  422 in. WaSte Level, Upper Bound l l iW06  

Calculate maximum values of dynamic wall pressures 

Consider the lint ihres convective modes 

 SA<^:= 0.062.% s h  = 23.96'" 
2 

m 

s*f, =41.73i" 
2 

0.5% Dome RS from Spectr 
I- 

s% = 62.98-n 
2 ,= 

Determine the spectral a-leration fwihe impulsive mode. 

G.77 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 
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Maximum impulsive dynamic pressures at 
theta = 0. 

Maximum convedive dynamic pressures a1 
Uleta = 0. 
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Maximum total dynamic pressure at 
theta = 0. 

Maximum total dynamic pressure at 
theta = 45 degrees. 
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Maximum total dynamic pressure at 
theta = 90 degrees. 

-t 

0.837) 

0.028) 

Maximum value of m M w  mmcienls at q,=i 

8 
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p 
The maximurn hydrodynamic fm induced on the tank wall is given by Eqn. 4.31 of BNL 1995 
with the instantaneous accelerations replacea by the miujrnum specbal accelerations. First 
determine me effeclive impulsive and conveCtive masses. 

rnlwx=4.27x lo4% 2 Total waste mass base on circularcylinds 
appioximafim. 

2 
ml:-4.27x lo4.* Aclual was18 mass reparted by ANSYS model. 

2 
mCl = 622.94- 

io 

ne2= 148.46"" 1" 

m, := n, ~ (ma * ne, + mcJ Impulsive mass 

4 Ibr-2 m,=2.2Sxlo  - 
M 

9 

G.81 
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VmU~=mySAj +m&Aa+m.l 3Av, +m&ACz 

6 
Conservative eslimate of maximum hydrodynamic force F-= 3 . 8 ~  10 ibr 

The above expressh is a m m u v e  eslimate bE€ause it assumes mat the peak impulsive and 
mnvedive forces occur simultaneously. A less conservslive estimate can be made via a 
squarB-r001-SUmQf-thB-Squares (SRSS) combination. 

rss=3.34x 10 6 Ibf SRSS estimate of peak hydrodynamic force 

Fm":= /(mc&) 2 t (mclSA,,)Z+ (m&.,) 2 

F~ - 4 . 6 6 ~  10Slbf Peak hydrodmamic farce due m conVeCSve effects Only 

Cansider Vedcal Excitation: 

Calculate the axisymmetric breathing mode heguencyfor the tank 

~ , ~ : = 0 . 0 8 8  Table4.17 BNL 1995 

c,=O.O81 

5:; 4.9 

SA*= 139.1-" 
2 

Val. Haunch 4 % RS fmm S p e d  SAv?0.36r 
S C  

The maximum dynamic wall pressure as a fundion d lhe dimenrimless vertical distance 
if given by 

10 
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Prepared by: F.G. Ab* 
M&D Fmfessimal Sewices 

Rev. 3 Soil 

Theoretical Fluid Response lor 
SimpliRed AY Flexible Wall Tank Bt 

Checked by: 8.0. Carpenter 
M8D Fmle6sioneI Sewices 

1 ~ ~ 2 1 0 5  422 In. Waste Level, Upper bund lltWC6 

Estimafed fmm Figure 4.7 BNL 1995 
0.28 0.54 

c- , , ,~~,~:-  0.72 wmemsr:= 0.46 

The m i m u m  bare pressures at the outer and center elements are given by 
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12112~05 422 m Wane -eve1 Jppei Bomo 1~10100 
Rev 3 SO I 

Determine me maximdm vB(tlca1 force gn me bo- 

,", . II 102 ,., 
m, - 0 198 lo, 

Component of was18 mass Partlcoaung rn rne rno~~on of tne m h  baSe 

Comwnenl d was18 mass ParUcpaung m me mOIIOn d tne mnh WB 

BNL Table 4 17 

Eqn. 4.57 BNL 1995 modified for 
maximum respotwe per p. 4-34 
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Appendix H 

Best Estimate Soil 
Fully Cracked Concrete 

Results 
Load Case Specific Input Files 

File Listing 
Theoretical Waste Pressure Calculation 
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Appendix H 

Best Estimate Soil 
Fully Cracked Concrete 

Results 
Load Case Specific Input Files 

File Listing 
Theoretical Waste Pressure Calculation 

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

ANSYS MAXIMUMS BY PATH 

Note: MetidoraaUHOgr Forces and MendOnaUHwp bhrmds are Rtrversed in Hignighted Seclionr 

Paw 1 
AY.ZD-NL.BES.FCC Cone Tank Demand Graully.xls. FM Max 

Figure H.1. BES-FCC Concrete Forces and Moments, Gravity Load Only 

H. 3 
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lllWM06. 12:s PM 

AY- Primary Tank, Best Estimate Soil (Geomatrix), Fully Cracked Concrete, 
422 in. Waste Level at 1.7 SpG 

hMSYS MAXIMUMS BY PATH 

CWsersWRloe\RBrucerPFlNL E D~,e~NNL-20-NL-AYBES-FCC-Seism~~Y-2D-N-BE~FCC Cww: Tam D m n c  Seisrnkrls 
Pago 1 

Figure H.2. BES-FCC Concrete Forces and Moments, Gravity Plus Seismic Load 

H .2 
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lllWM06. 1253 PM 

AY- Primary Tank, Best Estimate Soil (Geomatrix), Fully Cracked Concrete, 
422 in. Waste Level at 1.7 SpG 

hMSYS MAXIMUMS BY PATH 

I I I I I I I  

C-\Users\BruceEISRPNNL E Driue\PNNL-2PNL-AY-BEG-FCC-Geisrric\AY-2D-NL-BES-F~ Cow Tank Dernend S m i c  Orly-rls 
Pago 1 

Figure H.3. BES-FCC Concrete Forces and Moments, Seismic Load Only 
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AY Primary Tank, Best Estimate Soll, Gravtty Input, Fully Cracked Tank Concrete, 

Shear SVessw am Reversed in H i V  

AY-2D.NL-BES-FCC Ri Tank %s Graviry.ls, stress Max 

Figure H.4. BES-FCC Primary Tank Stresses, Shell Top, Gravity Load Only 

H.4 
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AY.2D-NL-BES-FCC RI Tank S k e s  Grakity.xls, Stms Max 

Figure H.5. BES-FCC Primary Tank Stresses, Shell Middle, Gravity Load Only 

H.5 
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AY Primary Tank, Best Estimate Soil, Gravity Input, Fully Cracked Tank Concrete, 

AY.2D-NL-BES-FCC RI Tank S k e s  Grakity.xls, Stms Max 

Figure H.6. BES-FCC Primary Tank Stresses, Shell Bottom, Gravity Load Only 

H.6 
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AY Prlmary Tank, Best Estimate SolI, Horlzontal and Vertlcal Selsmlc Input, Fully 
Cracked Tank Concrete, 422 in. Waste Level at 1.7 SpG 

Shell Top Surface (inside - waste aide) 

HLD 

H&D AY-NL-BES+CC AYNL-BES-FCC Sdpmlc S m  Soipmic h-Plano Solpmic h-Plane Qplpmjc Thru- 
Slmlng AY-NL-BE&FOC AY-NL-BE== AY-NL-BE&FCC AY-NL-BES-FCC 

;P*BSSBs are Revers%d in Highlights 

AY-2D.NL.BES.FCC Pri Tmk Stress Seismic.&, Stms Max 

Figure H.7. BES-FCC Primary Tank Stresses, Shell Top, Gravity Plus Seismic Load 

H.7 
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AY-2D.NL.BES.FCC Pri Tmk Stress Seismic.&, Stms Max 

Figure H.8. BES-FCC Primary Tank Stresses, Shell Middle, Gravity Plus Seismic Load 

H.8 
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AY Prlmary Tank, Best Estimate SolI, Horlzontal and Vertlcal Selsmlc Input, Fully 
Cracked Tank Concrete, 422 in. Waste Level at 1.7 SpG 

Shell Bottom Surface (outside - away frm waste) 

HLD 

H&D AY-NL-BES+CC AYNL-BES-FCC Sdpmlc S m  Soipmic h-Plano Solpmic h-Plane Qplpmjc Thru- 
Slmlng AY-NL-BE&FOC AY-NL-BE== AY-NL-BE&FCC AY-NL-BES-FCC 

;P*BSSBs are Revers%d in Highlights 

AY-2D.NL.BES.FCC Pri Tmk Stress Seismic.&, Stms Max 

Figure H.9. BES-FCC Primary Tank Stresses, Shell Bottom, Gravity Plus Seismic Load 
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AY Primary Tank, Besl Estimate Soil, Horizontal and Vertical Seismic Input, Fully 

AY-2D.NL-EES-FCC Prl TankSWs Ssismic Only.&, Stms Max 

Figure H.10. BES-FCC Primary Tank Stresses, Shell Top, Seismic Load Only 

H. 10 
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AY Primary Tank, Besl Estimate Soil, Horizontal and Vertical Seismic Input, Fully 

y TET 1362 ~ 4 . 6 5  r n 2 8  
1382 1W.78 9092.56 
14GZ lIIIIc" 14W.42 52.70 

1 are Reversed in Highlig 

r I  
I 

AY-2D.NL-EES-FCC Prl TankSWs Ssismic Only.&, Stms Max 

Figure H.11. BES-FCC Primary Tank Stresses, Shell Middle, Seismic Load Only 

H . l l  
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Figure H.12. BES-FCC Primary Tank Stresses, Shell Bottom, Seismic Load Only 
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Shell 
M6D Meen AWage Shear Axial Displacement Displacement Displacement 

J-Bolt J-Boll Bolts per Bolt Angle StillneSS Stiffness UBS-BEC- UBS-BEC- UBS-BEC- 
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Radius10 I 390.22 I 361.64 I 40G.24 I 5.36 I 0.52351 18211 20061 0.020531 0.001071 0.00276 
Radius 1 1  I 422.26 I 4W.24 I 431.63 I 3.60 I 0.69381 19131 19331 0.020851 0.001041 0.00345 
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Figure H.13. BES-FCC J-Bolt Forces, Gravity Load Only 

AYPD-NL-BES-FCC J Bolt Forces Gravily.xls, Forces 
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naa,us, 
Radius8 
Radius9 
Radius 10 
Radius11 

AY Primary Tank, Best Estimate Soil, Horizontal and Vertical Seismic Input, Fully 
Cracked Tank Concrete, 422 in. Waste Level at 1.7 SpG 

ANSYS MAXIMUMS BY RADIUS 

LJ/.>J i J . / Y  2,U.YS 3.3" ".LIJI) 1 bYIJ 21 I2 U."L"D> ".""U?,D ".""LJI) 

304.43 270.98 316.74 4.04 0.3076 1725 2132 0.02247 -0.00230 0.00304 
333.05 316.74 361.64 4.37 0.3613 1746 2086 0.02447 400044 0.00569 
390.22 361.M 406.24 5.36 0.5235 1821 2006 0.02878 -0.01180 0.00901 
422.26 40624 431.63 3.60 0.6938 1913 1933 0.03373 -0.01429 0.01383 

Figure H.14. BES-FCC J-Bolt Forces, Gravity Plus Seismic Load 
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333.05 318.74 361.64 4.37 4 3 1 4  0.692 1.025 117 1.005 117 1.435 
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Figure H.15. BES-FCC J-Bolt Forces, Seismic Load Only 

Radius of J-Bolts 
Shear Axial Min Axial Max 

Mean Average Shear Axial Displacement Displacement Displacement 
J-Bolt soits per Bolt Angle Stillness Stillness BES-FCC- BES-FCC- BES-FCC- 
Radius mi? max Element (Rad) (kipnt) (kipnt) Seismic Only Seismic Only Seismic Only 
44.72 22.36 6729 0.55 0.0351 1667 2222 0.02874 -0.00183 0.00047 
89.87 67.29 104.93 0.89 0.0715 1670 2219 0.02370 -0.00079 0.00048 
120.00 104.93 135.98 1.03 0.0968 1873 2215 0.02225 -0.00167 0.00053 
151.97 135.98 181.01 1.97 0.1252 1677 2207 0.01830 -0.00099 0.00090 
210.05 181.01 223.79 2.41 0.1825 1688 2192 0.01042 -0.00050 0.00037 
237.52 223.74 270.48 2.30 0.2136 !696 2172 0.00598 -0.00072 0.00102 
304.43 270.98 318.74 4.04 0.3076 1725 2132 0.00694 -0.00271 0.00259 
333.05 316.74 361.64 4.37 0.3613 1746 2086 0.00987 -0.00180 0.00398 
390.22 361.64 406.24 5.36 0.5235 1821 2006 0.01617 -0.01287 0.00625 
422.26 406.24 431.63 3.60 0.6938 1913 1933 0.02457 dl01533 0.01038 
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Figure H.16. BES-FCC Secondruy Liner Strain, Shell Top, Gravity Load Only 
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AY-2D-NL-BES-FCC Liner Strain Gravlhj.ds, Strain Max 

Figure H.17. BES-FCC Secondaq Liner Strain, Shell Middle, Gravity Load Only 
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AY-PD-NL-BES-FCC Liner Strain Gravlhj.ds, Strain Max 

Figure H.18. BES-FCC Secondaq Liner Strain, Shell Bottom, Gravity Load Only 

H.18 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

AY Secondarv Liner. Best Estimate Soil. Horizontal and Vertical Inout. Full Cracked Tank 
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AY-PD-NL-BES-FCC Liner Strain Seiamio.ds, Strain Max 

Figure H.19. BES-FCC Secondruy Liner Strain, Shell Top, Gravity Plus Seismic Load 
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Figure H.20. BES-FCC Secondaq Liner Strain, Shell Middle, Gravity Plus Seismic Load 
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Figure H.21. BES-FCC Secondruy Liner Strain, Shell Bottom, Gravity Plus Seismic Load 
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Figure H.22. BES-FCC Secondaq Liner Strain, Shell Top, Seismic Load Only 
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Figure H.23. BES-FCC Secondaq Liner Strain, Shell Middle, Seismic Load Only 
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Figure H.24. BES-FCC Secondruy Liner Strain, Shell Bottom, Seismic Load Only 
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Figure H.25. BES-FCC Concrete WallKooting Contact Forces, Gravity Load Only 
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Figure H.26. BES-FCC Concrete WalVFooting Contact Forces, Gravity Plus Seismic Load 

H.26 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Tank AY, 422 inch Waste Lwei 

Best Estimate Soil 
Fuiiy Cracked Concrete 

SpG=l .7  

Venicai Venicai Shear Y Shear Y Shear X Shear X Shear Y Shear X Shear 
Min AY- Max AY- Min AY- Max AY- Min AY- Max AY- Max AY- Max AY- Max AY- Vertical Force Vellicai Force 
BES-FCC BES-FCC BES-FCC BES-FCC BES-FCC BES-FCC BES-FCC BES-FCC BES-FCC Max AY-BES- Min AY-BES 
Seismic Seismic Seismic Seismic Seismic Seismic Seismic Seismic Seismic FCC Seismic FCC Seismic 

Ag ie  oniv oniv oniv Only oniv oniv 0"i" oniv oniv oniv oniv 
0 
9 

18 
27 
36 
45 
54 
63 
72 
81 
90 
99 

108 
117 
126 
135 

153 
162 
171 
180 

... 
I *L) 

-33.60 
-67.10 
-66.70 
-66.20 
-65.50 
-64.70 
-63.70 
-62.60 
-61.40 
-60.00 
-58.70 
-57.40 
-56.00 
-54.80 
-53.80 
-52.80 
-52.00 
-51.30 
-51.40 
-52.30 
-26.30 

51.00 
101.00 
98.40 
94.30 
88.70 
81.90 
74.70 
70.60 
66.90 
63.70 
61.60 
60.40 
62.50 
64.90 
66.10 
66.00 
65.00 
66.60 
67.80 
68.30 
34.10 

0.00 
-19.89 
-37.49 
-51.40 
-60.55 
-64.07 
-61.43 
-52.72 
-38.58 
20.22 

-2.19 
-19.24 
-36.08 
-49.14 
-57.17 
-59.56 
-56.25 
-48.03 
~35.19 
-18.72 

0.00 

0.00 
19.69 
37.00 
50.54 
59.26 
62.30 
59.28 
50.44 
36.63 
19.22 
2.08 

21.71 
40.90 
55.97 
65.18 
67.73 
63.39 
53.78 
39.08 
20.72 
0.00 

-6.14 
-18.77 
-26.73 
-39.96 
-57.31 
-76.58 
-95.88 

-113.25 
-126.99 
~135.69 
-138.37 
-134.76 
-125.18 
-110.63 

-93.03 
-74.03 
-55.42 
-39.05 
~26.19 
-18.03 
-7.80 

9.34 
21.47 
30.25 
44.15 
61.95 
82.01 

102.56 
121.75 
137.61 
148.41 
152.63 
150.03 
140.72 
125.27 
105.45 
83.66 
62.33 
43.51 
28.92 
19.83 
8.48 

0.00 
3.11 
5.86 
8.03 
9.46 

10.01 
9.60 
8.24 
6.03 
3.16 
0.34 
3.39 
6.39 
8.75 

10.18 
10.58 
9.95 
8.40 
6.11 
3.24 
0.00 

2.92 
3.35 
4.73 
6.90 
9.68 

12.81 
16.02 
19.02 
21.50 
23.19 
23.85 
23.44 
21.99 
19.57 
16.48 
13.07 
9.74 
6.80 
4.52 
3.10 
2.65 

2.92 
4.57 
7.53 

10.59 
13.53 
16.26 
18.68 
20.73 
22.33 
23.40 
23.85 
23.69 
22.90 
21.44 
19.37 
16.82 

10.81 
7.60 
4.48 
2.65 

.^ ̂̂  
I.XilL 

-10.50 
-10.48 
-10.42 
-10.34 
-10.23 
-10.11 
-9.95 
-9.78 
-9.59 
4 3 8  
-9.17 
-8.97 
-8.75 
-8.56 
-8.41 
-8.25 
-6.13 
-8.02 
~8 .03  
-8.17 
-8.22 

15.94 
15.78 
15.38 
14.73 
13.86 
12.80 
11.67 
11.03 
10.45 
9.95 
9.62 
9.44 
9.77 

10.14 
10.33 
10.31 

10.41 
10.59 
10.67 
10.66 

."," 
I U I U  

Figure H.27. BES-FCC Concrete WalVFooting Contact Forces, Seismic Load Only 
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Figure H.28. BES-FCC SoiKoncrete Tank Contact Forces, Gravity Load Only 
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Figure H.29. BES-FCC SoiKoncrete Tank Contact Forces, Gravity Plus Seismic Load 
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Figure H.30. BES-FCC SoiVConcrete Tank Contact Forces, Seismic Load Only 

H.30 



r 

RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Tank AY. 422 Inch Waste Level 
SpG=1.7 

Best Estimate Soil 
Fully Cracked Concrete 

AY-ZD-NL-BES-FCC-J-80lt-Contact-Gravityxl~, FM Max M&D Professional Selvices Confidential 
1/16/2006 Page 1 

Figure H.31. BES-FCC Primary TanUConcrete Dome Contact Forces, Gravity Load Only 
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Figure H.32. BES-FCC Primary TankKoncrete Dome Contact Forces, Gravity Plus Seismic Load 
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Figure H.33. BES-FCC Primruy Tank/Concrete Dome Contact Forces, Seismic Load Only 
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Max Pressure Min Pressure Max Lateral Min Lateral 

TanWlnsulatlng TanWlnSulatlng Primary Tank I Primary Tank I Insulating 
Primary Primary Displacement Displacement 

Concrete AY Concrete AY Insulating Concete AY Concete AY 
Gravity (PSI) Gravity (PSI) Gravity (Inches) Gravity (Inches) . .. ... . . . . . . .. . . . . . . . - 

26.014 I 25.938 I 0.000198 I 0.000193 
26.208 I 26.104 I 0.000162 0.000159 
25.438 I 25.250 I 0.000082 I 0.000077 
29.319 I 28.722 I 0.000171 0.000167 

AY-2D-NL-BES-FCC-Piimary-Contact-Gravity~l~, FM Max M&D Professional Selvices Confidential 
Ill 612006 Page 1 

Figure H.34. BES-FCC Primruy Tank/Insulating Concrete Contact Forces, Gravity Load Only 
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Figure H.35. BES-FCC Primruy Tank/Insulating Concrete Contact Forces, Gravity Plus Seismic Load 
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Figure H.36. BES-FCC Primary Tank/Insulating Concrete Contact Forces, Seismic Load Only 
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Figure H.37. BES-FCC Insulating Concrete/Secondary Liner Contact Forces, Gravity Load Only 

H.37 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Max Pressure 
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SpG=1.7 

Upper Bound Soil 
Best Estimate Concrete 

Max Lateal Mln Lateral 
Min Pressure Displacement Displacement 

Insulating Insulating Insulating 

daw Liner AY Liner AY Liner AY 
Concrete/SeCDn CDncretei%2DndaQ Concrete/SecOndaQ 

199.25 I 31.576 I 21.049 I 0.003566 I 0.000103 
154.95 I 31.639 I 21.611 I 0.002642 0.0001 12 
112.80 I 31.319 I 21.688 I 0.002161 I 0.000032 
0585 I 31.326 I 21.972 I 0.001818 0.000024 
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Figure H.38. BES-FCC Insulating ConcretelSecondaq Liner Contact Forces, Gravity Plus Seismic Load 
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Figure H.39. BES-FCC Insulating ConcretelSecondaq Liner Contact Forces, Seismic Load Only 
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Figure H.40. BES-FCC Waste Contact Pressures, Gravity Plus Seismic Load 
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Figure H.41. BES-FCC Waste Surface Displacement, Gravity Plus Seismic Load 
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Near-Soil-l.txt 

e t , 8 ,  s o l i d 4 5  ! use  
Element SOLID45 f o r  Near S o i l  Elements 
/ i n p u t ,  soil-prop-Mean-geo, t x t  ! Read 
so11 PrOper t l eS  

k s e l , u , k p , , l , k m a x i b  
Unse lec t  e x i s t i n g  Keypoints  
asel, u, area, ,  1, amax] b 
Unse lec t  e x i s t i n g  A r e a  
l s e l , u , l i n e , , l , l m a x i b  
unse1ec t  e x l s t l n g  LlneS 
vse1, ", V O l " ,  ,1, m a x w  
Unse lec t  e x i s t i n g  Volumes 

/COM ~ C r e a t e  Keypoints  t o  match Concrete  
t a n k  p r o f i l e  
*do, I ,  1, bm-kp 
k , h a x i b + i , c t x j i )  , O , c t r  1 1 )  
*enddo 

/COM ~ C r e a t e  Keypoints  above t o p  of  t a n k  
k, h a x i b t b m - k p t l ,  O,O,O ! Keypoint a t  

k,hax~b+bm~kp+2,0,0,soilr 12) ! Keypoint a t  
t o  d i v i d e  s o i l  above t a n k  
* g e t ,  KMAXtempl,KP, 0 ,  num,max ! G e t  maximum 
keypo in t  n u d e r  f o r  c o u n t e r  

/COM ~ C r e a t e  Kev130intS a t  o u t s i d e  of 

orlgln [ s u r f a c e )  

_ _  
excava ted  s o i l  
* d o , i , l ,  t a n k s o i l  
k , h a x t e m p l + i ,  soilx [I), 0 , s o i l r  1 1 )  
*enddo 
* g e t ,  KMAXternpZ,KP, 0 ,  num,max 

c o u n t e r  

/COM ~ C r e a t e  a d d i t i o n a l  keypo in t  in s o i l  
above t a n k  
k , h a x t e m p 2 + l , c t x 1 2 )  ,O,so~lzll) 
k ,hax temp2+2 ,  c t x  1 9 )  , 0 ,  soilr 11) 
k,haxtemp2+3,ctxj12),0,soilr 11) 
k , h a x t e m p 2 + 4 , c t x 1 2 )  ,O,soilr12) 
k ,hax temp2+5 ,  c t x  1 9 )  , 0 ,  soilr 12) 
k,haxtemp2+6,ctxj12),0,soilr 12) 
k,haxtemp2+7,ctxj12),0,soilr 13) 
k, hax tempZt8 ,  Ctx lbm-kptl) ,O, c t r  jbm-kptl) 

a, hax tempZt1 ,  hax tempZt2 ,  hax tempZt5 ,  h a x t e  
mp2t4 
a, hax tempZt2 ,  hax tempZt3 ,  hax tempZt6 ,  h a x t e  
mp2t5 
a, hax tempZt3 ,  h a x t e m p l t l ,  h a x t e m p l t 2 ,  h a x t e  
mp2t6 
a, h a x t e m p 2 t 4 ,  h a x t e m p 2 t 5 ,  h a x i b t 9 ,  h a x i b t 8 ,  
haxib+7,haxib+6,haxib+5,haxib+4,haxib+3 
,kmaxib+2!a,740,741,712,711,710,709,708,707, 
706,705 
a, h a x t e m p 2 t 5 ,  h a x t e m p 2 t 6 ,  h a x t e m p 2 t 7 ,  h a x i b  
t12, k m a x i b t l l ,  h a x 1 b t l O , h a x 1 b + 9  
a, h a x t e m p 2 t 6 ,  h a x t e m p l t 2 ,  h a x t e m p l t 3 ,  h a x t e  
mp2t7 
a, h a x t e m p 2 t 7 ,  h a x t e m p l t 3 ,  h a x t e m p l t 4 ,  h a x i b  
t12 
a, h a x i b t l 2 ,  h a x t e m p l t 4 ,  h a x t e m p l t i ,  h a x i b t l  
4 , h a x i b + l 3  

! G e t  maximum keypo in t  number f o r  

a, h a x i b t l 4 ,  h a x t e m p l t 5 ,  h a x t e m p l t b ,  h a x i b t l  
6 , h a x l b + l 5  
a, h a x i b t l 6 ,  h a x t e m p l t 6 ,  h a x t e m p l t 7 ,  h a x i b t l  
8 , h a x i b + l 7  
a, h a x i b t l 8 ,  h a x t e m p l t 7 ,  h a x t e m p l t 8 ,  h a x i b t 2  
0 , h a x i b + l 9  
a, h a x i b t 2 0 ,  h a x t e m p l t 8 ,  h a x t e m p l t 9 ,  h a x t e m p  
2 t 8 ,  kmaxibt22, h a x i b t 2 1  

c m , t o p ~ s o i l ~ a r e a , a r e a  
lsla 
c m , t o p - s o i l , l i n e  
type ,  1 
real, 1 

/COM ~ Define l i n e  d i v i s i o n s  t o  c o n t r o l  
meshing 
l s e l , s , l o c , r , s o l l r j l ) , ~ ~ ~ l ~ l 2 )  
l s e l , r , l o c , x , c t x l 3 )  , c t x  18) 
l e s l r e , a l l , , , l 4  ! so11 
above t a n k  top ,  match t a n k  meshing 
l s e l , s , l o c , r , s o l l r j l ) , ~ ~ ~ l ~ l 2 )  
Isel, r , 1 o c , x , c t x  110) , C t X  Ill) 
1 e s 1 r e , a 1 1 , , , 3  ! s o i l  above 
t a n k  top ,  match t a n k  meshing 
cmsel,s, t o p - s o i l  ! R e s e l e c t  
lines In near  so11 
Isel, r , 1 o c , x , c t x  12) 
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
Isel, S,lOC, X I  c t x  1 9 )  
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
Isel, r , 1 o c , x , c t x  112)  
1es1re,a11,,,2 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  above t a n k  
cmsel,s, t o p - s o i l  
l s e l , r , l o c , r , c t r l 2 ) , c t r  112)  
l s e l , r , l o c , x , c t x l 2 )  , C t X  112)  
1es1ze,a11,,,1 ! C o n t r o l  
v e r t i c a l  e l emen t  s i z e ,  o u t s i d e  e x c a v a t i o n  
mesh 
l s e l , s , l ~ n e , , l m a x ~ b + 8 , l m a x 7 b t 1 0 , 2  
l s e l , a , l ~ n e , , l m a x ~ b + 2 6 , l m ~ ~ ~ b + 2 8 , 2  
lsel,a,l~ne,,lmax1b+3O,lm~~1b+38,4 
l e s l r e , a l l , ,  ,9 
lsel,s,l~ne,,lmax1b+42,lm~~1b+42,4 
1 e s 1 r e , a 1 1 , , , 7  ! C o n t r o l  
h o r i z o n t a l  meshing in s o i l  
l s e l , s , l i n e , , l m a x i b + 9  
l s e l , a , l ~ n e , , l m a x ~ b + 2 5 , l m ~ ~ ~ b + 2 7 , 2  
lsel,a,l~ne,,lmax~b+29,lm~~~b+45,4 
1es1ze,a11,,,1 ! C o n t r o l  
h o r i z o n t a l  meshing in s o i l  
l s e l , s , l i n e , , l m a x i b + 6  
lsel,a,l~ne,,lmax~b+20,1m~~~b+21 
lsel,a,l~ne,,lmax~b+32,lm~~~b+44,4 
lsel,a,l~ne,,lmax~b+3l,lm~~~b+43,4 
lsel,a,l~ne,,lmax~b+47,lm~~~b+49 
1es1ze,a11,,,1 ! C o n t r o l  
meshing t o  match t a n k  
l s e l , s , l i n e , , l m a x i b + 4 6  
1 e s 1 r e , a 1 1 , , , 4  ! C o n t r o l  mesh 
s i z e  a t  bottom of excava ted  s o i l  

c m s e l , s , t o p ~ s o i l ~ a r e a  
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amesh ,a l l  ! Mesh area t c  
deve lop  p a t t e r n  for volume meshing 

type ,  8 
k s e l , a , k p , , l  ! S e l e c t  
Keypoint for r o t a t i o n  a x i s  
k s e l , a ,  kp, ,  ct-kps ! S e l e c t  
Keypoint for r o t a t i o n  a x i s  
v r o t a t , a l l , ,  , , , , l , c t - k p s , l 8 0 , 2  
Genera te  Volumes for excava ted  s o i l  
lsla 
Isel, r , 1 o c , x , c t x  12) 
leslre,all,,arcslre ! Def ine  
meshing for slices 
lsla 
Isel, r ,1oc ,  X I  c t x  1 9 )  
leslre,all,,arcslre ! Def ine  
meshina for slices 

meshing for slices 

p a t t e r n  i n t o  volume 
aclear,all ! Delete 
e lements  used  for sweep 
cm, top - so i l -vo l ,vo lu  

* g e t , m X t e m p , V O L U , O , n u r n , r n a x  
/COM ~ Genera t e  e lement  above t o p  Center  of 
t a n k  
ase1,u,area, , a l l  

vsweep,a11 ! sweep 

vsel ," ,vol" ,  , a l l  
a, h a x i b t b m  k p t l ,  h a x t e m p z t l ,  h a x t e m p 2 t 4 ,  h a  
x i  btbm-kpt2- 
a, haxib tbm-kpt2 ,  hax tempZt4 ,  h a x i b t 2 ,  h a x i t  
tl 
v r o t a t , a l l , ,  , , , , l , c t - k p s , l 8 0 , 2  
vsel,s,volu, , v m a x t e m p + l , ~ a x t e m p + 3 , 2  
v a t t ,  801,,  8 
Ass ign  mater ia l  p r o p e r t i e s  
vsel,s,volu, , vmax temp+Z,~ax temp+4 ,2  
v a t t ,  802,,  8 
Ass ian  mater ia l  U r o u e r t i e s  . .  
vsel,s,volu,,vmaxtemp+l,~axtemp+4 
allsel 
a s e l , s , l o c , r , c t r j l ) , c t r  12) 
t ype ,  1 
asel, r , l o c , x ,  0 , 4  
a s e l , r , l o c , r , c t r j l ) , c t r  12) 
cmsel,", conc-tank-a 
*ge t , a t emp ,a rea ,  ,num,max 
*get,atempl,area,,num,min 
ase1,a,area,,1,22,21 
mshcopy, 2 ,1 ,a templ  ! copy mesh 
t o p  match t o p  of c o n c r e t e  t a n k  
mshcopy, 2,22, atemp ! copy mesh 
t o p  match t o p  of c o n c r e t e  t a n k  
ase1,u,area,,1,22,21 
vsel,s,volu,,vmaxtemp+l,~axtemp+4 
vsweep,a11 
Genera te  e lements  by sweeping area 

/COM ~ Assign  s o i l  p r o p e r t i e s  by l a y e r  
*do, I ,  1, t a n k s o i l - 1  
cmsel,s, t o p - s o i l - v o l  
vsel,r,loc,r,sollrjl),~~~l~l~+l) 
eSlV 
emodi f, all, m a t ,  80 Oti 
e s y s , o  

*enddo 

cmsel,s, t o p - s o i l - v o l  
vsel,a,loc,r,sollrjl),~t~Iz) 
eSlV 
cm,excav-soil, elem 
n S l e  
numrg ,node  

/COM ~ D e f i n e  component for excava ted  s o i l  ~ 

t a n k  w a l l s  on ly  
cmsel,s,excav-soil 
ns1e,s,1 
nsel,r,loc,r,soilrj5),~~~1~19) 
e s 1 n , r , 1  
cm,excav-wall, elem 

/COM ~ D e f i n e  component for excava ted  s o i l  ~ 

t a n k  dome on ly  
cmsel,s,excav-soil 
cmsel,", excav-wall 
cm,excav-dome, elem 

C S Y S , l  

cmsel, s, excav-wall 
n S l e  
n s e l ,  r , l o c , x , c t x  114)  
cm,excav-wall-n,node 

esel, s, t ype ,  , 8  
n S l e  
nse1, s,loc,x,sollx 11) 
nse1,r,1oc, Z , S O l l Z  11) 
cm,near~soil~face~node,nodt 
*do, I ,  2 , 9  
esel, s, t ype ,  , 8  
n S l e  
nsel,r,loc,x,sollxjl) 
nse1,r,1oc, Z , S O l l Z  11) 

cmsel,a,near~soil~facenodt 
cm,near~soil~face~node,nodt 
*enddo 

esel, s, t ype ,  , 8  
n S l e  
nse1,r,1oc, Z , S O l l Z  1 9 )  
n s e l ,  r , l o c , x , 4 1 , 6 8  
cm,near~soil~bot~node,node 

allsel 
* g e t ,  KMAXns,KP, 0 ,  num,max 
Keypoint nuder 
* g e t ,  LMAXns,LINE, O,num, max 
l i n e  number 
* g e t ,  AMAXns ,AREA, 0 ,  num, max 
A r e a  number 
* g e t ,  m X n s ,  volu, 0,  num, max 
Volume nuder 

! G e t  maximum 

! G e t  maximum 

! G e t  maximum 

! G e t  maximum 

Run-Tank.txt 

Hor izon ta l  and  
/ b a t c h  
! PNNL DST S e i s m i c  Ana lvs i s  

~ i ,  

V e r t i c a l  Seismic I n p u t s ,  B e s t  E s t i m a t e  S o i l ,  
F u l l y  Cracked Concre te  P r o p e r t i e s ,  AY 
Primary Tank Geometry 
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flnl 
/Clear 
/f~lnarne,PNNL~ZD~BEs~BEC,l 
/conflg,nres,3000 ! Increase 
allowable n u d e r  of results to 3000 
/conflg,nproc, 2 
Activate 2 processers for solution 
/conflg, fspllt,1024 ! Split binary 
file at 4.2GB 

9-32.2 ! Gravity 
/prep7 

lft/sec) 

DF-40 ! Factor for 
beta [stiffness) damping 
ALPHA-0.4 ! Alpha 
damping 

/out, tank-out, out 
/sys, "X: \07 .OO ~ Quality Assurance\ANSYS 
QA\usrcfg.bat" > QA.out 
/out,QA,out,,append 
/Input,tank~coordinatesAY,txt ! Run 
file defining tank coordinates [concrete and 
primary) 
/Input,tank~props~Crack,txt ! Run file 
defining fully cracked concrete properties 
IPNNL Concrete Properties) 
/Input,tank~meshl,txt ! Develop 
concrete tank 
/Input,primary~props~AY,txt ! Run file 
defining AP Primary tank properties 
/hnput,primary, txt 
Primary tank 

insulating concrete model 

Liner model 
/Input,waste~solid~AY,txt 
waste model 
/Input,bolts~friction,txt 
Bolt model 

excavated soil model 

/Inp"t,lns"late, txt 

/Inp"t,llner, txt 

/Inp"t,near~soil~l,txt 

/Inp"t,far-soll, txt 

/Inp"t,lnterfacel,txt 

/Inp"t,lnterface~gapl,txt 

Field soil model 

and Concrete Interfaces 

Primary Tank Interfaces 
/InD"t.slave.txt 

! Develop 

! Develop 

! Develop 

! Develop 

! Develop J- 

! Develop 

~. 
slaved boundary conditions 
/hnput,boundary, txt 
and s m e t r y  boundary conditions 

model to symmetry plane 
/input, live-load, txt ! Apply live 
load over a loft radius over dome center 
/Inp"t,flx-soll, txt 
/out 

/Input, outer-spar, txt ! connect so11 

ALLSEL 

! Develop Far- 

! Develop Soil 

! Develop 

! Develop 

! Place base 

/out,Tank-th,out 

save 

/hnput,solve-TH-BES, txt ! Run 
solution Phase 
/Inp"t,all~forces,txt ! Extract 
component forcesdstrains 
/Inp"t,spectra~all,txt ! Extract 
Response Spectra 
/Input,contact~AY,txt ! Extract 
Contact data 
/out 
/exit 

Soil-Props-Mean-Ceo.txt 

Tanksoil-9 
deepsoil-20 
soil-radius-320 
mass-le8 

*dim,soilx, ,30 
*dim,soilr, ,30 

sollr 11) -0 
sollr 12) --5 
soilr 13)-ctrI9) 
soilr 14) -ctr 112) 
soilr 15) -ctr 114) 
soilr 16)-ctrl16) 
soilr 17) -ctr 118) 
soilr 18) -ctr 120) 
soilr 19)-ctrl23) 
soilr 1101--73.5 

soilr 115)--156 
soilr 116)--178 
soilr 1171--200 

/COM Excavated Soil Properties 
mp,ex,801,18*144 
mp,nuxy, 801,O. 27 
mp,dens, 801,125/ 11OOO*g) 
mp,damp,801,0.017/df 

/COM ~ Material 802, Soil 
mp,ex,802,22.5*144 
mp,nuxy, 802,O. 27 
mp,dens, 802,125/ 11OOO*g) 
mp,damp,802,0.027/df 

/COM ~ Material 803, Soil 
mp,ex,803,29.25*144 
mp,nuxy, 803,O. 27 
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mp,dens, 803,125/ 11OOO*g) 
mp,damp,803,0.039/df 

/COM ~ M a t e r i a l  804, Soil 
mu.ex.804.36*144 ~. . . 
mp,nuxy, 804,O. 27 
mp,dens, 804,125/ 11OOO*g) 
mp,damp,804,0.031/df 

/COM ~ M a t e r i a l  805, Soil 
mp,ex,805,42*144 
mp,nuxy, 805,O. 27 
mp,dens, 805,125/ 11OOO*g) 
mp,damp,805,0.035/df 

/COM ~ M a t e r i a l  806, S o i l  
mp,ex,806,48.75*144 
mp,nuxy, 806,O. 27 
mp,dens, 806,125/ 11OOO*g) 
mp,damp,806,0.042/df 

/COM ~ M a t e r i a l  807, S o i l  
mp,ex,807,55.5*144 
mp,nuxy, 807,O. 27 
mp,dens, 807,125/ 11OOO*g) 
mp,damp,807,0.047/df 

/COM ~ M a t e r i a l  808, Soil 
mp,ex,808,60*144 
mp,nuxy, 808,O. 27 
mp,dens, 808,125/ 11OOO*g) 
mp,damp,808,0.037/df 

/COM ~ M a t e r i a l  810, Soil 
mp,ex,810,250 
mp,nuxy, 810,O. 27 
mp,dens, 810,125/ 11OOO*g) 
mp,damp,810,0.037/df 

/COM ~ M a t e r i a l  Definitions 

mp, ex, 81 1,9 958 
mp,nuxy, 811,O. 27 
mp,dens, 811,125/ 11OOO*g) 
mp,damp,811,0.019/df 

/COM ~ M a t e r i a l  812, Soil 
mp,ex,812,8797 
mp,nuxy, 812,O. 27 
mp,dens, 812,125/ 11OOO*g) 
mp,damp,812,0.035/df 

/COM ~ M a t e r i a l  813, Soil 
mp,ex,813,7845 
mp,nuxy, 813,O. 27 
mp,dens, 813,125/ 11OOO*g) 
mp,damp,813,0.048/df 

/COM ~ M a t e r i a l  814, Soil 
mp,ex,814,8209 
mp,nuxy, 814,O. 27 
mp,dens, 814,125/ 11OOO*g) 
mp,damp,814,0.039/df 

/COM ~ M a t e r i a l  815, Soil 
mp, ex, 81 5,7 634 

/COM ~ M a t e r i a l  811, S o i l  [Top Layer) 

mp,nuxy, 815,O. 27 
mp,dens, 815,125/ 11OOO*g) 
mp,damp,815,0.048/df 

/COM ~ M a t e r i a l  816, S o i l  
mp, ex, 81 6,7 188 
mp,nuxy, 816,O. 27 
mp,dens, 816,125/ 11OOO*g) 
mp,damp,816,0.055/df 

/COM ~ M a t e r i a l  817, S o i l  
mp, ex, 81 7,6 933 
mp,nuxy, 817,O. 27 
mp,dens, 817,125/ 11OOO*g) 
mp,damp,817,0.059/df 

/COM ~ M a t e r i a l  818, S o i l  
mp, ex, 81 8,7 6 67 
mp,nuxy, 818,O. 27 
mp,dens, 818,125/ 11OOO*g) 
mp,damp,818,0.045/df 

/COM ~ M e a n  S o i l  Properties G e o m a t r i x  S o i l  
D a t a  
/COM ~ 1 9  Layer Mode 
/COM ~ M a t e r i a l  Definitions 

/COM ~ M a t e r i a l  9 0 1 ,  S o i l  [Top Layer) 
mu.ex.901.16423 ~. . . 
mp,nuxy, 901,O. 24 
mp,dens, 901,110/ 11OOO*g) 
mp,damp,901,0.017/df 

/COM ~ M a t e r i a l  902, S o i l  
mu.ex.902.15479 . .  . . 
mp,nuxy, 902,O. 24 
mp,dens, 902,110/ 11OOO*g) 
mp,damp,902,0.025/df 

/COM ~ M a t e r i a l  903, S o i l  
mp,ex,903,14481 
mp,nuxy, 903,O. 24 
mp,dens, 903,110/ 11OOO*g) 
mp,damp,903,0.034/df 

/COM ~ M a t e r i a l  904, S o i l  
mp,ex,904,14707 
mp,nuxy, 904,O. 24 
mp,dens, 904,110/ 11OOO*g) 
mp,damp,904,0.028/df 

/COM ~ M a t e r i a l  905, S o i l  
mp,ex,905,13625 
mp,nuxy, 905,0.19 
mp,dens, 905,110/ 11OOO*g) 
mp,damp,905,0.032/df 

/COM ~ M a t e r i a l  906, S o i l  
mp,ex,906,15456 
mp,nuxy, 906,0.19 
mp,dens, 906,110/ 11OOO*g) 
mp,damp,906,0.033/df 

/COM ~ M a t e r i a l  907, S o i l  
mp,ex,907,17532 
mp,nuxy, 907,0.19 
mp,dens, 907,110/ 11OOO*g) 
mp,damp,907,0.033/df 

/COM ~ M a t e r i a l  908, S o i l  
mp,ex,908,20972 
mp,nuxy, 908,0.19 
mp,dens, 908,110/ 11OOO*g) 
mp,damp,908,0.025/df 
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/COM ~ Material 909, Soil 
mp,ex,909,23447 
mp,nuxy, 909,0.19 
mp,dens, 909,110/ 11OOO*g) 
mp,damp,909,0,026/df 

/COM ~ Material 910, Soil 
mp,ex,910,23138 
mp,nuxy, 910,0.19 
mp,dens, 910,110/ 11OOO*g) 
mp,damp,910,0.027/df 

/COM ~ Material 911, Soil 
mp,ex,911,22753 
mp,nuxy, 911,0.19 
mp,dens, 911,110/ 11OOO*g) 
mp,damp,911,0.029/df 

/COM ~ Material 912, Soil 
mp,ex,912,22069 
mp,nuxy, 912,0.19 
mp,dens, 912,110/ 11OOO*g) 
mp,damp,912,0,033/df 

/COM ~ Material 913, Soil 
mp,ex,913,25780 
mp,nuxy, 913,0.19 
mp,dens, 913,110/ 11OOO*g) 
mp,damp,913,0.025/df 

/COM ~ Material 914, Soil 
mp,ex,914,25333 
mp,nuxy, 914,0.19 
mp,dens, 914,110/ 11OOO*g) 
mp,damp,914,0.027/df 

/COM ~ Material 915, Soil 
mu.ex.915.35501 ~. . . 
mp,nuxy, 915,O. 28 
mp,dens, 915,120/ 11OOO*g) 
mp,damp,915,0.022/df 

/COM ~ Material 916, Soil 
mp,ex,916,39465 
mp,nuxy, 916,0.28 
mp,dens, 916,120/ 11OOO*g) 
mp,damp,916,0.021/df 

/COM ~ Material 917, Soil 
mp,ex,917,38565 
mp,nuxy, 917,O. 28 
mp,dens, 917,120/ 11OOO*g) 
mp,damp,917,0.023/df 

/COM ~ Material 918, Soil 
mp,ex,918,37715 
mp,nuxy, 918,O. 28 
mp,dens, 918,120/ 11OOO*g) 
mp,damp,918,0.025/df 

/COM ~ Material 919, Soil 
mp,ex,919,41496 
mp,nuxy, 919,0.28 
mp,dens, 919,120/ 11OOO*g) 
mp,damp,919,0.024/df 

Solve-Gravity-BES.txt 

/prep7 
mass-r-148414.59 
d,master-node, all 
allsel 

cmsel,s,excav-soil 
n S l e  
csys,o 
nsel,r,loc,x,-ctx (6) -1, ctx (6) tl 
nsel, r , l o c ,  y,O,-ctx 16) -1 
e s 1 n , r , 1  
mpchg,810,all 

cmsel,s,excav-soil 
n S l e  
CSYS,l 
nsel, r,loc,x,ctx Ill) -1, ctx 113)tl 
nsel,r,loc,r,so~lrjl),~~~l~[3)1 
e s 1 n , r , 1  
mpchg,810,all 

*do, I, 801,808 
esel,s,mat, ,I 
mpchg, it10, a l l  
*enddo 
allsel 

/out,PNNL-AY-ZD-NL-BEC-BES-Gravity,out 
/Sol"  
antype, trans 
TRNOPT,FULL 
lumpm, OFF 
!nlgeom, on 
NROPT,auto 
NTIM-2 !NUMBER OF TIME STEPS 
DT-0.01 
TIM-le-06 
autots, on 
KBC, on 
TIMINT,ON, STRU 
solcontrol,ON,off,, 
ncnv, 0,200 
LNSRCH,OFF 
PRED, on,, on 

/COM ~ Time File 

/COM ~ Dimension Horizontal Inuut 

/Title,Load Case: BES-BEC, Full Non-linear, 
Final PT Mesh 
OUTPR,all,NONE, 
OUTRES, ALL,NONE, 
OUTRES,RSOL,last 
OUTRES,NSOL,last 
O U T R E s , E s O L , l a ~ t , c ~ n C t a n k  
OUTRES, Strs, last, Primary-tank 
OUTRES,ESOL, last, Jbolts 
OUTRES,Epel,last, liner 
o " t r e s , e s o l , l a s t , w a l l l n t g a p  
o " t r e s , e s o l , l a s t , c o n c e x c a v w a l l g a p  
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C S Y S , l  
n s e l ,  r , l o c , x , c t x  Ill) -1, c t x  1 1 3 ) t l  
nsel,r,loc,r,so~lrll),~~~l~l3)1 
e s 1 n , r , 1  
m p c h g , 8 1 0 , a l l  

*do, I ,  8 0 1 , 8 0 8  
e s e l , s , m a t ,  ,I 
m p c h g ,  it10, a l l  
*enddo 
allsel 

/out,PNNL-AY-2D-NL-BEC-BES,out 
/Sol"  
an type ,  t r a n s  
TRNOPT,FULL 
l u m p m ,  O F F  
!nlgeom, on 

N R O P T . a u t o  

NSUBS T,  2 0,2 0 0 , 5 ,  ON 
TIME,  1 0 0  
T I M I N T , o f f  
ace1,0,0,g 
SOLVE 
SAVE 
T I M I N T . o n  

N T I M - 2 0 4  8 !NUMBER OF TIME S T E P S  
DT-0.01 
T I M - l e - 0 6  

d d e l e , r n a s t e r - n o d e , u x  
d d e l e , m a s t e r - n o d e , u r  

esel, s, type,, 6 1 , 6 3 , 2  
m p c h g ,  6 4 , a l l  

ese1, s, type,, 9 1 , 9 3 , 2  
m p c h g ,  92,all 

allsel 

*DO, I T I M ,  l , N T I M ,  1 

TIM-DT*ITIM 

TIME,  T I M t l O O  

F , m a S t e r - n O d e ,  FX,A-l-X l i t i m )  *mass*g 
F , m a S t e r - n O d e ,  F r ,  [A-1-2 l i t i m )  tl) * ImaSStmaSSm 
- ' ) * 4  

SOLVE 
SAVE 
*ENDDO 
F I N I S H  
/ o u t  

Solve-TH-BES.txt 

/prep7 
m a s s - r - 1 4 8 4 1 4 . 5 9  
d , m a s t e r  n o d e , a l l  

c s y s , o  
n s e l , r , l o c , x , - c t x  1 6 )  -1, c t x  1 6 )  +I 
n s e l ,  r , l o c ,  y ,O,-ctx 1 6 )  -1 

a u t o t s ,  on 
KBC, on 
T I M I N T , O N ,  STRU 
s o l c o n t r o l . 0 N . o f f . .  
ncnv, 0,200 
LNSRCH,OFF 
PRED, on , ,  on 

/COM ~ T i m e  F i l e  

/COM ~ Dimension H o r i z o n t a l  I n p u t  
* D I M , A - l - x , , 2 0 4 8  
* D I M , A - l - Z , , 2 0 4 8  

/ T i t l e , L o a d  C a s e :  BES-BEC, F u l l  N o n - l i n e a r ,  
F i n a l  P T  Mesh 
O U T P R , a l l , N O N E ,  
OUTRES, ALL,NONE, 
0 U T R E S . R S O L . l a s t  
O U T R E S , N S O L , l a s t  
O U T R E s , E s O L , l a ~ t , c ~ n C t a n k  
OUTRES, S t rs ,  l a s t ,  P r i m a r y - t a n k  
OUTRES,ESOL,  l a s t ,  J b o l t s  
O U T R E S , E p e l , l a s t ,  l i n e r  
o " t r e s , e s o l , l a s t , w a l l l n t g a p  
o " t r e s , e s o l , l a s t , c o n c e x c a v w a l l g a p  
o u t r e s , e s o l , l a s t , c o n c e x c a v d o m e g a p  
O " t r e S , S t r S , l a S t , e x C a v s o l l  

O u t r e S , S t r S , l a S t , b o t t o m s o l l  
o u t r e s , e s o l , l a s t , b o l t f r l c t l o n  
o " t r e s , e s o l , l a s t , w a s t e s u r f  
O u t r e S , S t r S , l a S t , l n S U l c o n c  
o u t r e s , e s o l , l a s t , p r i m a r y l n t g a p  
o u t r e s , e s o 1 , 1 a s t , c o n c l l n e r g a p  
o " t r e s , e s o l , l a s t , f a r s o l l c o n t a c t  
o u t r e s , e s o l , l a s t , s o i l c o n t a c t f o o t e l e m  

a lphad ,a lpha  
NSUBS T,  2 0,2 0 0 , 5 ,  ON 
TIME,  1 0 0  
T I M I N T , o f f  

SOLVE 
SAVE 

ace1,0,0,g 
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TIMINT,on 
ITIM-1 
DS-TIM 
NSUBST, 1,20,1, ON 

ddele,rnaster-node,ux 
ddele,master-node,ur 

esel, s, type,, 61,63,2 
mpchg, 64,all 

ese1, s, type,, 91,93,2 
mpchg, 92,all 

allsel 

*DO, ITIM, l,NTIM, 1 

TIM-DT*ITIM 

TIME, TIMtlOO 

F,maSter-nOde, FX,A-l-X [itim) *mass*g 
F,maSter-nOde, Fr, IA-l-2 [itim) tl) * [masstmassm 
- ‘ ) * 4  

SOLVE 
SAVE 
*ENDDO 
FINISH 
/out 

Tank-Props-Crack.txt 

/COM ~ Tank Concrete Properties 

/COM ~ Material Definitions 
! EX ~ Youngs Modulus, [k/ft2) 
! NUXY ~ Poisons ratio 
! DENS ~ Density [1000*slugs/ft3) 
! DAMP ~ Beta [Stiffness) Darnplng 

/COM ~ Material 1, Tank Concrete ~ Dome 
center 
mp, ex, 1,l5 6 131 
mp,nuxy, 1,O. 18 
mp,dens, 1,170/ [lOOO*g) 
mp, damp, 1,O. 07 /df 

/COM ~ Material 2, Tank Concrete 
mp , ex, 2,134 843 
mp,nuxy, 2,O. 18 
mp,dens, 2,1864/ [lOOO*g) 
mp, damp, 2,O. 07 /df 

/COM ~ Material 3, Tank Concrete 
m~.ex.3.122210 ~. . . 
mp,nuxy, 3,O. 18 
mp,dens, 3,196/ 1 1 O O O * g )  
mp, damp, 3,O. 07/df 

/COM ~ Material 4, Tank Concrete 
mp , ex, 4,134 181 
mp,nuxy, 4,O. 18 
mp,dens, 4,181/ 1 1 O O O * g )  
mp, damp, 4,O. 07 /df 

/COM ~ Material 5, Tank Concrete 
mp,ex, 5,156781 
mp,nuxy, 5,0.18 
mp,dens, 5,169/ [lOOO*g) 
mp, damp, 5,O. 07 /df 

/COM ~ Material 6, Tank Concrete 
mp,ex,6,148115 
mp,nuxy, 6,O. 18 
mp,dens, 6,172/ [lOOO*g) 
mp, damp, 6,O. 07 /df 

/COM ~ Material 7, Tank Concrete 
mp, ex, 7,219 124 
mp,nuxy, 7,O. 18 
mp,dens, 7,151/ [lOOO*g) 
mp, damp, 7,O. 07 /df 

/COM ~ Material 8, Tank Concrete 
mp, ex, 8,20 9 3 67 
mp,nuxy, 8,O. 18 
mp,dens, 8,154/ [lOOO*g) 
mp, damp, 8,O. 07 /df 

/COM ~ Material 9, Tank Concrete 
mp,ex,9,212206 
mp,nuxy, 9,O. 18 
mp,dens, 9,155/ [lOOO*g) 
mp, damp, 9,O. 07 /df 

/COM ~ Material,lO, Tank Concrete 
mu.ex.10.195944 . .  . . 
mp,nuxy, 10,O. 18 
mp,dens,10,139/ 11000*9) 
mp,damp, 10,0.07/df 

/COM ~ Material,ll, Tank Concrete 
mp,ex,11,182924 
mp,nuxy, 11,O. 18 
mp,dens,11,138/[1000*g) 
mp,damp, 11,0.07/df 

/COM ~ Materlal,lE, Tank Concrete 
mp,ex,12,187438 
mp,nuxy, 12,O. 18 
mp,dens,l2,156/ [lOOO*g) 
mp,damp, 12,0.07/df 

/COM ~ Material,l3, Tank Concrete 
mp,ex,13,143402 
mp,nuxy, 13,O. 18 
mp,dens,13,190/ [lOOO*g) 
mp,damp, 13,0.07/df 

/COM ~ Material,l4, Tank Concrete 
mp,ex,14,142377 
mp,nuxy, 14,O. 18 
mp,dens,14,172/[1000*g) 
mp,damp, 14,0.07/df 

/COM ~ Material,l5, Tank Concrete 
mp,ex,15,126463 
mp,nuxy, l5,O. 18 
mp,dens,15,178/[1000*g) 
mp,damp, l5,0.07/df 

/COM ~ Material,l6, Tank Concrete 
mp,ex,16,126463 
mp,nuxy,l6,0.18 
mp,dens,16,178/ [lOOO*g) 
mp , damp, 1 6,O . 0 7 /df 
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/COM ~ Material,l7, Tank Concrete 
mp,ex,17,126463 
mp,nuxy, 17,O. 18 
mp,dens,l7,l78/11000*g) 
mp,damp, 17,0.07/df 

/COM ~ Material,l8, Tank Concrete 
mp,ex,18,113881 
mp,nuxy, 18,O. 18 
mp,dens,18,186/ 1 1 O O O * g )  
mp,damp, 18,0.07/df 

/COM ~ Material,l9, Tank Concrete 
mp,ex,19,113881 
mp,nuxy,l9,0.18 
mp,dens,19,186/ 1 1 O O O * g )  
mp , damp, 1 9,O . 0 7 /df 

/COM ~ Material,EO, Tank Concrete 
mp,ex,20,113629 
mp,nuxy, 20,O. 18 
mp,dens,20,205/11000*g) 
mp,damp, 20,0.07/df 

/COM ~ Materlal,El, Tank Concrete 
mp,ex,21,134235 
mp,nuxy, 21,O. 18 
mp,dens,21,182/11000*g) 
mp,damp, 21,0.07/df 

/COM ~ Material,ZE, Tank Concrete 
mp,ex,22,139096 
mp,nuxy, 22,O. 18 
mp,dens,22,181/11000*g) 
mp,damp, 22,0.07/df 

/COM ~ Material.23, Tank Concrete 
mu.ex.23.93743 ~. . . 
mp,nuxy, 23,O. 18 
mp,dens,23,229/ 1 1 O O O * g )  
mp, damp, 23,O. 0 60/df 

/COM ~ Material,24, Tank Concrete 
mp,ex,24,118250 
mp,nuxy, 24,O. 18 
mp,dens,24,244/11000*g) 
mp,damp, 24,0.07/df 

/COM ~ Material,25, Tank Concrete 
mp,ex,25,165097 
mp,nuxy, 25,O. 18 
mp,dens,25,342/11000*g) 
mp,damp, 25,0.07/df 

/COM ~ Material,26, Tank Concrete 
mp,ex,26,179441 
mp,nuxy,26,0.18 
mp,dens,26,317/ 1 1 O O O * g )  
mp , damp, 2 6,O . 0 7 /df 

/COM ~ Material,27, Tank Concrete 
mp,ex,27,199781 
mp,nuxy, 27,O. 18 
mp,dens,27,381/11000*g) 
mp,damp, 27,0.07/df 

/COM ~ Material,28, Tank Concrete 
mp,ex,28,149439 
mp,nuxy, 28,O. 18 
mp,dens,28,293/ 1 1 O O O * g )  

mp,damp, 28,0.07/df 

/COM ~ Material,29, Tank Concrete 
mp,ex,29,171940 
mp,nuxy,29,0.18 
mp,dens,29,282/ 1 1 O O O * g )  
mp , damp, 2 9,O . 0 7 /df 

/COM ~ Material,30, Tank Concrete 
mp,ex,30,144316 
mp,nuxy, 30,O. 18 
mp,dens,30,301/11000*g) 
mp,damp, 30,0.07/df 

/COM ~ Material,31, Tank Concrete 
mp,ex,31,790720 
mp,nuxy, 31,O. 18 
mp,dens,31,150/11000*g) 
mp,damp, 31,0.07/df 

/COM ~ Material,32, Tank Concrete 
mp,ex,32,790720 
mp,nuxy, 32,O. 18 
mp,dens,32,150/11000*g) 
mp,damp, 32,0.07/df 

!/COM ~ Material,33, Tank Concrete 
!mp,ex,33,731952 
!mp,nuxy,33,0.18 
!mp,dens,33,150/jlOOO*g) 
!mp,damp,33,0.07/df 

!/COM ~ Material,34, Tank Concrete 
!mp,ex,34,731952 
!mp,nuxy,34,0.18 
!mp,dens,34,150/jlOOO*g) 
!mp,damp,34,0.07/df 

!/COM ~ Material.35. Tank Concrete 
!mp,ex,35,731952 
!mp,nuxy,35,0.18 
!mp,dens,35,l50/11000*g) 
!mp,damp,35,0.07/df 

!/COM ~ Material.36, Tank Concrete 
!mu.ex.36.731952 ~. . . 
!mp,nuxy,36,0.18 
!mp,dens,36,l50/11000*g) 
!mp,damp,36,0.07/df 

!/COM ~ Material,37, Tank Concrete 
!mp,ex,37,731952 
!mp,nuxy,37,0.18 
!mp,dens,37,150/jlOOO*g) 
!mp,damp,37,0.07/df 

/COM ~ Concrete Real Values, t in ft 
r, 1,1.10 ! 13.21 in 
r, 2,l .01 ! 12.10 In 
r.3..96 ! 11.49 in . .  
r, 4,l .03 
r, 5,1.11 
r, 6,1.09 
r, 7,1.24 

! 12.41 in 
! 13.32 in 
! 13.08 in 
! 14.86 in 

r, 8,1.22 ! 14.59 in 
r, 9.1.64 ! 19.67 in . .  
r, 10,l. 64,l. 64,2. 65,2. 65 ! 31.78 in to 
r, 11,2. 65,2. 65,2. 69,2. 69 
r, 12,2. 69,2. 69,l. 53,1.53 
r, 13,1.53,1.53,1.19,1.19 
r, 14,1.31 ! 15.72 in 



r, 15,l. 27 
r,16,1.27 
r, 17,l. 27 
r, 18,l. 21 
r.19.1.21 . .  
r, 20,l.lO 
r, 21,1.79 
r, 22,l. 71 
r, 23,1.20 
r, 24,1.20,0.81,0.81,1.20 
r, 25,0.81,0.41,0.41,0.81 
r, 26,0.41,0.42,0.42,0.41 
r, 27,0.43 
r, 28,0.56 
r,29,0.58 
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! 15.21 in 
! 15.21 in 
! 15.21 in 
! 14.54 in 
! 14.54 in 
! 13.17 in 
! 21.54 In 
! 20.46 in 
! 14.43 in 

! 5.18 in 
! 6.73 in 
! 6.99 in 

! r, 34,l 
!r,35,1 . .  
!r,36,1 
! r, 37,l 
!r,39,1 

/COM ~ Material,50, Insulating Concrete 
m~.ex.50.23760 ~. . . 
mp,nuxy, 50,O. 15 
mp,dens,50,50/ 1 1 O O O * g )  
mp,damp, 50,0.07/df 
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TH-266-Mean-Geo.txt 
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BES-FCC Seismic File Listing 

Volume in drive D 1s 300GB Maxtor 
Volume Serial N u d e r  1s 585PC3F2 

Directory of D:\Bruce\PNNL\PNNL-2D-N1 AY-BES-FCC-Seismic 

12/21/2005 07:53 AM 
12/21/2005 07:53 AM 

:DIR> 
:DIR> 

12/09/2005 07:56 AM 
12/09/2005 08:02 AM 
12/09/2005 08:03 AM 
12/09/2005 07:58 AM 
12/09/2005 08:OO AM 

535,476 
535,728 
535,728 
535,476 
535,728 

Accel-ct-0.0ut 
Accel-ct-l35.out 
Accel-ct-l8O.out 
Accel-ct-45.out 
Accel-ct-90.out 
ACCel-Ct.Out 
Accel-PT-O.out 
Accel-PT-135.out 
Accel-PT-18O.out 
Accel-PT-45.out 
Accel-PT-90.out 
Accel-SOil.out 
All-Forces.txt 
BOltS-FriCtiOn.txt 
Boundary.txt 
Contact-AY.txt 
Contact-Footing.txt 
contact-1nsu1.txt 
Contact-J-Bolts.txt 
Contact-Primary.txt 
Contact-Soll.txt 
Contact-Waste-AY.txt 
Far-Soil.txt 
file . bat 
flle.err 

flles.txt 
Fix-Soil.txt 
Footing-Cont-max.OUT 
F00ting-COnt-th.OUT 
Force-c.txt 
Force-c~lO8amax.OUT 
Force-c~lO8ath.OUT 
Force-c~lO8max.OUT 
Force-c~lO8th.OUT 
Force-c~ll7amax.OUT 
Force-c~ll7ath.OUT 
Force-c~ll7max.OUT 
Force-c~ll7th.OUT 
Force-c~l26amax.OUT 
Force-c~l26ath.OUT 
Force-c~l26max.OUT 
Force-c~l26th.OUT 
Force-c~l35amax.OUT 
Force-c~l35ath.OUT 
Force-c~l35max.OUT 
Force-c~l35th.OUT 
Force-c-144amax.OUT 
Force-c-144ath.OUT 
Force-c~l44max.OUT 
Force-c-144th.OUT 
Force-c~l53amax.OUT 
Force-c~l53ath.OUT 
Force-c~l53max.OUT 
Force-c~l53th.OUT 
Force-c~l62amax.OUT 
Force-c~l62ath.OUT 
Force-c~l62max.OUT 
Force-c~l62th.OUT 
Force-c~l7lamax.OUT 
Force-c~l7lath.OUT 

file. l o g  

12/09/2005 08:05 AM 
12/09/2005 08:07 AM 

277,176 
535.728 

12/09/2005 08:13 AM 
12/09/2005 08:15 AM 
12/09/2005 08:09 AM 
12/09/2005 08:11 AM 

535,728 
535,728 
535,728 
535,728 

12/09/2005 08:17 AM 
09/27/2005 03:47 PM 
09/02/2005 02:Ol PM 

535,728 
99 

5.766 
06/09/2005 01:59 PM 
12/05/2005 10:57 AM 
12/01/2005 09:11 AM 
09/02/2005 09:28 AM 

262 
218 
586 
604 

09/02/2005 09:5l AM 
09/09/2005 09:59 AM 
09/15/2005 11:50 AM 

602 
608 
742 
630 

8, 608 
2,046 

68 
684 
0 

562 

09/06/2005 11:16 AM 
09/22/2005 04:05 PM 
12/05/2005 11:40 AM 
12/05/2005 11:40 AM 
12/05/2005 11:40 AM 
12/21/2005 07:53 AM 
10/13/2005 06:54 AM 
12/14/2005 10:25 AM 
12/14/2005 10:25 AM 
04/06/2005 08:24 AM 
12/07/2005 06:55 PM 

10,342 
4,144,248 

894 
4,996 

12/07/2005 06:55 PM 
12/07/2005 04:03 PM 

2,779,200 
14,716 

12/07/2005 04:03 PM 
12/07/2005 07:03 PM 
12/07/2005 07:03 PM 
12/07/2005 04:12 PM 
12/07/2005 04:12 PM 

6,224,880 
4,996 

2,779,200 
14,716 

6,224,880 
12/07/2005 07:12 PM 
12/07/2005 07:12 PM 

4,996 
2'779.200 

12/07/2005 04:20 PM 
12/07/2005 04:20 PM 
12/07/2005 07:20 PM 
12/07/2005 07:20 PM 
12/07/2005 04:29 PM 

. .  
14,716 

6,224,880 
4,996 

2,779,200 
14,716 

12/07/2005 04:29 PM 
12/07/2005 07:29 PM 

6,224,880 
4.996 

12/07/2005 07:29 PM 
12/07/2005 04:38 PM 
12/07/2005 04:38 PM 
12/07/2005 07:37 PM 

2,779,200 
14,716 

6,224,880 
4,996 

12/07/2005 07:37 PM 
12/07/2005 04:46 PM 
12/07/2005 04:47 PM 

2,779,200 
14,716 

6.224.880 
12/07/2005 07:46 PM 
12/07/2005 07:46 PM 
12/07/2005 04:56 PM 
12/07/2005 04:56 PM 

. .  
4,996 

2,779,200 
14,716 

6,224,880 
12/07/2005 07:54 PM 
12/07/2005 07:54 PM 

4,996 
2,779,200 
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14,716 
6,224,880 

Force-c~l7lrnax.OUT 
Force-c~l7lth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~27arnax.OUT 
Force-c-27ath.OUT 
Force-c~27rnax.OUT 
Force-c-27th.OUT 
Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~72arnax.OUT 
Force-c-72ath.OUT 
Force-c~72rnax.OUT 
Force-c-72th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c-9th.OUT 
Force-]b-rlO-th.OUT 
Force-]b-rlO-rnax.OUT 
Force-]b-rll-th.OUT 
Force-]b-rll-rnax.OUT 
Force-lb-rE-th.OUT 
Force-]b-r2-rnax.OUT 
Force-]b-r3-th.OUT 
Force-]b-r3-rnax.OUT 
Force-]b-r4-th.OUT 
Force-]b-r4-rnax.OUT 
Force-]b-r5-th.OUT 
Force-lb-ri-rnax.OUT 
Force-]b-r6-th.OUT 
Force-]b-r6-rnax.OUT 
Force-]b-r7-th.OUT 
Force-]b-r7-rnax.OUT 
Force-]b-r8-th.OUT 
Force-]b-r8-rnax.OUT 
Force-]b-r9-th.OUT 
Force-]b-r9-rnax.OUT 
Force-]-bolt.txt 

12/07/2005 05:04 PM 
12/07/2005 05:04 PM 
12/07/2005 08:03 PM 
12/07/2005 08:03 PM 
12/07/2005 05:13 PM 

4,996 
2,779,200 

14.716 
12/07/2005 05:13 PM 
12/07/2005 05:30 PM 
12/07/2005 05:30 PM 
12/07/2005 02:36 PM 

6,224,880 
4,996 

2,779,200 
14,716 

12/07/2005 02:36 PM 
12/07/2005 05:38 PM 
12/07/2005 05:38 PM 

6,224,880 
4,996 

2’779.200 
12/07/2005 02:44 PM 
12/07/2005 02:44 PM 
12/07/2005 05:47 PM 
12/07/2005 05:47 PM 

. .  
14,716 

6,224,880 
4,996 

2,779,200 
12/07/2005 02:53 PM 
12/07/2005 02:53 PM 
12/07/2005 05:55 PM 

14,716 
6,224,880 

4.996 
12/07/2005 05:55 PM 
12/07/2005 03:02 PM 
12/07/2005 03:02 PM 
12/07/2005 06:04 PM 

2,779,200 
14,716 

6,224,880 
4,996 

12/07/2005 06:04 PM 
12/07/2005 03:11 PM 
12/07/2005 03:11 PM 

2,779,200 
14,716 

6.224.880 
12/07/2005 06:13 PM 
12/07/2005 06:13 PM 
12/07/2005 03:19 PM 
12/07/2005 03:19 PM 

. .  
4,996 

2,779,200 
14,716 

6,224,880 
12/07/2005 06:21 PM 
12/07/2005 06:21 PM 

4,996 
2.779.200 

12/07/2005 03:29 PM 
12/07/2005 03:29 PM 
12/07/2005 06:30 PM 
12/07/2005 06:30 PM 
12/07/2005 03:37 PM 

. .  
14,716 

6,224,880 
4,996 

2,779,200 
14,716 

12/07/2005 03:37 PM 
12/07/2005 06:38 PM 

6,224,880 
4.996 

12/07/2005 06:38 PM 
12/07/2005 03:46 PM 
12/07/2005 03:46 PM 
12/07/2005 06:46 PM 

2,779,200 
14,716 

6,224,880 
4,996 

12/07/2005 06:46 PM 
12/07/2005 03:55 PM 
12/07/2005 03:55 PM 

2,779,200 
14,716 

6.224.880 
12/07/2005 05:22 PM 
12/07/2005 05:22 PM 
12/07/2005 02:28 PM 
12/07/2005 02:28 PM 

. .  
4,996 

2,779,328 
14,716 

6,225,008 
12/08/2005 05:43 AM 
12/08/2005 05:43 AM 
12/08/2005 05:43 AM 

2,548,434 
5,239 

2.548.434 
12/08/2005 05:43 AM 
12/08/2005 05:38 AM 
12/08/2005 05:38 AM 
12/08/2005 05:38 AM 

. .  
5,239 

2,548,562 
5,239 

2,548,434 
12/08/2005 05:38 AM 
12/08/2005 05:39 AM 
12/08/2005 05:39 AM 

5,239 
2,548,434 

5.239 
12/08/2005 05:40 AM 
12/08/2005 05:40 AM 
12/08/2005 05:40 AM 
12/08/2005 05:40 AM 

2,548,434 
5,239 

2,548,434 
5,239 

12/08/2005 05:41 AM 
12/08/2005 05:41 AM 

2,548,434 
5,239 

12/08/2005 05:41 AM 2,548,434 

12/08/2005 05:42 AM 2,548,434 

06/20/2005 10:53 AM 661 

12/08/2005 05:41 AM 5,239 

12/08/2005 05:42 AM 5,239 
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2,728 
1,200,144 

Insul~Cont~lO8max.OUT 
Insul-Cont 108th.OUT 

12/08/2005 10:19 AM 
12/08/2005 10:19 AM 
12/08/2005 10:22 AM 
12/08/2005 10:22 AM 
12/08/2005 10:25 AM 

2,728 
1,200,144 

2.728 

1nsul-contI117max. OUT 
Insul-Cont-ll7th.OUT 
Insul~Cont~l26max.OUT 
Insul-Cont-126th.OUT 
Insul~Cont~l35max.OUT 
Insul-Cont-135th.OUT 
Insul~Cont-144max.OUT 
Insul-Cont-144th.OUT 
Insul~Cont~l53max.OUT 
Insul-Cont-li3th.OUT 
Insul~Cont~l62max.OUT 
Insul-Cont-162th.OUT 
Insul~Cont~l7lmax.OUT 
Insul-Cont-17lth.OUT 
Insul~Cont~l8Omax.OUT 
Insul-Cont~l8Oth.OUT 
Insul-Cont~l8max.OUT 
1nsul-Cont-lBth.OUT 
Insul-Cont-27max.OUT 
Insul-Cont-27th.OUT 
Insul-Cont-36max.OUT 
Insul-Cont-36th.OUT 
Insul-Cont-45max.OUT 
Insul-Cont-45th.OUT 
Insul-Cont-54max.OUT 
Insul-Cont-54th.OUT 
Insul-Cont-63max.OUT 
Insul-Cont-63th.OUT 
Insul-Cont-72max.OUT 
Insul-Cont-72th.OUT 
Insul-Cont~8lmax.OUT 
Insul-Cont-8lth.OUT 
Insul-Cont-90max.OUT 
Insul-Cont-90th.OUT 
Insul-Cont-99max.OUT 
Insul-Cont-99th.OUT 
Insul-Cont-9max.OUT 
Insul-Cont-9th.OUT 
1nsu1ate.txt 

1nterfacel.txt 
J~Bolt~Cont~lO8max.OUT 
J~Bolt~Cont-lO8th.OUT 
J-Bolt-COnt 117max.OUT 

1nterface-gapl.txt 

12/08/2005 10:25 AM 
12/08/2005 10:27 AM 
12/08/2005 10:27 AM 
12/08/2005 10:30 AM 

1,200,144 
2,728 

1,200,144 
2,728 

12/08/2005 10:30 AM 
12/08/2005 10:33 AM 
12/08/2005 10:33 AM 

1,200,144 
2,728 

1’200.544 
12/08/2005 10:36 AM 
12/08/2005 10:36 AM 
12/08/2005 10:39 AM 
12/08/2005 10:39 AM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
12/08/2005 10:41 AM 
12/08/2005 10:41 AM 
12/08/2005 09:52 AM 

2,728 
1,200,144 

2.728 
12/08/2005 09:52 AM 
12/08/2005 09:54 AM 
12/08/2005 09:54 AM 
12/08/2005 09:57 AM 

1,200,144 
2,728 

1,200,144 
2,728 

12/08/2005 09:57 AM 
12/08/2005 1O:OO AM 
12/08/2005 1O:OO AM 

1,200,144 
2,728 

1’200.544 
12/08/2005 10:03 AM 
12/08/2005 10:03 AM 
12/08/2005 10:05 AM 
12/08/2005 10:05 AM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
12/08/2005 10:08 AM 
12/08/2005 10:08 AM 

2,728 
1,200,544 

12/08/2005 10:ll AM 
12/08/2005 10:ll AM 
12/08/2005 10:14 AM 
12/08/2005 10:14 AM 
12/08/2005 10:16 AM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
2,728 

12/08/2005 10:16 AM 
12/08/2005 09:49 AM 

1,200,144 
2.728 

12/08/2005 09:49 AM 
09/01/2005 10:27 AM 
10/13/2005 08:28 AM 
09/09/2005 09:34 AM 

1,200,672 
1, 664 
4,031 
2, 616 

12/08/2005 11:26 AM 
12/08/2005 11:26 AM 
12/08/2005 11:30 AM 

3,052 
1,350,612 

3.052 
12/08/2005 11:30 AM 
12/08/2005 11:34 AM 
12/08/2005 11:34 AM 
12/08/2005 11:37 AM 

1,350,612 
3,052 

1,350,612 
3,052 

J~Bolt~ContI117th.OUT 
J~Bolt~Cont-126max.OUT 
J-Bolt-COnt 126th.OUT 
J-Bo1 t-ContI135max. OUT 
J~Bolt~Cont-135th.OUT 
J~Bolt~Cont-144max.OUT 
J-Bolt-COnt 144th.OUT 

12/08/2005 11:37 AM 
12/08/2005 11:41 AM 
12/08/2005 11:41 AM 

1,350,612 
3,052 

1.350.612 
12/08/2005 11:45 AM 
12/08/2005 11:45 AM 
12/08/2005 11:49 AM 
12/08/2005 11:49 AM 

. .  
3,052 

1,350,612 
3,052 

1,350,612 

J~Bolt~ContIl53max.OUT 
J~Bolt~Cont-153th.OUT 
J-Bolt-COnt 162max.OUT 

12/08/2005 11:53 AM 
12/08/2005 11:53 AM 
12/08/2005 11:56 AM 

3,052 
1,350,612 

3.052 
12/08/2005 11:56 AM 
12/08/2005 10:49 AM 
12/08/2005 10:49 AM 
12/08/2005 10:53 AM 

1,350,612 
3,052 

1,350,612 
3,052 

12/08/2005 10:53 AM 
12/08/2005 10:56 AM 

1,350,612 
3,052 

12/08/2005 10:56 AM 
12/08/2005 11:OO AM 
12/08/2005 11:OO AM 
12/08/2005 11:04 AM 
12/08/2005 11:04 AM 

1,350,612 
3,052 

1,350,612 
3,052 

1,350,612 
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3,052 
1,350,612 

J~Bolt~Cont-63max.OUT 
J-Bolt-COnt 63th.OUT 

12/08/2005 11:07 AM 
12/08/2005 11:07 AM 
12/08/2005 11:11 AM 
12/08/2005 11:11 AM 
12/08/2005 11:15 AM 

3,052 
1,350,612 

3.052 

J-Bolt-ContI72max .OUT 
J-Bolt-Cont-72th.OUT 
J~Bolt~Cont-8lmax.OUT 
J-Bolt-Cont~8lth.OUT 
J~Bolt~Cont-90max.OUT 
J-Bolt-Cont-90th.OUT 
J~Bolt~Cont-99max.OUT 
J-Bolt-Cont-99th.OUT 
J-Bolt-Cont-9max.OUT 
J-Bolt-Cont-9th.OUT 
Llner.txt 
1ive-load.txt 
Near-Soil-l.txt 
outer-spar. txt 
PNNL-ED-BES-BEC.BCS 
PNNL-2D-BES-BEC.db 
PNNL-ED-BES-BEC.DO3 
PNNL-2D-BES-BEC.emat 
PNNL-2D-BES-BEC.err 
PNNL-2D-BES-BEC.esav 
PNNL-2D-BES-BEC.ful1 
PNNL-2D-BES-BEC.ldhi 
PNNL-2D-BES-BEC.log 
PNNL-2D-BES-BEC.mntr 

12/08/2005 11:15 AM 
12/08/2005 11:19 AM 
12/08/2005 11:19 AM 
12/08/2005 11:22 AM 

1,350,612 
3,052 

1,350,612 
3,052 

12/08/2005 11:22 AM 
12/08/2005 10:45 AM 
12/08/2005 10:45 AM 

1,350,612 
3,052 

1.350.740 
06/01/2005 01:17 PM 
05/02/2005 02:19 PM 
11/11/2005 10:38 AM 
04/20/2005 01:14 PM 

1,708 
667 

6,185 
508 

12/07/2005 02:18 PM 
12/07/2005 02:19 PM 
12/09/2005 08:55 AM 

2, 998 
55,574,528 

219 
12/07/2005 02:19 PM 
12/14/2005 10:22 AM 
12/07/2005 02:19 PM 
12/07/2005 02:19 PM 

12,386,304 
49,084 

102,563,840 
27,852,800 

12/07/2005 02:17 PM 
12/14/2005 10:56 AM 
12/07/2005 02:19 PM 

298,920,099 
3,308 

189.791 
12/07/2005 02:17 PM 
12/07/2005 02:18 PM 
12/07/2005 02:19 PM 
12/05/2005 11:41 AM 

102,563,840 
1,123 

103,546,880 
35,782,656 

PNNL-2D-BES-BEC.osav 
PNNL-ED-BES-BEC.PVTS 
PNNL-2D-BES-BEC.rOOl 
PNNL-2D-BES-BEC.rdb 
PNNL-ED-BES-BEC.rst 
PNNL-ED-BES-BEC.rstO2 

12/07/2005 02:19 PM 
12/05/2005 10:28 PM 

4,294,967,296 
4,294,967.296 . . .  

12/06/2005 03:54 AM 4,294,967,296 
12/06/2005 09:28 AM 4,294,967,296 
12/06/2005 03:09 PM 4,294,967,296 
12/06/2005 08:55 PM 4,294,967,296 
12/07/2005 02:42 AM 4,294,967,296 

PNNL-ED-BES-BEC.rstO3 
PNNL-ED-BES-BEC.rstO4 
PNNL-ED-BES-BEC.rstO5 
PNNL-ED-BES-BEC.rstO6 
PNNL-ED-BES-BEC.rst07 
PNNL-ED-BES-BEC.rstO8 
PNNL-ED-BES-BEC.rstO9 

12/07/2005 08:40 AM 
12/07/2005 02:19 PM 

4,294,967,296 
4,002,217,984 

7R9 12/07/2005 02:17 PM 
12/07/2005 02:19 PM 
12/08/2005 12:30 PM 
12/08/2005 12:30 PM 

PNNL-2D-BES-BEC.stat 
PNNL-AY-2D-NL-BEC-BES.out 

~~~ 

3,139,262 
2,728 

1,200,144 
12/08/2005 12:33 PM 
12/08/2005 12:33 PM 
12/08/2005 12:36 PM 

2,728 
1,200,144 

2.728 
12/08/2005 12:36 PM 
12/08/2005 12:38 PM 
12/08/2005 12:38 PM 
12/08/2005 12:41 PM 

1,200,144 
2,728 

1,200,144 
2,728 

12/08/2005 12:41 PM 
12/08/2005 12:44 PM 
12/08/2005 12:44 PM 

1,200,144 
2,728 

1’200.544 
12/08/2005 12:47 PM 
12/08/2005 12:47 PM 
12/08/2005 12:50 PM 
12/08/2005 12:50 PM 

. .  
2,728 

1,200,144 
2,728 

1,200,144 
12/08/2005 12:53 PM 
12/08/2005 12:53 PM 
12/08/2005 12:Ol PM 

2,728 
1,200,144 

2.728 
12/08/2005 12:Ol PM 
12/08/2005 12:04 PM 
12/08/2005 12:04 PM 
12/08/2005 12:07 PM 

1,200,144 
2,728 

1,200,144 
2,728 

12/08/2005 12:07 PM 
12/08/2005 12:09 PM 

1,200,144 
2,728 

12/08/2005 12:09 PM 
12/08/2005 12:12 PM 
12/08/2005 12:12 PM 
12/08/2005 12:15 PM 
12/08/2005 12:15 PM 

1,200,144 
2,728 

1,200,144 
2,728 

1,200,144 
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2,728 
1,200,144 

Primary~Cont-72max.OUT 
Primary~Cont-72th.OUT 
Primary~Cont-8lmax.OUT 
Primary~Cont-8lth.OUT 
Primary~Cont-90max.OUT 
Primary~Cont-90th.OUT 
Primary~Cont-99max.OUT 
Primary~Cont-99th.OUT 
Primary~Cont-9max.OUT 
Primary-Cont-9th.OUT 
Primary-Props-AY.txt 
Primarv. txt 

12/08/2005 12:18 PM 
12/08/2005 12:18 PM 
12/08/2005 12:21 PM 
12/08/2005 12:21 PM 
12/08/2005 12:24 PM 

2,728 
1,200,144 

2.728 
12/08/2005 12:24 PM 
12/08/2005 12:27 PM 
12/08/2005 12:27 PM 
12/08/2005 11:59 AM 

1,200,144 
2,728 

1,200,144 
2,728 

12/08/2005 11:59 AM 
10/31/2005 12:18 PM 
09/27/2005 03:52 PM 

1,200,672 
5,549 
1.538 

12/05/2005 11:41 AM 
12/09/2005 07:56 AM 
12/09/2005 08:02 AM 
12/09/2005 08:03 AM 

343,298 
47,121 
47,121 
47,121 

QA.out 
RS-ct-O.out 
RS-ct-135.out 
RS-ct-18O.out 
RS-ct-45.out 
RS-ct-90.out 
RS-Ct. out 

12/09/2005 07:58 AM 
12/09/2005 08:OO AM 
12/09/2005 08:05 AM 

47,121 
47,121 
27.591 

12/08/2005 09:44 AM 
12/09/2005 08:07 AM 
12/09/2005 08:13 AM 
12/09/2005 08:15 AM 

34, 971 
47,121 
47,121 
47,121 

RS-OUT-Soil.txt 
RS-PT-O.out 
RS-PT-135.out 
RS-PT-18O.out 
RS-PT-45.out 
RS-PT-90.out 
RS-SOil.out 

12/09/2005 08:09 AM 
12/09/2005 08:11 AM 
12/09/2005 08:17 AM 

47,121 
47,121 
47.121 

10/31/2005 10:31 AM 
12/08/2005 10:41 PM 
09/19/2005 09:37 AM 
12/05/2005 10:55 AM 

1,108 
5,345,937 

145 
1,957 

RS-FREQ.txt 
Run-Tank-0ut.out 

12/14/2005 10:22 AM 
02/11/2005 01:22 PM 

0 
1,053 

12/08/2005 02:13 PM 
12/08/2005 02:13 PM 
12/08/2005 02:19 PM 
12/08/2005 02:19 PM 
12/08/2005 02:26 PM 

9,896 
4,151,880 

9,896 
4,151,880 

9,896 
4,151,880 

9.896 
12/08/2005 02:26 PM 
12/08/2005 02:33 PM 
12/08/2005 02:33 PM 
12/08/2005 02:39 PM 
12/08/2005 02:39 PM 
12/08/2005 02:46 PM 

4,151,880 
9,896 

4,151,880 
9,896 

12/08/2005 02:47 PM 
12/08/2005 02:53 PM 
12/08/2005 02:53 PM 

4,151,880 
9,896 

4.151.880 
12/08/2005 03:OO PM 
12/08/2005 03:OO PM 
12/08/2005 03:07 PM 
12/08/2005 03:07 PM 

. .  
9,896 

4,151,880 
9,896 

4,151,880 
12/08/2005 01:06 PM 
12/08/2005 01:06 PM 
12/08/2005 01:12 PM 

9,896 
4,151,880 

9.896 
12/08/2005 01:12 PM 
12/08/2005 01:19 PM 
12/08/2005 01:19 PM 
12/08/2005 01:26 PM 

4,151,880 
9,896 

4,151,880 
9,896 

12/08/2005 01:26 PM 
12/08/2005 01:32 PM 
12/08/2005 01:32 PM 

4,151,880 
9,896 

4.151.880 
12/08/2005 01:39 PM 
12/08/2005 01:39 PM 
12/08/2005 01:46 PM 
12/08/2005 01:46 PM 

. .  
9,896 

4,151,880 
9,896 

4,151,880 
12/08/2005 01:53 PM 
12/08/2005 01:53 PM 

9,896 
4,151,880 

12/08/2005 01:59 PM 
12/08/2005 01:59 PM 
12/08/2005 02:06 PM 
12/08/2005 02:06 PM 
12/08/2005 12:59 PM 

. .  
9,896 

4,151,880 
9,896 

4,151,880 
9,896 
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12/08/2005 12:59 PM 
11/11/2005 10:36 AM 

4,152,008 
4, 989 

11/11/2005 10:33 AM 
11/28/2005 02:23 PM 
11/28/2005 02:16 PM 

1,893 
347 

3.483 
12/09/2005 07:53 AM 
12/09/2005 07:53 AM 
11/28/2005 02:18 PM 
12/09/2005 07:53 AM 

3,512 
3,512 
3,560 
3,440 

10/31/2005 11:41 AM 
10/14/2005 11:18 AM 
10/31/2005 10:16 AM 

1,459 
2,061 
3.402 

10/31/2005 10:17 AM 
10/31/2005 11:02 AM 
10/31/2005 10:16 AM 
10/31/2005 10:16 AM 

3,551 
3,566 
3,479 
3,479 

10/31/2005 11:37 AM 
06/20/2005 09:04 AM 
06/20/2005 08:52 AM 

3, 608 
647 
679 

09/02/2005 08:51 AM 
09/02/2005 08:51 AM 
09/02/2005 08:50 AM 
12/08/2005 08:52 AM 

707 
705 
720 

6,110 
12/08/2005 08:52 AM 
12/08/2005 08:55 AM 
12/08/2005 08:55 AM 

2,555,082 
6,110 

2.555.082 
12/08/2005 08:58 AM 
12/08/2005 08:58 AM 
12/08/2005 09:02 AM 
12/08/2005 09:02 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
12/08/2005 09:06 AM 
12/08/2005 09:06 AM 

6,110 
2,555,082 

12/08/2005 09:lO AM 
12/08/2005 09:lO AM 
12/08/2005 09:13 AM 
12/08/2005 09:13 AM 
12/08/2005 09:17 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
6,110 

12/08/2005 09:17 AM 
12/08/2005 09:21 AM 

2,555,082 
6.110 

12/08/2005 09:21 AM 
12/08/2005 08:15 AM 
12/08/2005 08:15 AM 
12/08/2005 08:18 AM 

2,555,082 
6,110 

2,555,082 
6,110 

12/08/2005 08:18 AM 
12/08/2005 08:22 AM 
12/08/2005 08:22 AM 

2,555,082 
6,110 

2.555.082 
12/08/2005 08:25 AM 
12/08/2005 08:25 AM 
12/08/2005 08:29 AM 
12/08/2005 08:29 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
12/08/2005 08:33 AM 
12/08/2005 08:33 AM 
12/08/2005 08:37 AM 

6,110 
2,555,082 

6.110 
12/08/2005 08:37 AM 
12/08/2005 08:41 AM 
12/08/2005 08:41 AM 
12/08/2005 08:45 AM 

2,555,082 
6,110 

2,555,082 
6,110 

12/08/2005 08:45 AM 
12/08/2005 08:48 AM 
12/08/2005 08:48 AM 

2,555,082 
6,110 

2.555.082 
12/08/2005 08:11 AM 
12/08/2005 08:11 AM 
09/02/2005 08:52 AM 
12/08/2005 07:39 AM 

. .  
6,110 

2,555,210 
544 

6,110 
12/08/2005 07:39 AM 
12/08/2005 07:42 AM 

2,555,082 
6,110 

12/08/2005 07:42 AM 
12/08/2005 07:45 AM 
12/08/2005 07:45 AM 
12/08/2005 07:49 AM 
12/08/2005 07:49 AM 

2,555,082 
6,110 

2,555,082 
6,110 

2,555,082 
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6,110 
2,555,082 

12/08/2005 07:53 AM 
12/08/2005 07:53 AM 
12/08/2005 07:57 AM 
12/08/2005 07:57 AM 
12/08/2005 08:OO AM 

6,110 
2,555,082 

6.110 
12/08/2005 08:OO AM 
12/08/2005 08:04 AM 
12/08/2005 08:04 AM 
12/08/2005 08:08 AM 

2,555,082 
6,110 

2,555,082 
6,110 

12/08/2005 08:08 AM 
12/08/2005 07:02 AM 
12/08/2005 07:02 AM 

2,555,082 
6,110 

2.555.082 
12/08/2005 07:05 AM 
12/08/2005 07:05 AM 
12/08/2005 07:09 AM 
12/08/2005 07:09 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
12/08/2005 07:13 AM 
12/08/2005 07:13 AM 
12/08/2005 07:17 AM 

6,110 
2,555,082 

6.110 
12/08/2005 07:17 AM 
12/08/2005 07:20 AM 
12/08/2005 07:20 AM 
12/08/2005 07:24 AM 

2,555,082 
6,110 

2,555,082 
6,110 

12/08/2005 07:24 AM 
12/08/2005 07:28 AM 
12/08/2005 07:28 AM 

2,555,082 
6,110 

2.555.082 
12/08/2005 07:32 AM 
12/08/2005 07:32 AM 
12/08/2005 07:35 AM 
12/08/2005 07:35 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
12/08/2005 06:59 AM 
12/08/2005 06:59 AM 

6,110 
2,555,210 

12/08/2005 06:26 AM 
12/08/2005 06:26 AM 
12/08/2005 06:29 AM 
12/08/2005 06:29 AM 
12/08/2005 06:33 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
6,110 

Strain-1 tI108max- t . OUT 
Strain~lt-lO8th~t.OUT 
Strain~lt-ll7max~t.OUT 
Strain-lt 117th-t.OUT 

12/08/2005 06:33 AM 
12/08/2005 06:37 AM 

2,555,082 
6.110 

12/08/2005 06:37 AM 
12/08/2005 06:40 AM 
12/08/2005 06:40 AM 
12/08/2005 06:44 AM 

2,555,082 
6,110 

2,555,082 
6,110 

12/08/2005 06:44 AM 
12/08/2005 06:48 AM 
12/08/2005 06:48 AM 

2,555,082 
6,110 

2.555.082 
12/08/2005 06:52 AM 
12/08/2005 06:52 AM 
12/08/2005 06:55 AM 
12/08/2005 06:55 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 Strain-ltIl8Oth-t .OUT 
Strain~lt-18max~t.OUT 
Strain-lt-18th-t.OUT 
Strain~lt-27max~t.OUT 
Strain-lt-27th-t.OUT 
Strain~lt-36max~t.OUT 
Strain-lt-36th-t.OUT 
Strain~lt-45max~t.OUT 
Strain-lt-45th-t.OUT 
Strain~lt-54max~t.OUT 
Strain-lt-54th-t.OUT 
Strain~lt-63max~t.OUT 
Strain-lt-63th-t.OUT 
Strain~lt-72max~t.OUT 
Strain-lt-72th-t.OUT 
Strain~lt-8lmax~t.OUT 
Strain-lt-8lth-t.OUT 
Strain~lt-90max~t.OUT 
Strain-lt-90th-t.OUT 
Strain~lt-99max~t.OUT 
Strain-lt-99th-t.OUT 
Strain-lt-9max-t.OUT 

12/08/2005 05:50 AM 
12/08/2005 05:50 AM 
12/08/2005 05:53 AM 

6,110 
2,555,082 

6.110 
12/08/2005 05:53 AM 
12/08/2005 05:57 AM 
12/08/2005 05:57 AM 
12/08/2005 06:Ol AM 

2,555,082 
6,110 

2,555,082 
6,110 

12/08/2005 06:Ol AM 
12/08/2005 06:04 AM 
12/08/2005 06:04 AM 

2,555,082 
6,110 

2.555.082 
12/08/2005 06:08 AM 
12/08/2005 06:08 AM 
12/08/2005 06:12 AM 
12/08/2005 06:12 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
12/08/2005 06:16 AM 
12/08/2005 06:16 AM 

6,110 
2,555,082 

12/08/2005 06:20 AM 
12/08/2005 06:20 AM 
12/08/2005 06:23 AM 
12/08/2005 06:23 AM 
12/08/2005 05:47 AM 

. .  
6,110 

2,555,082 
6,110 

2,555,082 
6,110 
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12/08/2005 05:47 AM 
09/08/2005 10:18 AM 

2,555,210 
692 

11/01/2005 10:46 AM 
09/08/2005 09:20 AM 
04/13/2005 07:38 AM 

702 
692 
205 

12/08/2005 04:21 AM 
12/08/2005 01:lO AM 
12/07/2005 09:58 PM 
12/08/2005 04:21 AM 

16,291 
16,291 
16,210 

6,850,602 
12/08/2005 01:lO AM 
12/07/2005 09:59 PM 
12/08/2005 04:30 AM 

6,850,602 
6,821,874 

16.291 
12/08/2005 01:19 AM 
12/07/2005 10:08 PM 
12/08/2005 04:30 AM 
12/08/2005 01:19 AM 

16,291 
16,210 

6,850,602 
6,850,602 

12/07/2005 10:08 PM 
12/08/2005 04:39 AM 
12/08/2005 01:29 AM 

6,821,874 
16,291 
16.291 

12/07/2005 10:17 PM 
12/08/2005 04:39 AM 
12/08/2005 01:29 AM 
12/07/2005 10:17 PM 

16,210 
6,850,602 
6,850,602 
6,821,874 

12/08/2005 04:49 AM 
12/08/2005 01:38 AM 
12/07/2005 10:27 PM 

16,291 
16,291 
16.210 

12/08/2005 04:49 AM 
12/08/2005 01:38 AM 
12/07/2005 10:27 PM 
12/08/2005 04:58 AM 

6,850,602 
6,850,602 
6,821,874 

16,291 
16,291 
16,210 

12/08/2005 01:47 AM 
12/07/2005 10:36 PM 
12/08/2005 04:58 AM 
12/08/2005 01:47 AM 
12/07/2005 10:36 PM 
12/08/2005 05:08 AM 
12/08/2005 01:57 AM 

6,850,602 
6,850,602 
6,821,874 

16,291 
16,291 

12/07/2005 10:46 PM 
12/08/2005 05:08 AM 

16,210 
6.850.602 

12/08/2005 01:57 AM 
12/07/2005 10:46 PM 
12/08/2005 05:17 AM 
12/08/2005 02:06 AM 

. .  
6,850,602 
6,821,874 

16,291 
16,291 

12/07/2005 10:55 PM 
12/08/2005 05:17 AM 
12/08/2005 02:06 AM 

16,210 
6,850,602 
6.850.602 

12/07/2005 10:56 PM 
12/08/2005 05:27 AM 
12/08/2005 02:16 AM 
12/07/2005 11:05 PM 

. .  
6,821,874 

16,295 
16,295 
16,214 

12/08/2005 05:27 AM 
12/08/2005 02:16 AM 
12/07/2005 11:05 PM 

6,850,602 
6,850,602 
6.821.874 

12/08/2005 05:36 AM 
12/08/2005 02:26 AM 
12/07/2005 11:15 PM 
12/08/2005 05:36 AM 

. .  
16,295 
16,295 
16,214 

6,850,602 
12/08/2005 02:26 AM 
12/07/2005 11:15 PM 
12/08/2005 02:45 AM 

6,850,602 
6,821,874 

16.291 
12/07/2005 11:34 PM 
12/07/2005 08:22 PM 
12/08/2005 02:45 AM 
12/07/2005 11:34 PM 

16,291 
16,210 

6,850,602 
6,850,602 

12/07/2005 08:22 PM 
12/08/2005 02:54 AM 

6,821,874 
16,291 

12/07/2005 11:43 PM 
12/07/2005 08:31 PM 
12/08/2005 02:54 AM 
12/07/2005 11:43 PM 
12/07/2005 08:31 PM 

16,291 
16,210 

6,850,602 
6,850,602 
6,821,874 
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12/08/2005 03:04 AM 
12/07/2005 11:53 PM 

16,291 
16,291 

Stress~pt-36max~b.OUT 
Stress~pt-36max~m.OUT 
Stress~pt-36max~t.OUT 
Stress-pt-36th-b.OUT 
Stress-pt-36th-m.OUT 
Stress-pt-36th-t.OUT 
Stress~pt-45max~b.OUT 
Stress~pt-45max~m.OUT 
Stress~pt-45max~t.OUT 
Stress-pt-45th-b.OUT 
Stress-pt-45th-m.OUT 
Stress-pt-45th-t.OUT 
Stress~pt-54max~b.OUT 
Stress~pt-54max~m.OUT 
Stress~pt-54max~t.OUT 
Stress-pt-54th-b.OUT 
Stress-pt-54th-m.OUT 
Stress-pt-54th-t.OUT 
Stress~pt-63max~b.OUT 
Stress~pt-63max~m.OUT 
Stress~pt-63max~t.OUT 
Stress-pt-63th-b.OUT 
Stress-pt-63th-m.OUT 
Stress-pt-63th-t.OUT 
Stress~pt-72max~b.OUT 
Stress~pt-72max~m.OUT 
Stress~pt-72max~t.OUT 
Stress-pt-72th-b.OUT 
Stress-pt-72th-m.OUT 
Stress-pt-72th-t.OUT 
Stress~pt-8lmax~b.OUT 
Stress~pt-8lmax~m.OUT 
Stress~pt-8lmax~t.OUT 
Stress-pt-8lth-b.OUT 
Stress-pt-8lth-m.OUT 
Stress-pt-8lth-t.OUT 
Stress~pt-90max~b.OUT 
Stress~pt-90max~m.OUT 
Stress~pt-90max~t.OUT 
Stress-pt-90th-b.OUT 
Stress-pt-90th-m.OUT 
Stress-pt-90th-t.OUT 
Stress~pt-99max~b.OUT 
Stress~pt-99max~m.OUT 
Stress~pt-99max~t.OUT 
Stress-pt-99th-b.OUT 
Stress-pt-99th-m.OUT 
Stress-pt-99th-t.OUT 
Stress-pt-9max-b.OUT 
Stress-pt-9max-m.OUT 
Stress-pt-9max-t.OUT 
Stress-pt-9th-b.OUT 
Stress-pt-9th-m.OUT 
Stress-pt-9th-t.OUT 
Tank~C00rdinateS~AY.txt 
Tank-Meshl. txt 
tank-out. out 
Tank-Props-BEC-25O.txt 
Tank-Props-Crack.txt 
Tank-th.out 
TH~266~Mean~Geo~V.txt 
TH-266-Mean-Geo.txt 
Waste~Cont~lO8max.OUT 
Waste-Cont-lO8th.OUT 
Waste~Cont-ll7max.OUT 
Waste-Cont-ll7th.OUT 
Waste~Cont-126max.OUT 
Waste-Cont-126th.OUT 
Waste~Cont-135max.OUT 
Waste-Cont-135th.OUT 
Waste~Cont-144max.OUT 

12/07/2005 08:41 PM 
12/08/2005 03:04 AM 
12/07/2005 11:53 PM 

16,210 
6,850,602 
6.850.602 

12/07/2005 08:41 PM 
12/08/2005 03:13 AM 
12/08/2005 12:02 AM 
12/07/2005 08:50 PM 

. .  
6,821,874 

16,291 
16,291 
16,210 

12/08/2005 03:13 AM 
12/08/2005 12:02 AM 
12/07/2005 08:50 PM 

6,850,602 
6,850,602 
6.821.874 

12/08/2005 03:22 AM 
12/08/2005 12:ll AM 
12/07/2005 09:OO PM 
12/08/2005 03:22 AM 

. .  
16,291 
16,291 
16,210 

6,850,602 
12/08/2005 12:12 AM 
12/07/2005 09:OO PM 
12/08/2005 03:32 AM 

6,850,602 
6,821,874 

16.291 
12/08/2005 12:21 AM 
12/07/2005 09:lO PM 
12/08/2005 03:32 AM 
12/08/2005 12:21 AM 

16,291 
16,210 

6,850,602 
6,850,602 

12/07/2005 09:lO PM 
12/08/2005 03:41 AM 
12/08/2005 12:30 AM 

6,821,874 
16,291 
16.291 

12/07/2005 09:19 PM 
12/08/2005 03:41 AM 
12/08/2005 12:31 AM 
12/07/2005 09:19 PM 

16,210 
6,850,602 
6,850,602 
6,821,874 

12/08/2005 03:51 AM 
12/08/2005 12:40 AM 

16,291 
16,291 

12/07/2005 09:29 PM 
12/08/2005 03:51 AM 
12/08/2005 12:40 AM 
12/07/2005 09:29 PM 
12/08/2005 04:Ol AM 

16,210 
6,850,602 
6,850,602 
6,821,874 

16,291 
12/08/2005 12:50 AM 
12/07/2005 09:39 PM 

16,291 
16.210 

12/08/2005 04:Ol AM 
12/08/2005 12:50 AM 
12/07/2005 09:39 PM 
12/08/2005 04:11 AM 

6,850,602 
6,850,602 
6,821,874 

16,291 
12/08/2005 01:OO AM 
12/07/2005 09:49 PM 
12/08/2005 04:11 AM 

16,291 
16,210 

6.850.602 
12/08/2005 01:OO AM 
12/07/2005 09:49 PM 
12/08/2005 02:35 AM 
12/07/2005 11:24 PM 

. .  
6,850,602 
6,821,874 

16,291 
16,291 

12/07/2005 08:12 PM 
12/08/2005 02:35 AM 
12/07/2005 11:24 PM 

16,210 
6,850,730 
6.850.730 

12/07/2005 08:12 PM 
10/31/2005 12:13 PM 
05/25/2005 03:32 PM 
12/05/2005 11:40 AM 

. .  
6,822,002 

3,825 
2,512 
102 

02/25/2005 02:24 PM 
12/05/2005 10:51 AM 
12/05/2005 11:41 AM 

5,406 
5,495 
4. 679 

05/16/2005 03:40 PM 
05/13/2005 10:57 AM 
12/08/2005 04:31 PM 
12/08/2005 04:31 PM 

41,470 
41,472 
8,236 

3,151,428 
12/08/2005 04:38 PM 
12/08/2005 04:38 PM 

8,236 
3,151,428 . .  

12/08/2005 04:45 PM 8,236 
12/08/2005 04:45 PM 3,151,428 
12/08/2005 04:52 PM 8,236 
12/08/2005 04:52 PM 3,151,428 
12/08/2005 04:59 PM 8,236 
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12/08/2005 04:59 PM 
12/08/2005 05:06 PM 

3,151,428 
8,236 

Waste-Cont-144th.OUT 
Waste~Cont-153rnax.OUT 
Waste-Cont-153th.OUT 
Waste~Cont-162rnax.OUT 
Waste-Cont-162th.OUT 
Waste~Cont-17lrnax.OUT 
Waste-Cont-17lth.OUT 
Waste~Cont~l8Ornax.OUT 
Waste-Cont-18Oth.OUT 
Waste-Cont-18rnax.OUT 
Waste-Cont-18th.OUT 
Waste-Cont-27rnax.OUT 
Waste-Cont-27th.OUT 
Waste-Cont-36rnax.OUT 
Waste-Cont-36th.OUT 
Waste-Cont-45rnax.OUT 
Waste-Cont-45th.OUT 
Waste-Cont-54rnax.OUT 
Waste-Cont-54th.OUT 
Waste-Cont-63rnax.OUT 
Waste-Cont-63th.OUT 
Waste-Cont-72rnax.OUT 
Waste-Cont-72th.OUT 
Waste-Cont-8lrnax.OUT 
Waste-Cont-8lth.OUT 
Waste-Cont 90rnax .OUT 

12/08/2005 05:06 PM 
12/08/2005 05:12 PM 
12/08/2005 05:12 PM 

3,151,428 
8,236 

3.151.428 
12/08/2005 05:19 PM 
12/08/2005 05:19 PM 
12/08/2005 05:27 PM 
12/08/2005 05:27 PM 

. .  
8,236 

3,151,428 
8,236 

3,151,428 
12/08/2005 03:21 PM 
12/08/2005 03:21 PM 
12/08/2005 03:27 PM 

8,236 
3,151,428 

8.236 
12/08/2005 03:27 PM 
12/08/2005 03:34 PM 
12/08/2005 03:34 PM 
12/08/2005 03:41 PM 

3,151,428 
8,236 

3,151,428 
8,236 

12/08/2005 03:41 PM 
12/08/2005 03:49 PM 
12/08/2005 03:49 PM 

3,151,428 
8,236 

3.151.428 
12/08/2005 03:56 PM 
12/08/2005 03:56 PM 
12/08/2005 04:03 PM 
12/08/2005 04:03 PM 

. .  
8,236 

3,151,428 
8,236 

3,151,428 
12/08/2005 04:lO PM 
12/08/2005 04:lO PM 
12/08/2005 04:17 PM 

8,236 
3,151,428 

8.236 
12/08/2005 04:17 PM 
12/08/2005 04:24 PM 
12/08/2005 04:24 PM 
12/08/2005 03:14 PM 

3,151,428 Waste-ContI9Oth.OUT 

3,151,428 Waste-Cont 99th.OUT 
8,236 Waste-Cont-99rnax.OUT 

8,236 Waste-ContI9rnax.OUT 
3,151,556 Waste-Cont-9th.OUT 

45,117 Waste-Reaction.out 
332 Waste-Reaction.txt 

3,265 Waste-solid-AY.txt 
776 Waste-Surface-ay.txt 
784 Waste-Surf-Ornax.OUT 

784 Waste~Surf-lO8rnax.OUT 
509,216 Waste-Surf-Oth.OUT 

511.408 Waste-Surf 108th.OUT 

12/08/2005 03:14 PM 
12/09/2005 07:52 AM 
12/09/2005 07:34 AM 
10/31/2005 12:Ol PM 
11/29/2005 08:46 AM 
12/09/2005 08:55 AM 
12/09/2005 08:55 AM 
12/08/2005 08:42 PM 
12/08/2005 08:42 PM 
12/08/2005 08:57 PM 
12/08/2005 08:57 PM 
12/08/2005 09:12 PM 
12/08/2005 09:12 PM 

5 

5 

511,408 Waste-Surf-135th.OUT 
784 Waste-SurfI135rnax .OUT 

784 Waste-Surf 144rnax.OUT 

12/08/2005 09:26 PM 
12/08/2005 09:26 PM 
12/08/2005 09:41 PM 
12/08/2005 09:41 PM 
12/08/2005 09:56 PM 
12/08/2005 09:56 PM 
12/08/2005 10:ll PM 

511,408 
784 

511,408 
784 

Waste-SurfI144th.OUT 
Waste~Surf-153rnax.OUT 
Waste-Surf-li3th.OUT 
Waste~Surf-162rnax.OUT 
Waste-Surf-162th.OUT 
Waste~Surf-17lmax.OUT 
Waste-Surf-17lth.OUT 
Waste~Surf-18Ornax.OUT 
Waste-Surf-18Oth.OUT 
Waste-Surf-18rnax.OUT 
Waste-Surf-18th.OUT 
Waste-Surf-27rnax.OUT 
Waste-Surf-27th.OUT 
Waste-Surf 36rnax.OUT 

12/08/2005 10:ll PM 
12/08/2005 10:26 PM 
12/08/2005 10:26 PM 

511,408 
784 

511.408 
12/08/2005 10:41 PM 
12/08/2005 10:41 PM 
12/08/2005 06:12 PM 
12/08/2005 06:12 PM 

784 
511,408 

784 
511,408 

12/08/2005 06:27 PM 
12/08/2005 06:27 PM 
12/08/2005 06:42 PM 

784 
511,408 

784 
12/08/2005 06:42 PM 
12/08/2005 06:57 PM 
12/08/2005 06:57 PM 
12/08/2005 07:12 PM 

511,408 Waste-SurfI36th.OUT 

511,408 Waste-Surf 45th.OUT 
784 Waste-Surf-45rnax.OUT 

784 Waste-SurfI54rnax.OUT 

784 Waste-Surf 63rnax.OUT 
511,408 Waste-Surf-54th.OUT 12/08/2005 07:12 PM 

12/08/2005 07:27 PM 
12/08/2005 07:27 PM 
12/08/2005 07:42 PM 
12/08/2005 07:42 PM 
12/08/2005 07:57 PM 
12/08/2005 07:57 PM 

511,408 Waste-SurfI63th.OUT 

511,408 Waste-Surf-72th.OUT 
784 Waste-Surf-72rnax.OUT 

784 Waste-Surf 8lrnax.OUT 
511,408 Waste-SurfI8lth.OUT 
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12/08/2005 08:12 PM 
12/08/2005 08:12 PM 

784 
511,408 

784 
511,408 

784 

Waste-Surf-90max.OUT 
Waste-Surf-90th.OUT 
Waste-Surf-99max.OUT 
Waste-Surf-99th.OUT 
Waste-Surf-9max.OUT 
Waste-Surf-9th.OUT 

8 bytes free 
bytes 

12/08/2005 08:27 PM 
12/08/2005 08:27 PM 
12/08/2005 05:57 PM 
12/08/2005 05:57 PM 511,408 

706 Filejs) 40,124,900,33 
2 D i r j s )  176,165,613,5 6 

BES-FCC Gravity File Listing 

Volume in drive E 1s 250GB HITAC 
Volume Serial Nuder 1s B4FB-DB23 

Directory of E:\PNNL-ED-NL-AY-BES-FCC 

12/22/2005 08:41 AM 
12/22/2005 08:41 AM 

DIR> 
DIR> 

99 

< 
< 

09/27/2005 03:47 PM 
12/05/2005 11:29 AM 
12/07/2005 12:36 PM 
12/07/2005 01:30 PM 
12/15/2005 03:14 PM 

All-Forces.txt 
AY-ED-NL-BES-FCC Conc Tank Demand Gravity.xls 
AY-ED-NL-BES-FCC J Bolt Forces Gravity.xls 
AY-ED-NL-BES-FCC Liner Strain Gravity.xls 
AY-ED-NL-BES-FCC Pri Tank Stress Gravity.xls 
AY-ED-NL-BES-FCC Soil Pressures Gravity.xls 
AY~2D~NL~BES~FCC~InSul~COntactGravlty.xls 
AY~2D~NL~BES~FCC~J~BOlt~COntactGravlty.xls 
AY~2D~NL~BES~FCC~Primary~COntactGravlty.xls 
BOltS-FriCtiOn.txt 
Boundary.txt 
Contact-AY.txt 
Contact-Footing.txt 
contact-1nsu1.txt 
Contact-J-Bolts.txt 
Contact-Primary.txt 
Contact-Soll.txt 
Contact-Waste-AY.txt 
Far-Soil.txt 
flle.err 

file. txt 
Fix-Soil.txt 
Footing-Cont-max.OUT 
F00ting-COnt-th.OUT 
Force-c.txt 
Force-c~lO8amax.OUT 
Force-c~lO8ath.OUT 
Force-c~lO8max.OUT 
Force-c~lO8th.OUT 
Force-c~ll7amax.OUT 
Force-c~ll7ath.OUT 
Force-c~ll7max.OUT 
Force-c~ll7th.OUT 
Force-c~l26amax.OUT 
Force-c~l26ath.OUT 
Force-c~l26max.OUT 
Force-c~l26th.OUT 
Force-c~l35amax.OUT 
Force-c~l35ath.OUT 
Force-c~l35max.OUT 
Force-c~l35th.OUT 
Force-c-144amax.OUT 
Force-c-144ath.OUT 
Force-c~l44max.OUT 
Force-c-144th.OUT 
Force-c~l53amax.OUT 
Force-c~l53ath.OUT 
Force-c~l53max.OUT 
Force-c~l53th.OUT 
Force-c~l62amax.OUT 

file. l o g  

~~ 

3,363,840 
678, 912 

3,470,848 
8,516,608 

12/13/2005 04:17 PM 
12/08/2005 10:26 AM 

2,108,416 
685.568 

12/07/2005 12:48 PM 
12/07/2005 01:23 PM 
09/02/2005 02:Ol PM 
06/09/2005 01:59 PM 

726,016 
768,000 

5,766 
262 

12/05/2005 10:53 AM 
12/01/2005 09:11 AM 
09/02/2005 09:28 AM 

164 
586 
604 

09/02/2005 09:5l AM 
09/09/2005 09:59 AM 
09/15/2005 11:50 AM 
09/06/2005 11:16 AM 

602 
608 
742 
630 

09/22/2005 04:05 PM 
12/05/2005 10:41 AM 
12/05/2005 10:41 AM 

8, 608 
595 
718 

n 12/22/2005 08:41 AM 
10/13/2005 06:54 AM 
12/14/2005 04:31 PM 
12/14/2005 04:31 PM 

562 
10,342 
11,328 

04/06/2005 08:24 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

894 
4,996 
8.400 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

14,716 
16,800 
4,996 
8,400 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

14,716 
16,800 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:11 AM 

4,996 
8,400 
14,716 
16,800 
4,996 

12/05/2005 11:11 AM 
12/05/2005 11:lO AM 

8,400 
14.716 

12/05/2005 11:lO AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:lO AM 
12/05/2005 11:11 AM 

16,800 
4,996 
8,400 
14,716 
16,800 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

4,996 
8.400 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

14,716 
16,800 
4,996 
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12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,400 
14,116 

Force-c~l62ath.OUT 
Force-c~l62rnax.OUT 
Force-c~l62th.OUT 
Force-c~lIlarnax.OUT 
Force-c~l1lath.OUT 
Force-c~lIlrnax.OUT 
Force-c~lIlth.OUT 
Force-c~l8Oarnax.OUT 
Force-c~l8Oath.OUT 
Force-c~l8Ornax.OUT 
Force-c~l8Oth.OUT 
Force-c~l8arnax.OUT 
Force-c~l8ath.OUT 
Force-c~l8rnax.OUT 
Force-c-18th.OUT 
Force-c~2Iarnax.OUT 
Force-c~2Iath.OUT 
Force-c~2Irnax.OUT 
Force-c-2Ith.OUT 
Force-c~36arnax.OUT 
Force-c-36ath.OUT 
Force-c~36rnax.OUT 
Force-c-36th.OUT 
Force-c~45arnax.OUT 
Force-c-45ath.OUT 
Force-c~45rnax.OUT 
Force-c-45th.OUT 
Force-c~54arnax.OUT 
Force-c-54ath.OUT 
Force-c~54rnax.OUT 
Force-c-54th.OUT 
Force-c~63arnax.OUT 
Force-c-63ath.OUT 
Force-c~63rnax.OUT 
Force-c-63th.OUT 
Force-c~I2arnax.OUT 
Force-c~I2ath.OUT 
Force-c~I2rnax.OUT 
Force-c~I2th.OUT 
Force-c~8larnax.OUT 
Force-c-8lath.OUT 
Force-c~8lrnax.OUT 
Force-c-8lth.OUT 
Force-c~90arnax.OUT 
Force-c-90ath.OUT 
Force-c~90rnax.OUT 
Force-c-90th.OUT 
Force-c~99arnax.OUT 
Force-c-99ath.OUT 
Force-c~99rnax.OUT 
Force-c-99th.OUT 
Force-c~9arnax.OUT 
Force-c-9ath.OUT 
Force-c-9rnax.OUT 
Force-c-9th.OUT 
force-lb.xls 
Force-]b-rlO-th.OUT 
Force-]b-rlO-rnax.OUT 
Force-]b-rll-th.OUT 
Force-]b-rll-rnax.OUT 
Force-]b-rZ-th.OUT 
Force-]b-r2-rnax.OUT 
Force-]b-r3-th.OUT 
Force-]b-r3-rnax.OUT 
Force-]b-r4-th.OUT 
Force-]b-r4-rnax.OUT 
Force-]b-r5-th.OUT 
Force-lb-ri-rnax.OUT 
Force-]b-r6-th.OUT 
Force-]b-r6-rnax.OUT 
Force-]b-rl-th.OUT 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,800 
4,996 
8.400 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

14,116 
16,800 
4,996 
8,400 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

14,116 
16,800 
4.996 

12/05/2005 11:11 AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:11 AM 

8,400 
14,116 
16,800 
4,996 

12/05/2005 11:11 AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

8,400 
14,116 
16.800 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

4,996 
8,400 
14,116 
16,800 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:lO AM 

4,996 
8,400 
14.116 

12/05/2005 11:lO AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:lO AM 

16,800 
4,996 
8,400 
14,116 

12/05/2005 11:lO AM 
12/05/2005 11:11 AM 

16,800 
4,996 

12/05/2005 11:11 AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,400 
14,116 
16,800 
4,996 
8,400 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

14,116 
16.800 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

4,996 
8,400 
14,116 
16,800 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:lO AM 

4,996 
8,400 
14.116 

12/05/2005 11:lO AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:lO AM 

16,800 
4,996 
8,400 
14,116 

12/05/2005 11:lO AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,800 
4,996 
8.528 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/01/2005 12:34 PM 
12/05/2005 11:11 AM 

14,116 
16, 928 

134,656 
I, 350 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

5,239 
I, 350 
5.239 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

I, 418 
5,239 
I, 350 
5,239 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

I, 350 
5,239 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

I, 350 
5,239 
I, 350 
5,239 
I, 350 

H.63 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001. Rev. OA 

5,239 
7,350 
5,239 
7,350 
5.239 

Force-]b-r7-max.OUT 
Force-]b-r8-th.OUT 
Force-]b-r8-max.OUT 
Force-]b-r9-th.OUT 
Force-]b-r9-max.OUT 
Force-]-bolt.txt 
import-0-90.xls 
import-99-180.xls 

Insul~Contact-99~18O.xls 
Insul~Cont~lO8max.OUT 
Insul-Cont 108th.OUT 

Ins"l~Contact~0~90.xls 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
06/20/2005 10:53 AM 
12/05/2005 11:23 AM 
12/05/2005 11:23 AM 
12/08/2005 10:26 AM 

661 
445,440 
445,440 
74,240 

12/08/2005 10:26 AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

74,240 
2,728 
3.360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 
2,728 
3,360 

1nsul~~ontI117max.0~~ 
Insul-Cont-ll7th.OUT 
Insul-Cont 126max.OUT 
Insul-ContI126th. OUT 
Insul~Cont~l35max.OUT 
Insul-Cont-135th.OUT 
Insul~Cont-144max.OUT 
Insul-Cont-144th.OUT 
Insul~Cont~l53max.OUT 
Insul-Cont-li3th.OUT 
Insul~Cont~l62max.OUT 
Insul-Cont-162th.OUT 
Insul~Cont~l7lmax.OUT 
Insul-Cont-17lth.OUT 
Insul~Cont~l8Omax.OUT 
Insul-Cont~l8Oth.OUT 
Insul-Cont-18max.OUT 
Insul-Cont-18th.OUT 
Insul-Cont-27max.OUT 
Insul-Cont-27th.OUT 
Insul-Cont-36max.OUT 
Insul-Cont-36th.OUT 
Insul-Cont-45max.OUT 
Insul-Cont-45th.OUT 
Insul-Cont-54max.OUT 
Insul-Cont-54th.OUT 
Insul-Cont-63max.OUT 
Insul-Cont-63th.OUT 
Insul-Cont-72max.OUT 
Insul-Cont-72th.OUT 
Insul-Cont-8lmax.OUT 
Insul-Cont-8lth.OUT 
Insul-Cont-90max.OUT 
Insul-Cont-90th.OUT 
Insul-Cont-99max.OUT 
Insul-Cont-99th.OUT 
Insul-Cont-9max.OUT 
Insul-Cont-9th.OUT 
1nsu1ate.txt 

1nterfacel.txt 
J~Bolt~Contact-0~90.xls 
J~Bolt~Contact-99~180.xls 
J~Bolt~Cont~lO8max.OUT 
J~Bolt~Cont-lO8th.OUT 
J~Bolt~Cont-ll7max.OUT 
J~Bolt~Cont-ll7th.OUT 
J-Bolt-COnt 126max.OUT 

1nterface-gapl.txt 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 
2.728 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2,728 
3,360 
2,728 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2,728 
3.360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 
2,728 
3,360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 
2,728 
3,360 
2,728 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2.728 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2,728 
3,360 
2,728 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2,728 
3.360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 
2,728 
3,488 

09/01/2005 10:27 AM 
10/13/2005 08:28 AM 
09/09/2005 09:34 AM 

1, 664 
4,031 
2. 616 

12/07/2005 12:37 PM 
12/07/2005 12:38 PM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

81,408 
81,408 
3,052 
3,780 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,052 
3,780 
3.052 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,780 
3,052 
3,780 
3,052 

J-Bo1 t-ContI12 6th. OUT 
J~Bolt~Cont-135max.OUT 
J-Bolt-COnt 135th.OUT 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,780 
3,052 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,780 
3,052 
3,780 
3,052 
3,780 
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3,052 
3,780 
3,052 
3,780 
3.052 

J~Bolt~Cont~l8Omax.OUT 
J-Bolt-COnt 18Oth.OUT 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

J-Bolt-ContIl8max .OUT 
J-Bolt-Cont~l8th.OUT 
J-Bolt-COnt 27max.OUT 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,780 
3,052 
3,780 
3,052 

J-Bolt-ContI27th.OUT 
J~Bolt~Cont-36max.OUT 
J-Bolt-Cont-36th.OUT 
J-Bolt-COnt 45max.OUT 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,780 
3,052 
3.780 

J-Bo1 t-ContI45 th. OUT 
J~Bolt~Cont-54max.OUT 
J-Bolt-COnt 54th.OUT 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,052 
3,780 
3,052 
3,780 

J~Bolt~ContI63max.OUT 
J-Bolt-Cont-63th.OUT 
J-Bolt-COnt 72max.OUT 
J-Bolt-ContI72th.OUT 
J~Bolt~Cont-8lmax.OUT 
J-Bolt-Cont~8lth.OUT 
J-Bolt-COnt 9 0 r n a x . O U T  

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,052 
3,780 
3.052 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,780 
3,052 
3,780 
3,052 

J-Bolt-ContI90th.OUT 
J~Bolt~Cont-99max.OUT 
J-Bolt-COnt 99th.OUT 

12/05/2005 11:lO AM 
12/07/2005 01:27 PM 
12/07/2005 01:27 PM 

3, 908 
158,208 
158.208 

12/07/2005 01:27 PM 
12/07/2005 01:27 PM 
12/07/2005 01:28 PM 
12/07/2005 01:28 PM 

158,208 
158,208 
158,208 
158,208 

06/01/2005 01:17 PM 
05/02/2005 02:19 PM 

1,708 
667 

11/11/2005 10:38 AM 
04/20/2005 01:14 PM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:08 AM 

6,185 
508 

2, 998 
55,508,992 
55,508,992 

outer-spar. txt 
PNNL-AY-2D-BES-FCC.BCS 
PNNL-AY-2D-BES-FCC.db 
PNNL-AY-ED-BES-FCC.dbb 
PNNL-AY-2D-BES-FCC.emat 
PNNL-AY-2D-BES-FCC.err 

12/05/2005 11:lO AM 
12/14/2005 04:30 PM 

12,386,304 
55. 689 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:08 AM 
12/14/2005 04:31 PM 

102,563,840 
27,852,800 

437,553 
7, 958 

12/05/2005 11:lO AM 
12/05/2005 11:08 AM 
12/05/2005 11:09 AM 

1,559 
102,563,840 

1.411 

PNNL-AY-2D-BES-FCC.mntr 
PNNL-AY-2D-BES-FCC.osav 
PNNL-AY-2D-BES-FCC.PVTS 

12/05/2005 11:lO AM 103,546,880 
12/05/2005 10:55 AM 35,782,656 
12/05/2005 11:lO AM 57,671,680 
12/05/2005 11:lO AM 71,231 

PNNL-AY-2D-BES-FCC.rOOl 
PNNL-AY-2D-BES-FCC.rdb 
PNNL-AY-2D-BES-FCC.rst 

12/07/2005 01:20 PM 
12/07/2005 01:20 PM 
12/05/2005 11:lO AM 

73,728 
74,240 
2.728 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2,728 
3,360 
2,728 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2,728 
3.360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 
2,728 
3,360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 
2,728 
3,360 
2,728 
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12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2,728 

Primary~Cont-18th.OUT 
Primary~Cont-27max.OUT 
Primary~Cont-27th.OUT 
Primary~Cont-36max.OUT 
Primary~Cont-36th.OUT 
Primary~Cont-45max.OUT 
Primary~Cont-45th.OUT 
Primary~Cont-54max.OUT 
Primary~Cont-54th.OUT 
Primary~Cont-63max.OUT 
Primary~Cont-63th.OUT 
Primary~Cont-72max.OUT 
Primary~Cont-72th.OUT 
Primary~Cont-8lmax.OUT 
Primary~Cont-8lth.OUT 
Primary~Cont-90max.OUT 
Primary~Cont-90th.OUT 
Primary~Cont-99max.OUT 
Primary~Cont-99th.OUT 
Primary~Cont-9max.OUT 
Primary-Cont-9th.OUT 
Primary-Props-AY.txt 
Primary. txt 
QA.out 
RS-FREQ.txt 
Run-Tank.txt 
scratch.hlp 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2,728 
3.360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 
2,728 
3,360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

2,728 
3,360 
2.728 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2,728 
3,360 
2,728 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

3,360 
2,728 
3.360 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
10/31/2005 12:18 PM 
09/27/2005 03:52 PM 

2,728 
3,488 
5,549 
1,538 

12/05/2005 10:55 AM 
10/31/2005 10:31 AM 
12/05/2005 10:52 AM 

385,201 
1,108 
1,894 

12/14/2005 04:30 PM 
02/11/2005 01:22 PM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

1,053 
9,896 

13,160 

Slave .  txt 
SO~l~COntact~l08max.OUT 
Soil-Contact 108th.OUT 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

9,896 
13,160 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

9,896 
13,160 
9,896 

13,160 
9,896 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

13,160 
9.896 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

13,160 
9,896 

13,160 
9,896 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

13,160 
9,896 

13.160 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

9,896 
13,160 
9,896 

13,160 

S01l~C0ntactI18max.OUT 
Soil~Contact-18th.OUT 
Soil-Contact 27max.OUT 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

9,896 
13,160 
9.896 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

13,160 
9,896 

13,160 
9,896 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

13,160 
9,896 

13.160 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

9,896 
13,160 
9,896 

13,160 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

9,896 
13,160 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
11/11/2005 10:36 AM 
12/05/2005 11:17 AM 
12/05/2005 11:17 AM 

9,896 
13,288 
4, 989 

223,744 
224,256 
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11/11/2005 10:54 AM 
10/31/2005 11:02 AM 

1,898 
3,363 

Solve~Gravity~BES.txt 
SpeCtra-COnC-O.txt 
spectra-concrete.txt 
spectra~primary~l80,txt 
SpeCtra-SOll.txt 
spectra-wa11.txt 
spectra-waste.txt 
str-comp-O-90b.xls 
str-comp-0-90m.xls 
str-comp-0-90t.xls 
str-comp-99-18Ob.xls 
str-comp-99-180m.xls 
str-comp-99-18Ot.xls 
strain-compb.txt 
strain-compm.txt 
Strain-cOmpt.txt 
Strain~lb-lO8max~b.OUT 
Strain~lb-lO8th~b.OUT 
Strain~lb-ll7max~b.OUT 
Strain~lb-ll7th~b.OUT 
Strain~lb-lZ6max~b.OUT 
Strain~lb-126th~b.OUT 
Strain~lb-135max~b.OUT 
Strain~lb-135th~b.OUT 
Strain~lb-144max~b.OUT 
Strain~lb-144th~b.OUT 
Strain~lb-153max~b.OUT 
Strain~lb-153th~b.OUT 
Strain~lb-16Emax~b.OUT 
Strain~lb-16Eth~b.OUT 
Strain~lb-171max~b.OUT 
Strain~lb-171th~b.OUT 
Strain~lb-18Omax~b.OUT 
Strain~lb-18Oth~b.OUT 
Strain~lb-18max~b.OUT 
Strain-lb-18th-b.OUT 
Strain~lb-27max~b.OUT 
Strain-lb-27th-b.OUT 
Strain~lb-36max~b.OUT 
Strain-lb-36th-b.OUT 
Strain~lb-45max~b.OUT 
Strain-lb-45th-b.OUT 
Strain~lb-54max~b.OUT 
Strain-lb-54th-b.OUT 
Strain~lb-63max~b.OUT 
Strain-lb 63th-b.OUT 

10/14/2005 11:18 AM 
10/31/2005 10:17 AM 
09/06/2005 06:49 AM 

2,061 
3,551 
1.287 

06/20/2005 09:04 AM 
06/20/2005 08:52 AM 
12/07/2005 01:09 PM 
12/07/2005 01:09 PM 

647 
679 

354,304 
355,328 

12/07/2005 01:09 PM 
12/07/2005 01:lO PM 
12/07/2005 01:lO PM 

352,768 
354,304 
355.328 

12/07/2005 01:lO PM 
09/02/2005 08:51 AM 
09/02/2005 08:51 AM 
09/02/2005 08:50 AM 

352,768 
707 
705 
720 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6.110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.134 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6.110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8,134 
6,110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8.134 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6,110 
8,134 

Strain~lbI72max~b.OUT 
Strain-lb-72th-b.OUT 
Strain-lb 8lmax-b.OUT 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6.110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
09/02/2005 08:52 AM 

8,134 
6,110 
8,262 

544 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6.110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8,134 
6,110 
8,134 
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12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6.110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8,134 
6,110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8.134 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,134 
6.110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.262 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6,110 

Strain-1 tI108max- t . OUT 
Strain~lt-lO8th~t.OUT 
Strain-lt 117max-t.OUT 

8,134 
6,110 
8,134 

Strain~ltI117th~t.OUT 
Strain~lt-lZ6max~t.OUT 
Strain-lt 126th-t.OUT 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6,110 
8,134 

strain-1 t1135max- t . OUT 
Strain~lt-135th~t.OUT 
Strain~lt-144max~t.OUT 
Strain-lt 144th-t.OUT 

6,110 
8,134 
6.110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8,134 
6,110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8.134 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6,110 
8,134 

strain~ltI27max~t.ouT 
Strain-lt-27th-t.OUT 
Strain-lt 36max-t.OUT 
Strain-ltI36th-t.OUT 
Strain~lt-45max~t.OUT 
Strain-lt-45th-t.OUT 
Strain~lt-54max~t.OUT 
Strain-lt-54th-t.OUT 
Strain~lt-63max~t.OUT 
Strain-lt-63th-t.OUT 
Strain~lt-72max~t.OUT 
Strain-lt-72th-t.OUT 
Strain~lt-8lmax~t.OUT 
Strain-lt-8lth-t.OUT 
Strain~lt-90max~t.OUT 
Strain-lt-90th-t.OUT 
Strain~lt-99max~t.OUT 
Strain-lt-99th-t.OUT 
Strain-lt-9max-t.OUT 
Strain-lt-9th-t.OUT 
stress-compb.txt 
stress-compm.txt 
StreSs-compt.txt 
Stress-Primary.txt 
Stress~pt-lO8max~b.OUT 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6.110 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

8,134 
6,110 
8,134 
6,110 
8,134 
6,110 
8.134 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

6,110 
8,134 
6,110 
8,134 
6,110 
8,262 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
09/08/2005 10:18 AM 
11/01/2005 10:46 AM 
09/08/2005 09:20 AM 
04/13/2005 07:38 AM 
12/05/2005 11:11 AM 

692 
702 
692 
205 

16,291 
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12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,210 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21,714 
21,714 
21. 630 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,291 
16,210 
21,714 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21,714 
21, 630 
16.291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,210 
21,714 
21,714 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21, 630 
16,291 
16.291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,210 
21,714 
21,714 
21, 630 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,291 
16.210 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21,714 
21,714 
21, 630 
16,291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,210 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21,714 
21,714 
21, 630 
16,291 
16,291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,210 
21.714 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21,714 
21, 630 
16,295 
16,295 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,214 
21,714 
21.714 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21, 630 
16,295 
16,295 
16,214 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21,714 
21,714 
21. 630 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,291 
16,210 
21,714 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21,714 
21, 630 
16.291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,210 
21,714 
21,714 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21, 630 
16,291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,210 
21,714 
21,714 
21, 630 
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12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,291 

Stress~pt-45max~b.OUT 
Stress~pt-45max~m.OUT 
Stress~pt-45max~t.OUT 
Stress-pt-45th-b.OUT 
Stress-pt-45th-m.OUT 
Stress-pt-45th-t.OUT 
Stress~pt-54max~b.OUT 
Stress~pt-54max~m.OUT 
Stress~pt-54max~t.OUT 
Stress-pt-54th-b.OUT 
Stress-pt-54th-m.OUT 
Stress-pt-54th-t.OUT 
Stress~pt-63max~b.OUT 
Stress~pt-63max~m.OUT 
Stress~pt-63max~t.OUT 
Stress-pt-63th-b.OUT 
Stress-pt-63th-m.OUT 
Stress-pt-63th-t.OUT 
Stress~pt-72max~b.OUT 
Stress~pt-72max~m.OUT 
Stress~pt-72max~t.OUT 
Stress-pt-72th-b.OUT 
Stress-pt-72th-m.OUT 
Stress-pt-72th-t.OUT 
Stress~pt-8lmax~b.OUT 
Stress~pt-8lmax~m.OUT 
Stress~pt-8lmax~t.OUT 
Stress-pt-8lth-b.OUT 
Stress-pt-8lth-m.OUT 
Stress-pt-8lth-t.OUT 
Stress~pt-90max~b.OUT 
Stress~pt-90max~m.OUT 
Stress~pt-90max~t.OUT 
Stress-pt-90th-b.OUT 
Stress-pt-90th-m.OUT 
Stress-pt-90th-t.OUT 
Stress~pt-99max~b.OUT 
Stress~pt-99max~m.OUT 
Stress~pt-99max~t.OUT 
Stress-pt-99th-b.OUT 
Stress-pt-99th-m.OUT 
Stress-pt-99th-t.OUT 
Stress-pt-9max-b.OUT 
Stress-pt-9max-m.OUT 
Stress-pt-9max-t.OUT 
Stress-pt-9th-b.OUT 
Stress-pt-9th-m.OUT 
Stress-pt-9th-t.OUT 
Tank~C00rdinateS~AY.txt 
Tank-Meshl. txt 
tank-out. out 
Tank-Props-Crack.txt 
Tank-th.out 
TH~266~Mean~Geo~V.txt 
TH-266-Mean-Geo.txt 
Waste~Cont~lO8max.OUT 
Waste-Cont-lO8th.OUT 
Waste~Cont-ll7max.OUT 
Waste-Cont-ll7th.OUT 
Waste~Cont-126max.OUT 
Waste-Cont-126th.OUT 
Waste~Cont-135max.OUT 
Waste-Cont-135th.OUT 
Waste~Cont-144max.OUT 
Waste-Cont-144th.OUT 
Waste~Cont-153max.OUT 
Waste-Cont-153th.OUT 
Waste~Cont-162max.OUT 
Waste-Cont-162th.OUT 
Waste~Cont-17lmax.OUT 
Waste-Cont-17lth.OUT 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,210 
21,714 
21.714 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21, 630 
16,291 
16,291 
16,210 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21,714 
21,714 
21. 630 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,291 
16,210 
21,714 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21,714 
21, 630 
16.291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,210 
21,714 
21,714 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21, 630 
16,291 
16.291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,210 
21,714 
21,714 
21, 630 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,210 
21,714 
21,714 
21, 630 
16,291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16.210 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

21,714 
21,714 
21, 630 
16,291 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
12/05/2005 11:11 AM 

16,291 
16,210 
21.842 

12/05/2005 11:11 AM 
12/05/2005 11:11 AM 
10/31/2005 12:13 PM 
05/25/2005 03:32 PM 

21,842 
21,758 
3,825 
2,512 

12/05/2005 10:54 AM 
12/05/2005 10:51 AM 
12/05/2005 10:55 AM 

102 
5,495 
4.997 

05/16/2005 03:40 PM 
05/13/2005 10:57 AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

41,470 
41,472 
8,236 
8,820 
8,236 
8,820 
8.236 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

8,820 
8,236 
8,820 
8,236 
8,820 
8,236 

12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 
12/05/2005 11:lO AM 

8,820 
8,236 
8,820 
8,236 
8,820 
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12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
12/05/2005 
11/01/2005 
10/31/2005 

11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
11:lO 
12:19 
12:Ol 

AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
AM 
PM 
PM 
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8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8,820 
8,236 
8, 948 

342 
3.265 

Waste~Cont~l8Ornax.OUT 
Waste-Cont-18Oth.OUT 
Waste-Cont-18rnax.OUT 
Waste-Cont-18th.OUT 
Waste-Cont-27rnax.OUT 
Waste-Cont-27th.OUT 
Waste-Cont-36rnax.OUT 
Waste-Cont-36th.OUT 
Waste-Cont-45rnax.OUT 
Waste-Cont-45th.OUT 
Waste-Cont-54rnax.OUT 
Waste-Cont-54th.OUT 
Waste-Cont-63rnax.OUT 
Waste-Cont-63th.OUT 
Waste-Cont-72rnax.OUT 
Waste-Cont-72th.OUT 
Waste-Cont-8lrnax.OUT 
Waste-Cont-8lth.OUT 
Waste-Cont-90rnax.OUT 
Waste-Cont-90th.OUT 
Waste-Cont-99rnax.OUT 
Waste-Cont-99th.OUT 
Waste-Cont-9rnax.OUT 
Waste-Cont-9th.OUT 
Waste-Reaction.txt 
Waste-solid-AY.txt 
bytes 645 F i l e j s )  585,213,840 

2 D i r j s )  78,360,641,536 bytes free 
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H,' 422.i. 

y:= 460.h 

"1 
~ = 0.92 
Hl 

BBSeline waste level as modeled in ANSYS 

Height to primary tank tangent line 

Ratio of waste height to tank height 

&= 450-in Tank radius 

Ratio ofwaste height to tank radius 8 - = 0.94 

i:=0..2 

(8.536) 

0.d.S ) 
Circumferential lmtion ofwaste elements forwhich pressures are reported 

0.19) 
First mrea convective frequencies 

0.43 J 

waste density - specific gravity = 1.7 - 4  I b k ?  pI:= 1.59.10 .~ 
ih4 
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I:= 

Prepared by: F.G. matt TheOreUml Fluid Response AY Checked by: B.G. Camentet 
M&D Pmfe66ionaI Sewices Flexible WallTankat422 in. Waste M&D PmfeSSionaiSewlces 
12112/05 Level. Best Estimate Soil-Fully 1110106 
Rev. 3 Cracked Concrete 

245.8. 1 
M.5.b 

77.5 in 

104.5m 

131.4S.m 

156.35.io 

179.3.i" 

202.3.h 

225.65-in 

2SI.i" 
278.i~ 

305-in 

332.h 

359.S.i" 

386.5.h 
\410.7S.in J 

Venlcal location of element centroids at whld pressures 
are reported. 

Calculation of lmwlsive Freaumcv: 

o,:= 7.35.lo-'.""? Steel density 
ih4 

tW:= 0.65.. Average thickness of AY aver lwer 213. 

E,= 29.106.'b' 
. 2  

Elastic modulus for stee 

Table 4.4 of BNL 1995. Hinged top support condition -estimated far H/H,=0.92 c*p 0.102 

Eqn. 4.18 BNL 1995 

ci = 0.09 Impulsive coefficient for frequency calculation 

q:= 5.54 ANSYS Results 
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m a r e d  bv: F.G. matt meoretimi Fluid RSPOWAY Checked by: B.G. Camenter 
MhD Pmfersional Services Flexible Wail Tank at 422 in. Waste M8D Pmferoionai Services 
12/12/05 Level, Best Estimate Soii-Fuiiy 1110106 
Rev. 3 cracked concrete 

",'l 
"I 

Ratiooftankwail vertiwllocation towaste heightforwasteelement 
centroids. 

I, = 

Determine convective coeRcients as a Function ofdimensionle~s height 
per BNL 1995 Eqn. 4.4 
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Prepared by: F.G. Aban 
W D  Pmfessional SeNice~ 

Rev. 3 Cracked Concrete 

r n e m c a i  FIUM RWPO- AY 
Flexible Wall Tank at 422 in. Waste 

Checked by: B.G. Camenter 
M&D Professimal Serviees 

12112105 Level. Be* Wmate Sdl-Fully i i i o m  

Impulsive pressure mfkient as a function of dimensionless wall height 

BNL 1995 Eqn. 4.7 
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Rev. 3 Cracked concrete 

Calculate maximum values of dynamicwall pressures 

Consider me first mree mnvective modes 

SAa :i 0.062.g $4, = 2 3 . 9 6 A  
2 = 

SACl :i O.IO&g SAcl = 4 1 . 7 3 A  0.5% Dome RS fmm Spec0 
2 

m 

SA'* = 0.163.p SA& = 6 2 . 9 8 L  
2 
s 

Determine the spectral a-leratian for the impulsive made. 
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Prepared by: F.G. Ab& Theoretical Fluid Resw- AY Checked by: 8.0. Camenter 
M&D Professional Services Flexible Wail Tank at 422 In. Waste M a  Fmfmional Sewices 
i z ~ z m 5  Level, Best Estimate Sail-Fuity 1110106 
Rev. 3 cracked concrete 

Maximum impulsive dynamic pressures at 
theta = 0. 

Maximum mvectl~e dynamic pressures at 
theta = 0. 
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Prepared by: F.G. Aban Theoretical Fluid Rerponse AY Checked by: 8.0. Carpenter 
MhD Pmfesdonal Services Fleme Wall Tankat 422 in. Waste M&D Professional Senices 
121IZffi Level, Bert Estimate Soil-Fully 1l10106 
Rev. 3 Cracked Cwlcrete 

Maximum total dynamic prer8ure al 
theta = 0. 

Maximum Iota1 dynamic pressure at 
lheta = 45 degrees. 
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Prepared by F.G.Aban 
M8D Pmfeslonal Services 

Rev. 3 Cracked Concrete 

TheoreBcal Fluid Re~ponse AY 
Flexible Wall Tank a1422 in. Waste 

Checked by: B.G. Carpenter 
M&D PmfesiMal Services 

12112105 Level, B e l  EStirnaIe Sail-Fully 111om6 

Maximum total dynamlc pressure a1 
theta = 90 degrees. 

Calculate Maximum Slosh Heiaht: 

0.837) 
Maximum value of wnvective coeffcients at q,=l 

0.028) 
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Checked by: B.G. Carpenter Thearetical Fluid Response AY 
M a  Professional Services FlexiMe Wall Tank at422 In. Waste 

Level. Be* Estimate Sail-Fully 1110106 

Repared by: F.G. AbaU 
MhD Professional sewices 
12/12/05 
Rev. 3 Cracked Concrete 

p 
The maximum hydrodynamic F a c e  induced an the lank well is given by Eqn. 4.31 of BNL 1995 
with the instantanws accelerations replaced by the maximum specbal accelerations. First 
determine the effective Impulsive and convective masses. 

2 
m,appmx:=n.R .HIP, m,smmr=4.21x 104lsr,Z Total waste mass bars on circular cylinder 

approximation. *n 

2 
mI:-4.27x lo4.= Actual waste m a s  repMted by ANSYS model. 

9 

H.80 



RPP-RPT-28966, Rev. 0 
M&D-2008-004-CALC-001, Rev. OA 

Checked by: B.G. Carpenter 
MAD Pmfessional Services 

Prepared by F.G.AbaH 
MAD Professional SewiCeS 

Rev. 3 Cracked Concrete 

Theoretical Fluid Response AY 
Flexible Wall Tank at422 in. Waste 

12112105 Level, Best ESUmate $011-Fully 11101&s 

~ ~ : = m ~ . s * i * a Q s ~ ~ + m ~ ,  SAc, +m"2sAe 

6 
Consemtive estimate of maximum hydmdynamic fwce ~-=3.89x10 ~ b f  

The above expression 16 a conservative estimate because it assumes mat me peak impulsive and 
convective forces occur simultaneously. A 1885 mservative estimate can be made via a 
square-mt-rn4-the-squares (SRSS) COmbmnaM. 

finside- Vertical Excitation: 

CBlculate the axisymmelric ha1hing mode frequancyfor me lank 

cd:.0.088 Table4.17BNL 1995 

p 4 . 9  

sAV:= 0.30,s t m z L  vert. Haunch 4 % RS from spear 

The maximum dynamic wall pressure BS a functiin of the dimensionless vertical distance 

2 
%5e 

is given by 

10 
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Prepared by: F.G. Aball Theoretical Fluid Response AY Checked by: B.G. Camenter 
MaD PmfesSional SerYims Flexible Wall Tank a1 422 in. Waste M&D Professional Services 
12/12/05 Level, Be* Estimale Soil-F3ly 1110106 
Rev. 3 Cracked Concrete 

Po,&- 0.12.g 

The maximum base pressures at the wter and center elements are given by 
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Prepared by: F.G. AbaU 
M&D Pmfessioml SeMw 

Rev. 3 Cracked Conuete 

Theoretical Fluid Response AY 
Fle6ble Wall Tank a1422 in. Waste 

Checked by: 8.0. Carpenter 
M&D Pmfe88imal Sewices 

12/12105 Level. Bee EStimate Soil-Fully 1110106 

Determine the maximum vertical force on the base 

0.402.~~ 

mV:= 0.598q 

Component of waste mass Partlcpating in the motion of the lank base 

hmponent of waste mass particpatin9 in the motion of the lank wall 

BNL Table 4.17 

Eqn. 4.57 BNL 1995 rncdfied for 
maximum respmse per p. 4-34 

12 
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