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INTRODUCTION AND SCOPE

Saltstone Vault Number 4 is a rectangular monolith 200-ft. wide by 600-ft. long by 27-fi. high.
It is constructed of reinforced concrete with a 2-ft. base slab and 1 ¥-fi. thick walls. The roof is
nominally 6-in. thick, but is not considered as a structural element. Its purpose is for weather
protection only.

The vault is filled with a saltstone grout mix that solidifies to form a weak concrete.

Prediction of structural cracking with time in this calculation is used in conjunction with
groundwater flow modeling (by others) to estimate the potential leaching of radiological and
chemical contaminants over time. The calculation is intended to cover times up to 10,000 years
from the present. Since the time frame is so long, there are significant probabilities of large
carthquakes that exceed those normally considered for production support facilities.

In its final configuration, the vault is completely filled with saltstone covered by clean grout and
surrounded with soil backfill. Inertial loading of the vault itself does not induce significant
structural stress since it is a monolithic structure. The only structural mechanism that causes
cracking is settlement of the foundation soil.

This calculation covers cracks induced by settlement of the ground beneath the vault. There are
two types of settlement: first, static settlement over time caused by the initial response of the
soil to the loading imposed by the vaults and the consolidation of the soil layers, and second, ~
differential settlement of local areas under the vault caused by earthquakes. The cracking
caused by the static settlement is induced by a dishing effect that produces a curvature at the
base of the vault. The differential settlement also causes a curvature, but over a small area.
Geotechnical investigations did not find liquefaction potential and soft zones that could cause
larger and more extensive settlements during a seismic event.

This calculation is based on the vault geometry as of January 1, 2003. Changes in configuration
after that date are not considered. The cracks observed during and after filling the cells in the
vault are assumed to be 100% repaired. Cracks caused by degradation of materials, weathering,
chemical reactions, etc. are addressed elsewhere.

A typical cross section of the vault is shown in Figure 1. The locations of construction joints
and the locations assumed for earthquake induced differential settlements are shown on this
figure. Note that this cross section represents half of the overall vault. The vault is symmetrical
at its center and the two halves are separated by a 3in expansion joint.

The analysis is performed in three parts:

Static Settlement Model. An axisymmetric model is run with appropriate soil properties to
dctermine the static settlement pattern over time. Soil properties are based on actual settlement
recorded for the Defense Waste Processing Facility (DWPF).

Structural Model. A structural model of the vault, including the structural concrete and
saltstone, determines the extent of cracking for both static and earthquake induced settlements.
Location, extent, and magnitude of differential settlement are considered as parameters.
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Statistical Model. The relationships of extent of cracking to the input parameters is determined
from the results of multiple structural analyses. A Monte Carlo analysis utilizing these
relationships is performed to determine the behavior of the vault over time.

W - wall
CJ - Construction Joint

Key for Wall and Construction Joint Locations

2.1 Drawings
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Figure 1. Typical Vault No. 4 Cross Section
2 INPUT

The following drawings are used for the structural data in this calculation:

C-CC-Z-0011, through 14.

W828992, 993, and 999
2.2 Materials

Saltstone Vault #4 Roof
Saltstone Vault #4 Concrete and Steel

Concrete: Concrete strength is taken as 4000 pounds per square inch (psi) and steel
reinforcement is assumed to be Grade 60 (yield strength = 60,000psi).

Saltstone: Structural properties are taken from WSRC-TR-2003-00082. Relevant pages are

included in Appendix A.

Soil: Appendix B contains the soil data and DWPF settlement data used in the analysis.
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Vault Cover: The soil cover for Vault No. 4 is taken from The Revision 2 Closure Cap
Configuration Report issued on 04/02/2003 by Mark Phifer. This report is included as
Appendix C.

METHODOLOGY

The calculation is performed in three parts as noted in Section 1. A description of each of these
parts follows.

3.1 Axisymmetric Analysis
3.1.1 Purpose of Analysis

A 2-D axisymmetric non-linear analysis is performed on the soil beneath Vault No. 4, The
intent of this analysis is to train the properties of the soil with the DWPF data to obtain
representative settlement displacements for Vault No. 4. The displacements are used in the
structural modet of the vault.

3.1.2 Model Details

The model is prepared with initial soil properties based on the shear wave velocities from Site
Geotechnical Services (SGS) reports (References 7.3, 7.4, and 7.5). Relevant sections of these
reports are included in Appendix B.

Settlement is the result of short-term elastic response of the soil layers beneath the structure
and long-term secondary soil consolidation. Non-linear elements using elastic properties and
kinematic hardening creep behavior are used to model the initial elastic response and the
secondary consolidation, respectively.

The lateral extent of the model is sufficient to obtain horizontal boundary conditions that do
not affect the area beneath the load application. The overall depth of the model is controlled
by bedrock location at elevation -700-ft. The finite element mesh size is increased as a
function of distance from the load application. A fine mesh is not needed in areas where the
stress gradients are small.

Initial properties for the soil layers are calculated from the shear wave velocity data as
discussed above. The initial properties are used as a starting point to verify that the model is
working correctly and converging properly.

3.1.3 DWPF Load Analysis

SGS has calculated the DWPF construction load sequence for correlation with settlement
monument data. The load application data and monument settlement readings are taken from
Reference 7.3 and included in Appendix B.

Following the analysis with the calculated initial properties, the elastic and creep properties
are varied until a displacement pattern is obtained that matches actual settlements., The
relative relationships of properties from layer to layer are maintained.
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Figure 2 shows the actual settlements measured for the DWPF and the settlement of the
axisymmetric model at node 9 (120 fi. from centerline) for the DWPF load application. Node
9 was chosen because it is about midway between the model center and the edge of the
DWPF. Three cases were run, representing a high , low and mean settlement. These three
cases are shown as the dashed lines in Figure 2.

DWPF Settlement

0.5

Monument 14
Monument 18
Monument 26

Settlement, in
[&)]

-2 Monument 37 e ¢
— - Mean Model ~ L ~
25 ~= = High Case ~ .
— =LowCase N
-3 oA
-3.5 T ‘ :
1 10 100 1000 10000
Time days

Figure 2. Comparison of DWPF Settlement with Axisymmetric Model Results

A stress contour plot for vertical normal stress and the deformed shape is shown in Figure 3.
Note that the vertical scale is greatly exaggerated. The maximum displacement occurs at the
model centerline (DMX) and is 0.24-ft. or 2.9-in. at a time of 6500 days.
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NODAL SOLUTION APR 1 2003

STEP=3 13:33:30
SUB =8

TIME=6500

sY (AVG)

R5YS=0

DMX =.244944

SMN =-5,4938

SMX =.059861

-5.498 ~4.263 ~3.028 -1.793 - .557657
—4.88 -3.645 -2.41 -1.175 .059861

Figure 3. DWPF Non-linear Soil Model Results. This plot shows vertical stress plotted as
contours on an exaggerated deformed shape.

3.1.4 Vault No. 4 Load Analysis

The result of the analysis for DWPF loads is a soil model that is representative of elastic and
non-linear consolidation behavior of the underlying strata. To use this model to predict long-
term static settlement of Vault No. 4, loads are calculated from the proposed closure cap cover
plan detailed in Appendix C and applied as surface pressures. The calculated surface
pressures vary from 0 to 7.3 kips per square foot (ksf).

Figure 4 shows the response of the model to the vault loads at a time of 10,000 years. The
maximum sotl pressure is 6.6 ksf. For Vault No. 4 the maximum displacement (DMX) is
0.61-ft., or 7.3-in. A comparison of Figure 4 and Figure 3 shows that the stress at bedrock for
vault loads is significantly higher than the stress caused by DWPF loads. This difference does
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not affect the results since the bedrock is stiffer than the overlying strata and its long term

consolidation is judged to be negligible.

The calculated displacements are in agreement with geotechnical predictions of initial and

long-term settlement. (reference 7.7, attached in Appendix D)

NODAL SOLUTION

STEP=7

5UB =5
TIME=,365E+07
5Y (AVG)
RSY5=0

DMX =.606851
5MN =-6.633
SMX =.011778

-5.895 -4.418 -2.941 -1.465

APR 18 2003

-6.632 -5.156 ~3.68 “2.203 - .726509

ANSYS

09:20:51

.011778

Figure 4. Non-linear Soil Model Results for Vault No. 4.

3.2 Structural Analysis
3.2.1 Purpose of Analysis

Once the settlement displacements over time are obtained from the axisymmetric model, the
next step is to determine the effects of both static settlement and earthquake induced
differential settlement. The intent is to relate cracking in the vault to settlement and to
determine the influence of variations in parameters, such as material properties, settlement
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rate, magnitude and extent of differential settlement, etc. These parameters are discussed in
detail later. '

3.2.2 Model Description

The structural analysis is performed with a 2-D plane strain model. The choice of a 2-D
model is based on a preliminary comparison between 2-D and 3-D models presented in
Appendix G. The study showed that stress and strains in the 2-D model are slightly higher
than the 3-D model, but only by 5% or less.

An important aspect of the vault construction is that there are construction joints on 30-ft.
centers in the base slab and walls. These joints are considered as discontinuities that are
locations for crack initiation. The saltstone grout mix is almost an order of magnitude weaker
than the structural concrete. It is therefore assumed that the cracks in the grout would tend to
follow the pattern initiated by cracking in the structural concrete slab and walls.

The construction joints effectively subdivide the structure into blocks. Because of their aspect
ratios (30-ft. wide and 27—ft. tall), the blocks have low bending stress between the joints for
the static and differential displacements. If the blocks were larger, say 100-ft., there would be
a potential for cracking between joints. There are also joints between the saltstone and the
concrete walls. There is no bond assumed between at these joints.

The structural model uses non-linear contact elements for the joints between the walls and the
saltstone and at the construction joint locations in the base slab. Crack propagation in the
saltstone is modeled with non-linear elements that are elastic under compressive load and have
a small elastic tensile strength. When the tensile strength is exceeded, the capacity of the
element is zero.

The interface between the soil and the vault is represented by soil spring elements whose
properties are based on the soil bulk modulus. These elements are simple unidirectional
springs. The displacement boundary conditions are imposed on the structure through these
springs to simulate the actual soil behavior in distributing the settlement to the structure.
Since displacements are applied to nodal points, applying the displacements directly to the
structure would give artificially high results, unless an extremely fine mesh is used.

Figure 5 shows a plot of the model used for the structural analysis. The non-linear interface
elements do not appear in graphical representations since they have zero length.

Some of the structural model properties were considered parametrically as shown in Table 1.
These properties are bulk modulus for the soil and Young’s modulus and cracking strain for
saltstone.
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Figure 5. Structural Model. Applied pressures and boundary conditions are shown. The self
weight of the structure is applied as a gravity load.

3.2.3 Static Settlement Analysis

The static settlement displacements from the axisymmetric model are applied to the structural
model. The model is run by stepping through time with the displacements changed at discrete
points in time corresponding to the axisymmetric model results. Since the mesh size is
diffcrent for the structural model, displacements are linearly interpolated between nodal points
of the axisymmetric model. The displacements from the axisymmetric model and the
interpolations are shown graphically in Figure 8.

The static settlement rate is varied between the mean, high, and low cases discussed in Section

3.1.3. The settlement rate is used as a variable parameter in the statistical analysis and is given
in Table 1.
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Table 1. Parameters used in the Structural Analyses
Parameter Units | Mean 1 sigma Coefficient
Basic Parameters of variation
Soil Bulk Modulus kef 30 15 0.5
Grout Compressive
Strength psi 524 196.8 0.38
dependent on sqrt(Comp.
Grout Modulus ksf | 2.05E+05 | Strength)
dependent on sgrt(Comp.
Grout Cracking Strain infin | 1.21E-04 | Strength)
Static Settlement ft 1.0607 0.53 0.5
Earthquake Parameters
Differential Settlement
Magnitude, PC-3 in 0.75 N/A N/A
Magnitude, PC-4 in 2.75 N/A N/A
Surface Extent ft 62 31 05
Uniform
Location N/A 10f7 N/A Distribution

3.2.4 Differential Settlement Analysis

The major effect of an earthquake on a monolithic structure of this type is to cause settlement
beneath the structure. Differential settlement causes structural deformations that can lead to
cracking. In the time span being analyzed, there is a likelihood of the occurrence of significant
earthquakes.

To quantify the effects of differential settlement, there are three parameters of interest. First,
the magnitude of settlement is related to the size of the event. The settlement magnitude for
PC-3 and PC-4 events have been calculated by SGS (Reference 7.7 and Appendix D). These
values are 0.75 inches for PC-3 and 2.75 inches for PC-4.

The second parameter is the extent of settlement. In reference 7.1, SGS shows the depth to the
major earthquake induced settlement to be about 62-ft. for boring ZCP-27. This is the only
boring that shows a fairly significant settlement of the six borings listed. Because of this
observation, the settlement is treated as a point source with a 2:1 vertical cone of influence.
The result of this assumption is a settlement diameter of 62-fi. at the surface. The settlement
shape is a standard normal curve per Reference 7.2.

The third parameter is the location of the settlement with respect to the structure. Seven
locations for potential differential settlement during earthquakes are chosen for the analysis.
These locations are evenly spaced at 50-ft. intervals as shown on Figure 1.

The differential settlements are superimposed on the static settlements at specific times. The
times chosen for the differential settlements are 100, 1000, and 5000 years.

The parameters for the differential settlement analysis are also shown in Table 1.
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3.2.5 Structural Analysis Results Format

The results of multiple finite element analyses are summarized on spreadsheets by graphing
nodal displacements at the construction joints and at the saltstone-concrete interface. The
displacement patterns at the cracks are noted to be predominately linear. The cross sectional
area for each crack is calculated by the length times the width divided by 2.

A typicatl plot of the finite element model deformed shape is shown on Figure 6. Note that the
deformed shape plot is highly exaggerated. A corresponding plot showing the crack size vs.
height is shown as Figure 7. Figure 7 is produced by plotting

1

DISPLACEMENT

STEP=5
SUB =10
TIME=1100
DMX =.6913

ANSYS)

APR 28 2003
14:30:51

Crack

Crack

Figure 6. Typical Deformed Shape Plot. Differential settlement is at location 4 with PC-4
magnitude. All parameters are mean values,

For example, for the crack at construction joint 5 shown in Figure 7, the width is about 1.15
inches and the length is about 27 ft. The calculated area is 1.15x27x12/2 = 186 in’.
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Figure 7. Typical Plot of Crack Size at CJ 5.

3.3 Statistical Analysis
3.3.1 Purpose

The structural analysis generates multiple results for the various parameters discussed above.
The results are generated by varying each parameter independently while holding the others at
their mean values. To arrive at a statistical result that reflects crack sizes with respect to time,
a Monte Carlo analysis is performed.

3.3.2 Reduction of Structural Data

The first step in this process is to reduce the structural data to a form usable for the iterative
analysis. Spreadsheet compilations of the structural data relate observed cracks to the
parameters. Observed cracks were expressed in terms of cross sectional area for the two types
observed: Cracks open at the top at the joint between the walls and the grout, and cracks open
at the bottom at the construction joint locations.

There were some cases noted where there were multiple cracks. In these cases the data was
simplified by adding the crack areas. The two basic premises in calculating crack areas are
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that static and differential settlement cracks were considered as independent and once a crack
opens it remains open. The latter premise is discussed further in Section 4.

The results of the data reduction is a series of mathematical relationships that relate crack size
to each of the parameters in Table 1.

3.3.3 Monte Carlo Analysis

Once the relationships between the parameters and the resulting crack areas are established,
the next step is to apply statistical distributions to the data. In general, normal, or truncated
normal distributions were used. The data was mapped onto these distributions,

The analysis is an iterative process where random numbers are used to set parameters for each
iteration in accordance with the mapped distributions, Each iteration establishes values for
saltstone modulus and cracking strain, soil bulk modulus, and static settlement rate. Once
these parameters are set, the analysis is stepped through 10,000 years in 10 year increments.

As the analysis proceeds through the time steps, a random number generator is used to
determine if a seismic event occurs, and if so, the magnitude of differential settlement
associated with the event.

If an event occurs, random number generators are used to establish the location and extent of
settlement.

The results of the Monte Carlo are a relationship between crack area and time with a statistical
distribution. The model is iterated until a low convergence criterion in terms of percentage
variation of mean and standard deviation of the results is met. The results are calculated at
times of 100, 500, 1000, 2500, 5000, and 10000 years.

3.3.4 Calculation of Crack Size

The output of most interest for flow modeling is the crack width. To determine representive
crack widths from the crack areas, a comparison is made between the statistical analysis
results and the plots of the structural analysis cracks (see Figure 7). Empirical relationships
are established that relate the areas and dimensions of the cracks.

4 ASSUMPTIONS

4,1 The starting point for this calculation is that the vault is in an as designed condition with all
repairs complete.

4.2  Since the soil profiles for the Saltstone Vault area and the DWPF are similar, and the
facilities are in close proximity on the site, the settlement data for the DWPF are
considered applicable to the Saltstone Vault.

4.3 The static settlement for the DWPF is modeled by adjusting non-linear creep and linear
elastic response in the axisymmetric model until a representative settlement curve is
obtained as shown in Figure 2. This curve is considered the mean. The high and low
settlement measurements of the DWPF are assumed to be a one sigma variation each way.
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4.4 The loading used for soil cover considers the current information for the entire vault area.

4.5

4.6

4.7

4.8

4.9

4.10

4.11

The vault area is projected to contain 15 vaults. Appendix G presents the results of various
trial load combinations. The loading configuration that caused the greatest static
displacement curvature is the inclusion of Vaults No. | through 12, but the exclusion of 13
through 15,

Since the vault is symmetric about its centerline in the long direction, only one half of the
vault is used in the structural analysis. However, the loads are not entirely axisymmetric
about the Vault No. 4 centerline when considering the effects of the other proposed vaults.
The static load case is slightly conservative since the half of the vault with the greatest
static settlement curvature is used as shown in Appendix G.

Assumptions regarding the coefficients of variation of the input to the analysis are
explained in the body of the calculation.

As discussed in Section 3.2, the structural behavior of the model is controlled by
preexisting construction joints spaced on 30-ft. centers. Since these joints represent
discontinuities in the structure, they provide locations for crack initiation. Because of the
length of time considered in this analysis, the waterstop and reinforcing dowels are
considered to be ineffective in reducing the cracking or leakage through the joints. These
joints are also assumed to control the saltstone cracking in that cracks in the much weaker
saltstone will tend to follow the joints in the concrete floor and walls.

The reinforcing dowels in the structure tying the construction joints would initially provide
some resistance to crack propagation. However, the displacements of the underlying soil
are permanent, so the reinforcing bars are not credited since corrosion is likely given the
long time spans in this analysis.

The 2-D model does not consider the effects of cracking initiated by longitudinal
construction joints. However, the assumption of 2-D behavior is conservative in that the
joint is considered to extend through the width of the structure. If one assumes that a mean
differential settlement with radius of 31 ft. occurs at the conjunction of a longitudinal and a
transverse construction joint, the result could be a crack in each joint of approximately 62-
ft. for a total of 124-ft. The model is conservative in that a transverse crack would be 200-
ft. in length across the transverse section.

The loads applied to the structural model are the same loads that are applied to the
axisymmetric model. This is done to ensure that there is a consistent load application for
the differential settlement case. The static results are checked and the absolute
displacements at the base of the structure are found to be about 16% conservative with
vault loads included. The actual conservatism is somewhat less, since static settlement
cracking is induced by curvature rather than absolute displacement.

There are certain conditions where a differential displacement tends to close a previously
opened crack. Credit is not taken for closing cracks since, in the time frame under
consideration, they would eventually fill in with solids and not be capable of closing.
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4.12 There is no credit taken for increase in concrete or saltstone compressive strength with
time. This is a known effect in concrete, but there is not enough data for saltstone. Since
the time span of this calculation is so long, there is no basis for either an increase or
decrease of strength with time, so the initial strength is used.

5 RESULTS
5.1 Axisymmetric Analysis

The results from the axisymmetric analysis for DWPF loading are shown on Figure 2. This
shows the comparison between actual settlements measured over 10 years and the settlement
calculated from the model.

The results from the same model for the vault loads are shown on Figure 8. The mean
scttlement rate is shown. The symbols represent the discrete settlement points calculated in
the axisymmetric model at the various times noted on the legend. The lines connecting the
symbols represent displacements interpolated for the finer mesh in the structural model.

Intarpolation of Displacements for Model 300
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Figure 8. Settlements for Vault 4 from Axisymmetric Model. Symbols show model results and
the connecting lines are interpolations for application to the structural model.
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5.2 Structural Analysis

The results of the structural analysis are given in Appendix E. The plots shown indicate the
formation of a cracks by the relative displacements between pairs of nodes on each end or
surface of the non-linear elements.

A typical plot is shown in Figure 7. The plots are produced by exporting the ANSYS
displacement results into EXCEL and plotting the relative displacements between the pairs of
nodes associated with the construction joint locations and the saltstone-concrete interfaces.
Appendix E shows results for the parameters listed in Table 1. Each parameter is varied
independently while the others are held at their mean values.

5.3  Statistical Analysis

The results of the statistical analysis are shown in Figures 9 and 10. These figures represent the
two types of cracks observed. The relationship of crack area and width and length is given
Table 2.

Monte Carlo Analysis Results
Bottom Crack Area vs. Time
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Figure 9. Cracks Open at Bottom
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Monte Carlo Analysis Results
Top Crack Area vs. Time
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Figure 10. Cracks Open at Top
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Table 2. Summary of crack areas and sizes for specific time intervals.

Cracks Open at Bottom

Mean Crack Size +1 sigma Crack Size
Length Width Length Width

Time Mean +1 sigma ft. in. ft. in.

100 8.48 33.02 24.30 0.06 25.74 0.21

500 27.39 75.60 2542 0.18 27.00 0.47
1000 47.87 116.88 26.54 0.30 27.00 0.72
2500 101.50 211.98 27.00 0.63 27.00 1.31
5000 186.53 347.05 27.00 1.15 27.00 2.14
10000 353.26 588.72 27.00 2.18 27.00 3.63

Cracks Open at
Top
Mean Crack Size +1 sigma Crack Size
Length Width Length Width

Time Mean +1 sigma ft. in. ft. in.

100 1.14 14.02 27 0.01 27 0.09

500 4,70 28.80 27 0.03 27 0.18
1000 10.00 43.86 27 0.06 27 0.27
2500 25.21 79.94 27 0.16 27 0.49
5000 50.78 133.98 27 - 0.31 27 0.83
10000 100.55 227.80 27 0.62 27 1.41
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6 CONCLUSIONS

The results of the analysis predict the vault cracking over time as required by the calculation
objective. The statistics provide the standard deviation and 95% confidence level for use in
the flow net analysis and overall probabilistic evaluation of vault performance. The results
are slightly biased towards a conservative estimate of crack size.
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8 BODY OF CALCULATION
Al Y Lid
8.1 20\ xisymmetric Soil Model

The first model uses information from SGS to determine static settlements of the soil beneath

the vault. The SGS data in Appendix B forms the basis for the model properties. An ANSYS
2-d axisymmetric model is used.
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Initial Elastic Properties for Soil Column

0.31

[
i

if h <25t

0.07) h

0.02
350

v(h) =

550 | ft

A +0.44:| if h > 550ft

ft

-4
h) := (0.0131-h + 120-ft) lb-ft
() = ( ) oy =
2
v -y (h)
G(vg,h) = ——— R :=0.10
g

E(vg,h) = R-G(vg,h)-2-(1 +v(t)

Layer 1 250 ft msl to 270 ft.

ft
hy = 270ft vg = 1200—
sec
by := 250ft
h; +h
h:=hy— L2 h = 10ft
2
G(vs,h) = 5.377x 10° ksf
E(vg,h) = 1.409 107 ksf
Layer 2 230 ft msl to 250 ft.
fi
hy = 250ft v = 1100—
sec
hy := 230ft
hy+h
hi=hy- 122 h = 30ft

G(vy.h) = 4528 10” kst

E(vg,h) = 1346 10 kst

—+ 0.49:| if 25ft < h < 550ft

3

pef = Ib-ft
kip := 1000Ib
ksi = kipin~ 2 h, := 270ft
ksf = kip it 2 year := 365.25-day
e a3
kef = kipt Yo i= 0.15kef
fps == ft‘sec_1 ¥g = 0.12kef
(h) of = tonf 2 Vg = 0.1061kef
—— . 2
g psi ;= Ib-in

Static modulus reduction factor (Massarach, 2002)

v{h) = 0.31 i
¥(h) = 120.131 pcf p(h) = 3.734x 1073 kip-sec
ft
v(h) = 0.486 )
y(h) = 120393pcf  p(h) = 3.742% 10 ° klp-iec
ft
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Layer 3 190 ft msl to 230 ft.
hy = 230ft Vg = 900—ﬁ-—
SecC
hy = 190ft
hi+h
110y
h = hy - h = 60ft
2
3
G(vs,h) = 3.041% 107 ksf V(b = 0.482 )
—3 kip-sec
E(vs,h) = 901.532ksf ¥l = 120.786pefl  p(h) = 3754107~ ———
ft
Layer 4 140 ft msl to 190 fi.
hy = 190ft vg = 1400
s€C
hy = 140ft
h +h2
h = hy - 1 h = 105t
G(v,,h) = 7.394x 10° ksf
( s’ ) - v(h) = 0.477 )
-3 kip
E(vg,h) = 2.184x 10° ksf y(h) = 121.376 pet p(h) = 3.772% 10 3—"—?—9—
ft
Layer 5 20ft mslto 140 fi.
h +h,
hy = 140ft hy := 20ft h:=hy- 3 h = 190t
hygp = hg—hy hpot = hg + 100ft hygp = 130ft hyor = 3701t
h~ by, 3
vg 1= —————(2000fps — 1600fps) + 1600fps vy = L.7% 107 fps
Bpot - htop
4
G(vg,h) = 1.Ix 10" ksf
s v(h) = 0.466 )
= ~3 kip
E(vs:h) = 3226 107 ksf y(hy = 122.489 pef p(h) = 3.807x 107> TR
Layer 6 -100 ft msl to 20 ft. fi
ft
hj = 20ft Vg 1= 2000—
s€c
hy := —100ft
h; +h
h:=hy— 1" 2 h = 310ft
2
G(ve,h) = 1.542 % 10% kst
(vsih) = L v(h) = 0.451 )
—1 kip-
E(vg,h) = 4.475x 10° ksf y(h) = 124.061 pef p(h) = 3.856 % 10 3%
ft
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Layer 8 -500 ft msl to -300 ft.

h; = -300ft
hy = —500ft
h;{+h
h:=hyp- 12 2 h = 6701t

G(vg,h) = 2,552 10" ksf

E(vg,h) =7.225x 10° ksf

Layer @ -500 ft msl to -700 fi.

ft

hl = —500ft vg = 2700 —
sec
hy = 7001t
hi +h
| )
h:=hgy- 5 h = 8701t

G(vs,h) = 2977 10* ksf

E(vgh) = 8386 10 kst

v, = 0.75(2700fps — 2000fps) + 2000fps

v(h) = 0.416

y(h) = 128.777 pef

v(h) = 0.408
y(h) = 131.397 pef

T-CLC-Z-00006 Revision 0 Calculation Sheet
Continuation Sheet 28
Layer 7 -300 ft msl to -100 ft.
hy := —100ft vg 1= 0.25(2700fps — 2000fps) + 2000fps vg = 2175 10° fps
hy := —300ft
hy+h
hi= hy - 12 2 h = 470ft
G(vg.h) = 1.855% 10° kst
; v(h) = 0.43 )
B(vs:h) = 5.306% 10 ksf v(h) = 126.157 pef p(h) = 3.921 x 10‘3——-1“"'2"c
ft

3
vg = 2.525x 10" fps

.2
p(h) = 4.003x 107 KPS

ft4

2
p(h) = 4.084x 1o~ - KPseC_

gt
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Eqguivalent Load for Axisymmetric Model

DWPF Load per WSRC-TR-00072
WO = 27[Sf

wg = 5.4ksf

Settlement Data

Estimate of Load

Date Days Load, tsf
5/2/1984 0 0
1/1/1985 346 0.5
1/1/1988 1341 27

Use 1800 days to estimate elastic response. Monument records for 10,11, and 14 are relevant for
this period. Correct readings for iniial heave.

Monument 10
1
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0 ™~
TR VW il
k) A
H ~—
0.5 = e
ACWELY
Y AN
e — AN
1 =~ N
< ——
ALY
~
1.5 —
.2 S
e
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Elastic Settliement at 1800 days

Monument Distance Net Settlement

ft in
10 21 -2.3
11 58 2.1
14 180 -1.95
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Elastic Model

First run ANSYS model in linear elastic static mode to find best properties for initial (1800 day)
settlement. Use E=C1/k and Poisson’s ratio from geotech report.

Results from elastic model with k=4:

DWPF Settlement - Fe Model vs. Actual

—&— 1800 Day Settlernent
— Elastic Model

Settlement, in

/

[t

-2.5 . . :
0 50 100 150 200

Distance from CL, ft.

Model name "ssv7.db"

Z-006-1.mcd
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Inelastic (Creep) Model

Long Term Settlement - from EXCEL

Average 14 and 26 a == —0.2959-in
Intercept  2.214565 b = 2.2146in
Slope -0.2959

Calculate initial creep coefficients:

Sy(t) =aln(t)+b

t 3
t; = 10year ti=—0 t=3.652% 10
day
5y(t) =—0.213in
t]_ 5
t; := 1000year ti=— t=3652x10
day
6y(t) = —-1.575in
t 6
t; = 10000year t:=— t=3.652x 10
day
By(t) =—-2.257in
20
Average Stress 4 20
-6.165x 10
o = 2ksf _4 20
—-6.165x 10 25
Co e A ~6.165% 10~ L:=| 40 fft
=
L-c —
-4.932x 10 4 5 60
o _q | f 100
1=1-3.082x10 kip 200
2055% 10”2 200
_1233x 107 ¢
~6.165x 107>
—6.165% 10 °
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ANSYS Kinemetric time hardening model 2 de,/dt = C,0C2(C3gC4T

Try combinations of C1, C2 and C3 to fit data. C4 = 0 since temperature is not a variable.

Also modity k for elastic modulus. C3 = -1.0 per Site Geotechnical Services.

Results for Node 9

0.5

Settlement, in

DWPF Settlement

W

\\l?%\
\

—— Monument 14
——Monument 18
— Monument 26 AN
—— Monument 37 \\
— Model R
A
1 10 100 1000 10000
Time days

ANSYS File "ssv7pprop"

20
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Elastic Model

First run ANSYS model in linear elastic static mode to find best properties for initial (1800 day)
settlement. Use E=C1/k and Poisson's ratio from geotech report.

Results from elastic model with k=4

DWPF Settlement - Fe Model vs. Actual

—o— 1800 Day Setilement
Elastic Model

Settlement, in

0 50 100 150 200
Distance from CL, ft.

Model name "ssv7.db"
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Effect of Sloping Cover - Axisymmetric Load Case

]
1200ft
1

I |

27 501 29361t

L l

/ ElL 27C

Minimum Cover per M. Phifer 4-02-2003

Vault Dimensions per C-CC-Z-0013 Rev. 3

!

22 00ft

i

]
27500 28371

Maximum Cover per M. Phifer 4-02-2003

Vaoull Dimensions per C-CC-Z-C013 Rev. 3
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Cover - Longitudinal Section at CL

Similar to Case 3 (All vaults except 13, 14, and 15)

Apply Loads to 2D Axisymmetric Model and resulting displacements to Model 3 - 3D Structural
Model.

Crack Criteria
_ ft(: -5
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ssv7plloads. txt
ANTYPE, 0

g:;'é?i'ALL’ALL t_,oaLA wpphm;‘-w-w QL‘{ gﬁ"\ﬁ—
SFEDELE,ALL,ALL ,ALL .

NSUBST,1,1,1 \J skt L.aa-rﬁwi\

TIME, 10

FLST,2,24,2,0RDE, 4

FITEM,2,5

FITEM,2,-24

FITEM, 2,26

FITEM,2,-29

/6

SFE,P51X,1,PRES, ,0.1, , ,
/STATUS,SOLU

SOLVE
NSUBST,12,24,12
TIME, 364
FLST,2,24,2,0RDE,4
FITEM,2,5
FITEM,Z2,-24
FITEM,2,26
FITEM,2,-29

{g°

SFE,P51X,1,PRES, ,3.19, , ,
/STATUS , SOLU

SOLVE

NSUBST,12,24,12

TIME,1825

SFE,1,1,PRES, ,7.3,6.68, ,
SFE,2,1,PRES, ,6.68,6.0, ,
SFE,3,1,PRES, ,6.0,5.1, ,
SFE,4,1,PRES, ,5.1,4.2, ,
SFE,5,1,PRES, ,5.23,5.24, ,
SFE,6,1,PRES, ,5.24,5.28, ,
SFE,7,1,PRES, ,5.28,5.31, ,
SFE,8,1,PRES, ,5.31,5.34, ,
SFE,9,1,PRES, ,5.34,5.37, ,
SFE,10,1,PRES, ,5.37,5.42, ,
SFE,11,1,PRES, ,5.42,5.49, ,
SFE,12,1,PRES, ,5.49,5.57, ,
SFE,13,1,PRES, ,5.57,5.64, ,
SFe,14,1,PRES, ,5.64,5.71, ,
SFE,15,1,PRES, ,5.71,5.77, ,
SFE,16,1,PRES, ,5.77,5.81, ,
SFe,17,1,PRES, ,5.81,5.86, ,
SFE,18,1,PRES, ,5.86,5.90 , ,
SFE,19,1,PRES, ,5.90,5.97 , ,
SFE,20,1,PRES, ,5.97, , ,
SFE,21,1,PRES, ,5.97, , ,
SFE,22,1,PRES, ,5.97, , ,
SFE,23,1,PRES, ,5.97,6.03, ,
SFE,24,1,PRES, ,6.03,6.09, ,
SFE,26,1,PRES, ,6.09,6.15, ,
SFE,27,1,PRES, ,6.15,6.06, ,
SFE,28,1,PRES, ,6.06,5.96, ,
SFE,29,1,PRES, ,5.96,5.87, ,
SFE,30,1,PRES, ,4.80,3.90, ,
SFE,31,1,PRES, ,3.90,3.00, ,
SFE,32,1,PRES, ,3.00,2.10, ,
SFE,33,1,PRES, ,2.10,1.20, ,
SFE,34,1,PRES, ,1.20,0.30, ,

Page 1
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SFE, 35,1,PRES,
/STATUS, SOLU
SOLVE

NSUBST, 5,20,5
TIME, 36525
/STATUS, SOLU
SOLVE
NSUBST,5,20,5
TIME, 365250
/STATUS,SOLU
SOLVE
NSUBST,5,20,5
TIME,1.8263e6
/STATUS, SOLU
SOLVE

NSUBST, 5,20,5
TIME,3.653e6
/STATUS, SOLU
SOLVE

,0.30,0.00,

ssv7plloads.txt

pPage 2
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Center ifc[?'s??;ci?g}': T FFERENITIAL TS PLACEMENT ChLcuUcATTIN
Depth to Displacement
DI el

Maximum Diff D—isp-l— é INLPut

delmax! ... 2.75.in
sigma 124

Static Ditterential — Aelly o Modud Foo
NODE X 1 Phi Phi{norm) Y giff 100 years 1000 year: 5000 years 100 years 1000 years 5000 years 3

30001 0 20.222 ¢.000 0.000 0.0000 -0.389 -0.47839 -0.54745 -0.3893 -0.4784 -0.5475 sy 300

30002 1.5 20101 0.000 0.000 0.0000 0389 -0.47833 -0.5474 -0.3892 -0.4783 -0.5474

51012 345 19.944 0.000 0.000 0.0000 -0.389 -0.47826 -0.54733 -0.3892 -0.4783 -0.5473

51013 54 19.786 0.000 0.000 0.0000 0389 -0.47319 -0.54727 -0.3891 -0.4782 -0,5473

51014 7.35 19.629 .000 0.000 0.0000 -0.389 -0.47811 -05472 -0.3890 -D4781 -0.5472

51015 9.3 19.472 {.000 0.000 0.0000 -0.389 -0.47804 -0.54713 -0.3889 -0.4780 -0.5471

51016 1125 19315 0.000 0.000 0.0000 -0.389 -0.47797 -0.54706 -0.3888 -0.4780 -0.5471

51017 13.2 19.157 0.000 0.000 0.0000 -0.389 -0.4779 -0.547 -0.3888 04779 -0.5470

51018 1515  19.000 0.000 0.000 0.0000 -0.389 -0.47783 -0.54693 -0.3887 -0.4778 -0.546%

51019 171 18.843 0.000 0.000 0.0000 -0.389 -0.47775 -0.54686 -0.3886 -0.4778 -0.5469

51020 19.05 18885 Q.000 0.000 0.0000 -0.389 -0.47768 -0.5468 -0.3885 -0.4777 -0.5468

51021 21 18.528 0.000 0.000 0.0000 -0.388 -D0.47758 -0.5457 -0.3884 -0.4776 -0.5487

51022 2295 18.371 0.000 0.000 0.0000 -0.388 -0.47741 -0.54652 -0.3883 -0.4774 -0.5485
51023 24.9 18.214 0.000 0.000 0.0000 -0.388 -0.47724 -0.54634 -0.3881 -0.4772 -0.5463
51024 26.85 18.056 0.000 0.000 0.0000 -0.388 -0.47708 -0.54616 -0.3880 -0.4771 -0.5462
51025 28.8 17.899 0.000 0.000 0.0000 -0.388 -0.47691 -0.54598 -0.3878 -0.4769 -0.5460
50633 30.75 17.742 0.000 0.000 0.0000 -0.388 -0.47674 -0.5458 -0.3876 -0.4767 -0.5458
51011 30.75 17.742 0.000 0.00C 0.0000 -0.388 -0.47674 -0.5458 -0.3876 -0.4767 -0.5458
50635 32.75 17.581 0.000 0.000 0.0000 -0.387 -0.47656 -0.54562 -0.3875 -0.47686 -0.5456
50636 34.75 17.419 0.000 0.000 0.0000 -0.387 -0.47639 -0.54543 -0.3873 -0.4764 -0.5454
50637 36.75 17.258 0.000 0.000 0.0000 -0.387 -0.47622 -0.54525 -0.3872 -0.4762 -0.5452
50638 38.75 17.097 0.000 0.000 0.0000 -0.387 -0.47604 -0.54506 -0.3870 -0.4760 -0.5451

50639 40.75 16.935 0.000 0.000 0.0000 -0.387 -0.47587 -0.54488 -0.3868 -0.4759 -0.5449
50640 42,75 16,774 0.000 0.000 0.0000 -0.387 -0.4757 -0.54469 -0.3867 -0.4757 -0.5447
50841 44,75 16.613 0.000 0.000 0.0000 -0.387 -0.47552 -0.54451 -0.3865 -0.4755 -0.5445
50642 48.75 16.452 0.000 0.000 0.0000 -0.386 -0.47535 -0.54432 -0.3864 -04753 -0.5443
50843 48.75 18.280 0.000 0.000 0.0000 -0.386 -0.47517 -0.54414 -0.3862 -0.4752 -0.5441

50644 50.75 16.129 0.000 0.000 0.0000 -0.386 -0.475 -0.54395 -0.3860 -0.4750 -0.5440
50645 52.75 15968 0.000 0.000 0.0000 -0.386 -0.47483 -0.54377 -0.3859 -0.4748 -0.5438
50646 54,75 15.806 0.000 0.000 0.0000 -0.386 -0.47483 -0.54356 -0.3857 -0.4746 -0.5436
50647 56.75 15.645 0.000 0.000 0.0000 0.386 -0.47443 -0.54335 -0.3855 -0.4744 -0.5433
50848 58.75 15.484 0.000 0.000 0.0000 -0.385 -0.47423 -0.54313 -0.3853 -0.4742 -0.5431

50634 60.75 15323 0.000 0.000 0.0000 -0.385 -0.47403 -0.54292 -0.3852 -0.4740 -0.5429
50681 60.75 15323 0.000 0.000 0.0000 -0.385 -0.47403 -0.54292 -0.3852 -0.4740 -0.5429
50683 62,75 15.161 0.000 0.000 0.0000 -0.385 -0.47383 -0.54271 -0.3850 -0.4738 -0.5427
50684 64.75  15.000 0.000 0.000 0.0000 -0.385 -0.47363 -0.54243 -0.3848 -0.4736 -0.5425
50685 86.75 14.839 0.000 0.000 0.0000 -0.385 -0.47343 -0.54228 -0.3846 -0.4734 -0.5423
50686 £8.75 14.677 0.000 0.000 C.0000 -0.384 -0.47323 -0.54207 -0.3844 -0.4732 -0.5421

50887 70.75 14.516 0.000 0.000 0.0000 -0.384 -0.47303 -0.54185 -0.3843 -0.4730 -0.5419
50688 72,75 14.355 0.000 0.000 0.0000 -0.384 -0.47283 -0.54164 -0.3841 -04728 -0.5418
50689 74.75 14.194 0.000 0.000 0.0000 -0.384 047263 -0.54142 -0.3839 -0.4726 -0.5414
50690 76.75 14.032 0.000 0.000 0.0000 -0.384 -0.47244 -0.54121 -0.3837 04724 -0.5412
50691 78.75 13.871 0.000 0.000 0.0000 -0.384 -0.47224 -0.541 -0.3835 -0.4722 -0.5410
50692 80.76 13.710 0.000 0.000 0.0000 -0.383 -0.47204 -0.54078 -0.3833 -0.4720 -0.5408
50693 82.75 13.548 0.000 0.000 0.0000 -0.383 -0.47184 -0.54057 -0.3832 -0.4718 -0.5406
50694 84.75 13.387 0.000 0.000 0.0000 -0.383 -0.47184 -0.54035 -0.3830 -0.4716 -0.5404
50695 86.75 13.226 0.000 0.000 0.0000 -0.383 -0.47142 -0.54012 -0.3828 -0.4714  -0.5401

50696 88.75 13.065 0.000 0.000 0.0000 -0.383 -0.47118 -0.53986 -0.3826 -0.4712 -0.5399
50682 90.75 12.903 0.000 0.000 0.0000 -0.382 -0.47094 -0.5396 -0.3524 -0.470% -0.5398
51056 90.75 12.903 0.000 0.000 0.0000 -0.382 -0.47094 -0.5386 -0.3824 -0.4709 -0.5398
51060 92.6 12.754 0.000 0.000 0.0000 -0.382 -0.47072 -0.53936 -0.3822 -0.4707 -0.5394
51059 94.45 12.605 0.000 0.000 0.0000 -0.382 -0.4705 -0.53812 -0.3820 -0.4705 -0.5391

51058 96.3  12.456 0.000 0.000 0.c000 -0.382 -0.47028 -0.53888 -0.3818 -0.4703 -0.538%
51057 298.15 12,306 0.000 0.000 0.0000 -0.382 -0.47007 -0.53864 -0.3816 -0.4701 -0.5386
30211 100 12.157 0.000 0.000 0.c000 -0.381 -0.48985 -0.5384 -0.3814 -0.4698 -0.5384
30178 10156  12.036 0.000 0.000 0.0000 -0.381 -0.46967 -0.53821 -0.3812 -0.4697 -0.5382
50604 103.426  11.881 0.000 0.000 G.0000 -0.381 -0.46944 -0.53796 -0.3810 -0.46894 -0.5380



50605
50606
50607
50608
50609
50610
50611

50612
50603
50744
50746
50747
50748
50749
50750
50751

50752
50753
50754
50755
50756
50757
50758
50759
50745
50792
50794
50795
50796
50797
50798
50799
50800
50801

50802
50803
50804
50805
50806
50807
50793
50840
50841

50842
50843
50844
50845
50846
50847
50848
50849
30214
30215
50730
50731

50732
50733
50729
50870
50872
50873
50874
50875
50876
50877
50878
50879
50880

T-Cr -2 - coool, \QU’JZ)

105.35
107.275
109.2
111.125
113.05
114.975
116.9
118.825
120.75
120.75
122.75
124.75
126.75
128,75
130.75
132,75
134.75
136.75
138.75
140.75
142.75
144.75
146.75
148.75
150.76
150.75
152.75
154.75
156.75
158.75
160.75
162.75
164.75
166.75
168.75
170.75
172.75
174.75
176.75
178.75
180.75
180.75
182.675
184.6
186.525
188.45
190.375
192.3
194.225
196.15
198.075
200
201.5
203.35
205.2
207.05
208.9
210.75
210.75
212.75
21475
216.75
218.75
220.75
222.75
224,75
226.75
228.75

11.726
11.571
11.415
11.260
11.105
10.950
10.794
10.639
10.484
10.484
10.323
10.161
10.000
§.839
9677
9.516
9.355
9.194
9.032
8.871
8.710
8.548
8.387
8.226
8.085
8.065
7.903
7.742
7.581
7.419
7.258
7.097
6.935
6.774
6.613
6.452
6.290
6.129
5.968
5.806
5.645
5.645
5.490
5.335
5.17¢
5.024
4.869
4.714
4,558
4.403
4.248
4,093
3.972
3.823
3.673
3.524
3.375
3.226
3.226
3.065
2.903
2.742
2.581
2.419
2.258
2.097
1.935
1.774

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.002
0.002
0.004
0.006
0.009
0.014
0.021
0.031
0.044
0.081
0.083

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.001
0.001
0.002
0.003
0.008
0.006
0.009
0.015
0.023
0.036
0.054
0.078
0.111
0.154

0.207 -

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0001
0.0001
0.0002
0.0003
0.0005
0.0008
0.0013
0.0013
0.0021
0.0034
0.0053
0.0082
0.0123
0.0179
0.0254
0.0352
0.0475

-0.381
-0.381
-0.380
-0.380
-0.380
-0.380
-0.380
-0.379
-0.379
-0.379
-0.379
-0.379
-0.378
-0.378
-0.378
-0.377
-0.377
-0.377
-0.376
-0.376
-0.376
-0.376
-0.375
-0.375
-0.375
-0.375
-0.374
-0.374
-0.373
-0.373
-0.372
-0.372
0.371
-0.371
-0.370
-0.370
-0.369
-0.369
-0.368
-0.368
-0.367
-0.367
-0.387
-0.366
-0.366
-0.365
-0.364
-0.363
-0.362
-0.361
-0.360
-0.359
-0.359
-0.358
-0.357
-0.356
-0.355
-0.354
-0.354
-0.354
-0.353
-0.352
-0.350
-0.349
-0.348
-0.346
-0.345
-0.343

-0.46921
-0.46898
-0.46875
-0.46852
-0.46829
-0.46807
-0.46784

-0.4676
-0.46727
-0.46727
-0.46693
-0.46659
-0.46624

-0.4659
-0.46556
-0.46522
-0.46488
-0.48454
-0.48419
-0.46385
-0.46351
-0.46317
-0.46283
-0.46249
-0.46214
-0.48214
-0.46163
-0.46104
-0.46044
-0.45985
-0.45926
-0.45866
-0.45807
-0.45747
-0.45688
-0.45629
-0.45569

-0.4551
-0.45451
-0.45391
-0.45332
-0.45332
-0.45275
-0.45204
-0.45096
-0.44988
-0.44879
-0.44771
-0.44662
-0.44554
-0.44446
-0.44337
-0.44253
-0.44148
-0.44044

-0.4394
-0.43836
-0.43732
-0.43732
-0.43612
-0.43506
-0.43394
-0.43226
-0.43055
-0.42885
-0.42715
-0.42545
-0.42374

-0.53771
-0.53746
-0.53721
-0.53686
-0.53671
-0.53646
-0.53621
-0.53685
-0.53559
-0.53559
-0.53521
-0.53483
-0.53445
-0.53407
-0.53369
-0.53331
-0.53293
-0.53255
-0.53217
-0.53179
-0.53141
-0.53103
-0.53065
-0.53027
-0.52089
-0.52989

-0.5293
-0.52863
-0.52795
-0.52728

-0.5266
-0.52593
-0.52525
-0.52457

-0.5239
-0.52322
-0.52255
-0.52187

-0.6212
-0.52052
-0.51585
-0.51885

-0.5192
-0.51839
-0.51715
-0.51591
-0.51466
-0.51342
-0.51218
-0.51094

-0.5097
-0.50845
-0.50749
-0.506289

-0.5051

-0.5039
-0.50271
-0.50152
-0.50152
-0.50023
-0.49893
-0.49784
-0.49572
-0.49377
-0.49183
-0.483988
-0.48793
-0.48598

-0.3808
-0.3806
-0.3804
-0.3802
-0.3800
-0.3798
-0.3796
-0.3794
-0.3791

0.3791
-0.3788
-0.3785
-0.3782
-0.3780
-0.3777
-0.3774
-0.3771
-0.3768
-0.3765
-0.3762
-0.375¢9
-0.3756
-0.3753
-0.3750
-0.3747
-0.3747
-0.3743
-0.3738
-0.3733
-0.3728
-0.3724
-0.3719
-0.3714
-0.3709
-0.3704
-0.3699
-0.3694
-0.3689
-0.3685
-0.3680
-0.3675
-0.3675
-0.3670
-0.3664
-0.3655
-0.3647
-0.3638
-0.3629
-0.3620
-0.3611

-0.3603
-0.3594
-0.3588
-0.3580
-0.3573
-0.3566
-0.3561

-0.3557
-0.3557
-0.3556
-0.3560
-0.3570
-0.3585
-0.3612
-0.3654
-0.3716
-0.3800
-0.3909

-0.4692
-0.4690
-0.4588
-0.4685
-0.4683
0.4681

-0.4678
-0.4676
-0.4673
-0.4673
-0.4669
-0.4666
-0.4662
-0.4659
-0.4656
-0.4652
+0.4649
-0.4645
-0.4642
-0.4639
-0.4635
-0.4632
-0.4628
-0.4625
-0.4621

-0.4621

-0.4616
-0.4510
-0.4504
-0.4598
-0.4593
-0.4587
-0.4581

-0.4575
-0.4569
-0.4563
-0.4557
-0.4551

-0.4545
-0.4539
-0.4533
-0.4533
-0.4528
-0.4520
-0.4510
-0.4499
-0.4488
-0.4477
-0.4466
-0.4456
-0.4445
-0.4434
-0.4426
-0.4416
-0.4407
-0.4399
-0.4391

-0.4386
-0.4386
-0.4383
-0.4385
-0.4393
-0.4405
0.4428
-0.4488
-0.4526
-0.4607
0.4712

N



50881
50882
50883
50884
50885
50871
50918
50920
50921
50922
50023
50924
50925
50926
50927
50928
50029
50930
50831
500932
50933
50919
50966
50867
50968
50069
50970
50971
50072
50973
50974
50975
50976
50977
50978
50979
50980
30361
30362

T—CLl- & - 00006 | 0.0

230.75
232,75
234.75
238.75
238.75
240.75
240.75
242.75
244.75
246.75
248.75
250.75
252,75
254,75
256.75
258.75
260.75
262.75
264.75
266.75
268.75
270.75
270.75
272.7
274.65
276.6
278.55
280.5
282.45
284.4
286.35
288.3
290.25
292.2
294.15
296.1
298.05
300
301.5

1.613
1.452
1.290
1.129
0.968
0.806
0.806
0.645
0.484
0.323
0.161
0.000
0.161
0.323
0.484
0.645
0.806
0.968
1.129
1.280
1.452
1.613
1.613
1.77¢
1.927
2.085
2.242
2.399
2.556
2.714
2.871
3.028
3.185
3.343
3.500
3.657
3.815
3.972
4.093

0.109
0.139
0.174
0.211
0.250
0.288
0.288
0.324
0.355
0.379
0.394
0.39¢
0.394
0.37¢9
0.355
0.324
0.288
0.250
0.211
0.174
0.139
0.10¢
0.109
0.083
0.062
0.045
0.032
0.022
0.015
0.010
0.006
0.004
0.002
0.001
0.001
0.000
0.000
0.000
0.000

0.272
0.349
0.435
0.529
0.626
0.722
0.722
0.812
0.890
0.949
0.987
1.000
0.987
0.949
0.890
0.812
0.722
0.626
0.529
0.435
0.349
0.272
0.272
0.209
0.156
0.114
0.081
0.056
0.038
0.025
0.016
0.010
0.008
0.004
0.002
0.001
0.001
0.000
0.000

0.0624
0.0799
0.0997
G.1212
0.1435
0.1655
0.1655
0.1881
0.2038
0.2175
0.2262
0.2292
0.2262
0.2175
0.2038
0.18561
0.1655
0.1435
01212
0.0097
0.0799
0.0624
0.0624
0.0478
0.0358
0.0261
0.0186
0.0129
0.0087
0.0058
0.0037
0.0023
0.0014
0.0009
0.0005
0.0003
0.0002
0.0001
0.0001

-0.342
-0.341
-0.339
-0.338
-0.336
-0.335
-0.335
-0.334
-0.332
-0.331
-0.330
-0.327
-0.323
-0.320
-0.316
-0.313
-0.309
-0.308
-0.302
-0.299
-0.285
-0.292
-0.282
-0.288
-0.285
-0.282
-0.278
-0.275
-0.271
-0.267
-0.263
-0.259
-0.255
-0.251
-0.248
-0.244
-0.240
-0.238
-0.233

-0.42204
-0.42034
-0.41864
-0.41693
-0.41523
-0.41353
-0.41353
-0.41182
-0.41012
-0.40842
-0.40672

-0.4035
-0.38929
-0.39507
-0.39085
-0.38664
-0.38242
-0.37821
-0.37399
-0.36978
-0.36556
-0.36135
-0.36135
-0.35724
-0.35313
-0.34902
-0.34491

-0.3408
-0.33662
-0.33181
-0.32698
-0.32218
-0.31737
-0.31255
-0.30774
-0.30203
-0.28811

-0.2933

-0.2896

-0.48404
-0.48208
-0.48014

-0.4782
-0.47625

-0.4743

0.4743
-0.47236
-0.47041
-0.46846
-0.46651
-0.46287

-0.4581
-0.45333
-0.44856
-0.44379
-0.43902
-0.43425
-0.42948
-0.42471
-0.41994
-0.41517
-0.41517
-0.41052
-0.40587
-0.40122
-0.39657
-0.39192
-0.38719
-0.38172
-0.37624
-0.37078
-0.36528
-0.35981
-0.35433
-0.34885
-0.34338

-0.3379
-0.33369

-0.4044
-0.4205
-0.4389
-0.4590
-0.4789
-0.5006
-0.5006
-0.5188
-0.5361
-0.5484
-0.6557
-0.55860
-0.5495
-0.5374
-0.5202
-0.4989
-0.4749
-0.4493
-0.4235
-0.3985
-0.3752
-0.3542
-0.3542
-0.3362
-0.3207
-0.3077
-0.2967
-0.2876
-0.2800
-0.2731
-0.2671
-0.2617
-0.2569
-0.2523
-0.2480
-0.2438
-0.2397
-0.2357
-0.2326

-0.4844
-0.5002
-0.5183
-0.5381
-0.5587
-0.5791
-0.5791
-0.5979
-0.6140
-0.6260
-0.6329
-0.6327
-0.6256
-0.6126
-0.5947
-0.5727
-0.5480
-0.5217
-0.4952
-0.4695
-0.4455
-0.4238
-0.4238
-0.,4051
-0.3889
-0.3751
-0.3635
-0.3537
-0.3454
-0.3376
-0.3307
-0.3245
-0.3188
-0.3134
-0.3082
-0.3032
-0.2983
-0.2934
-0.2896

-0.5464
-0.5620
-0.5798
-0.5994
-0.6197
-0.6399
-0.6399
-0.6585
-0.6743
-0.6880
-0.6927
-0.6920
-0.6843
-0.6709
-0.6524
-0.6299
-0.6046
-0.5777
-0.5506
-0.5244
-0.4998
0.4776
-0.4778
-0.4584
-0.4416
-0.4273
-0.4151

-0.3959
-0.3875
-0.3800
-0.3731
-0.3667
-0.3607
-0.3548
-0.3491
-0.3435
-0.3380
-0.3337
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adisp sequence.txt
ANTYPE, O

TIME,1

JINPUT, 'D1',"txt','D:\Ansys Files\Run Files\Model 300\',, O
/STATUS, SOLU

SOLVE

!*

TIME,24

/INPUT, 'D24', "txt"', 'D:\Ansys Files\Run Files\Model 300\',, O
/STATUS, SOLU

SOLVE

!*

TIME, 100

JINPUT,'D100", "txt', 'D:\Ansys Files\Run Files\Model 300\',, O
/STATUS, SOLU

SOLVE

!*

TIME, 1000

/INPUT, 'D1000', 'txt", 'D:\Ansys Files\Run Files\Model 300\',, O
/STATUS, SOLU

SOLVE

1%

TIME, 5000 ) )
/INPUT,'D5000", "txt', 'D:\Ansys Files\Run Files\Model 300\',, O
/STATUS ,SOLU

SOLVE

!-k

ITIME, 10000

1 /INPUT, "d10000"', 'txt"', 'D:\Ansys Files\Run Files\Model 300\',, ©
1 /STATUS,S0LU

ISOLVE

'FINISH

BTATTC “oAD APPLTcATEON (faoocfw)

fﬂwww* fon  §le ssv 200 .4db
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T te-3 -00000, 2e0.0

D, 30001, ,-0.
D, 30002, ,-0.
D,51012,,-0.
D, 51013,,-0.
D,51014,,-0.
D,51015,,-0.
D,51016,,-0.
D,51017,,-0.

D, 51018, ,-0

D,51023,,-0

D, 51059,,-0

D, 50607,,-0

D,50608,,-0.

D, 50609,,-0

3893:::sUYss::!
3892:!:|UY11111
3892!!!!UY111!!
38913111 IEREN]
3890111lY11111
3889!!!! Yss:!!
3888,,,,UY,,,.,
38881111 UY,rrre

.3887,,,.4Y,,,,,
D, 51019, ,-0.
D, 51020, ,-0.
D, 51021, ,-0.
D, 51022, ,-0.

3886!PPPUYPIIII
3885,,,,UY, .44,
38841111UY111!1
3883llllUYlll!l

.3881,,,,UY,,,,,
D,51024, ,-0.
D, 51025, ,-0.
D, 50633, ,-0.
D, 51011, ,-0.
D, 50635, ,-0.
D, 50636, , 0.
D, 50637, ,-0.
D,50638,,-0.
D,50639, ,-0.
D, 50640, ,-0.
D,50641, ,-0.
D, 50642, ,-0.
D, 50643, ,-0.
D, 50644, ,-0.
D, 50645, ,-0.
D, 50646, ,-0.
D, 50647, ,-0.
D,50648,,-0.
D, 50634, ,-0.
p,50681,,-0.
D, 50683, ,-0.
D, 50684, ,-0.
D, 50685, ,-0.
D, 50686, ,-0.
D, 50687, ,-0.
D, 50688, ,-0.
D, 50689, ,-0.
D, 50690, ,-0.
D, 50691, ,-0.
p,50692,,-0.
D,50693, ,-0.
D, 50694, ,-0.
D, 50695, ,-0.
D, 50696, ,-0.
D, 50682, ,-0.
D, 51056, ,-0.
D,51060, ,-0.
-3820ll!l LI I B A )
D, 51058, ,-0.
D, 51057, ,-0.
D, 30211, ,-0.
D, 30178, ,-0.
D, 50604, ,-0.
D, 50605, ,-0.
D, 50606, ,-0.
.3804’g;s 1999y

3880,,,,UY,,,,,
3878)IIIUYll!lI
387611!! [EEEN]
3876..,’ Yl!ll!
387Sllll rrryy
387 [ LI ] Yll!!!
38721111 1359
387OIIIIUY!!!!!
3868,,,.UY...,-
3867"" ¥y
3865,,,, Y,;:as
3864:!!! 1311
3862!!!!UY11ll|
3860llllUYllil'
3859!!!!UYIIIII
38 ,,ssUerrrr
3855!!!! le)rr
3853!!!! Yrrrrr
3852!!!! ryyrry
3852,,,,UY....-
3850!!!! yYyrsrry
3848!!:! Y!!!!i
3846’;!! Yl!!!l
3844’!!! rrY sy
3843,!l!UYlllll
384111!’ y531939
3839!!!! Y')l!’
38371111 1951139
3835111|UY!!111
3833,,,,UY....,
3832llll 1rrry
383 rryy Ylllll
382 yr1y Ylllll
3826llll Ylllll
3824ll7l rrrevy
382 rreyy Yll!ll
38221111 1991

38181111 Yll!ll
3816!!!lUYlllll
3814,,IIUYII!II
3812!!llUYIIIII
3810,,,, 1939y
3808,,,, Y..,,,
3806!!!! 19993

380 LI ] Y”!!!

.3800,,,,UY,,,,,
b, 50610, ,-0.

3798,,;|UY;;!!:

D5000a. txt
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T-Ce-2-00006 b .0

D, 50611, ,-0.
D,50612,,-0.
D,50603,,-0.
D,50744,,-0.
D,50746,,-0.
D,50747,,-0.
D,50748,,-0.
o, 50749, ,-0.
D, 50750,,-0.
0,50751,,-0.
D,50752,,-0.
D,50753,,-0.
D, 50754,,-0.
D, 50755,,-0.
D, 50756,,-0.
D,50757,,-0.
D, 50758,,-0.
D,50759,,~0.
D,50745,,-0.
D,50792,,-0.
D,5079%4,,-0.
D, 50795,,-0.
D,50796,,-0.
D, 50797, ,-0.
p,50798,,-0.
D, 50799, ,-0.
0,50800,,-0.
D, 50801, ,-0.
D, 50802, ,-0.
D, 50803,,-0.
D, 50804, ,-0.
D,50805,,-0.
D, 50806, ,-0.
D, 50807,,-0.
D, 50793,,-0.
D, 50840, ,-0.
D, 50841, ,-0.
D, 50842,,-0.
D,50843,,-0.
D, 50844, ,-0.
D, 50845, ,-0.
D, 50846, ,-0.
D, 50847,,-0.
D, 50848, ,-0.
D, 50849, ,-0.
o, 30214, ,-0.
D, 30215,,-0.
D, 50730, ,-0.
D, 50731, .-0.
D,50732,,-0.
D,50733,,-0.
D,50729,,-0.
D, 50870,,-0.
D,50872,,-0,
D,50873,,-0.
D,50874,,-0.
D,50875,,-0.
b,50876,,-0.
D,50877,,-0.
D,>50878,,-0.
'3SOOI‘I‘PIUYQDDP’

D,50879,,-0

D, 50880, ,-0.
D,50881,,-0.

3796)!!!UY15111
37941!11UY33511
3791DDDDUY!1!!!
37911!11UY55!!!
3788,,,,UY,,,,,
3785llllUY11”’
3782I'IIUYII!!I
37801111UY11v|v
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3774!111UY11711
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3759!!1!UY11111
3756!!!!UY11771
3753,,,,UY,,,,,
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3743ll!lUYlllll
3738!!!!Ulelrl
3733IlllUYlllll
3728]”!UYIIIII
3724!l,lUYl!ll’
3719!!11UY!!!!!
3714IIIIUY!!!!!
37091!!1UY!!!!!
3704ll1lUY!!!l!
3699llllUY!!!!!
3694llllUY!!!!!
36891||1UY!!!!!
36851111UY!!!!!
3680!!1,UY!!!!!
3675!!11UY!!!!!
3675llllUY’!”!
367OII1DUY!!!!!
366411!1UY1!!!!
3655]!!"“'Y!!!l!
3647!!11UYIIII!
3638ll‘lUY!”!’
3629!!”UY!!!I!
3620!!!!UYIIII!
3611!!1,UY!!!!!
3603)1”UY!!!!!
35941||IUY!11!!‘
3588,,,,UY,,,,,
358011!!UY!|!;r
3573””UY!!!!!
3566!1!!UYlll!l
3561”!!UY!I!I!
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OSR-19-260# (10/27/93)

Calculation Continuation Sheet

Calculation No. Sheet No, Rev.

T-CLC-Z-00006 o8 0

Differential Settlement Results:

The following plots show the differing crack patterns that result from the mean case for
differential settlements. Seven locations were chosen for settlement. The plots show results
for three different times, 100, 1000, and 10000 years and two levels of settlement, 0.75 in.
(PC-3) and 2.75 in. (PC-4).

In addition, two cases were run where there were two concurrent settlement locations. The
results from the double settlements, however, resulted in no additional cracking above that
caused by a single settlement. Therefore, only single settlements will be considered in this
analysis.

These deformed shape plots graphically show the behavior of the vault. The deformation
scale has been greatly exaggerated in all cases. To plot the cracks in a form usable for
further evaluation, EXCEL spreadsheets were used to calculate relative displacements on
each side of control joints and saltstone/concrete contacts. Appendix E contains plots of
these locations for all the basic parametric variations. There are a small number of plots that
are not shown that were used to obtain data that was needed to provide additional data points
for later use in the Monte Carlo analysis.
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Calculation
Continuation Sheet

Sheet
45

Examples of Crack Area Calculations

Example 1. PC-4, Mean Properties, Location 4, Extent = 62 ft. Time = 1000 years

Bottom Crack

Crack Width at Construction Joints
1000 year PC4 Location 4

30.00
—_—CJ1
25.00 —CJ2
cJ3

& —CJ4
g 2000 —cJs
E —CJ6
§ —CJ7
l-; 15.00 —CJ8
3 —CJ9
2
o
B 1000
[
T

e - \

0.00 T T T T

0.195 0.395 0.595 0.795 0.995

Crack Size, in.

A single crack with a width of 0.959" (measured at the bottom of the saltstone) and a length of abo
27 ft. occurs. The crack area is calcuiated as a triangle closed at the top.

Len := 271t

1
Area = E-Len-Wid

Wid := 0.96in

Area = 155.52in2
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Top Cracks
Contact Gap
1000 year PC-4 Location 4
36
30-
& * /
Wall 2 Left Contact
Wall 2 Right Contact
Wall 3 Left ¢contact
Wall 3 Right Contact
Q.05 ’ 0 0.05 0.1 0.‘15 0j2 0.25
Gap, In

In this case, two cracks occur at wall 2. The widths are 0.140" and 0.234". The length
is 27 ft.

Wid := 0.14in + 0.23in

Area = -;—-Len-Wid Area = 59.94 in2
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Example 2. PC -4, Low Saltstone Modulus, Location 6, Extent = 62 ft. Time = 5000 vears

Bottom Cracks

Crack Width at Construction Joints
5000 year PC4 Location 6

30.00
—CI
—0<CJ2
25.00 cl3
; —CJ4
i‘ —CJ5
§ 2000 — e
k| —Cy7
€
3 —cy8
w 15.00
g \ —
>
Q
8
[}
=
B 10.00 —- —
]
x
$5.00
0.00

-0.002 0.198 0.398 0.598 0.798 0.998 1.198
Crack Slze, in.

Len = 271t Wid = 1.17in

Area := %-Len-Wid Area = 189.54in2
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Continuation Sheet 148
Top Cracks
Contact Gap
5000 year PC-4 Location 6
a5
ag

25 / / / /
20 /
15
Wall 3 Left Contact
— Right Contact
10 //
5

v

Q 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.18 0.18

Height, ft.

Gap, in.
W1 := 0.087in W2 := 0.170in

Wid = W1+ W2

Len = 27ft

Area = %-Len-Wid Area = 41.634in2
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Example 3. PC -4, High Soil Modulus, Location 1, Extent = 124 ft. Time = 5000 years

Bottom Cracks

Crack Width at Construction Joints
5000 year PC4 Lecation 1

30,00
——ci1
25.00 1~ —ci2
. cl3
< —ci4
_g 20.00 CJE
o
g —CJ8
$ 1500 cir
E b —cJs
s —cJg
L]
£ 10.00
5
a
4
" \\\
0.00 T T

-0.005 0.045 0.095 0.145 0.195 0.245 0.295

Crack Siza, in.

Note that cracks ocour at both joints 1 and 7. The crack at joint 7 is caused by static
settlement and is accounted for separately.

Wid = 0.221in Len := 25t

Area = -;--Len-Wid Area = 33.15in2
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Calculation
Continuation Sheet

Sheet
\5o

Top Cracks
Contact Gap
5000 year PC-4 Location 1
28, /
o/
=z
i 1'5 /
Wall 2 Left Contact
——Wall 2 Right Contact
5
£0.02 1] 0.02 0.04 0.‘06 0.08 0.1
Gap, In.
W1 = Oin W2 = 0.09in

Wid = W1 + W2

Len := 271t

Area = %-Lcn-Wid Arca = 14.58in°

Note. the crack at the right side of wall w is on the order of 0.02 inches and is not
used. In general cracks of this magnitude were not used in the analysis since they

did not add appreciably to the overall crack area. (Area = 2.3 ir? in this case.)
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/51
1. Cracking Due to Static Settlement
1A. Vary Saltstone Modulus

Bottom Time at
Index Time Settlement Crack Area Crack Initiation
Saltstone Modulus years feet In"2
1 1.619E+05 100 -0.287 0
2 1.619E+05 1000 -0.482 39 700
3 1.619E+05 5000 -0.549 46.8
4 2.048E+05 100 -0.387 0
5 2.048E+05 1000 -0.482 0
& 2.048E+05 5000 -0.549 49,92 3300
7 2.396E+05 100 -0.387 3.9 415
8 2.396E+05 1000 -0.482 43.68 1950
9 2.396E+05 5000 -0.549 51.48
10 1.834E+05 5000 -0.549 48.67
11 2.222E+05 5000 -0.549 50.86 4450
12 2.309E+05 5000 -0.549 51.17 5000
13 2.350E+05 10000 -0.578 55.54 5550
14 2.370E+05 10000 -0.578 55.69 5800
15 2.380E+05 1000 -0.482 43.06 370
16 2.390E+05 1000 -0.482 43.06 370
17 2.400E+05 1000 -0.482 43.06 415
18 2.420E+05 1000 -0.482 43.21 410
19 2.440E+05 1000 -0.482 43.21 400
20 2.45E+05 1000 -0.482 43.06 600
21 2.460E+05 10000 -0.578 56 7300
22 2.500E+05 10000 -0.578 56.16 8150
1 B.Vary Saltstone Cracking Strain
Bottom
. Index Cracking Time Settlement Crack Area
Strain years feet In~2
23 7.540E-05 50 -0.358 0
24 7.540E-05 50 -0.358 20.25
25 7.540E-05 100 -0.387 25.05
26 7.540E-05 1000 -0.482 35.412
27 7.540E-05 5000 -0.549 42.588
28 8.500E-05 99 -0.387 0
29 8.500E-05 99 -0.387 21.75
30 8.500E-05 100 -0.387 24.9
A 8.500E-05 1000 -0.482 35.256
32 8.500E-05 5000 -0.549 42.588
33 9.800E-05 550 -0.458 0
34 9.800E-05 550 -0.458 28.05
35 9.800E-05 1000 -0.482 35.412
36 9.800E-05 5000 -0.549 42.744
37 1.206E-04 100 -0.387 0
38 1.206E-04 1000 -0.482 0
39 1.206E-04 3300 -0.532 0
40 1.206E-04 3300 -0.532 46.8
41 1.206E-04 5000 -0.549 49.92
42 1.309E-04 6150 -0.557 0
43 1.309E-04 6150 -0.557 51.012
44 1.309E-04 10000 -0.578 54.288
45 1.411E-04 100 -0.387 0
46 1.411E-04 100G -0.482 0
47 1.411E-04 3300 -0.532 Q
48 1.411E-04 3300 -0.632 0
0

. 49 1.411E-04 5000 -0.549
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Calculation Continuation Sheet

2. Differential Displacement at Location 1
2.A. Differential Displacement Magnitude

Index
50
51
52
53
54
55
56
57
58
59

Magnitude, in

15

1.5

15

2

2

2

2.75 (PC-4)

2.75
2.75
2.75

2.B. Vary Settlement Extent
PC-4 Event

Index
60
61
62
63
64
65
66
67

Extent, ft.
62
62
62
62
124
124
124
124

. 2.C. Vary Saltstone Modulus
PC-4 Event

Index
68
69
70
71
72
73
74
75
76

2.D Vary Saltstone Cracking Strain

Index

77
78
79

81
82
83
84
85
86
87

Saltstone Modulus
ksf
1.619E+05
2.048E+05,
2.396E+05
1.619E+05
2.048E+05
2.396E+05
1.619E+05
2.048E+05
2.396E+05

Event

PC-3
PC-3
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4

Time
years
100
1000
5000
100
1000
5000
100
1000
5000
5000

Time
years
100
1000
5000
5000
100
1600
5000
5000

Time
years
100
100
100
1000
1000
1000
5000
5000
5000

Cracking Straln
infin
7.540E-05
7.540E-05
7.540E-05
7.540E-05
7.540E-05
1.206E-04
1.206E-04
1.208E-04
1.411E-04
1.411E-04
1.411E-04

Settiement
feet
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.549

Settlement
feet
-0.387
-0.482
-0.549
-0.549
-0.387
-0.482
-0.549
-0.549

Settlement
feet
-0.387
-0.387
-0.387
-0.482
-0.482
-0.482
-0.549
-0.549
-0.54%

Time
years
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Bottom
Crack Area
in*2
0
13.2
10.68
16.56
20.286
201
24.48
29.4
30
31.5

Bottom
Crack Area
in"2
24.48
29.4
30
35
73.32
73.32
78
345

Bottom
Crack Area
in~2
23.04
24.48
27
27
29.484
30
25.92
285
30

Bottom
Settlement Crack Area

feet in~2
-0.482 4.794
-0.549 4.998
-0.387 28.5
-0.482 28.5
-0.549 30.45
-0.387 26.85
-0.482 27.3
-0.549 30
-0.387 23.904
-0.482 27.3
-0.549 28.2

Sheet
152
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2.E. Vary Soil Bulk Modulus

Index

88
89
90
9N
92
a3
94
95
96
97
98
99

Event

PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4

Calculation Continuation Sheet

Soil Bulk Modulus
ksf
20
20
20
30
30
30
40
40
40
40
40
40

3. Differential Displacement at Location 2
3.A. Differential Displacement Magnitude

Index
100
101
102
103
104
105
106
107
108
109
110
1M
112
113
114
115

Magnitude, in
275
2.75
0.75

1.5
2
2.375
25
2.75
2.75
275
1.5
2
2.375
25
2.75
2.75

3.B. Vary Settlement Extent
PC-4 Event

Index
116
117
118
119
120
121
122
123
124
125
126
127

Extent, fi.
62
62
62
62
62
62

124
124
124
124
124
124

Time
years
100
1000
1000
1000
1000
1000
1000
1000
5000
100
1000
1000
1000
1000
1000
5000

Time
years
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Time
years
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Settlement Crack Area Crack Area

feet
-0.387
-0.482

-0.482
-0.482
-0.482
-0.482
-0.482
-0.549
-0.387
-0.482
-0.482
-0.482
-0.482
-0.482
-0.549

Settlement Crack Area Crack Area

feet
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549

Bottom
Settlement Crack Area
feet in~2
-0.387 27
-0.482 28.5
-0.549 30
-0.387 255
-0.482 27
-0.549 30
-0.387 29.232
-0.482 29.4
-0.549 33.15
-0.387
-0.482
-0.549
Bottom Top
in*2 InA2
74.88
73.32
0
27.9
339
41.34
52.26
73.32
76.44
43.74
0
0
0
1263
37.26
40.5
Bottom Top
in~2 in*2
74.88
73.32
76.44
43.74
37.26
40.5
120.204
118.26
116.64
76.63
68.04
63.18

Top

Crack Area

in*2

8.28
16.2
14.58

Sheet
/153
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15¢
3.C. Vary Saltstone Modulus
PC-4 Event Bottom Top
Saltstone Modulus Time Settlement Crack Area Crack Area
Index ksf years feet inA2 in~2
128 1.619E+05 100 -0.387 80.68
129 1.619E+05 1000 -0.482 81.49
130 1.619E+05 5000 -0.549 81.65
131 1.618E+05 100 -0.387 47 47
R 32 1.619E+05 1000 -0.482 45.98
133 1.619E+05 5000 -0.549 45.04
134 2.048E+05 100 -0.387 75.35
135 2.048E+05 1000 -0.482 73.01
136 2.048E+05 5000 -0.549 76.28
137 2.048E+05 100 -0.387 43.74
138 2.048E+05 1000 -0.482 35.80
139 2.048E+05 5000 -0.549 41.80
140 2,396E+05 100 -0.387 76.14
141 2.396E+05 1000 -0.482 76.14
142 2.396E+05 5000 -0.549 77.76
143 2.396E+05 100 -0.387 41.80
144 2.396E+05 1000 -0.482 40.50
145 2.396E+05 5000 -0.549 39.04
3.D Vary Saltstone Cracking Straln
Bottom Top
Event Cracking Strain Time Settlement Crack Area Crack Area
Index infin years feet in*2 In*2
146 PC-3 7.540E-05 100 -0.387 84
147 PC-3 7.540E-05 1000 -0.482 8.76
148 PC-3 7.540E-05 5000 -0.549 7.68
' 149 PC-4 7.540E-05 100 -0.387 77.76
150 PC-4 7.540E-05 1000 -0.482 76.14
151 PC-4 7.540E-05 5000 -0.549 76.14
152 PC-4 7.540E-05 100 -0.387 43.902
153 PC-4 7.540E-05 1000 -0.482 36.45
154 PC-4 7.540E-05 5000 -0.549 34344
155 PC-4 1.206E-04 100 -0.387 77.76
156 PC-4 1.206E-04 1000 -0.482 76.14
157 PC-4 1.206E-04 5000 -0.549 79.38
158 PC-4 1.206E-04 100 -0.387 43.74
159 PC-4 1.206E-04 1000 -0.482 35.802
180 PC-4 1.206E-04 5000 -0.549 41.756
161 PC-4 1.411E-04 100 -0.387 78.894
162 PC-4 1.411E-04 1000 -0.482 75.654
163 PC-4 1.411E-04 5000 -0.549 73.872
164 PC-4 1.411E-04 100 -0.387 39.528
165 PC-4 1.411E-04 1000 -0.482 35.802
166 PC-4 1.411E-04 5000 -0.549 29.646
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3.E. Vary Scil Bulk Modulus

Index
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182

Event

PC3
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4

Calculation Continuation Sheet

Soil Bulk Modulus
ksf
20
20
20
20
30
30
30
40
40
40
30
30
30
40
40
40

" 4. Differential Displacement at Location 3
4.A. Differential Displacement Magnitude

index
183
184
185
186
187
188
189
190
191
192

Magnitude, In
0.75
0.75

1.5
2
2.75
2.75
275
2.75
2.75
2.75

4.B. Vary Settlement Extent

PC-4 Event

Index
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

Extent, ft.
62
62
124
124

124
62
62
62
62
62
62

124

124

124

124

124

124

Time
years
1000
5000
1000
1000
100
1000
5000
100
1000
5000

Time
years
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Time
years
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Settlement Crack Area Crack Area

feet
-0.482
-0.549
-0.482
-0.482
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549

Settlement Crack Area Crack Area

feet
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549

Bottom
Settlement Crack Area
feet In*2
-0.549 24
-0.387 43.68
-0.482 46.8
-0.549 48.36
-0.387 77.76
-0.482 76.14
-0.549 79.38
-0.387 126.36
-0.482 129.6
-0.549 129.6
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
Bottom Top
in~2 in*2
25.5
45.24
51.792
65.985
105.3
110.16
115.02
53.46
55.08
55.08
Bottom Top
int2 In”2
255
45.24
15.12
45.24
63
105.3
110.16
115.02
53.46
55.08
55.08
174.96
178.2
177.9
119.88
108.54
103.68

Top
Crack Area
in*2

43.74
37.26
40.5
102.06
105.3
105.3

Sheet
{56
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4.C. Vary Saltstone Modulus

Index
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

4.D Vary Saltstone Cracking Strain

Index
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

Event

PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4

Event

PC-3
PC-3
PC-3
PC-3
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4

Calculation Continuation Sheet

Saltstone Modulus
ksf
1.619E+05
1.619E+05
2.048E+05
2.048E+05
2.396E+05
2.396E+05
1.619E+05
1.618E+05
1.619E+05
2.048E+05
2.048E+05
2.048E+05
2.396E+05
2.396E+05
2.396E+05
1.619E+05
1.619E+05
1.619E+05
2.048E+05
2.048E+05
2.048E+05
2.396E+05
2.39B6E+05
2.396E+05

Cracking Strain
infin
7.540E-05
7.540E-05
7.540E-05
1.206E-04
7.540E-05
7.540E-05
7.540E-05
1.206E-04
1.206E-04
1.206E-04
1.411E-04
1.411E-04
1.411E-04
7.540E-05
7.540E-05
7.540E-05
1.206E-04
1.206E-04
1.206E-04
1.411E-04
1.411E-04
1.411E-04

Time
years
1000
5000
1000
5000
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Time
years
100
1000
5000
1000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

feet
-0.482
-0.549
-0.482
-0.549
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549

Seitlement Crack Area

feet
-0.387
-0.482
-0.549
-0.482
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482

Bottom Top
Settlement Crack Area Crack Area
in*2 in"2
34.32
51.624
255
4524
39
45,24
103.68
110.16
115.02
105.3
110.16
115.02
103.68
110.16
115.02
52.812
54.27
55.242
52812
54.594
55,566
52.974
54,594
55.566
Bottom Top
Crack Area
inr2 in~2
14.4
13.2
17.28
24
105.3
110.16
115.02
105.3
110.16
115.02
104.652
110.808
115.182
53.46
55.08
56.7
53.46
55.08
55.08
52.812
54,594
55.728

-0.549

Sheet
Xy
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157
4.E. Vary Soll Bulk Modulus
Bottom Top
Event Soil Bulk Modulus Time Settlement Crack Area  Crack Area

Index kst years feet in*2 inf2
256 PC3 20 1000 -0.482 29.64
257 PC3 20 5000 -0.549 32.76
258 PC3 30 1000 -0.482 24
259 PC3 30 5000 -0.549 4212
260 PC3 40 100 -0.387 13.2
261 PC3 40 1000 -0.482 35.88
262 PC3 40 5000 -0.549 53.04
263 PC4 20 100 -0.387 90.72
264 PC4 20 1000 -0.482 97.2
265 PC4 20 5000 -0.549 101.25
266 PC4 30 100 -0.387 105.3
267 PC4 30 1000 -0.482 110.16
268 PC4 30 5000 -0.549 115.02
269 PC4 40 100 -0.387 113.4
270 PC4 40 1000 -0.482 119.88
2n PC4 40 5000 -0.549 123.12
272 PC4 20 100 -0.387 38.88
273 PC4 20 1000 -0.482 42.12
274 PC4 20 5000 -0.549 42,768
275 PC4 30 100 -0.387 53.46
276 PC4 30 1000 -0.482 55.08
277 PC4 30 5000 -0.549 55.08
278 PC4 40 100 -0.387 59.94
279 PG4 40 1000 -0.482 61.56
280 PC4 40 5000 -0.549 61.56

. 5. Differential Displacement at Location 4
5.A. Differential Displacement Magnitude
Bottom Top
Time Settlement Crack Area Crack Area

Index Magnitude, in years feet In*2 inA2
281 0.75 100 -0.387 4212
282 2 100 -0.387 102.222
283 2.75 100 -0.387 147.42
284 0.75 1000 -0.482 49.92
285 2 1000 -0.482 111.78
286 2.75 1000 -0.482 155.52
287 Q.75 5000 -0.549 56.16
288 2 5000 -0.549 118.584
289 2.75 5000 -0.549 162
290 2 100 -0.387 29.16
291 2.75 100 -0.387 58.32
292 2 1000 -0.482 31.428
293 2.75 1000 -0.482 59.94
294 2 5000 -0.549 32.724
295 2.75 5000 -0.549 63.18
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5.B. Vary Settiement Extent

Index
296
297
298
299
300
am
302
303
304
305
306
307
308
309
310
31
312
313

5.C. Vary Saltstone Modulus

Index
314
315
316
N7
318
319
320
321
322
323
324
325
326
327
328
329
330
3N
332
333
334
335
336
337
338
339
340

Event

PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4

Event

PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4

Calculation Continuation Sheet

Extent, ft.
62
62
62
124
124
124
62
62
62
124
124
124

62
62
124
124
124

Saltstone Modulus
ksf
1.619E+05
1.619E+05
1.619E+05
2.048E+05
2.048E+05
2.048E+05
2.396E+05
2.396E+05
2.396E+05
1.619E+05
1.619E+05
1.619E+05
2.048E+05
2.048E+05
2.048E+05
2.396E+05
2.396E+05
2.396E+05
1.619E+05
1.619E+05
1.619E+05
2.048E+05
2.048E+05
2.048E+05
2.396E+05
2.396E+05
2.396E+05

Time
years
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Time
years
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Settlement Crack Area

feet
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549

feet
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549

Bottom Top
Crack Area
In*2 in*2
42.12
49,92
56.16
54.6
60.36
65.52
147.42
155.52
162
205.74
21222
218.7
58.32
59.94
63.18
95.58
93.96
Q7.2
Bottom Top
Settlement Crack Area  Crack Area
in*2 in~2
375
43.68
53.04
42.12
49,92
56.16
39
49.92
59.28
150.66
157.14
163.62
147.42
155.52
162
144.18
153.9
160.38
B61.236
62.694
64.314
58.32
59.94
63.18
56.7
58.32
59.94

Sheet
155
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5.D Vary Saltstone Cracking Straln

. Index

341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
a56
357
358
359
360
361
362
363
364
365
366
367

. 5.E. Vary Soll Bulk Modulus

Index
368
369
370
3N
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391

®
393
394

Event

PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4

Event

PC3
PC3
PC3
PC3
PC3
PC3
PC3
PC3
PC3
PC4
PC4
PC4
PC4
PC4
PCA4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4a
PC4

Calculation Continuation Sheet

Cracking Strain
infin
7.540E-05
7.540E-05
7.540E-05
1.206E-04
1,206E-04
1.206E-04
1.411E-04
1.411E-04
1.411E-04
7.540E-05
7.540E-05
7.540E-05
1.206E-04
1.208E-04
1.208E-04
1.411E-04
1.411E-04
1.411E-04
7.540E-05
7.540E-05
7.540E-05
1.206E-04
1.206E-04
1.206E-04
1.411E-04
1.411E-04
1.411E-04

Soil Bulk Modulus
kst
20
20
20
30
30
30
40
40
40
20
20
20
30
30
30
40
40
40
20
20
20
30
30
30
40
40
40

Time
years
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Time
years
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Settlement Crack Area

feet
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549

feet
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.432
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549

Bottom Top
Crack Area
in"2 in*2
40.56
49,92
53.04
38.532
49.92
56.16
42,12
49,92
56.16
147.42
155.52
162
147.42
155.52
162
147.096
155.358
162
58.32
59.94
61.236
58.32
60.588
61.884
58.806
60.426
62.046
Bottom Top
Settlement Crack Area Crack Area
InA2 in*2
a3
45.24
546
42.12
46.8
56.16
4212
40.58
59.94
115.02
124.74
131.22
147.42
155.52
162
186.3
186.3
187.92
21.06
22.68
22.68
58.32
59.94
63.18
113.4
100.44
82.62

Sheet
{59
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6. Differential Dispiacement at Location 5 / 60
6.A. Differential Displacement Magnitude

Bottom Top
Time Settlement Crack Area Crack Area
Index Magnitude, in years feet in*2 in*2
385 0.75 100 -0.387 60.84
396 2.75 100 -0.387 157.14
397 0.75 1000 -0.482 71.78
398 1.5 1000 -0.482 105.462
399 2 1000 -0.482 129.438
400 275 1000 -0.482 168.48
401 0.75 5000 -0.549 81.12
402 2.75 5000 -0.549 176.58
403 2.75 100 -0.387 21.06
404 1.5 1000 -0.482 0
405 2 1000 -0.482 8.085
406 2.75 1000 -(.482 19.44
407 2.75 5000 -0.549 17.82
6.B. Vary Settlement Extent
Bottom Top
Event Time Settlement Crack Area Crack Area
Index Extent, {t. years feet in*2 in~2
408 PC-3 62 100 -0.387 60.84
409 PC-3 62 1000 -0.482 71.76
410 PC-3 62 5000 -0.549 81.12
411 PC-3 124 100 -0.387 76.284
412 PC-3 124 1000 -(.482 8§7.36
413 PC-3 124 5000 -0.549 96.72
414 PC-4 62 100 -0.387 157.14
415 PC-4 62 1000 -0.482 168.48
. 416 PC-4 62 5000 -0.549 176.58
417 PC-4 124 100 -0.387 2349
418 PC-4 124 1000 -0.482 239.76
419 PC-4 124 5000 -0.549 254.34
420 PC-4 62 100 -0,387 21.06
421 PC-4 62 1000 -0.482 19.44
422 PC-4 62 5000 -0.549 17.82
423 PC-4 124 100 -0.387 64.8
424 PC-4 124 1000 -0.482 64.8
425 PC-4 124 5000 -0.549 59.94
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6.C. Vary Saltstone Modulus

. index

4286
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452

. 6.D Vary Saltstone Cracking Strain

Index
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476

. 477

478

Event

PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4

Event

PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4

Calculation Continuation Sheet

Saltstone Modulus
ksf
1.619E+05
1.619E+05
1.619E+05
2.048E+05
2.048E+05
2.048E+05
2.396E+05
2.396E+05
2.396E+05
1.619E+05
1.619E+05
1.619E+05
2.048E+05
2.048E+05
2.048E+05
2.396E+05
2.396E+05
2.396E+05
1.619E+05
1.619E+05
1.619E+05
2.048E+05
2.048E+05
2.048E+05
2.396E+05
2.396E+05
2.396E+05

Cracking Strain
in/in
7.540E-05
7.540E-05
1.206E-04
1.206E-04
1.206E-04
1.411E-04
1.411E-04
1.411E-04
7.540E-05
7.540E-05
7.540E-05
1.206E-04
1.206E-04
1.206E-04
1.411E-04
1.411E-04
1.411E-04
7.540E-05
7.540E-05
7.54CE-05
1.206E-04
1.206E-04
1.206E-04
1.411E-04
1.411E-04
1.411E-04

Time
years
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

Time
years
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
100C
5000
100
1000
5000

Settlement Crack Area

feet
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549

Settlement Crack Area

feet
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-(.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549

Bottom

in*2
61.56
72.9

82.62
60.84
74.52
84.24
60.84
74.52
84.24
157.14
168.48
176.58
157.14
168.48
176.58
155.52
173.34
174.96

Bottom

in"2
53.04
60.84
60.84
71.76
82.62
60.84
71.76
84,24
157.14
166.86
176.58
157.14
168.48
176.58
156.816
167.67
176.256

Top
Crack Area
In~2

27.378
25.272
23.328
27.216
25.11
23.49
26.892
24.624
23.166

Top
Crack Area
In~2

27.054
24.948
23.328
27.216
25.11
23.49
27.218
25.11
23.49

Sheet
‘el
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6.E. Vary Soll Bulk Modulus ,5 z
Bottom Top
. Event Soil Bulk Modulus Time Settlement Crack Area  Crack Area

Index kst years feet in~2 in~2
479 PC3 20 1000 -0.482 60.84
480 PC3 20 5000 -0.549 57.72
481 PC3 30 100 -0.387 56.16
482 PC3 30 1000 -0.482 67.08
483 PC3 30 5000 -0.549 74.88
484 PC3 40 100 -0.387 65.52
485 PC3 40 1000 -0.482 76.44
486 PC3 40 5000 -0.549 84.24
487 PC4 20 100 -0.387 132.6
488 PC4 20 1000 -0.482 149.04
489 PC4 20 5000 -0.549 157.14
490 PCa 30 100 -0.387 157.14
491 PC4 30 1000 -0.482 168.48
492 PC4 30 5000 -0,549 176.58
493 PC4 40 100 -0.387 166.86
494 PC4 40 1000 -0.482 178.2
495 PC4 40 5000 -0.549 186.3
496 PC4 20 100 -0.387 10.5
497 PC4 20 1000 -0.482 . 10.5
498 PC4 20 5000 -0.549 7.5
499 PC4 30 100 -0.387 21.06
500 PC4 30 1000 -0.482 19.44
501 PC4 30 5000 -0.549 17.82
502 PC4 40 100 -0.387 27.54
503 PC4 40 1000 -0.482 25.92
504 PC4 40 5000 -0.549 25.92

. 7. Differential Displacement at Location 6
7.A. Differential Displacement Magnitude

Bottom Top
Time Settlement Crack Area Crack Area
Index Magnitude, in years feet in~2 in"2
505 1.5 1000 -0.482 0
506 1.75 1000 -0.482 102.06
507 2 1000 -0.482 110.97
508 25 1000 -0.482 152.28
509 2.75 1000 -0.482 176.58
510 275 100 -0.387 50.22
511 25 1000 -0.482 26.73
512 2.75 1000 -(0.482 43.74
513 2.75 5000 -0.549 37.26
7.B. Vary Settlement Extent
Bottom Top
Event Time Settiement Crack Area  Crack Area
Index Extent, ft. years feet in~2 in"2
514 PC-3 62 5000 -0.549 48.36
515 PC-3 124 5000 -0.549 46.8
516 PC-4 62 100 -0.287 168.48
517 PC-4 62 1000 -0.482 176.58
518 PC-4 62 5000 -0.549 183.06
519 PC-4 124 100 -0.387 205.74
520 PC-4 124 1000 -0.482 215.46
521 PC-4 124 5000 -0.549 221.94
522 PC-4 62 100 -0.387 50.22
523 PC-4 62 1000 -0.482 43.74
. 524 PC-4 62 5000 -0.549 37.26
525 PC-4 124 100 -0.387 79.38
526 PC-4 124 1000 -0.482 74.52

527 PC-4 124 5000 -0.549 69.66
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7.C. Vary Saltstone Modulus

Index
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549

7.D Vary Saltstone Cracking Strain

Index
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571

Event

PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4

Event

PC-3
PC-3
PC-3
PC-3
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4
PC-4

Calculation Continuation Sheet

Saltstone Modulus
ksf
1.619E+05
1.618E+05
2.048E+05
2.396E+05
2.396E+05
2.396E+05
1.619E+05
1.619E+05
1.619E+05
2.048E+05
2.048E+05
2.048E+05
2.396E+05
2.396E+05
2.396E+05
1.619E+05
1.619E+05
1.619E+05
2.048E+05
2.048E+05
2.048E+05
2.396E+05

Cracking Strain
in/in
7.540E-05
7.540E-05
7.540E-05
1.206E-04
7.540E-05
7.54Q0E-05
7.540E-05
1.206E-04
1.206E-04
1.206E-04
1.411E-04
1.411E-04
1.411E-04
7.540E-05
7.540E-05
7.540E-05
1.208E-04
1.206E-04
1.206E-04
1.411E-04
1.411E-04
1.411E-04

Time
years
1000
5000
5000
100
1000
5000
100
1000
5000
100
1000
5000
10C
1000
5000
100
1000
5000
100
1000
5000
100

Time
years
100
1000
5000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000
100
1000
5000

feet
-0.482
-0.549
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.548
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387

Settlement Crack Area

feet
-0.387
-0.482
-0.549
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482

Bottom Top
Seftlement Crack Area  Crack Area
in*2 inf2
36.192
46.176
48.36
3.51
40.56
49.92
174.96
183.06
189.54
168.48
176.58
183.06
162
32.76
4212
53.946
48.438
41.634
49,896
42,768
37.098
46.656
Bottom Top
Crack Area
in*2 inr2
17.28
27
33
48.36
168.48
176.58
183.06
168.48
176.58
183.06
168.156
176.256
175.968
49.67892
42.93
37.26
49.896
42.768
37.098
49,896
42.606
37.26

-0.549

Sheet
%]
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7.E. Vary Soll Bulk Modulus

Index
572
573
574
575
576
877
578
579
580
581
582
583
584
585
586
587

Event

PC3
PC3
PC3
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4
PC4

Calculation Continuation Sheet

Soil Bulk Modulus
ksf
30
40
40
20
30
30
30
40
40
40
30
40
30
40
30
40

Time
years
5000
1000
5000
5000
100
1000
5000
100
1000
5000
100
100
1000
1000
5000
5000

Settlement Crack Area Crack Area

feet
-0.549
-0.482
-0.549
-0.549
-0.387
-0.482
-0.549
-0.387
-0.482
-0.549
-0.387
-0.387
-0.482
-0.482
-0.549
-0.549

Bottom Top

"2 in*2
48.36

30

51.48
119.88
168.48
176.58
183.06
217.08
225.18
231.66

50.22

82.62

43.74

76.14

37.26

69.66

Sheet
164
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To construct a model for Monte Carlo analysis, it is necessary to determine relationships
between the variable parameters and resulting cracking of the vault. The base parameters
used in the analysis are the following:

1. Static settlement rate
2. Grout modulus

3. Grout cracking strain
4. Soil bulk modulus

The structural analysis varied one parameter at a time while holding the others at their mean
values. The variation of crack areas with the change in parameters was calculated using
linear regression on the data from the finite element model runs.

These parameters remain fixed for each iteration as the model is stepped through time.
During the time sequence, the occurrence of an earthquake is determined by a random
number generator. The earthquake causes differential settlement that itself has variable
parameters. These are as follows:

1. Location of settlement (one of seven locations, equal probability)
2. Magnitude (depends on Earthquake magnitude)
3, Extent (normal distribution)

The Monte Carlo analysis is run in the @RISK program, an EXCEL based overlay.
@RISK is used for the base parameters and to control iterations, while an EXCEL macro is
used to set the earthquake parameters and step through time.

There are two spreadsheets used for this analysis. The spreadsheet “Parameter Results.xls”
is used to evaluate the data and set up relationships for the crack area to each parameter, and
“Crack Workbook.xIs” is used to run the Monte Carlo analysis.

The probability distributions and comparison of the model to the structural analysis data are
shown in the following sections. The effects of varying the parameters over wide ranges are
also shown. The following table provides an index to the model verification.
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Probability Distributions for Statistical Analysis Parameters

8.3.1. Static Settlement Rate
1A. Check Data Fit

Time, years
Settlement 1 5 24 100 1000 5000 10000
Low -0.12077 -0.24512 -0.26762 -0.3008 -0.34893 -0.38633 -0.40428
Mean -0.13446 -0.28589 -0.32778 -0.3893 -0.47839 -0.54745 -0.58069
High -0.15589 -0.33059 -0.37795 -0.44766 -0.54862 -0.62687 -0.66452
Time :=(1 5 24 100 1000 5000 10000) (Settlement in feet)

LB = (-.12077 -.24512 -26762 -.3008 -34893 — 36833 —.40428)
BE = (—-.13446 -.2859% -.32778 --3893 47839 —54745 —58069)
UB := {-.15589 —.33059 -.37795 -.44766 -.54862 —.62687 -.66452)

Mean Setflement is a function of log (time)

Ag(D) = —.09598-log(t) —.196374

[3 44
up 04

eoa
Ag(1)

-0.6

0.8 ' . 1

1 10 100 110° 1-10
Time, Time, Time, t

For a random variable X with a standard normal distribution u=1.0607 and ¢=0.53 truncated at 0.
Relationship of the range of data for each time is as follows:
p = 1.0607 g = 0.53

0.368X + 0.609

ratio{X) =
0.368.-p +0.609

Aup(® = [ratio(p + 6)-(—09598-log(t) - .196374)]  Ap(8) = [ratio(p - 6)-(—.09598-log(t) - .196374)]
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LB
oo 0.2
BE

900

UB

00

Al 04

Aup(®

Apy (D 0.6

1 10 100 1107 1
Time, Time, Time, t,t,t

‘10

Data fit is acceptable and slightly conservative due to curve fit.

1B. Check validity of probability distribution.

The ratic is limited to 0.1 since settiement can't be positive and always has at least a small

negative value. The effect of this is to truncate the distribution.

_ 0.1-0.609

= Xq = —1.383
0 0.368 0

Calculate the area under the probability function.

-1 {x—p 2
2 g

€

fi(x) =
d o2

fo o]
Y:=J f4(x) dx vl
Xo

Truncated distribution is valid.

1c. Check the results for the range of probabilities

A(t,X) 1= max(ratio(X),0.1)-(~.09598- log() - .196374)

r:= ratio(p + s) - ratio(p) r=0.195

us(t) := —.09598-log(t) — .196374

aa(x,t) == pnonn(x,—ps(t),—rus(t)) bb(x,t) = dnorm(x,—ps(t),—rps(t))




T-CLC-Z-00006, Rev. 0 Calculation Continuation Sheet Sheet

169
1 10 T
aa(x, 10) bb(x, 10)
aa(x, 100) bb(x, 100)
o 05 _ B _
aa(x, 1000) bb(x, 1000)
aa(x, 10000) bb(x, 10000)
0 0 1 1
X
A, ft
0 [+
Note: settlement is expressed
as positive for the Mathcad
probability functions. ay{t,u-200)
AL, p-3 c)
As(t > l’l) -1
As(t, p.+30)
At p+10-0) 1.5
-2 ] ] ]
4

I 10 100 1-10° 1-10
t

Range of probabilities is adequately covered. Time,years
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8.3.2. Grout Modulus
2A Check Grout Modulus Distribution
Random Variable, X

Saltstone compressive strength is used as the basis for varying the modulus and cracking strain. ACI-31¢
bases the Young's modulus for ¢concrete on the square root of the compressive strength.

Meg = 524.4 Egmed = 2.048.10° ~2157
-2
ch = 196.8 _1'5
-1
Ocs . '
C,=— C, = 0375 r:=1.0187 Truncation adjustment -5
Hes
X = 0
5
[ Pes ™ 0cs'(x)] '
ratio(X) :=| 1.0187. | =—————= E, (X} =E -ratio(X)
Hes gm gmed 1
2
Distribution is truncated at compressive strength = 100 psi minimum. 3
100 — p g 4
Xg = ——— Xq = -2.157
Ocs
5
Mean Value BE = Egm(O) HE = 2086 x 10
Ipt = Egm(1) Opj = 2447 x 10°
on1 = Egm-1) Gy = 1649 10°
Y(X) = dnorm(X,0,1)
9.106-104 0.039
1.042-10% 0.054 :
1379-10° 0.13 ! ' !
1.649-105 0.242
1.88-10% 0.352
= . = Y X ol |
Eym(X) = [2.086-105 Y(X) 0.399 (X) 0.5
2.274-10% 0.352
2.447105 0.242
2.76-10% 0.054 0 1
3,042105 443210 -3 1-10° 2100 3410°
3.20910° 1.338-10 = Egm(X)
ksf

2B. Check Probability Sum

=0 — Y
: 1 2] [x_ﬂ] °°
o =1 f4(x) = : ¢ Y = J fj0dx Y = 0984 Yor = 1.003
X9 Closeto 1 OK.

Distribution Appears QK
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2C. Range of Parameter Test

1.953i-10°

1.477i-10%

7.401i-104

1.042-10%

1.649-105

Egm(X) =

2.086-10°

2.447-10%

2.76-105

3.042-105

3.299-105

3.538-105

-3 0 -5 not used.
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833. G i
rout Cracking Strain 2157
3A Check Grout Cracking Strain Distribution -2
-1.5
Random Variable, X (assumed to be independent of modulus; correlation added later. |
Saltstone Compressive Strength 5
Beg = 5244 o, =196.8 Emed = 120610 " X=| 0
.5
Hog + O {X) 1
ratio(X) = | 1.0187- LM Egm(X) = EmegTatio(X) ,
Hes
Distribution is truncated at compressive strength = 100 psi minimum. 3
4
100 —
Xg = ——— Xq = -2.157
Ses
Mean Value BE = Egm(0) ng = 1.229x T
-4
Opl = sgm(l) Op| = 1.441 x 10
Onl = Egm(-1) oy = 971x 10
Y (X) := dnorm(X,0,1)
5.362-10 -8 0.039
5.136-10 -9 0.054
B.122:10 5 0.13 1 ! |
9.71-10 5 0.242
n.407-10 -4 0.352
£om(X) =1.229-10 4 Y(X) = 0.399 Y(X) 05| N
1.339-10 -4 0.352 aas)
n.441-10 -4 0.242
1.625-10 -4 0.054 0 i A
40 4 10 3
1.791 10.4 4.432:10 > L10 240° 3007
1.943-10 1.338:10 £gm(%)
3B._Check Probability Sum Distribution Appears OK
p=0
c:=1
-1 {x-p 2
_— —— s o]
1 2 o
fd(x) = -e Y = fd(x) dx Y = 0.984 Y-r= 1003
5\} 2. XO

Closeto1 O.K.
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3C. Range of Parameter Test

-5
-4 115110 4
-3 8.697i-10 5
2 4.358i-10 5
» 6.136-10 -5
9.71-10 -
X=0 tom(X) = 1.229-10 4
1 1.441-10 -4
2 1.625-10 4
1.791-10 4
3 1.94310 4
4 2.084-10 4

5

3D. Correlation of Cracking Strain_ and Modulus

It is very unlikely that the saitstone would have a high Young's modulus and low tensile strength since they are b
related to the compressive strength for concrete per ACI 318.

The EXCEL spreadsheet allows correfation of variables where -1.0 represents a 100% negative correlation, and
1.0 corresponds to a 100% positive correlation. In this instance, it is judged that there is a better than 50% but le
than 100% correlation, so 0.75 is used to correlate modulus and tensile cracking strain.
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8.3.4. Soil Bulk Modulus —-1.6667
-1.5
4A Check Soil Bulk Modulus Strain Distribution
-1
Random Variable, X -5
ue =30 o =15 r == 1.0504 k=130 -3
X = ¢
[ 1s+og(0]
ratio(X) i==——"—= K, (X) := k-ratio(X)
Hg 1
Distribution is truncated at soil bulk modulus = Skcf minimum. 2
3
Note that the FE model is done with k = 20, 30, and 40 kef. A COV of 0.5is 4

used in the statistical analysis, while the 20, 30, 40 values are used in the

FE analysis to establish the relationships with crack area.

5 g
Xo = Xg = —1.667
Gy
Mean Value Hg = KO pg = 31512
op = K(D) Gp| = 47.268
on1 = Kg(-1) o = 15756
Y (X} := dnorm(X,0,1)
5.251 0.099
7.878 013 |
15.756 0.242 '
19.695 0.301
23.634 0.352
Ky(X) = [31.512 Y(X) 0.399 (X)
39.39 0.352
47.268 0.242
63.024 0.054 0 | A
78.78 4 43210 3 0 30 100
94.536 H 33810 4 Ks(X)

Distribution Appears OK
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4B. Check Probability Sum

H=0 -1 {xp 2

=1 1 2 e ®

°! £4(x) = @ Y = J fy00 dx |-r Y=1
Xo

4C. Range for Data Check (Truncate at Skcf).

-5
-4 -47.268
3 -31.512
5 -15.756
0
-1 15.756
X:=|0 Ko(X) =[ 31,512
1 47.268
) 63.024
7878
3 94.536
4 110.292
5
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8.3.5. Magnitude of Differential Settlement

PC-3 is 0.75 inches with annual probability of 1/2500 or 4E-3; PC-4 is 2.75 inches with annual
probability of 1E-4. 1C year probabilities are 3.993E-3 and 1E-3, respectively.

Probability Calculation (DOE-1020, Appendix A)
EP(n,p) =1-(1 - p)n n is time period, years EP is exceedance probability

p is annual probability of exceedance

1 -3
PC-3 n:= 10 =— EP(n,p) = 3.993x 10
P = 2500 @.p)
PC-4 - EP(n,p) = 5.996 x T
P o000 P =2
Excel Formulation
minEP 6.71E-03 0 6.71E-03
Ap1 -0.3006 0.75 0.003993
Bp1 -2.173213448 275 1.00E-03
Ap2 -0.8 4 0.0001

Bp2 0.8
=IF(D29>minEP,0,IF(D29>Q19,(LOG($D$29)-Bp1_)/Apt_(LOG($D$29)-Bp2_)/Ap2_))

D2¢ is random variable representing 10 year probability

-3
EPpip = 6.71:10 al := -3006 a2 = -0.8
—“3 s -—
EPpc4 =10 bl :=-2.1732 b2 :=-038
. , log(Y) - bl log(Y)-b2
Age(Y) = 1f‘|:(Y > EPmin),O,lf(Y 2 EPpo—
Ags(EPymin) = © A ds(to’ 3) 2215 A 4(-003993) = 0.75
y=10%10°. 107
0.0 ==
e~ f :
110 3 =
St
Y 110% =
EP (10 years) N { |
(107 et
107° N
110 0 2 4 6 8 10
AgslY)
inches

Curve matches the functions in the EXCEL spreadsheet.
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8.3.6. Extent of Settlement

BA_Check Distribution Truncate at 0 ft.
P(x) := dnorm(x,62,31) r:= 1.0235
0.02 ,
P 01 — T
(9 0.0 Distribution Appears OK
0 |
0 100 200
X

6B. Check Probabitity Sum

U= 62 _ —u\
1 T'[u) "
=3l f(x) = e M Y = I f3(x) dx |-t Y=1
cr-\/ 2n 0
Extent is in feet.
6C. Range for Data Check
-5
—4 93
-3 -62
) -31
0
-l 31
X=10 ViX) =p+oX V(X)=| g2
1 93
9 124
155
3 186
4 217
5
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8.3.7 Parameters Affecting Static Settlement

First calculate whether crack occurs.

The parameters that affect the occurrence of a crack are:
* The static settlement rate

e The sailtstone modulus

+ The saltstone cracking strain.

Note that the soil bulk modulus is directly related to the static settlement rate in that softer soil
would have a higher setlement rate than stiffer soil. The static settlement occurs over a long
period and over that period, the vault would tend to conform to the shape of the static seitlement
curve. The soil bulk modulus will therefore not be considered as a parameter to be varied for
the static case but is accounted for by the static settlement rate..

Saltstone Modulus Effect

Settlement at Cracking
2.700E+05
2.600E +05 + -
k4 .. #  Model Data
‘ ‘ = = = Regression Fit
% 2H0E+05 L4
2
§ L)
3 AN
T 2.100E+05 \
: *\
2
2 \
© 1.000E+05 \ -
o\
A\
1.700E+05 +— A\ —
AS
1.500E+05 T r T T T
0.6 0.55 05 D.45 0.4 035 03
Settlement, fi.

There is an anomaly in the data caused by the problem geometry. For a narrow range of
saltstone modulus values, the vault tends to crack at a lower static settlement. This effect is
demonstrated by numerous runs of the FE model. From linear regression analysis, the
settlement at crack initiation is expressed as follows:

Eg - Grout Modulus, ksf

Ag -Static Settlement, ft

Aco - Settlement at Crack Initiation, ft. Beot{Bg) = ~1.0510" By — 3087

) ) ~6
For Eg between 238000 and 245000: Aco(Eg) = —189:10° "B, - 0103
Examples A,.1(204800) = —0.524

A ;2(240000) = —0.464




T-CLC-Z-00006, Rev. 0

Calculation Continuation Sheet

Sheet
179

Saltstone Cracking Strain Effect

Setdement, #t

Settlement at Cracking

0.3

-0.35

+ Model Data

-~ 1 ~-~--- Regression Fit |

045

0.5

0.6

7.500E-05 8.500E-05 9.500E-05

1050E-04 1.150E-04 1.25CE-04 1.350E-04 1.450E-04
Grout Strain, Infin

The saltstone cracking strain also determines whether the vault will crack under static settlement, a
linear regression of the FE model results gives the following relationship.

ggr - Saltstone Cracking Strain

Examples

Agg(Eer) = ~3698.560 — 0.08113 Borm = 1206107
R

rano(scr) = m

£qp = 105107 * Aco(&er) = 0469 ratio( ;) = 0.891

£ = 13104 AcolEer) = 0562 ratio(&;) = 1.066

The value for Agg calculated from the saltstone modulus is modified by this ratio.
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Crack Area for Static Settlement Case

Once it has been determined that a crack occurs, the data from the 5000 year settlement case
is used to determine crack area, and is modified by a factor dependent on the settlement at the
specific time being considered.

Grout Modulus Effects - Statlc Case
60
50 N e — T~
—————
—_-—
[
40 5
o
<
£
o
E 30
fé & 100 Years
© M 1000 years
20 & 5000 years
— = =Reg. Fit
10
*
o . a
1.200E+05  1.400E+05  1800E+05 1.BOOE+0S  2.000E+05 2. 200E+05 2 400E+05
Graut Modulus , ksf

Linear regression is used to relate the crack area to the grout modulus for the 5000 year data.
CA1 - Crack Area related to saltstone modulus

CAI(Eg) = 6.071-10_5-Eg+ 37.13




T-CLC-Z-00006, Rev. 0

Calculation Continuation Sheet

Sheet
181

Crack Area as Related to Static Setfement and Saltstone Modulus
60
A
50 &
-~
* ‘---..
S
e
a0 s
o * ~ -~
£ ™.
e -
g
g & Low
(5] ] hl!ean
20 A High
— — =reg. Fit
10 4
A
0 - Lo —
0.6 -0.56 0.5 0.45 0.4 -0.35 0.3
Settlement, it

The crack area is related to the settlement also by linear regression:

CAZ2 - Crack Area related to settlement.

Since the first relationship was based on 5000 year settlement, the CA2 value is

calculated as a modifier of the 5000 year value.

Slope := -117.198

ASDOD = —0.549

CA2(Ag) = Slope-( A4~ Asgo)

Examples
Eg = 204800 Ag =-05 CAI(Eg) = 49.563
CA2(Ag) = -5.743
Eg = 245000 Ag =06 CA1(Eg) = 52.004
CcA2(Ag) = 5977

Overall Crack Area

CA := CAI(Ey) + CA2(ay)
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8.3.8 Differential Settlement at Location 1

The parameters affecting the formation of cracks due to differential settlement are:
magnitude of settlement

time of settlement with respect to the static settlement condition

extent of settlement

saltstone modulus

saltstone cracking strain

soil bulk modulus

Note: B/T cracks are cracks open at the bottom. T/B cracks are cracks open at the top.

Settlement Magnitude

B/T Crack Area Vs. Differential Settlement
35
30 T ®
- -
P
25 . e ——
-
o -
£ 20 L
o - X 1000 year
-
I
5 - - - & 5000 year
¥ 15 - m 100 year
Il
& X, - — — - Regression
-

10 A

5

0 3 T 1 T T T

1 1.2 1.4 18 18 2 22 24 26 28 3
Differential Settlament

The settlement is related to the magnitude by linear regression of the 1000 year data.
CAys - Crack Area due to differential settlement magnitude, in?

Ay - Differential settlement, in.

CAgs(Ag) = 13.44.84 - 8.073

Examples

CA4(2) = 18.807 CAy(1.25) = 8.727

Settlements larger than PC-4 (2.75 in.) are linearly extrapolated.
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Effect of Static Settlement {time)

BIT Crack Area Vs. Static Satflement
35
30 |
—
ey -
o — -
25 = S = ]
~ .
- —
-~ ——
< 2 - . e~
£ hd -~
]
" *
k]
o 15
(5]
]
1.50n.
10 L °
¢ 2.0in
B 275in
— — = Regression
5
o & T
0.6 055 0.5 £.45 0.4 -0.35 0.3
Static Settlement

Data from the 2 in and 2.75 in differential settlements were used to find the slope change of
the crack area as a function of static settlement. The relationship is as follows:

A 1000 = ~0.4823

Examples CAg(—4) = -3.393

This value is added to the crack area.

CASS(AS) = —41.2249-(AS - AIOOO)

CAgg(~.55) = 2.791
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Effect of Extent of Settlement

BT Crack Area Vs. Settlement Extent
90
8¢
.
g ]
70 -
-
-
-

60 " o PC-4 100 years
o - ®  PC-4 1000 years
£ 50 el # PC-45000 years

. -
g — - — = = PC-4 Regression
4 -
- -
30 *—
-7

20 -

10

Q r T T -

L) 50 60 70 80 90 100 110 120 130
Extent, ft.

The effect of setilement extent is assumed to be linear and is extrapolated for larger settlement

areas. The expression for the relationship is:
Ex is settlement extent, ft. Exm := 62

Exm is mean settlement extent

CA i (Ex) = 0.7568-(Ex — Exm)

Examples '
P CAgy(40) = —16.65

This value is added to the crack area.

CAgy(140) = 59.03
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There are also cracks open at the top for larger values of the extent parameter and for

differential settlements greater than 2 in..

T/B Crack Area Vs. Extent
time =1000 years
60
50 7o
s
/
L7
o A0 /
= 7’
g .
*
§ 30 .
! rd
8 P
© ’
20 rd
7
s
p s + 1000 years
10 7 — — = Regression
-~
4
rd
0 . . - . v T -
0 60 70 80 e 100 110 120 130
Setilement Extent, ft.
The relationship is expressed as follows:
CAtex (Ex} = 0.867-(Ex) - 57.73 for Agq > 2in.

Examples

CAgex (75) = 7.295

CAgey (125) = 50.645
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Effect of Saltstone Modulus

B/T Crack Area Vs. Grout Medulus

35
30 -
————
P ——
S [
——
2 e — — .
*
~
<
E 20
&
‘g 15 & 100 years
< x 1000 years
10 ® 5000 years
— — =Regression

0

05 05 05 o5 a5 s 05 05 05 05
Grout Modulus, ksf

1.500E+ 1.600E+ 1.700E+ 1.B00E+ 1.900C+ 2.000E+ 2.100E+ 2.200E+ 2.300E+ 2400E+ 2.500E+

05

The expression for the Saltstone modulus effect is derived similarly:

5
Egm = 2.048:10

CAgm(Eg) = 475.107° -(Eg - Egm)

Examples ca. (19.10%) = 0703 ca. (2.510%) = 2,147
gm

gm

This value is added to the crack area.
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Grout Cracking Strain Effect

BT Crack Area Vs. Saltstone Cracking Strain

35
30 X *
L] x
* .
25 #
L
o
: 2 |
£ 4 100 years
g @ 1000 years
E 15 % 5000 years
(4]

0

0.C0CE+0 2.000E- 4.000E- 6.000E- 8.000E- 1.000E- 1.200E- 1.400E- 1.600E-
H 05 05 05 05 04 04 04 04

Saltstone Cracking Straln

No significant effect of saltstone cracking strain on crack area was noted.
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Soil Bulk Modulus Effect

BIT Crack Area Vs. Soil Modulus
35
L}
30 > & ——— ==
MRS ¥
=" s x
25 L]
[ ] 100 years PC4
:: 20 X 1000 years PC4
;; ® 5000 years PC4
5 — — =Regression
E 15
o
10
5
0 T T T T T T
15 20 25 30 35 40 45 50
Soll Bulk Modulus, kcf
The expression for the soil bulk modulus effect is derived similarly:
Ky = 30
CAgm(Ks) = 0.1047-( K - Kgp)
Examples CAg,,(25) = ~0.523 CA,(45) = 1.571
This value is added to the crack area.
Total Crack Area
Bottom Cracks CAp = CAgg(Ag) + CAgg(Ag) + CA(EX) + CAgr(Eg) + CAg(Ky)

Top Cracks CAt = CAyy (Ex)
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8.3.9 Differential Settlement at Location 2

The parameters affecting the formation of cracks due to differential settlement are:
magnitude of settlement

time of settlement with respect to the static settlement condition

extent of settlement

saltstone modulus

saltstone cracking strain

soil bulk modulus

Note: B/T cracks are cracks open at the bottom. T/B cracks are cracks open at the top.

Settlement Magnitude

Bottom Cracks

B/T Crack Area Vs. Differential Settlement
80
<
70 — —
Ve
rd
60 v
rd
©
50 V'
yd
7
by z <
£ ~7
E V4 <
B 30 -
3 <
5]
rd
20 ~ vd n < 1000 year r—
Vs — — = Regression
Vd
10 — o
e
7
0 {F T v ' -
0.5 1 1.5 2 2.5 3 3ls
-10
Differential Settlemant, in.

The settlement is related to the magnitude by linear regression of the 1000 year data.
CAgs - Crack Area due to differential settlement magnitude

Aq4 - Differential settlement, in.

CAg(Ag) = 31.645.84 - 24.512

Examples
CAgs(2) = 38.778 CAg(1.25) = 15.044

Settlements larger than PC-4 (2.75 in.) are linearly extrapolated.
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Sheet
Top Cracks
T/B Crack Area Vs. Differentiai Settlement
T0
e
60 >
”
Ve
50
”~
P -~
o~
T 40 7 <
o L4
5 e
] ~
8 30 -
(=] ~
-
P ”~
20 A v —
”~
'd
10 7
/
”~
”
01— r ‘ . . - ‘
2.35 245 2.85 285 275 2.85 2.95
Differential Setlement, in.

The settlement is related to the magnitude by linear regression of the 1000 year data.

CAtys - Crack Area due to differential settlement magnitude

Ay - Differential settlement, in.

Examples

CAygg(Ag) = 99.24-84 - 235.605

CAygs(24) = 2571

CAgs(2.8) = 42.267

Settlements larger than PC-4 (2.75 in.) are linearly extrapolated.
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Effect of Static Setttement {time)

BIT Crack Area Vs. Static Setilement
80
*
* L ]
70
60
50
o~
<
=
g 40
o
£
S
30
20
10
0 T T T T
-0.6 0.55 L5 045 4.4 £.35 03
Stafic Setlement
T/B Crack Area Vs Static Seitlement
50
45
L g
40 *
*
3/ ——
™ 30 1+— — —=
k]
£
o
g 25
~
1
I 20
15
10
5
0 T T T t v
0.6 -0.55 0.5 045 0.4 0.35 -0.3
Statc Settfeamant

There were no trends noted for static settlement condition at the time of occurrence of the
earthquake.
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Effect of Extent of Settlement

Bottom Cracks

BIT Crack Area Vs. Settlement Extent
140
120 .
- - - .
- -
100 -
- & PC4 100 years
o - - m  PC-4 1000 years
-

E ® ‘ — - #  PC-4 5000 years
E — — = Regression
L
e
o
] 80
[+]

40 — R —

20

0 T T T T T T T T T
40 50 60 70 80 90 100 110 120 130 140
Extent, ft.

The effect of setttement extent is assumed to be finear and is extrapolated for larger settlement
areas. The expression for the relationship is:

Ex is settlement extent, ft. Exm = 62
Exm is mean settlement extent
CA_,(Ex) := .7014-(Ex — Exm)

Exampl
xamples CA gy (40) = ~15.431 CA gy (140) = 54709

This value is added to the crack area.
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Sheet
Top Cracks
TiB Grack Area Vs, Settlement Extent
%0
80
.

° P B

o - *
by -
[} -
5 — e  PC4 100 years
‘g 40 i m  PC+4 1000 years
S 5 ¢ PC-4 5000 years

- -~ Regression
20 —
10
40 50 60 70 80 %0 100 110 120 130
Extent, .
The relationship is expressed as follows:
CAjey (Ex} = 0.464-(Ex — Exm)
Examples CA, (55) = -3.248 CA., (125} = 29.232

This value is added to the crack area.
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Effect of Saltstone Modulus

Bottom Cracks

B/T Crack Area Vs. Grout Modulus

83
82 & 100vyears PC4
! m 1000 years PC4
B ¢~ ® 5000 years PC4
80 I — — - Regrassion Low
~ ~— - - Regression High
79 ~
~
= 1.
Y
g S .
% 77 (N N _
—
5 76 ~ [ ] — - [ ]
~ ——
-
- N I
74
b S P e e e/ — e o m e e e
72 T T T T
1.500E+05 1.700E+05 1.800E+05 2. 10CE+05 2,300E+05 2.500E+05

Grout Modulus, ksf

The data is fit with two lines.

5
Egm = 2.048-10

FOorBg<=Bam  ca, gm(Eg) = 14910 (5 - Egp)
For Eq > Egm

CAggm(Eg) = 517107 (Eg ~Ey)
Examples CA, gm(1.9-105) = 2.205

This value is added to the crack area.

CAzgm(Zj- 10°) = 2337
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Top Cracks
T/B Crack Area Vs. Grout Modulus
50
- __ .
s T T~
T W~ :

40 — == —

35 .
~
‘E 30
g 25
hi u 100 years PC4
® 20 & 1000 years PC4
s} ® 5000 years PC4

15 e —Rog n

10

5

o T T r

1.500E+05 1.700E+05 1.900E+05 2, 100E+D5 2.300E+05 2 500E+05 2.700E+05
Grout Modulus, ksf

A linear regression fit gives the following expression

CAtgm(Eg) = -8.025- 107 (Bg~ Egm)

Examples CAtgm(l.Q-IOS) = 1.188 CAtgm(Z.S-IOS) - 3627

This value is added to the crack area.
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Grout Cracking Strain Effect

Bottom Cracks

B/T Crack Area Vs. Grout Stain

T0
60 4—
~
L3
£
. 50
E W 100 years
_g a0 ¢ 1000 years ||
5 @ 5000 years
30 4—
20

o

1] T

Grout Strain

6.000E-05 7.000E-05 8.000E-05 9.000E-05 1.000E-04 1.100E-04 1.200E-04 1.300E-04 1.400E-04 1.500E-04

Top Cracks
TiB Crack Area Vs. Grout Stain
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No significant effect of saltstone cracking strain on crack area was noted.
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Soil Bulk Modulus Effect

Bottom Cracks

B/T Crack Area Vs. Soil Modulus
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Soll Bulk Modulus, kcf

The expression for the soil bulk modulus effect is derived similarly:
Ky = 30
CAgm(Ks) = 4.112(Kg ~ Kgpp)

Examplgs CA(25) = -20.56

CAgp(45) = 61.68

This value is added to the crack area.
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Top Cracks
T/B Crack Area Vs. Soil Modulus
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Soll Modulus

The expression for the effect on top crack area is derived similarly:
Ky = 30
CAggm{ Ks) = 6372(K;~ Kgpp)

Examples CAygn(25) = -31.86 CAgm(45) = 95.58

This value is added to the crack area.
Total Crack Area
Bottomn Cracks CApy = CAgg(Ag) + CAee(Ex) + CAgn (Eg) + CAg(Ky)

CAg is either CAqg, or CAggm

Top Cracks CAL = CAygg(Ag) + CArex (BX) + CAgypy(Ey) + CAtgrn(Ky)
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8.3.10 Differential Settlement at Location 3

The parameters affecting the formation of cracks due to differential settlerment are:
magnitude of settlement

time of settlement with respect to the static settlement condition

extent of settlement

saltstone modulus

saltstone cracking strain

s0il bulk modulus

Note: B/T cracks are cracks open at the bottom. T/B cracks are cracks open at the top.

Settlement Magnitude

Bottom Cracks

B/T Crack Area Vs. Differential Settlement
140
120
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g 60 ~ o + 5000 year
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40 >
rd
~
’ -~
o 7
s
0 r T T + -
o 0.5 1 15 2 25 3 35
Differential Settlamant

The settlement is related to the magnitude by linear regression of the 1000 year data.
CAy; - Crack Area due to differential settlement magnitude, in2

Aq4 - Differential settlement, in.
CAgs(Ag) = 41.51-84-9.28

Examples
CA4,(2) = 73.74 CA4,(1.25) = 42.607

Settlements larger than PC-4 (2.75 in.) are linearly extrapolated.
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Differontial Settlement

The settlement is related to the magnitude by linear regression of the 1000 year data.

CAt4s - Crack Area due to differential setflement magnitude

Aq - Differential settiement, in.

Examples

CAygsAg) = 3861-44-53.97

CA4s(2.4) = 38.694 CAgs(2.8) = 54.138

Settlements larger than PC-4 (2.75 in.} are linearly extrapolated.
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Effect of Static Settlement (time)

Bottom Cracks

BIT Crack Area Vs, Static Settlement
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Static Setttement

PC-4 data is used to adjust the crack area for the static settlement effect on the earthquake
differential settlement.

Ajgpp is static settlement at 1000 years, . Ajgog = —4823

Ag is static settlement, ft.
s CASS(AS) = ~59.41 -(As - AIOOO)

Examples CAg(~4) = —4.889 CA(—6) = 6.993

This value is added to the crack area
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There were no trends noted for static settlement condition at the time of occurrence of the
earthquakethat affect the top crack area.
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Effect of Extent of Settlement

Bottom Cracks

BIT Crack Area Vs. Settlement Extent
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Extant, k.
Exm := 62

The slope of the data regression fit is greater for the PC-4 than the PC-3 data. Assume a

linear variation of the slope.

Spea = 0.3024 Spos = 1.0784
Given
SPC3 = As]075 + BS]
SpC4 = Asl'2.75 + le
AA = Find(Ag, By
Si(Ag) = 0.388-A4 + 0011
CAex(Ex,8) = S1(A g)-(Ex ~ Exm)
Examples

CAgx(40,2) = —17.314

This va!ue is added to the crack area.

0.388
A=
0.011

AS] =.5 le = .5

Ex is setlement extent, ft.

Exm is mean settlement extent

CA,(140,1.5) = 46.254
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T/B Crack Area Vs. Settlament Extant
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The relationship is expressed as follows:

CAey (EX) := 0.9058-(Ex — Exm)

Examples CAex (55) = —6.341

This vatue is added to the crack area.

CAey (125) = 57.065
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Effect of Saltstone Modulus

Bottom Cracks

BIT Crack Area Vs, Grout Modulus
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Top Cracks
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No trends in the data were noted for Saltstone Modulus Effects.
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Grout Cracking Strain Effect

Bottom Cracks

BIT Crack Area Vs, Static Settloment
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No significant effect of saltstone cracking strain on crack area was noted.
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Bottom Cracks
BIT Crack Area Vs. Soil Modulus
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The PC-4 data was used to establish an expression for the soil bulk modulus effect by linear

regression. The PC-3 data has a similar slope:

K = 30

Examples

This value is a

CAsm(KS) = 1.1205-(KS—1(5m)

CAgpp(25) = ~5.603

dded to the crack area.

CAgp(45) = 16.808
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Soil Modulus
The expression for the effect on top crack area is derived similarly:
Kem =30
CAysm(Ks) = 0.9882-(Kg—Kgp)
Examples CAyy,(25) = —4.941 CAn(45) = 14.823
This value is added to the crack area.
Total Crack Area
Bottom Cracks CAp = CAgs(Ag) + CA(Ag) + CAgy(Ext,ag) + CAG(K)

Top Cracks CA; = CAtds{ Ad) + CAyex (Ex) + CAtsm( KS)




T-CLC-Z-00006, Rev. 0 Calculation Continuation

Sheet

Sheet
209

8.3.11 Differential Settlement at Location 4

The parameters affecting the formation of cracks due to differential setlement are:
magnitude of settlement

time of settlement with respect to the static settlement condition

extent of settlement

saltstone modulus

saltstone cracking strain

soil bulk modulus

« & & o 0 O

Note: B/T cracks are cracks open at the bottom. T/B cracks are cracks open at the top.

Settlement Magnitude

Bottom Cracks

BIT Crack Area Vs. Differential Settlemant
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Differential Settlement

The settlement is related to the magnitude by linear regression of the 1000 year data.
CAys - Crack Area due to differential settlement magnitude

Ag - Differential settlement, in.

CAgs(8g) = 524206-4 4 + 8.9763

Examples

CAys(2) = 113.817 CAgg(1.25) = 74.502

Setttements larger than PC-4 (2.75 in.) are linearly extrapolated.
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Differential Setlement

The settlement is related to the magnitude by linear regression of the 1000 year data.

CAtys - Crack Area due to differential settlement magnitude, in?

Aq - Differential settlement, in.
CApgs(Ag) = 39.168-4 4 - 47.232

Examples

CAyg5(24) = 46.771 CAygs(2.8) = 62.438

Settlements larger than PC-4 (2.75 in.) are linearly extrapolated.
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Effect of Static Settlement (time)
Bottom Cracks

BIT Crack Area Vs. Static Settlement
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Static Settlenent

Average slope of the linear regression for PC-3 and PC-4 is used to calculate crack area.

spc3 + Spc4

Spe3 = —86.38942 Speq = ~89.7028 Sli=——

Sl = —88.046

A 1000 = —A4823

CAss(As) = Sl'(As —A 1000)

Examples CA(~4) = —7.246 CAg(—6) = 10363

This value is added to the crack area
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Top Cracks

T/B Crack Area Vs. Static Settlement
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Static Settlement

Average slope of the linear regression for PC-3 and PC-4 is used to calculate crack area.,

S,.1+8S
= - _ “ped T Pped
Spe3 = —22.15328 Spcq = —29.12115 Sl = =
Sl = ~25.637
AIOOO = —.4823
CAyss(Ag) = S1(Ag— A1g00)
Examples
P CAgs(~4) = ~2.11 CAys(—6) = 3.018

This value is added to the crack area
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Effect of Extent of Settlement

Bottom Cracks

B/T Crack Area Vs. Settlement Extent
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The slope of the data regression fit is greater for the PC-4 than the PC-3 data. Assume a

tinear variation of the slope.

Spc3 = 017354

Spos = 092323

AS] =.5 le

0.375
A =
-0.108

=.5

Given
Spc3 = A51075 + le
S[JC4 = Asl'2.75 + BS]
AA = Find(Ag),Bg)
si{ag) = 0.375-A4-0.108
CAeX(Ex,Ad) = S](Ad)-(Ex - Exm)
Examples

CAgy(40,2) = —14.124

This value is added to the crack area.

Ex is settlement extent, ft.

Exm is mean settlement extent

CA,,(140,1.5) = 35.451
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Top Cracks
T/B Crack Area Vs. Settlement Extent
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The relationship is expressed as follows:
CA oy (Ex) = 0.566-(Ex — Exm)
Examples

CA ey (55) = —3.962

This value is added to the crack area.

CAyey (125) = 35.658




T-CLC-Z-00006, Rev. 0 Calculation Continuation Sheet
Sheet
A4

Effect of Saltstone Modulus

Bottom Cracks

B/T Crack Area Vs. Static Settitement
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Static Settlamant

No trends in the data were noted for Saltstone Modulus effects with respect to bottom
cracks.
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Top Cracks
T8 Crack Area Vs. Grout Medulus
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Linear regression was used to compute the slope of the change in crack area for top cracks

with respect to Saltstone modulus

5
Egm = 2.048-10

Chigm(Eg) = ~5:683110 > (B, ~ Egrr)

Examples CAtgm(z.S- 105) = -2.569

This value is added to the crack area.

ca. (19.10%) = 0.841
tgm
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Grout Cracking Strain Effect

Bottom Cracks

BIT Cratk Area Ve, Static Setthemant
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No significant effect of saltstone cracking strain on crack area was noted.
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Soil Butk Modulus Effect
Bottom Cracks

B/T Crack Aroa Vs. Soll Modulus
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Soll Modulus, kef
Kgm = 30

The slope of the data regressien fit is greater for the PC-4 than the PC-3 data. Assume a
linear variation of the slope.

Spe3 = 0.163 Speg = 3159 Ay =5 By = .5
Given
Spea = Aq0.75+ By
Spc4 = Asl'2.75 + BS]
AA := Find( A, Bg) ap |18
-0.96
Si(ag) = 1.498.44 - 0.9 Ks is soil bulk modulus, kef
CAsm(KS,Ad) = Sl(Ad)-(KS - Ksm) Ksm is mean soil bulk modulus
Examples
CAsm(ZO,Z) = -20.36 CAsm(45, 1.5) = 19.305

This value is added to the crack area.
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Top Cracks
T/B Grack Area Vs. Soil Modulus
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The expression for the effect on top crack area is based on the PC-4 data.
Kgm =30
CAysm{ Ks) = 3.9822:(Kg - Ky}

Examples CAm(25) = ~19.911

CAgm(45) = 59.733
This value is added to the crack area.
Total Crack Area

Bottom Cracks  CAy, i= CAgy(Ag) + CAg(Ag) + CAg (Ext, Ag) + CAG(Kg 4 4)

Top Cracks CAy = CAgg(Ag) + CA{Ag) + CAex (BX) + CAtgry(Ep) + CAgern(Ks)
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8.3.12 Differential Settlement at Location 5

The parameters affecting the formation of cracks due to differential settlement are:
magnitude of settlement

time of settlement with respect to the static settlement condition

extent of settlement

saltstone modulus

saltstone cracking strain

soil bulk modulus

* 4 & & 5 0

Note: B/T cracks are cracks open at the bottom. T/B cracks are cracks open at the top.

Settlement Magnitude

Bottom Cracks

BIT Crack Area Vs. Differential Settlement
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Differantial Sattlement

The settlement is related to the magnitude by linear regression of the 1000 year data.

CAy; - Crack Area due to differential settlement magnitude

Aq - Differential settlement, in.
CAgs(q) = 48336-A4+34.197

Examples

CAge(2) = 130.869 CAyg(1.25) = 94.617

Settlements larger than PC-4 (2.75 in.) are linearly extrapolated.
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Differenttal Settlement

The settiement is related to the magnitude by linear regression of the 1000 year data.

CAtys - Crack Area due to differential settlement magnitude

Aq - Differential sefilement, in.

Examples

CAygs(Ag) = 15.519-44 231572

CA45(24) = 14.088 CA45(2.8) = 20.296

Settlements larger than PC-4 (2.75 in.) are linearly extrapolated.
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Effect of Static Settlement (time)

Bottom Cracks

B/T Crack Area Vs, Static Settlement
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Static Settlement

Average slope of the linear regression for PC-3 and PC-4 is used to calculate crack area.

S +8
) . Zpe3™ Pped
Spc3 = ~124.521 Spos = ~119.994 Sl = >
Sl =-122.257
CASS(AS) = Sl'(As - A1000)
Examples
P CAgy(~4) = ~10.062 CA(~6) = 14.39

This value is added to the crack area
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Static Settlement

Slope of the linear regression for PC-4 is used to calculate crack area.

Spc4 = 19.804

CAtss(As) = Spc4'(As - A 1000)

Examples

CAygg(~4) = 163

CAggs(~6) = —2.331

This value is added to the crack area
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Effect of Extent of Settlement

Bottom Cracks

B/T Crack Area Vs. Settlement Extent
300
250 9_,
—
-
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Exm := 62

The slope of the data regression fit is greater for the PC-4 than the PC-3 data. Assume a
linear variation of the slope.

Spe3 = 025077 Speqi= 121936 Ag =5 By = .5
Given
SPC3 = Asl'0.75 + le
Sp04 = As1275 + BSI
AA := Find(Aq),Bg)) An = | 348
-0.112
Sl(Ad) = 0.484-44-0.112 Ex is settliement extent, ft.
CAex(Ex,Ad) = Sl(Ad)-(Ex — Exm) Exm is mean settlement extent
Examples CAgy (40,1) = -8.184 CA¢,(140,2.5) = 85.644

This value is added to the crack area.
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Top Cracks
TIB Crack Area Vs Settlement Extant
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The relationship is expressed as follows:

CAyex (Ex) = 0.7055-(Ex — Exm)
Examples CAje, (55) = -4.939

This value is added to the crack area.

CApe, (125) = 44.447
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Effect of Sailtstone Modulus

Bottom Cracks

BT Crack Avea Vs. Static Settlement
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No trends in the data were noted for Saltstone Modulus effects with respect to bottom
cracks.
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Grout Cracking Strain Effect

Bottom Cracks

BIT Crack Area Vs, Static Settlament
200
180
|
o [
! |
140
o 120
£ & 754E-5PC3
g 100 01.206E-4 PC-3
3 o 1.411E4 PC3
3w = B7.54E5 PG4
# 1.206E-4 PG4
. a - AVAIE4PC4
40
20
0 - - - v
08 -0.55 0.5 .45 0.4 .35 03
Static Sattlamant
Top Cracks
T/B Crack Aroa Vs. Static Settlement
30
a
25 i
a
20
o
L
£
g 15 W7.54E5PC4
-g +1.206E4 PC4
& * 1.411E4PC4
10
5
] T T r
06 055 0.5 045 0.4 035 03
Static Setfement

No significant effect of saltstone cracking strain on crack area was noted.
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Soil Bulk Modulus Effect

Bottom Cracks

BIT Crack Area Vs. Soil Modulus
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Soll Bulk Modulus, kef
Ky, = 30

The slope of the data regression fit is greater for the PC-4 than the PC-3 data. Assume a

linear variation of the slope.
Spc3 = 0.816 Spc4 = 1.543

Given

Spe3 = Ag0.75+ By

pc3

SpC4 = Asl'2.75 + BSI

AA = Find(Ag,By))

SI(Ag) = 364-44+ 543
CAsm(Ks’Ad) = Sl(Ad)'(Ks - Ksm)

Examples
CA (20,2) = 1271

This value is added to the crack area.

ASI =.5 le =.5

0.364
0.543
Ks is soil bulk modulus, kcf

Ksm is mean soil modulus

CAgm(45,1.5) = 16.335




T-CLC-Z-00006, Rev. 0

Calculation Continuation Sheet
Sheet
230
Top Cracks
T/B Crack Area Vs. Soil Modulus
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The expression for the effect on top crack area is based on the PC-4 data.
Ky =30

CAtsm(Ks) = 0.848-([(S - Ksm)

Examples CAm(25) = -4.24

CAym(@5) = 1272
This value is added to the ¢rack area.
Total Crack Area

Bottom Cracks  CAy, = CAgg(Ag) + CAg(Ag) + CAgy(Bxt, A ) + CAgy(Kq.Ag)

Top Cracks CA, = CAtds(Ad) + CAtss(As) + CAgey (Ex) + CAtsm(Ks)
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8.3.13 Differential Settlement at Location 6

The parameters affecting the formation of cracks due to differential settlement are;

magnitude of settlement

time of settlement with respect to the static settlement condition
extent of settliement

saltstone modulus

saltstone cracking strain

soil bulk modulus

Note: B/T cracks are cracks open at the bottom. T/B cracks are cracks open at the top.

Settlement Magnitude

Bottom Cracks

BIT Crack Area Vs. Differential Settlement
250
200
rd
”
-~
”
o ../
£ 150 P -
g -
& -~
x /& & 1000 year
[*} - .
B 100 — 9 — — -Regression
F's] Pd
~
-
S0
0 T L 2 T T T
o 05 1 1.5 2 25 3 35
Differential Settlament

The settlement is related to the magnitude by linear regression of the 1000 year data. The

regression is truncated at 1.5 in differential settlement

CAys - Crack Area due to differential settlement magnitude

Ag4 - Differential settlement, in.

CAgs(Ag) = 76.14-84 - 35.8425

Examples

CA44(2.5) = 154.507 CAgs(1.75) = 97.403

Settlements larger than PC-4 (2.75 in.) are linearly extrapolated.
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Top Cracks

50

T/B Crack Area Vs. Differential Setiement

45
40

/

35

/

30

/

s

25
20

—=— 1000 year |

Crack area, in"2

15

10

1.5

1.7 1.9 2.1 2.3 25 2.7 29
Differential Settlement, in,

The settlement is related to the magnitude by the 1000 year data. Data is truncated at crack

area=0.

CAtgs - Crack Area due to differential settlement magnitude

A4 - Differential settlement, in.

Examples

CAygs(Ag) = 68.04-84 - 143.37

CAg(22) = 6.318 CAu(2.8) = 47.142

Settlements larger than PC-4 (2.75 in.) are linearly extrapolated.
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Effect of Static Setlement (time)
Bottom Cracks

B/T Crack Area Vs. Static Sattlement
200
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Slatic Setlement
Linear regression for PC-4 is used to calculate crack area.

Spc4 = —89.703

A 1000 = —4823

CASS(AS) = Spc4'(As A 1000)
Examples CA (—4) = -T7.383 CAg (-6} = 10.558

This value is added to the crack area
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Top Cracks
T/B Crack Area Vs. Static Settlement
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Static Settlement

Slope of the linear regression for PC-4 is used to calculate crack area.

Spea = 79216

CAtss(As) = Spc4'(As -A 1000)

Examples

Chgg(—4) = 6519

CAjgs(—6) = —9.324

This value is added to the crack area
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Effect of Extent of Settlement

Bottom Cracks

BT Crack Area Vs. Settlement Extent
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Linear regression is used for the PC-4 data to calculate change in crack area.

Exm = 62

Speq = 0.6184

CAex(Ex) = Spc4-(Ex — Exm)

Exm is mean settlement extent

Examples
CAgy(40) = ~13.605 CA,, (140} = 48.235

This value is added to the crack area.

Ex is settlement extent, ft.




T-CLC-Z-00006, Rev. 0

Sheet

Calculation Continuation
Sheet
Top Cracks
T/B Grack Area Vs. Settlament Extent
a0
80 I
Ak
70 "¢
- -
[l - -
60 — - -
-
._. 50 . —= o
o PR
H —i
% 40 - -
& - ¢
30 4
m FC4100 years
20 A PC4 1000 years
+ PC4 5000 years
— — -R i
o egression
40 50 60 70 80 90 100 110 120 130
Extaent, ft.

The relationship is expressed as follows:
CAey (Ex) = 0.4964-(Ex — Exm)
Examples

CAey (55) = —3.475

This value is added to the crack area.

CA, (125) = 31273
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Effect of Saltstone Modulus

Bottom Cracks

B/T Grack Area Vs. Static Settlement

Grout Modulus

200
180 3 !
160 A
140 T2 100 years PC3
o 120 H —¥— 1000 years PC-3
5—_ O 5000 years PC-3
S o] A 100years PC4
g + 1000 years PC4
g 80 1 | 5000 years PC4
60
o 0
40 g |
L 2
20
o . ‘ . . <&
1.500E+05 1.700E+05 1.900E+05 2.100E+05 2.300E+05

2.500E+05

There is an anomalous effect for high saltstone modulus. This is related to the anomalous
cracking caused by the static settlement as noted previously, since the differential
settlements are input to the model in combination with the static settlements. In addition, the
crack caused by differential settlement at location 6 is at the same joint (7) as that caused by

the static settlement. Otherwise no significant trends are noted.
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T/B Crack Area Vs. Grout Modulus
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A linear regression is used to calculate change in crack area with saltstone modulus.

-4 5
Sped = ~1.1077-10 Egm = 2.04810

CAtgm(Eg) = Spea(Eg ~ Egrm)

Examples CAtgm(lB-lOS) = 1639 CAtgm(2.4- 10°) = -3.899

Value is added to the crack area.
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Grout Cracking Strain Effect

Bottom Cracks

BIT Crack Area Vs. Statlc Settlamant
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No significant effect of saltstone cracking strain on crack area is noted.
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Bottom Cracks

B/T Crack Area Vs. Soil Modulus
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The slope of the data regression fit is greater for the PC-4 than the PC-3 data. Assume a
linear variation of the slope.

Spe3 = 0312 Spcd = 5.1435 Ag =5 By = .5
Given
Spc3 = Asl-0.75 + Bsi
Speq = Ag 275+ By
AA = Find( Ay, Bg)) an o | 2416
L5
SI(Ag) = 241684~ 15 Ks is soil bulk modulus, kef
CAsm(KS,Ad) = SI(Ad)-(KS - Ksm) Kgm is mean soil bulk modulus, kcf
Examples CAg(20,1.5) = ~21.24 CAgy(45,2) = 49.98

This value is added to the crack area.
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The expression for the effect on top crack area is based on the PC-4 data.
K =30
CAtsm(Ks) = 3.24-(1(3 - Ksm)

Examples CAgm(25) = -16.2 CAi m(45) = 48.6

This value is added to the crack area.

Total Crack Area

Bottom Cracks  CAy, = CAgg(Ag) + CA(Ag) + CAgx(Ext,Ag) + CAGy(Ks,Ay)

Top Cracks CAy = CAgg(Bg) + Chygs( A} + CAB(EX) + CAgrn( Eg) + CAgy(K)
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Section 8.3.14 Data Check
Note: There is a slight variation in the data due to the graphical take-offs of the crack widths and lengths.
This varkation Is Insignificant in terms of standard deviations,
Comparison of Model Results with Excel Calculated Crack Areas
Bottom Cracks from Static Settlement Comparison of Model Results and Excel Calculated
— Bottom Crack Area
Time Crack Areas - FE Model Results Saltstone Modulus - Static Settlement Case
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Data Check

Note: Thers | a slight variation In the data due to the graphical take-offs of the crack widths and lengths.
Thls variation is insignificant in terms of standard deviations.

Comparison of Modal Results with Excel Calculated Crack Areas

Crack Area as Related to Differential Setttemont Magnitude

PC-3 0.75 in. @ 1000 years Comparison of Model Results and Excel Calculated

Location o | Crack Areas From | Crack Areas From Bottem Crack Area
Settlarnent FE Model Results EXCEL Differential Settlement Magnitude
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mean properties - 1000 years

Bottom Cracks Settlemant
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Data Check

Note: There Is a slight variation in the data due to the graphical take-offs of the crack widths and lengths.
This variation s insigniflcant in terms of standard deviations.

'

Comparison of Mode! Results with Excel Calculated Crack Areas
Crack Area (caused by differential settiement) as Related to Static Settlement Magnltude

PC-4 2.75in. @ 1000 years
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Settiement | FE Model Results EXCEL Comparison of Model Results and Excel Calculated
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a 162 8318 | 15900 6220 Location
5 176.56 17.82 175.28 19.48
6 183.06 37.23 179.52 43.74
7 ] 0 0.00 0.00 Comparisan of Modsl Results and Excel Calculated

Top Crack Area
Static Settlement Magnitude Effect on Diff. Setttement

+ 1000 year Mode!
70 Resuits
60 4 _|{—=———1000 year EXCEL
o 50 /‘S A 5000 year Model
£ y. A Results
a 40 £y
o /A\ — 5000 year EXCEL
<
» 30
#
L Y-
10 / \
0 L &
1 7

Location
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Check Range of Parameter
Mean properties - PC4 EQ

Bottom Cracks Time
Location 100 500 1000 2500 5000 10000 Comparisen of Model Results and Excet Calculated
1 2496 2770 28.89 3045 3163 3282 Bottom Crack Area
2 625t 62.51 582.51 62.51 6251 62.51 Static Settlerent Magnitude Effect on Diff. Settlement
3 9921 10347 10487 10713 108.83 110.53
4 14474 15061 153.13 15647  159.00 161.52 200.00 I 100 years
5 15548 16363 167.13 17177  175.28 178.79 180.00 3- —&— 500 years
6 168500 17097 173.54 17695 17952 182.09 160.00 T 1000 years
Top Cracks i: 140.00 —¥— 2500 years
1 000 0.00 0.00 0.00 0.00 0.00 < 12000 —%— 5000 years
2 3730  37.30 3730 3730 37.30 37.30 g 100.00 —8— 10000 years
3 5221 52.21 52,21 52.21 52.21 52.21 % 8000
4 5804 5975 8049 6146 6220 62.93 B o000
5 1948 19.48 19.48 19.48 19.48 19.48 o e
6 4374 4374 43.74 4374 4374 4374 40.00 1o
20.00 {—=
0.00

Lecation

Comparison of Model Results and Excel Calculated
Top Crack Area
Static Settlement Magnitude Effect on Diff. Settlement

70.00 4100 ysars
60.00 ‘ —-- 500 years
) 1000 years

i: 50.00 v M 2500 years
é 40.00 /] /F —%— 5000 years
g f —&8— 10000 years
% 30.00 + v
S 20.00 /

10.00

0.00 —J

Location
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Data Check

Nots: There is a slight variation in the data due to the graphlical take-offs of the crack widths and lengths.
This variation is Insignificant in terms of standard devlations.

Comparlson of Model Results with Excel Calculated Crack Areas
Crack Area as Related to Differential Settlement Extent
PC-42.75In. @ 1000 years

Extent = 62 ft.
[T ocaton or|

Settlement | FE Mode! Results | Crack Areas From EXCEL Comparison of Model Results and Excel Calculated
Bottom Top Bottom Top Bottomn Crack Area
1 29.4 0 78.80 0.00 Differential Settlement Extent
2 73.32 v 62.51 37.30
3 110.16 55.08 104.87 52.21 300 1
4 155,62 59.91 153.13 60.49 & 62 ft. Model Results
5 168.48 19.44 167.13 19.48 250 L~ — G2 ft. EXCEL
6 176.58 43.74 173.54 43.74 o~ / \a A& 124 ft. Model Results
7 0 0 0.00 0.00 € 200 }/' _‘“ =124 ft. EXCEL
< | el
Extent = 124 ft. £ 150 v /t-"
Location of | Crack Areas From E 3/ ,/
Settlement | FE Model Results | Crack Areas From EXCEL 5 oo D"
Bottom Top Bottom Top e /
1 7332 486 7581 39.78 T A
2 118.26 68.4 105.98 66.07 L
3 1782  108.54 171.74 108.37 0
4 21222 9396 210.40 05.58 oz o3 4 567
5 239.76 64.8 24271 63.19 Location
6 215.46 74.52 211.88 74.49
7 0 0 0.00 0.00

Comparison of Model Results and Excet Calculated
Top Crack Area
Differential Settlement Extent

120 + 62 ft. Model Resuits
. st ) —— 62 ft. EXCEL
/ A 124 ft. Model Results
80 / . — 124 ft. EXCEL

A
/’\

7 L7

E=S
N

Crack Area, int2
3
[=3
D

M
[=1

L=}

Location
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Chack Range of Parameter
Mean properties - 1000 years, PC-4 EQ

Bottom Cracks Extent of Settlement
Location -Ssigma -4sigma -3 sigma -2slgma  -1sigma mean  +1sigma +2sigma +3 sigma +4 sigma +5 sigma
93 52 -3 1] 3 62 93 124 155 186 217
1 NiA N/A N/A .00 5.43 28.89 52,35 75.81 9927 12273 14819
2 NA N/A N/A 0.00 40.78 82.51 84.24 10588 12771 149.44 17117
3 N/A N/A N/A 0.00 71.45 104.87 138.2¢ 171.71 205.13 238.54 271.98
4 NA N/A N/A 000 124,50 153.13 18177 21040 23803 267.67 29630
5 N/A N/A N/A 0.00 129.35 167.13 204.82 242,71 280,50 318.29 356.08
6 NA N/A N/A 0.0¢ 15437 173.54 19272 21189 23106 250.23 269.40
Top Cracks
1 N/A NiA N/A 0.00 0.00 0.00 22.90 49,78 7666 103.53 130.41
2 N/A NiA N/A 0.00 2292 37.30 51.68 68.07 8c.45 94.84 109.22
3 NA N/A N/A 0.00 24.13 52.21 80,29 108.37 13645 16453 192.61
4 N/A N/A N/A 0.00 4294 60.49 78.03 95.58 11313 130.67 148.22
§ NA N/A N/A 0.0¢ 0.00 19.48 41.34 63.19 8505 106.90 128.76
[ NiA N/A N/A 0.00 2836 43.74 59.12 74.49 89.87 105.24 120.62
Comparison of Model Results and Excel Calculated Comparison of Model Results and Excel Calculated
Bottom Crack Area Top Crack Area
Differential Settiement Extent & -2sigma Differential Settlament Extent ® -2sigma
—— -1 sigma —i—-1 sigma
400.00 mean 250.00 mean
350.00 /‘\ —¥—+1 sigma == +1 sigma
o 30000 AN ~#-~+2 sigma o 20000 ——+2 sigma
T 250.00 Vil ,/\\\,_ —e—+3 sigma t AN —8—+3 sigma
g ’ (/’ |- A:g —+—+4 sigma g 15000 4 ] —— +4 sigma
8 20000 A =] —ae g iy /\\c\\___ oty
= _‘_%//‘//x—“ sigma ¥ 10000 A e~ sigma
g 15000 e S 8 oA Moy —*
S o0 | e . S — TR X
! o 50.00 |—s=3¢] . _:R
0.00 BTttt 000 et e | o o uety
1 2 3 4 5 1 1 2 3 4 5 6
Location Location
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Data Check

Note: There is a slight variation in the data due to the graphlical take-cffs of the crack widths and lengths.
This variation is insignificant in terms of standard deviatlons.

Comparlson of Modsl Results with Excel Calculated Crack Areas
Crack Area as Related to Sal Modul
PC-4 2.75 in. {@ 1000 years

Low 1.619E5
ocartion ot Fac ¢as From rac. aas From
Settlement | FE Model Results EXCEL Comparison of Model Results and Excel Catculated
Bottom Top Bottom Top Bottom Crack Area
1| 2700 0.00 28 .89 0.00 Saltstone Modulus
2] 8149 4698 | s891 40.74
3| 11016 5427 | 10487 5221 200.00 Y
4] 157.14 62:69 153.13 62.93 180.00 A * ¢ Low Mod Model Results
5| 16848 2527 | 16713 1948 160.00 ""\ —— Low Mod EXCEL
6| 183.06 408.44 173.54 4849 ™ 140.00 \ & High Mod Model Results
7] 000 00 | 000 000 £ 12000 pd \\ ——High Mod EXCEL
£ 100.00 | / \
High 2.396E5 % 80.00 4
Location of | Crack Areas From | Crack Areas From g 60.00 y
Setitemont | FE Model Results EXCEL 40.00 P4 \
Bottom Top Bottom Top ’ o a \
) S o | 285 000 2000 \
2| 7614 40.5 64.31 34.51 0.00 o
3| 11016 5459 | 10487 5224 1 2 3 4 5 6 7
4 1539 5832 | 15313 5851 Locaticn
5| 17334 2462 | 16713 1948
8] 32.78 0 17354  39.88
L/ - 0 0.00 0.00 Comparison of Model Resuits and Excel Caloulated
Top Crack Area
Saltstene modulus
70.00 * Low Mod Model Results
60.00 |- —Low Maod EXCEL
o 50.00 94 & High Mod Model Results
5 . 7 /’\ —— High Mod EXCEL
E{ 40.00 ﬁ — 7 \
= 3000
[~
§ 2000
10,00 —
0.00 ./ & \.
1 2 3 4 5 6 7
Location
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Check Range of Parameter
Maan propestfes - 1000 years, PC-4 EQ, 62 ft.
Bottom Cracks Saltstono Modulus
Location -5sigma -4slgma -3sigma -2sigma -1sigma mean +1 sigma +2 sigma +3 sigma +4 sigma +5 sigma
N/A N/A NIA 1.04E+05 1.85E+05 2.09E+0§ 2.45E+05 2.T6E+05 3.04E+05 3.30E+40S J.54E+05
1 N/A, N/A NiA 28.89 28.89 28.89 28.89 28.89 28.89 28.89 2B.89
2 N/A N/A N/A 77.50 68.46 62.71 64.58 66.20 67.65 68.98 70.22
a NiA N/A N/A 104.87 104.87 104.87 104.87 104.87 104.87 104.87 104.87
4 NA N/A NiA 153.13 153.12 153.13 153.13 153.13 15313 153.13 153.13
5 N/A N/A N/A 167.13 167.13 167,13 167.13 167.13 167.13 167.13 167.13
[] N/A N/A NA 173.54 173.54 173.54 173.54 173.54 173.54 173.54 173.654
Top Cracks
1 N/A N/A NA 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00
2 N/A N/A NIA 45.37 40.80 37.00 34.10 31.59 29.32 27.26 25.34
3 N/A N/A N/A 221 52.21 52.21 g2.21 5221 52.21 5221 52.21
4 N/A N/A N/A 66.20 6275 60.27 58.22 £6.44 54.84 6£3.38 52.02
5 N/A N/A MN/A 19.48 16.48 19.48 19.48 19.48 19.48 19.48 19.48
6 N/A NiA N/A 54.89 48.18 43.32 3932 3585 32.73 29.88 27.23
Comparison of Model Results and Excel Calculated Cemparisort of Model Resulls and Excel Calculated
Bottom Crack Area Top Crack Area
Saltstone Modulus —e— -2 sigma Saltstone Modulus —e—-2 Sigma
—&—-1 sigma —&—.1 sigma
200.00 mean 70.00 mean
180.00 = ——+1 sigma 50.00 |A ——+1 sigma
- 160.00 —w—+2 sigma o , —-- +2 sigma
£ 140.00 P —e—+3 sigma E 50.00 // —e— +3 sigma
g _:;g.g o —+—+4sigma g 40.00 —— +d sigma
< 10 +5 sigma 2 i
3 w0 f, 3 3000 +5 sigma
5 e Y & 2000 -
0,00 —/
20,00 10.00
0.00 0.00
1 2 3 4 5 6 1 2 3 4 5 6
Location Location
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Data Check

Note: There is a slight variation in the data due to the graphical take-offs of the crack widths and langths.
This variation is insignificant In terms of standard deviations.

Comparison of Model Results with Exce! Calculated Crack Areas
Crack Area as Related to Saitstone Cracking Strain
PC-4 2.75 In. @ 1000 years

Low 7.54E-§
[TOTAtom or [-CTACK ATeas From |
Settlement | FE Model Results EXCEL Comparison of Model Results and Excel Calculated
Bottom Top Bottom Top Bottom Crack Area
1 28,50 0.00 38.80 0.00 Saltstone Cracking Strain
2 7614 3645 | 6251 37.30 © Low Strain Model
3 110.16 55.08 104.87 52.21 200.00 Results
4 155.52 59.894 163.13 60.49 180.00 — 0w Strain EXCEL
5 166.83 24.95 167.13 19.48 160.00 —‘
6 17658 4203 | 17354 4374 o 140,00 \ & High Strain Model
7 0.00 0.00 0.00 0.00 £ 000 J 4 \ Results
g e High Strain EXCEL
£ 100,00 9/ ah Stan
High 1.411E-4 _ -‘:‘} 80.00 &
Location of | Crack Areas From | Crack Areas From S 60.00 / —
Settlement | FE Model Results EXCEL 40.00 1/ — ]
Bottom Top Bottom Top 20.00 { -
1 27.3 a 2888 0.0 ' \
2 7565 358 | 6251  37.30 0.00
3 110.81 5459 | 10487 5221 o2z 3 4 5 6 7
4 155.36 60.43 153.13 60.49 Location
5 167.67 2511 167.13 19.48
6 176.26 42,61 173.54 43,74
z 9 0 0.00 9.00 Comparison of Medel Results and Excel Calculated
Top Crack Area
Saltstone Cracking Strain
® Low Strain Model
70,00 Results
’ ~— | ow Strain EXCEL
60.00 o
/\ & High Strain Model
2: 50.00 7 Results
5 40.00 // A\ —High Strain EXCEL
; 30.00 \
S 20.00 Vv
$0.00 / \
0.00
1 2 3 4 5 6 7
Location
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Check Range of Parameter
Mean properties - 1000 years, PC-3 £Q, 62 ft.
Bottom Cracks Saltstone Cracking Strain
Location -5 sigma -4 sigma -3 sigma -2sigma -1sigma mean +1 sigma +2 sigma +3 sigma +4 sigma +5 sigma
N/A NIA NIA 6.14E-05 9.71E-05 1.23E-04 1.44F-04 1.63E-04 1.79E04 1.94E-04 2.08E-04
1 N/A N/A N/A 28.89 28.89 28.89 28.89 28.89 28.89 28.89 28.89
2 NA N/A N/A 62.51 62.51 62.51 62.51 62.51 62.51 62.51 62.51
3 NA N/A N/A 104.87 104.87 104.87 104.87 104.87 104.87 104.87 104.87
4  NA N/A N/A 153.13 153.13 15313 153.13 153.13 153.13 153.13 1563.13
5 NA N/A N/A 167.13 167.13 16713  167.13 167.13 167.13 167.13 167.13
6 NA NFA N/A 173.54 173.54 173.54  173.54 173.54 173.54 173.54 173.54
Top Cracks
1 N/A N/A N/A 0.00 0.00 0.00 0.0¢ 0.00 0.00 0.00 0.00
2 NA N/A NIA 37.30 37.30 37.30 37.30 37.30 37.30 37.30 37.30
3 N/A N/A N/A 52.21 52.21 52.21 5221 52.21 52.21 52.21 52.21
4  N/A N/A N/A 60.49 60.49 60.49 60.49 60.49 60.49 60.49 60.49
5 NA N/A N/A 19.48 19.48 19.48 19.48 19.48 1948 19.48 19.48
6 NA N/A N/A 43.74 43.74 43.74 43.74 43.74 43.74 43.74 43.74

No effect of Grout Cracking Strain on Crack Area caused by Differential Settlement
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Data Chock 250~
Note: There is a slight variation in the data due to the graphical take-offs of the crack widths and lengths.

This varlation is insignificant In terms of standard deviations.

Comparison of Model Results with Excel Calculated Crack Areas
Crack Area as Related to Soil Bulk Modulus
PC-4 2.75 in. @ 1000 years

Low 20 kef
[TCOTAON OT ] [[CTacR Areas From | ]
Settlement | FE Model Results EXCEL Comparison of Mode! Resuits and Excel Calculated
Bottom Top Bottom Top Bottom Crack Area
1 28.50 0.00] 27.84 0.00] Soil Bulk Medulus
2| 4680 0.00] 21.39 0.00 o Low 5ol Modulus
3 97.20 4212 93.67 42.33 250.00 Model Results
4| 12474  2268] 121.55 20.67 /‘ —— | ow Soil Modulus
5| 14904  1050] 15169 11.00 200.00 EXCEL
8 0.00 000 o000 0.00 o —| \ & High Soil Modulus
7 0.00 0.00] 0.00 0.00 E _ Model Results
g 19000 R /'\ \ ——High Scil Modulus
High 40 kef g / EXCEL
Location of | Grack Areas From | Crack Areas From S 100.00 = o
Settlement | FE Model Results EXCEL S / / \
Bottom Top Bottom Top 50.00 / - \
1 254 o| 2993 13.00 rAW4 \ \
2 129.6 105.3] 103.63 101.02
3] 119088 61.56] 116.08  62.09 .00
4 186.3  100.44] 184.72  100.31 Ttz 3 4 5 8 7
51 1782  2592| 18257  27.96 Location
6 22518 76.14] 224.98 76.14
7 0 0] 0.00 0.00

Comparison of Model Results and Excel Calcutated
Top Crack Area
Soit Bulk Modulus

¢ Low Soil Modulus
120.00 Model Results
’ — Low Soil Modulus
100.00 Pe] A EXCEL
o & High Soil Modulus
T 80.00 - Model Results
e e High Soil Mogulus
£ s0.00 ; kf 1 EXCEL
3 /
g 40,00 Py /
© AN
20.00 +—f \\ \
0.00 +—a——4& Fe——h
1 2 3 4 5 & 7

Location
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Check Range of Parameter Z{b’
Mean propertles - 1000 years, PC-3 EQ, 62 ft.
Bottom Cracks Saltstone Cracking Strain
Location Truncate -1sigma mean +1sigma +2sigma +3sigma +4 sigma +5slgma
5 15.756 31.542 47268  £3.024 7878 94536 110.292
1 26.27 27.40 29.05 30.69 az34 33.99 3564 3r.29
2 0.00 395 6873 133,52 198.31 263.10 32789 392.68
3 76.86 88,91 106.57 12422 141.88 169.53 177.18 194 .84
4 7417 108,15 157.91 20768 257.44 307.21 35697 406.74
5 128.53 145.14 169.47 193.80 218.12 24245 2665.78 291.11
] 0.00 0.00 181.32 262.37 34342 424.47 505.52 586.57
Top Cracks
1 0.00 0.00 197 2245 42.83 63.41 8380 104.38
2 0.00 0.00 46.93 147.33 24773 34813 44852 54892
3 27.50 38.13 53.70 689.27 B4.B4 100.41 11598 131,55
4 a.00 376 6651 129.25 152.00 25474 317.48 380.22
5 0.00 7.40 20.76 3412 47 .48 60.85 7421 8757
6 0.00 0.00 48,64 99.69 150.74 201.79 25284 303.89
Comparison of Model Results and Excel Calculated LComparison of Model Results and Excel Catculated
Bottom Crack Area Top Crack Area
Seil Bulk Modulus —e—Truncate Soil Bulk Madulus ——Truncate
~#—-1 sigrma —&--1sigma
700.00 mean 600,00 mean
£00.00 —¢ +1 sigma 500,00 1— A = +1 Sigma
2 500.00 1 A —¥=+2 sigma o /A\ ~¥= 12 sigma
£ // —e— +3 sigma £ 400.00 \ —a— +3 sigma
o 400.00 ~ //’ —+—+4 sigma g //A \ A\ b +4 sigma
< *, Y \/A ol +5 sigma < 30000 . \ +5 sigma
g S0 N\ ' 3 WAN_ AN 4
g // o /"_ & 20000 ] £ (7
S 200.00 g Fos— R S //& /'\\ e
100.00 {— - —— ] 100.00 _?/ DN o
0.00 A iy \.- 0,00 .
1 2 3 4 5 G 1 2 3 4 5 6
Location Location
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8.3.16. Sensitivity Study for Differential Settiement Magnitude.

The geotechnical data for differential settlement consists of two data points. There is a
settlement of 0.75 inches for a PC-3 event with an annual recurrence interval of 2500 years, and
a settlement of 2.75 inches for a PC-4 event with a 10,000 year annual recurrence. Seismic
probability curves are generally expressed as log functions. For this study, the differential
settlement is expressed as a linear function of the log of probability. The analysis uses 10 year
time steps so the annual probabilities are converted into probabilities of occurrence in a ten year
interval.

Per DOE-1020, Appendix A:
EP=1-(1-p)" where EP is exceedence probability during a period of » years,

and  p is the annual probability of occurrence.
The 10 year probability of exceedence is 3.993x107 for PC-3 and 1x107 for PC-4.

The opinion of the SGS is that, since the settlement zones are small, scitlement would decrease
relatively for larger events until some threshold is reached for an incredible ¢vent that would
cause massive subsidence of the region.

The slope of the probability curve after PC-4 is reduced to account for this effect. A value of 4
inches for a 107 event was judged appropriate to anchor the curve. To verify that this choice
would have little effect on the analysis results, a sensitivity study was run where the increased
slope was compared to a constant slope. The following page shows the results of this study.

At 10,000 years, the mean increased by 9% for bottom cracks and by 28% for top cracks.
However, because of the large uncertainties in this analysis, these variations are well within a
+1 sigma band for the increased slope assumption.




2817

T-CLL -2 -ooolb, 2o 0

syeak ‘awr]
00001
. g
\ °
o
8
P -~ 5 z
- W PWBIS |+ Z 90D = wm 00002 3
] / UBBW Z 8SED) = = = &
v BUWEIS | - 795D = == 00062 M
/ eWBIS L+ | 95E) s  mmam )
uesLw | 8SED oo'oce
\w WIS | - | 9SED mm —_— ! spose
ado|g Ajlliqeqold 0 AAINISUSS - SUONHEISY 0001 10} s3nsey
sieak ‘o]
00001 0001 001
\\.\1 I\‘-\I\I\-,\'l‘ |.|I|W|h“-“-oo.o
- e, 00001 ¥
h\ - \\\ - . m
\ \\\\|\ - 0000 3
+ . (2]
\ o 00°00¢ m
- BUWGIS |4+ | 8SED) = meem 00°00% =
\\ UBSUI ZISE)) = = = m
v/ /. ewbis1-zese) - —- - ooo0s #
V7 BWBIS |+ | 958D e ) 5
00009 .3
4 ueaut | 8sen
ELUBIS | - | G5B ) mum 00004

ado|g A1qeqo.d 03 HIAISuag - SUOliesd)] 0L JO) synsey

96'v2Zz  9¥'00L ¥9'€Z- 0000}
sevel £9°LS 6L'1e- 000s
05'78 0092 1608 00582
Sty 9801 Z8'ee- 0001
z0'Le LS vL9l- 005
G6L'8 660 12t (14] 1
ewhis p+ uealy ewfis - awi]
ZvUl "By Yyorln
syoes) doj
LLP8S 2Lgve  LZELL 00001
0g'oye 088l 0822 0008
80°¢cle  8£00L 9e - 0082
oLLLL 61l 2l'ee- 000l
YevL 1872 0Z6L- 00S
6£°82 69°L FAtRd o (th]]
ewbis |+ ueay ewbis |- aw|

ZvUi ‘Baly YIBIS
SyoeID Wojog
SJU9AT awalixy o} ado|g peseasdaq - Z aSED

2E'662 96821 oF'LE- 00001
£8°061 €9°49 £5°65- 000§
sgeel LL'9E g9 0osZ
91’18 ya'SL 6 6t 060l
29'8G 62’8 QLY 008
12814 10¢ Qg'6E- 0ak
ewbis 1+ uealy ewbis |- aung
ZvU| "BaRy YORID
syoesn doy
+0°2P% 65'6LE eLikl 00001
Lyl 08'g6l i8C¢ 000s
JARANA 69801 896l 00T
az'orl 00°GS 92'8E- 0001
w0101 08°2e ¥ GE- 00S
e TANA ge'Ll 562 001
ewbis |+ uea ewbhis |- oW

Tl "BAIY Y2BLD
sy2849 woyog

SJUDAS AIAIIXD 1O} JUSWIIJISS |RIJUSISHIP Ul ISEDIIIP ON - | 9SED



OSR-19-260# (10/27/93)

Calculation Continuation Sheet

Calculation No. Sheet No. Rev.

T-CLC-Z-00006 =g 0

8.3.17 Results

A Monte Carlo analysis is performed in EXCEL. A copy of the EXCEL spreadsheets and Visual
Basic program are found at the end of this section. The following pages show the analysis
resuits and cumulative probability distributions for the analysis. The sharp rise at low
probabilities is caused by the truncation of some of the parameters and by the lack of seismic
events except at very low probabilities. The truncation effect is more pronounced for lower
analysis times. Probability curves for 1000 and 10,000 years are shown.

The spreadsheet performs 6300 iterations until convergence is reached. The convergence
criterion is that the mean, standard deviation and 95% values for the crack areas at the
predefined times change by less than 1.5% for two successive periods of 100 iterations each.
The next page shows the crack areas for bottom and top cracks plotted against time. The mean
and standard deviation are provided.
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Monte Carlo Analysis - 6300 Iterations 1.5% Convergence (100 Iteration Interval)

Bottom Cracks

Crack Area, in*2

Mean
8.48
27.39
47.87
101.50
186.53
353.26

+1 sigma
33.02
75.60
116.88
211.98
347.05
588.72

Crack Area, in"2

Time -1 sigma
100 -16.07
500 -20.81
1000 -21.14

2500 -8.98

5000 26.00

10000 117.80

Top Cracks

Time -1 sigma
100 -11.7473
500 -19.3953

1000 -23.8571

2500 -29.5225

5000 =32.41H

16000  -26.6981

Mean
1.138347
4,702576
10.00278
25.2076%
50.77802
100.5485

+1 sigma
14.02396
28.80046
43.86267
79.93791
133.9751
227.7951

95%
43.4
120.00
193.94
323.95
503.82
803.26

95%

0
27.48173
70.27372
136.4661
221.9252

356.855

2€9
Monte Carlo Analysis Resuits
Bottom Crack Area vs. Time
700.00
N 600.00 — = .1 sigma
<
E_ —mean /
E 500.00 e == +1 sigma /7
L
k4
J
it
(¥
£
£
o
[
0.00 T
100 1000 10000
Time, years
Monte Carlo Analysis Resuits
Top Crack Area vs. Time
250
r
— = _ 1 sigma /
s‘ 200 —mean
E. — = 1 sigma 7/
g 150 //
E ’
5 100 >
a -t
— — - ,
L — -
0 T
100 1000 10000

Time, years
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Cumulative Probability

10000 year Cumulative Probability for Bottom Cracks

1.000

l
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Modulel - 1

Sub Timestep()

" Timestep Macro
" Macro written 6/9/2003 by SRS

'Set parameters for Risk Iteration

Application.Calculation = xlCalculationManual
" Initialize cells for time stepping
Cells(26, 2) = 0.001

timerow = 49

CABT
CATB

non

0
0

'cellcnt = 61

"Initialize Crack Area cells

For i = 49 To 54

For j = 8 To 10

Cells(i, j) = 0

Next j

Next i

nstep = 10000 / Cells (25, 2)

For ii = 1 To nstep

I

£

(ii = 1) Then tcount = Cells(25, 2}

Cells{26, 2) = tcount
Cells (27, 2).Calculate

Cells (29, 4).Calculate

I

£

Cells (30, 4).Calculate
dsett = Cells (30, 4)

{dsett > 0) Then
Range{("B33:B44") .Calculate
'Rndm = Cells (29, 4)
leocate = Cells (34, 2)
‘Eg = Cells (10, 10}
'Stra = Cells (10, 13)
'Kgs = Cells (10, 16}
"Extent = Cells (38, 2)
rl = 49 + locate - 1

Worksheets ("Static"} .Calculate
Worksheets ("Location 1").Calculate

Worksheets ("Location 2").Calculate
Worksheets("Location 3").Calculate
Worksheets ("Location 4").Calculate
Worksheets{"Location 5").Calculate
Worksheets ("Location 6"} .Calculate

Range ("B48:C55") .Calculate

CABT = Cells(rl, 2}

CATB = Cells(rl, 3}
'Cells(cellcnt, 1) = tcount
'Cells(cellent, 2) = Rndm
'Cells(cellcnt, 3) = Eg
'Cells({cellcnt, 4) = Stra
'Cells(cellcnt, 5) = Ks
'Cells{cellcnt, 6) = dsett
'Cells{cellcnt, 7) = locate
'Cells{cellcnt, 8) = Extent
'"Cells{cellcnt, 9) = CABT

'Cellsi{cellcnt, 10) = CATB
'cellent = cellcnt + 1

T-CLe-2 -wocot , .o

Zag



Modulel - 2

End

End If
Cells{timerow, 9} = Cells(timerow, 9) + CABT
Cells{timerow, 10} = Cells{timerow, 10} + CATB

CABT
CATB

G
0

I

If (tcount »>= Cells(timerow, 6)) Then
Cells (42, 2} .Calculate
Worksheetsgs ("Static") .Calculate
Cells (48, 2} .Calculate
CAstat = Cells (48, 2)

Cells(timerow, B) = CAstat
timerow = timerow + 1
End If
tcount = tcount + Cells{25, 2)
Next ii
Worksheets("Main"} .Calculate
Sub

- - —eooep, e . ©
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analyses of the extracts will be performed by a SCDHEC certified laboratory, GEL, Inc.
Charleston, SC.

Table 2-1. Ingredients and proportions of the Tank 23-Tank 50 Saltstone Samples.

Ingredient Mix 64 | Mix 65 | Mix 66 | Mix 67 | Mix 68 | Mix 69 | Mix 70

(Grams in sample/Wt.

% total mix)

Cement 40 40 40 40 80 80 80
6.25% 6.1% 5.8% 5.7% 6.0% 6.1% 6.1%

Slag 180 180 180 180 360 360 360
28.13% 27.6% 26.3% 25.6% 26.9% 27.5% 27.5%

Fly Ash 180 180 180 180 360 360 360
28.13% 27.6% 26.3% 25.6% 26.9% 27.5% 27.5%

Salt Solution Hold - -- -- -~ -- -- 110

Tank 8.4%

Tank 23 Solution 240 252.6 252.6 302 505.2 505.2 397
37.5% 38.6% 36.9% 43% 37.8% 38.6% 30.4%

Tank 50 Solids - -- 29.8 -- 29.8 3.75 --

4.4% 2.2% 0.29%
Daratard 17 - 14 1.5 0.7 1.5 1.5 -
0.21% 0.22% 0.1% 0.11% 0.11%

Tank 50 Solids in

Tank 50 - Tank 23 - -- 8 -- 4 0.5 --

Mixture (vol.%)

PreMix (wt%)

Cement-slag-fly ash = 62.5 61.3 58.4 56.9 59.8 61.1 61.1

10, 45,45 wt %

Water to premix 0.570 0.599 0.599 0.717 0.599 0.599 0.601

ratio

3.0 RESULTS - [\ ;’f@

.

1 : fi
Slurry processing results and compressive strength results for samples cured for 28 days are {Mlﬂf
summarized in Table 3.1. Mix 64 was prepared without Daratard 17 set retarder. This sample —
gelled too quickly and was therefore unacceptable for processing in Z-Area. Daratard was

added to Mix 65 to delay gelling. This was accomplished but the amount of set retarder in

this mix was too high as indicated by the amount of standing water remaining after 3 day.

The amount of Daratard set retarder was reduced in the subsequent mixes and acceptable

processing properties (gel time, set time and standing water) were achieved.

Acceptable gel times are in the range of 30 to 120 minutes. Setting should occur within the
first three days after mixing and acceptable formulations have zero standing water after three
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days curing in a closed container. The compressive strength after curing for 28 days must be
at least 200 psi.

Table 3-1. Summary of Processing Properties.

Property Mix 64 | Mix 65 | Mix 66 | Mix 67 | Mix 68 | Mix 69 | Mix 70

Gel Time <5 >120 120 80

(minutes)

Set Time (days) 1 1 1-2 1-2 <l <l <1

S[anding Water 0@3 1.5 vol. % D@3 0@3 0@3 0@3
0 @1 day days @ 3 days days days days days

Compressive

Strength after 28 - - 488 388 471 642 633

days curing

(psi)

4.0 CONCLUSIONS

Saltstone laboratory samples made with Tank 23 low-level waste solution containing up to 8
volume percent Tank 50 solids met the Z-Area processing and compressive strength
requirements. The acceptable formulations were prepared with a premix blend of 10 wt. %
cement, 45 wt. % slag, and 45 wt. % fly ash. The premix was mixed with the Tank 23, tank
23 — Tank 50 waste at a water to premix ratio of about 0.60. Due to the low salt content of the
Tank 23 waste, Daratard 17, a set retarder is required to extend the gel time. A target
formulation is provided in Table 4-1.

Table 4-1. Acceptable Tank 23 Solution-Tank 50 Solids Saltstone Formulation.

Ingredient (Wr. % total mix) Target Mix
Tank 23 - Tank 50
Solids (wt.%)
Premix Cement 5.8%
Cement, Slag, Fly Ash Slag 26.3%
10, 45,45 wt.% Fly Ash 26.3%
Tank 23 Solution 36.9%
Tank 50 Solids 4.4%
Daratard 17 0.1%
Tank 50 Solids in Tank 50 - Tank 23 Mixture {vol.%) 80108
PreMix (wt%)
Cement-slag-fly ash = 10, 45, 45 wt % 58.4
Water to premix ratio 0.60




s O 2%0
- et LARPERE Y2l ; —
Major Minsrs}
Classification Rock Description Constituents
Massive Hornfels Microfine grained Quartz
Quartzite Fine grained Quartz

Fine to coarse
grained

Calcite or dolomite

Marble
®

Foliated Slate Microfing grained,
laminated
Phyllite Soft, laminated

Schist Altered, hypabyssal

Clay minerals, mica

Mica, clay minerats
Feldspars, quartz,

. R T
fUves 13 voniriobuted by oxygen, silicon, and alummum; five

further elements (iron, calcium, sodium, potassium, apg
magnesium) make up about 16 percent. These elements

rocks, coarse mica
Gneiss Agi::gmnm Hornblends of rock in situ must be determined by appropriate tests for
—_— any major projects, For purposes of general Ccrientation,
elasticity and strength properties are given in Table 2.7 for
various rock types.
Other important properties of rocks and natural rock
bodies are:

TABLE 2.6 HARDNESS OF MINERALS,

Mohs’'  Standard
Scale Minsrat

Fiald Test
can be scratched with—

Chemical
Composition

1. Permeability to water and effect of water on elastic

1 Tale Mg35i30,4{0H), Finger nails—easily and strength properties;
2 Gypsum €aS0,- 2H,0 —with difficulty 2. Creep of rocks under high stresses, and underlying 5
3 Calgite 08003 Knife—easily rheologic properties; {
4 Florite  CaF, —with moderate 3. Dynamic properties including acceptance, transmis- <
pressura sion and dispersion of seismjc energy: 1
5 Apatite  Cag(PO,);3(OM, F, C) ~with difficulty . =~ CTEY S . !
6  Orthoclase KAISis0f —no longer 4. Therma_l ,find electric capacities and transinission .
7 Queartz §i0, Gives sparks with stes) Properties; . "
8  Topaz Al3Si04(0H, F), - 5. Response upon exposure to environmental conditions 5
9  Corundum Al 04 - that d}ffer physically and chemically from those of C
10 Diamond ¢ - the original rock environment, L
n
n
face layers have smaller crystals than the deeper ones, The 2 P : . ; P n
. - Froperties and Engineering Classifi tion of Shale:
er the silica content of 4 magma the greater the rate of pe g "9 ca of Shales s
crystal growth under the same environmental conditions Shales predominate among the sedimentary rocks in the
i ir

termines many important physical properties with an opti- rock that must be blasted for excavation to those of soil-

The size of the individual crystals in rocks, as in metals, de- earth’s crust; their Properties vary from those of “solig”
. like materials that fall within the engineering definition of

TABLE 2.7 MECHANICAL PROPERTIES OF VARIOUS ROCKs,

Young’s Modutus Bulk Compressive  Tensile
at Zero | oad, Density, Porosity, Strength, Strength,
Rock 10° kg/em? glem Percent kg/em? kg/em? ol €™
, 40

Granite 2-6 28-27  05-15  1000-2500 70250 % . = g
Micregranite 3-8 2 4 "’a
Syenite 6-8
Diorite 7-10 1800-3000 150-300
Dolerite 8-11 30-305 0105 2000-3500 180350 \/}, &
Gabbro 7-11 30-31 0102 10003000 150300 55 kGiet
Basalt 8-1¢ 28-29 0110 1500-3000 100-300 I
Sandstone 0.5-8 20-28 5-25 2001700  40-250 g =
Shale 1-3.5 2.0-2.4 10-30 100~1000 20-100 {k'/ﬂ
Mudstone 2.5 Y g E
Limestone 1-8 2.2.26 5-20  300-3500 BE_250 z
Dolomite 4-8.4 25-26 1-5 800-2500 1 50-250
Coal 1-2 50-500 20-50
Quartzite 2.65 0.1-05 1500-3000 1 00-300
Gnaejss 29-3.0 05-158 500-2000 50-200
Marble 26-2.7 0.5-2 1000-2500 70-200
Slate 26-2.7 0.1-05 1 000-2000 70-200

Note: (1) Forthe igneous rocks listed above Polsson's ratio is approximately 0.26,
{2) For o certain rock type, the strength normalry increases with in¢rease in
density and increase in Young's modulus, (Atter Farmer, 1968.)

LUL\M,*”@V(»M, %iwﬁ; E&,?M %#Ab@/‘-) 1974~
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Febmnary, 1995

foundation explorations. In descending order, they are: Hawthorne, Bamwell, McBean, Congaree, and
Ellenton Formations. New nomenclature has evolved for the various strata and are presented in Figure 2.
Table 1 illustrates the relative positions of these strata at the DWPF site.

Table 1. Sedimentary Stratigraphy at the DWPF Site Based on Subsurface Exploration (Mueser, 1984a).

Stratum - old nomenclature Soil Stratum Stratum Geologic Soil Characterization
(new nomenclatire) Designation | Thickness Elevation

(ft) Range (ft, msl)
Hawthorne Formation §1 0+ surficial unit | poorly sorted, sandy with frequent lenses
(Altamaha Fm. - also Upland above 2751 | of gravel, pebbly sand; and oxidized,
Unit) massive clay.
Barnwell Formation S2a 80+ 27510 195 interbedded, clayey sand and sand with
(Tobacco Road Fm., Irwinton S§2b thin layers and lenses of clay or silt.
Sand Mbr., Tan Clay Mbr.)
Undifferentiated (Tan Clay C2 5t020 215 to 195 stiff, silty clay.
Mbr. - included above)
McBean Formation S3a 70 195+ t0 125 + | alternating layers of sand, some clay and
(Tinker Fm. and Santee S3b sand with trace clay or silt; discontinuous
Limestone) S3c calcareous sand in lower strata.
Undifferentiated (Green Clay) M1 0 140 to 130 discontinuous, compact sift.
Congaree Formation (same) sS4 1001 125 te 30 continuous, dense sand and silty sand.

Ellenton Formation

dense, sandy to clayey silt with some silty
sand. :

2.2 Geotechnical Characteristics of Soil at DWPF

SPT N-value profiles were prepared by D'Appolonia (1982a) for boreholes near the major facilities. The
location of the borehole groups is shown in Figure 3 and the average + 1 standard deviation profiles are
given in Figure 4. Shear and compressional wave velocities for the DWPF soil profile are shown in
Figure 5. Also, grain size distributions for soils in the Barnwell, McBean, Congaree, and Ellenton
Formations are given in Figure 6. The geotechnical engineering characterization of the soils is given in

Table 2.
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Table 2. Geotechnical Engineering Characterization of Soil Strata at the DWPF Site (D’ Appolonia,
1982a; Mueser, 1984a).

Soil Soil Description Water Content SPT N-Value
Designation (range, %) (bpi)
51 Clayey Sand, trace Gravel; or Sand, some Clay; 151025 10 to 50 [20]
organijc Silt (see notes). (see notes)
S2a Sand, trace Silt and Gravel; occasional Clay lenses. 12to 26 410 50
[22] (see notes)
S2b Sand, trace Clay, occasional Silty Clay lenses. 15t0 28 8tod5
[22] (see notes)
c2 stff, Silty Clay to Clayey Silt, trace Sand. [53] 9to 27
S3a Sand, some Clay, trace shell fragments. 20 t0 30[23] U 100400
25t035[30]M,L | 10ta 60 M,L
(see notes) (see notes)
S3b Sand, Trace Clay and Silt. 20 to 30 15 to > 100
[25) [35]
83c Sand, some Silt, trace Clay 221028 12 to 110
[25] [40]

Notes: average values, where available, are given in [brackets],

Stratum S1: organic Silt forms up to 20 ft thick lenses in depressions at ground surface. SPT N-values
occasionally as low as 10 bpf in upper 5 ft of soil and as high as 50 bpf throughout possibly due to gravel.

Stratum 52a: typical SPT N-values range from 20 to 25 bpf. Five percent of N-values are below 10 bpf, but
no loose, continuous layers were encountered.

Stratum S2b: seven percent of N-values below 8 bpf with continuous loose layer at about elevation 220 ft.

Stratum S3a: U, M, L denotes upper, middle, and lower portions of straia S3a, respectively. Isolated
occurrences of SPT N-values as low as 2 bpf.

3.0 STRUCTURAL FAULTS AND SEISMICITY

3.1 Faulting at SRS

Subsurface mapping and seismic reflection surveys performed from 1988 to 1989 at SRS indicate a fault
that displaces Cretaceous through Tertiary sediments with about 30 to 100 ft of vertical offset (WSRC,
1994a) (Figure 7). This fault, interpreted as a Cretaceous/Tertiary reactivation of earlier Mesozoic
faulting, has been named the Pen Branch fault. The fault trends northwest across the site and closely
parallels the fault that forms the northern boundary of the Dunbarton Basin. Based on deformat:on and
sediment age, the fault is not capable (WSRC, 1994a).

Shaliow faulting has been observed in the central area of SRS (F, H, and E-Areas). Current knowledge
suggests these features are restricted generally to the Santee Formation and overlying sediments and
generally do not extend with depth to basement (WSRC, 1994b). Based on profiles constructed from
drilling and geophysical data, no capable faults were identified in the Cenozoic sediments at, or near,
DWPF (duPont, 1982). Seismic reflection surveys indicate older faults with a maximum of about 50 ft of
offset at the top of basement rock about 800 to 980 ft beneath the ground surface. However, reﬂecting
horizons of Cretaceous.age, and younger, are not displaced by these faults, which places a minimum age
of about 80 to 85 million years before present (mybp) for these features (duPont, 1982).
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Purpose

The purpose of this calculation is to provide a “best estimate” strain compatible soil profile for
areas at the Savannah River Site having a soil column thickness between 800 and 1000 feet
overlying crystaline bedrock. The best estimate profile includes shear wave velocities, damping
ratios, Poisson’s ratio and unit weights. The shear wave velocities and damping ratios are strain
compatible values consistent with the Charleston event (50™ percentile) developed by Lee et al.,
1997. The Accelerator Production of Tritium (APT) site falls into the 800-1000 feet soil column
thickness range over crystaline bedrock.

Calculation Approach and Input

Strain Compatible Shear Wave Velocity and Damping Ratio
In March of 1997 the Site Geotechnical Services Department (SGS) issued “SRS Seismic

Response Analysis and Design Basis Guidelines” (Lee et al., 1997). Work for this report involved
review of existing geotechnical data and development of models representing the range of
conditions expected at the SRS. The SRS was subdivided into areas based on the soil column
thic